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This study aims to establish detailed studies in terms of general geology and to define
facies, rock units, and stratigraphy of marine Jurassic sedimentary strata of the Hua Fai Group
in the Mae Sot-Phop Phra Basin, Tak Province, Thailand. Additional purposes are to evaluate
the lithostratigraphy , sedim entary structute and to reconstruct the depositional environment
and tectonic setting.

Based mainly.en 7 m'easured sections in th ¢ Mae Sot-Phop Phra basin, the Hua Fai
Group can be divided into3 formations, 17 units and the total thickness varies from 200-832
m approximately. The Khun/Huai Formationiconsists of conglomerate, sandstone interbedded
with mudstone and siltstone, limestone and dol omitic limestone, and sandstone and oolit ic
limestone with abundan # bivalyes, gasiropods, tr ace fossils, plant remains and vertebrate
fossils. The formation varies approxi mater 93-345m thick. The DoiY ot Form ation,
approximately 10 3-139 m thick, ¢o "nsists oPWell bedded, m edium- to thick-bedded m arl
interbedded with m udstoneand argil 1aceou§ lim estone with abundant amm onites and
bivalves. The formation is compgsed of intercalation of sandstone, mudstone, siltstone, oolitic
limestome and limestone with abundant blvalxces,fc(mmomtes gastropods, corals, trace fossils
and plant re mains. This formation.is appro- meately 67-221 m thick. As a whole, the
sedimentary sequences of the Hua Fai Group are analyzed in terms of lithofacies associati on
representing the shereface, fan-deltas, protected la goon, intertidal, subtidal and inner to outer
ramp environments With occasional carbonate platform and recf flat.

The Toarciantocks were represented by transgressive-regressive (T-R) cycles and
gradually changed to the highest sea level and water 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 fromrthis area. The eustatic curyes in this study during Toarcian-early
Bajocian correspond-to,the-global curves, but.differ.significantly. inthe Late  Jurassic-
Cretaceous. In(lvate Jurassic-Cretaceous, T-R phases were conversely and probably caused by
local tectonic movements.

The_study area is located in central part of #the Shan-Thai terrarie. The m ultiple
collisions/during Late (Fridssic‘termiinated,completely in the Paleotéthys. The' eastern part of
the Shan-Thai terrane m: ay havé/beenuplifte |d and emCerged, becom ing a lcentral part of
Southeast Asian landmass, whilst the central and w estern parts of the terrane was rifted in the
Early Jurassic. Subsequently , the lagoon and sh allow m arine sedim entation began in late
Early Jurassic and continued to early Middle Jurassic inthe NW-SE trend. During Late
Jurassic-Cretaceous, the western and central pa rts of Shan-Thai terrane were uplifted and
became western Southeast Asian landm ass, which represented by conglom erate and red
sandstone units overlying marine Jurassic sequence.
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CHAPTER |

INTRODUCTION

The Jurassic sedimentary rocks of Th ailand consist of non-m arine, brackish
and m arine facies. The non-m  arine a nd brackish rocks are widespread in
northeastern and southern peninsular Th  ailand, whilst m arine Jurassic strata are
widely distributed in the western parts of northem, western and peninsular Thailand.
The marine Jurassic bivalves and am+monites in-these regions are well described,
especially in the area underthe present  investigation of Mae Sot and Phop Phra
Districts, Tak Province. Adtheugh num erous investigations have been conducted
over the last sixth decades in‘these re . gions, detailed stratigraphy of the m  arine
Jurassic deposits hasgarely been carried,out. This m ay be due to discontinuities of
exposures of sedim entary sequences a nd thick soil covers as well as dense
agricultures.

This study attempts to conductﬁ th e d etailed lithostratigraphy of m  arine
Jurassic rocks in te rms of general geology, déposit ional environment and tectonic

setting.
1.1 Study area

The study area is situated within the Mae Sot-Phop Phra Basin (Figure 1.1),
west of Tak Provaice, western Thailand. dt is'located between latitudes 16° 15’ N to
16° 50" N and longitudes 98° 30" E to 98° 50" E. The area covers 6, topographic map
sheets (scale1:50,000): M| de Réamat (4742 1V ), Ban P ang San (4742 1), Mae Sot
(4742 A1), Ban Mae Lam ao (4742 II), Ba n Phoe Pha (4741 IV ), and Ban Pha Di
(4741 1). This study area, approximately 1,400 km?, is regarded as the eastern flank
of an intermontane basin covering Mae Sot-Phop Phra Districts, western Thailand to
the east and the Myawadi area, eastern Myanmar to the west. The area is bounded to
the east by the high rang e of Th anon Th ong Chai M ountain having t he hi ghest
elevation of 1,157 m above mean sea level (msl). To the west, the area is connected

with undulating terrains of the Moei River, along the Thailand-Myanmar border.
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Figure 1.1 Map showing the study area, the Mae Sot-Phop Phra Basin, Mae Sot and Phop

Phra Districts, Tak Province, western Thailand.



1.2 Objectives of the study

The m ain purpose of this study aim s to study the details of regional
geology (geological mapping) and to define facies, units, and lithostratigraphy
of marine Jurassic sedimentary strata (the Hua Fai Group) in the Mae Sot-Phop
Phra Basin. Moreover, it aim s to reconstruct the depositional environm ent and
tectonic setting. The correlations are la rgely based on the lithostratigraphic
correlation and the geologic age supported by bivalves, am monites and other

macrofossils.
1.3 Methodology-and seope of works

Generally, the existing inform _ation on regional geology of western
Thailand is reviewed as @ geological background for the study area. However,
the study is currently focused on the . geological setting of the Mae Sot-Phop
Phra Basin and adjacent ateas. Detailedmethodology for this study is explained
below (Figure 1.2 and Table 1.1): ¢

1.3.1 Planning, Data acquisitio:rfa’ndf Compilation

The first step involves fieldwork pl anning as well as data acquisition
and compilationirglevant to sequences of all activities.and tim e-duration of the
study project (see Table 1.1). It also de pends partly on the existing data and
available financial support. However, the geological data of the study and
adjacent areasiwesercollected; reyviewen d ocompiled,sand-analyzed for further

steps of work.

1:3.2 Desk'study,'Photo interpretation and Reliability'data checking
The remote-sensing data interpretation was performed for the reliability
of data. All data from previous investigations were subsequently integrated and
reinterpreted together with the aerial-photography and satellite im aginary
results to prepare the initial geological m ap for further field investigation (see
details in Chapter 2). Photo-geological map will be undertaken in the 1:50,000

scale.
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Figure 1.2 Summarized flowachart of-methodology in this study.
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Phra Basm The representative rock and fo ssil sam ples of the m apable units were

collected and carried out for laboratory investigation.

1.3.4 Laboratory works
The laboratory work is focused on detailed petrographic observations,

textures, sedimentary structures and compositional analyses of the Hua Fai Group.



Table 1.1 Time schedule showing the method and scope of work.
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this s tgge, additional field inves tigation was carried out in order to obtain m issing
data.

Finally, conclusion was made on the basis of the interpretation of factual data.
The results of the current investigation we re presented as the geological m ap with

stratigraphic designation, detailed descrip tion and reconstruction of depositional

environments as well as tectonic settings.



1.3.6 Report writing and presentation

The report will be prepared in accordance with the objectives of the study. The
results will be presented as:

- Geological map.

- Lithostratigraphic designation and proposed nomenclature.

- Reconstruction of depositional environments and tectonic settings.
1.4 Data sources and previous investigations

1.4.1 Data sources

The geologicaldata have been provide d by the Bureau of Geological Survey
and Bureau of Mineral Resourees, the Depa rtment of Mineral Resources. These data
consist of geologicalim™ _ap (scale 1: 250,000) of Moulm ein sheet (NE 47-14),
geological maps (scalg'1:50,000) of Mae Ramat (47421V), Mae Sot (4742I11) and Ban
Phoe Pha Quadrangles (47411V)with add itional geological m aps of sheets Mae Sot
(4742111), Ban Mae Eamao (474211, Ban Phoe Pha (47411V) and Ban Pha D1 (47411)
revised by the report on'Mineral Resources Exploration and Evaluation, Area Plot No.

1/2001, Bureau of Mineral Resources, Dep?lfffnent of Mineral Resources in 2002.

1.4.2 Preyigusinvestigations

The geolog¥ of the regions has been de scribed previously by various workers
e.g., Cotter (1924), Heim and Hirschi (1939), Brown et al. (1951), Sato (1961), W ard
and Bunnag (1964), Kom alarjun and Sato (1964), Sato (1975), Braun and Jordan
(1976), Hagen.and K ... emper (1976), Kem . per.et_.al.(1976), Kemper (1976),
Chonglakmani (1983), ChonglakmC ani ‘et al.(1985); Meesook et al. (1985),
Charoenprayat et al. (1985), Tantiwanit et al. (1987), Fontaine and Suteethorn (1988),
Sato and Westerm tanu (1991), Naraballobh™ |et jal(1992), Beauvais and Fontaine
(1993), Zuoqi (1993), Meesook (1994), Mees ook and Grant-Mackie (1994), Meesook
and Grant-Mackie (1996), Meesook et al. (2005), Meesook et al. (2006). Details of
these investigations are presented as follows:

The lim estone of Ban Yang Puteh, southeast of Mae Sot District, near
tributary of Huai Mae Ku, was considered to be a continuati on of th e Kamawkala

limestone of eastern Myanmar (Cotter, 1924).



During reconnaissance geological surv eys in northern Thailand, Heim and
Hirschi (1939) m entioned the presence of Late Jurassic-Early Cretaceous form ation
about 18 km south of Mae Sot District.  Some sm all fossils were found in nodular
layers and kidneys of limestone occurring in a “red formation”. The nature and details
of these fossils were not indicated.

Resulting in m ineral exploration conduc ted jointly by geologists of United
States Geological Survey and Thai Depa  rtment of Mineral Resources, the first
geological map of Thailand was publis hed in 1951 on scale of 1:2,500,000. Brown et
al. (1951) described the general stratigraphy” of Thailand and recorded the Jurassic
ammonites at Ban Yang Puteh (12 km ,southeast'of Mae Sot District near a tributary
of Huai Mae Ku) and atalim _-estone out crop 3 km. south-southwest of Ban Yang
Puteh. The am monites'were'identit ied as  Eryciies, Tmetoceras and Ludwigia, the
indicative of early Middle Jurassic age.

In 1961 Sato dgscribed fauha-wath “Erycites sp. and Bositra ex gr. ornati from
the Mae Sot area, indicativeof lower Middle Jurassic age.

The m arine Jurassic stratigraphy‘was considered to be a m arine tongue
intercalated in the non-marine Khorat Group (Ward and Bunnag, 1964).

In 1964, Kom alarjun and Sato ideﬁﬁﬁqd ammonites from Ban Huai Hin Fon
on the Tak-Mae Sot road as EryE€ites sp. ahfi _ﬁ'metoceras dhanarajatai n.sp. They re-
identified the Ban-Yang Puteh am nonites as  THietoceras regleyi, Dumortier and
Graphoceras concayum Sowerby and proposed as an Aalenian age.

The section along the road from Tak to Mac Sot in the vicinity of Ban Huai
Hin Fon was studied inm  ore detail by von Braun and Jordan (1976) with an
additional section along Moei Rivet, nor thwest of Mae Sot District. Three
assemblages of am | monites wereTecognized: Late Toarcian ( Pseudolioceras,
Lytoceras and Onychoceras), Late Aalenian to Early»Bajocian ( Eryeéites, Tmetoceras,
Eumetoceras and\ Dacidoceras), and Middle-Late Oxfordian ( Epimyaites and
Phylloceras). The authors considered that the age of the top of the Kam awkala
Limestone is Early Jurassic.

In 1976, Hagen and Kem per (1976); Kem per et al. (1976); Kem per (1976)
reported marine Jurassic microfossils, foraminifera and algae found at the Thong Pha
Phum-Si Sawat area, Kanchanaburi Province, 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 knowledge of the Jura ssic stratigraphy and fauna of Thailand
have been com plied by Sato (1975), Chonglakmani (1983) and Chonglakm ani et al.
(1985).

As aresult of the first detailed mapping programme in the Umphang area, Tak
Province (160 km south of Mae Sot), Meesook et al. (1985) reported on various new
Jurassic fossil localities and divided the Jura ssic rocks into 3 inf ormal units: Lower
mudstone, sandstone, and conglomerate; Middle limestone; and Upper sandstone. The
total thickness of this sequence is about 400 m.

Charoenpravat et al. (1985) reported@ néw m arine Jurassic locality at Ban Pa
Lan, Mae Hong Son Provinee (400 km, north'of Mae Sot District), prelim  inarily
interpreted as the northem=mosimarine Jurassic roeks exposed in Thailand.

Tantiwanit et.al. (1987) reported the geologi ¢ m ap of scale 1:50,000 the
Amphoe Mae Sot (4742 111 and Ban Phoe Pha (4741 1V) map sheets.

Fontaine and Suteethorn (1988)with contributions from other workers,
reviewed the marine Jurassic of wester n Thailand, reporting som e new localities and
describing some bivalves ammonites, corals, brachiopods, algal and foraminifers.

Sato and W estermann (1991) distfngﬁish ed 4 faunas collected from marine
Jurassic sequences in the west ot Thailandjii,z}scending order: Psuedolioceras,
Tmetoceras, Skirroceras and Epifyaites?. A ,

Naraballobh et al. (1992) studied the Biggest secendary zinc deposit in
Thailand, owned by Padaeng Industry Conr— pany Lim-ifed. The m ineralization is
associated with the séquences of the Huai Hin Fon Formiation, Triassic-Jurassic strata
and related with vertical dipping faults of northwest-southeast trending and high
dipping angle faults of northeast frénding.

Beauvais and Fontaine.(1993) nated that | Montivaltia aumismalis D’Orbigny)
discovered in black shale at the school of Ban®ha De, south of'‘Mae Sot, and
consideredithe occurrence of Middle Jurassi¢ sediments/in western/Thailand.

Zuoqi (1993) studied the spore-pollen asse mblage from red beds of peninsular
Thailand, consisting predom inantly of gym nosperm pollens (94.46%), som e
pterophyte spores (5.26%), and rare al ~ gae (0.28%). The prevailing gym nosperm
genera are Classopollis (86.18% of the total am ount) and Dicheiropollis (4.25%) of
Cheirolepidaceae. Age determ ination for this spore-pollen assem  blage is Late

Jurassic.



Meesook (1994), Meesook and Grant-Mackie (1994), and Meesook and
Grant-Mackie (1996) reported on m arine Jurassic stratigraphy, lithostratigraphy and
paleontology of Thailand. The m arine Jurassic rocks are widely distributed along the
northwestern, western, and peninsular Th ailand. In the Chum phon area, am monites
and bivalves indicated the Early Bajoci an have been found in fine-grained
sedimentary rocks at Khao Lak, 80 km north of Chumphon Province. The Khao Lak
Formation consists mainly of interbedded sandstone and shale with cherty lim estone.
They also reported that the Phra Bat Formation in the Chian Yai and Hua Sai areas of
Nakhon Si Tham marat Province consists ofm uadstone and sandstone of the Toarcian
age. )
In 2002 to 2005,both marine and non-marine Mesozoic sedimentary rocks and
faunal aspects of Thailand werereported and correlated by Meesook et al. (2005).
The authors proposedand reviewed the'se quences of the Mesozoic m arine and non-
marine rocks includingthe evolution-of Ju'rassic biodiversity of Thailand. Apart from
that, Meesook et al.(2006) summarized iithostratigraphy and faunal aspects of marine
Jurassic rocks in Thailand: Meanwhile, Kozai et al. (2006) reported the faunal affinity
of the Toarcian-Aaleniaf bivalves fr - om 'Nfae Sotand Um  phang Districts, Tak
Province. Thirty-five Toarcian-Aalenian ft‘z‘i‘s{alve species from  this area were

identified. These bivalves can becorrelated with those of Southeast Asian countries
{ --.‘. “ A

o el

such as Vietnam and Myanmar.



CHAPTER I

REGIONAL GEOLOGY

2.1 Physiography

2.1.1 Topography

The topography of the area can be'subdivided into 3 zones, namely, eastern
high range mountains, undulating and ﬁat areas.(see Figure 2.1).

2.1.1.1 Eastern high range mountains zone

The topographyof .the eastern high range mountains zone located in the
eastern flank of the study area'is generally high mountains with a thick forest and is
widely covered by sandstong. shale, limestone, metamorphic and igneous rocks of the
Upper Paleozoic to Mésozoics These high mountain ranges are located in northeastern
part of the study area and distributed apprékifhately 15% of the area. The highest peak
is at Doi Pha Kia in eastemn high ranges Wﬁ?-gpproximate elevation of 1,157 m above
mean sea level (msl) and has clevation of thAe— i;illges between 500 and 1,157 m (msl).

{os=

2.1.1.2 Undulating area zone i

The undulating-aiea-zone-is-widely-distiibuted in‘the Phop Phra Basin and
extended from the eentral, western and southwestern parts of the study area with the
elevation between 300 and 400 m (msl) covering about 55% of the study area. This
topography is characterized’by small hills with intensive agriculture. The rocks in this
undulating landform are represented by carbonate and fine-grained sedimentary rocks
such as shale and marl.

2.141.3 Flatarea zone

The flat area zone is widely distributed in the northern and northwestern
portions of the study area covering Ban Mae Lamao, Mae Sot and Phop Phra
Districts. This zone can be divided into 3 sub-basins, namely, Mae Lamao, Mae Sot
and Phop Phra Basins (see Figure 2.1). The area is covered by floodplain deposits of

Moei, Mae Lamao and Wale Rivers. The flat area has elevation ranging from 120 to

300 m (msl) and covers approximately 30% of the area.
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2.1.2 Drainage systems and landform origin

The main rivers consist of 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 northern, western, and northwestern directions into
Salawin River of eastern Myanmar.

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

2.1.2.1 Landform of denudation origin consists of eastern highland, isolated
and small hills covering about 70%pof the arca. The high mountain ranges are
distributed in the northeast of thearea: The isolated and small hills are extended from
the central to southern part of the area. This type of landform is underlain by
dolomitic limestone,dimestone, sandstone, shale, and semi-consolidated gravel beds.

2.1.2.2 Landform of alluvium origin mainly presented along Mae Lamao,
Moei and Wale Rivers €overs 30% of the study arca. This landform is well observed
in the north and neorthwest consisting of river terrace and floodplain deposits of

gravel, sand, silt and clay.
2.2 Remote sensing interpretations.

Remote sensing image plays a significant role to-define geological structures
and tectonic frameworks of the study arca. Lineaments.ate deciphered primarily using
satellite imageries from digital mosaic of Landsat Thematic Mapper (TM) band 7. The
remote-sensing images hdve been’ acqhived in‘digital foinis as-two-dimension arrays or
rasters made up of pixels. A digital number that represents the, energy of the
electfomagnetic, radiation” wave band being monitored) assigris eachpixél. An image
processing normally consists of 3 main steps; namely, rectification, enhancement and
data extraction (Neawsuparp and Charusiri, 2004). The rectification is used to improve
correspondence of image data within the represented scene.

The enhancement step is normally undertaken to improve ability to identify
features of interest in imagery. The data extraction step is used to interpret and classify
each project such as geology and land use. Image enhancement is an operation designed

to optimally display information from imagery data for visual interpretation.
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An image usually contains more information to be displayed in a single picture. The
image enhancement entails selection of the subset of information to be displayed as
well as the optimum display of that information. In this study, the digital images from
Landsat TM 7 are enhanced, displayed, and manually analyzed by the Envi 3.5,
Adobe Photoshop 7, and Corel Draw 12 programs.

The satellite image of the Mae Ramat, Mae Sot and Phop Phra Districts were
selected to study the systematic lineaments. The remote sensing work aims to
establish the detailed studies in terms of geological and structural interpretations,
especially fracture analysis of the study rcgion. This study is an attempt to correlate
lineaments (geologically linear features) visible on Landsat Thematic Mapper (TM)
imagery (see Figure«2:1), whiech also becomes an essential tool for geological
exploration. In this#'study, dectails of lineaments, “including geometry, pattern,
distribution and density, are inyvolved with the structural analysis. The interpretation
of major lineaments rglated to'structures and reconstruction of structural geologic map
was carried out in this study. ‘Overlaying of all editions of Mae Sot-Phop Phra
geological maps (Tantiwanit et al., 1987; Meesook and Grant-Mackie, 1994;
Department of Mineral Resources, 2005) onto lineament map was undertaken to
define these relationships. Notall-bands ofTﬁé,aLandsat images are applied, only band-
7 image depicts good contrast and claritgf In this study, the enhanced images are
applied for interpretation together with aerial photo pfocess and field support of
ground-truth evidence and have been done together with geological map. In addition,
the tectonics in this area has been related to the Mae Ping Fault Zone (MPF) in the
north.

2.2.1 Aerial'photointerpretation

Based~on—aerial-photoprineiple; different nimage; texturess; morphology,
landform and drainage system; rocks-and sediments i this area can‘be divided into 16
units (Figure 2.2). However, the aerial photo geologic units were designed as the
geological map units on the scale of 1:50,000 (Department of Mineral Resources,
2002). These units are described in ascending order as follows:

SDC unit: Landform of this unit consists of high resistant ridge covering about
5% in the northeastern part of the area. Most of drainage systems are subparallel and

dendritic drainage patterns with medium to coarse texture and dense forest. This
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landform is underlain by fine- to medium-grained sandstone interbedded with shale.
The subparallel drainage pattern was controlled by the major structures, faults and
fractures.

CP unit: Landform of denudation origin consisting about 10% of high resistant
ridge, is widely distributed in the northeastern part of the area with northeast-
southwest and north-south trends. Most of drainage system is composed of sub-
parallel and parallel patterns with fine to medium texture. This type of landform is
underlain by slightly deformed sandstone intercalated with shale. The sub-parallel
drainage pattern is characterized by the majot structures, faults, and fractures.

P unit: Landform of this unit consists of low resistant ridge with rough surface
of karst topography,sinkholes and isolate hills covering approximately 15% of the
area. This unit is well'€xpesed in the northern and eastern portions of the study area.
Most of drainage systéms comprise sub-parallel drainage pattern with fine and mottle
textures and scanty forest This fype of landform is underlain by limestone, dolomitic
limestone and other carbonate rocks.

Tr unit: Landformrof this unit consists of low resistant ridge with isolated hills
covering about 5% in the northem’ pait of the study area. Most of drainage system is
composed of sub-parallel drainage pattem;ﬁh fine texture. This type of landform is
underlain by limestone, dolomific limestoixfe; shale, and sandstone interbedded with
shale.

Jrl unit: Landform of denudation origin consists of low relief of small hills
with low angle dipping slope to the west and northwest, covering about 12% in the
northern portion of the area. Most of drainage system is composed of sub-parallel and
dendritic patternscwithy fine to medinnm texture and- slightly evegetation. This type of
landform is underlain by sandstone“interbedded with mudstone and limestone lenses.

Ji2 amit; Jsandform, of-this, unit consists-of-high-resistant ridge, with isolated
hills covering about 5% along'the Thailand-Myanmar borderto thewest-of the area.
Most of drainage system is dendritic drainage pattern, short distance with coarse
texture. This type of landform is underlain by limestone and other carbonate rocks.

K unit: Landform of this unit consists of low relief with isolated hills covering
a 2% of the northwestern area. Most of drainage system is unidentified pattern with
coarse texture. This type of landform is underlain by coarse-grained clastic,

conglomerate and/or igneous rocks.
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Figure 2.2 Aerial photo image interpretation map of the study area showing the general
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T unit: Landform of denudation origin consists of low resistant ridge, small
hills and undulating terrains with gentle slope dipping to the central and northern
parts of Mae Sot Basin, covering about 13% in the southwestern portion of the area.
Most of drainage system is composed of sub-parallel and dendritic patterns with fine
and mottle textures. This type of landform is underlain by fine-grained clastic rocks,
mudstone, sandstone, conglomerate and carbonate rocks. The attitude of bedding
plane is mostly gentle dipping to horizontal with normal faults.

Qt unit: Landform of high terrace and slope movement origins consists of the
undulating and slope features covering about 42%. of the area. It is composed of soil,
debris and pebble pavements.

Qa unit: Landferm ofalluvium origin is mainly located along Moei, Wale and
Mae Lamao Rivers.eovering about 10% of the area. It consists of river terraces and
floodplain deposits of gravel, sand, silt and clay.

Qaf unit: Landformrofalluvial fan and slope movement origins consists of the
undulating and slope featutes covering about 6% south of the area. It is composed of
debris of talus and old landslide masses. ’

Gr unit: Landform of this it Consists of high resistant ridge with dome
structures covering about 5% of the areﬁﬁ,a'the west. Most of drainage system is
composed of sub-parallel and dendrific afegip@ge patterns with coarse texture and
dense forest. This type of landform is underlain by coarsé-grained metamorphic rocks
and igneous rocks.sich as granite, gneiss, and quartzite.

Generally, the regional structures, faults, fractures and bedding traces can be
observed clearly on the bird eyes view. The main structural features of the Mae Sot
and Phop Phra-areas are mormally-a, fold series of synfoxmsyand' antiforms that align in
the northwest-southeast trend but-the some units-occur in the northeast-southwest
trend= Aerial-pheto data-indicate ithat jthenmain—and sminor~fractures are in the
northwest-southeast and northeast-southwest' directions. Most ‘of’ the~fractures are

interpreted to represent the strike-slip and normal faults with joint sets.

2.2.2 The lineament analysis determined from landsat data
2.2.2.1 Lineament analysis
In this study, interpretation is performed only in the Tha Song Yang, Mae

Ramat, Mae Sot, and Phop Phra areas where Huai Wale is southern demarcates of the
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end for this analysis. In the current research, the study area can be subdivided into
three parts (Figures 2.3 and 2.4), namely, Bhumibol Dam area in the north, Mae Ping
Fault Zone in the central, and Mae Sot-Phop Phra area in the south based on the
difference in pattern, geometry, and density of lineaments and the special unique
lineaments in the north of Bhumibol Dam. In comparison for nature and styles of
lineaments, the length of lineaments is described in terms of major (>20 km long),
and minor (5 km long) categories. Linear features of this study area can generally be
equated with the structural elements such as faults, joints, and fractures. Minor linear
features such as small-scale faults and joimts‘rately appear on the imagery due to
limitations of resolution.

The main orientations-of major lineaments in Bhumibol Dam are roughly
oriented in the north"northwest-south southeast direction. Some lineament pattern
trends are confined to themortheast-southwest and northwest-southeast directions. In
the Mae Ping Fault agea, the longest single lineament in this area is observed in the
northeast-southwest direction. “Major ‘lineaments in the north northwest-south
southeast direction of Mae Ping Fault Zone splay into the Mae Sot-Phop Phra area
located in the north ofTha Song ¥ang District (see Figure 2.3), whereas the minor
lineaments are in the northeasi=southwest '(fré_ction. These major lineaments run from
the northwestern part of the mapped area 1nToTak Province and extend to the south of
the study area. Thelineaments in the Bhumibol Dam aréa and Mae Ping Fault Zone
are located almost/at the contact and cut into Precambrian-Paleozoic rocks. The
lineaments in the west and south of this area are contacted with the Mesozoic to
Quaternary sequences. The northwest-southeast trending lineaments in the Mae Ping
Fault Zone are‘Created-tectonicallysteythe morth nerthwest=south southeast direction in
the southern part ‘and are developed the northeast-southwest direction in Mae Ramat,
Mae-Sotsand Phop-Phra Basins: Thejlinear-features-in this zone-have, formed complex
tectonic patterns in‘which multi-diréetional lineaments ‘are clearly observed.

Lineament analysis which integrates the analyses of linear patterns,
geometry, kinematics and dynamics can be applied to structural interpretation and
evolution in an attempt to define the tectonics of the study area. In each lineament
direction, its distribution, pattern, and length are considered. The lineaments in this
area are divided into 4 patterns (see Figure 2.4), and are defined by their direction

and geometry.
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The major lineaments in the study area trending the northwest-southeast and north
northwest-south southeast directions are shown in Figures 2.4A and 24B, respectively.
Figure 2.4C illustrates the lineaments in the northeast-southwest direction and a
special lineament feature in the north of Bhumibol Dam in which the curve trends east-
west direction (see Figure 2.4D).
2.2.2.2 Results of lineament analysis

Northwest-southeast lineaments

A number of lineaments in the Mae Ping Fault zone are almost parallel to the
major fractures described in Figures 23 and 24A" The main length of lineaments is more
than 20 km whereas some short (5 km-leng) lineaments are in the zone of the strike-slip
fault with right lateralbmovement. Most patterns of lineaments are straight lines, which
indicate the major fault system.an this atea. The longest lineament is located in the north
of Mae Ramat District and extended to the eastern flank of the study area. This
lineament pattern is antegpreted to represent the strike-slip fault in which highly
deformed rocks are found along this zone. More importantly, this lineament pattern is
also marked as the boundary of the Mae Sot-Phop Phra Basin. In Myanmar, a set of
long lineament pattern(motre than 30 krr;) also exists and bounds the Tertiary basin.

However, the spacing between madividual liIchzi_ment 1s longer (~10 km) than that of Mae

Ping Fault (1-5 km). IS

North northwest-south southeast lineaments

The lineaments of north northwest-south southeast shown in Figures 23 and
24B are remarkably straight having warious attitudes from north northwest-south
southeast to north-south directions, especially those in the vicinity of Bhumibol Dam
and some partsiof-Myanmar to the-westof'Phop Phra Pistrict-Fhese major lineaments
can be divided into"two areas, the"Bhumibol Dam-and 'the"Mae Sot-Phop Phra areas
separated ,by.-Mae, Ping Fault- Zone. -Most lineament, patterns+in~the, northern and
Bhumibol Dam areas ‘are straight lines trending nearly north-south“direction, whilst
the southern part displays the straight pattern which trends in the north northwest-
south southeast direction. A number of prominent lineaments (5 up to 15 km long)
can be observed clearly on the satellite image. Many lineaments indicate normal faults
and joints. Some lineaments display the right lateral movement e.g. at Ban Ruam Thai
Pattana 3, others are splayed from the Mae Ping Fault Zone in the northwest of Tha
Song Yang and east of Mae Ramat Districts. The Mae Ping Faults, northwest-
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southeast direction, have divergently progressed to the north northwest-south
southeast direction in the Mae Sot-Phop Phra area.

Northeast-southwest lineaments

Figure 24C illustrates that the straight northeast-southwest trending lineaments
vary in length from 5 to 10 km shorter and denser than the other lineaments. These
northeast-southwest trending lineaments are widely distributed in the Tha Song Yang,
Bhumibol and Mae Sot-Phop Phra areas but less common in the Mae Ramat area. The
major lineaments of this direction are considerably essential since they have
presumably involved with neotectonic eventssand active faults. These lineaments are
almost represented by the normal faults. Some of the northeast-southwest patterns,
particularly in the Mae'Ping Fault Zone are important because they are short (4-6 km)
but obvious. They tmuncatesthe northwest-southeast lineaments in the Mae Ping Fault
Zone suggesting that'lineaments of the northeast-southwest pattern predate those of
the northwest-southeast pattemn.

East-west lineaments

Located in the north of Bhumibel Dam, the curve-linear pattern of the east-
west direction is the unique fedture With an average length of 15 km. These
lineaments have indetermined i the abt;feE,pattem (see Figure 24D). This linear
pattern forms a closely spaced, short (5 an) and prominent pattern. The east-west
trending curved pattern is clear to have formed as a result of ductile deformation. In
the Mae Ping Fault area, between Bhumibol and Mae . Sot-Phop Phra areas, the
discontinuous, rather discrete minor lineaments of east-west direction are also
encountered. In addition, the almost circular feature (about 25 km in diameter) found
just northwestt of \Bhumibel Dam cis) considered- to indicate unexposed igneous

intrusions, similar'to those'mentioned earlier by"Charusiri et al. (1993).
2.3 Regional’geologic Setting

Thailand comprises two major tectonic terranes, Shan-Thai and Indochina,
which were amalgamated in the Late Triassic (Charusiri et al., 2002). The continent-
continent collision was a part of the Indosinian orogeny (Meesook et al., 2006). After
the collision, mountains were developed along the Nan Suture, particularly along the

over-thrusting Shan-Thai terrane. Contemporaneously, the tectonic convergence,
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much of Indochina, Nakhon Thai, Lampang-Chiang Rai emerged and large quantity
of terrigeneous sediments were supplied and widely deposited in this area. The
erosion of the mountains resulted in continental depositions on both sides of the
suture (Chuaviroj, 1990). However, the continental deposits are mostly developed in
the Khorat Plateau, which was formed on the western side of the under thrusting
Indochina terrane. The distribution was noted in eight areas (Bunopas, 1981), the
rocks are predominantly red clastics.

There are various literatures regarding geology in Mae Sot-Phop Phra and
neighboring areas. The previous papers and geological maps include the geological
map of Moulmein map_sheet on thesscale of 1:250,000 (NE47-14) (Sukto et al.,
1978), geology of Amphoe Mac Sot and Ban Phoe Pha (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 Resourees, 2002 and Meesook et al., 2006). This study area
is underlain by rocks ganging in age from the Pre-Cambrian to Recent which mainly

include metamorphic, carbonate, clastic andigneous rocks (Figures 2.5 and 2.6).

2.3.1 Regional stratigraphy: of the study area and Western Highland

The following stratigraphic subdiVTsibn and their nomenclature follow those
adopted and established by the Departmer;f()f Mineral Resources on the 1:2,500,000
Geological Map of Thailand published in 1897 and 1999 ./In addition, a few names are
proposed and added by other authors to outline the complétion of the stratigraphy of
the Western Highland (Tables 2.1 and 2.2).

Geologic setting of this area has been complied based on the current field
investigationgpreytous) works, satelliterimage interpretationgand aerial photographs.
The study area“is“dominated by sedimentand sedimentary units ranging in age from
the Pre-Cambrian-to Quaternary-(see Figures, 2:5 and-2:6): The,compesite lithologic
column of these rocks is shown in Figure2.6 as follows:

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, PE€). 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-phylitic schist, and is conformably overlain by
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the Tha Manao limestone (Ordovician, O). The Tha Manao limestone is predominantly
limestone and argillaceous limestone with dolomitic limestone. The age is controlled by
supposedly preserved Ordovician fossils, conodont and nautiloid at the type section,
Kanchanaburi Province. This unit is unconformably overlain by the Thong Pha Phum
Group (Silurian-Carboniferous) characterized by shale, slaty shale and phyllitic shale.
The Phra Woh Limestone (Lower-Middle Permian) is underlain by the Thong Pha Phum
Group. The Limestone can be divided into 2 units, lower (P1) and upper (P2) parts. The
lower part mainly consists of clastic rocks such as calcareous sandstone, siltstone and
shale distributed in the central, eastern and.€outhein parts. The fossil assemblages are
coral, brachiopod, and bryozoa of Upper Carboniferous-Lower Permian age. The upper
part is composed of the'thick bedded to massive dolomite and limestones known as the
upper Phra Woh Limestone eontaining fossil assemblages predominantly of coral,
bivalve, brachiopod, bryozea and foraminifera of Permian age. The Mesozoic rocks are
widespread in the western and central parts of the study area which includes the Mae
Sariang Group (Trassicrocks) and Hua Fai Group (Jurassic rocks). The Mae Sariang
Group can be divided into 2. unmiis, lower (Trl) and upper (Tr2) parts. They are
unconformably underlain by the Phia Woh Limestone. This sequence is composed of
sandstone, shale, limestone, and cherf, Théﬁﬁa Fai Group is unconformably underlain
by the Triassic rocks with the unconformi:“tvi-’(r)f’ conglomerate layers. This group was
proposed by Meesook (1994) and can be subdivided into/3 formations, namely, Khun
Huai (Jkh), Doi 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 @hi facie-(JKidc)pwhich areywell exposed.atyDoi Din Chi, northwest of the
Mae Sot District. The facie consists"mainly-of massive conglonmierate. The conglomerate
clasts~are ,composed of gravel- to~cobble of limestone, chert, .sandstone; quartz, and
dolomite.” According to the previous study, Fontaine and 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 Suteethorn, 1988). In
Mae Sot Basin, Tertiary rocks are well known as the Mae Sot Group (T) and are
widespread in the Phop Phra area. The unit consists mainly of semi-consolidated

conglomerate, mudstone and sandstone.



Table 2.1 Stratigeraphic subdivision of Thailand (modified after DepartK

Wy

1/

ineral Resources, 1992).

24

Region vestern N?rthern Peninsatl™ 77 att Centreal Plain | Phetchabun Khorat Platdan
System | Highland Highland / f i\ Range
I~
= N Bangkok Cla - 5
Quaternary Mae Taeng F 5 v \\\ \\\ g 0 Y
Tertiary Mae Moh G Krak = (Mae Moh G) .
2 ’if o Mahasarakham F
Cretaceous . - - W= . Khok Krut F
¥ ey ¥ Phu Phan F
Undiff. Undiff. i | SRS Undift. SaoKhua F|KhoratG
Jurassic Sao KhuaF | Phra Wihan F | Sao Khua F AZZPhra, F . Sao Khua F Phra Wihan F
Phu Kradung F | Phu Kradung F | Phu Kradung F ’ = F Phu Kradung F|  Phu Kradung F
Huai Hin Lat-Nam Pong F|
Triassic Mae Moei G Lampang G . i
Undiff. | Nam Pat F | Tq E:
: |
Permian Ratburi G J Ratburi G? ¢ Saraburi G
Phrae F = =
: Mae Hong Son F K ;
bonifi
Carboniferous S Lo EoiG mﬁm E‘I 1_! ?ﬂaﬂfﬁ G Wang Saphung F
I;‘:I‘; OB | Thong Pha Phum G | Sukhothai G o Sukhothai-G Y, Pak Chom F
— -t - :r: —_—————- -
Ordovician Thung Song G? N
Cambrian Tarutao G? Tarutao G Tarutao G? -
Pre-Cambrian Lan Sang Gneiss Complex? Lan Sang Gneiss Complex?



nkam
Typewritten Text
24


",

Table 2.2 Mesozoic stratigraphic correlation of various areas, westerii Highland Tham(modlﬁed after Chaodumrong, 1992).
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Figure%.S Geologic map showing the distribution, age and simple structures of units in the
Tak area, western Thailand (modified after Sukto et al., 1978; Tantiwanit et al., 1987,
Department of Mineral Resources, 1987, 1999 and 2002; Meesook et al., 2006).
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Figure 2.6 Composite stratigraphic column of Upper Paleozoic to Quaternary rocks in the

study area and its vicinity (Department of Geology, 2007, unpublished).
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The sediments deposited in these basins are caused by alluvial and fluvial processes
particularly in the four 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 intermontane basin characterized by sand, silt, clay and gravel. The
gravel size ranges from small to cobbles and boulders. The fine sediments such as silt,
fine sand and clay intercalated with gravels are found in the flood plain of the main
rivers. Channel lag gravels are also found on the river banks. Terrace deposits with

thick accumulation of gravels and clayey sand occur along the both rims of the basins.

2.3.2 Granite rocks

The granites erop out.as.a north-south trending elongated zone more than 60
km long and 20 kmewide with small granitic stocks in the western part of the area.
The extension of this'granite ds'to Myanmar in the northwest. These granites can be
divided into 2 units, the Tuassic granite (Trgr) and Cretaceous granite (Kgr) based on
their field occurrence, petuography and chemical characteristics. The granite in the
study area is apart of the Central Belt Granite (CBG: Triassic) and Western Belt
Granite (WBG: Cretaceous) (Departiment of Mineral Resources, 1999).

WBG contains small fo fmoderate Vb*ai‘t»_holiths and plutons of mainly restricted
compositional range with a minor amouniféf ,t,,h,e expanded type. Both units occupy
mainly the western, south and southeast of the area, along the Thailand-Myanmar
border. Lithologically, these granites are coarse- to very.coarse-grained porphyritic
texture with large (up to 6-7 em long) K-feldspar phenocrysts and in the matrix
comprising quartz, K-feldspar, plagiclase and biotite. These granites are syenogranite,
monzogranite; quartz-syenitecand.quartzynronzonite:

Geochronologically, the” Central and “Western Belt Granite (Department of
Mineral Resources, 1999)-has-the,emplacement-ages @f230-200 Ma with a variable
initial *’Sr/#°Sr ratios" range ©0f-0.725-0.730" for the northern Thailand migmatite-
related suites and 0.710-0.727 for the others. The S-type characteristics and high to
very high L.R. indicate that the granites of this terrain were derived by partial melting
of the evolved continental crust. The granites from the 'Western Province is the
youngest suite of the Thai granites (130-78 Ma). The dominant S-type granites
possess high to very high initial *’Sr/**Sr ratios of 0.719-0.744, whereas those of the
I-types vary from 0.704-0.714.
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2.4 Geological structures

Regionally, the pre-Mesozoic and Mesozoic strata from Mae Sot to Umphang
were folded structures in the northwest-southeast direction (see Figures 2.5 and 2.7).
However, the folded structures east of Ban So O may have been observed by the
northeast-southwest trending. The main and minor fractures are in the northwest-
southeast and northeast-southwest directions, respectively.

According to the remote sensing interpretation, field investigation and
stereographic analysis of .these folded rocks (see Figure 2.7), the main structural
features of the Mae Set to-Umphang area is-defined as folding and fractures.
Generally, a series of foldingis‘tepresented by synforms that align in the northwest-
southeast trend (see Figure 2:7) but in the east and northeast of Ban So O, the unit
occurs in the northeast-sotithwest trend. The general axial trend is in the northwest-

southeast direction without plunging.

2.5 Marine Jurassicirocks ef-Thailand

2.5.1 Distribution of marine Juraﬁs’sjé'{basins

Mainland Southeast-Asia is dividéAd;into three major tectonic terranes: the
western Burma tetrane, the Shan-Thai terrane and the Indochina terrane (Burrett,
1974; Stauffer, 1974; Hutchison, 1975; Gatinsky et al.,-1978; Bunopas, 1981; Burrett
et al., 1990). Thailand is a part of the Shan-Thai terrane-in the west and the Indichina
terrane in the east with two intervened tectonic umnits, namely the Lampang-Chiang
Rai to the east,of 'Shan-Thai and the Nakhon Thai to the west of Indochina (Charusiri
et al., 2002). The study area is located in the Shan-Thai terrane, west of the Pattani
suture (Charusiri~gtsal.;> 2002).> This“suturey 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
(Bunopas, 1981; Hahn et al., 1986; Panjasawatwong, 1991).

Mesozoic sequences in Thailand can be subdivided on the basis of
stratigraphy and paleontology into three main facies (Meesook and Grant-Mackie,

1996); the marine facies, brackish facies and the younger continental facies.
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In the west, only marine facies of Triassic and Jurassic ages have been reported. The
marine Jurassic sediments are distributed in 3 sedimentary basins, namely the Mae
Hong Son-Kanchanaburi Basin in the northwest and west, the Chumphon Basin in the
upper peninsula and the Songkhla Basin (Figure 2.8) in the lower peninsula. The
location and extent of these basins, the structure of Jurassic strata in each basin and
the relationship among basins due to both strike-slip and normal faulting are shown in
Figure 2.8. Except for the continental basins in northeastern Thailand, most of the
marine and brackish basins are the north-northwest trending elongated basins.

Of these, the Mae Hong Son-Kanghanaburi Basin has been most fully
developed and widely distributed ofsmarine Jurassic strata (Meesook and Grant-
Mackie, 1996). Fossils*¢citedati-the text have been eollected during fieldwork by

authors unless otherwise indicated.

2.5.2 Stratigraphyof marine Jurassic rocks

The marine Jurassic ‘rocks in' Thailand are located in seven localities
distributed in the northesn western and southern peninsular Thailand i.e., the Khun
Yuam, Mae Sot-Phop Phra, Umphaiig; Kénchanaburi, Chumphon, Thung Song-Klong
Thom and Ao Luk-Plai Phraya-ateas. These éreas are situated in Mae Hong Son, Tak,
Chumphon, Kanchanaburi, Nakhon Si Thammarat and Krabi Provinces, respectively
(Figure 2.9).

According t0 Meesook and Grant-Mackie (1996), marine Jurassic strata in
Thailand are generally underlain unconformably by Triassic and overlain by
Quaternary strata. The marine Jurassic lithostratigraphic units (Table 2.3) are
established: (injascending onder)Pa Luan,;Mah Hung and KongMu 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- Set-Phep,;Phra arearKlo-Tho; Fa Sue Kho, Pu Khloe
Khi and Lu Khoe¢' To Formations of-‘the*Umphang Group ' the' Umphang area. The
main lithologies consist of mudstones, siltstones, sandstones, limestones and marls.
Mudstones, siltstones and sandstones are widespread in all basins; marls are found
only in Mae Sot.

2.5.2.1 Khun Yuam area, Mae Hong Son Province

The Khun Yuam-Mae Hong Son area was previously covered by marine

Jurassic rocks trending north-south direction along the Thailand-Myanmar border.
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According to Charoenprawat et al. (1985), they have reported the marine Jurassic
rocks at Ban Pa Lan and its vicinity, Muang and Khun Yuam Districts of Mae Hong
Son Province. Since then, Meesook (1994) and Meesook and Grant-Mackie (1996)
have studied the rocks in terms of stratigraphy and paleontology. The Huai Pong
Group was proposed for Jurassic strata overlying marine Triassic and underlying
Quaternary strata. The group is approximately 200 m thick comprising mainly three
formations, namely, the Pa Lan, Mai Hung and Kong Mu Formations in an ascending
order. 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.

2.5.2.2 Mae Sot area, Tak Province

The Mae Sot-Phop Phira atea of Tak Provinee, northwestern Thailand is well
selected as a pilotsarea in studying Jurassic faunas due to their abundance and
diversity. Marine Jurassicsstgata are common around the Cenozoic Mae Sot Basin.
They are exposed at various localities at Kamawkala Gorge to the northwest and Doi
Din Chi in the middle of the basin, in road=cuts from Tak to Mae Sot and along Huai
Mae Sot. Some detailed investigations of this area have previously been made by
Braun and Jordan (1976) and Fohtaitieand Suteethorn (1988). Braun and Jordan
(1976) established the Mae ;Maoci Groﬁ?f@r the Triassic-Jurassic sequence and
recognized informal upper (Jurassic) and 16?;/§r (Triassic) divisions. Their Kamawkala
Limestone was notire-examined during the present study. The Mae Moei Group is
rejected as an appropriate lithostratigraphic term for the Jurassic strata of the region
(Meesook and Grant-Mackie, 1996). The Jurassic sequence near Mae Sot is now clear
to lack basal (Hettangian-Pliensbachian) correlatives and to lie unconformably on
Triassic strata={t.shouldgtherefore; be sepagated; at-gronprlevel from the Triassic, and
the same name should not be~applied to“both, even'if the informal “upper” and
“lower”’  divisions, of Braun .and Adordan, (1976)~ were| otherwise; acceptable.
Furthermore, these' authors recognised no formal ‘formatienal 'divisions within the
Jurassic sequence of the area. 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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Table 2.3 Summary of lithologic nomenclature proposed for marine Jurassic strata of
Thailand, and correlations made with international stage scheme (Meesook and Grant-

Mackie, 1996).
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type locality. The Hua Fai Group can be tentatively correlated with the lower part of
the Mae Moei Group because the upper part of that group ranges from Middle to
Upper Oxfordian (Braun and Jordan 1976).
2.5.2.3 Umphang-Phop Phra area, Tak Province
Marine Jurassic strata are well exposed in the Umphang region, a district

within Tak Province located 160 km south of Mae Sot.
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The Jurassic strata are widely spread in the west of Umphang township, Ban
Klo Tho, Ban Pa La Tha and with local exposures scattered throughout the area. The
region has previously been investigated by many workers (Meesook et al., 1985;
Fontaine and Suteethorn, 1988; Meesook, 1994; Meesook and Grant-Mackie, 1996).
The strata exposed along the track from Ban Klo Tho on the Thai side of the border to
Ban Pu Khloe Khi in Myanmar is selected as the type section for the Umphang Group
which includes four formations: Klo Tho Formation (basal), Ta Sue Kho Formation,
Pu Khloe Khi Formation, and Lu Kloe Tu Formation at the top.

The Umphang Group (Meesook «and. Grant-Mackie, 1996) consists
predominantly of limestones, mudstones and sandstones and is distinguished from the
Hua Fai Group whichslacks sandstones and in which limestone and marl or mudstone
is intimately interbedded. Fhe thickness of the group 1s more than 430 m, the lower
and the upper parts being'presumed to have unconformable relations with adjacent
strata because of thefabsenge of older and younger Jurassic rocks, although no
sedimentary contacts were seen.

2.5.2.4 Kanchanaburiarea, Kanchanaburi Province

Marine Jurassi¢'strata in the Kanchanaburi area are 200-300 m thick and are
found at various localities in’ ‘Theng Pha ﬁum District, 1.e. 15 km southeast of Sai
Yok Yai, an area east and southeast of Son:g{'fhg? 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 it§ good exposures and accessibility.

The Jurassic strata in this area consist of light grey limestones, predominantly
oncoid-micrite containing a rich foraminiferal fauna (Hagen and Kemper, 1976;
Kemper et als1976; Kemper; 1976) cThedurassicssequence ean be correlated with the
Ta Sue Kho and Pu Khloe Khi' Formations. The lower part of the Jurassic shows a
non-marinélinfluence on.sedimentation by red-eoloured elastic-caleareous lithologies
in the 'Si"Sawat arca, and red-sandstones and limestone conglomerates-in the Thong
Pha Phum area (Hagen and Kemper, 1976). The overlying Jurassic sediments and
their faunas indicate shallow marine facies with confined endemic species (Fontaine
and Suteethorn, 1988). The limestone is generally late Early Jurassic to Middle
Jurassic; a Late Jurassic age has been occasionally reported, but remains very
doubtful, being based on the uncertain identification of a few sections of poorly

preserved foraminifera identified as Kurnubia (Kemper et al., 1976; Kemper, 1976).
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2.5.2.5 Chumphon area, Chumphon Province

The brackish to marine Khlong Min Formation of the Thung Yai Group in the
Chumphon area crops out in two selected areas; Huai Khun Krathing of Pathiu
District, and Khlong Khut of Muang District, Chumphon Province. The group at least
300 m thick, is generally reconsidered in terms of lithostratigraphy and can be
subdivided into three formations, namely, the Khlong Min, Lam Thap, and Khao
Phang Formations, respectively in ascending order. The group is unconformably
underlain by the Permian rocks (Ratburi Group) and unconformably overlain by
Tertiary and Quaternary rocks as indicated by the presence of fanglomerate and
grevel beds of the Fhang Daeng formation.

The Khlong Min Formauon in this area, 200 m thick, consists of greenish
grey, greyish brownsmudstoneand siltstone intercalated with fossiliferous limestone.
Calcareous concretions arc sabundant in mudstone with some ammonoids and
septarian calcite veing'are/also present. The formation, distributed at Khao Lak and
Map Ammarid, is welliexposed-at Hual Khun Krathing, Pathiu District, Chumphon
Province, and is unconformably underlain by bedded limestone of the Permian
limestone. The fossil @ssemblages reflect, marine to lagoonal environment during

lower Middle Jurassic, with gradual chang?:df' depositional environment from marine

to lagoonal. T

In the Khiong Khut area 10 km east of Chumphon town, the Khlong Min
Formation is well. cxposed a long a canal. The sequence consists of brown to reddish
brown, calcareous sandstones, siltstones, and mudstones. Thin-bedded conglomeratic
sandstones and conglomerates are occasionally intercalated in mudstones and
siltstones. Bivalvesarejabundant imythe/gonglomerate beds

2.5.2.6 Thung Song-Klong Thom area, Nakhon Si Thammarat Province

Regionallys, the ~Thung.~Yai~Greup ~eonsists nof, reddish, brown shales,
sandstones, conglomerates ‘and reddish brown, fine-grained-sandstenes-of totally 760
m thick. This group is proposed by Raksaskulwong (2002) and assigned as Middle
Jurassic to Cretaceous age. This sequence unconformably overlies the Triassic rocks
and is exposed in the area of Pathiu and Tha Sae of Chumphon procince, Wiang Sa of
Surat Thani Province, Thung Song and Thung Yai of Nakhon Si Thammarat
Province, Khlong Thom and Ao Luk-Plai Phraya of Krabi Province, and Wang Vi Set

of Trang Province.
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The Thung Yai Group, at least 65-1,145 m thick, is reconsidered in terms of
lithostratigraphy 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 (Teerarungsigul et al., 1999). The group is unconformably underlain
by the marine Triassic rocks (Sai Bon Formation) as indicated by the presence of
conglomerates in many localities around the Thung Yai and the hill beside the road 10
kilometres north of Chumphon Province, and is unconformably overlain by Tertiary
rocks indicated by the basal conglomerates exposed near Sin Pun Basin. The
following is the general description of ‘the.mazine-brackish Jurassic Khlong Min
Formation in detail.

The Khlong Min Formation, 58-116 m thick; eonsists of four lithofacies; the
mudstone intercalated with . fossiliferous limestone, siltstone, sandstone and
fossiliferous limestone with' abundant vertebrate and invertebrate fossils. This
formation is unconformably ‘underfain by calcareous siltstones, reddish-brown to
maroon, with thin-bedded limestones and limestone lenses of the Triassic Sai Bon
Formation, and is ¢onformably .overlain by the sandstones and siltstones of the
overlying Cretaceous Eam Thap Porfiation. The fossil assemblages reflect lagoonal
environment during lower Maddie JurasSEEwith gradually change of depositional
environment from lagoonal to fluyiatile. = =

The KhlongiMin Formation in this area consists of mudstone intercalated with
fossiliferous limestone, siltstone, and fossiliferous limestone with abundant vertebrate
and invertebrate fossils. This formation is well ¢xposed at a road-cut in the vicinity of
Mab Ching, Thung Song District of Nakhon Si Thammarat Province. The rocks here
are composed-of avell=bedded, caleareousisiltstones:and sandstones interbedded with
thin-bedded, pale‘grey limestones and limestone lenses. Brackish bivalve assemblages
e.g.-Protocardia-sp., Myrene-sps-Actinostroen.sp.--and Praemytilus.sp: are abundant.
In some "beds, ligneous "shale” and”siltstone contains ostraeedes, plant-remains, and
conchostracans. In the upper part of this sequence, the rocks are grading up to non-
marine lacustrine deposits containing vertebrate bones and fragments indicative of
Jurassic age (Buffetaut et al., 1994). These fossil assemblages reflect lagoonal
environment during lower Middle Jurassic, with gradual change of depositional
environment from lagoonal to fluviatile and lacustrine.

2.5.2.7 Ao Luk-Plai Phraya area, Krabi Province
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The Mesozoic succession includes the Sai Bon Formation and Thung Yai
Group. The Sai Bon Formation is more than 150 m-thick and consists of brown to
reddish brown sandstone interbedded with siltstone, greyish mudstone and greyish
limestone with fossils, such as foraminiferas, bivalves, brachiopods of Triassic age
(Teerarungsigul, 1999).

The Thung Yai Group consists chiefly of greyish brown 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 (Teerarungsigul, 1999;
Raksaskulwong, 2002). This sequence is Wwell€xposed in the Wiang Sa area of Surat
Thani Province, Thung Yai of NakhoniSi Thammarat Province, Klong Thom, Ao Luk
and Plai Phraya of KrabiProvince and Wang Vi Set'of Trang Province.

The Thung ¥ai Greupin fhe Ao Luk-Plai Phraya study 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 group is uiiconformably underlain by marine Triassic rocks (the
Sai Bon Formation) as indicated by the presence of conglomerates in several localities
around Thung Yai and Kian Sa Districf;, Nakhon Si Thammarat and Surat Thani
Provinces. The conglomerates are mainly%ﬁblymictic orthoconglomerate containing
pebble- to cobble-size limestong, sandstoﬁé,fgijlgstone, and quartz clasts. The Thung
Yai Group is unconformably overlain by Tertiary semi-consolidated clastic deposits
as indicated by the/presence of basal conglomerates exposed at Thung Yai District,
Nakhon Si Thammarat Province.

The Khlong Min Formation crops out locally at Khlong Min, Ban Mab Ching,
south of Thung Yai DistrictgNakhom Si Fhammarat Provinee; The total thickness of
the formation-is about 200"m. This facie 1s“widely exposed along Highway no. 44, at
km 8-25, (Krabi-Khanom~road).and Huai, luk~reseryoir, ~Ao~Luk-and,Plai Phraya
Districts, Krabi and Surat Thani-Provinces. This ' marine ‘sequence-is well exposed at
km 10+300, western side of the Highway no. 44, Ban Khao Ngam, Ao Luk District.
The sequence includes greenish grey, thin- to medium-bedded mudstone intercalated
with ripple cross-laminated sandstone and fossiliferous limestone with common
invertebrate and vertebrate fossils. The sedimentary strata exposed at Huai Luk

reservoir, Plai Phraya District, are composed chiefly of greenish grey to reddish
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brown, thin- to thick-bedded mudstone intercalated with fossiliferous limestone,
ripple cross-laminated sandstone with abundant invertebrate and plant remains.

The Lam Thap Formation is mainly distributed at Khao Chong Mai Dam, east
of Khao Hua Sing To and Huai Luk reservoir, Ao Luk and Plai Phraya District, Krabi
and Surat Thani Province. 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, medi ained, subangular to subrounded, and

moderate sphericity. It ¢ d 70% quartz grain with siliceous

cements and iron oxid

FONUUMLUINNS )
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CHAPTER Il

GEOLOGY AND STRATIGRAPHY OF THE HUA FAI GROUP

Based on the systematic mapping and lithostratigraphy of 7 measured sections
across the Mae Sot-Phop Phra Basin, the se dimentary sequence can be subdivided on
the basis of their physical characteris tics and fossil contents or their tim e
relationships. According to these features', the.Hua Fai Group can be subdivided into
3 formations, the Khun Huai, Doi Yot, and ~"PhaDe Form ations, in ascending order.
These formations are classified as 17 un its, 8 units of the Khun Huai Form ation, 4

units of the Doi Yot Formationgand 5 units of the Pha De Formation.

3.1 StratigraphiC classification and measured sections

3.1.1 Stratigraphie classification.and nomenclature

In this study, an attem pt has been m ade to classify sedim entary sequences in
the Mae Sot-Phop Phra arga into*different lithostratigraphic units in order to fulfill the
sedimentological purpose of the-sttdy. B——oundaries separating lithostratigraphical
units may be placed at transition, abrupt and erosive contacts, which in turn reflect the
changes of conditions-of-depositional-civiionineit:

The ultimate-ebjective for subdividing the st rata-is to identify all of them and
then to assem ble a fram ework of non-overl apping units for designating hierarchies of
lithostratigraphic units em“ployeddn.the pr esent study to cover the group, form ation,
facies, and units. However, regarding to | the nom enclature of lithostratigraphic units,
informal names have been used for the-purpose of tentative references.

The Hua Fai Group was proposed by Meesook and Grant-Mackie(1996) for
marine/Jurassic rocks cropping out 10 km  east of Mae Sot District, which the type
location is well exposed along the Mae Sot  power station’s canal. The group is also
exposed from the Tak-Mae Sot Highway pa ssing southwards through the type locality,
Ban Pha De, Padaeng m ine, and Ban Khao Th am Sua 7 km south of the type locality.
The group is approxim ately 900 m thick with its base is unconform able on underlying

Triassic strata and its top is unknown, interrupted at the fault-bounded margin of the
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Tertiary basin of Mae Sot west of the s ection. The Hua Fai Group is subdivided into
three form ations, nam ely, the Khun Huai, Doi Yot, and Pha De Form ations in
ascending order. The group consists chiefl y of lim estone-marl-mudstone-dominated
sequences which have yielded m  acrofaunas of bivalves and am  monites. Som e
detailed investigations of this area have previously been m ade by Braun and Jordan
(1976) and Fontaine and Suteethorn (1988). Braun and Jordan (1976) established the
Mae Moei Group for the Triassic-Jurassic  sequence and recognized inform al upper
(Jurassic) and lower (Triassic) divisions: + The Mae Moei Group is rejected as an
appropriate lithostratigraphic term for Jurassie strata of the region (Meesook and
Grant-Mackie, 1996). The Jurassic sequence nnear Mae Sot is now confirm ed to lack
of basal (Hettangian-Smeém _urian-Pliénsbachian) correlatives. It is unconform  ably
underlain by Triassiestratas’Furtherm | ore, these authors recognized no form al
formational divisiong®within theJurasst ¢ sequence of the area. Am  monites and
bivalves are com mongn mudstenes and m arly lim estones ranging from Toarcian to
Early Bajocian age. These strata, theref | ore, constitute a suitable type section f  or
Jurassic rocks in the MaeSotarea and the Huai Fai Group 1s proposed to replace the
“upper Mae Moei Group” which is'in uchless well-exposed and with less precise age
determinations. *

In order to establish the lithostratigl%phy of the Hua Fai Group, 7 m ajor
traverse lines and m ~any other lines in th e vicinity have been investigated. The
lithostratigraphic units are described a nd defined based on the International
Stratigraphic Guide (Murphy and Salvador, 1999). The m arine Jurassic sequences are
widely distributed throughout the Mae Sot-Phop Phra Basin.

3.1.2 Measuring sections and sample focalities

ThiSistudy-em braces-two-parts: field, ~~investigation and Jabosatory work.
During the field investigation,-about'97 sam ple localities'have been collected from 7
traverse lines and adjacent areas in the Mae Sot-Phop Phra area (Figure 3.1). Details
of these lines are listed as follows:

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

3.1.2.2 Tak-Mae Sot Highway section at km 67-71 on the Tak-Mae Sot (m ap
sheets 4742 111 and 4742 IV).
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3.1.2.3 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 I1I).

3.1.2.4 Padaeng-Tak m ines section along the sm all road separated from
Highway no. 1090 (Mae Sot-Um phang Highway) to Ban Pha De, Tak and Padaeng
mines (map sheet 4742 I1I).

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

3.1.2.6 Doi Huai Mot section on bypass road of Highway no. 1090 and a small
road to television station (map sheet 4742 1iT).

3.1.2.7 Huai W ale section on the secur ity road along Huai W ale, Thailand-
Myanmar border. It issthe south€im m ost section of the area (m ap sheets 4741 I and

4741 V).

3.2 Geology of thesstudy area

Geologically, theMae Sot-Phop Phra area, western Tak Province consists of
lithologic units ranging in age from  Permian to Quaternary (Figure 3.2). The geology
of this area has been described previously by various workers i.e. Cotter (1924), Heim
and Hirschi (1939), Brown &t al. (1951), Sato(1961), W ard and Bunnag (1964),
Komalarjun and Sato (1964), Sato (1975) |, Braun and Jordan (1976), Hagen and
Kemper (1976), Kem per et al. (1976), Kem per (1976) , Chonglakm ani (1983),
Chonglakmani et al.(1985), Meesook et al. (1985), Charoenpravat et al. (1985),
Tantiwanit et al. (1987),.Fontaine and Suteethor n (1988), Sato and W  estermann
(1991), Naraballobhi “ et“al. (1992)) Beauvais-andFont | ain€(1993), Zuoqi (1993),
Meesook (1994), Meesook and Grant-Mackie (1994), Meesook and. Grant-Mackie
(1996); Meesook - et, al.42005),and Meesook et~ al(2006).”Gencral stratigraphic
sequences (Figure 3.3) in the study area consist m ainly of dolom “ite, dolom itic
limestone, and limestone known as the Phra Woh Limestone and the marine Mesozoic
rocks of the Mae Sariang Group (Triassic ro cks) and Hua Fai Group (Jurassic rocks)
which are unconform ably underlain and ove rlain by the Phra W oh Lim estone and
Mae Sot Group (Tertiary rocks), respectively. The description of these units is given

below in ascending order.
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3.2.1 Phra Woh Limestone

The oldest rock of the area consists m ainly of grey to dark grey sandstone
interbedded with mudstone, siltstone, dolomitic limestone, and lim estone of the Phra
Woh Limestone. This form ation is unconfor mably overlain by Triassic rocks and is
distributed in the northeastern and eastern parts of the area. The Phra W oh Limestone
can be divided into 2 units, lower (P1) and upper (P2) units totaling m ore than 1,000
m thick. The lower part (P1) consists m ainly of clastic rocks such as brownish, thick-
bedded, calcareous sandstone interbedded with brownish, thin-bedded siltstone and
grey to dark grey, thin-bedded shale  contaming coral, brachiopod, fusulinid, and
bryozoa of late Early-Middle Perm ian age. The upper part (P2) com prises grey to
dark grey, thick-bedded'to massive dolomite and dolomitic limestone described as the
type section of the Phra W.oh Limestone (Bunopas, 1981). The fossil assem blages are

predominantly of cosal, brachiopod, bryozoa , and fusulinid of Middle-Late Perm ian

age.
3.2.2 Mae Sariang Group
Marine Triassi¢ rogks in the Viciﬁity of Mae Sot and Phop Phra Districts,
Tak Province are unconform’;~-ably underl ain and overlain by the Phra W oh

Limestone and Hua Fai Group; tespectively. . The rocks can be divided into two
informal formations i.e. the lower (Trl) and upper (Tt2) units having 200-400 m
thick. The lower form  ation consists of brownish, thick-bedded sandstone
intercalated with greyish, thin-bedde d m udstone displaying prom inent Boum a
sequence including gradded bedding, and fini ng upward sequence. Fossils in this
part are verysrareswithyafewygastry copod,bivalve; andplantrem ains. The upper
formation is characterized by fine=grain “e€d lithologies grading up from the lower
unit~This,sequenee consists-m ainly of greenish greysthiek-bedded shale
intercalated with-brownish, m “edium-bedded sandstone‘and very thiek-bedded
limestone lenses with chert nodules. Th e upper m ost sequence is predom inantly
represented by grey and brown, thin-bedded cherts interbedded with greenish grey,
very thin-bedded shale. Fossils are a  bundant in som e shales and chert beds,
consisting of the bivalves Halobia sp., Posidonia sp., am monites indicative of
Middle-Late Triassic age (Braun and Jordan, 1976; Chonglakmani, 1981; Caridroit
et al., 1993).



46

)

il s
-
7

Mae Sot

4742111 47

47411V

L 20y,

I'Jl. |‘ 1L
R
Q19

Myanmar

1NQNDIC

el
9‘ Doi Din Chi

L .d b

Legend

-

¢ Sediments/Sedimentary rocks

Alluvial fan: gravel, sand,

and silt.

Alluvial deposit: gravel, sand,

silt, and clay.

HHM]]] 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.: Sandstone interbedded
with mud: calcareous sand

and oolitic limestone with abundant
bivalves and ammonites.

Doi Yot Fm.: Calcarcous mudstone
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Upper unit: Shale intercalated with
sandstone limestone and chert with
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interbedded with grey shale.

Phra Woh Limestone:
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Figure 3.2 Geologic m ap and cross-sections showing the distribution, ages and sim plified

geological structures of lithologic units in Mae Sot and Phop Phra Districts, Tak Province.
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Figure 3.3 Stratigraphic column showing the sequence of units of the study area (not to scale).
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Some chert beds are rich inm  icrofossils of Middle to Late Triassic (Anisian to
Rhaetian) radiolarians (Ishida et al., 2006; W eerahong, 2007). Based on these fossil
assemblages, the Mae Sariang Group inth  is area is assigned as the Middle-Late

Triassic age (Anisian to Rhaetian) (Ishida et al., 2006; Weerahong, 2007).

3.2.3 Hua Fai Group

The type section of m arine Jurassic sequences, the Hua Fai Group (Meesook
and Grant-Mackie, 1996), is well exposedals ong the unsealed road to the Huai Mae
Sot power station’s canal 10 km east of Mae Seot District. The group is unconformably
underlain and overlain by the Triassic gocks and Tertiary sequences respectively as
indicated by the presence of conglom eratic layers. The group consists of
conglomeratic limestone, sandstone, marl, shale, limestone, and oolitic limestone with
approximately 200-832 m.thigk. The Hua Fai Group can be divided into 3 form ations
as the Khun Huai (Jkh), Dot Yot (Jdy). a nd Pha De (Jpd) Form ations in ascending
order. This group is als@ well exposed in|, various areas i.c. the Tak-Mae Sot Highway
(formerly upper Mae'Mogi Group) passing s outhwards through the type locality, Ban
Pha De, Padaeng mine, Tak mine; Ban PI;TO‘G, Doi Huai Mot, and Phop Phra District.

Fossils are abundant and divefse, consis- ::_ting of bivalves,am  monites, corals,
gastropods, brachiopods, trace fossils, and A’ plant rem ains. Based on the fossil
assemblages, late Early-middle Middle Jurassic (Late Toarcian-Early Bajocian) age is
given for the group.The Hua Fai Group can be tentatively correlated with the lower
part of the Mae Moei Group because the uppe r part of that group ranges from Middle

to Upper Oxfordian (Braun and Jordan 1976).

3.2.4 Boi bin Chirunit

TheiDeoi Din Chi unitis - well exposed at—, a-sm-all hill nerthwest of the study
area. The hill, trending north-south“directions’, is‘extended into the'¢astern Myanm ar.
The Doi Din Chi unit is unconform ably underlain by the Pha De Form ation, Hua Fai
Group and overlain by the Mae Sot Group. The unit is mainly characterized by very
thick-bedded, grey to reddish brown congl  omerate. This conglom erate is m atrix-
supported with clasts are m ade up mainly of limestone, sandstone, chert, quartz, and
dolomitic limestone and diam eter size vary ing from 1-35 cm. Based on the previous

study, Fontaine and Suteethorn (1988) reported the presence of foraminifera and algae
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in limestone clasts indicative of the Middle Jurassic age. However, this unit should be

the Cretaceous? sequence (Fontaine and Suteethorn, 1988).

3.2.5 Mae Sot Group

The Mae Sot Group (Tertiary rocks) is well exposed in Phop Phra District
located in the southern part of the north ~ -south trending Mae Sot basin and is also
extended along the eastern and western flanks  of the basin. Generally, this Tertiary
basin is characterized by a syncline with = ‘gentle plunging to the north direction. The
thickness of this group is probably at I east2,000 m thick (Thanom sap and Sitahirun,
1992). The Mae Sot Group can be divided into 3 formations, namely, the Mae Ram at,
Mae Pa, and Mae Sot-Form _.ations in ascending order. Stratigrapically, the group
comprises mainly sem‘i-consolidated sedim ents and units including gravel beds, clay,
oolitic lim estone, m arl, oilshale, and coal s eems. Some beds are rich in f reshwater

gastropods, fishes, insget fragments, snakes, and plants indicative of Late Tertiary age.

3.2.6 Quaternary, deposits ,

The sediments deposited in these interm ontane basins were caused by alluvial
and fluvial processes of three i ain rivers ;ﬁae Lam ao, Moei, and W ale Rivers, that
developed broad flood plains en both sides "of the channels. These sedim ents are
characterized by sand, silt, clay, and gravels beds. The grayel size ranges from pebble to
boulders. Fine-grained sedim ents such as fine sand, silt, and clay intercalated with
gravels are found in the flood plains of these  main rivers. Channel lag gravels are also

found in the river banks. Terrace deposit (Qt) with thick accum ulation of gravels and

clayey sand arefoecurredalong bothyrimsofi the)basin:

32/’ kgneous rocks

The'granite crops‘out as sm all' stocks extended m orethan 10-km"*mnto Myanmar
to the southwestern part of the area (see Figure 3.2). This granite is designed as the
Cretaceous granite (Kgr) based on their fi  eld occurrence, petrography and chem ical
characteristics, and is apart of the Western Belt Granite (W~ BG: Cretaceous)
(Department of Mineral Resources, 1999).

WBG consists of small to m oderate batholiths and plutons of mainly restricted

compositional range with am inor am ount of the expanded type. Both units occupy
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mainly in the western, southern, and sout heastern parts of the area along Thailand-
Myanmar border. Lithologically, these granite s are coarse- to very coarse-grained
porphyritic texture with large (up to 6-7 cm long) K-feldspar phenocrysts and in the
matrix com prising quartz, K-f eldspar, pl agiclase, and biotite. These granites are
syenogranite, monzogranite, quartz syenite, and quartz m onzonite. The granites along
the central and eastern parts of Thailand are m ainly of Triassic to Jurassic age
whereas those in the western part are Cr etaceous to Tertiary (Charusiri, 1989). The
granites from the western province ate th & ¢ youngest suites of granite of Thailand
(130-78 Ma). The dom inant S-type granitéspessess high to very high initial *’Sr/**Sr
ratios of 0.719-0.744, whereas those of the I-types vary from 0.704-0.714
(Department of Mineral'Resources, 1999). Th e S-type characteristics with high to
very high initial raties'indieatethat the granites of this terrain were derived by partial

melting of the evolved continental crust.

3.3 Geological struetures of the Mae Sot-Phop Phra area

The regional geological sttuctures inel uding folds and fractures are m  ainly
orientated in the northwest-southeast dir ep’giéh in rocks ranging in age from  Upper
Paleozoic to Quaternary (see Figures 37:;2,‘énd 3.4). In the study area, various
geological structures are measured and described througheut the area including folds,
fractures, and faults. Subsequently, all data of attitudes are‘compiled and analyzed by
the stereographic projection, StereoNett software, 1.€. the Schm  idt m ethod of

computing and equal area-projection technique.

3.3.1 Folds

Generally; folding inUppen Paleozoicafid Mesozoi0 strata ffoni | Mae Sot to
Phop Phra Districtis m ~ ainly orientated in the north northwest-south southeast
direction (see Figures 3.2 and 3.4). The beddi ng planes recognized in all outcrops of
the study area are shown in an appendix. Th e major trend of bedding in the north
northwest-south southeast direction with dipping to the west and northeast is com mon
in this area. Folded structures in the eas t of Ban So O have been observed in the

northeast-southwest trending for the Triassic rocks. However, the poles of bedding of
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the Hua Fai Group, (Figure 3.5A) are quite variable as com pared with other
formations.

According to the remote sensing interpretation, current field investigation and
stereographic projection analysis in fold ed rocks of the Hua Fai Group (see Figures
3.4 and 3.5A), the m ain series of folding 1is represented by antiform s and synform s
trending in the north northwest-south southeast direction (see Figure 3.4). The general
fold axis is in the northwest-southeast di rection with plunging to the northwest (see

Figure 3.5A).

3.3.2 Fractures

As the results-of'tem ote sensing interpretation, current field investigation and
stereographic projection analysis, the fract ures of the Hua Fai Group (see Figures 3.4
and 3.5B) in the study area’are m ~ ainly in the northeast-southwest and northwest-
southeast directions. All directions of fractures of the Hua Fai Group are presented by
the rosette diagram (seaFigure 3.:5B) and shown in an appendix.

Evidences from the remote sensing interpretation and current field observation
indicate the northwest-southeast fatltsin / the study area. According to the field
investigations, at km 68 (m agic-hill) on thé Tak-Mae Sot Highway, the northwest-
southeast faults are characterized as de = xtral strike-slip (fault plane 125/90) and
reverse (fault plane:310/65) faults, and sini  stral strike-§lip fault (Figure 3.6, fault
plane 310/80) is clearly exposed at the Ban Ruam  Thai Phatana 3, southwest of the
study area. However, the rem  ote sensing lincam ents in northwest-southeast and

northeast-southwest directions indicate normal fault sets.
3.4 Lithostratigraphyof the Hua Fai Group

3.4.1 Measured sections

Marine Jurassic strata are com monly distributed around the Mae Sot-Phop
Phra Basin. They are well exposed along the unpaved road to the Huai Mae Sot
power station 10 km east of Mae Sot District. The Hua Fai Group is well exposed
from the Tak-Mae Sot Highway passing southwards through the type locality of
this group, Ban Pha De, Padaeng mine, Tak mine, Ban Pu Toe, Doi Huai Mot, and

Phop Phra District. Based on the rem ote sensing and aerial photograph
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interpretations and field reconnaissance su rvey, trending exposures of these strata
are well exposed in the north northwest -south southeast direction. During field

investigation, seven traverse lines have been designed as shown in Figure 3.1 and
97 sample localities have been collected from these traverse lines and around the

Mae Sot-Phop Phra area.

3.4.1.1 Ban Mae Kut Luang section

Ban Mae Kut Luang section is located at Huai Khanun, Mae Kut Luang
reservoir, Taad waterfall, and Ban = Mae Kut Luang, 9 km north of Mae Sot
District (see Figure 3.1). The section, “appreximately 420 m thick, includes 7
sample localities and" 19 rock sam ples (Figure3.7) collected from sandstone,
shale, lim estone, ooliticim.estone, and m arl with f ossil layers. The general
dip direction of bedding planes at this measured section is in the southwestern

direction (245°-260°) withimoderately dipping angles (35°-65°).

3.4.1.2 TaksMag'Sot Highway section

Tak-Mae SotHighway section is rsituated along km 67-71 on the Tak-
Mae Sot Highway, Ban Huat Hin Fon,ﬁ km northeast of Mae Sot District (see
Figure 3.1). The total thickness is appr{a‘{‘ﬂlrr’l ately 468 m , and 13 sam ple
localities, and 41 rock sam ~~—ples (Flg(gr:re; 3.8) have been collected from
sandstone, shale, lim eston€, and m arlﬁiil-*fﬂi fossil layers. The general dip

direction of bedding planes-at-this-m-easured section varies from west to

northeast (220°-300° and 5°-225°) with moderatcly-dipping angles (20°-50°).

3.4.1.3 Huai Mae Sot section

Huai Mae-Sot.section is-situated , -at Huai.Mae, Seot passing from Ban
Hua Fai, Maé 'Sot power-station‘to'Ban-Khun Huai Mae Sot (see Figure 3.1).
This.sectien is well exposed.along the canal of the power station located at
the type'sectioniof the Hua®ai Group. The total'thickness is apptoxim  ately
378 m, and 16 sam ple localities, and 37 ro ck samples (Figure 3.9) have been
collected from sandstone, shale, lim estone, m arl, sandstone, and chert with
fossil layers. The general dip direction of bedding planes at this m easured
section varies from southwest to west (200°-290°) with gentle to m oderately

dipping angles (15°-50°).
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Figure 3.4 Map showing interpretation structures in the study area based on remote sensing

major lineaments, aerial photograph, and current field investigation data.
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A)

@ Fold Axis (10/326)

B)

Figure 3.5 Stereographic projection A) Schm idt method plotted showing average trending of
folded rocks. B) Rosette diagram plotted s howing major SW-trending fractures in the study

area.
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Figure 3.6 Outcrop showing rght la*c_éi%‘l)‘ , trike-slip fault, northwest southeast trending
“4. 4 4LG & 1404
(310/80) at Ban Ruam Thai Pa ana 3;:‘?”,:1/-' ,

ALY
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ine,
Padaeng mine, anﬂlBan Khao
{
includes 10 sam ple oure 3.10) collected from
A
sandstone, shale, lin‘{e‘ tone, ma olc glomérate with fossiliferous beds.

The general dip direction of bedding planes at this measured section varies from west to

north (0°-265°) with enﬁ pirig-angles (20°-42°):

LI U NI

Ban Pu Toe section is situated’at the local réad separated froffrthe Highway no.
10907l d 040 Ui b, b dodtiast o Msoubid o e Figure 3.1,
The se%tion is well exposed at Ban Pu Toe, Ban Ko Chuai, and Ban Nam  Khieo. The
total thickness is approxim ately 397 m, and 14 sam ple localities and 24 rock sam ples
(Figure 3.11) have been collected from sandstone, limestone, shale, and marl with fossil
layers. The general dip direction of bedding pl anes at this m easured section is in the
west (260°-320°) with moderately to steeply dipping angles (25°-80°).

3.4.1.6 Doi Huai Mot section
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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 Mae Sot District (see Figure 3.1) . The section, approxim ately 102 m thick,
includes 6 sample localities and 15 rock samples (Figure 3.12) collected from sandstone
and lim estone with fossil layers. The general dip direction of bedding planes at this
measured section varies from the southwes t to west (160°-250°) with gently dipping
angles (20°-30°).

3.4.1.7 Huai Wale section

Huai Wale section is located alongthe s€curity road near Huai W ale, Thailand-
Myanmar border, 7 km_southeast of Phop Phra " District (see Figure 3.1). This section
lies in the southern-mwest part of the st udy area. The section is approxim ately 286 m
thick including 9 sample loealitics and 28 rock sam ples (Figure 3.13) which have been
collected f rom sandstone and lim /' estone with { ossiliferous beds. The general dip
direction of bedding planes:t this m easured section varies in the west, south, and east

(095-330 degrees) with moderately dipping angles (30-60 degrees).

3.4.2 Lithostratigraphy and correlation

Marine Jurassic rocks im'the Mae Sb’?j?hop Phra, and Umphang areas have long
been described previously by various work :és’j.g. Heim and Hirschi (1939), Brown et
al. (1951), Braun and Jord  an (1976), Chonglakm ani. gt al. (1985), Fontaine and
Suteethorn (1988), Meesook (1994), Meesook and Grant-Mackie (1994), Meesook and
Grant-Mackie (1996), Meesook et al. (2005), and Meesook et al. (2006). According to
Meesook and Grant-Mackie (1996), m arine Jurassic strata in Thailand are generally
underlain uncotiform ably,by driassicand everh aurby-Quaternary strata. The m arine
Jurassic lithostratigraphic units (Table 2.3) are established in ‘ascending order: the Pa
Lan,Mai, Hong, and Keng-Mu-Form jations-of,the, Huai-Peng Groeup-in the;Mae Hong
Son area; Khun"Huai, Doi Yot,-and Pha-De Formations of the-Hua Fai Greup in the Mae
Sot-Phop Phra area; Klo Tho, Ta Sue Kho, Pu Khloe Khi, and Lu Khoc To Form ations
of the Um phang Group inthe Um  phang area. The m ain lithologies consist of
mudstones, siltstones, sandstones, lim estones, and m arls. Mudstones, siltstones, and

sandstones are widespread in all basins; marls are found only in Mae Sot.
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Lithology Description

O )

ot IIL e corals and trace fossils, bedding 260/47 (dip direction/dip angle),
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- ) )
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j | 'k s, Sositra sp. and ammonites.

“bedded n ated with muddy sandstone,

’ { / ...a i ‘ \\\ grey, very fine- to fine-grained,

N
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Ti%2
3 )

and marl, grey to dark grey, well
5 with rare ammonite and bivalve,

edded with iron spot.

sstone, limestone lenses and
B Mlhed, thick-bedded.
=
§ . arg mmu%esmn. grey o dark grey, well
alru.t:ﬁf:d medium- to li'm:!r. bedded (3270 cm), bedding 265/50 with
ahu.m:tanl ammaonites.
HARERRAT
T - 10 dir Ammonite  §  Foraminifera
bedded, medium-bedded. ﬂCnr:bJ 4. Verebrane
e fond @ Biv ——Ripple mark
Truce fossil
B ROy e
/40
- Sandswone
| Biltstone
Mudstone interbedded with argillaceous | Lo Mudstone/Shale
limestone, grey to dark grey, well and wavy TSﬁ Conglomerate
bedded, medium-bedded and unclear % ﬂ‘:‘ﬂ;ﬂﬂﬁ:;‘m
lamination and stylolitic band with bedding | =25 Thick-bedded limesione
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0 L Dolomitic frmestong/ Dalomite
55 Hummocky/Cross-hedding

Figure 3.7 Lithostratigraphic column of the Hua Fai Group at Huai Khanun, Mae Kut Luang

reservoir, Taad waterfall, and Ban Mae Kut Luang, Mae Sot District (not to scale).
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e e T e ed, medium- o thick- bedded,
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'I’;I, . 03590 .
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! Legend
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Figure 3.8 Lithostratigraphic column of the Hua Fai Group at km 67-71 on the Tak-Mae Sot

Highway, 7 km northeast of Mae Sot District (not to scale).
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igl 'E? Lithology Description
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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, Mae Sot District (not to scale).
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In 1994 and 1996 Meesook and Grant-Mackie have proposed the type locality
of the Hua Fai Group, which are well exposed along the unsealed road to the Huai
Mae Sot power station, 10 km east of Mae Sot and along Huai Mae Sot. This group
consists of lim  estone-marl-mudstone-dominated sequences which have yielded
macrofaunas of bivalves and ammonites. Its thickness is approximately 900 m with its
base is unconform able on the underlying Triassic strata and its top is unknown,
interrupted at the fault-bounded m argin of th e Tertiary basin of Mae Sot west of the
section. Three form ations are included in /the Hua Fai Group: Khun Huai Form ation
(basal), Doi Yot Form ation, and Pha De Fo'_smation (at the top). The group is also
exposed from the Tak-Mae Sot Highway (formerly upper Mae Moei Group) passing
southwards through the'type locality, Ban = Pha D¢, Padaeng m ine, and Khao Tham
Sua 7 km south of the'typedocality. The Hua Fai Group ean be tentatively correlated
with the lower part of'the Mag Moei = Group because the upper part of that group
ranges from Middle toUpper Oxfordian i(i3raun and Jordan 1976).

In this study, a néwly proposed m -arine Jurassic lithostratigraphy of the Hua
Fai Group is as follows in‘asgending orde . r: the Khun Huai, Doi Yot, and Pha De
Formations, respectively. The Khun Huaiﬁlioq | rmation consists of 8 units which is

composed of conglom erate, sandstone, s il‘gsf,o_nge, mudstone, limestone, dolomite, and

oolitic limestone with abundant bivalves, g?fs_‘t’rop_ods, trace fossils, plant rem ains, and
vertebrate fossils (turtle bone and shark teeth).ﬁ The Doi Yot Form ation consists
mainly of 4 units which can be distinguished by m arl intetbedded with limestone and
contains abundant am monites and bivalves . The upper m ost part of the Hua Fai
Group, Pha De Form  ation consists of 5 units, predom inantly intercalation of
sandstone, mstidstone;siltstonejooliticim | estome, andhim=-estone with abundant
bivalves, am monites, gastropods, corals, trace fossils, and plant rem ains. Based on
lithostratigtaphic.significance-in this;studys the.Hua-Fai Group.eanbe subdivided into
3 formations in an ascending order, nam™ ely, the Khun Huai; Doi Yot,-and Pha De
Formations in which detailed lithofacies in each formation are shown in Figures 3.14,
3.24, and 3.29 as follows.

3.4.2.1 Khun Huai Formation

A) Type locality: The Khun Huai Form ation is named from Ban Khun Huai, a
small village 10 km east of Mae Sot District, Tak Province (Meesook, 1994; Meesook
and Grant-Mackie, 1996).
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;;‘g Lithology Description
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Ms7-29)

’ , dedolemite, dark grey, very thick-bedded.

MsHT-.
nd reddish brown (weathered rock),
| stratified, medium- to thick-bedded,
athered, poorly cemented.

Ve | stratified, medium-bedded.

d dark brown, medium- to very coarse-grained,
10 thick-bedded, lamination.

< grey. very thick bedded.
¥

rgilliteous limestone and oolitic
limestone, grey to dark grey, coarse-grained, well stratified, thick-bedded,
bedding 345/45 with trace fossils.

R TNV

”’57-;{ e Dolomitic llmestone and dolomite, dark @ Cora 4. Vertebrate
et = -bedded. @ Biva ~~——Ripple mark

- NS iRRll  ia

Sandstone
Siltstone

Conglomerate, reddish brown and matrix- Mudstone/Shale
. Conglomerate

supported, gravel to pebble size clasts of S2g

dolomite, limestone, chert and sandstone, % %”h“’” g"adgy d“i"‘es“t'“e
In-bedded hmestoneg

subround, poorly sorted, carbonate cement, B35 Thick-bedded limestone

bedding 270/25. 2252 Oolitic limestone

=25 Chert

5L Dolomitic limestone/Dolomite
2558 Hummocky/Cross-bedding

Figure 3.10 Lithostratigraphic colum n of the Hu a Fai Group at the local road and Huai Mae

Taow, 12 km southeast of Mae Sot District (not to scale).
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Figure 3.10 Lithostratigraphic colum n of the Hu a Fai Group at the local road and Huai Mae

Taow, 12 km southeast of Mae Sot District (not to scale) (continued).
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fﬁl ?5’ Lithology Description
Grainsize CIZIZI0.
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Figure 3.11 Lithostratigraphic column of the Hua Fai Group at the unpaved road from Ban Pu
Toe to Ban Nam Khieo, 17 km southeast of Mae Sot District (not to scale).
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Description

Sandstone interbedded with mudstone, brown and light brown, coarse-
grained, medium- to thick-bedded, bedding 160/20 .

Soil cover

Dolomitic limestone and dolomite, grey to dark grey, thick-bedded.

Mi73 Limestone, light grey to grey, poorly bedded, very thick-bedded to massive
with common gastropedsand corals,

MsTH-1

= Sandstone interbedded withi i ¢, brown and grey, fine- to medium-

in- to mediumsbeddedsbedding 170/20.

,
m&‘@_ ) dark grey, thick-bedded.

MiTE-]

1 e P e e ' @ \\\
m:::::::::. Argillageousina ht grey to kgrey. poorly bedded, very thick-
e e e s ; d magsiy _ wvalve Entolium sp., ammonites,
M‘w.i.:.:.:-:
M‘?\LJ:I:l:l:l:l

5()

brown, medium- to coarse-grained, subangular,
edium-bedded, bedding 250/30 with
-digfsp..

WAT

ick-bedded to massive.

Sandstone interbedded with siltstone, dark

erey. bcoarﬁramed, very th:ck-b_gdded to Legend
massive,
I~fala mmonite § Foraminifera
] &_rl: Coral £ Vertebrate
it estone | eryc - Bivalve ————Ripple mark
Gastr wnnnee Trace fossil

grained, well rounded, concentric_texture, ;
9 Brachiopotd ~-vv-~ Rip-up clast

thick-bedded, ith abundant_gdStropods :
Feyeres P 1918 T
iltstone

]

Sandstone,‘ light brown, fine- to medium- to Mudstone/Shale
coarse-grained, subangular to subrounded, |25 Conglomerate
moderately sorted. well stratified, medium- | E=c= Marl/Marly limestone
to thick-bedded, fining and thinning upward S5 Thin-bedded limestone

; s 55 Thick-bedded limestone
sequence, bedding 195/30 with ripple marks, | Be5 Golitic limestone
ripple cross lamination and trace fossils. E=2 Chert
= Dolomitic limestone/Dolomite
Hummocky/Cross-bedding

Figure 3.12 Lithostratigraphic colum n ofth e Hua Fai Group at the by  pass 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 Mae Sot District (not to scale).
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|
fﬁl E}? Lithology Description

Grain size C 8 cﬁ@

Limestone, grey 1o dark grey. very thick-bedded to massive.

Sandstone, light brown and greenish grey, thick-bedded, coarse-
grained, subangular, poorly sorted, well stratified, lamination, cross
bedding, coarsening and thickening upward sequence with rare
bivalves, dstarte sp., Modiolus sp.?, and plant remains, bedding 220/35,
195/30, cross bedding 165/35.

A —
Soil-cover

040

jum- to thick-bedded, medium- o coarse-
intercalated with siltstone, dark brown,
g upward, well stratified, lamination,
lamination with common  bivalves,
myva sp., pastropods, trace fossil,
ains, bedding 095/50, 330/35,

fded, coarse-grained, subangular,
ith mudstone, grey, fining upward
d, well stratified, cross lamination with
sdding 260060, cross bedding 250/65.,

ey, very thick-bedded 1o massive,
of bivalves, gastropods and some

mudstone and  argillaceous  limestone,
ined, subangular, poorly sorted,
Rl el b il e medium- to thick-bedded with
wﬂ hummeocky cross lamination,

wcommon bivalves, Protecardia sp,

¢ sp. (Grammatodon  sp., Modiofus  sp..
Punumu.w.'mrm sp., Pleria sp, Lveeri sp., Trigonia sp., Protocardia sp.,
00 gastropods and foraminifera.
=N m
URIVI UM IR,
: _ Ammanile § Fomminifera
Limestone, brownish grey, wavy parallel | @ C'Pnh/ £ Vertehrate
beds, ve¥ thick-bedded fo>massive, | @ Biva ~—— Ripple mark
i i L e ;'I:ﬂ.cl: l'mlsll
u eddings 2 & 5 B
255/35 with common bivalves, ;
Astarte sp., Protocardia sp.. : il
Mudsione/Shale
2.3 Conglomerute
B Murk™arly limestone
B Thin-bedided hmestone
5 Thick-bedded lmestone
B Oolitic limestone
i = Chert
5= Dolomitic limestone/Dolomite
ZEEE Hummocky/ Cross-bedding

Figure 3.13 Lithostratigraphic colum n of the Hua Fai Group at the security road near Huai
Wale, Thailand-Myanmar border, 7 km southeast of Phop Phra District (not to scale).
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The type locality of the Khun Huai Form ation lies along the unsealed road between
Ban Khun Huai and Mae Sot power station. It crops out along the roadside in the
vicinity of the power station’s canal.

B) Stratigraphic relationship: The Khun Huai Form ation is unconform ably
underlain by shale and chert of the U pper Mae Sariang Group (Middle-Upper
Triassic) and dolom itic limestone of the Phra Woh Limestone (Upper Perm ian) and
conformably overlain by m arl and argillace ous limestone of the Doi Yot Form ation,
Hua Fai Group. The lower part of this form ation consists generally of conglom eratic
lenses considered as the lower-m ost part” of the Jurassic sequence in this area. The
sequences of thick-bedded calcareous sandstone interbedded with m  edium-bedded
grey siltstone and mudstone are underlain conformably by the conglomerate unit. The
middle part consistsam™ ainly.of thicksbedded grey to dark grey lim estone and
dolomitic limestone./The garbonate unit is conform ably overlain by the sequences of
brown, medium- to thiek-bedded sandst(}r;e intercalated with grey, m edium- to thick-
bedded and brownish giey mudstone and argillaceous limestone with abundant fossils
of bivalves, gastropods, foram . inifera, plant rem ains, and som e vertebrates (turtle
bone). The upper part com = prisesm air@ggqﬁrown to grey, thin- to thick-bedded

sandstone, oolitic lim estone, fmassive 1ime§tbn§:, and dolomitic limestone lenses with

cross bedding, hum mocky cross bedding,?fji.(ﬁi_lam ination which contain com mon
bivalves, gastropods, corals, brachiopods, | ;oraminifera, and plant rem ains. The
boundary of the Khatn Huai and Doi Yot Form ations 1s represented by the gradational
contact of coarse-grained to fine-grained sedim entary rocks. Therefore the thinning
and fining upward sequences can be observed in the Khun Huai Formation.

C) Thickness~and distnibutions This formeation is-approxim ately 93-345 m
thick (Figure 3.14) in all m" easured sections. The thickness for m easured sections at
Tak-Mae Sot.Highway, Huai-Mae-Sot,Padaeng-Tak.m, Anes;BanPu Toe, Doi Huai
Mot, and Huai Whale are'232,'93,258,'345," 101,'and 279 m respectively (see Figure
3.14). At the type section of the Khun Huai Form ation, the total thickness m easured
by Meesook (1994) is at least 140 m and this section is also well exposed at km 67 on
the Tak-Mae Sot Highway with thickness of approximately 120 m. In this study, the
formation is widely distributed at km 67-68 on the Tak-Mae Sot Highway, Ban Khun

Huai Mae Sot, and Mae Sot power station’s canal, Huai Mae Taow at Padaeng m ine,
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Ban Ko Chuai, Ban Nam Khieo, Doi Huai Mot, and the security road along Thailand-
Myanmar border at Huai Wale, (see Figure 3.14).

D) Lithology: The Khun Huai Formation consists mainly of 8 units (see Figure
3.14): the conglomerate (highlighted in orange), sandstone interbedded with mudstone
and siltstone (light violet), shale intercal ated with lim estone (light pink), lim estone
and dolomitic limestone (blue), sandstone interbedded with mudstone and intercalated
with limestone (yellowish green), sandstone with oolitic limestone (brown), limestone
(yellow), and sandstone (green) units in ascending order as follows:

I. Conglomerate unit:

The conglom erate unit lies uncenform ably upon m arine Triassic rocks. The
main characteristic lithology of this unit is reddish brown, m atrix-supported
conglomerate (Figure'3.15)¢ Clasts are m ade up mainly of limestone, chert, dolomitic
limestone, quartz, and'rock fragm  ents, a ngular to sub-rounded, average gravel to
cobble size with maximunisize of approximately 0.25 m. This unit is underlain by the
Triassic chert. Som e chert beds (sec Figur “e 3.15D) and clasts of chert are rich in
microfossils of Middle to'Late Triassic (A misian to Rhaetian) radiolarians (Ishida, et
al., 2006; Weerahong, 2007). ¢

This unit is represented-aslocally b?s{ék'conglom erate of the m arine Jurassic
basin in the Mae Sot-Phop Phra area. A T,

II. Sandstong interbedded with mudstone and siltstone unit:

This unit is well exposed at the Magic hill, km . 67-68 on the Tak-Mae Sot
Highway, Huai Mae Sot, Ban Pu Toe, and Dot Huai Mot. The characteristic lithology
of unit is brown to grey, m  edium- to thick-bedded, sandstone interbedded with
mudstone and-siltstoney(Eigune 3.46)0At Bay n Khun Huar-Mae Sot, this sequence is
quite different from" several places which “consist of reddish-brown, m edium-bedded,
mediums tol¢earse-grained, sub-angular sa-ndstene-with abundant m.ica flakes. Cross
bedding, lam ination, ripple cress’lam’ nation, fining'upward-sequence,-rip-up clasts,
and hum mocky cross lam ination are com mon, particularly at the m iddle and upper
parts. Bivalves are rare in this sequence.

III. Shale intercalated with limestone unit:

This unit is well exposed at Ban Nam Khieo, Ban Pu Toe m easured section
(see Figure 3.11). The unit is com posed mainly of grey to greenish grey, thick-bedded,
shale intercalated with dark grey, thic k-bedded argillaceous lim estone (Figure 3.17).
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The unit is well stratif ied of shale which ¢ ontains common fossils of bivalves (see
Figure 3.17) such as Trigonia sp., Pteria sp., Parvamussium sp., Protocardia sp., and
ammonites.

IV. Limestone and dolomitic limestone unit:

This unit is chacterized by grey to br ownish grey, massive to thick-bedded
limestone, dolom itic lim estone, and dolom ite lenses (Figure 3.18) with the
sequences of sandstone interbedded with ~m udstone and argillaceous lim estone.
Dolomitic limestone and dolomite occur/locally and are distributed at the Padaeng
mine and Doi Huai Mot. Fossils are com’ +mon in the southern areas of Doi Huai
Mot and Huai W ale measured sections, consisting of the bivalves Protocardia sp.,
Entolium sp., and Asiarte sp.,gastropods, trace fossils, and ammonites.

V. Sandstonesinterbedded with m udstone and intercalated with lim estone
unit:

The unit predeminantly consists of alternating beds of sandstone, mudstone,
limestone, and lim estgne lenses (Figure 3.19). The sandstone is well stratified,
thin- to m edium-bedded, fine- to coarse -grained, sub-angular, poor to m oderate
sorted with lamination; ripple matk, wave-formed flaser, wavy bedding, and wave
ripple cross lam ination. Mudstone and saﬂiy siltstone are grey to brownish grey,
very thin-tom  edium-bedded. Fining amd thinning upward sequences are
distinguished in itsisequence. The fossils contain abundant bivalves (Figure 3.20):

Grammatodon sp.,/Modiolus sp., Astarte sp., Parvamussium sp., Actinostroen sp.?,
Myophorella sp.?, Protocardia sp, Trigonia sp , gastropods, trace fossils,

foraminifera, and plant remains.

VI. Saundstone with oolitic limestone unit:

The characteristic lithology of this un it is m ainly light brown to brown,
well stratified, thick-bedded;-m¢ ) édiums)to very coarse4grained, Subréunded,
moderately to well sorted sandstone w ith layers of oolitic lim “estone and sandy
siltstone (Figure 3.21). In the southern area, cross bedding, lam ination, and fining
upward sequence are well present with abundant bivalves (see Figure 3.21):

Modiolus sp., Astarte sp., Myophorella sp.?, Protocardia sp., Thracia sp,
Gervillia sp., Lycetia sp., Trigonia sp., Pteria sp.?, gastropods, vertebrate, and

plant remains.
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Figure 3.15 Photographs rm ation, basal conglomerate (unit 1), A, B, and

C) Conglomerate with matri

well exposed as outcrop at km 6768 e -Mae Sot Highway, D) Thin-bedded ribbon
_Zi W N 7 SRS
chert of the Mae Sariang Group (Middle-Late 1 ) ove y B and C.
\

VI1I. Limestone unit:

This unit consists prédominantly of grey te=dark grey, massive to thick-bedded

argillaceous aeﬂzlvu%%%eaj &l&i{%ﬂﬂ(@liferous limestone and
oolitic lim estone (Figure 3.22). Brachi opods;-corals, gastropods, bivalves,
i HOFH 3 I 4 B YRR B e
brachi@pods, and fossil fragm ents (Figure 3.22) are present and well exposed in the
northern part of Padaeng mine. Oolitic limestone occurs as wavy layers with slightly
fining upward sequence.

VIII. Sandstone unit:

This unit is m ainly characterized by sandstone. The lower part consists of the
sequence of brown, m edium-bedded sandstone interbedded with grey, thin-bedded,

clayey sandstone with slightly lam ination (Figure 3.23). The upper part is
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predominantly composed of grey to dark grey, thick-bedded, clayey sandstone with
common the bivalves Bositra sp., Parvamussium sp., and Goniomya sp. (see Figure
3.23). The fining upward sequence is present.

E) Paleontology and age: According to previous paleontology studied by
Meesook (1994), and Meesook and Grant- Mackie (1996) for the Khun Huai
Formation in the Mae Sot area, they recorded abundant m arine Jurassic bivalves and
ammonites including gastropods, brachiopods, foraminifera, trace fossils, and plant
remains. These previous studies also reported the Toarcian faunas, am  monites, and
bivalves.

Toarcian strata at Ban Huai Hin F on along the Tak-Mae Sot Highway were
determined on the presence of Pseudolioceras sp. and Onychoceras sp. (Braun and
Jordan, 1976); Osperioceras: gr.. Bicarinatum (Zittel), Dactylioceras? sp., and
Pleydellia sp. at Bans#HuaiHin Hon, and Parvamussium donaiense Mansuy (Fontaine
and Suteethorn, 1988)#At the type section along Huai Mae Sot, the faunas contain the
Early and Late Toarciam'amy © monites, Dactylioceras sp., Onychoceras sp. and
Pseudolioceras sp. with bivalves, Parvamussium donaiense Mansuy and P.
Palanicus. Until recently, fossils eollected from this study in the Khun Huai
Formation contain abundant bivalves Gofﬁmya sp., Bositra sp., Grammatodon sp.,
Modiolus sp., Astarte sp., Parvamussiumiéiq; JActinostroen sp.?, Myophorella sp.?,
Protocardia sp., Thracia sp., Gervillia sp., Lycetia sp., Trigonia sp., Pteria sp.? and
Camptonectes sp.. According to the current field investigations, m any marine Jurassic
faunas such as gastropods, brachiopods, am  monite, corals, vertebrates, foram inifera,
trace fossils, and plant rem ains are also found in the Khun Huai Form ation. Based on
fossils collected fromrthig field investigationsand previous-studies, especially bivalves
and ammonites, the Khun 'Huai Formation is‘considered as Late Toarcian age.

3:4.2:2-Doi-Y ot, Eermation

A) Type locality: The'Doi Yot'Form "ation takes ‘its-nam” ¢'from Doi Yot, a
mountain 2 km south of Mae Sot power station, Mae Sot District, Tak Province
(Meesook, 1994; Meesook and Grant-Mackie , 1996). The type locality of the
formation lies along the unsealed road between Ban Khun Huai and the Mae Sot

power station. It crops out along power station’s canal about 2 km west of Doi Yot.
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Y
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U A =N
Figure 3.16 Pﬁ@ﬂ%}%@n%ﬁ%t@ﬂa% siltstone (unit II) of the

Khun Huai Formation, A) Reddish brovgg micaceous sandstone outcrop e@sed at Ban Khun

R e o

brown, medium-bedded sandstone with ripple m arks indicating two paleocurrent directions,
northeast (030), and northwest (335), at km 68 on the Tak-Mae Sot Highway , F) Outcrop of
grey to grey ish brown, m edium-bedded sandstone, well stratified at m agic hill, Tak-Mae Sot
Highway.
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28 ’-‘E E” 3 4
Figure 3.17 Photographs of t mudsjo}w 1d limestone (unit I11) of the Khun Huai Formation

ANANLoN
well exposed at Ban Nam e hick-bedded, argillaceous lim estone,

B) Thick-bedded argillaceous lim e inte led with dark grey mudstone containing the

B) Stratigt‘:?ﬂi ationsh r@ ation conform ably overlies
the Khun Huai Forrit" ation and conform ably underlies the Pha De Form ation at the
type locality. The lower part of ferm ation com prises m ainly lim estone interbedded

withcateare U V)b LA AYNE] I} vt satsone ns

sandstone lenses with wavy ripple and hum mockyreross laminations./The middle part
A 1 T A ) W o m s
marl, 4hd lim estone with com mon ammonites, bivalves, brachiopods, and corals. In
the upper part, thick-bedded lim estone lies conformably on mudstone and marl, it is
well exposed at Huai Mae Sot and Tak m ine. The upper unit at Ban Mae Kut Luang
measured section is characterized by m udstone interbedded with thin-bedded, very
fine-grained sandstone having fining upw  ard sequence to the overlying Pha De

Formation.
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Figure 3.18 pﬁﬂ{lﬁ]?@ %ﬂcﬂ@ﬂ n ﬁj estone (unit TV) of the

Khun Huai Form atio rey , m assive to thick-bedded dol% ite breccia and

d““?:?mﬁﬁﬂ SO
bedded" limeston: tcrop at a and ish grey

thick- bedded limestones contain the bivalve Astarte sp.
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Figure 3.19 P@ﬂqﬁn\(}% alj ﬁi e and intercalated with

limestone (uni he Khun Huai ation ?ﬂhw -bedded oolitic lim estone
t Huai Mae

Sot mllﬁnﬁﬁm:]ﬁmﬂjﬁﬂemes flaser

bedding, with common bivalves at km 68, Tak-Mae Sot Highway, D) Contact boundary of the
Khun Huai and Doi Yot Formations, thin-bedded m uddy sandstone interbedded with
mudstone and thick-bedded lim estone in th e upper part, at grid reference 0463844E and
1847380N, E and F) Calcareous sandstone, medium- to thick-bedded intercalated with thin-
bedded fossiliferous lim estone and thick-bedded lim estone containing abundant bivalves and

plant remains at road cut outcrop at Huai Wale.
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D) Parvamussium sp., Trigonia sp., Thracia sp., and Protocardia sp. from outcrops in Figure
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Figure 3.21 Pﬁ f!) S Qtﬁi with lay er of oolitic
limestone (unit A an equence of t ick- edde sandstone al‘&j lay er of oolitic

e RN gk 1Y

common bivalves at road cut outcrop, 7 km southeast of Phop Phra District.




AR/
J‘.?_-.cf J
i‘\é'(‘e” 224 4
g 1Fo. rmation, fossiliferous lim estone and oolitic
©)

AN 2N . .
? het n Padaeng m ine, A) Grey , thick-bedded,

Figure 3.22 Photographsof the

limestone (unit VII), quarry
stylolitic, fossiliferous limestone, v nifera, B and C) Grey to dark grey, thick-

. . ;“?";‘///; 7/ NS . .
bedded limestone w.kh layer of oolitic limestone (D) ontains abundant brachiopods (C).
(,.S
-

Boundary of the
contact of ﬁne-gram
mudstone with thick-bedded sandstone betweendhe Doi Yot and Pha De
romsions GUEVALIA RV A

C) Thickness and distribution: This form.ation is approxiinately 40-266 m

B ST RS T

sectiofis at Ban Mae Kut Luang, Tak-Mae Sot Highway, Huai Mae Sot, Padaeng-

r{@iesented by the gradational

d to coarse-grain ed sedim entaty rocks. Sharp contact of

Tak mines and Ban Pu Toe are 231, 177, 266, 210, and 40 m , respectively (see
Figure 3.24). At the type section of the Doi Yot Formation, the total thickness as
measured by Meesook (1994) is at least 370 m . It is also well exposed (see Figure
3.1) along the Tak-Mae Sot Highway and unsealed road from Padaeng mine to Ban
Tham Sua.
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D)
\

Figure 3.23 Photographsof tk Huai '-"t‘ " atio ,\‘ dstone unit (unit VIII), road-cut
hick ded; sandstone and grey to dark grey , clayey

In this study, the fm Hml Khanun, Mae Kut Luang
reservoir, 9 km north of Mae Sot Distri ct; Ban Huai “ Fon, km 68-70 on the Tak-
Mae Sot Highway, 7 km Heftheast-of Mae So t District; Huai Mae Sot, along the Mae

sospower B LA LIDER V] LA TE N Fiong s e Teom

and Ban Pha De, 12 km southeast offMae Sot District; and at the 1d¢al road separated

o P 1 B Y] BRI et

Figuré3.24).

D) Lithology: The Doi Yot Formation mainly consists of 4 units (see Figure

3.24): the lim estone with m udstone, m arl, and sandstone (highlighted in light
violet), m arl interbedded with m  udstone and lim estone (blue), m udstone
intercalated sandstone, siltstone, and lim estone (yellowish green), and lim estone

(yellow) units in ascending order as follows:
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I. Limestone with mudstone, marl, and sandstone unit:

The lim estone with m udstone and sa ndstone unit lies conform ably upon the
Khun Huai Form aton. The m ain characteristic lithology of this unit is grey to dark
grey, m edium- to thick-bedded, argillaceous lim estone interbedded with m udstone
and marl, dark grey, m edium- to thick-bedded. The Huai Mae Sot m easured section
has light grey m edium- to thick-bedded, sandy lim estone and calcareous sandstone
layers with lam ination and hum mocky cross lamination (Figure 3.25). The grey and
dark grey lim estone, mudstone, and marl'contain com mon bivalves Bositra sp. (see
Figure 3.25), Entolium sp., and Astarte sp. Thesandy lim estone and calcareous
sandstone are characterized by very fine- to fine-grained, sub-angular, and well sorted
aspects. Most of the grains are.ccmented by calcite and mud supported.

I1. Marl intesbeddedwith mudstone and limestone unit:

This unit overlies the lim estone with mudstone, marl, and sandstone unit with
sharp contact.

The unit consists m ;ainly'of the altérn ation of dark grey, m edium- to thick-
bedded marl, mudstone, and grey, m edium-_to thick-bedded, argillaceous lim estone
(Figure 3.26). This unit'is characterized b_x} th e fine-grained sedimentary rocks. At the
measured section at Ban Mae/ Kut Luang, thTsumt 18 mainly composed of grey to dark
grey, thick-bedded mudstone withwell préiéfy@d abundant ammonites. The marl and
mudstone beds contain abundant and well preserved ammonites (see Figure 3.26).

Based on previous works, the Aalenian am monites have been found in the
Mae Sot area e.g., Erycites sp., Tmetoceras sp., Ludwigia sp. (Brown et al., 1951),
Tmetoceras regleyi Dumortier and Graphoceras concavum Sowerby (Komalarjun and
Sato, 1964) atBap-YangPu Teh;and) Erycites spcand-Tmetaceras dhanarajatai Sato
(Komalarjun and Sato, 1964).

1. Mudstene intercalated-sandstone, siltstone,and limestone.unit;

This unit overlies upon'the unitII'with gradatienal contact-and lateral
variation. It predom inantly consists of gr ey to dark grey, thin-tom edium-bedded
mudstone intercalated with light brown, thin-bedded calcareous sandstone, siltstone
and grey, argillaceous lim estone (Figure 3.27). The calcareous sandstone is m ainly
characterized by fine- tom edium-grained, thin-bedded, sub-angular, well sorted,
carbonate cemented aspects with rare am monites. The fossils are rare throughout this

unit.
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IV. Limestone unit;:

The unit is com posed m ainly of grey to dark grey, thick tom  assive
argillaceous limestone (Figure 3.28). Oolitic limestone layers are also present in
several places. At Padaeng-Tak m ines, the rocks are com posed of grey, thick-

bedded dolomite and dolomitic limestone.

E) Paleontology and age: According to previous paleontology studied by
Brown et al. (1951), Kom alarjun and Sato (1964), Meesook (1994), and
Meesook and Grant-Mackie (1996) for the Poi Yot Form ation at the Mae Sot
area, abundant Jurassic.am monites and bivalves with gastropods, brachiopods,

and corals are recorded.

According totheseprevious studies, the Aalenian am monites have been
found in the Mae Sotarea‘ineluding = Erycites sp., Tmetoceras sp., Ludwigia sp.
(Brown et al., 1951), 'metogeras regleyl Dumortier, and Graphoceras concavum
Sowerby (Komalarjun and/Satoy 1964) atBan Yang Pu Teh; and Erycites sp. and
Tmetoceras dhanarajatal Sato (Kom “alarjun and Sa' to, 1964). Early Aalenian
Leioceras sp. and Latg Aalenian Graph'bce’ras sp have been reported in the upper
Doi Yot and lower Pha De Formations. 'ﬁztype section, Huai Mae Sot, the lower
formation contains com mon bivalve Bositra sp. (Meesook, 1994). Based on
collected fossils firom this f ield inves tlgatlon and previous studies, especially
ammonites and bivValves, the Dol Yot Form ation is considered as Late Aalenian

age.
3.4.2.3 Pha De Formation

A) Type locality: The Pha De/Eorm ation takes its name from Ban Pha De,
a small village, 9 km southeast of Ma e Sot District, Tak Provinee (Meesook,
19943 Meesook and\Grant-Mackie, 1996)./The type locality of the form ation lies
alongthe unsealed 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.

B) Stratigraphic relationship: The Pha De Form ation conform ably
overlies the Doi Yot Form ation. The lower pa rt of form ation consists mainly of
dark grey m udstone intercalated with greenish grey, thin- to thick-bedded

calcareous muddy sandstone (Figure 3.29).
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Doi Yot

Facies

|| Lithofacie I
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Bivalve === Mudstone/Shale
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Illig I.@. Vertebrate  E%52 Oolitic limestone
0 Ripple mark Z==Z= Chert
q wreere Trace fossil === Dolomitic limestone/Dolomite
1 o » South | --~-~Rip-up clast EE2 Hummocky/Cross-bedding

Figure 3.24 Detailed stratigraphic columns of the Doi Yot Formation at Ban Mae Kut Luang, Tak-Mae Sot Highway, Huai Mae Sot, Pa daeng-Tak mines,

and Ban Pu Toe.
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Figure 3.25 Pﬂﬂh’s}% uao%&l %st%ﬂd?}nﬁgtone unit (unit I) of the

Doi Yot Form ation, A) Thick- bedded marl 1nterbedded with dark grey 5 » thick-bedded,

SEIU LY AN Y ITI01: {4
Sot, B Thin-bedded calca inter dstone with

common bivalve Bositra sp. lay er (E and F), well exposed at the ty pe section, along power

station canal, 9 km east of Mae Sot District.



kL)

Figure 3.26 Photographs of 6 1lim &stone with mudsfone and sandstone unit (unit II) of the

Doi Yot Form oﬂﬁ%drue’%ew&_‘l Msﬁxﬂdfl}ni-stone (B), thick-bedded,

dark grey with common bivalves and am-monites, outcrop at unsealed road,/in the vicinity of
~ NIRRT IR e

at the 'qak-Mae Sot Highway , Ban Huai Hin Fon, D) Grey, thick-bedded, calcareous
mudstone at the Ban Mae Kut Luang section, E and F) Ammonites, bivalves and brachiopods

are common in this sequence.
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Figure 3.27 Photographs of t 7 ate c dstone, siltstone, and lim estone unit
(unit IIT) of the Doi Yot Fors tcrop of m arl interbedded with m udstone
and limestone, B) Closed-up te cring surface of m  arl with trace fossils?

(reddish brown rods), C) Uncl%“ar‘( op 0 ‘calcareous m udstone, closed-up m udstone
characteristics of --“"

the Mae Kut Luang

The sandstone is characterized & very flne to coarse-grained, sub-angular,

poorly to mﬂeﬁﬁ]peuﬂ %ﬂsﬁﬁ‘ﬂqﬁs of am monites and

bivalves. Fining upwar sequences are pr esent The character&)c lithology of

R Ty TR =
grey, fine- to m edium-grained sandstone interbedded with grey, thin- to

medium-bedded m udstone. The form ation contains abundant bivalves,
ammonites, corals, brachiopods, gastropods, trace fossils, and plant rem  ains.
The upper part is m  ainly characteriz ed by brown, thick-bedded sandstone
interbedded with grey mudstone and a layer of the hum mocky cross laminated

oolitic limestone. Fining upward sequences are present.
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Figure 3.28 Photographs of the Lim % 't (unit IV) of the Doi Yot Formation which

.l.\.l/‘
underlies conformably on units of ] I»”—' 'm ation, A, B, and C) Quarry mine outcrops

il

at Tak mine showing thick- to ni™ ve i e and fossiliferous lim estone (D), fossil

fragments are well preserved. i
‘\ , £

[’ f ha D p@bably defined as overlain

The upper bounda
\
unconformably by the Mae Sot Group (Tertiary sequenc€) and Quaternary sedim ents,

and are also bounded by faults inssome places.

& TR AUV M SRS acty 67221 m

thick (Figure 3.29) in all m easured sections. The thicknesses of m €asured sections at
s SURN T  BV Y B .7
168 mfj respectively (see Figure 3.29). Atth e type section, the total thickness as
measured by Meesook (1994) is approximately 390 m, and the formation also extends
northward to Ban Huai Hin Fon and southward to Padaeng m  ine where it is partly
well exposed with approximately 400 and 350 m thick, respectively. In this study, the
formation is widely distributed at Taad wa terfall, Ban Mae Kut Luang, 9 km north of
Mae Sot District; Ban Huai Hin Fon, km 70-71 on the Tak-Mae Sot Highway and Ban Nong
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Bua, 5 km northeast and 3 km east of the Mae Sot District. This formation is also well
exposed at Tak mine (see Figure 3.29).

D) Lithology: The Pha De Form ation mainly consists of 5 units (see Figure
3.29): the m udstone interbedded with m uddy calcareous sandstone (highlighted in
blue), muddy calcareous sandstone interbedde d with m udstone (light violet), oolitic
limestone (yellow), m udstone with lim estone, siltstone, and sandstone (pink), and
sandstone interbedded with m udstone (yellowish green) units in ascending order as
follows:

I. Mudstone interbedded with muddy calcareous sandstone unit:

This unit overlies conformably upon the Dot Yot Formation with gradational contact.
It predom inantly consists of greyto dark grey, thick-bedded m  udstone interbedded
with grey to brown,.thin- tothick-be dded calcareous sandstone (Figure 3.30). The
calcareous sandstongids mainly characterized by fine- to coarse-grained, sub-angular,
moderately sorted. The'sand grains are cem ented by calcite. The bivalve Bositra sp.
and ammonites are rare but €an also be found throughout this unit.

I1. Muddy calcareous sandstone interbedded with mudstone unit:

The unit overlies conformsably upZm the unit I'with gradational contact. It is
predominantly com posed ofigteenish greﬁ brown, thick-bedded sandstone
interbedded with grey to greenish grey, méchum— to thick-bedded m udstone (Figure
3.31). The sandstone is m ainly characterized by fine- to Coarse-grained, subangular,
moderate sorted, lamination, and cross lamination with tip-tp clasts. The muddy fine-
grained sandstone layers have caleite eementing, whilst the coarse-grained thick-
bedded arkosic sandstone is represented by poor silica cem ent. The fossils contain
abundant bivalyesnamymonites; gastropads,ccorals; trace-fossils, brachiopods, and
plant remains. The Tak m ine section contains the bivalves (Figure 3.32) Bositra
sp., -Plagiastoma-sp -, Parvamussium,sp 5 &rigoniaspsy, -Astarte-sp 5 Thracia sp
Brosita sp., Pinna'sp., Protocardiasp., Inoperna sp., Pholadomya'sp; Mytilus sp.,
Modiolus sp., Lima sp., Entolium sp., Eomiodon sp., Protocardia sp. (Kozai et al.,
20006).

III. Oolitic limestone unit:

The characteristic lithology of this unit pre dominantly consists of grey to dark

grey, thick-bedded oolitic lim estone with hum mocky cross bedding and lam  ination
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(Figure 3.33). T he oolitic nucleus is com posed of quartz, calcite, f oraminifera, and
fossiliferous grains with a concentric layer overgrowth.

IV. Mudstone with limestone, siltstone, and sandstone unit:

The lower part of unit consists m ainly of dark grey, m edium- to thick-bedded
mudstone interbedded with lim estone. The fossils contain abundant bivalves,
Parvamussium sp., Protocardia sp., Inoperna sp., and Thracia sp. (Figure 3.34).
The upper part is characterized by th e sequence of grey, m  edium-bedded
calcareous sandstone, siltstone, and m udstone with abundant trace fossils such as
Thalassinoides sp., Planorites sp., Chondriies sp., Plagiognus sp., Deaconites sp.
(Tansathien, pers. comm., 2007). This unit 1S graded to coarsening and thickening
upward sequences ofthe unit-V.,

V. Sandstonesinterbedded with mudstone unit:

The unit oveslics as sharp contact conform ably upon the units I and IV. It
is predominantly composed of brown, th ick-bedded arkosic sandstone interbedded
with grey to light greyym @ edium- to thick-bedded m udstone (Figure 3.35). The
sandstone is m ainly charagterized by — coarse-grained, subangular, m oderately

sorted aspects with lam ination and cioss lam ination. The fossils contain com mon

bivalves and ammonites. !

E) Paleontology and age: Accordi:ﬁg-itq previous paleontological studies by
Meesook (1994) and Meesook and Grant-Mack ie (1996), the Pha De Form ation at
the Mae Sot area.contains abundant am monites Eutmetoceras sp. and Docidoceras
sp. (Hypolioceras discites zone). This form ation is assigned as the Early Bajocian

age on the basis of the ammonites and the bivalve Parvamussium sp.

3.4.3 Composite section

According-to thepresent-study, an-attem, pt.has;been m,ade to,com bine and
correlate'the sedimentary sequences of all"7'measured sections'(Figure'3.36) of the
Hua Fai Group. Because of the Hua Fai Group is composed of Khun Huai, Doi Yot
and Pha De Form ations deposited under the shallow m arine environm ents,
therefore, the sedimentary sequence has b een subdivided into facies and units. On
the basis of lithological characteristics, the Hua Fai Group can be divided into 17

units and the synthesis of combined sections is illustrated in Figures 3.36 and 3.37.
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Figure 3.29 Detailed stratigraphic columns of the Pha De Formation at Ban Mae Kut Luang, Tak-Mae Sot Highway and Padaeng-Tak mine.
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The total thickness of the Hua Fai Group based on 7 m easured sections varies
from 200 to 832 m whereas the combined section is approximately 750 m. The lateral
facies change of the shallow marine sedimentary, complicated correlation and tectonic
setting are considered to be the reasons of this thickness reduction of the com bined

section of the Hua Fai Group.
3.5 Petrography

The petrographic study is focused ondctailed lithological characteristics and
paleontology of the Hua Fai Group. Fourth- steps-are involved: sam ples collection,
thin section preparation, phetography, a nd identification. In order to fully
understand the lithological chatacteristics of the Hua Fai Group, approximately 113
hand specim en have been collected for detailed m icroscopic study. Locations of
collected rock sample represent all formi ations and units. Thin-section exam ination
is focused upon the m jdineral ¢om position, textures, m icrostructures, and fossils. It
can be evaluated and interpreted together with m apping and stratigraphic colum n.
The unit is defined on the basis gf lithol 0gy, geometry, sedimentary structures, and
fossil associations in order to reconstruct yh:e‘ir' depositional environm  ents. These

detailed petrographic descriptions of the representative samples are as follows:

3.5.1 Petrography of the Khun Huai Formation

Details of petrographic studics of  the Khun Huai Form ation (Figures 3.38-
3.47) are focusing upon representative rock  samples collected from 6 m easured
sections (seek 1ghi¢ 3.36). These sectiony’ | ‘are wellicxposédyat the Tak-Mae Sot
Highway, Huai Mae Sot, Pha Daeng m 1ne, Ban Pu Toe, Do1 Huai Mot, and Huai
Wal€."The cotiglom erate, sandstone, m udstone, afid linfeston€ units avelconfined to
the lower part of this form" ation. The middle and upper parts consist of the oolitic
limestone, sandstone, and limestone.

Petrographically, the lower part of this unit is com  posed mainly of sandy
conglomerate (see Figure 3.38), quart z arenite (Figures 3.39 and 3.40),
sublitharenite (Figures 3.41 and 3.42), sublitharenite interbedded m udstone (Figure
3.43), biomicrite and m icrite (Figures 3.44 and 3.45), and oosparite (Figures 3.46
and 3.47).
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Figure 3.30 Photographs ofithe m ndstone interbedded v uddy calcareous sandstone unit
eSS \
(unit I) of the Pha De Form ation e}ﬁé@é{d‘: 2 ;';_. ad waterfall, Ban Mae Kut Luang section, A
and B) Calcareous clay ey sandstene,” grey, thick-bedded with com mon bivalves Bositra sp.
I
and ammonites, C and D) Outcropsof m - ediuir -bedded, parallel, and even bedded, medium-

7
v » e
to coarse-grained, ml cemented sandstone.

-

The sandy ¢ -!‘ glo ﬂth m ainly matrix-supported
texture consists mainly grains of quartz (15%) and rock fragm ents (70 %, com posed
of biomicrite, micrite ana{hertﬁld calc itﬁlﬁs ﬁ%:i The grains are average

rici

granule to co egi]::s] uug% EJ ﬁ\ ﬁe sedim ents are very

poorl§-sort , containing many small quartz grains-and rock fra ménts with carbonate

. Q@aﬁﬂl@m i Qca %&lim al&l oxide and

carborﬁlte cement.

cem

The m edium-grained quartz arenite (s amples Ms9-2 and Ms8) shows som e
pressure-solution and grain contacts texture containing m  ainly quartz (90%), rock
fragments (5%), and 5% of feldspar, m ica, and zircon (heavy m ineral). The contacts
are irregular and wavy because of pressu  re-solution. Silica dissolved during the

process may be precipitated as cementing material.



92

WV A PN
Figure 3.31 Pﬁﬂqwu@ %ﬁ;ﬁ%ﬂﬂ ded with mudstone unit

(unit II) of the Pha De Formation, A and B) Calcareous clay ey sandsw greenish grey

ﬁgwmmmamwmﬂ 4 I

waterfall, Ban Mae Kut Luang section, C and D) Calcareous sandstone, greenish grey , thick-
bedded, interbedded with clay ey siltstone w ith abundant bivalves and am monites, open-pit
crop out at Ban Nong Bua, 4 km east of Mae Sot District, E and F) Well exposed section at
the Tak m ine shows lam inated sandstone, brown, thick-bedded with ripple m arks and plant

remains lying on bedding and cross bedding planes.
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Figure 3.32 Photographs of the Pha De Formation of unit II containing abundant bivalves (A,
C, and D), ammonites (B), gastropods (E), trace fossils (F), corals (G), and brachiopods (H).
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Figure 3.33 Photographs ‘ ‘ 4 it (unit III) of the Pha De Form ation at

Tak mine, A) Overview of t oolitic limestone layer, approximately 8 m

thick, B and C) Outcrops of the ol estone showmg lamination and hum mocky cross
lamination, D) Cloggd-up of grﬁ-rt(—o 7 ted oolite.

1 sub-m o and m oderately-sorted.

The sam ples are eju ;
| 1

Roundness of the g

disseminated with iron oxide. -,

The va fink- tb tnddfum-eta ngb"ﬂja‘rg'ﬂ’] S Tecognized from thin- to

medium-bedded calcareous sandstone.(samples no.-Ms43-1, Ms55+},.and Ms43-4). It

s R S T R 100 o

mica with heavy m ineral (5%). The sedim entary grains are texturally im mature to

s is sub-angular with high spherieity. Some rock fragments are

—

sub-mature, clay m atrix (5%), m oderately-sorted. Roundness of grains is angular to
sub-angular. The rock sam ple Ms 43-4  (see Figure 3.43) shows thinly-layers,
alternation of very fine sandstone with mudstone. There are small structures, probably
the bioturbation. In several sam ples com monly show sandstone lenses, load clasts,

and cross lamination.
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Figure 3.34 Pﬂﬁqs“%qwﬂ%qﬂ'ﬁm sandstone unit (unit

IV) of the Pha De Form ation at Tak m 1ne A, Band C) Parallel even b&) of calcareous

*gmwmm NN 113015

interbedded with mudstone, dark grey, thick-bedded, with common bivalves.



96

TEETETIEY)
_ﬂ o

Figure 3.35 Photographs of the sandstone interbe dded with mudstone unit (unit V) of the Pha

De Formation atunseal ad fro a L t Luang reservoir, A and
B) The sequeﬁﬁsts li , -bedded, ofr]e-g aiped sandstone interbedded
with mudstone, grey, medium-bedded, load cast, parallel:even beds with éorhmon bivalves (C

@W@@@ﬂfﬁmumm e 1E



97

E|
=17 =
HEE Lithology
< =]
Padaeng-Tak Mine Legend
@ Ammonite  §  Foraminifera
@ Coral L Mertehrate
Ran Mae & Bivalve === Ripple mark
& Gostropod  wewees Trace fossil
Kut I.uang o Brachiopod  ====== Fap-up clast
........... e # Radiolaria
iz O Ty Mae Sot Highway 3 Sandsione
= - [EERENLE ltstone
=== Mudstone/Shale
Fai Conglomerane
Sla S MarlMarly limesione
= =] B Thin-bedded limestone
=l i1 Thick-bedded limestone
“.ﬁ B Oolitie Himestwone
= BEa5 Chen
Dolomitic limestone Dolomite
Hummocky/Cross-bedding
o
E: I
8
=
=
‘"
=
£
! -
== 5 =
E| )
. M
< - ?
&4 Doi Huai Mot
§ MARARIE g
Ap— I. N i
EER
22k
=
EE;
i

Mag sarieang ( Triassic)
Anisian-Rhaetian

Figure 3.36 Correlation of the Hua Fai Group consisting of 3 Formations, the Khun Huai, Doi
Yot, and Pha De Form ations, in ascending orde r, with 7 measured sections include Ban Mae
Kut Luang, Tak-Mae Sot Highway , Huai Mae So t, Padaeng-Tak mines, Ban Pu Toe, Doi

Huai Mot, and Huai Wale from north to south, respectively.
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. N . X & Gastropasd e Trace Tossil
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dii >
RS . .
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i~ tg'thigk- ding 3/ I mion o rare ammaonites, bivalves,
:’-...T =1- 1 il seal i nish grey, thin- 1o thick-bedded, commaon
EE:E ica g 210 of 1 ifra sp.
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= el 0y dding 210713,
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cement, well even siratified.
cfoss lomination, hummocky cross
alves, Mrotocardia sp,
iellus &, Parvaniussiom gp., Prervia sp,
nd foraminifiera,
als Argillaceous limestone with dolomitic limestonsahale and sandstone, light grey to dark
= I= grey, poorly beds, very thick-bedded 1o massive with commeon bivalve Enrodicm sp.,
E = mmwg, guslgads and corals, bedding 240/20.,
HE _
- [ ¥
ted Y an nish grey, well stratified, thin-
525 with on bivales ?ﬂgﬂma sp.,
Preria sp., Pan'am:mnm & P:mnmnfm zp and ammonites.
emish grey,
iy wi diwm- npplc
ing 2505000525 t (1500
3-50\"2!] IJJ-WEIJ un.d 335-’20 WI"I lamination, rmng up‘wﬂ:d Lurbcm[t, cement.
Conglomerate, reddish brown an matrix supporied, gravel to cobble size elusts of limestone,
chert, dolomite and quarnz, subangular to subrounded, poorly sored, carbonate cement.

Figure 3.37 Composite section of the Hua Fai Group.
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The biomicrite and micrite are rec ognized from thick-bedded to m assive
limestone (sam ples Ms2-5 and Ms12). They display the m  atrix-supported (see
Figure 3.44) mudstone (see Figure 3.45) with more than 10% allochem s. In this
sample the allochem s consist m ainly of f oraminifera and show the stylolite
structures.

The oosparite in Figures 3.46-3.47 show s the im portance of envelops in
preserving allochem s, ooids, quartz, and fossil fragm  ents during diagenesis.
Radial and concentric textures myyrly been seen in ooid grains which
quartz, calcite and fossil r . There are also two generations
The first appears slightly as
’ arly isophachous. The final
consist of foraminifera,

d faunas.

of cementing in sam

rim of very thin cry

pore was filled by

sponges, bivalve frag

1RSI

]
>

| I

1.3 min

A)B)OS

Figure 3.38 Pﬂ)ﬂ%%u@w-%ﬂ ﬁﬂl’}ﬁs 1) in the unit T of the

Khun Huai Form ation, showing m ain ogm atrix- supported texture Wth]bjilnS consist of

SO TR L e
shape, ow sphericity’, poorly -sorted, r own rim'of iro A= lane Polar

Light) and B) =XPL (Cross-Polar Light).
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Figure 3.39 Photom i 1crogr \ipk bed/ ne in the unit VI~ of the Khun Huai

Formation; medlum-gralyremfa(samm show som e pressure-solution and
grain contacts texture, and irr ¢ ‘\Wﬁature\vt/}'lich consist of quartz, rock

i I pI;s texturally sub-m ature, lacking clay ,

‘ ri:c‘yMPL (Plane Polar Light) and B)

fragments, feldspar,
and moderately-sorte

=XPL (Cross-Polar Lig

.
0.2 mm
r—

QW’]WT‘I’?&LN‘I{‘H’WIEI']@EJ

Figure 3 40 Photom icrographs of thick-bedded sandstone in the unit VI  of the Khun Huai
Formation, quartz arenite (sam ple Ms8) show gr ains compact texture which consists m ainly
of quartz, rock fragm ents, feldspar, zircon, and mica. The samples shown are texturally sub-
mature, lacking clay , m edium-grained moderately-sorted, and s ub-angular with high

sphericity. A) = PPL (Plane Polar Light) and B) =XPL (Cross-Polar Light).



101

//// Y
Figure 3.41 Photom icro stone in t f the Khun Huai Form ation, very
fine- to m edium-grain ] - lay clastic texture and contains
mainly quartz, rock fi ea ineral, im m. ure to sub-m ature, clay m atrix,

moderately-sorted, a

Light) and B) =XPL (C

ent. A) = PPL (Plane Polar

S
AN

Figure 3.42 Photom icrogrphs of sandstone in th e unit II of the Khun Huai Form ation, very

fine- to m edium-grained sublitharenite (sam ple Ms55-1) show clastic texture and  contains
mainly quartz, and rock fragm ents, immature to sub-mature, clay matrix, moderately-sorted,
angular to sub-angular with carbonate cem ent. A) = PPL (Plane Polar Light) and B) =XPL
(Cross-Polar Light).



102

LU TTT]S

A)B)

Figure 3.43 Photomicro
in the sandstone of the unit
very fine sandstone

= PPL (Plane Polar

NGV
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A)B) o o s
Figure3.44 Photomicrographs of biomicrite (sample Ms2-5) in the unit V of the Khun Huai
Formation display the m atrix-supported texture with m ore than 10% allochem s. In this

sample, the allochem s consist m ainly of fora minifera. A) = PPL (Plane Polar Light) and B)
=XPL (Cross-Polar Light).
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(.5 mm

n the unit IV of the Khun Huai

Formation show m icriti loc ¢ms. In this sam ple, the sty lolitic

structure is present. 'L (Cross-Polar Light).

'A‘J
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Forrnaqon, show envelops in preserving alloch ems, ooids, quartz, and fossil fragm ents. The
ooid grains have clearly displayed radial and concentric textures which quartz and bioclasts

are nucleus. The cements are similarly isophachous and pores are filled by micrite and sparry

calcite. A) = PPL (Plane Polar Light) and B) =XPL (Cross-Polar Light).
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Figure 3.47 Photomicro parﬂ! (sa@, in the unit V of the Khun Huai
Formation, show envelf)/ oids, quartz, and fossil fragm ents. The
sh i

ooid grains have clea
nucleus. The cem ent 1 ph ] filled by micrite and sparry

calcite. The fossils are s  fragn \Wiﬁed sm all-sized fossils. A) =

e

are focusing upon representative-+ocl —p
P ;J/.‘,"/ LA 7/ A

. . o ~ \ _
(see Figure 3.36)\.&1656 sections are well eMa vlae Kut Luang, Tak-Mae
Sot Highway, HuarMae Sot; Padachig-Tak fiv-ifies; and [ Ban Pu Toe. The fine-grained

=

sandstone, siltstone,[ d f in&d to the lower part of  this
1

formation. The m iddle and upper parts consis t mainly of lim estone, mudstone, and

marl units.

AU UMD Ty et

limestone, siltstone intercalated with’sandstone andfossiliferous limeStone. Under the
micsbpis e Fookdat e Kelerbeab o cbrod i sitstone s
Figure? 3.48 and 3.49), quartzwacke (see Figures 3.50 and 3.51), and biom icrite (see
Figure 3.52).

The very fine-grained m udstone interbedded with siltstone are recognized
from thin- tom edium-bedded, very fi ne sandstone (sam ples Ms36 and 56-2)
interbedded with siltstone and mudstone. It shows clastic texture and contains m ainly

matrix (60-70) and quartz (30-40%). The sedi mentary grains are texturally im mature,
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clay m atrix m ore than 70%, m oderately-sorted, angular to sub-angular. This
sample MS36 (see Figure 3.48) shows lamination of mudstone and siltstone.

The very fine-grained quartzwacke (see Figures 3.50 and 3.51) is
recognized from thin- to m edium-bedded calcareous sandstone (sam ples Ms59-3
and 48-1). It shows clastic texture and contains m ainly quartz (70%), mica with
heavy m ineral (5%). The sedim entary gr ains are texturally im mature, fine-

grained m atrix and carbonate cem ent (25%). The grain shape is m  oderately-

sorted, angular to sub angular, , and poorly sorted.

The biom icrite ar ium- to thick-bedded lim estone

(sample Ms57-2). It @xture (see Figure 3.52) with

more than 70% alloe( i mmem s consist m ainly of
foraminifera, gastr ‘ent ids. These allochem s were

coated by the f in is. The ooid and pelloid

eI UINT

c* P—N w
AR T R PR
Doi th Formation show thinly -layers, altern ation of very fine-grained m udstone and

siltstone, sub-angular shape. A) = PPL (Plane Polar Light) and B) =XPL (Cross-Polar Light).
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L2 i

w) in the unit I of the Doi Yot
s. A) =PPL (Plane Polar Light)

(©)
.W"
J‘?} ‘e / 4
"J’\ f’t.’fé G )( _

%

e L2 M - o 1. 24

B PR Tk Y S ) e e

with midstone in the unit I of the Doi Yot Form ation show thinly -layers, alternation of very

fine-grained quartz of angular to sub-angular, moderately sorted, with m ica flakes and fine

particle matrix. A) = PPL (Plane Polar Light) and B) =XPL (Cross-Polar Light).
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(5 pd i

Figure 3.51 Photom icrw @ 1) in thin-bedded sandstone in
the unit I of the Doi Yot Formeation show mai ine-grained quartz of angular to sub-

angular shape, m oderately sorteg /r . : atrix. A) = PPL (Plane Polar

Light) and B) =XPL (€ross-Pol:

3 mm

A) B)
i i AR AR H’W’Nﬂe por
ormaqon show envelops in preserving alloch ems, peloid/ooid, and fossil fragm ents. The
fossils consist of foram inifera, gastropod, bi valve fragm ents, and unidentified small-sized

fossils. A) = PPL (Plane Polar Light) and B) =XPL (Cross-Polar Light).
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3.5.3 Petrography of the Pha De Formation

Details of petrographic studies of th e Pha De Form ation (Figures 3.53-3.62)
are focusing upon representative rock sam ples collected from 3 m easured sections
(see Figure 3.36). These sections are well exposed at Ban Mae Kut Luang, Tak-Mae
Sot Highway, and Pha Daeng-Tak m  ines. The sandstone, m udstone, and oolitic
limestone units are confined to the lower to middle part of this form ation. The upper
part consists of the sandstone and oolitic limestone units.

Petrographically, this f ormation is com posed m ainly of sublitharenite (see
Figures 3.53 and 3.54), quartzwacke (see Figur ¢s.3.55 and 3.56), quartz arenite (see
Figure 3.57), oosparite and sublitharenite (se€ Figures 3.58-3.60), oobiom icrite with
quartz grains (see Figure 3.6 1), and intrasparite (sce Figure 3.62).

The fine-grained sublitharenite is recognized from medium-bedded calcareous
sandstone (see Figures 3.53 and 3.54, sam ples Ms21-1 and Ms21-5). It shows clastic
texture and contains mainly quartz (80%), rock fragm ents (10%), m ica, and zircon
with carbonate cement (10%). The sedimentary grains are texturally immature to sub-
mature, clay matrix (5%), moderately-sorted. Roundness of the grains is sub-angular.

The very fine-grained quartzwack; is recognized from m edium-bedded
calcareous sandstone (see Figlres3.55 a n?fa‘56, sam ples Ms21-11, and Ms40-4). It
shows clastic texture and contains.m ainly:q;qanz (60%), ooid (10%) m ica, and plant
remains (5%). The sedim entary grains are texturally im /mature, fine-grained m atrix
and carbonate cem_ent (25%). The grain shape is m  oderately-sorted, angular, high
sphericity, and poorly sorted. The plant re mains in Figure 3.55 display a structure of
organism which may be represented as the cell wall of this species. Plant rem ains in
Figure 3.56 areimeainty, deposited-onthe bedscandany ixed-with-quartz, m ica, and fine
particles.

TFhe'fine- to,medivm-grained,quartz,arenite(see Figure 3-57;-samples Ms41-1)
shows'som ‘e pressure-solution’ and'gramm™ "contacts-texture-which'¢ontains m  ainly
quartz (95%) and rock fragm ents (5%). Som e contacts of grains are irregular and
wavy because of pressure-solution. Sili  ca dissolved during the process m  ay be
precipitated as cem enting m aterial. The sam ples are texturally sub-m ature, lacking
clay, and poorly-sorted. Roundness of the grains is sub-angular with high sphericity.

The oosparite, sublitharenite, and oobiomicrite in Figures 3.58-3.61 shows the

importance of envelops in preserving allo chems, ooids, quartz, and fossil fragm ents
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during diagenesis. The allochem s consis t m ainly of the ooid (75%), f ossil
fragments (5%), quartz (10%) and m atrix (10%). The ooid grains have clearly
shown radial and concentric textures ~ which quartz and bioclasts are nucleus.
There are two generations of cem entation in samples Ms20-12 and Ms21-3. The
first appears slightly as rim of very thin crystals layer, such cem ent is similarly
isophachous. The final pore was filled by m icrite and sparry calcite. The fossils
consist of foram inifera, bivalve fragm ents, and unidentified sm all-sized fossils.

The ooids in Figures 3.59-3. 61 l‘!’tf n ce of reworked sediments. Ooids are

generally broken (see Fi u ooids, m atrix, and foraminifera

(see Figure 3.61). ___,
The coarse-g( arite (sem2 Ms41-2) is well defined
MS are the carbonate grains

(80%) and matrix ey and quartz) with ¢ nate cement.

only in the upper

L2

A)B)OS

Nﬂ']‘U‘LL’J‘V] EJ‘lﬁﬂ'ﬁ

Flgure 3.53 Photom icrographs of sang_§tone in the unlt II of the Pha 'y, De Formation,

mainly ents i "rcon, Im matu , clay matrix,

moderately—soﬂed, sub—angular with carbonate cem ent. A) = PPL (Plane Polar Light) and B)
=XPL (Cross-Polar Light).
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ane i -WV of the Pha De Form ation,
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Figure 3.54 Photom i

sublitharenite (sam ple e clastic texture and contains  mainly

W,

quartz, rock fragm e to sub-m ature, clay matrix,

moderately-sorted, s L (Plane Polar Light) and B)

=XPL (Cross-Polar Li

0.2 i ¥ D2 e

awwwmmum'm ‘c’ﬂ@ EJ

Figure 3.55 Photom icrograph of sandstone  in the unit II of the Pha De Form ation,

quartzwacke (sample Ms21-11), very fine-grained, show clastic texture and contains m ainly
quartz, rock fragments (chert), ooid, and plant remains, immature to sub-mature, clay matrix,
poorly-sorted, sub-angular with carbonate cem ent. A) =PPL (Plane Polar Light) and B)
=XPL (Cross-Polar Light).
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Figure 3.56 Photom iW mf the Pha De Formation,
quartzwacke (sam ple Ms40- n\ww clastic texture, and contains
mainly quartz, rock frag nt rem ains, im mature to sub-m ature, clay

matrix, poorly-sorte

B) =XPL (Cross-Polar

PPL (Plane Polar Light) and

L2

%g‘mwnimﬂ

Figure 3.57 Photom icrographs of thick-bedde d sandstone in the unit II of the Pha De

Formation, quartz arenite (sam ple Ms41-1), fine - to m edium-grained, show grains com pact
and pressure solution texture, which composed mainly of quartz, zircon? and rock fragments.
The samples are texturally sub-mature, lacking clay, and poorly-sorted, sub-angular with low

sphericity with silica cement. A) = PPL (Plane Polar Light) and B) =XPL (Cross-Polar Light).
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Figure 3.58 Photom icrogra @2) in the unit Il of the Pha  De
Formation show envelops 1 / s, quartz, and fossil fragments. The

ooid grains have clea nd bioclasts are nucleus. A) =

PPL (Plane Polar Li

Figure 3.59 Photom icrographs of oosparite with lay er of sublitharenite (sam ple Ms21-3) in
the unit III of the Pha De Formation show envelops in preserving allochems, ooid, quartz, and
fossil fragments. The ooid grains have clearly displayed radial and concentric textures which
quartz and bioclasts are nucleus. A) = PPL (P lane Polar Light) and B) =XPL (Cross-Polar
Light).



Figure 3.60 Photom icr‘(kyS %) with very fine-grained matrix
(quartz and m icrite) in the uni ation show the broken ooids surface

with brown rim of ir X1 1 worked sedim ents. The ooids

(Plane Polar Light) and B)
=XPL (Cross-Polar Li

112 it

Figure 3.61 Photom icrographs of oobiom icrite (sam ple Ms21-14) with very fine-grained
matrix (quartz and micrite) in the unit IV of the Pha De Formation. This sample is represented
as reworked sedim ents. A) = PPL (Plane Polar Light) and =~ B) =XPL (Cross-Polar Light).

Foraminifera are well observed in this sample.
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W(Msﬂd) are well defined only

re the carbonate grains and matrix

(micrite and quartz)
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CHAPTER IV

DEPOSITIONAL ENVIRONMENTS

Lithostratigraphic units of the Hu a Fai Group in Mae Sot-Phop Phra
area consists of the Khun Huai, Doi Yot, and Pha De Formations in ascending
order. The com plete stratigraphic sec tions were m easured ona 1-m by I-m
scale recording grain size, m ineralogy,paleontology, sedim entary structures,
and bedding m orphology; observations from rock slabs and thin sections
supplemented field data.At the facies level, depositional environm ents were
reconstructed. Facies gould be grouped into units at which level depositional
environments wer€ intetrpreted. The out crop does not perm it architectural
element analysis necessary f or detatled interpretation of ancient environm ent
systems. Vertical changes in facies a nd units in the Khun Huai, Doi Yot, and
Pha De Formations, howewver, permit generalized depositional environments to
be reconstructed, from which-pértinentiinformation can be gleaned concerning

the tectonic history of the west-and south ;fhailand.
4.1 Unit analysis

In Khun Huat Form ation, the rock can be divided into 8 units consisting of
conglomerate, sandstone, ‘siltstone;sm  udstone,dim estone, dolom ite, and oolitic
limestone facies with abundant bivalves, gastropods, [trace fossils, plant rem ains, and
vertebrate fossils. The Doi Yot Formyation is compesed mainly of 4usits, which have
beendistinguished\by, m ‘arl, mudstone interbedded with lim eston€\facies containing
abundant am monites and bivalves. Finally, the Pha De Form ation, consisting of 5
units, com prises the alternation f acies of sandstone, m udstone, siltstone, oolitic
limestome, and lim estone containing abundant bi valves, ammonites, gastropods, corals, trace
fossils, and plant remains. The significant units of the Hua Fai Group are summarized in Table

4.1 and Figure 4.1.



Table 4.1 Summarized units analysis of the Hua Fai Group consists of 3 formations with 17 units.

£ P Lithology Sedi
= & edimentary "
g | = Petrograph Fossil
s 5 Color Characteristic Thl(cr'fl“ess structures grapiy
Brown and T f— : ; Bositra sp.,
tion Sub litharenite, .
VIII | grey to dark| Sandstone W quartz arenite Parvamussium sp.,
grey \ Goniomya sp.
Brachiopods,
Grey to dark| . S Micrite,biosparite, | corals, gastropods
20-30 T 1 n and wavy beds »D10Sp > lais )
NIl grey Fimestane Pl \ 4 biomicrite, oomicrite| bivalves, vertebrate,
/| B ; \ L\ foraminifera
ral pa ing \ . . Modiolus sp.,
VI Light brown| Sandstone with 40-160 outhTHii > | ed_dlntg, npplil Quartz arenite, Astarte SP-,p
to brown oolitic limestone ’ Ss-lammation, Well | g, Jitharenite Protocardia sp.,
d and lamination Thracia sp. et
‘= - B . etc.
= Sandstone interbedded ination, ripple . s Grammatodon sp.,
== v Brown with mudstone and 20-83 mark, flaser bedding, 23: ::ﬁzremte, Modiolus sp.,
g and grey intercalated with wavy beds, cross- bi o] Parvamussium sp.
i limestone migation iomicrite ol
Grey to . i Micrite, biosparite, | Protocardia sp.
IV |brownish | Limestone and 43 Ii b e((iiwnh biomicrite, dolomitic| Entolium sp.
grey dolomitic limestone W Lenses o o limestone Astarte sp.
Grevi ) ) A Trigonia sp.
1 grfg:'ligh Shale intercalated ) 1 , even Micrite and Pteria sp.
grey with limestone ﬂ ’]1 s E] 1_ mudstone Parvamussium sp
-, Protocardia sp.
Sandstone ,&a 4 Sub litharenite,
i i | e i W LY Thnd B )] ‘} By |
gre mudstone and q edge and planar ,and r1p up clasts | mudrocks with
grey siltstone thinning to central calcite cement
; Northwest, .
I E:ocisf:n 4 | Conglomerate 1020 |central part and Massive lenses, Sandy conglomerate .
grey matrix supported 2 south/Massive poorly sorted matrix supported
lenses
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Table 4.1 Summarized units analysis of the Hua Fai Group consists of 3 formations with 17 units (continued).

and planar beds

= -
% z i, Georr:s\“ ,/l Sedimentary Petrography Fossil
5|5 Color Characteristic Thl&‘g‘;css . Distril utié ; structures
Sandstone “m";‘ o (0 W stratified,even Sub litharenite Bivalves, trace
y | Brown and interbedded 15-1Q .;;"‘ ~ . ( 1c Q ! Beds d Quartz arenite,’ fossils a_r;d
grey with mudstone - ﬂ’z‘i’j“" .: ™ : 7 ti ggSt an quartzwacke ammonite
i f : . o Parvamussium sp.
Mudstone with h\“ Wavy parallel beds, Micrite ey P-s
v g’r‘? to limestone, siltstone ing SOl ¢ marks and sub litharenite, E:g ’gf,ﬁ;d;a e
3 ark grey | and sandstone oation biomicrite Th:‘%cia spf"etc.
a ‘ Qosparite,
s | 1 |Greyto Oolitic limestone -6 ".;" S r;l;)écross sub litharenite, Fossil fragments
= dark grey R on oobiomicrite, and foraminifera
i Intrasparite
: > : : Bositra sp.
G h | Muddy calcareous mination, cross Sub litharenite, : ’
11 l;ae;né?ey, sa_ndst)(;ne interbedded 13-87 4f lamination, ripple quartz arenite, ﬁiﬁ?&ﬁg&ﬁf
rown with mudstone _‘ marks, rip-up clast quartzwacke Astarte sp. etc.
Mudstone interbedded ‘ ; . . :
Grey to : g ) ied, even Sub litharenite, Bositra sp.,
I | dark grey ;Vaﬁlés%i(ldy oalparsous = ; siltstone, mudstone | ammonite
i . Biosparite,
v | Grey to Limestone 16.5-:3-,4 Only central part/ | Massive oqmﬁ:rite, -
dark grey | Lensg Y micrite
S, e NENT i) | Jwaif
< | m dar@'gmy intercalated with 1930 ; r]1 Il sfratified, even | Mudstone, )
S and light | sandstone siltstone fonce T f‘;%ipa{?l clbeds, , | sub litharenite,
s brown and limestone nillVes 7/~ a1 0 100880 Tfl‘a’io‘l‘l P _W.N 1 micrite
T T |Mutmevcasl 1| 1OV TR ST T S VIE TR,
11 rey to with mudstone and 40-185 e ck-| Well stratified, even Biomicrite, meloceras sp.,
dark grey  ||imestone bedded, parallel | parallel beds micrite Ludwigia sp.,
and planar beds Graphoceras sp.
Limest ith North passing to | yymmocky cro Mudstone, siltstone, | Bositra sp.,
I g;flg toe r&%ﬁoﬂeﬁé 103-139 gegga dpa i ;Ck' Iauminationflam‘is:ation, qpl;ngwgckf:,_s _ Eﬁ?{gi‘:‘ﬁnsfpsp.,
Er¢Y | sandstone SogeG para. e flaser bdding biomicrite, micrite | Astarte sp.
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Lithology Description

Group
Epoch

Formation|
Units

Sandstone interbedded with mudstone, limestone and
oolitic limestone layer, light brown, greenish grey and

fining upward with common bivalves, Parvamussium sp.,
Bositra sp., Astarte sp., ammonits, corals and trace fossils,
bedding 260/47 (dip direction/dip angle).

dark grey,well stratified, thin- to thick-bedded, lamination,

Sandstone, oolitic limestone, mudstone and limestone,

light brown, reddish brown and grey to dark grey, coarse-
grained, subangu 2
well stratified

Bajocian
Pha De

Legend

@& Ammonite 0 Foraminiferal
@ Coral £ Vertebrate
@ Bivalve ——eeRipple mark
& Gastropod  snennnr Trace fossil
¥ Brachiopod ~---~- Rip-up clast
& Radiolaria
E Sandstone

Siltstone

Mudstone/Shale

Conglomerate

» |E=== Thin-bedded limestone

¢.—n_,— Marl/Marly limestone

9 Thick-bedded limestone

fragmen \ np ng abundant teEaE Oolitic limestone
bivalves, gastropods, t ite, corals and  [E=== Chert
plant B Dt biva sium sp., =15 Dolomitic limestone/Dolomite|
PP \ 4 sp .. Thracia sp.: 2552 Hummocky/Cross-bedding
wmass ides s ., Chondrites sp.,
Plagj caconites s /42, 300/30, paleocurrent 020/30.
. ":'"f to ick-bedded, at upper part consists of thick
/| e " e ddagieio} ddigs TRNEONN N,
tomé 1 ed whith I ight brown to grey, thin-bedded,
in ?ﬁ‘uﬁ argi imest: ey to dark grey, wavy and well stratified,
dium- -be eddi wi on to rare ammonites, bivalves,
raghiopgds d g 0]
A - {5 ﬁ .........
2=l dstene cl"ﬁ stone, grey eenish grey, thin- to thick-bedded, common
§E 2 icagbedding 21 g d of bivalve Bositra sp.
E %; §s) Mudsto mt(rea.léwr d sandy oolitic limestone, grey to dark grey, thick-bedded
2z A e ndg limesto }q I cross bedding and lamination with common bivalve
‘= [ === tolidgm sp., betldmg 2
= - L == . [ Vel B PRB-A
g i Argillace fone. I ick-bedded, intercalated with marl and
= e .
T —_ W mudstone edding 210/15.

& [ntcmaﬁi‘tj&nﬁf EW. ' d argillaceous limestone, light to dark grey, medium-
to coarse-grai sub. H arbonate cement, well even stratified,
medium- to thick-bedded wi ss lamination, hummocky cross

T Ives, Protocardia sp,
03] Sp. liolus sp., Parvamussium sp., Pteria sp,
ia sp., 3 nd foraminifera.
=3 /| Argillaceous limestonewith dolomitic limestonesshale and sandstone, light grey to dark
= E grey, poorly beds, very thick-bedded to massive with common bivalves, Entolium sp.,
E § arnn&)es gastropuds and corals, beddmg 240/20.
L= ~
v
ted li es nish grey, well stratified, thin-
1th onimon bivales, Tngoma sp.,
= P:erm sp Pan’amu%mm sp., Prorocandw sp and ammonites.
l = dst nish grey,
% - t ‘mediuin- ﬁ i war we a edi - ed ed, ripple
din, 5128, 140/20,
q' 12{]4’20 080;'20 and 065/20 w1th Iammatlon ﬂnmg upward carbonatc ccmcnt
full AN p
| Conglomerate, reddish brown, matrix supported, gravel to cobble size clasts of limestone,
chert, dolomite and quartz, subangular to subrounded, poor sorted, carbonate cement.

Figure 4.1 Com posite lithostratigraphic sections with units analysis of the Hua Fai Group

consists of 8 units of the Khun Huai, 4 units

Formations.

of the Doi Yot, and 5 units of the Pha De
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4.1.1 Units of the Khun Huai Formation

The lowest unit of the Khun Huai Form ation within the Mae Sot-Phop Phra
area is mainly matrix-supported conglomerate facie of unit I. The unit unconform ably
overlies the Triassic Mae Sariang Group. This facie is com  monly characterized by
reddish brown, m atrix-supported conglom erate with clasts are com posed mainly of
limestone, chert, dolom itic lim estone, lim estone, quartz, and rock f ragments. The
grains feature is angular to subrounded, poor  ly sorted, averaging from gravel to
cobble size with 0.25 m diameter of a m aximum grain size. The general geom etry is
presented by the massive lenses of matrix-supported conglomerate with 10-20 m thick
and distributed in som ¢ local areas in the northern and eastern flanks of the Mae Sot
basin and the easternpart of Phop Phra. Ba sed on the previous study, the chert grains
contain Middle to Lateé Triassie (Anisian to Rhaetian) radiolarians (Ishida et al.,
2006). Petrographically, the facie is sandy ¢ onglomerate recognized from very thick-
bedded conglomerate dt shows m atrix-supported texture and contains predom inantly
grains of rock fragments (biomictite, micrite, chert, and dolom itic limestone), quartz,
and matrix (calcite and quartz grains with carbonate ccment) coated by a thin brown

layer of iron oxide. This unit underlies the sandstone interbedded with m udstone and

siltstone unit (unit II).

The sandstone interbeddedwith m ~udstone and siltstone unit (unit II)
conformably overligs the conglom erate unit (unit I). Thi§ unit consists m  ainly of
brown to greenish grey sandstone interbedded with mudstone and siltstone facies. The
sandstone facie is reddish brown, m edium-bedded, medium- to coarse-grained, sub-
angular sandstone rich in mica and carbonate cement. Generally, geometry of this unit
is wedge-shaped and-planan thinning tortho | e centralgpart-efibasin and a range of
thickness approximately 51-117"'m It'is we'll exposed at Megic hill and km 67-68 of
Tak-Mae Sothighway-to.thenortheastyHuai - Mae-Sot; te, the east, BanPu Toe, and
Doi Huai Mot to the southeast-of-Mae ‘Sot District. Cross lam 1nation, lam ination,
ripple cross lam ination, ripple m ark, fining upward sequence, and rip-up clasts are
also found in sandstone facie. Petrogra  phically, sublitharenite, quartzwacke, and
mudstone are confined to m edium-bedded texture in sandstone and m udstone facies.
The sublitharenite and quartzwacke are genera lly characterized by clastic, very f ine-

to m edium-grained textures containing m ainly quartz, rock fragm ents, and heavy
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mineral; moderately sorted, angular to s ub-angular with clay m atrix and carbonate.
This sequence contains rare undetermined bivalves.

The measured section of shale intercalat ed with limestone facies of unit III is
exposed at Ban Nam Khieo in which the overview of geometry is distributed only the
central part of the study area. The unit consists mainly of grey to greenish grey, thick-
bedded shale facie intercalated with dark grey, thick-bedded, argillaceous lim estone
facie. The general geom etry is characterized by lenses of fine-grained clastic rock
with total thickness approxim ately 73 m . This unit is located only central area. The
unit is well stratified which contains commonfossils of bivalves and am monites. The
bivalves include Trigonia sp., Pteriasp., Parvamussium sp., and Protocardia sp.
Petrographically, m ierité and.m wdstone are confined to the thick-bedded lim estone
and calcareous mudstone.

Approximately 43-100'm thick of the lim estone and dolom itic limestone unit
(unit IV) are charactemzed by grey to brownish grey, m assive to thick-bedded
limestone, dolomitic limestone, and dolomite lenses with the sequences of sandstone
interbedded with mudstone and argillaceous limestone of the Doi Huai Mot section in
the central part of the study area. The uppér part of this unit in Padaeng-Tak mine and
Ban Pu Toe sections are represented by int;iéalation of sandstone, shale, argillaceous
limestone, and oolitic lim estone f acies. I:‘T;)prm itic lim estone and dolom ite f acies
occur locally and are distributed at the Padaeng m ine and/Doi Huai Mot sections. The
carbonate lenses geom etry is widely distributed in the central to southern part of the
study area. This unit @verlies the units I and TIT with sharp contacts. Petrographically,
micrite, biom icrite, biosparite, and dolom itic lim estone are recognized from thick-
bedded to m assive\limestons. Itshowsithy ¢ carbenate-m~udstone with less than 5%
allochems and stylolitic structure. Fossils ‘are com mon in the Doi Huai Mot and Huai
Wale-meastired seetions,.eonsisting of bivalves.such-as, Protocardia-sp- Entolium sp.,
and Astarte'sp., gastropods; trace-fossils,"ammonites;’and ‘small foraminifera.

The sandstone interbedded with mudstone and intercalated with limestone unit
(unit V) consists m ainly of alternation of sandstone, m  udstone, lim estone, and
limestone facies. The sandstone facie is br own to light brown, well stratif ied, thin- to
medium-bedded. The sandstone grain is characterized by fine- to coarse-grained, sub-
angular, poorly- to moderately-sorted. The sedimentary structures include laminations,

ripple-mark, wave-form ed flaser beddi ng, wavy bedding, and wave ripple cross
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lamination. Mudstone and sandy siltstone are  grey to brownish grey, very thin- to
medium-bedded. Fining and thinning upward sequences are distinguished in its
sequence. The overall geom etry is repres ented by wedge-shaped and planar beds
thinning to the central area widely distributed in the northern to southern part of the
study area. This unit overlies the units Il and IV with sharp and gradational contacts,
respectively. The sandstone facie has com mon showing lateral facie changes with the
thickness ranging from 20-83 m . Petrographi cally, oosparite, and biom icrite are
confined to the thin- to thick-bedded oolitic lim  estone and sandstone. The f ossils

contain the abundant bivalyes Grammatedon. sp., Modiolus sp., Astarte sp,
Parvamussium sp., Actinesiroen sp.?, Myophorellasp.?, Protocardia sp., Trigonia sp..

The gastropods, trace fossils, feraminifera, and plant remains are also found.

The sandstone wath oelitic lim estone unit (unit V1) is characterized m ainly by
sandstone facie with layers of golitic limestone and sandy siltstone facies, light brown
to brown, well-stratified, thick-bedded. The = characteristics of sandstone facie are
medium- to very coarse-grained, subrounded, m oderately- to well-sorted. The
sedimentary structures in sandstoiie f - ‘acies such as cross bedding, ripple cross
lamination, and well-bedded with lam inatien. are well distributed in the southern part
of the study area. The overall ‘geom etry is:’thfcik-bedded sandstone sequence thinning
southward at Padaeng m. ine-with appr o)k‘ifna’tely 160 m_ thick. This unit shows
common thinning upward sequence and lateral —_facies ehanges from the central to
southern part. The thickness ranges from 40-160 m. This unit conform ably overlies
the unit V with sharp‘contact. Petrographically, quartz arénite and sub litharenite are
confined to the thick-bedded sandstone faci es. Quartz arenite shows grains com pact
texture, consiSting m ainly of jquartz, rock -fragments, feldspar, zircon, and m ica. The
samples are texturally subm ature, lacking clay, m_edium-grained, m oderately-sorted,
and sub-angular with\high sphericity. Qo = sparite andjooni- icrite are¢ predom inantly
envelops in preserving allochems, ooids, quartz, and fossil fragments. The ooid grains
have clearly seen radial and concentric textures having quartz and bioclasts as
nucleus. The cements are similarly isophachous and pore filled by m icrite and sparry

calcite. The bivalves contain Modiolus sp., Astarte sp., Myophorella sp.?, Protocardia
sp., Thracia sp., Gervillia sp., Lycetia sp., Trigoniasp ., Pteria sp.? Gastropods,

vertebrates, and plant remains are also found.
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The lim estone unit (unit VII) consists predom inantly of grey to dark grey,
massive to thick-bedded, argillaceous lim estone facie with massive and thick-bedded,
grey, f ossiliferous lim estone and oolitic lim estone f acies. This unit conf ormably
overlies the unit VI and underlies unit VIII w ith sharp contacts. The thickness of this
unit is approximately 20-30 m. The overall geometry is characterized by thick-bedded
and argillaceous lim estone, fossiliferous limestone, and oolitic lim estone lenses with
abundant well preserved brachiopods, corals, gastropods, bivalves, foram inifera, and
vertebrates. This unit is distributed in the ‘central part extending to the south of Huai
Wale. The fossiliferous limestone beds at'the Padaeng m ine are rich in f oraminifera,
brachiopods, and fossil fragm ents, whilst oolitic lim estone occur as wavy layers with
gradded-bedding. Petrographieally. micrite, biosparite, biomicrite, and oosparite were
described from the thick-bedded limestone and oolitic limestone.

The sandstoneunit(unit VIII) is th = e upper-m ost unit of the Khun Huai
Formation m ainly characterized by sandstone facie. The lower part consists of the
sequence of brown, m edium-bedded sandstone interbedded with grey, thin-bedded,
clayey sandstone facics with slightly Jam —ination. The upper part is predom  inantly
composed of grey to dark grey, thick- ‘t;edded, clayey sandstone facie. The fining
upward sequence and lamination are also pgs ented. The overall geometry of this unit
is lenses and distributed only the Ban Pu Toé section, central part of the study area.
The total thickness isapproxim ately 14 m . The fossilsfinclude com mon bivalves

Bositra sp., Parvamussium sp., and Goniomya sp.

4.1.2 Units of the Doi Yot Formation

The Doi Yot Form ationjconformably @verliescthessequence of the Khun Huai
Formation, which consists'mainly of 4 units, limestone with ntudstone and sandstone,
marlinterbédded. withsmudstenc.and; limestone - mudstone interealated with sandstone,
siltstone, and lim'estone,"and lim'estone units in ascending order."The centact of both
formations is represented by gradational contact with fining upward sequences.

The lowest unit of the Doi Yot Form ation, lim estone with m udstone and
sandstone unit (unit I) conform ably ove rlies upon the Khun Huai Form ation. The
main characteristic lithology of this unitis  grey to dark grey, m edium- to thick-
bedded argillaceous limestone facie interbedded with mudstone and marl facies, dark

grey, medium- to thick-bedded. At the Huai Mae Sot section, the unit has light grey,
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medium- to thick-bedded, sandy lim estone and calcareous sandstone facies with
lamination, flaser beds, and hum mocky cro ss lam ination. The grey and dark grey
limestone, m udstone, and m arl facies contain the com mon bivalves Bositra sp.,
Entolium sp., and Astarte sp. The sandy limestone and calcareous sandstone facies are
characterized by very fine- to fine-graine d, sub-angular, well sorted with calcite and
mud cement. The total thickness is appr oximately 103-139 m . Geometrically, thick-
bedded, parallel, and well planar beds are distributed from north passing to the central
part of the study area. The lower part consis .ts of sandstone facie, well stratified, and
hummocky cross lam ination gradually changing from sandstone facie tom ainly
mudstone facie in the upper part. Petrogra phically, mudstone, siltstone, quartzwacke,
micrite, and biom icrite'are confined to thick-bedded ealcareous sandstone and sandy
mudstone facies. The'quartzwacke shows thin  ly-layers, alternation of very fine-
grained quartz, angular to stbsangular, m oderately sorted, with m ica flakes and fine
particle matrix, whereas maidstone has the dissemination of very fine-grained quartz
and opaque minerals with calciteand clay cements.

About 40-185'm thick of the m arl interbedded with m udstone and lim estone
unit (unit II) overlies the lim estone with m udstone, marl, and sandstone unit (unit I)
with transitional contact. This unit consists,ﬁfznmainly of the alternation of dark grey,
medium- to thick-bedded m arl,m udstoiéz-’and grey, m edium- to thick-bedded,
argillaceous lim estone facies. The overall — geometry of the unit is thick-bedded,
parallel and well planar beds and is widely distributed from the northern part passing
to the central part of the study area. Th e petrography is m ainly characterized by
micrite and biom icrite. The m arl and m udstone facies are rich in well preserved
ammonites, bivalyes sand brachiopads. Hewewyer; the am :monite such as Erycites sp.,
Tmetoceras sp., Ludwigiasp. (Brown ‘et-al., 1951,  Tmetoceras regleyi Dum ortier,
and Graphoceras-concavum Sewerby (Kom alarjun-and Sate,;1964);, Efycites sp. and
Tmetoceras' dhanarajatai Sato (Kom' alarjun and Sato, 1964) are also feund in the
central area.

The unit III, mudstone intercalated sandstone, siltstone, and limestone overlies
upon unit II with transitional contact. This unit is very thin and has lateral variation. It
predominantly consists of grey to dark grey, thin- to m edium-bedded mudstone facie
intercalated with light brown, thin-bedde d calcareous sandstone, siltstone, and grey,

argillaceous limestone facies. The calcareous sandstone facie is m ainly characterized
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by fine- to medium-grained, thin-bedded, sub-angular, well sorted, carbonate cem ent.
The geometry is lenses and exposed locally in the northern and central areas with
totaling 12-30 m thick. The sandstone f acie has very com mon showing lateral
variation. The fossils are rare throughout of unit. The petrography is mainly presented
by mudstone, sub litharenite, and micrite.

The lim estone unit (unit IV) conform ably overlies the unit I1I with sharp
contact. The characteristics of this unit are  mainly composed of grey to dark grey,
thick to m assive argillaceous lim estone facie. At the Tak m ine, the oolitic lim estone
layers and dolomitic limestone facies are also.found. The overall geom etry is massive
carbonate platform and distributed in th e central area only with approxim ately 16.5-
34 m thick. The fossilfragm. -€nts are also foundin the m assive lim estone.
Petrographically, biesparite; oem icrite, and m icritc are recognized from m assive

limestone.

4.1.3 Units of the Pha De Formation

The Pha De Formation conformably overlying the Doi Yot Form ation mainly
consists of 5 units, nam' ly, mudstone interbedded with m uddy calcareous sandstone,
muddy calcareous sandstone interbedded w?h m udstone, oolitic limestone, mudstone
with lim estone, siltstone and sandstone, allidgsandstone interbedded withm  udstone
unit in ascending order as follows:

The lowerunit of the Pha De Form ation is mudstone interbedded with muddy
calcareous sandstone unit (unit I) underlai  n by the Doi Yot Form ation with sharp
contact. It is predom inantly composed of grey to dark grey, thick-bedded m udstone
facie interbeddedavith grey) ctojbrownsthins to thick-bedded«calcareous sandstone
facie. The sandstone facieis m “ainly characterized by fine- to coarse-grained, sub-
angular,.m©derately sorted with.ealcite cem , ent. - Fhe,overall geom, etry is wedge-
shaped sequence thickening to-the north."Th ey are well exposed'about'92 m thick in
the northern part of the study area. The petrography is predom inantly presented by
sub litharenite, m udstone, and siltstone. Th e unit boundary is sharp contact with the
upper unit of the Doi Yot Form ation. The bivalve Bositra sp. and am monites are
commonly found in some sandy mudstone layers.

The m uddy calcareous sandstone interbedded with m  udstone unit (unit II)

overly conform ably upon the unit I with grad ational contact. The total thickness is
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approximately 13-87 m . It predom inantly consists of greenish grey to brown, thick-
bedded sandstone facie interbedded with grey to greenish grey, m  edium- to thick-
bedded m udstone facie. The sandstone f acie is m ainly characterized by coarse-
grained, lam ination, cross lam ination, a nd ripple m arks with rip-up clasts.
Geometrically, the unit has wedge-shaped and even beds thinning to the south and is
well extended from  the northern to the central parts of the study area.
Petrographiccally, sublitharenite, quartz ar  enite, and quartzwacke show f  ine- to
medium-grained, with com pact and pressure solution textures, consisting m ainly of
quartz, zircon, and rock fragm ents. The glarrizarenite are texturally subm ature,
lacking clay, and poorly-sorted, sub-angular, “1ow sphericity with silica cem ent. The
quartzwacke is charaeterized by fine-grain  ed clastie textures containing m  ainly
quartz, rock fragments (chert), 0oid, and plant rem ains, immature to sub-mature, clay
matrix, poorly-sortedySub-angular with carbonate eem ent. The fossils contain
abundant bivalves, am¢ monites, gastropods , corals, trace fossils, brachiopods, and
plant remains. All m easured sections of'this unit contains abundant am monites and

bivalves including Bositra sp., Plagiostoma sp , Parvamussium sp ., Trigonia sp .,
Astarte sp ., Thracia sp , Bositra’sp ., Pinna sp ., Protocardia sp.,, Inopernasp .,
Pholadomya sp., Mytilus sp., Modiolus sp., Lima sp., Entolium sp., Eomiodon sp., and

Protocardia sp. (Kozai et al., 2006).

The characteristicithology-otf-the ootiticliriy ¢stone unit (unit III) is
predominantly composed of grey to dark grey, thick-bedded oolitic lim estone facie
with hummocky cross bedding and lam ination. The overall geom etry is well planar
and lenses. This facie is exposedin‘the northerr;-¢entral, and southwestern parts of
the study area; The total thickness 1§ approxim ately more than'6 m with sharp contact
between the lower and upper units. Petrographicallzsthe unit characteristics com prise
mainly oosparite,sublitharenite, oobiom_icrite, and som ¢ layers of intrasparite. The
ooid grains have been characterized by radi al and concentric textures with qurartz,
calcite, foraminifera, and fossil fragments as nuclei.

The lower part of mudstone with limestone, siltstone, and sandstone unit (IV)
consists mainly of dark grey, m edium- to thick-bedded m udstone interbedded with
argillaceous lim estone facies. The overall geometry is wedge-shaped with thinning

sequence towards north. The total thickness is approximately 13 m and well exposed
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only at the Tak m  ine section. The foss ils contain abundant bivalves including
Parvamussium sp., Protocardia sp., Inoperna sp., and Thracia sp. In the upper part,
this unit is characterized by the seque nce of grey, m  edium-bedded calcareous
sandstone, siltstone, and mudstone with abundant trace fossils such as Thalassinoides
sp., Planorites sp., Chondrites sp., Plagiognus sp., Deaconites sp. (Tansthien, pers.
comm., 2007). The petrography is characterized by the m icrite, sub litharenite, and
biomicrite. This unit shows coarsening  and thickening upward sequences which
gradually change to the sandstone interbedded with m udstone unit (unit V). The unit
V conformably overlies the units I1I and 1V.wwvath sharp contacts. The unit is the upper-
most portion of the m _arine Jurassic sequences in the Mae Sot-Phop Phra basin. It
predominantly consists'of browt, thick-bedded, sandstone facie interbedded with grey
to light grey, medium=to thicksbedded mudstone facie. The sandstone facie is m ainly
characterized by coasse-grainegd, sub-angular , m oderately sorted aspects with even
parallel beds, load cast, and bioturbation.  The overall geom etry is thick-bedded to
massive, wedge-shapedwith thickening to the central area. The thickness is
approximately 15-103 m and exposed at the cen tral part passing to the northern area.

The bivalves, trace fossils and ammonites are also found.
4.2 Sedimentary cycles and sea level change

The com prehensive chart of m arine Ju rassic sedim entary cycles has been
established for the Jurassic sequence in the Mae Sot-Phop Phra area (Figure 4.2). Age
and boundary determination, were followed by Vail et al. (1977b), Haq et al. (1987),
Haq et al. (1938); Hallawh (1988}, Surlyk’(1991);~Li and Grant-Mackie (1993) and
Haq and Al-Qahtani (2005) (Table 4.2). The eustatic sea level curves for the Mae Sot-
Phop_Phta areaisam marized-in Figure4.2{shows the telation ofJurassic sea level
change on the basis of facies and units anal ysis and fossil assemblages. Interpretation
of sea level changes of the marine Jurassic in the study area has been facilitated by the
development of sequence-stratigraphic concept. Zero m arks represent sea level and
relative sea level changed during Early-Middle Jurassic derived from Hallam (1988)’s
estimation as well as Haq et al. (1987). The sea level rise and fall patterns described
by Hallam (1988) will be generally used in this study. Based on previous global sea

level curves and a sim  plified long term  curves (Figure 4.2) derived from  the
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composite stratigraphic colum ns, the trend of sea level changes corresponds to the

marine Jurassic sea level in Thailand.

4.2.1 Eustatic sea level curves of the Khun Huai Formation

The rocks and fossils of the Khun Huai Formation consist of 8 units including
conglomerate, sandstone, siltstone, m udstone, lim estone, dolom ite, and oolitic lim estone
facies with abundant bivalves, gastropod, trace fo ssils, plant rem ains, and vertebrate fossils.
Based on the unit analysis and fossil assem = blages, a conglom erate facies in the lower part
(early Toarcian) of the Khun Huai Form  ationsisse€presented by regressive cycles (see long
term curve in Figure 4.2 and Table 4.2). These conglomerates comprise the lowstand systems
tract. In the middle to upper part.ef form ation (middle-late Toarcian), a slightly high sea level
is marked, which has been confium ed globally by many previous studies (Table 4.2). W ith a
slower rise, there m ay'be agreater or lesser  developmient of a trangressive system  tract

blanketing the shelf.

4.2.2 Eustatic'Sea level curves of the Doi Yot Fermation

Aalenian sea level cuve in thé Mae Sot- Phop Phra area has been revealed as a
transgressive phase continuing frem late Toarcia an."[hls is confirm ed by changing in units of
the Khun Huai Form ation to Doi Yot Form ati:(j;:-frhg Khun Huai Form ation consists mainly
of sandstone intercalated with m udstone and limestone. Whereas, the Doi Yot Form ation is
characterized by m._arl, m udstone, and argill aceous lim estone facies, indicating quiet
depositional environment in decper level. The  sea level transgress to m iddle-late Aalenian,
which was probably the highest sea level in the study area. During the high sea level, provided
that there is an-ample sedimentsupplys athicksedimentary-sequence-is developed comprising
the highstand system s tract. After late"Aalenian, sea level was still high, in the transgressive
phase=This transgression could-be correspended to transgression-of the global-sea level curves

(Table 4.2).

4.2.3 Eustatic sea level curves of the Pha De Formation

Late Aalenian-early Bajocian sea level wa s represented by the end of transgresive
phase. Based on the units of the Pha De Formation (see Figure 4.2 and Table 4.2), the
characteristic units of this f ormation are m ainly sandstone interbedded with m udstone and

intercalated with oolitic limestone and argillaceous limestone facies.
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Figure 4.2 Eustatic sea level, short term and long term curves of the Hua Fai Group in the

Mae Sot-Phop Phra area.
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It is represented as the shallow marine depositional environment, shallow water depth
(Figure 4.2) in which the water depth has not yet revealed the global sea level change.
Whereas the high sea level, highstand sy stems tract, enorm ous sedim ents were
supplied to this basin. As a result, the se a floor becam e shallower than the Aalenian
period. During early to m iddle Bajocian, the eustatic sea level curves in this basin
could be corresponded to the global sea level curves. After m iddle Bajocian, the
eustatic sea level curves of the Mae Sot-P hop Phra Basin were gradually regressed as
regressive phase which could not be confor med with the global ones. As a result the
non-marine system will gradually progr + €ss‘acroess the shelf and deposit thick
sequences of alluvial sedim ents of thesDo 1 Din Chi unit (Late Jurassic-Cretaceous).
As there are no exposures of manne Jurassic sequences, it is concerned that they were

terminated from this-basin.andwvarious areas in Thailand.

4.3 Depositional envigonments

The interpretation of the depositional € nvironments of the Hua Fai Group is
essentially based on lithology, geom - etty, se dimentary structure, petrography, and
fossils.

The reconstruction of all possible depos itional environments of the Hua Fai

Group is shown in-Fable 4.3 and Figures 4.3 and 4.4,

4.3.1 Depositional environment of the Khun Huai Formation

According to the present investigati on, the Khun Huai Form ation in Mae Sot-
Phop Phra ar€a isiconsidered-to bC déposited in the-shallow shelf environm ent
(Figures 4.2, 4.3, and 4.4). The characteristics of facies and unit associations of the
Khufi Htiai Form” Nation@nd-their déposifiQ Oofal€nvironm |efitréConStruction are
summarized and shown in Table 4.3 and Figures 4.2, 4.3, and 4.4.

The lowest part, conglom erate unit (unit I) consists predom inantly of reddish
brown, m atrix-supported conglom erate facie. Clasts are com  posed m ainly of
limestone, chert, dolom itic lim estone, lim estone, quartz, and rock f ragments.
Conglomerate facie deposited as massive lenses locally and is generally distributed in
north-northeastern and southwestern porti ons of the study area. The unit I can be

compared to the studies of Ethridge (1985) and Einsele (2000).
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Table 4.2 Comparison of Jurassic eustatic sea level curves of the Hua Fai Group in the Mae

Sot-Phop Phra area with previous studies.
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It can be conclusively deterrrfaﬁﬁed ‘to be d_é’__‘ﬁéﬁ‘lted under gently subsiding lagoon or
shore face environment. Thc‘s,ttzgams were catrying a high bedload, reach the standing
water body. Thexdiop their coarse materials at the lagoo{ or shore face. This unit can

be designed as allﬁ%al fan, fan delta, partially as subaerla'l-Aebrls flow deposits as
indicated by the presﬂnce of reddish brown of iron 0x1de,J

After conglom erate unit (unit I) deposited, the environm ent is gradually
changed to distal mouth ‘ar, 'delta itont, due to tide-dominated-or marine transgression
during late Early Jurassic (Toarcian). Beside s, sandstone interbedded,with m udstone
and Siltstone tnit (I1), Contairis-Cross lam ihation,)lam imation, ripple,c¢réss lam ination,
ripplean ark, fining upward sequence and r1 ~ p-up clasts. In places, this unit is
characterized by reddish m icaceous sandstone facie which indicates the effect of
fluvial deposits. In conclusion, this unit (  unit II), as com pared with Tankard and
Barwis (1982) and Allen (1970), indicates sedimentation under the transitional zone
of delta front platform, distal mouth bar environment (Figures 4.3 and 4.4).

After sandstone interbedded with m  udstone and siltstone unit (unit II),

depositional environment has changed from distal mouth bar, delta front in the lower
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part gradually passing upward to protect ed bay or lagoon, low-energy environm ent
(Purser, 1973; Schwarz et al., 1975; Butler et al., 1982; Schreiber, 1986). This is
indicated by the presence of shale inter calated with lim estone facies (unit I1I)
containing the com mon bivalves Trigonia sp., Pteria sp., Parvamussium sp., and
Protocardia sp. (Table 4.3 and Figure 4.3). Geometrically, the unit is characterized by
lenses of well stratified and parallel beds with exposed only at Ban Nong Khieo in the
central portion of the area.

Following the shale intercalated with:limestone unit (unit III), the depositional
environment have changed from  prot ected.bay or lagoon passing to carbonate
platform environment as indicated by thick-bedded to massive limestone lenses of the
limestone and dolomitie limestone facies (unit [V). The bivalves such as Protocardia
sp., Entolium sp., and"Astarte sp. are also found. This carbonate platform was isolated
from mainland and sufrounded by deeper water (James, 1983; Sellwood, 1986).

According to sandstone interbedded w  ith m udstone and intercalated with
limestone facies (unit V), the lithology a\, “ad sedim entary structures (Table 4.3 and
Figures 4.3 and 4.4) of this unit indicate the mixed intertidal and reef flat depositional
environments. The unit‘chatacteristic is fining and thinning upwards and widely
distributed in the northern to southern parf%i;:fathe study area. The fossils contain the

abundant bivalves Grammatgdon. sp Modwlus sp., Astarte sp., Parvamussium sp.,
Actinostroen sp.?.-Myophorella sp.?, Protocardia sp., Trigonia sp.. Gastropods, trace

fossils, foraminifera,.and plant remains are also found.

Sandstone with oolitic lim estone unit (unit VI)’eom prises mainly sandstone
with layers of oolitic lim ©.€stone-and sandy siltstene facies with cross bedding,
lamination, afid fining upward sequenges..~ | The overall geéom etry is thick-bedded
sandstone sequence. This unit has com  mon thinning and showing lateral facies
changes from thereentral to southern/part’ and is conform ably underlain-by the unit V
with sharp contact. Under the petrography st udies, quartz arenite is confined from
thick-bedded sandstone and oolitic lim estone. The unit contains abundant bivalves

Modiolus sp., Astarte sp., Myophorella sp.?, Protocardia sp., Thracia sp., Gervillia sp.,
Lycetia sp., Trigonia sp., Pteria sp.? Gastropods, vertebrates, and plant rem ains are

also found. Based on the m entioned facies, sedimentary structures, petrography, and

fossil assemblages, the unit VI has been de posited in the subtidal and intertidal sand
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flat depositional environm ent (Straat en, 1954; Klein, 1970; Ginsburg, 1975, and
Reineck, 1984) (Table 4.3, and Figures 4.3 and 4.4).

After the unit VI was already deposited in subtidal zone, the limestone unit (unit
VII) was subsequently built up overlying the tidal sand f lat of the unit VI. The unit VII
is characterized by argillaceous lim estone, fossiliferous limestone, and oolitic limestone
facies with well preserved abundant br achiopods, corals, gastropods, bivalves,
foraminifera, and vertebrates. This unitis  thick-bedded and widely distributed in the
central part extending to the south of Huai © + Wale. According to facies characteristic
analysis, the depositional environm ent of the .tmit VII is interpreted to be carbonate
platform with some parts of the reef flati(Einsele, 2000) as indicated by fossil fragments
at the Padaeng mine.

Finally, the uppermsostpatt of the K  hun Huai Form ation is represented by
sandstone unit (unit V) maainly ¢haracterized by m edium-bedded, brown and grey to
dark grey sandstone fagic intetbedded with  thin-bedded, grey, clayey sandstone facie
with unclear lamination Fining upward sequences are also present. The unit geometry is
shown as lenses and distributed only at th- e Ban Pu Toe section. The fossils include
common bivalves Bositra sp., Parvamussium sp., and Goniomya sp. According to facies
analysis, depositional environimentis desi gh?{ia‘s intertidal mixed flat.

As a whole, sedimentary sequences :fo’tthhun Huai Formation are analyzed in
terms of facies and units association (un its I-VIII) representing the shoreface and inner
shelf, fan-deltas, intertidal, and subtidal environm: ents with occasional carbonate
platform (Table 4.3). However, the propos  ed depositional environm ent of the Khun
Huai Form ation has been related with the long term  eustatic sea level curve having
regression inthe lewerpart. In therm iddle toupperpart;the-characteristics of long term
sea level curve are gradually changed into transitional phase of “the Doi Yot Form ation

(Figure 4.3):

4.3.2 Depositional environments of the Doi Yot Formation

The Doi Yot Form ation conform ably overlies the sequence of the Khun Huai
Formation, which consists m ainly of 4 units , limestone with m udstone, and sandstone,
marl interbedded with m udstone and lim estone, mudstone intercalated with sandstone,
siltstone and lim estone, and lim estone unit in ascending order. The contact of both

formations is represented by gradational contact, fining upward sequences.



Table 4.3 Summarized interpretation of depositional environments of the Hua Fai Group.

133

lenses

Ty
= -
£ Lithology Geometry \\\\\\ ”/ anentary betrooranh _— Depositional
£ = - — = ossi :
s | 8 Color Characteristic Th‘ﬁt‘;“* Distribu e tures graphy environment
Brown and e — Sub lithareni Bositra sp., ;
14 ub litharenite, ) 2 Intertidal
VIII | grey to dark| Sandstone quartz arenite f(’;ﬁ'f VAMUSSum Sp.,f | - od flat
grey oniomya sp.
Brachiopods,
Grey to dark| . Micrite.biosparite corals, eastropods. | Carbonate
20-30 s p s orals, g pods,
v grey Kimegione biomicrite, oomicrite| bivalves, vertebrate| platform
foraminifera
Modiolus sp., ]
VI Light brown| Sandstone with 40-160 Quartz arenite, Astarte sp., _SUb“fjcial]a“d
to brown | oolitic limestone sub litharenite Protocardia sp., |'mtertida
— Thracia sp. etc. | $and flat
] .
] Sandstone interbedded ] " Grammatodon sp.,
== Brown with mudstone and P er bedding, Sub lltharenlte, Modiolus sp., Mixed intertidal
B | YV [ssness < rlatbdsath 20-83 | Wedge andpja@t v 5 oosparite, b3
= grey intercalated wi ot tml i A biotalcrite Parvamussium sp. | and reef flat
i limestone Iﬂnmng L ) etc.
Grey to ; 1l part and Micrite, biosparite, | Protocardia sp.
IV |brownish | Limestone and 43-100 |e pers -§ biomicrite, dolomitic| Entolium sp. Carbonate
grey dolomitic limestone Lok a limestone Astarte sp. platform
Grey to i e Ti-igl?nfa sp.
11 | greenish Shale intercalated 73 a Imufg mm j‘ Micrite and Pteria sp. Protected bay
grey with limestone mudstone Parvamussium sp{ or lagoon
Protocardia sp.
Sandstone renite, .
oo [ A T ST R | . [
g . mudstone and q Wedge and planar | mark, and rip-up clasts | mudrocks with intertidal
grey siltstone thinning to central calcite cement
Reddish NDI’thWEST. .
I |brown and Conglomerate 10-20 central part and Massive lenses, Sandy conglomerate B Fan deltas/
grey matrix supported g south/Massive poorly sorted matrix supported Alluvial fan



nkam
Typewritten Text
133


Table 4.3 Summarized interpretation of depositional environments of the Hua Fai Group (continued).
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Figure 4.3 Eustatic sea level curves and  depositional environm ents of the Hua Fai Group,

Mae Sot-Phop Phra area.
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Figure 4.4 Schem atic models illustrating of depositional environment of the Hua Fai Group,

Mae Sot-Phop Phra area in the Jurassic.
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The characteristics of facies and unit associ ation of the Doi Yot Form ation and their
depositional environment reconstruction ar e summarized and presented in Table 4.3
and Figures 4.2, 4.3, and 4.4.

In the lowest unit of the Doi Yot Form  ation, lim estone with m udstone and
sandstone unit (unit I) conformably overlies upon the Khun Huai Formaton. The main
characteristic lithology of this unit is argillaceous lim estone interbedded with
mudstone and marl, sandy limestone and calcareous sandstone facies with lamination,
hummocky cross lam ination and flaser be ds. The lim estone, m udstone, and m arl
facies contain the common bivalves Bositra’sp: Entolium sp., and Astarte sp. The unit
is thick-bedded, parallel, and planar beds , which distributed from north passing to
central part of the study'area, Petrographi cally, mudstone, siltstone, quartzwacke, and
biomicrite are confined as thick-bedded calcareous sandstone and sandy mudstone. As
compared with idealized carbenate ra mp (Read, 1982; Aigner, 1985; Buxton and
Pedley, 1989), the sedim entsofunit T have been deposited under the inner shallow
ramp buildups.

Marl interbedded with'm udstone a nd lim estone unit (unit II) overlies the
limestone with m udstone, marl, and sandstone unit (unit I) with gradational contact.
This unit consists m ainly of inaxl, mudstiﬁe}' alternative with argillaceous lim estone
facies. The geometry of the unit is-thick- bceTided and parallel well planar beds, which
widely distributed from north passing to th e central part of the study area. The m arl
and m udstone facigs contain abundant a mmonites, bivalves, and brachiopods. The
ammonites include Erycites sp., Tmetoceras sp., Ludwigia sp. (Brown et al., 1951),
Tmetoceras regleyi Dum ortier, and Graphoceras concavum Sowerby (Kom alarjun
and Sato, 1964); <Eryecites sp: and~, Tmetoceras jdhanarajatai-Sato (Kom alarjun and
Sato, 1964). Based on thefacies analysis ,’sedim entary structures, and fossil
assemblages.the unit H is-interpreted as jhaving.beendeposited-in.the transitional of
inner to outer ramp environment.

The unit III, m  udstone intercalated sandstone, siltstone, and lim estone,
overlies upon unit II with transitional contact. It predominantly consists of m udstone
intercalated calcareous sandstone, siltstone, and argillaceous lim  estone facies. The
geometry is lenses and exposed locally in the north and central parts. The fossils are
rare throughout of unit. As com pared with the unit I, this unit should be sim ilar

depositional environment of the inner shallow ramp.
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Finally, limestone unit (unit IV) confor mably overlies the unit III with sharp
contact. The characteristic of thisunitism  ainly thick to m assive argillaceous
limestone, oolitic lim estone, and dolom itic limestone facies. The geom etry is lenses
of thick-bedded m assive carbonate distribut ed only in the central area. The fossil
fragments are com monly found in the m assive limestone facie. Based on the facies
analysis, this unit can be deposited in the shoal-rimed platform, reef flat (Zankl, 1971;
Wilson, 1975; James, 1983; Sellwood, 1986).

4.3.3 Depositional environment of the.Pha.De Formation

The Pha De Form__ ation eonform ably overlies the sequence of the Doi Yot
Formation, which consists m ainly.of 5 units, nam ely, mudstone interbedded with muddy
calcareous sandstoneym uddy calcareous sandstone interbedded with m udstone, oolitic
limestone, mudstone with lim eStone, siltstone and sandstone, and sandstone interbedded
with mudstone unit in ascending order. The characteristics of facies and unit associations
of the Pha De Form  ation and their de | ‘positional environm ent reconstruction are
summarized and presentedin Table 4.3 and Figures 4.2, 4.3, and 4.4.

The lower unit of the Pha Dé Form sation is:m udstone interbedded with m uddy
calcareous sandstone unit (unit I)-underlain Eﬁh’e Dot Yot Formation with sharp contact.
It is predom inantly com posed of gicy mu:déj@@ interbedded with m uddy calcareous
sandstone facies. The overall geom etry ch aracteristic is wedge-shaped and sequence
thickening to northward. The bivalves, Bositra sp. and am monites are com monly found
in some sandy mudstone facies. Based on the facics associations analysis, the unit I could
be presented to intertidal depositional environment.

Muddy-Calcareous sandstone interbedded withemudstene unit (unit II) overlies
conformably upon the unit with gradational ““contact. It consists predom inantly of
sandstone, intetbedded, with m-udstone, facies. Fhe-sedim entary, structures comprise
lamination, cross‘lam‘ination; and ripple m arks withrip-up clasts."Geom etrically,
the unit has wedge-shaped beds with th  inning southward and is extended from
north of the study area to the central area. The fossils contain abundant bivalves

Bositra sp., Plagiostoma sp., Parvamussium sp., Trigonia sp., Astarte sp., Thracia
sp., Bositrasp ., Pinnasp ., Protocardia sp., Inopernasp ., Pholadomya sp .,

Mytilus sp., Modiolus sp., Lima sp., Entolium sp., Eomiodon sp., Protocardia sp.

(Kozai et al., 2006). Ammonites, gastropods,



139

corals, trace fossils, brachiopods, and plant remains are also found. As com pared
with the topographic and unit zones of shoal-rim med carbonate shelf (Zankl, 1971;
Wilson, 1975; James, 1983; Sellwood, 1986), the sediments of this unit (unit IT) has
been deposited in the intertidal, reef flat, and sand bar.

The characteristic lithology of oolitic lim estone unit (unit III) predom inantly
consists of grey to dark grey, thick-bedded, oolitic  limestone facie with hummocky
cross bedding and lam ination. The geom etry of this unit is characterized by planar beds
and lenses. It is well exposed in the norther n, eentral, and southwestern parts of the study
area. Petrographically, the unit is com posed mainly of oomicrite, oobiomicrite, and some
layers of litharenite. The 0oid grains haye char acterized by radial and concentric textures
in which quartz, calciteyforam.nifera, and fossil fragments are nuclei. Based on the facie
analysis and sedim eatary ststictures, this unit is considered as subtidal sand bar (Purser,
1973; Schwarz et aly1975; Sehreiber, 1986) and shallow ram p (Read, 1982; Aigner,
1985; Buxton and Pedley, 1989).

The lower part of mudstone with lim estone, siltstone, and sandstone unit (unit
IV) consists m ainly of daik grey, m edium- to thick-bedded m udstone facie interbedded
with argillaceous lim estone facie gradually#changing to the sequence of grey, m edium-
bedded calcareous sandstone, siltstone, and r%ffnudstone facies in the upper part. The
overall geometry is characterized by Wedge-:s“ﬁglpqd beds thinning northward. The fossils
contain the abundant bivalves including Parvamussium sp., Protocardia sp., Inoperna
sp., and Thracia sp. with abundant trace fossils such as Thalassinoides sp., Planorites sp.,
Chondrites sp., Plagiognus sp., and  Deaconites sp. (Tansathien, pers. com m., 2007).
According to the facies analysis, the depos ~  itional environm ent is interpreted to be
intertidal to lagaonal limemud (Read,d 982; Aigner-1985; Buxton and Pedley, 1989).

The upper part of the mudstone with limestone, siltstone, and sandstone unit (unit
IV) centinues.te be-deposited as-the,sandstone intetbedded with m~udstone unit (unit V).
The unit is the upper m* ost of the'm“arine Jurassic sequences'in the' Mae Set-Phop Phra
basin. It predom inantly consists of sandst one interbedded with m udstone facies. The
lamination and cross lam ination are well observe d in the sandstone facie. The geom etry
is thick-bedded, wedge-shaped beds thickening in the central area. It is well exposed
from the central through the north of the area. The bivalves, trace fossils, and am monites
are also found. Based on the facies analysis, sedim entary structures, and fossil

assemblages, this unit could be probably deposited in the intertidal to shoreface.



CHAPTER V

DISCUSSION AND CONCLUSION

5.1 Discussion

5.1.1 Tectonic setting

To date, most teetonic studies in Thailand have dealt with Triassic Period
because continental collisien between the Shan-Thai and Indochina terranes and
their intervene terranes(Charusiti. et al., 1993) occurred in this tim e. Although
the geology of this reggion has been-désc  ribed previously by various workers,
tectonic evolution duting Jurassic in the Mae Sot-Phop Phra area, western
Thailand has not yet been studied 1n detail.

Since Late Triassic, the terranesiof mainland Southeast Asia have been
already am algamated (Charusiri, et al., 2002). Due to the contrast in plate
interactive from north-south to northea%f;s;_t-southwest directions respectively
during the Jurassic to Cretaceous PeriodL—:,_}he changes in tectonic regim es may
have happened. During Late Triassic norihﬁéﬁd drifting-of Western Burma Block
started to underthrustinthe northwest =southeast direction with Shan-Thai
terrane. Based on géochronological data  of granités in western Thailand and
eastern Myanmar (Charusiri et al., 1993; Darbyshire and Swainbank, 1988), the
drifting of western Burm a block (Mitc hell and"Garson, 1981) and perhaps from
the southerntheny isphere (Metcalfe, | 1995) m @y have caused subduction of
oceanic slab beneath the am algamated m ainlafd-Southeast Asia‘terrain during
Middle to Late Cretaceous. Such com.. pressive-tectaonics m ay have provided
enormous stress roughly in the north-sout h direction to the study area. Their
kinematic relationships can be describe d on the basis of assum ing simple shear
mechanisms and using the strain ellipsoid (Figure 5.1). After Jurassic Period, the
en echelon north northeast-trending strike-slip faults with dextral displacem ents

may have been formed due to this tectonic stress (see Figure 2.7).
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Figure 5.1 Strain ellipsoids illustrating com pressional, extensional and total shear stresses,

giving rise to major fault orientations of the study area.
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Multiple episodes of collision and suturing of all tectonic terranes during Late
Triassic resulted in the closure of Paleot ethys (see Figure 5.2). The Indochina and the
eastern part of Shan-Thai terranes (Nakhon Thai and Lampang-Chiang Rai) may have
been dramatically uplifted and em erged, becoming a central part of Southeast Asian
landmass (Charusiri et al., 2002). The study area was uplifted-subsided and eroded
during early-m iddle Early Jurassic (Hettangian-Pliensbachian) to early Middle
Jurassic (Bajocian). Lower Jurassic se  quences were unconform ably underlain by
Middle Triassic rocks as indicated by lim  estone basal conglom erates at the base of
Jurassic strata. These sequences we re'also reported by Meesook (1994),
Teerarungsigul (1999), Teerarungsiguls et al. (1999), Raksaskulwong (2002), and
Meesook et al. (2006)and wadcly distributed in'the northwestern, western, and
southern Thailand and €astern Myanm | ar, After this m-ild collision and rif ted basin
with global sea level#ransgression, Mesotethys sedim  entation began in late Early
Jurassic (Toarcian) and continued toearly Middle Jurassic (Bajocian). The Mae Sot-
Phop Phra Basin (central Shan-Thai te trane) was occupied by the Hua Fai Group,
shallow shelf sedimenits, shallow carbonate and mixed clastic shelf facies without the
volcanic materials and €ongidered as havi;lg been deposited onto a passive continental
margin. During Late TriasSic.to Cretace axs, westward upthrusting of Shan-Thai
terrane was continued beneath western ri nT of this terrane. Although the global sea
level rose continuously during Early Jurassic to Cretaceous (Hallam , 1988; Vial et al,
1977b), the Shan-Thai terrane had been highly uplifted than that sea level
transgression in the Late Jurassic-Cretaceous. As a result, the western and central
Shan-Thai terrane was uplifted becom ing landmass in Late Jurassic-Cretaceous. This
is indicated bythepresence; ef nom=nmanine Jurassic=Cretaceous conglomerate and red
sandstone of the Doi Din Chi unit overlying m—arine Jurassic sequences in this study
area~However; these sequences haye beenp, cclearly, seen in the-southesnypeninsula
gradually changingfrom' m arine t6 ‘brackish ‘and non-m " arine deposits{(Thung Yai
Group) in the Mab Ching area, Nakhon Si Tham marat Province (Teerarugsigul,

1999).

5.1.2 Paleogeography
Paleogeograpically, m ainland Southeast Asia is divided into three m ajor

tectonic terranes, the Western Burma, Shan-Thai, and Indochina terranes.
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Figure 5.2 A) Paleogeographical distribution of Shan-Thai, Indochina, Lam pang-Chiang Rai
and Nakhon Thai terranes compared to other tectonic terranes. B) Plate tectonic
reconstruction of major tectonic terranes of m ainland 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 Charusiri et al., 2002; Scotese, 2002; Metclaft, 2006).
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Thailand is mainly composed of the Shan-T hai terrane in the west and the Indochina
terrane in the east. Charusiri et al. (2002) proposed 2 new tectonic terranes, Nakhon
Thai and Lam pabg-Chiang Rai synthesis, which these terranes were com pletely
amalgamated in the Late Triassic. In 2002, the geotectonic evolution of Thailand and
4 m ain tectonic stages have beenr  ecognized based on tectonostratigraphic and
geochronological grounds, nam ely, Archaeot ectonic, Paleotectonic, Mesotectonic,
and Neotectonic.

During late Early Jurassic to early Mi ddle Jurassic (Mesotectonic stage), the
Mesotethyan transgression proceeded info th e"west flank and central part of Shan-
Thai (Figure 5.2b). As a result, this area was m ainly occupied by shallow continental
shelf carbonate and clastic rocks, whilst the continental sediments were deposited into
Lampang-Chianng Rai, Nakhon Thai, and Indoc  hina terranes, and widely extended
into the southern peninsular Thailand, respectively (see Figure 5.2).

The transgression and regressionielvents happening in the Mae Sot-Phop Phra
area can be com pared with'ithe global s ‘ea‘'level changes (see Table 4.2) studied by
various specialists (Vail gt al., 1977b; Hagq. etal., 1987b, 1988; Hallam, 1988; Surlyk,
1991; Li and Grant-Maekie, 1993; Hag arfg}:.qu-Qahtani, 2005). Generally, during the

Early Jurassic to Cretaceous, the global sea level curves were rising continuously and

falling distinctively in the Late Cretaceous?jzfgyv_ever, the eustatic curves of the study
area for Toarcian-carly Bajocian correspondrtorthe global/curves, but differ
significantly for post early Bajocian (see Table 4.2). According to these results, the
Late Jurassic-Cretaceous transgression-regression (T-R) phases were conversely
probably caused by the local tectonic movements. However, detailed study in terms of
paleontology-anddectonics will bemnesded fonpreeise anterpretation of marine Jurassic

of Thailand.
5.2 Conclusion

The present study is the attem pt to conduct the detailed lithostratigraphy for 7
measured sections of the m arine Jurassic Hua Fai Group within Mae Sot-Phop Phra
Basin in term s of general geology, depos itional environm ent, and tectonic setting.
Additional purpose is to define the eustatic sea level curves and paleogeography. The

results can be concluded as follows:
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5.2.1 Remote sensing interpretation

Based on the rem ote sensing and aer 1ial photographs interpretation, field
investigation, and stereographic analysis of folded rocks, the regional structures such
as folds, fractures are m ainly orientated in the northwest-southeast direction in the
Mae Sot-Phop Phra area. The m ain series of folding in this area is represented by
antiforms and synform s trending in the northwest-southeast and northeast-southwest
directions. The fractures in the study area are mainly in the northeast-southwest and
northwest-southeast directions. W hilst the northwest-southeast faults are
characterized as dextral strike-slip and reversefaults, the lineam  ents in northwest-

southeast and northeast-southwest direetions indicate normal fault sets.

5.2.2 Units and petrography of the Hua Fai Group

On the basis of lithelogical characteris tics, the Hua Fai Group can be divided
into 17 units and the total thickness of th e group based on 7 measured sections ranges
from 200 to 832 m , and the com bined section is approxim ately 750 m . A newly
proposed marine Jurassiclithostratigraphy of the Hua Fai Group consists of 8 units of

the Khun Huai Formation, 4 units:of the ]50i Yot Formation, and 5 units of the Pha De

Formation in ascending ordemn

The Khun Huai Form ation. 93-345:ﬁA17-’;h7i7ck, is characterized by conglomerate,
sandstone, siltstone; m udstone, lim estone, dolom ite, and oolitic lim estone f acies
containing abundant bivalves, gastropods, trace fossils, plant rem ains and vertebrate
fossils (turtle bones and shark teeth). Petr  ographically, this form ation is com posed
mainly of sandy conglom _erate, quartz arenite, sub litharenite, sub litharenite with
mudstone, biemicritesbiospanite, micnite, dolomitic-limsstone;-and oosparite.

The Dot Yot Fornration, 40-266 mthick, consists mainly of marl interbedded
withJdim-estone, and mudstone-faeics cont aining.abundant am monitesgpbivalves, and
brachiopods. Petrographically;'this‘form™ ‘ationis com ‘pesed m“ainlyof m icrite,
biomicrite, oomicrite, mudstone, siltstone, quartzwacke, and biosparite.

The Pha De Form ation, 67-221 m thic k, the upperm ost part of the group,
consists predom inantly of intercalation of sandstone, m udstone, siltstone, oolitic
limestome, and lim estone facies with abundant bivalves, am  monites, gastropods,

corals, brachiopods, trace fossils, and plant re mains. Petrographically, this form ation
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is composed mainly of sub litharenite, qua rtzwacke, quartz arenite, micrite, oosparite

and oobiomicrite with quartz grains, siltstone, mudstone, and intrasparite.

5.2.3 Eustatic sea level curves

Based on 8 units of the Khun Huai Form ation (Toarcian), these sequences are
characterized by fining upward sequences. In  the Toarcian, a sea level was risen
continuously into Aalenian with higher wa ter depth as represented by fining upward
sequences and gradually changed to early-middle Aalenian of the Doi Yot Form ation.
This formation is com posed m ainly of  matrlsm udstone, and argillaceous lim estone
facies. These facies are designed as theiquiet and deep depositional environm ent. The
sea level transgressiomeom menees to the m iddle-late Aalenian i.e. the highest sea
level and deep watewin thestudy area. Th is transgression corresponds to the global
sea level curves. Dusing late Aalenian to early Bajocian, the sea level was still
transgressive phase, whilstwater depth was gradually changing to the shallow
depositional environment. It isrepresented by the coarsening upward sequences of the
Pha De Formation. During Late Jurassic t0,Cretaceous, the eustatic curves of the Mae
Sot-Phop Phra Basin were gradually re :gressed, which cannot be corresponded to
global sea level curves. This ¢anbe indicat?{j}by lacking of marine Jurassic exposures

and sea water was retreated from this basin as well as various areas in Thailand.

5.2.4 Depositional environment

According to the sedim  entary sequences of the Hua Fai Group, the
depositional environm ents were analyzed in term s of facies and unit associations
representing the shoreface, fan-deltas; provectedjlagoeny intertidal, subtidal, and inner
to outer ramp environments with occasional carbonate platform and reef flat.

Based-en the units-and-eustaticsea le r, vel euryes,inthe-Mae,Set-Phop Phra
Basin during the Toarcian, the‘m-arine-Jurassic sequences should be ‘deposited in the
marine influxes lagoon or shore face, delta ~ front platform with distal m outh bar,
protected bay or lagoon, low-energy, carbonate  platform, mixed intertidal and reef
flat, subtidal and intertidal sand flat, carbona te platform with som e parts of the reef
flat, and intertidal m ixed flat environm ents. In the Aalenian, the sequences were
represented by the quiet and deeper depositional environm ents such as inner shallow

ramp buildups, transitional of inner to outer ramp, shoal-rimed platform, and reef flat.
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In the Early Bajocian, these units can be considered as the shallow m arine
environments probably deposited in the inte rtidal to shore face including intertidal

reef flat and sand bars, subtidal sand bars, and lagoonal lime mud.

5.2.5 Tectonic setting and paleogeography

After multiple episodes of all terrane’s collisions during the Late Triassic, the
Indochina and eastern part of Shan-Tha1i terranes (Nakhon Thai and Lam pang-Chiang
Rai) have been uplifted and becam = € a Southeast Asian landm ass (Charusiri et al.,
2002). The Mae Sot-Phop Phra Basin situatedan the central part of Shan-Thai terrane,
was uplifted-subsided and eroded during early-m iddle Early Jurassic (Hettangian-
Pliensbachian). In thissstudy area; the lowe rmost part of the Jurassic sequences is
unconformably underlain by the Middle Triassic and Permian rocks as represented by
the basal limestone gonglomerate unit. This unit was also reported by various workers
and is widely distributed in'the northwest A‘ ern, western and southern of Thailand and
extended to eastern Myanmar. After Late Triassic collision, this area have been rifted

basin and sea level transgressed, the Mesétg _thys sedim entation began in late Early

Jurassic (Toarcian) and continued to the Eﬁrly Middle Jurassic (Bajocian). The study

area was occupied by the Hua Eai-Group, sh ~‘allow shelf sedim ents, carbonate and

mixed clastic shelf facies withoutthe Volca—?ﬁ\é;‘;rpgterials and considered as having ben
deposited onto a passive continental m argin. During the Late Jurassic to Cretaceous,
the Western Burma/block m ay have com e close to Shan-Thai. This block m ay have
been eastwardly subducted beneath western Shan-Thai terrane (Charusiri et al.,
2002). As a result, the western and central  parts of Shan-Thai terrane were uplifted
becoming the-westermSeoutheast Asialandm nass<This-issindicated by the presence
conglomerateand-red sandstone facies of th' e Doi Din Chi unit (continental facies of
the LateJutassic-Cretaceous)-overlying the, cmatine Jurassic sequences,in the study

area and extended'to several placesin Thailand.
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No. UTM grid Bedding | X-Bedding | Ripple | Fault/ Remarks
East North | (dipdirection) | (dipdirection) | current | Fracture
MS 10471081 1823799 21525 Triassic
MS 2| 0475196 | 1806623 | 24045
MS 3| 0481862 | 1848370 | 160 10
MS 4| 0476265 | 1853204 | 22020
MS 5| 0464436 | 1848012 | 22535
MS 6 (0464326 1849404 200 25 Triassic
21040
MS 7| 0463223 | 1847621 | 21525
MS 8| 0472908 | 1808462 I 095 504 02530 215 80
330 35 15540
MS 9| 0473023 | 1807901 |.+220 35 165 35
195301
] Permian
MS 10 | 0475152 |"1810874 i dolomitic 1s
MS 11| 0474295 | 1808173 | 255 15f
MS 12 | 0474860 | 1807450 4
MS 13 | 0475482 | 1806684 | 25065 |
255305 )riida 4
MS 14 | 0475262 | 1806536 | 29535 |
MS 15 | 0474632 | 1806786 | =260 60 7559_, 65
MS 16 | 0462448 | 1847650 |256-15 %:
MS 17 | 0462167 | 1847544126535 | ' .
MS 18 | 0462051 |\1847487 | 285 15
MS 19 | 0461852 847188 24030 340 65
MS 20 | 0461872 |-1842851 | 260 30 26545 | 27035 | 26050
27035 320 15 21565
MS 21| 0461964 | 1842975 | 26542 290 55 180 05
36035
300 30
MS 22 | 0460848 | 1852250 [ 27550
MS 23 | 0462222 | 1852873 | 25535
MS 24 110462630\ 1853622 | ! 250 35
MS 25 | 0463122 | 1853971 | 160 35
MS 26 | 0463223 | 1847621 | 21525
MS 27| 0463780 | 1818355 | 34020 300 75
MS 29 0475958 1853 149 | 270 35 Triassic
260 35
MS 30 | 0464145 | 1822132 Tertiary
MS 31 | 0465404 | 1822303 Tertiary
MS 32| 0477966 | 1828210 Permian
MS 330480257 1831 256 | 27020 Triassic
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No.

UTM grid

Bedding

X-Bedding

Ripple

Fault/

East North | (dipdirection) | (dipdirection) | current | Fracture Remarks
MS 34 | 0445968 | 1852774 205 60
MS 35 | 0446970 | 1847857 | 32520 Tertiary
MS 36 | 0460799 | 1857762 | 24555 065 55
MS 37 | 0460585 | 1857324 | 245 40
MS 38 | 0460115 | 1857324 | 265 50
MS 39 | 0459642 | 1857094 | 25035
MS 40 | 0459052 | 1857211 | 260 40
255 35
MS 41 | 0458625 | 1857419 | 26047 | 980 55
25055
MS 42 | 0459043 | 1858677 a
MS 43 | 0462855 | 18538701290 40 27540 | 31065 | reverse fault
left lateral
27020 125 90 fault
MS 44 | 0462627 | 1858658 )
MS 45 | 0462493 [1853433 L
MS 46 | 0462536 | 1883214 | 02350 050 20
0525 )\ 4 350 20
00520 1 030 20
50 4 33520
MS 47 | 0462288 | 1852884 | 27040 | |
MS 48 | 0461635 | 1852637 | 30030 |
IR
MS 49 | 0461154 | 1852307, 28050 | s
MS 50 | 0460413, 1851793 | 270 50
MS 51| 0460086 &85+t
MS 52 | 0459430471851452 | 26520
MS 53 | 0464299 | 1849193 | 22030
MS 54 | 0464266 | 1847412 | 260 40
MS 55| 0464079 | 1847446 | 29945 | 30555
78350/1 |2 590 45
28045 | [~30545
265 40
230 40
310 50
265 45
295 50
MS 56 | 0463844 | 1847380 | 25025
MS 57 | 0463660 | 1847449 | 21015
MS 58 | 0463478 | 1847572
MS 59 | 0462840 | 1847636 | 21020
MS 60 | 0462448 | 1847650 | 290 15
MS 61 | 0462127 | 1847547 | 27535
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No. _ BeQding X.-Bgdding Ripple | Fault/ Remarks
UTM grid (dip direction) | (dipdirection) | current | Fracture
MS 62 | 0461533 | 1846723 23525
MS 63 | 0459673 | 1849479 | 22025
MS 64 | 0459365 | 1849563 280 30
MS 65 | 0461027 | 1837782
MS 66 | 0460592 | 1837069 | 280 45
MS 67 | 0461966 | 1838173 315 80
MS 68 | 0462692 | 1837988 | 320 50
MS 69 | 0462874 | 1837538
MS 70 | 0463307 | 1836879 | . 250 60
MS 71 | 0463862 | 1836794 270 30
MS 72 | 0465865 | 1836254 310 40
MS 73 | 0466003 | 1836514 | 260 30{
MS 74| 0466427 | 1837352 280 25
MS 75| 0467137 | 1838337 ~ 25535
MS 76 | 0467308 | 1837410 275 25 ‘
MS 77 | 0465628 |'18312354 /160 20 © |
MS 78 | 0465894 | 1831447 17020 ‘
MS 79 | 0466054 | 1831734 240 20 ¥
MS 80 | 0464274 | 1830874 | 19530
MS 81 | 0464274 | 1830847 Pk 4
MS 82 | 0463999 | 1830521 | 25030 |
MS 83 | 0460737 | 1835499 | 21510 |
MS 84 | 0454800 | 1837552 O70-15 é‘j Tertiary
MS 85| 0462916 | 1842293 O
MS 86 | 0462237 11841965 290 30
MS 87 | 0463939 171841077 | 000 20
345 45
MS 88 | 0466727 | 1841700 | 27025
MS 89| 0464111 | 1842264 28525
MS 90 | 0462199 | 1842490 33535
MS 91 | 0462442 |11842377 | 132035
MS 92 | 0458531 | 1826419 155 30
MS _93. 0458287.] 1827014 | 230 75
MS 94 110458695, 1829976 325.55 315 65
MS 95 | 0458678 | 1829843
MS 96 | 0460342 | 1825265 | 32040
350 25
MS 97 | 0460255 | 1844479
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