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. ABSTRACT

The Permo-Carboniferous sedimentary facies development in Thailand reflects the
late Variscan orogeny in SE-Asia.

During the Carboniferous and Lower Permian, a N-S trending trough separated
the Shan Thai Craton and the Indosinia Craton. This basin was flanked on its east-
ern side by a shelf on which Upper Carboniferous through Murgabian carbonates
and siliciclastics were deposited.

West of the basin platform carbonates are again present.

The carbonate sedimentation on the western platform was occasionally oppressed
by siliciclastic influx during Moscovian to Midian times. Periodic desiccation in
Middle Carboniferous and transgressive and regressive cycles in the Permian are
indicated. Mainly Asselian and Sakmarian keratophyric to quartzkeratophyric
tuffs and tuffites are interbedded with these sediments. Subsequently, spilitic sills
intruded these strata.

In the pelagic Petchabyn basin, sedimentation of ribbon cherts continued from
pre-Asselian to Kubergandian. In the Lower Permian, carbonate and tuff turbi-
dites were transported from the neighbouring platforms into the basin.

The Middle Permian flysch sedimentation resulted from a strong orogenic activity.
The basin was E-vergent, isoclinally folded and overthrusted. Because the ?pre-
Asselian, easternmost parts of the basin exhibit steep dipping fold axes (B-axes),
they are affected by at least two folding events. Parts of the Petchabun basin are
metamorphosed into the greenschist facies.

In the eastern, marginal parts of the basin, Kubergandian to Midian molasse was
deposited from the new rising fold belt. The intensity of folding of the molasse de-
creases towards the east or the younger strata.

The total width of the basin was probably not greater than 200 km. The pelagic
sediments, flysch and molasse, represent a thick coarsening-upwards sequence,
typical of subduction-related sutures. The tectonic interpretation is that of a folded
marginal marine basin. The folding was probably caused by a westward-directed
subduction (A-subduction) under the volcanic arc.

West of the arc, pebbly mudstones were laid down on the trench slope or the conti-
nental margin of Paleo-eurasia. The deposition of these mixtites continued through
the Carboniferous to Lower Permian and came to an end contemporaneously with
the relative uplift of the “Shan Thai Craton® and the onset of the A-subduction
under the Petchabun marginal basin. The Benioff-subduction must have been lo-
cated west of the area of sedimentation of the pebbly mudstones and was directed
towards the east.
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Fig.I: Lage des Arbeitsgebietes (A) und Faziesverteilung
widhrend des Perms.
Durchgezogene Linien begrenzen die permischen Gesteine
im Arbeitsgebiet (laut Geol. Karte Thailand 1:1000000).
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Mitteleres Perm

Im Westen des Faltengiirtels existieren immer noch die Riffe und Flachwasserkar-
bonate, der Vulkanismus scheint jedoch verklungen. Neben mehreren Ipciphyll-
um-Korallenfunden (Murgabian) und michtigen Kalkkonglomeraten der Riff-
hang-Fazies (Vorriff-Bereich) sind auch Chert-Brekzien, rotlich gefirbte Sand-
steine mit mitteldimensionaler Schragschichtung und in einem Fall Magnetitseifen
als Strandschwerminerale gefunden worden.

Die Entwicklung im Siiden verliuft wie im Unterperm, aber mit gelegentlicher
Einschaltung von strukturlosen Sandsteinen.

Im Siiden des Arbeitsgebietes, nordlich von Muak Lek wurden Kalk- und Tuffit-
turbidite gefunden, die ein Tieferwerden des Beckens belegen.

Im Bereich des Petchabunorogens werden einerseits immer noch bis ins Kubergan-
dian die pelagischen Cherts sedimentiert, andererseits kommt es zur Ablagerung
michtiger Flyschsedimente mit vollstaindigen BOUMA-Zyklen. Der Flysch ist
mindestens 1 km michtig und wie die Pelagische Fazies streng ostvergent, isokli-
nal gefaltet. Aufgrund von Ammoniten- und Foraminiferenfunden konnte der
Flysch als Murgabian (STROBEL in Vorber.) datiert werden. Die N-S verlaufende
Transportrichtung der Flyschsedimente wird als trogparallel interpretiert.

Weiter im Osten, an den Flysch anschliefend, kommt es wenig spater (ab Murga-
bian) zur Sedimentation einer Meeresmolasse (Nam Nao Formation, ALTER-
MANN, 1983). Sie beginnt mit einer nicht mit Fossilien belegten Ubergangsfazies
von Flysch zu Molasse, in der noch meist turbiditisch abgelagerte Grauwacken
vorkommen, die aber keine vollstindigen BOUMA-Sequenzen mehr aufweisen
(Huai Rahong Schichten, ALTERMANN, 1983). Die Paldostromungsrichtung in
diesen Sedimenten verlief Siid - Nord und Siidwest - Nordost.

Danach folgen die Huai Wa Schichten (ALTERMANN, 1983), bestehend aus
Feinkonglomeraten, feinkérnigen Grauwacken und autochthonen Kalken (Koral-
len, Krinoiden, Dasycladaceen und Foraminiferen) in Wechsellagerung mit Silt-
und Tonsteinen. Wihrend die Sandsteine sehr reich an Brachiopoden, Foraminife-
ren und Bryozoen sind, enthalten die Pelite reichlich Pflanzenreste.

Diese Sedimente werden von fossilfreien, monotonen, dunklen Tonsteinen mit
wenigen geringmichtigen Sandsteinbinkchen Uberlagert. Diese Khao Pha Daeng
Schichten (ALTERMANN, 1983) sind wahrscheinlich in einem abgegrenzten,
marginalen Becken abgelagert worden.

Die pelagischen-, Flysch- und Molasse-Sedimente sind auch sidlich der Strafle
Lom Sak - Chum Phae (im Osten von Petchabun) aufgeschlossen. Die pelagische
Fazies kann noch weiter in den Siden, bis 6stlich von Wichian Buri verfolgt wer-
den. Hier wurde sie wahrscheinlich auf oberkarbonische Flachmeerkarbonate
iiberschoben.

Im Norden kann der Flysch entlang der Laos/Thailand-Grenze, zwischen Chiang
Khan und Thali verfolgt werden.

Ostlich der Molasse, im Westen von Chum Phae wird die Sedimentation der Kar-
bonate, etwa im Murgabian, durch eine Schiittung von michtigen Sandsteinen und
Tonsteinen abgelost (Bolorian bis Kubergandian). Stark wechselnde Bankmich-
tigkeiten, Schrig- und Flaserschichtung neben Laminierung, mitteldimensionalen
und grofldimensionalen Schrigschichtungskérpern, symmetrischen Rippeln,
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der Ansicht, dafl sich Teile SE-Asiens (Shan Thai Kraton) im unteren Karbon von
Gondwana losgel6st hitten und nach Nord-Drift und einer Rotation um 180 Grad
in der oberen Trias mit Eurasien kollidiert seien. Die Mixtite sollen als glaziomari-
ne Sedimente die Gondwanazugehérigkeit dieser Region belegen.

Sedimentologie

In threr Arbeit unterteilten MITCHELL et al. (1970) die Phuket Formation in die
als “flysch-like“ beschriebene untere Einheit und die als Delta- und assoziierte Se-
dimente gedeutete obere Einheit.

Meine sedimentologischen Untersuchungen der unteren Einheit am Kaeng Kra-
chan Dam, auf den Inseln Phuket und Phi Phi in Thailand und den Langkawi In-
seln in Malaysia erlauben, sieben Faziesbereiche zu unterscheiden:

1. Diinnbankige, laminierte Tonsteine.
Die Laminierung und Feinschichtung dieser Tonsteine ist stets parallel und
eben. Laterale Verinderungen der Schichtmichtigkeiten wurden nicht beob-
achtet. Die manchmal zwischengeschalteten Siltsteine sind schrig oder flaserig
geschichtet. Diese primiren Strukturen sind oft durch Rutschungen tiberprigt;
auch Bioturbation verursacht selten eine teilweise Entschichtung dieser Schelf-
sedimente.

2. Diinnbankige bis laminierte Silt- und Sandsteine.
Linsige und Flaserschichtung, die mit Feinschichtung bis Laminierung abwech-
seln, sind die hervorstechendsten Merkmale dieser Fazies. Die Laminierung
hilt i.a. nur wenige Dezimeter aus und geht in lingliche Linsen tiber. Die
Schichtiiberginge sind oft undeutlich. Die Bianke sind stark bioturbat. In diesen
Flachwasserablagerungen kommen hiufig synsedimentire Rutschungen vor.

3. Diinn- bis mittelbankige Ton- und Sandsteine mit gestreuten Megaklasten.
Die Gerolle sind unterschiedlichster Zusammensetzung, meist gut zugerundet
und vorwiegend in der Grobsand- bis Feinkiesfraktion. Resedimente wie Ton-
gallen sind hiufig. Diese Fazies wechselt oft mit der Fazies 1 — diinnbankigen,
laminierten Tonsteinen. Wihrend der Kompaktion entstandene Deformations-
strukturen unter und iiber den Geréllen fithrten hier oft zur Fehlinterpretation,
daf vom schmelzenden Gletschereis herunterfallende Partikel Impakts verur-
sacht hitten. Der Ablagerungsprozess dieser Sedimente kann unterschiedlicher
Natur sein. Neben Auswaschungen kommt auch saisonale Einschiittung gro-
beren Sediments auf Tone in Frage, wie aus dem Mittelmeerraum bekannt.
(GENNESSEAUX, 1962; 1966).

4. Strukturlose, gerdllhaltige Tonsteine und Sandsteine.
Hier sind verschieden grofle, meist gut zugerundete und sphiroidale Gerélle
unterschiedlichster Zusammensetzung in toniger bis sandiger Matrix eingebet-
tet. Tonige Resedimente, Sandsteinlinsen, aber auch Mixtitresedimente geho-
ren ebenso zum Inventar dieser Schichten wie Gerolle von Graniten, Gneisen,
Trondhjemiten, Schiefern, Kalken, Grauwacken, Vulkaniten und Quarziten.
Die meisten Megaklaste sind in der Grobsand- bis Feinkiesfraktion, jedoch
auch wenige Gerélle von 1-2 m Durchmesser wurden beschrieben (TANTI-
WANIT et al. 1983). Diese Schichten kénnen bis zu mehreren Metern Michug-
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keit aufweisen. Sie werden als “cohesive debris flows“ (LOWE, 1982) interpre-

tiert und gehdren somit der “resedimented facies“ an (WALKER, 1978).
. Konglomerate.
Zwei unterschiedliche Ausbildungen konglomeratischer Sedimente konnten
erkannt werden:

a) Innerhalb der Fazies 3, s.d.
b) Zusammen mit der Fazies 6, s.d.

Gradierte Sandsteine, oft erosiv einsetzend.
Gelegentlich mit feinkonglomeratischen Ablagerungen beginnend und von To-
nen iiberlagert, zeigen diese Sedimente nebst Gradierung auch andere Merkma-
le von BOUMA-Zyklen. In den oberen Partien der Schichten kommen oft
Schrigschichtung und Laminierung vor. Obwohl es sich nicht um Flysche han-
delt, sind es eindeutig turbiditische Ablagerungen des Ficherbereichs am Fuf}
eines Kontinentalhanges.
Rutschungshorizonte und “Megakonvoluts“. Diese Rutschungen kénnen in
bis zu mehreren Zehner Metern michtigen Paketen vorliegen, der cm- bis dem-
Bereich iiberwiegt jedoch. Vorwiegend schichtkonform konnen sie aber auch
erosiv auftreten. Die Orientierung der Rutschungen suggeriert eine westlich
(Phuket) oder siiddwestlich (Langkawi) eintauchende Palio-Neigung des Kon-
tinentalhangs. Pseudorippelmarken und Wassertiberdruckstrukturen wie dish-
Marken, Injektionsrisse und sanddikes sind hiufig und belegen ein giinstiges
Environment fiir grofraumige Rutschungen.
Die oben beschriebene Fazieseinteilung ist der von MITCHELL et al. (1970)
sehr dhnlich. Die 6stlich von Phuket, im Liegenden der Mixtite abgelagerten
Thung Song Kalke wurden von diesen Autoren irrtiimlich in die Phuket Forma-
tion aufgenommen. Die von mir unterschiedenen Faziesbereiche 5 und 6 wur-
den von ihnen zusammenfassend als channel-Sedimente vorgestellt, obwohl sie
oft in unterschiedlichen Situationen auftreten.
Die obere Einheit der Phuket-Formation wurde von MITCHELL et al. (1970)
gegliedert in:
Bryozoen-Schichten.
Michtige Sandsteine und Tonsteine.
Die Bryozoen-Schichten sind feinsandige bis siltige Ablagerungen, die neben
Bryozoen vorwiegend Brachiopoden fithren. Die sie iiberlagernde Fazies 9 be-
steht aus glimmerreichen, oft bimodalen quarzitischen Sandsteinen. Flach-
winklige Schrigschichtungskorper mit Amplituden bis zu einem Meter sind
hier oft zu beobachten. Michuge Tonfolgen sind in diesen Schichten einge-
schaltet. Die Interpretation dieser Fazies als flachmarin bis delta-top deposita
(MITCHELL et al. 1970) wird auch von den Befiirwortern der glaziomarinen
Entstehung der Phuket Mixtite nicht angezweifelt.

Unter dem Mikroskop erscheinen die Mixtite der Phuket-Formation als struktur-
ell und kompositionell unreife, an toniger Matrix reiche (60-80% ) Grauwacken.
Der Megaklasten-Detritus (Sand-Fraktion) setzt sich aus ca. 50-60% Quarz, 40-
50% Gesteinsfragmente und selten mehr als 10% Feldspat zusammen. Dabeli liegt
der Plagioklasanteil bei ca. 90%. Die Zusammensetzung der Lithoklasten weist auf
einen kontinentalen Ursprung hin.
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Eine Silifizierung der Matrix sowie schwacher bis fortgeschrittener Quarziiber-
wuchs der detritischen Quarzkérner kommt gelegentlich vor.

REM-Untersuchungen

Die rasterelektronenmikroskopische Untersuchung der Quarzoberflichen des
Quarz-Detritus der Sandfraktion aus den Faziesbereichen 3 und 4, zeigen keinerlei
Strukturen eines glazialen Transports. Soweit nicht iberwachsen, sind alle Ober-
flichen von fiir Wassertransport typischen, dreieckiegen Atzfiguren bedeckt. (Un-
tersucht wurden 20 Proben, mindestens je 10 Korner).

Auch makroskopisch wurden an den Megaklasten keine Kritzungen oder andere,
vom Eistransport stammende Spuren festgestellt. Solche Kritzungen wurden aber
von TANTIWANIT et al. (1983) beobachtet. Fraglich bleibt ob sie wirklich beim
Eistransport entstanden sind.

Tektontk und Metamorphose

In vielen Diinnschliffen ist eine leichte Schieferung, manchmal sogar eine Druck-
schatten-Quarzbildung hinter den Megaklasten sichtbar.

Nebst einer oft vorkommenden Kontakimetamorphose, aufgrund postpaliozoi-
scher Granitintrusionen (SE-Asiatische Zinnprovinz), sind in zwei Proben, P 10—
Kuan Din Daeng und P 6 — Ko Sire, (beide Lokalititen auf Phuket), Anzeichen ei-
ner Regionalmetamorphose sichtbar. Bei der Probe P 6 ist auch eine kontaktmera-
morphe Uberprigung feststellbar. Die Schliffe zeigen in einer lithischen Grauwak-
ke —reich an toniger Matrix — Aktinolithporphyroblasten als kontaktmetamorphe
Neubildungen eines Ca-reichen Edukts sowie regionalmetamorph entstandenem
Serizit, Klinozoisit und — teilweise auch quer zur Schieferung —hellem Biotit neben
etwas Chlorit. Obwohl nicht eindeutig fazieskritisch, weist diese Mineralassozia-
tion auf eine Metamorphose der Griinschieferfazies hin (WINKLER, 1979).

Im makroskopischen Bereich istin den Ko Sire-Aufschliissen nur gelegentlich eine
tektonisch verursachte Ausrichtung der Geroélle in der Schieferung erkennbar. An-
sonsten zeigen alle von mir besichtigten Aufschlisse in Thailand und Malaysia au-
fler der schwachen Schieferung keine Anzeichen einer intensiven Tektonik oder
Metamorphose. Dies ist wohl auf eine sehr grofiraumige Faltung oder Verschup-
pung, die in dem kleinen Bereich der Aufschliisse nicht verfolgt werden kann, zu-
riickzufiihren.

Diskussion und Interpretation:

Die grofe laterale Verbreitung der Mixtite und deren zeitliche Erstreckung vom
Jungdevon bis Altperm spricht eher fiir einen ausgedehnten Kontinentalhang als
fiir marin-glaziale Bildung. Abgesehen davon, dafl die Stratigraphie dieser Sedi-
mente vor allem in China, Burma und Sumatra noch véllig ungeklirt ist, hat die
Gondwana-Vereisung im Bereich Australien, aus dem der Shan Thai Kraton stam-
men soll, nur etwa 25 mio. Jahre an der Grenze Karbon/Perm gedauert (WOPF-
NER, 1978).

Trotz weitverbreiteter Flachwassersedimente — TANTIWANIT hat sogar SM-
Strandseifen etwas nordlich von Phuket gemeldet (pers. Mitt.) — sind aus dem ge-

19



0sT

IsseoN ____,
aredTE33TH Ul 323Tejald
[eLiifjBusited ungeyszad yashry

EmaEiuEyTo) Jaysswiadiajun E—.

uoqJey/uoaag
21779740, 3TPRIRIIN - umy

WEST

EURASIEN
(INDOSINIA)

SHAN THAI



P LA I LU R Ry

e






Ill. Preface

The present thesis deals mainly with the facies development of the Permian
sedimentary basin in Northeastern and Central Thailand. The pre-Permian history
of the region under discussion and its adjacent areas is briefly mentioned.

The work was carried out during two field campaigns, the first one between
November 1982 and February 1983 and the second from February to April 1984.
The last four-week visit to the field in July/August 1985 helped to check the re-
sults. Itis a part of the German Research Foundation’s (DFG) project “Variszische
und Indosinische Prigung am Westrand des Khorat Plateaus“ under the supervi-
sion of Prof. Dr. D. Helmcke and is based on my M. Sc. thesis (Diplomarbeit, AL-
TERMANN 1983). Adding all the time together I have spent nearly one year in SE
Asia.

1 would like to thank to all persons and organisations who helped me to complete
this study.
— Prof. Dr. Dietrich HELMCKE, who has been my teacher since 1981, was al-

ways helpful and interested in the progress of my work. I am also grateful for his
financial contribution to the entire project.

— Mrs. Rucha INGAVAT, from the Department of Mineral Resources (DMR),
Bangkok carried out the paleontological analysis of the foraminiferas which
were found. She was always friendly instructing me not only on Thailands
stratigraphy, but also on Thai customs and way of life.

— Mr. Nikorn NAKORNSRI, DMR Bangkok, assisted me in finding new out-
crops and shared with me some of his great knowledge of the local geology.

- Dr. Sangad BUNOPAS, DMR Bangkok, helped to organize most of the field
work in central Thailand and was responsible for many interesting discussions
concerning the general geology of Thailand and SE Asia.

— Mr. Amnart TANTITAMSOPON, DMR Phuket, helped to coordinate the

work in the Phuket area.
— Pater Dr. Henri FONTAINE, Paris analysed several coral specimens.

— Prof. Dr. L. J. G. SCHERMERHORN from the Mineralogical Institute, FU-
Berlin, helped with many discussions and the XRF-Analysis.

— My collegues from the Free University of Berlin, Stephan GRAMMEL and
Christian STROBEL, accompanied me during a part of field work and helped
with discussions and ideas.

— Mr. Holger BERTRAM assisted in the preparation of the most of the thin sec-
tons.

— Special thanks go to my parents, who showed a lot of patience, doing their best
to give me moral and financial support.
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1. Geology and stratigraphy of Northern and Central Thailand.

The following description is based mainly on the work of the German Geological
Mission (1968 - 1971) in Thailand (BAUM et. al. 1970) and more recent papers. It
also includes the newest results of HELMCKE (1985). Some principal inconsisten-
cies will be mentioned here, but discussed later.

To make the terminology more understandable three different tectonic zones

should be clearly distinguished:

— Sukothai Fold Belt, including the “ophiolite“ suture of Nan - Uttaradit (Shan
Thai Craton).

- Petchabun Fold Belt - folded and thrusted in Lower to Middle Permian.

- Loei Fold Belt — folded in the Devonian to Carboniferous and extensively co-
vered by Mesozoic red beds.

These zones are not identical with those described by BUNOPAS (1976), who in-
cludes the Petchabun Fold Belt into the Loei Fold Belt.
For location see fig.: 2.

\\ J gc’\"."‘..‘
O
( THAILAND |

e

N\ ¢
Uttaradil:é“ <

Bl ophioclite’n/c
Plysch - P

Fig.:2. Sukothai, Petchabun and Loei
fold belts as defined in present
thesis.

31



32

Volcanlcs

Granodliorite

3 Devono/Carboniferou
sediments.

Devonlan sediment

Metamorphic
rocks

? 20km

Chlgas 4

Khan

Lower

Permian :shallow marine limestones
Serpukhovian

to :deeply weathered, red to dark
Lower shales and mudstones
Bashkirian

Uppermost :limestones vich in fosallas
Visean and shales

Uppermost
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4 :metamorphlic rocks

Fig.:3. Loei fold belt - sequence of Chiang Khan -

Pak chom area. Ages according to FONTAINE
et al. (1981).
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Since HELMCKE & KRAIKHONG, (1982) reported a Permian orogenic se-
quence of pelagic- flysch- and molasse facies from the Petchabun Fold Belt, the
Permian is under discussion as to its tectonic importance, (HELMCKE, 1983, 1985;
SENGOR, 1985; ALTERMANN, 1986).
BUNOPAS & VELLA, (1978) wrote in their paper on Paleozoic and Mesozoic
structural evolution of Northern Thailand:
“We know no Permian flysch deposits. The Permian or at least the middle part
of the Permian seems to have been an interval of tectonic quiescence in Thailand
and the whole of Southeast Asia (...). By Middle Permian the two Cratons
(Shan Thai and Indosinia) were close together, and seem to have been separated
by only a shallow sea®“. (BUNOPAS & VELLA, 1978, p. 139).
CHONGLAKMANI & SATTAYARAK, (1978), were the first to describe the
Nam Duk Formation of the Petchabun Fold Belt as geosynclinal deposits.
JACOBSON et al. (1969), were the first to propose the Permian to be a principal
folding time for Northeastern Thailand. This proposal was based on the indisput-
ably clear observation that in the Loei Fold Belt all strata younger than the Permian
are unfolded or only gently folded without dominating vergency.

Mesozoic.

Contrary to HELMCKE (1985) the Mesozoic or more precisely the Triassic/
Jurassic boundary is designated by the majority of the geologists as the time of
strongest orogenic activity in Thailand and adjacent northern and southern coun-
tries.

Mesozoic rocks are the most abundant in Central and Northeastern Thailand. In
North Thailand, elongated, N - S trending, Mesozoic sedimentary basins uncon-
formably cover Paleozoic rocks. Some regionally limited outcrops of conformable
passing from Permian to Triassic were reported by CHONGLAKMANI (1984)
from these basins.

Generally, the Upper Permian (Midian) is followed by an angular unconformity
and by marine Triassic starting with pillow lavas. These rhyolitic and andesitic vol-
canics are followed by conglomerate and finer clastics later passing into continental
facies.

PIYASIN (1971) proposed to divide the Mesozoic into the Lampang Group of
marine Triassic ranging from the Scythian to Norian and the Khorat Group which
consists mainly of non-marine, continental red beds from the Upper Norian to
Cretaceous.

The Mesozoic of Khorat Plateau exhibit a total thickness of 4500 m to 5000 m.
The Scythian Hong Hoi Formation in the Lampang area is described by
CHONGLAKMANI (1981) as to include flysch-type orogenic sediments. The
first observations led to the conclusion that this so-called flysch was laid down in
a shallow water environment and does not exhibit any typical flysch properties
such as T-sequences (BOUMA, 1962). Apart from this, whole coalified tree
stumps, shell beds, mud cracks, and brachiopod-pavements were found in the
Hong Hoi Formation (STROBEL, 1in prep).

HELMCKE (1985) pointed out on the basis of geological maps that the Hong Hoi
Formation unconformably overlaps folded Paleozoic strata and is sedimented
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“under epicontinental conditions in rather rapidly subsiding area (intramontane
basins) — much like the Saar - Selke trough of the European Variscides.“
(HELMCKE, 1985, p. 219).

The continental red beds of the Khorat Plateau, which are said to be “red molasse*
of the Indosinian orogeny (BUNOPAS, 1976) were partly investigated by
KROKER (1981), HAHN (1982), and the Thai/French team - BUFFTEAU &
INGAVAT (1985). The sedimentary conditions during the deposition of these
sediments were probably of deltaic and fluvial character. This is not a typical
molasse environment. HAHN (1982) measured in the channel sandstones of Sao
Khua Formation (middle Upper Jurassic) paleocurrent directions from NE to SW.
If this were indeed a molasse, the provenance direction should be from the
orogenic uplift in the west.

The Cretaceous tin-bearing S-type granites are according to BECKINSALE (1979)
post-orogenic intrusions. This collision closed the Permian marginal basin which
occupied the area of Central Thailand. HELMCKE (pers. comm.) related these gra-
nites to late or post orogenic magmatism.

Cenozoic.

The Cenozoic of Central and Northern Thailand has, like older epochs, strong
parallel development with the whole SE Asian subcontinent.

The most dominant features of the Cenozoic geology are wide N-S trending gra-
bens. These Tertiary grabens were caused by tensional tectonic movements. Ten-
sional forces in the SE Asian continental crust were probably triggered by the
strong impact of the Indian Continent into Eurasia. According to MOLNAR &
TAPPONIER (1975), the collision of India and Eurasia caused a clockwise rota-
tion of SE Asia. This model explains in a very elegant way the tension and occa-
sional compressional structures in wide areas of the Himalayas and fits with the
young SE Asian fault patterns. During the long active tensional movements wide-
spread basaltic flows occurred along the deep faults.

Horst and graben tectonic dominates the present morphology of Thailand and is
still active in our times.

1.1. Plate tectonic discussion.

The discussion of the geology of SE Asia has undergone rapid and important
changes in the last decade. A short historical description of the various hypotesises
of the main authors working in this area will be given with respect to the geology
of adjacent parts of Southeast Asia.

KLOMPE’s (1962)

model of the geology of SE Asia is not only of historical interest but also has some
contemporary validity. According to his classic description, the Southeast Asian
Continent grew with time by accreting younger fold ranges to the Precambrian
through Paleozoic Eastern Craton (Kontum Massif).

In the first stage the Variscan belt was connected in the north. Later, at the Triassic/
Jurassic boundary a new chain was welded on in the west, which extended up to
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I. K/Ar metamorphosis ages of the Nan/Uttaradit “ophiolites* (N Thailand)
of 344 +/-22 Ma (Devonian/Carboniferous, HELMCKE, 1985).

II. Lack of Mesozoic flysch sediments, but occurrence of folded, faulted and
overthrusted Permian pelagic, flysch, and molasse sedimentary orogenic suite.
1II. Occurrence of Upper Paleozoic, Cathasian, and Eurasian fossils all over
SE Asia.

IV. Mainly unfolded and continental character of Triassic and younger sedi-
ments.

MITCHELL (1977),

concluding from his investigations on tin granites, divided SE-Asia into four sub-
duction-related petrographical provinces (fig.:4). The eastward dipping subduc-
tion occurred during the Late Carboniferous to Early Triassic and was followed by
a continent — continent collision in the Late Triassic, which caused the Indosinian
Orogeny.

FONTAINE & WORKMAN (1978),
divided the eastern realms of SE-Asia into two main tectonic blocks:

1) Indochina, including Laos, Thailand and Kambodia.

2) South China, including northern Vietnam.
These two blocks were separated by a NE-diping subduction complex of oceanic
terrain. In the Upper Triassic a continent - continent collision between these
blocks occurred, building the Indosinian range with the Red River Lineament as a
suture.

w Zone 1 Zone 11 Zone III + IV €
Cambrian - outer arc magmatic arc
M Triassic

GONDWANA sediments TETHYS comuinmnt

land
A2 3 i

1
1
Py va vl

SHAN THAI collision in Lower
Triassic

Fig.:4. Indosinian orogeny in Thailand
MITCHELL (1977).

MACDONALD & BARR (1978),
gave a somewhat similar picture for the western realms of SE-Asia. Two blocks
(Thai - Burma - Malay in the west and Indochina in the east) collided at the Trias-
sic/Turassic boundary. The collision was triggered by a westward subduction of
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oceanic basement with a developed island arc, which was present since the Upper
Carboniferous. With time the island arc volcanism became more felsic and after the
collision granites were intruded.

THANASUTIPITAK (1978a),
distinguished three different plates in SE-Asia:

1) Eurasian plate.

2) South China plate.

3) Indosinian plate.
In Permo-Carboniferous times an oceanic basin separated West Thailand, NE
Thailand and Indochina. During the movement of Indochina towards the west, the
oceanic crust was westwardly subducted. In the Permian, the subduction direction
changed to the east and, in the Lower Triassic, the oceanic basin disappeared with
a continental collision. The basic rocks of Nan — Uttaradit are interpreted as an
ophiolite suture between Eurasia and Indochina. The suture with South China is
thought to be located further to the NE and is not described here in detail. In this
interpretation Eurasia was located south of Indochina, which was drifting south-
ward from somewhere in the north or northwest. (Comp. MOLNAR & TAP-
PONIER, 1975).

BUNOPAS and his co-authors (1978, 1983, 1984),
divided Thailand into four N-§ trending zones:
1) Western Shan — Thai Craton with thick Paleozoic and Mesozoic sequences,
mostly siliciclastics.
2) Shan — Thai Craton - Precambrian metasediments, discordantly overlain by
slightly metamorphosed Lower Paleozoic shelf sediments.
3) Central Thailand — Middle Paleozoic to Lower Mesozoic shelf sediments,
strongly folded and faulted.
4) Khorat Plateau — Upper Triassic to Cretaceous red beds, interpreted as
molasse basin sediments.
According to BUNOPAS & VELLA (1978) (fig.:6), the ophiolites of Nan - Ut-
taradit mark the suture between the Shan Thai Craton in the west and the Indosinia
Craton in the east. These two micro-continents collided in the Norian. In the Per-
mian they were separated only by a shallow sea. The subduction took place west-
wards under the Shan Thai Craton which drifted away from northwestern Au-
stralia in Carboniferous times and crossed the Tethys Ocean with a clockwise rota-
tion of more than 180 degrees.

GATINSKY (1986),
proposed four stages of geological evolution of SE Asia between the Late Pro-
terozoic to Jurassic.
1) Northward drift of the Cathasia Massif (from Gondwana), followed by the
Indochina and West Borneo Block during the Early Paleozoic. By the Lower
Carboniferous the Indochina Block had already collided with Cathasia.
2) Inthe Carboniferous the Shan Thai — West Malaya Block drifted away from

Gondwanaland and collided with the Indochina/Cathasia in the Upper Trias-
SiC.
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3) The West Borneo basement rifted away from the Indochina massif and

drifted southwards.
4) The “West Burma Platelet drifted north from Gondwanaland and slid
along the Sagaing Fault to attach itself to the Shan Thai Massif.

BEN AVRAHAM (1978),
proposed a model of several microplates or exotic terrains drifting away from
Gondwana to the north and colliding one after the other with Eurasia during the

Mesozoic.
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Fig.:6. Plate tectonic model of SE-Asia according to
BUNOPAS & VELLA (1978).

SENGOR (1985),

describing the area from eastern Turkey to Sumatra, proposed also a number of
displaced terranes, all together named the “Cimmerian Continent“. These micro-
plates rifted away from Gondwana in the Carboniferous and drifted toward the
north during Permian and Triassic times, closing the “Paleotethys“ and opening
the “Neotethys“ behind them. The collision with Indochina occurred in his opin-
ion at the Triassic/Jurassic boundary.

There are also theories on the geological evolution of SE Asia that denie a Gond-
wana or at least a Middle Paleozoic Gondwana origin for western parts of SE Asia.
The main tectonic activity is said to be older than Middle Permian.

STOCKLIN (1984),

based on his experience in the regions west of the Himalayas and adjacent areas and

summarizing the literature on SE Asia and Tibet, pointed out that no true Permo -

Triassic Tethys Ocean remains are known in the so-called Paleo-Tethys realm.
“The fact is that not a single sample of a demonstrably Permian or Triassic
oceanic sediment nor of an ophiolitic rock datable radiometrically as Permian
or Early Triassic has been found by any geologist in any of the Paleo- and
Neotethys suture zones of the Alpine - Himalayan mountain
ranges“....“Ophiolites and associated deep water sediments are found in what
may be a Paleotethys suture in Iran, Afghanistan, the Pamirs, Tibet, Yunnan,
Thailand and Malaysia, but wherever these rocks could be dated they have given
Late Devonian - Early Carboniferous ages“ (STOCKLIN, 1984, p. 27).
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Fig.:7. Plate tectonic reconstruction
according to SENGOR (1985).

For that reason he doubted the existence of the Paleotethys and proposed that the
suture closed, at the latest, in the Early Carboniferous. For the Permo - Triassic he
admited only the existence of a shallow epicontinental sea.

HELMCKE (1983, 1985) and HELMCKE and co-workers (1982, 1983),
after discovering a Permian orogenic sequence of pelagic sediments, flysch and
molasse, described the Permian as the last strong orogenic activity before the
Himalayan in the area from Pamirs to Sumatra.
Evidence included:

I) the lack of flysch younger than Middle Permian;

II) the unfolded or weakly folded Triassic strata in Thailand;

I11) the Carboniferous age of the “ophiolites of Nan — Uttaradit; and

1V) the lack of true “oceanic floor* or Gondwana fossils in the whole of SE

Asia.
HELMCKE (1985) proposed that the closing of the SE Asian suture and the Tibet
— Sungpan Kandse sutures occurred in the Middle Permian at the latest or more
probably at the Devonian-Carboniferous boundary.
Contrary to other authors he depicted mainland SE Asia as a part of Permian
Pangea and Paleoeurasia. In this scenario central SE Asia is build up of the huge
Variscan fold belt, and Central Thailand as its eastern external zone (east vergency
of the Petchabun Fold and Thrust Belt). The internal zones of this late Variscan
orogeny were located more to the west, in Thailand and Burma. During this
orogeny, most probably an intracontinental or marginal basin was strongly folded
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by eastward dipping subduction under Paleoeurasia. This caused a westward anti-
movement under the marginal basin. Strong affinities to the European Variscides
are suggested.

2. New research.

Purpose and theme of present thesis.

The geological uncertainity in the construction of SE Asia lead me to consider a
way to either prove or disprove the various theories. Starting from the principle
that different stages of mountain building processes should leave different
sedimentary records in the basin neighboring the tectonic activity, an investigation
of the the Permian facies development in Central and NE Thailand would answer
the question of the origin of the SE Asian plates. The problem also made it neces-
sary to consider the pre- and post-Permian geology of Thailand and to investigate
some outcrops in Peninsula Thailand and West Malaysia.

PF= Petchabun flysch
U= Uttaradit suture

Fig.:8. Plate boundaries according to
HELMCKE (1985).
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Location and method of mvestigation.

The main area under study is located in the N-S striking strip of Permian mapped
outcrops between Mekong River (Mae Nam Kong) in the north and the Pak Chong
- Saraburi area in the south (fig.:9).

The nature of this area of approximately 70000 square km required the develop-
ment of special techniques of investigation. Moreover, field and outcrop condi-
tions sometimes did not allow sufficient intensive studies.

The area in the north, along the Laotian boarder, is an off-limits military area. The
area at Nam Nao National Park, which was temporarily also a military restricted
area, is mainly jungle-covered. Apart from the Lom Sak - Chum Phae highway,

Fig.:10. Distribution of pebbly mudstones
in SE-Asia (STAUFFER, 1983) and
areas of investigation:

1- Khaeng Krachan Dam.
2— Phuket and Ko Phi Phi.
3- Langkawi.
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which shows excellent outcrops, the whole of this region is difficult to enter. Asis
the case all over the country, offroads follow the crests and exhibit hardly any out-
crops. Also, following the streams on foot, the chances of finding outcropping
rocks are quite small.

The subtropical vegetation and deep weathering make mapping often difficult. Ad-
ditionally, the Mesozoic cover sediments and the Tertiary graben fills hide the in-
teresting geology.

Due to the field conditions and the extensive size of the studied area, most of the
research was done in the company of a counterpart and with the help of a Land
Rover.

Because very little is known about the Permian sedimentary facies in Thailand, it
was necessary to work with a help of preliminary simplified basinal models. After
the general overview of the exposed facies was developed, more typical and less
typical facies were investigated carefully. Some areas were excluded from further
investigations because of lack of sufficient outcrops. At that time the general
stratigraphy was already worked out by Mrs. R. INGAVAT, based on collected
fusulinids.

Special attention was paid to the recording of sedimentological profiles. The only
published profiles were by BORAX & STEWART, (1966); WINKEL, (1983);
WIELCHOWSKY & YOUNG, (1985) and by the present writer (ALTER-
MANN 1983, 1984). All these data along with my own new records and data re-
corded from thin sections and polished sections were the basis for detailed facies
subdivisions and their classification within a sedimentary basin model with respect
to the stratigraphy, tectonics, and general geological history of the area.

The second area under investigation was the region of the Kaeng Krachan Dam, of
Phuket Island, Kho Pi Pi Island (peninsula Thailand) and Langkawi Island (west
Malaysia).
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Here most of the outcrops were situated along beaches with tropical karst — weath-
ered Permian limestones, roofing the strata under investigation.

The work was carried out by mapping along the beaches and partly from a boat.
Although the outcrops were mostly in good condition, the correlation between
particular localities was very difficult because of monotonous sedimentology and
lack of fossils.

The following chapter describes the results of my research concerning the lithol-
ogy, the sedimentology and the stratigraphy of the Upper Paleozoic rocks. Some
interpretative aspects will be mentioned, but final interpretation will follow later
on, with the final discussion.

At the beginning of every description a summary of previously published data for
each region will be given.

My own work is based on field observations, detailed sedimentological profiles,
and petrography.

The sandstone classification comes from FOLK (1968) and DOTT (1964). The
compositional maturity is after PETTIJOHN (1975). The textural maturity is de-
fined as in FOLK (1956). The limestone classification is after FOLK (1959) and
DUNHAM (1962). The diversification of standard micro facies (SMF) and stan-
dard facies belts (SFB) is based on WILSON (1975) and FLUGEL (1978). It was
sometimes problematic because of the unique properties of the Permian shallow
seas which probably resemble more the ramp model (AHR, 1973; READ, 1985)
than WILSON’s (1975) model.

Volcanics will be described and discussed in a separate chapter (Volcanic rocks).
All the SCHMIDT -net diagrams are according to WALLBRECHER, 1979. If no
other information is given,

* = the measurement of the sedimentary plane and

1 = the B-axis linear of the fold.

Sedimentological LOGs used in this thesis are from a combination of publications,
but especially from BOUMA (1962).

A useful help in the description of rocks was the “Tapeworm-guide for lithological
descriptions of sedimentary rocks“ by KEMPTER (1966).

Thin sections described here are selected from the total 600 studied and consist of
those which are typical for the locality.

The areas treated were determined as exactly as possible by the milestones set up
along the highways. Distances between the milestones were measured by the range
meter of the Land Rover. Localities along offroads lacking milestones and those
which were visited by walking are described by morphological characteristics and
with the help of topographic maps. The approximate distance to the next highway
junction is always given. As far as possible, map sections showing the places de-
scribed in the text are drawn.

Fig.:7 shows Permian mapped rocks redrawn from the Geological map of Thailand
1:1000 000 by (CHAKKAPHAK & VEERABURUS, 1982). My work was con-
centrated on these areas. On the following pages I will describe the lithology of
outcrops visited, more or less tracing a line from the south to the north.
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reddish sandstone 7cover

spathic limestones with solitary corals
and crinoids; foraminiferal wackestones
and grainatones;

reddish breccias and conglomerates in
upper part; 7intercalated sandstones

oneoidal limestone

ABIAN | MIDIAN

limestones; unfossiliferous dolomitic
micrites; conglomerates; pelletal- and
grapestones, spathic limestones;
foraminiferal grainstones and packatones;
bryozoa and crinoids

KUBERGANDIAN-MURGABIAN

massive limeatones; coralline boundstones;
bivalvias; foraminiferal wackestones; micrites
and sparites; crinoidal stems (joint)

)
)
BOLORIAN-

platform interior carbonates in upper part
dolomitic wackestones; Packstones, grainstones;
dasycladacean and foraminiferal limestones;
oolitic limestones; crinoids;

the strata are widely covered

]moora than 200m
ﬁ@k-l
ASSELIAN-SAKMARIAN | KUBERGANDIAN

250m
R
A

N
~

bio-intramicrites and sparites; fusulinids,
erinoids; algae; widespread replacement by
chalcedony; dolomites and dolomitic limestones

ASSELIAN

Fig.:15. Schematical profile of the Thuak Khao Sompot
outcrops. Not to scale.
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emerged environment with caliche development
is suggested. Unfortunately, no outcrops were
found to prove this assumption.
The Thuak Khao Sompot mountain exhibits the
northernmost Ptf/Kg outcrops in the area under
investigation. The extensive outcrops berween
15°12'N and 15°06'N are easy to reach. Of
course this was not the case when BORAX &
STEWART, (1966) examined this area. Neverthe-
less, they were able to measure a 525.2 m long
section of “fine-grained, gray limestones with
fusulines* underlain by dolomites of 18.5m
thickness. The strata become younger towards
the east.
WIELCHOWSKY & YOUNG (1985) measured
a 1260 m thick sequence between 15°06’'N -
07'N; 101°18'E - 19'E, ranging from Asselian
through Guadalupian. In this section they re-
cognized three subenvironments of a platform
interior depositional area, namely

platform interior lagoon,

platform interior mixed mud and sand

complex,

platform interior sand shoal.
Since it was not possible to record such continu-
ous profile in the Khao Sompot mountain, the
correlation between my description and that of
WIELCHOWSKY & YOUNG (1985) can be
made only with respect to the lithology and
stratigraphy. The description by WIEL-
CHOWSKY & YOUNG (1985) does not seem
to support their interpretation, but no closer de-
tails on the lithology are given in their paper.

In contradiction to the findings of BORAX &
STEWART (1966), a westward dipping strata
were also found in the northwestern Khao Som-
pot outcrops. This complicates the correlation.
Evidently the age of the strata does not simply
become younger from west to east, as assumed
by BORAX & STEWART (1966).

In the eastern, and northeastern outcrops, at the
foot of Khao Sompot, light reddish limestone
conglomerate i1s present. It is a matrix-sup-
ported, medium-grained (pebble to cobble size)
conglomerate, with the clasts embedded in
sparitic calcite matrix. The clasts are subangular
to rounded and consist mainly of unfossiliferous
micrite or microsparite, often with a dark, iron-
rich coating. Skeletal fossil fragments are scat-
tered in the matrix. Due to the lack of fossils in
the clasts and due to the matrix properties, this
conglomerate is associated more probably with
a reworked, former supratidal deposition than
with a reef slope.
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At the same level, some hundred meters to the

south, dark, reddish brown dolomitic, spathic

and unfossiliferous limestones occur together
with gray micritic, unfossiliferous limestones.

Also, biosparites (foraminiferal grainstones and

packstones) were found. Typical for the latter,

is sample:

WAB84/68 -~ poorly washed biosparite
(foraminiferal grainstone) with circumfer-
ence, stylolitic contacts between the
foraminifera tests and the beginnings of SiO,
replacement. Pellets are often grape-like
agglutinated. Fibrous cements and late
diagenetic cements with granular texture are
present, SMF 16? The foraminifera estab-
lished Kubergandian to Murgabian age.

Along the foot path up to the Thuak Khao Som-
pot mountain, to the temple Wat Ton Porn
Morow, massive limestones with coral bound-
stones are exhibited. Coral colonies of 0.5 m or
1.0 m in diameter represent small patch reefs en-
vironment. Crinoidal limestones of fine debris
and up to 10cm long stems and abundant
brachiopod shells and interfinger with the reefal
limestones. Also foraminiferal biomicrites and
sparites (packstones) and pelletal - foraminiferal
wackestones are common. Bolorian to Kuber-
gandian age was established by the foraminifera
found (WA84/70). These findings suggest an en-
vironment of a shoal shelf with small reefs and
mounds, affected by wave action, and protected
lagoons. This interpretation corresponds to the
one given by WIELCHOWSKY & YOUNG
(1985).

To the north, at the lower part of Khao Sompot
(15°11'N), oncoidal limestones with up to 2 em
diameter oncoids crop out. The oncoids are
composed of cyanoid algae surrounding calcare-
ous or fine siliciclastic nuclei, or organic frag-
ments with irregular, hollow spaces (small
cavities). The latter are often compressed and
sometimes resettled by algae. In general the on-
coids have wavy layers and are of irregular shape
and can be treated as sphaeroidal stromatolites
of SS-type (LOGAN et al. 1964). These on-
ciodal limestones represent a shallow, intertidal
environment.

Going westward from the oncoid outcrop, there
occur light gray spathic limestones with solitary
corals (overlying the oncoidal limestone?). Red-
dish, cherty nodules and lenses of 1 or 2 meters
length within the limestones form small mor-
phological mounds in the field. Breccias and
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sandstone occur. It is parallel bedded, with
parallel lamination or large scale crossbedding.
The foresets of the crossbeds can be up t0 20 cm
thick and dip to the SSW direction (SS 195°/40%).
Interbedded with these sandstones are conglom-
erates with carbonate clasts in a red sand matrix.
Rare sandstone clasts also occur but 99% of the
clasts are pebble- to cobble-size bioclastic
grainstones and packstones with brachipods,
crinoids, foraminifera and solitary or colonial
corals. The beds average about 50 cm to 1 m
thick with some beds more than 2 m thick with
clasts up to 30cm in diameter. Bolorian to
Kubergandian age was determined from the
foraminifera in the clasts. Some of the red
sandstone layers are rich in magnetite detritus,
concentrated in thin bands (placer). Cherty, car-
bonatic and other lithic fragments are present
but monocrystalline quartz grains dominate
(50%). The matrix is calcitic and in some beds
cherty (WA82/135; 136).

The southeastern flank of Phu Khao Samo Rat s
of similar lithology. Here the strata are dipping
to the west with angles of 20 - 30 degrees. Red
sandstones are overlain by identical conglomer-
ates as above. Also, oncoidal limestone clasts
were found within the conglomerate. The on-
coids are one or two centimeters in diameter
with 3-4 mm thick algal coating (S5-R type,
randomly stacked hemispheroides, LOGAN et
al. 1964) surrounding angular limestone clasts.
Dolomite crystals are abundant in the matrix be-
tween the oncoids. SMF 13 of SFB 6 dominates
these conglomerate clasts.

Further to the southeast, in the outcrops di-
rectly east of the monastery, occur breccia and
very coarse conglomerate, without much mat-
rix. Boulders up to 1 m in diameter are com-
mon. No bedding or imbrication or other
sedimentary properties could be observed. Fine
siliciclastic influx in the carbonate matrix was
seen in thin section. The clasts are carbonates of
bioclastic  wackestone, packstone  and
grainstone origin and contain a huge faunal di-
versity of a shallow water biota. There are also
coral boundstones as clasts. Many of the clasts
are strongly dolomitized. A subtidal scarp or
reef slope could have been the depositional envi-
ronment.

From the outcrop at the monastery, a cross sec-
tion of the progressively younger strata could be
measured to the west. The easternmost outcrop
of the section exhibits fine to coarse pebble
conglomerates and are partly breccias with
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mainly limestone clasts, with carbonate and
sand matrix. Also clay rip-up clasts, chert clasts
and fine to coarse grained reddish sandstone
clasts occur. Such sandstones are also interca-
lated with the conglomerates. Crossbedded
sandstone layers have erosive contacts with
upper layers of conglomerates or sandstones.
Whole foraminifera, corals, cephalopods, and
jointed crinoid stems are present in the clasts
and in the matrix. The carbonatic clasts are often
dolomitized and silicified. Some of them con-
tain small volcanic intraclasts within the
foraminiferal, algal and pelletal grainstones and
packstones. Standard facies belt 7 and 8 are rep-
resented by all possible SMF in the conglomer-
ate clasts. The conglomerate itself is of SMF 24.
The total sequence is more than 100 m thick and
has been dated as Yahtashian to Bolorian in age,
based on the foraminifera found within the
clasts (WA84/83).

Approximately 1500 m to the west, at the west-
ern foot of Phu Khao Samo Rat peak, the litho-
logy does not change much but the percentage
of foraminiferal, biosparitic grainstones in the
clasts increases. Also, no more siliciclastic beds
occur in the sequence. Siliciclastics are only rep-
resented as rare clasts in the westward dipping
conglomerate beds. Bolorian to Kubergandian
age was given by the foraminifera from the clasts
(WAB4/84).

This lithology changes only 1.5 km further to-
wards the west. Here no more conglomerates
appear, but massive, fine grained, gray limes-
tones (calcarenitic, biomicrosparitic pack-
stones). No foraminifera were found but abun-
dant unbroken crinoid stems are present.

One kilometer further to the west, again con-
glomerates crop out. The clasts are medium-
grained pebbles (2-3 ¢cm), white, grain -sup-
ported and poor in lime-matrix. Some beds of
sand-matrix conglomerate with clasts of boul-
der size are intercalated as well as some red sand
and red clay lenses.

These sediments are directly overlain by oncoi-
dal and oolithic limestones of SMF 13 and 15,
which contain volcanic intraclasts as nuclei of
the spheroides (WA84/92). Very rare glauconite
grains were found in these beds.

The layers underlying the oncoidal beds were
dated again as Bolorian to Kubergandian with
the foraminifera from the clasts (WA84/88).

In the interpretation of the strata of Phu Khao
Samo Rat, all the stratigraphical dara was



worked out from the clasts of the conglomerates
which gives the oldest possible age. The clasts
seems to be progressivly younger from east to
the west as the westward dipping strata become
younger in the same direction. The oldest possi-
ble age is Yahtashian in the easternmost outcrop
and Kubergandian or younger age in the wes-
ternmost outcrop. The sequence of deposition
and immediate erosion and redeposition is as-
sumed. In the case of erosion of a thick and
much older strata, the oldest sediments are
eroded last and redeposited on top of the new
sequence last.

The deposition of a thick pile of conglomerates
and siliciclastic and carbonate strata, with evi-
dently shallow water indicators (heavy mineral
placers, shallow water biota, red, coarse silicic-
lastics with medium size crossbeds and red pe-
lites, oncoidal and oolithic limestones) suggesta
transgressive cycle, periodically inactive or
perhaps even regressive. The existence of a
channeled, supratidal to subtidal regime with
rapid environment changes, but always within
shallow water limit is well documented. Two
transgressive cycles were thus idenufied:

1) Yahtashian - Bolorian.

2) Bolorian - Kubergandian.

They probably represent much shorter time
periods, somewhere in the lower Middle Per-
mian and upper Middle Permian.

Summarising, the transgressive character of the
rocks in the Phu Khao Samo Rat area is
suggested, as is claimed for the Middle Permian
world wide (comp. ROSS & ROSS, 1985).

2.7. Khao Khi Nok area.

The Khao Khi Nok Mount is located between
15°36'N - 15°38’N and 101°02'E 1o 101°O4'E.
It is the southernmost, 441 m high peak of a
NNW trending group of hills, which are map-
ped as the Pif — Tak Fa Formation on the Am-
phoe Ban Mi sheet of the Geological Map of
Thailand 1:250000 (fig.:16). The same outcrops
are mapped as P1 - Phu Tham Nam Maholan
Formation of Lower Permian on the 1:500000
map by SATTARAYAK & SUTEETORN
(1979).

The location of the outcrops directly west of
highway No.21 makes them easily accessible. A
side-road leads from highway No.21, at km
118.9, to the west to Khao Khi Nok. The bad
outcrop conditions do not allow confident
examination and interpretation of the strata.
The tectonic and stratigraphic relationships be-

tween the particular outcrops in this area were
especially difficult to study because of the lack
of coherent profiles and significant tectonic
structures.

Two main facies were found throughout the
surrounding area of Khao Khi Nok. The first
consists of massively bedded carbonates; the
second consists of decimeters thick beds of mat-
rix-supported chert conglomerates and breccias
and/or coarse sandstones composed of angular
chert grains. The beds are discontinuous and
pinch out over meters distance. These clastic
sediments are mainly chert conglomerates and
breccias with clasts ranging from 2 mm to
20 cm in diameter, partly very densely packed
but still matrix supported and without clear im-
brication. They are texturally highly immature
but all of chert composition. The matrix is gene-
rally silicatic - ferritic and deep reddish brown.

Whereas the first facies is restricted to the Khao
Khi Nok Mount itself, the second was found
only in the surrounding neighborhood, in the
flats at the foot of the mount. No direct contact
berween both lithologic types was found. But,
judging from the dip direction of the conglomer-
ate beds and their position relative to the limes-
tones, they seem to cover the carbonates and
thus seem to be younger.

In the outcrops located approximately one km
south of the mountain, intensive violet - reddish
mudstones and sandstones, only weakly indu-
rated, underlie the conglomerates and breccias
described above with conformable, stratiform
beds. Intercalated with the conglomerates of
this outcrop are chert beds with abundant, rela-
tively unbroken crinoid stems, brachiopods, and
colonial coral fragments. These bioclasts are to-
tally replaced by silica and only the crinoids are
dissolved and present as molds.

The corals found here are various species of Ip-

ciphyllum (courtesy FONTAINE) of Murga-

bian age.

WA84/105: Chert. Carbonate replaced by
megaquartz. Totally obliterated primary
structures, some crinoidal and bivalvia frag-
ments traceable. Rare, very angular, sand-
sized chert intraclasts.

The same facies crop out directly at highway
No. 21 on the western side, at km 123.0, SE of
Khao Khi Nok. Here also the conglomerates are
underlain by red clays and sandstones.

On the eastern flank of Khao Khi Nok some
boulders of the conglomerate and of red brown,
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According o LASCHET (1984), dissolved
silica resulting from continental chemical
weathering is the main contributing silica source
initiating chert formation. The rate of silica sup-
ply is controlled by extensive global palaeocli-
mate zones with ferralithic weathering. Under
the warm Permian climate, which is indicated
by the fossils, the solubility of silica was in-
creased. The dissolved silica was supplied to the
shallow seas and at the same time the meteoric
waters also became enriched in dissolved silica.
This may have led to secondary silicification
processes, preferentially in the permeable sedi-
ments of the coastal regions, on contact with
marine phreatic water. Processes as transgres-
sion and regression promote the formation of
extensive mixing zones of marine phreatic and
silica-rich meteoric phreatic water. The precipi-
tation of silica is initiated by the lowering pH,
the increase in CO; and by salinity changes.

2.8. Khao Yang Ta Po area.

The road 1o Khao Yang Ta Po branches off 1o
the west on the highway No. 21 at km 132.0.
Khao Yang Ta Po or Khao Khat, as it is named
on the Amphoe Ban Mi sheet - (Topographic
Map of Thailand 1:250000, by the Royal Thai
Survey Department, 5/1983), is a 470m high
peak within the Permian Ptf Formation.

The exact location of the mountain is 15°36'N
and 101°01'E. The general dip of the Permian
strata is 30 to 60 degrees to the southwest.

EARLY

DEPOSITION DIAG 15

The outcropping rocks have been examined from
the east to the west. The easternmost exposures
are of thin-bedded mudstones and fine -grained
sandstones, in which rare, thin limestone beds
are intercalated. The siliciclastic beds are
slightly quartzitic, parallel laminated, and con-
tain abundant brachipod shells. Iron oxides are
enriched on laminae surfaces. The sample
W AB84/117 (siltsone) has chlorite in the matrix,
together with ferroan (?) dolomite rombohed-
rons and chert replacing the carbonate. The
limestones are calcarenites of biomicrite and
biosparite  (wackestones 1o  packstones).
Foraminiferal and dasycladacean bioclasts were
found within these, slightly dolomitized carbo-
nates of SMF 9; SFB 7. Dog tooth and fibrous
cements as well as later, sugary cements in pores
and fractures are common in these facies. Spon-
gistromate mudstones with abundant fossil
fragments on the algal mat surfaces were also
found. They caused compactional load -casts
within the spongistrome laminae. These SMF
21; SFB 8 carbonates are also slightly
dolomitized.

Approximately one km further to the west the
fossil debris in the limestones becomes coarser.
Brachiopods, bryozoan, and algal fragments are
common in those poorly washed or packed
intra-biosparites (packstones and grainstones).
The bioclasts are worn and coated and some
shells are diagenetically (compaction) crushed
and show umbrella effects beneath or inside the

LATE

BURIAL IRBEIPOSURE /
DIAGENESIS

STAGE SUBSURFACE

Dolomitization

Silicification

m-
dolomitization

Stilolit-
ization

Compacticn

R
NIRRT
e b g = et ]

Fig.:18. Compactional and diagenetic processes in
carbonates according to DIETRICH et al.
(1963), NAMY (1974) and others.
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stone is strongly stressed and recrystallized,
which can be measured on the crinoids. This
limestone is a packstone or grainstone, but due
to its recrystallization, it is impossible to iden-
tify the standard microfacies. Possibilities are
SMF 12, SMF 14, SMF 9 or 10, or SMF 4. The
age of this limestone is probably Lower Permian
(NAKORNSRI pers. comm. ).

The uppermost unit is again of massive limes-
tone and approximately 100 m in thickness. No
clear bedding was observed here. Also, no fos-
sils were found in this unit. The limestone is
gray to dark gray and very homogencous.
Under the microscope it shows a very fine crys-
talline structure of CaCO,. Its primary origin is
not clear. Mainly because of the occurrence of
the underlying conglomerate, these two limes-
tone units are most likely of rather shallow
marine origin and probably within the platform
interior environment. WIELCHOWSKY &
YOUNG (1985) mapped these outcrops as a
basin depositional environment but they did not
describe the lithology in their paper.

The gravel road from Ban Bo Nam to Ban Nong
Ri crosses the southern end of the Petchabun
Fold and Thrust Belt somewhat north of Khao
Ta Mon (approximately at latitude of 15°22'N).
Along this road fine-grained siliciclastic boul-
ders and a few, small carbonate outcrops were
found. The small outcrops are located NE of the
westward dipping strata described above. The
carbonates are coral, ammonite and foraminif-
era-bearing. Petrographically they are pelspa-
rites or foraminiferal pelsparites (grainstones to
packstones of SMF 16) or bioclastic packstones
of SMF 10. They are of Moscovian age (corals
and forams).

In facies developement and the tectonic over-
print the rocks found in the Khao Ta Mon area
strongly differ from those found further to the
north within the Petchabun Fold .and Thrust
Belt. They resemble instead rocks described
from the Thuak Khao Sompot or Khao Khi Nok
area. Obviously, the fault drawn on the Geolog-
ical Map of NE Thailand 1:500000 which sepa-
rates Khao Ta Mon and Thuak Khao Sompot is
in fact a group of parallel transverse faults be-
longing to the Mae Ping fault zone.

2.15. West of Chum Phae area.

The area west of Chum Phae has been described
in several papers. BORAX & STEWART
(1966) measured several sections in this region.
Their section No. 6 extends from the Choen
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river at lat. 16°38'N and long. 101°47'E for ap-
proximately 2 km to the south. Their section
No. 7 extends from 16°44'N; 101°47'F to
16°42'N; 101°49'E and their section No. 4 was
measured at Phu Pha Daeng (16°52°N; 101°57'E
to 16°50’'N to 101°57°E). On the basis of their
observations, BORAX & STEWART (1966, p.
12) divided the Permian strata into two parts: a
“Lower Unit of heavy - bedded to moderately
thick - bedded, karst-forming limestone and a
conformably (?) overlying Upper Unit of inter-
bedded limestone, shale and siltstone, and
quartzitic fine grained sandstone®. The age of
the units is given as Wolfcampian to Early War-
dian (Asselian to Bolorian). The total thickness
of the two units was estimated as 8000 m. This
estimate seems much too high, judging from the
local geological conditions.

In the Lower Unit, which BORAX &
STEWART (1966) estimated as 5000m thick,
they described large-scale cross-bedding with
differences of dip of as much as 10 degrees be-
tween units and lentils of cross beds of approxi-
mately 100 m in length. These cross-beds were
observed only from the air, at the “anu-dip
slopes of the hogback ridges* (p.13). This de-
scription is very likely a description of the Huai
Hin Lat Formation of the Mesozoic Khorat
Group. Erroneously, these workers added at
least the Triassic sequence (Carnian to Norian)
to the Permian strata.

Also the section No. 7, mesured in the “Upper
Unit* seems to be within the Khorat Group
(comp. CHONGLAKMANI & SAT-
TAYARAK 1978).

WIELCHOWSKY & YOUNG (1985) described
from the Nam Prom Dam area and the Lom Sak
- Chum Phae highway (approximately 40 km
east of the Permian molasse described
above), interbedded shales, siltstones, cross-
laminated sandstones, and thin limestone beds
of shallow marine environment. The interca-
lated limestones are Artinskian o Early
Guadalupian and rest structurally on terrigen-
ous clastic rocks of Early and Middle Guadalu-
pian age, which indicates a major thrust faule. In
the same area but structurally in a higher posi-
ton, WIELCHOWSKY & YOUNG (1985)
have mapped also medium- to thick-bedded
sandstones, conglomerates and shales and
limestones, with channels, burrows, clay rip-up
clasts, and plant material. These rocks are also of
Artinskian to Early Guadalupian age. They
were interpreted as deposited in a marginal
marine environment.
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3. Volcanic rocks.

The abundance of volcanic rocks associated with the sedimentary rocks described
makes it necessary to consider the aspect of volcanism and its effects in Thailand.
Several writers have already investigated the problem of Paleozoic to Mesozoic vol-
canism and magmatism in Thailand. The scope of the present chapter is to mainly
discuss the Lower Permian volcanics of the areas described in chapter 2. Neverthe-
less the results of previous authors have to be first summarized.

BUNOPAS & VELLA (1978), gave an overview of Paleozoic to Mesozoic volcanic
belts of Thailand, which is shown in fig.:36. Of course these volcanic belts are a .
part of the geotectonic model proposed by these authors (see 1.1.). The belts repre-
sent a stationary volcanic arc (Silurian to Mesozoic), related to a westward subduc-
tion of oceanic crust beneath the Shan Thai Craton. In this case volcanism of an int-
racontinental rifting character should be followed by ocean spreading volcanics,
then by subduction, and later, by collision related volcanism and, finally, by post-
collisional volcanism and magmatism.

MACDONALD & BARR (1978) have analysed the Late Carboniferous “volcanic
arc“ of N Thailand between Chang Rai and Chiang Mai. They come to the conclu-
sion, that these volcanics are of tholeiitic magma origin, similar to island arc - low
potassium tholeiites. The thin section petrology is described to “... consist essen-
tially of clinopyroxene (augite or titanite) and plagioclase (andesine - labradorite),
commonly accompanied by forsteritic olivine“ and the rocks are termed as basaltic

(MACDONALD & BARR, 1978; p.152).

BARR et al. (1985) describe from the San Kampaeng area (ca. 25 km E of Chiang
Mai), from the southern outcrops described above as Late Carboniferous “volcanic
arc“, apparently Permian volcanics. It is suggested by these authors that all of the
Late Carboniferous arc is Permian.

A drill core of an exploration well GTE-1, consisting of mainly porphyritic and
amygdaloidal basalts, with subordinate crystal- and lithic-crystal tuffs and basaltic
dikes and pillowed units is described. Within these volcanic rocks a Permian limes-
tone is intercalated. It seems not to be clear whether the contact is of a tectonic ori-
gin or not. Both, limestone and volcanics are complexly deformed and metamorph-
osed to sub-greenschist facies. The volcanics are said to consist mainly of
clinopyroxene and altered plagioclase. Questionable olivine phenocrysts, com-
pletely pseudomorphosed by chlorite are also mentioned. Contrary to MAC-
DONALD & BARR (1978) the rocks were identified on the basis of immobile trace
elements as of continental tholeiitic affinities. High TiO; (2-3%), Nb/Y less than
1, high Ti/Y (600 to 700) and high zircon (average 166 ppm) are most characteristic
for these rocks and consistent with those previously reported from the surface out-
crops from the southern part of the Late Carboniferous “volcanic arc*. Though,
BARR et al. (1985), try to apply the westward subduction model of BUNOPAS &
VELLA (1978), they interpret the belt as giving no evidence for a paleosuture. They
believe it more likely to be an interplate rift volcanism, probably located west of the
Permian subduction zone.
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Fig.: 37. XFA-results of the volcanites. The symbols remain identical in all the

following figures




the fact that the descriptions of the European Variscides concentrate on the geoche-
mical investigations of lavas and normally do not treat wuffs and tuffites.

Fig.:37 shows the measured values for the 18 samples from Thailand. In all the diag-
rams, the symbols used to distinguish the samples from different areas remain iden-
tical. Sample WA82/173 - post-Paleozoic basaltic dike, and the samples WA84/18
and WA85/14 — tuffites, which are most strongly contaminated by sedimentary cal-
cite, have varying symbols from the other samples because of their unigueness.
Reading the diagrams one should keep in mind, that when reading absolute values,
contaminated samples usually have lower absolute values than samples uncontami-
nated by sediment.
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Fig.: 38. Volcanic samples in the

Si0p-2r/Ti0, diagram (WINCHESTER &
FLOYD, 1977).

Using the SiO,-Zr/TiO,; diagram of WINCHESTER & FLOYD (1977), the samp-
les plot in the sub-alkaline basalte, andesite and rhyodacite-dacite fields. Here,
when recalculating the contamination by carbonate, only the SiO; values would
increase and than the samples would plot between the andesitic and rhyolitic field.
In this diagram WA82/173 shows a subalkaline trend (fig.:38).

Using the TAS-diagram (Total Alkali Silica), as proposed by ZANETTIN (1984),
the samples plot in the basaltic-andesite, andesite, dacite and trachyandesite fields.
Only WA84/18; WAS85/14 and WAS82/173 are in the basalt field. Only WA82/173 is
truly basaltic, WA82/163 is a true trachyandesite, and Ru82/51 is a true andesite. All
the other samples should plot in the andesite - dacite - trachyte field, if they were
not more or less strong contaminated by sedimentary carbonate.
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Fig.: 46, RITTMANN’s G& T values of the tuffites from Thailand.
See text for explanation.

has often been described as a bimodal magmatism, which is typical for intraconti-
nantal rifting, when it is alkali accentuated.
SCHUTZ (1985) pointed out that for the SW-Iberian rocks the SiO; bimodality is
not unequivocal but the spilites, keratophyres and quartzkeratophyres plot in sepa-
rate fields on the TiO; - $iO; diagram. A better bimodal distribution results inaTh
- TiO; diagram. The Paleozoic volcanic samples from Thailand, excluding the high-
ly contaminated tuffites WA84/18 and WA85/14, were applied to the same diag-
rams. In both figures (fig.:44 & 45) the tuffites fo]low the trend of the volcanics
from Spain and plot within or close to the keratophyre field of SCHUTZ (1985).

GOTTINI GRASSO (1968) and RITTMANN (1968) have introduced the t-quo-
tient to differentiate the simatic and the sialic magmas.

1 = (ALO; - Na,O)/TiO; (wt%)

According to these authors, simatic, mantle-related magmas have values of T < 10.
Values higher than 10 are typical for crustal contaminated or sialic - palingenic mag-
mas.

According to ROSLER & WERNER (1979), the Rhenoherzynian
quartzkeratophyres have on average 1=25.8 and the Saxothuringian
quartzkeratophyres on average 1=22.2. The keratophyres from the Rhenoherzy-
nian zone have 1=14.6 on average and the Rhenoherzynian spilites a t=4.5. The spi-
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Fig.: 53. Volcanism and orogenies: left side European Variscides and
island arcs after SCHUTZ, (1985). Right hand side: Thailand -
present thesis and from diverse literature.

es of Europe and to general island arc development can be postulated on the basis
of the collected data and published information (summarized by THANASUTHI-
PITAK, 1978; TANTISUKRIT, 1978).

Fig.:53 is a speculative interpretation in which the unreliable age and geochemistry
data for Thailand’s post-Paleozoic igneous rocks are of course problematic.
Trondhjemites are not reported from mainland of SE Asia, but the West Thailand
“Precambrian complex® seems to be favorable for trondhjemitic rocks. Precambri-
an has never been proven to be in this area and is only established by the degree of
metamorphism and the intensity of folding.

The existence of quartzkeratophyre — spilite — suite is till now only proven by the
occurrence of pyroclastites and sills. The Fe-Mn-Kies-formation is not known or
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WINKEL (1983) has described the pre Asselian pelagic sediments as consisting of
ribbon cherts, phyllites and tuffites, which were deposited in a deep marine regime.

Summarizing the observations of former workers and the present results, three ma-
in depositional regimes have been recognised for the Carboniferous in Central Tha-
iland: East and west of the Petchabun Fold Belt shallow marine carbonates are loca-
ted. The western carbonate platform contains some intercalated tuffites. The two
shallow marine areas are separated by a deep marine basin into which turbidites
transported carbonate and tuff debris from the platforms interrupting the pelagic
mud and chert sedimentation.

4.2. Early Permian.

WIELCHOWSKY & YOUNG (1985) established for the Permian in Central Thai-
land similar facies diversification as described above for the Carboniferous. They
mapped west of the study area the shallow marine, carbonate Khao Khwang Plat-
form, and in the east, the Pha Nok Khao platform of marginal marine siliciclastic
sediments and carbonates. The two platforms are separated by the Nam Duk deep
marine basin. This subdivision has been widely confirmed.

For Lower Permian a wide carbonate platform (ramp) has been traced west of the
line connecting Lam Na Rai with Lom Sak. During Asselian, Sakmarian and Yah-
tashian reefal buildups, patch reefs and associated facies belts existed on this ramp.
Typical faunal communities of algae and fusulinid foraminifera, brachiopods, cri-
noids and bryozoa dominated the depositional area. Loferites and spongistromate,
micritic limestones were deposited in restricted lagoons and on a tidal-influenced
shelf.

In Ban Lam Payom area, Asselian to Sakmarian tidal flats and shelf of restricted cir-
culation conditions are suggested by the micro-facies.

At Phu Khao Samo Rat only Yahtashian, passing into Middle Permian outcrops
were found. The Yahtashian appears as conglomerate facies. The age is based on fo-
raminifera within the clasts. The conglomerates, interpreted as intraformational
breccias and transgressive conglomerates are interbedded with red siliciclastic
psammites and pelites. They are most probably of Upper Yahtashian or Lower Bo-
lorian age.

At the southern entrance to Sapsamothot, limestones containing keratophyric lit-
hoclasts suggest Asselian age, which is not proven by fossils. This facies represents
probably a shelf with open circulation conditions (outer shelf).

Asselian upper shelf to tidal flats carbonates were found somewhat west of Sapsa-
mothot, along the road to Wang Pi Kun. Here no volcanic intraclasts were found.
NW of Nong Pai, at km 181.5 in the direction of Petchabun, mainly Asselian strata
were discovered. Two samples also indicate Upper Carboniferous and Sakmarian
age. Subtidal to intertidal shelf carbonates are intercalated with tuffites and tuffs of
keratophyric composition. Storm or turbiditic layers and reef slope deposits are al-
so present within the strata.

Carboniferous to Sakmarian strata have been also found south of Chon Daen, and
interpreted as originated in a shallow marine carbonate environment.
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At Khao Khi Nok the outcrops are of Kubergandian to Murgabian age.

The lower part of the sequence is represented by thick-bedded carbonates of plat-
form interior character. They are covered by partly red-colored mudstones and
sandstones and silicified and dedolomitized conglomerate. The Khao Khi Nok
outcrops are interpreted as shallowing upwards or regressive cycle with the regres-
sion peak in the Murgabian.

At Khao Yang Ta Po, similar conditions are exposed, but the Murgabian also conta-
ins algal and coral patch reefs. In the area of Wang Pi Kun, west of Sapsamothot,
Murgabian reefal carbonates seem to rest upon Bolorian limestones.

The southern part of the study area, between Pak Chong - Saraburi and Lam Na
Rai, exhibits also predominantly shallow marine conditions for the Middle Permi-
an. Along the road from Saraburi to Lam Na Rai, the beds seem to become general-
ly older from west to east, between km 129.0 and 142.0 (Murgabian to Yahtashian).
In this area the limestones prevail, but fine-grained sandstones, siltstones, and
slightly phyllitized shales are also present. The environment through the Middle
Permian is of an upper shelf with lagoons, organic build-ups, winnowed edge
sands, and restricted circulation areas.
Further to the east, siliciclastic sediments prevail up to km 146.0 of this road. The
fine- to medium-bedded sandstones and shales lack sedimentary structures. Rare
gray limestone lenses and beds, poor in fossils, are interlayered with the siliciclastic
strata. These beds are interpreted as Middle Permian shelf and shelf margin de-
osits.
g’ahtashian to Murgabian foreslope and deep shelf margin limestones have been
found north of Muaklek.
The Kubergandian to Murgabian limestones between km 154 and 155 of the Sarabu-
ri - Pak Chong road are of intertidal character. Further to the east, probably basin
margin fan deposits (sandstones and shales) are metamorphosed into the low grade
facies.
In the Saraburi - Lop Buri area Middle Permian basin margin slope deposits of li-
mestone, limestone conglomerate, and rare graywackes are found.
Along the Saraburi - Lam Na Rai road a thick sequence of bedded limestones of Ku-
bergandian to Murgabian age are present. Nearly all facies variations of shallow,
subtidal to supratidal environment are documented in these beds.
From the Thuak Khao Sompot area WIELCHOWSKY & YOUNG (1985) repor-
ted Asselian through Murgabian platform interior deposits. The author did not fo-
und Yahtashian in this area, but discovered Midian rocks. The middle Permian li-
mestones represent a subtidal and intertidal environment. In the Kubergandian and
Murgabian conglomerates were also formed at Khao Sompot.

The Nam Duk Basin experienced three different mechanisms of sedimentation in
the Middle Permian.

During nearly the whole of the Middle Permian pelagic sedimentation of ribbon
cherts and dark shales with minor punctuation of allodapic limestones occurred in
a part of the basin.

At the close of Middle Permian, a thick pile of turbidites, often exhibiting complete
BOUMA-cycles was deposited. This flysch sediment was dated as Murgabian on
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The Devono-Carboniferous Nan-Uttaradit suture most probably marks a pre-Per-
mian orogeny, formed at a continental edge or by an arc — continent collision. This
suture was probably closed at the latest 344 +/-22 Ma ago (HELMCKE, 1985).
The suture does not contain MOR-basalts but high pressure - low temperature me-
tamorpic, glaucophane-bearing schists typical of subduction zones (MACDO-
NALD et al., 1985). The occurrence of volcanic (mainly andesitic?) belts in this
area suggests the existence of a subduction zone from Siluro - Devonian to the end
of the Paleozoic or even Triassic.

The Shan Thai orogenic realm was widely covered by mainly shallow marine carbo-
nates during the Middle Carboniferous to Upper Permian. All over West Thailand
and the Malay Peninsula, gently folded platform carbonates, not younger than lo-
wer Upper Permian, are widespread. They are clearly post-orogenic sediments.

The eastern edge of this Carboniferous to Permian platform is represented by the
Khao Khwang carbonates in the area west of the Petchabun Fold and Thrust Belt.
Periods of emergence in the Visean and transgressive cycles in the Yahtashian/ Bolo-
rian and Bolorian/ Kubergandian are suggested. The volcanic activity in the Lower
Permian has no oceanic character. The volcanism was limited to structural highs,
which were surrounded by shallow marine platforms. Continental fractionation
patterns for the keratophyres and quartzkeratophyres have been demonstrated and
the similarity to an volcanic arc developement has been suggested.

The area between Thuak Khao Sompot, Lop Buri, Saraburi and Pak Chong, as alre-
ady suggested by WIELCHOWSKY & YOUNG (1985), belongs to the Khao
Khwang platform and was probably-thrusted along the Cenozoic Mae Ping Fault
Zone (KNOX & WAKEFIELD, 1983) towards the southeast. The same is true for
the Khao Ta Mon outcrops. Judging from the comparison of the Permo-Carbonife-
rous facies of the Khao Tha Mon, Thuak Khao Sompot, the area west of the Petcha-
bun Fold Belt, and the fold and thrust belt itself, the Mae Ping Fault Zone must
cross the Upper Paleozoic strata somewhere between Phu Khao Samo Rat and
Khao Khi Nok and N of Khao Tha Mon as well as between Khao Tha Mon and
Thuak Khao Sompot.

Limestone sedimentation was dominate on the Khao Khwang platform, but the
tuffites of the Lower Permian, and rare psammitic and pelitic siliciclastic sedimen-
tation occurred. This siliciclastic influx 1s more frequent in the southern part of the
platform and mainly of marginal marine character. In the northern parts of the plat-
form the siliciclastics are often in red-bed facies and mainly Visean and Middle Per-
mian.

At least in the Upper Carboniferous a pelagic basin (Nam Duk Basin) existed. The
E-W extension of the N-S trending Nam Duk Basin was probably not greater than
100 or 200 kilometers (WINKEL, 1983; WIELCHOWSKY & YOUNG, 1985).
This assumption is supported by the lack of oceanic crust under the radiolarites and
by the occurrence of turbidites with the pelagic sediments. The thickness of the pe-
lagic sediments, which can be estimated as 2000 m +/-1000 m and the width of the
non-restored E-W extension of the the Petchabun Fold and Thrust Belt, which is
40 to 50 kilometers, also support this calculation.
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Fig.: 54&.

The Khorat strata have not been
affected by a strong folding and
exhibit only gentle folds between
km 21.5 - 34.0 of the Lom Sak -
Chum Phae highway. (36 data).
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Since MITCHELL etal. (1970) do not accept the subdivision by BAUM & KOCH
(1968), the Devonian Thung Song limestone is also included in their Phuket Group.
Their facies “E“ - limestone is not identical with the Thung Song limestone. It is
described as very rarely occurring, unfossiliferous, grey clay rich rocks up to 5 m
thick and apparently restricted to the top of the Lower Formation.

The fauna from their facies “G* —bryozoan bed suggest warm water conditions and
has an early Permian age. The investigations led MITCHELL et al. (1970) to an in-
terpretation of the Phuket Group as sediments derived from the east and deposited
on a prograding delta or deltas (Upper Formation) and on a continental margin (Lo-
wer Formation). Since the work by MITCHELL et al. (1970) no significant prog-
ress has been made in the investigation of the Phuket Group.

SAWATA et al. (1975), investigating the Kaeng Krachan Formation in the Khao
Phra area, Petchaburi province, came to a similar conclusions as MITCHEL et al.
(1970). These authors also found rugose corals in the pebbly mudstone and defined
the paleotransport direction as from northeast/east to southwest/east to south-
west/west or reverse (mainly on the basis of symmetrical ripples, some interference
ripple marks and a few sole marks).

With the entrance of modern plate tectonics into SE Asian geology in the seventies,
the Shan Thai Craton was assigned to be a part of the Paleozoic Gondwanaland. Be-
cause of this several writers still interpreted the pebbly strata as glaciomarine tilltes
or dropstones. In this interpretation, the Gondwana relationship of the Shan Thai
Craton shall be supported.

STAUFFER & SNELLING (1977) dated with K/Ar a trondhjemite boulder from
the pebbly mudstones of Langkawi island — Singha Formation. A Precambrian age
was given. The source for this boulder is unknown, since no Precambrian is found
in the area.

STAUFFER, (1983) and BUNOPAS and his co-authors (1978, 1981, 1983, 1984) are
the main advocates of the theory that the “Shan Thai Microcontinent® rifted
away from Gondwana (most probably from northwestern Australia) in Carbonife-
rous times and collided with Indosinia in late Triassic times and caused the Indosi-
nian Orogeny. The rifting occurred with a clockwise rotation of more than 180 deg-
rees which became more rapid with time. In this interpretation the Cenozoic rota-
tion of SE Asia(MOLNAR & TAPPONIER, 1975; BUNOPAS & VELLA, 1983)
is not regarded.

Of course with this theory also a puzzeling of paleomagnetic data began. Two cont-
rary results were curried out by different working groups.

McELHINNY etal. (1974) published paleomagnetic results from Malay Peninsula,
which showed that this part of SE Asia was positioned at 15°N during the Paleozo-
ic. Their results for the Cretaceous supprisingly suggest that the Peninsula was not
welded to the mainland of Eurasia.

The Paleozoic data has been criticized by several authors as being influenced by plu-
tonic intrusions during the Triassic to Cretaceous and not showing the Paleozoic
position.
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locality

Carboni
ferous

L. Permian

Permian

U. Perm,

Ass.

Sak.

Yah.

Bol.

Kub.|Mur.

Mid.

of

Muaklek
HEB2/52

WAB4/ 40

Colania sp.
Thailandina sp. (?)
crinoidal fragments joint

Geinitzina sp.
Bradyina sp.

? Ammodiscus sp.
Tubiphytes sp.

Thuak Khao Sompot, E° to SE* of Chai Badan

WAB4L/68

Colania donvillei
Sumatrina annae
Verbeekina verbeeki
Chusenella sp.
Kamurana sp.
Climacammina sp.
Calcitornalla sp.

WAB4/70

Parafusulina gigantea
Pseudodoliolina sp.
Chusenella sp.
Climacammina sp.
Tetrataxis sp.
Pachyphloia sp.
Paleotextularia sp.

WABL/78

Lepidolina multiseptata
Verbeekina verbeeki
Chusenella sp.
Cribrogenerina sp.
Paleotextularia sp.
Deckerella sp.
Climacammina sp.

WABL/TS

Triticites cf. samaricus
Bradyina nana
Paleotextularia sp.
Tetrataxis sp.
Deckerella sp.
Paradagmarita sp.
Tubiphytes sp.

algal fragments

WABL/81

Eoparafusulina sp.
Chalaroschwagerina sp.
Calecitornitella sp.
Tetrataxis sp.
Eotuberitina sp.
Pseudovermiporella sp.
Epimastopora sp.
Anthracoporella sp.
Tubiphytes sp.

algal fragments




sample
locality

Carbonl

ferous

L. Permian M.

Permian

U. Perm.

Ass.

Sak.

Yah.| Bol.

Kub.|Mur.

Miad.

5"of Pak

Chong

HEB2/51

Parafusulina sp.

Verbeekina (Paraverbeekina) sp.
Pseudodoliolina sp.

Nankinella sp.

Eotuberitina sp.

Saraburi - Pak Chong road

km 160.0
WABL/ 34

Pseudofusulina sp.
Schubertella sp.
Mizzia sp.
Anthracoporella sp.

km 154.0
WAB4/37

Parafusulina cf. kaerimizensis
Parafusulina cf granumannae
Chusunella chihsiaensis
Afghanella sp.

Verbeekina verbeeki

Nankirnella sp.

Maklaya sp.

km 141.0 WA
WAB2/224|B2/222

Misselina sp.
Ungdarella sp.

km 139.0
WABL/4E

Parafusulina sp.

cancellina sp.

Geinitzina sp.

crinoidal and algal fragments

2

km 138.0
2/54

HES

Pseudodeliolina sp.
Afghanella sp.
Parafusulina sp.
|Yangchienia sp.
Pachyphloia sp.
Tubiphytes sp.
bryozoa

km 136.5
WABL/47

Armenia sp.
Afghanella sp.
Parafusulina sp.
Neoschwagerina sp.

km 134.0
WABL/51

Pseudodoliolina sp.
Sumatrina sp.
Chusunella sp.
Agathammina sp.
Tubiphytes sp.




sample

Carboni
L. Permian M. Permian U. Perm.
ferous

m. | u. |Ass.|Sak.|Yah.] Bol.|Kub.|HMur.|MLd,

km 14.0] 10cality

WABL/BY

Maklaya (?) recrystallised - T

km 9.0
WABL/61

Afghanella sp.
Schbertella sp.
Verbeekina sp.
Neofusulinella sp.
Agathammina sp.
Pachyphloia sp.
Mizzia sp.

algal fragments

8,5
WABL/60

xm

Afghanella sp.

Chusenella e¢f. schwagerinaeformis
Paraverbeekina sp.

Parafusulina sp.

Agathammina sp.

Climacammina sp.

Mizzia sp.

Ectuberitina sp.

km 8.0

Parafusulina gigantea
Pseudodoliolina sp.
Hemigordius sp.
Tubiphytes sp.

WAB2/204/WAR2 /198

Lepidolina sp.
Verbeekina sp.
Chusenella sp.

km 6.0

Saraburi - Lam Na Rai road
WAS2/207

Sumatrina sp.
Verbeekina sp.
Lepidolina sp. -—
Deckerella sp.
Mizzia sp.

Parafusulina sp.
Pseudodoliolina sp.
Yangchienia tobleri THOM
Neoschwagerina sp.
Sumatrina sp.

Reichelina sp. e —
Paleotextularia sp.
Hemigordius sp.
Geinitzina sp.
Climacammina sp.
‘ﬁfrf\:‘.-.-i apd oproliths

Girvanella




Carboni

= L. Permian M. Permian U. Perm.
v o ferous
2w
E 3 m. u. |Ass.|sak.]Yeh.| Bol.|Kub.|Mur.]Mid.
—
Pseudodoliolina pseuéolepida
Neoschwagerina sp.
Colania sp.
Khalerina sp.
Globivalvulina sp.
- & |Paleotextularia sp. B
8 & = |Pachyphloia sp.
" 82 |Paradagmarita sp.
5 E ¥ ltotuberitina sp.
£%  |lchtyolaria sp.
£ 8 |vngdarella sp.
g8
£
O,ﬁ Pseudoschwagerina sp.
! § 2 |Rugosofusulina sp.
@ & T [Schubertella sp. e
‘:h% Endothyrid sp.
=2 Cribrogenerina sp.
5”’ [Textularia sp.
=
w &0 Staffellid
SR Bradyina sp.
= g o| Botuberitina sp.
ge"ﬂ Tubiphytes sp.
9=
'S Pseudostaffella sp.
& . | Hemifusulina sp.
= o W] Textularia sp. —_—
2 b oi| Bradyina sp.
343 Tubiphytes sp.




sample

locallity

Carbonl
ferous

L. Permlan

M. Permlian

U. Perm.

Ass.

Sak.

Yah.

Bol.

Kub.

Mur.

Hid.

Khao Yang Ta Po, western outcrops

A

W,
84/123

WABL/124

Wentzelloides (Battambangina,
close to Multimurinus) Nov.sp.

Plankinella sp.
[Codonofusiella sp.
[Deckerella sp.
IClimacammina sp.
ICribrogenerina sp.
[Bradyina sp.
[Globivalvulina sp.
[Paleotextularia sp.
Pachyphloia sp.
[Umbellina ap.
Hikorokodium sp.
Epimastopora sp.
Ungdarella sp.

WABL/122

INankinalla 8p.
Codonofusiella sp.
Cribrogenerina sp.
Deckerella sp.
Climacammina sp.
Tubiphytes sp.
Anthracoporella sp.

Phu Khao Samo Rat

WAB2/134

Parafusulina sp.
Sennbertella sp.
Globivalvulina sp.
Endothyrid sp.
Hemigordius sp.
Tetrataxis sp.
Pachyphloia sp.
Mizzia sp.
Tubiphytea sp.

84,83

Pseudofusulina sp.
(in pebble)

WABL /B4

Parafusulina c¢f. yunanica
Misselina ovalis
Paseudofusulina sp.
Neoschwagerina sp.

Mino japanella sp.
Agathammina sp.
Cribrogenerina sp.
Deckerella sp.

Tubiphytes sp.

WABL /AR

Parafusulina ¢f. hainanica
Parafusulina gigantica
Misellina sp.

Mino japanella sp.
Neofusulinella sp.
soendothyra sp.
Paleotextularia sp.
Cribrogenerina sp.
Deckerella sp.

Ungdarella sp.




sample

locality

Carboni
ferous

L. Permlan

M. Permian

U. Perm.

Ass.]sak.|¥ah.

Bol.

Kub.

Mur.

Mid.

Ban Lam Pa Yom

| WAB2/184

Colania sp.
Armenia sp.
Schubertella sp.
Cribrogenerina sp.

WAB2/1

Endothyrida
Pachaphloia sp.
Eotuberitina sp.

WAB2/183

Parafusulina e¢f. kaerimizensis
Geinitzina sp.

Neocendothyra sp.

Eotuberitina sp.

Disphaera sp.

Lassiodiscus sp.
Protonodosaria sp.

Tetrataxis =p.

Epimastopora sp.

82/179

Schwagerinid
Girvanella ap.

5"Ban Nong Muang

WAB2/195

Chusenella sp.
Neoendothyra sp.
Lepidolina sp.
Codonofusiella sp.
Reichelina sp.
Globivalvulina sp.
Textularia sp.
Lasiodiscus sp.

Langella sp.

Khok Samrong — Tak Fa road

Ban Kaset Chai - FPhai Sali

WAB2/188

Fusulinid gen. et sp. indet.

(schwerinid wall struct.

Nankinella sp.
Globivalvulina sp.
Pachaphloiy sp.
Geinitzina sp.
Eotuberitina sp.
Bisphaera sp.
Hikorocodium sp.
Ungdarella sp.
Epimastopora sp.

WAB2/190

Neoschwagerina sp.
Nankinella sp.
Nautiloid with strait shell




sample

locallity

Carboni
ferous

L. Permian

M. Permian

U, Pernm.

Ass,

Sak.

Yah.

| Kub.

Mid,

Khao Ruok

5"Chon Daen
Ban Na Chariang - Chon Daen road

WAB4 /138

Pseudoschwagerina sp.
Rugosofusulina sp.
Pseudofusulina sp.
Cribrogeneria sp.
Ungdarella sp.

WAB4L/ 139

Eostafella sp.
Ozavinella sp.
Bradyina nana.
Eradyina sp.
Tetrataxis sp.
Paleotextularia sp.
Eotuteritina sp.
Deckerella sp.
Bigenerina sp.
Eolassiodiscus sp.
Erlandia sp.
Girvanella sp.
sponge spiculae.

Sapsamothot

(Temple)

SE'of

WABL /100

Nankinella sp.
Faleotextularia sp.
Eotuberitina sp.
Glomospira sp.

WABL /124

Triticites sp.
Rugosofusulina sp.
Tubiphytes sp.

Permocalcurus

algal and bryozoan fragments

Rugosofusulina sp.

Wang Pi Kun

WABGL/128

WABL/130|BL/125

Paraschwagerina sp.
Cribrogenerina sp.
Paleotextularia sp.
Globivalvulina sp.

Eoverbeekina sp.
Chusenella sp.
Neofusulinella sp.
Deckerella sp.
Climacammina sp.
Cribrogenerina sp.
Paleotextularia sp.
Globivalvulina sp.
Necendothyra sp.
Pachyphloia sp.




sample

locality

Carboni
ferous

L. Permian

M. Permian

U. Perm.

Aas.

Sak.

Bol.

Kub.

Mur.,

Mid.

WA

Ipciphyllum nov. sp.?

WA

Khao Khi Nok

Ipciphyllum lacsense PATTE

Ipeiphyllum lacsense FATTE

Ipciphyllum laosense FPATTE

Globivalvulina sp.
Pachyphloia sp.
Tuberitina sp.

-

Sumatrina longissima
Verbeekina verbeeki
Verbeekina (Armenia) sp.

Pachaphloia sp.
Calcisphera sp.
Ungdarella sp.

Chusenella sp.
Deckerella sp.
Climacamnina sp.
Mizzia sp.

Sapsamothot - Wang Pi

Kun rd. E'Wang Pi Kun

Hemifusulina sp. (?)

Hemifusulina sp.
Bradyina sp.
Tubiphytes sp.

WABL/120|WAB2/169|B2/168 |WABL/109 \WABL/106,WAB2/122] B2/120 |WABL/108/110/112 | B4/102

Ipciphyllum minor FONTAINE




sample
locallty

bonl
Car! L. Permian H. Permian u. Perm,
ferous

m. | u. JA=zs.}Sak.|¥ah.] Bol,|Kub.|Hur.]HMid.

km 16.42

Schwagerina sp.

Endothyria sp.

Hemigordius sp.

dasycladacean algae and crinoidal
fragments

Pseudofusulina (Daixina) sp.
Hemigordius sp.

Peeudofusulina (Daixina) sp. ——

RuB2/29 |RuB2/23 82/22b RuB2/22a

km 16.95;km 16.63

Pseudoschwagerina sp.
Bultonia sp. S
Fenestella

Yam 17.01
RuB2/30

Parafusulina sp.
Pseudofusulina (Daixina) sp.
Boultonia sp.(?)

Endothyria sp. S Tama
Hemigordius sp.
Umbellina sp.
Fenestella sp.

km 17.22
ub2/34

63' .

Parafusulina sp.
Sumatrina ap.

Yangchienia sp.
Neoschwagerinida sp. =1
Pachyphloia sp.
Hemigordiua sp.
Kamurana sp.

17.
s

|

km 17.67
RuB2/38

Pseudodoliolina sp.
Parafusulina sp.

Pseudodoliolina ap.
Parafusulina sp.

Lom Sak — Chum Phae road, pelagic facies of the Petchabun Fold Belt

km 17.72
RuB2/42

Parafusulina gigantea DEPRAT
Pseudodoliolina sp.
Yangchienia sp.

Sumatrina sp.

Sphaerulina sp. (?)
Hemigordius sp.

Heocendothyria sp.

Aquathammina sp

Tubiphytes cf. obscurus MASLOV

km 18.12
RuB2/7

Parafusulina sp.
Parafusulina sp. c¢f. gigantea
DEPRAT

phaerulina

km 18.43
RuB2/43

Parafu ina gigantea DEPRAT
Pseudodeliolina sp.
Sumatrina sp.

Yangchienia sp.

Hemigordius sp.

Qenitzena sp.

Tubiphytes obscurus MASLOV




sample

locality

Carbonl
ferous

L. Permian

M. Permlan

U. Perm.

Ass.

Sak.

Yah.

Eol.

Kub.

Mur.

Mid,

Nong Pai - Petchabun road, W km 181.5

WAB4/16

Schwagerinid fusulinae
Umbellina sp.

Deckerella sp.

Lassiodiscus sp. (in oncolith)
Algal and bryczoan fragments

WABL/18

Pseudoschwagerina sp.
Quasifusulina sp.

Cribrogenerina sp.

Bisphaera sp

Epimastopora sp.

Tubiphytes corynthiacus (FLUGEL)

WAB4/ 24

Pseudoschwagerina sp.
Quasifusulina sp.
Eotuberitina sp.

WAB2/174

WAB2/175

Pseudoschwagerina sp.
Rugosofusulina sp.
Bradyina sp.
Climacammina sp.
Bisphaera sp.
Eotuberitina sp.
Tubiphytes sp.

Endothyra sp.
Textularia sp.
Lassiodiscus sp.
Frondina sp.
Bisphaera sp.
Deckerella sp.
Eotuberitina sp.
Girvanella =p.
blastoid plate.

Rugosocfusulina sp.
Bigenerina sp.
Bisphaera sp.
Tubiphites sp.

Ban Na Chariang -
Chon Daen road

WABL/137 WABA/136 [WAB2/178

Favosites coral
Stafella sp.
Baisalina sp.

Pseudofusulina vulgaris

SCHELLWIEN
crineidal and algal fragments




sample

locality

Carbonl
ferous

L. Permlian

M.

Permian

u.

Perm.

Ass.

Sak.

Yah.

Bol.

Kub.

Hur,

MLa.

Lom Sak - Chum Phae road, molasse facies

km 36.80
HEBO/15

Sumatrina sp.
Codonofusiella sp.
Ozawainella sp.
Pachyphloia sp.
Tetrataxis sp.
Tubiphytes sp.
algal fragments

km 37.55
WAB2/17

Parafusulina sp.
Codonofusiella sp.
Rauserella sp.
Khalerina sp.
Neoendothyra sp.
Climacammina sp.
Tetrataxis sp.
Bigenerina sp.
Pachyphloia sp.
Agathammina sp.

km 38.40
WAB2/18

Pseudodoliolina pseudolepida
DEPRAT

Schwagerina sp.

Cribrogenerina sp.

lam 38.7
HEBA4/ 21

Verbeekina verbeeki
Pseudodoliolina sp.
Sumatrina lengissima
Chusenella c¢f. shengi
Kahlerina sp.

Mine japanella sp.
Russiella sp.
Dunbarulla sp.
Codonofusiella sp.
Tetrataxis sp.
Agathammina sp.
Ungdarella sp.

39.00

lam

HEBL/20

Chusenella sp.
Tetrataxis sp.
Pachyphloia sp.
Necendothyra sp.
Deckerella sp.
Langella sp.
Umbellina sp.
Fotuberitina sp.
luberitina sp.




sample

locality

Carboni
ferous

L. Permian

M. Permian U. Perm.

-| Sak.

Yah.

Bol.

Kub.

Mur.] Mid.

km 39.18
HEBL/18

Codonofusiella cf. gubleri TIEN
Schwagerina crassa DEFRAT
Kahlerina sp.

Climacammina elegant MULLER
Cribrogenerina sumatrana LANGE
Pachyphloia

Paleotextularia

Girvanella

Fenstellid

Oncolith

km 39.21

HEB4/17

Chusenella =p.
Reichelina sp.
Neoendothyra parva LANGE
Deckerella sp.
Tetrataxis sp.
Textularia sp.

Lagena sp.

Nodosaria sp.
Cribrogenerina sp.

km 39.25

HEB4/16

Chusenella shengi TORIYAMA &
KANMERA

Rauserella sp.

Pachyphloia sp.

Agathammina sp.

Hemigordius sp.

Paleotextularia sp.

Neocendothyra parva LANGE

Tetrataxis sp.

Antharacoporella sp.

Epimastopora sp.

algal fragments

Lom Sak - Chum Phae road, molasse facies

km 39.30

HEB4/15

Codonofusiella sp.
Chusenella ap.

Agathammina ap.
Anthraccporella sp.
Epimastoporella sp.
Tubiphytes sp.

bryozoan and algal fragments
erinoidal stem joint

km 39.40
HEB4/13

Bryozoa - Fenestelid polypora

Girvanella sp.

Climacammina sp.

Bigenerina sp.

Langella sp.

Crusted algae, crinoidal stem
Joint




sample
locallty

Carbonl
L. Permian M. Permlian U. Perm.
ferous

m. u. |Ass.|sak.|Yah.] Bol.|Kub.|Mur,|Mid.

km 39.40
HEBL/14

Agathammina sp.
Textularia sp.
Neoendothyra sp.
Anthracoporella sp.
Anchicodium sp.
Uermiporella sp.
Girvanella sp.
erifnoidal stem joint

km 39.70
HEBL /12

Pseudodoliolina
Mino japanella
Reichelina
Tetrataxis ef. conica —t
Agathammina sp.
Pachyphloia ap.
Endothyra sp.

km 39.85

HERL /11

Codonofusiella sp.
Chusenella sp.
Reichelina sp.
Endothyra sp.
Tetrataxis sp.
Paleotextularia sp.
Abadahella sp.
Pachyphloia sp.
Climacammina sp.
Umbellina sp.
Bigenerina sp.
Eotuberitina sp.

Lom Sak - Chum Phae road, molasse facies

km 39,92
HEB4/10

Codonofusiella sp.
Mino japanella sp.
Necendothyra sp.
Globivalvulina sp.
Paleotextularia sp.
Climacammina sp.
Cribrogenerina sp.
Pachyphloia sp.
Tetrataxis sp.

rotoncdosaria sp.
Hemigordius sp.
Frondina sp.
Ectuberitina sp.
Tubiphytes sp.
algal and crincidal fragments
Stellate radiolaria
Sponge




Carboni

Lom Sak - Chum Phae road, molasse facies.

HEBL/B

Chusenella ap.
Pseudodoliolina sp.
Khalerina sp.
Tetrataxis sp.
Agathammina sp.
Pachyphloia sp.

> L. Permian M. Permlan U. Perm,
et ferous
-
£ 3
5.8 m. | u. |ase.]sax.|]yan.] Bo1.|kub.|Mur.|M1a.
= Verbeekina verbeeki
O | Pseudodoliolina
A 5| Codonofusiella sp.
é Dembarula sp.
EX Pachyphloia sp.
Eotuberitina sp.
Ungdarella and other algae
o | Pseudodoliolina pseudolepida
= DEFRAT
& | Ungdarella sp. —
« = |unidentifiable fragments of
bl fusulinacean foraminifera
o
=
§ Verbeekina verbeeki GEINITZ

km 40.05
WAB2/20

Verbeekina verbeeki GEINITZ
Pseudodoliolina pseudolepida
DEPRAT

Chusenella sp.
Codonofusiella sp.
Rauserella sap.

Mino japanella sp.
Gribrogenerina sp.
Bigenerina sp.

Dagenerina sp.

Tubiphytes sp.

Ungdarella sp.

km 40,47

HE84/7

Verbeekina verbeeki GEINITZ
Verbeekina sp.
Pseudodoliolina sp.
Geinitzina sp.

Frondina sp.

Mizzia sp.

Tubiphytes sp.

Ungdarella sp.

km 40.18
WaBz2/22

Pseudodoliolina sp.
Chusenella cf. compacta WHITE
Reichelina sp.

Tuberitina sp.

Ungdarella sp.




sample
locality

Carbonl
L. Permian M. Permian U. Perm
ferous

m. | u., JAss.]Sak.|Yah.| Bol.| Kub.|Mur.|Mid.

WABL/214

Presumatrina sp.
Khalerina sp.
Rauserella sp.
Nankinella sp.
Neoschwagerina sp. —_+—
Mino japonella ap.
Tetrataxis sp.
Geinitzina sp.
Tubiphytes sp.

Afghanella sp.
Chusenella sp.
Deckerella sp.
Streblascopora sp.
Multithecopora
Tubiphytes sp.

WABL/216a | WABL/215

Colaniella sp.
Sumatrina sp.
Hikkorocodium sp.
crinoidal stem joint

Nam Nao National Park, E° of Ban Huai lLat

WABL/216b

Neoschwagerina sp.

Sumatrina sp.

Chusunella sp.

Umbellina sp.

Tubiphytes corynthiacus

echinoid spine, bryozoa and algal
fragments

km 86.5
WAB2/102

Parafusulina japonica
Parafusulina gigantea
Sumatrina sp.
Yangchienia sp.

Mino japanella sp.
Cribrogenerina sumatrana
Hemigordius sp.
Tetrataxis sp.
Globivalvulina sp.
Lagena sp.
Permacalcurus sp.
Tubiphytes sp.
Epimastopora sp.

Lom Sak = Chum Phae road

km 84.5

WAB2/110

Hemigordius sp.
Hikorocodium sp.

Bryozoa gen. et sp. indet.
Tubiphytes sp.




sample

locality

Carboni
ferous

L. Permlan

M.

Permian

U. Perm.

Asa.

Sak.

Yah.

Bol.

Kub.

Mur.

Mid.

Lom Sak - Chum Phae road, molasse facies

km 40,47
HEBO/17

Pseudodolioclina pseudolepida

Chusenella sp.

Afghanella sp.

Verbeekina cf. verbeeki (destruc-
tive form)

? Minojapanella sp.

Geinitzina sp.

Pachyphloia sp.

Tetrataxis sp.

Pseudodoliolina cf. gracilis
TORIYAMA & KANMERA

Schwagerina sp.

Sumatrina sp.

Mino japanella sp.

Dunbarula sp.

Pachyphloia sp.

Tetrataxis conica EHRENBERG

Agathammina sp.

Endothyrid

Geinitzina sp.

Ungdarella sp.

algal fragments

lon 40.22
HEB4/5

Schwagerina crassa DEPRAT
Mine japanella sp.
Reichelina sp.
Dunbarula ap.
Neoendothyra sp.
Glomospira sp.
Globivalvulina sp.
Lagella sp.
Geinitzina sp.
Textularia sp.
Eotuberitina sp.
Ichtyolaria sp.
Tubiphytes sp.
Girvanella sp.

¥m 40.30
WABL/112

Verbeekina verbeeki
Ungdarella sp.

¥m 40.35
HEBL/6

Pseudodoliolina c¢f. gracilis
TORIYAMA & KANMERA

Schwagerina sp.

Ozawainella sp.

Mino japanella sp.

Endothyra sp.

Tetrataxis sp.

Tubiphytes sp.

Mizzia sp.

Ungdarella sp.




sample

locality

Carbonl
ferous

L. Permian

M. Permian

U, Perm,

Ass.

Sak.

Yah.

Bol.

Kub.

Mur.,

Mid,

Lom Sak - Chum Phae road

km 81.2
WAB2/83

km 79.0
HEB1/51

Toriyama sp.

Armenia karinae (KOCHANSKY -
DEVIDE & RAMOVS)

Pseudofusulina cf. regularis
(SCHELLWIEN) ,

Pseudofusulina sp.

Parafusulina ap. or

Nagatoella sp.

Cuniculinella sp.

Neofusulinella sp.

Climacammina sp.

Globivalvulina sp.

Pachyphloia sp.

Geinitzina sp.

Tubiphytes sp.

Stromatolithes

km 81.5
HEB1/52+HER2/05

Parafusulina sp. c¢f. japonica
GUMBEL

Parafusulina gigantea DEPRAT

Parafusulina parva PITAKPAIVAN

Parafusulina cf. grupensis (?)

Yangchienia tobleri THOMPSON

Nankinella sp.

Tetrataxis sp.

Cribrogenerina sp.

Neoendothyra sp.

Pachyphloia sp.

Deckerella sp.

Parafusulina
Neoendothyra sp.
Umbellina sp.
Epimastopora sp.
Tuberitina sp.

km 87.5
WAB2/98

Parafusulina gigantea DEPRAT
Nankinalla sp.

Mino japanella sp.
Cribrogenerina sp.
Textularia sp.

Parmacalcurus sp.




sample

locality

Carbontl
ferous

L. Permian M.

Permian

U. Perm.

ABS .

Sak.

Yah.| Bol.

Kub.

Mur.

Chum Phae - Nam Prom Dam road

WAB2/86

HEB2/26

P

Misellina claudiae  DEPRAT
Globivalvulina sp.
Eotuberitina sp.
Permocalculus sp.

HEB2/27

Parafusulina gigantea DEPRAT

Parafusulina japonica GUMBEL

Parafusulina sp.

Yangchienia thompsoni SKINNER
WILDE

Eotuberitina sp.

Girvanella ap.

WAB2/93

Presumatrina sp.
Parafusulina cf. gigantea
Yangchienia cf. tobleri
Chusenella sp.
Cribrogenerina sp.
Paleotextularia sp.
Protonodosaria sp.
Tubiphytes sp.

Ungdarella sp.

Hemigordius sp.
Pachyphloia sp.
Abadehella sp.
Tubiphytes sp.
Permocalcurus sp.
crinoidal fragments

WAB2/87

Pelythecalis sp.
Hemigordius sp.

bryczoan and crineidal fragments

WAB2/91

Parafusulina cf. parva
Geinitzina sp.
Globivalvulina sp.
Eotuberitina sp.
Climacammina sphaerica
Dasycladacean algae




sample
locality

Carboni
e L. Permian M. Permlian U. Perm.

ferous

m. | u. |Ass.|sSak.]vah.| Bol.| Kub.|Mur,|Mid.

WAB2/82

Ban Dong Noi
14km S’'Wang Saphung

Parafusulina sp.
Psgudodoliolina sp.
Yangchienia sp.
Pachyphloia sp.
Paleotextularia sp.
Eotuberitina sp.
Ungdarella sp.
Epimastopora sp.
Permocalecurus sp.

Ban Kok Klaeng SW"of
Wang Saphung
WAB2/80

Pseudofusulina valida
Eoparafusulina sp.
Staffelid
Rugosofusulina sp. (?)
Boultonia sp. s
Globivalvulina sp.
Hemigordius sp.
Pachyphloia sp.
Tetrataxis sp.
Tubiphytes sp.

km 265.0
WABL/ 141

Pseudoschwagerina sp.
Triticites sp.
Rugosofusulina sp.
Eoschubertella sp.
Bradyina sp.
Paleotextularia sp.
Globivalvulina sp.

km 271.0
WABL/142

Lepidodoliclina cf. gracilis
Parafusulina sp.

Yangchienia cf. tobleri
Armenia sp.

Afghanella sp.

algal fragments

Chum Phae - Loei road

km 319.9
WABL/155

Triticites ozawai
Quasifusulina tenuissima
Tubiphytes

algal fragments and oncoliths




sample

locality

Carboni

ferous

L.

Permian

M.

Permian

u,

Perm.

Ass.

Sak.

Yah.

Bol.

Kub.

Mur,

WAB2/39

Pseudofusulina sp.
Pseudofusulina sp. (thick wall)
Tetrataxis sp.

Lassiodiscus sp.
Tubiphytes sp.

WAB2/35

Pseudofusulina sp.
Triticites sp.

Ozawinella sp.

Tubiphytes obscurus
Tubiphytes g. corynthaicus

WAB2/33

Schubertella sp.(?)
Tetrataxis sp.
Globivalvulina sp.
Eotuberitina sp.
Bradyina sp.
Tubiphytes sp.

bryozoa, shell and crinoidal stem

fragments

Loei - Tha Li road

'¥m 2.0 Loei - Chiang Khan road, quarry,2km N’
of Loei

HE

Pseudofusulina sp.
? Triticites sp.

Pseudofusulina sp.

Pseudofusulina sp.

km 2.7-2.8

Tetrataxis sp.
Geinitzina sp.

=

[~

Agathiceras sp.

km 3.3
82/10182/12 | B2/26 |82/16 182/14]) h6/82

Agathiceras sp.

HEB2/43

Pseudofusulina sp.
Cribregenerina sp.
Pachyphloia sp.
Textularia sp.
Eotuberitina sp.
Tubiphytes sp.

35km W’ of

Chiang Khan| km 13.0-13.1
WABL/185

Endothyrid
Eotuberitina sp.
Pachyphloia sp.
Ostraced




sample

locality

Carboni
ferous

L.

Permian

M. Permian

U. Perm.

Ass.

Sak.

Yah.| Bol.

Kub.

Mur.

Mid.

Wang Saphung - Na Klang road

km 15.5
WAB4L/197

Nankinella sp.
Endothyrid sp.

Kanmurana sp. (?7)
Paleotextularia sp.
Glomospira sp.
Tuberitina sp.
Globivalvulina sp.
Vermiporell cf. nipponia

km 17.2

WABL/198

Pravitoschwagerina thailandensis
TORIYAMA

Misellina cf. termieri

Ozawinella sp.

Kamurana sp.

Calecitornitella sp.

Pachyphleia sp.

Pseudovermiporella sp.

km 17.8
B84/199

Pseudofusulina sp.

km 30.0

WABL /206

WABL /204

Eoverbeekina sp.
Globivalvulina sp.
Pachyphloia sp.
Eotuberitina sp.
Girvanella sp.
Ostracod

Eoverbeekina sp.
Globivalvulina sp.
Pachyphleia sp.
Ectuberitina sp.
Pseudovermiporella sp. (?)







GUIDE FOR LOG-PROFILES

Rock type:
claystone, mudstone, shale
sandstone, graywacke
E limestone
@ dolomitic limestone
@ tuffaceocus limestone
E chertified limestone
tuff, tuffite
EI chert
conglomerate
siltstone
marl
Coleor:
wh - white gy - grey
rd - red gn - green
blk - black brn - brown

yel - yellow

Layer properties - sedimentary structures:

R QI

ssns

09|

prp - purple

bedding, dcm range

bedding, em range

bedding, mm range {lamination)
wavy bedding

lenticular - wavy bedding < Im
lenses of beds > m

no apparent bedding
cross-bedding

cross-bedding, multi-directional
graded bedding

inverse graded bedding

casts under megaclasts

casts surrounding megaclasts

rip-up clasts, nodules

Bedding plane properties:

=
[

sharp, flat contact
distinct, flat contact

undulating contact

flute cast
striation cast

load cast

prod cast, bounce cast

Current direction:

line of flow pointing
and distinct (SW to NE)

line of folw distinct,
pointing doubtful

(SW-NE)
Intensity:
1t - light
md - medium
dk - dark
—_  convolute bedding
T pull-apart
_ pull over,
flame structure
(=] contored bedded, slump
> wedging, pinching out
V¥V asymmetrical ripples
A/ symmetrical ripples
ﬁ parting lineation
—_ streaming lineation
burrows
(v vertical
—{+h horizental

plant fragments
lineation


file:///-r_r~
file:///ZZ~-

Texture:
(In carbonates applied for allochthonous particles.)

Clay, silt: 0.062 mm

c.S. - coarse sand size:
f.G. - fine gravel size:
m.G, - medium gravel size

S. - fine sand size: 0.2
m.S. - medium sand size: 0
o

2

Cement:

clay cement

E carbonate cement

rse gravel size): > 6.2 mm

E chert, quartz cement

ferritic cement

moderately hard, grains can be detached using knife, small chips can be

hard, chips are difficult to break by hand, fractures go between sand

Induration:

1 - friable, rock crumbles between fingers.
i easily brocken by hand.

’ grains.

4 - very hard, fractures pass through grains.
Possils:

8
v
Y bryozoa
\Y

G fossils in general

O corals

fossil fragments, biloclasts ﬁ’crinoids

algae

brachiopods

(‘9) foraminifera

6 ammonites

Q plant remains

burrows, ichnofossils in general

Description and adjectives:

(...) - slightly, weak, rare Mdst - mudstone
XY - strong, abundant, very Mic - mica

abd - abundant
aggl - agglomerate
alt - alternation
ang - angulare

Bc - breccia

bec - breccious

bd - bedded

biocl - bioclasts
Bld - boulder (> 256 mm)
carb - carbonaceous
Cbl - cobble (64-256 mm)
Cgl - conglomerate
cgl - conglomeratic
Chlt - chlorite
Cht - chert

cht - cherty

Clst - claystone
clst - clayish

cmt - cemented

crs - coarse

Dol - dolomite

dol - dolomitic
elong - elongated

f - fine

grd - graded

Grst - grainstona
inv - inverse

lam - laminated
lent - lenticular
Lmst - limestone

micr - micro

Mrl - marl

mrl - marly

nod - nodules

Pb - pebble, pebbly (2-£4 mm)
Pckst - packstone
Py - pyrite

Qz - quartz

rnd - rounded
Sdst - sandstone
sdst - sandy

Sh - shale
Slt - siltstone
slt - silty

sph - spherical
spr - sparritic

T - tuff, tuffite
tf - tuffaceous
Wckst - wackestone
wdg - wedge

WV - wWavy

xln - crystalline



LOG PROFILE I

Pak Chong, at the gasoline station.
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(a)

[I

LOG PROFILE
Saraburi-Lam Na Rai road. km 2.3.
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LOG PROFILE 11

Saraburi-Lam Na Rai

(b)
road, km 2.3,
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_ LOG PROFILE 111
Wichian Buri- Lam Na Rai road, km 118.9
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km 181.5.

LOG PROFILE IV (a)

N of Nong Pai.
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(b)
. km 181.5,

LOG PROFILE IV
N of Nong Pai
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LOG PROFILE 1V
N of Nong Pai, km 181.5.
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LOG PROFILE IV (d)
N of Nong Pai, km 181.5
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(a)

LOG PROFILE V

km 16.6.

1983)

Lom Sak-Chum Phae road,
(WINKEL,

Pelagic facies,
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LOG PROFILE V (b)
Pelagic facies, Lom Sak-Chum Phae road, km 16.6.
(WINKEL, 1983)
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(a)

LOG PROFILE VI

Lom Sak-Chum Phae road, km 20.85.
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km 20.85.

(b)
road,

LOG PROFILE VI
Lom Sak-Chum Phae
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(a)

LOG PROFILE VII

Lom Sak Chum Phae road, km 34.85.

Molasse facies,
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Lom Sak-Chum Phae road, km 36.03.
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ALTERMANN,

LOG PROFILE IX
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LOG PROFILE X (a)
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LOG PROFILE XI1I
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(eastern platform).
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LOG PROFILE XIV (a)
(eastern platform).

Lom Sak-Chum Phae rocad, km 86.0
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(eastern platform).
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LOG FROFILE XV (b)
Nam Prom Dam road, km 22.8.
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km 22.8.
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LOG PROFILE XV (d)
Nam Prom Dam road, km 22.8.
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LOG PROFILE XVI
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LOG PROFILE XXV
Loei-Tha Li road, km 7.5.
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L LOG PROFILE XXIX
W of Chiang Khan, between Ban Nong Phu and Ban Na Yan.
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LOG PROFILE XXX
W of Chiang Khan, between Ban Nong Phu and Ban Na Yan.
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Flysch facies, W of Chiang Khan.
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LOG PROFILE XXXI
Flysch facies, W of Chiang Khan.
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Ko Sire - Phuket Island.
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