
CHAPTER I  

INTRODUCTION

The Phu Wiang area has long been known as the first locality o f dinosaur 
fossil discovery in Thailand (Ingavat and Taquet, 1978). Since then, the continuous 
researches have been done through 3 decades, all animal fossils were only found from 
the Sao Khua Formation including three new dinosaurs (Suteethom, 2002), one new 
crocodile, fish remains, turtle plates, sauropod tooth, blade-like camosaur teeth and 
pointed theropod teeth were found in weathering soft siltstone (Buffetaut and Ingavat, 
1983), and Hybodont shark teeth were also reported (Cuny et a l . , 2003). However, 
paleontological reports on invertebrate fossils are rare; there are only the reports o f 
bivalve fossils by Meesook and Wongprayoon (1999), Jearanaiwong (2000), and 
Wongprayoon and Meesook (2002). They reported bivalve fossils as T rig ono io id es  
sp., P lic a tu n io  sp., บ ท พ  sp., N ip p onona ia  sp. and E xo g y ra  sp. both workers neither 
indicated the precise stratigraphic horizon nor described in detail o f lithology o f 
bivalve horizons.

In the present study, lithostratigraphic columnar sections were done. 
Palaeontological and taxonomical studies o f bivalves were also done. The information 
from this stud}' might be useful to gain a better understanding o f palaeo-depositional 
environment o f bivalve fossil beds and make more diversity o f fauna in the Sao Khua 
Formation from the Phu Wiang area, which lead to better understanding in the Early 
Creataceous palaeocommunity o f this area.

1.1 Study area

Phu Wiang, a mountain range in northwest o f Khorat plateau in northeastern 
Thailand, is located in Amphoe Phu Wiang, Changwat Khon Kaen, between latitudes 
16 32N to 16 52 N and longitudes 102 8E to 102 22 E (Figure 1.1). It covers 
topographic map on the scale 1:50,000 Series L7017 map sheet 5442 I (Amphoe Si 
Bunruang), 5442 II (Amphoe Phu Wiang), 5442 III (Amphoe Chum Phae), 5442 IV  
(Amphoe Si Chomphu) and geologic map on the scale 1:250,000 sheet NE 48-13 
(Changwat Khon Kaen). Phu Wiang mountain range consists o f two concentric ranges, 
and the topography o f the Phu Wiang area is generally cuesta mountains with gentle 
slope towards the low-lying area in the center and steep slope on outside. The outer 
range is higher than the inner range with highest point about 844 m above mean sea 
level, and the highest point o f the inner range is about 465 m above mean sea level 
(Figure 1.2).

The study area is limited in the inner range and the central lowland, which can 
be accessed by highway number 2 from Bangkok to Khon Kaen about 445 km, and 
taking highway number 12 from Khon Kaen to Chum Phae about 40 km, and turn 
right to take highway number 2038 to Amphoe Phu Wiang and entrance o f Phu 
Wiang mountain about 32 km, and taking the village road to Phu Wiang National 
Park about 18 km, totally about 535 km.
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Figure 1.1 Location o f the Phu Wiang area (PN MAP, 2003) □  the Phu Wiang area
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Figure 1.2 The topography o f the Phu Wiang area
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1.2 Objectives

1.2.1 To prepare the lithostratigarphic columnar sections and fix  the fossil 
horizons, which contain the freshwater molluscan assemblages.

1.2.2 Palaeontological study o f the molluscan assemblages from the Sao Khua 
Formation in the Phu Wiang area, Changwat Khon Kaen

1.2.3 To reconstruct the palaeoenvironments by sedimentary structures and 
palaeoecological analysis o f freshwater molluscan assemblages.

1.3 Methodology

1.3.1 Before field investigation, the geomorphological map was made by 
aerial photograph interpretation.

1.3.2 Field investigation, geological map, and sample collection were done in 
May-June 2004, October-December 2004, January 2005, and March-May 2005.

1.3.3 The lithostratigraphic columnar sections were made in all molluscan 
localities. The occurrences o f fossils orientation were checked in outcrop on both 
vertical section and bedding surface.

1.3.4 The molluscan horizons were collected by block sampling method. Each 
block, sized 25x25x20 cm, was cut out from the outcrop by explosive cement for 
palaeontological study, such as fossil orientation, articulation, fragmentation, abrasion, 
sorting, fossil density, and size frequency distribution.

1.3.5 The loose blocks o f these fossil horizons were collected for taxonomic 
aspect, the body fossils were separated by hammer, soak in mixing o f detergent and 
water at least 1 month, clean by small chisel, air pen, and sand blaster, respectively. 
Both a small scalpel and a small paint brush were used to carefully clean the fine shell 
sculptures in the last stage, which these characters are beneficial and very important 
for identification o f molluscan fossils.

1.3.6 The molluscan assemblages and their occurrences in each bed were 
analyzed. These results are combined with the analysis o f lithology and sedimentary 
structures o f sandstones.

1.3.7 The results were shown in geologic columns. A ll o f them were discussed 
and used for reconstruction o f palaeodepositional environment o f the Sao Khua 
Formation in the Phu Wiang area.

1.4 Previous works

1.4.1 Palaeontology
Ingavat and Taquet (1978) reported the first discovery o f dinosaur bone in 

Thailand at a temporary creek in the Phu Wiang area and determined this bone as the 
distal end o f left femur o f sauropod.

Buffetaut and Ingavat (1983) described new species o f Mesosuchian crocodile 
from the incomplete left dentary as G on io p ho lis  phuw iangens is . This specimen was 
found near the top o f Phu Pratu Tee Ma, Phu Wiang mountain range at about 422 m 
high in a slope o f weathered siltstone. The other fossils collected from this place 
include fish remains, turtle plates, a dinosaur bone, a sauropod tooth, blade-like 
carnosaur teeth, and pointed theropod teeth. It is closely related to crocodile fossils 
from the Upper Jurassic o f North America and Europe and the Lower Cretaceous o f
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Europe. They suggested the Late Jurassic to Early Cretaceous age for the Sao Khua 
Formation. The occurrences o f this taxon in Khorat Plateau are indicative o f 
Laurasian faunal affinities.

Buffetaut e t a l. (1995) summarized the advance o f knowledge on the dinosaur 
fauna o f the Sao Khua Formation from Phu Wiang in Khon Kaen, Phu Pha Ngo and 
Wat Sakawan in Kalasin. They referred to the small bones o f juvenile sauropods, 
which had been found at several sites in the Phu Wiang area, these fossils were 
identified as P h u w ia n g o sa u ru s  s ir in d h o rn a e  because o f the morphological 
resemblances with adult o f that species. In addition, Com psogna thus sp., S iam osau ru s  
s u te e th o rn i, incomplete skeleton o f a large theropod, and the omithomimosauria were 
also reported at the Phu Wiang area

Buffetaut e t a l. (1996) described new species o f Tyrannosaurid dinosaurs 
S ia m o ty ra n n u s  isanens is by using the partial skeleton including the left half o f pelvis, 
sacrum, thirteen anteriormost caudal vertebrae, and five dorsal vertebrae. These bones 
were found in red sandstone o f the Sao Khua Formation at fossil site Phu Wiang 9. 
The age o f this formation was considered as ante-Aptian (Early Cretaceous) on the 
basis o f palynological evidences o f the underlying Phra Wihan Formation and the top 
o f Khorat Group, Khok Kruat Formation. Therefore, this new species is at least 20 
million years older than the earliest previously known tyrannosaunds.

Meesook and Wongprayoon (1999) reported the bivalve fossils collected from 
3 localities in reddish-brown claystones and siltstone o f the Sao Khua Formation 
(including Phu Wiang). These fossils have been preliminarily identified as 
T r ig o n io id e s  sp., P lic a to u n io  sp., บ ท io  sp., and N ip p onon a ia  sp.

Jearanaiwong (2000) studied the bivalve fossils collected from Phu Phratu Tee 
Ma and Sam Bak Lo in Phiu Wiang National Park, which he identified as บท 'พ  sp., 
T r ig o n io id e s  sp., and E xo g y ra  sp., the lithostratigrahic section o f both localities were 
presented.

Cuny e t a l. (2003) reported 9 taxa o f hybodont sharks from the Khorat Group. 
One o f them is H e te rop tychodus  s te inm an i Yabe and Obata, 1930 found in several 
localities o f the Sao Khua Formation (including fossil site Phu Wiang 1A) and the 
Khok Kruat Formation. This genus has the largest distribution, which has been 
recorded in Thailand, Japan, Kirghisia, and Mongolia.

1.4.2 Geology and Stratigraphy
Ward and Bunnag (1964) studied stratigraphy o f Mesozoic Khorat Group in 

Northeastern Thailand. They proposed the term “ Khorat Group”  instead o f “ Khorat 
Series”  and the term “ Formation”  instead o f “ Member” . They subdivided the group 
into 7 formations include the Nam Phong, Phu Kradung, Phra Wihan, Sao Khua, Phu 
Phan, and Khok Kruat Formations, and Unname rocks. Three new formations are 
defined include, the Nam Phong, Sao Khua, and Khok Kruat Formation. They made 
5 sections include the type sections o f the Nam Phong, Phu Kradung, Sao Khua, Phu 
Phan, and Khok Kruat Formations.

Inthuputi and Suwanasing (1978) reported that the outcrop o f sandstone and 
conglomeratic sandstone o f Phu Pratu Tee Ma contains radioactive minerals, the beds 
have strike approximately N-S and dip 10°-12° E. They subdivided the exposed rocks 
into 4 units from top to bottom as Unit A-D: Unit A, 0.3-0.5 m thick, is pale pinkish 
gray conglomerate with quartz siltstone pebbles. Unit B, 5-10 m thick, is arkosic 
sandstone and conglomeratic sandstone. Unit c, about 10.5 m thick, is sandstone and 
silty claystone. Unit D, 5-9 m thick, is fine to medium grained sandstone. The 
uranium-bearing units are recognized in unit B and Unit D. They also used diamond
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d r i l l i n g  a l o n g  w i t h  g a m m a - r a y  l o g g i n g  i n  t h e  h o l e s  t o  i n v e s t i g a t e  t h e  c o n c e n t r a t i o n  o f  
u r a n i u m  i n  u n i t  B  a n d  u n i t  D . A s  a  r e s u l t ,  t h e  o r e  b o d i e s  a r e  l e n t i c u l a r  a n d  n e a r l y  
p a r a l l e l  t o  t h e  b e d d i n g .  P e t r i f i e d  w o o d  a n d  f o s s i l - b o n e  w e r e  f o u n d .  T h e y  a l s o  f o u n d  
b r a c h i o p o d  i n  l i m e - n o d u l e  c o n g l o m e r a t e .

G o c h t  a n d  K a e w b a i d h o o n  ( 1 9 8 2 )  s u m m a r i z e d  t h e  w o r k  o n  g e o l o g i c a l  
i n v e s t i g a t i o n  in  t h e  P h u  W i a n g  a r e a  d u r i n g  1 9 7 9  t o  1 9 8 1  c o n c e r n i n g  t h e  u r a n i u m  
m i n e r a l i z a t i o n ,  t h e  h o s t  r o c k s ,  a n d  t h e  s o u r c e  r o c k s .  T h e  r e s u l t  o f  t h e  i n v e s t i g a t i o n  
i n d i c a t e d  u n e c o n o m i c  u r a n i u m  d e p o s i t s  b e c a u s e  t h e  m i n e r a l i z a t i o n  is  l o w  g r a d e  a n d  
t h e  o r e  l e n s  a r e  s m a l l .

I n t h u p u t i  a n d  P l u h a r  ( 1 9 8 2 )  d i v i d e d  t h e  S a o  K h u a  F o r m a t i o n  a t  u r a n i u m  
d e p o s i t  l o c a l i t y  i n t o  3  u n i t s  a s  f o l l o w s ,  u n i t  A  o n  t h e  t o p  is  s i l t s t o n e  a n d  m u d s t o n e ,  
u n i t  B  is  s a n d s t o n e ,  c o n g l o m e r a t i c  s a n d s t o n e ,  u n i t  c  i s  s i l t s t o n e  a n d  m u d s t o n e .  B y  
u s i n g  t h e  g a m m a - l o g g i n g  o f  d r i l l  c o r e ,  t h e  r e s u l t  i n d i c a t e s  t h a t  u r a n i u m  is  
c o n c e n t r a t e d  p e r f e c t l y  i n  t h e  g r a y  t o  g r e e n i s h  c o n g l o m e r a t i c  o r  p e b b l y  s a n d s t o n e  a t  
t h e  b a s e  o f  u n i t  B . T h e y  f o u n d  s i l i c i f i c a t i o n  o f  c o a l i f i e d  p l a n t  f r a g m e n t s  a n d  
c o n c l u d e d  t h a t  u r a n i u m  o r e  is  t a b u l a r  a n d  l e n t i c u l a r ,  p a r a l l e l  t o  b e d d i n g  p l a n e ,  w h i c h  
d e p o s i t e d  i n  f l u v i a t i l e  e n v i r o n m e n t .  U r a n i u m  w a s  i n t r o d u c e d  b y  u r a n i u m  b e a r i n g  
s o l u t i o n  a n d  c o p r e c i p i t a t e d  w i t h  C a C C >3 c e m e n t .  I t  i s  d i s t r i b u t e d  w i t h i n  m u d s t o n e  
p e b b l e  i n  c o n g l o m e r a t i c  s a n d s t o n e .

K r o k e r  a n d  Y u t h a g a s e m s a n  ( 1 9 8 2 )  s t u d i e d  p e t r o g r a p h y  o f  t h e  r o c k  f r o m  t h e  
S a o  K h u a  F o r m a t i o n  i n  U n i t  B  o f  P h u  W i a n g  U r a n i u m  S i t e  ( s u b d i v i d e d  b y  I n t h u p u t i  
a n d  S u w a n a s i n g ,  1 9 7 8 ) .  T h e  r o c k s  a r e  l i t h i c  a r e n i t e  t o  s u b a r k o s e ,  t h e  m o d a l  a n a l y s i s  
y i e l d e d  q u a r t z  5 9 - 7 6 %  o f  m o n o c r y s t a l l i n e  a n d  p o l y c r y s t a l l i n e ,  f e l d s p a r s  4 - 7 . 5 %  o f  
a l k a l i  f e l d s p a r  a n d  p l a g i o c l a s e  f e l d s p a r ,  m i c a  0 - 1 6 %  o f  b i o t i t e  a n d  m u s c o v i t e ,  c h e r t /  
p o r p h y r i c  m a t r i x  5 - 1 1 %  c a l c i t e  ( m a t r i x  a n d  c e m e n t )  1 - 2 3 %  a n d  c l a y  o r  f in e  
m i c a c e o u s  m a t r i x  0 - 8 % .  T h e s e  r o c k s  y i e l d  t h e  f o l l o w i n g  h e a v y  m i n e r a l s :  h e m a t i t e ,  
l i m o n i t e ,  i l m e n i t e ,  p y r o x e n e ,  t o u r m a r i n e ,  r u t i l e ,  g a r n e t  a n d  z i r c o n .  G r a i n  s i z e  a n a l y s i s  
s h o w s  a n a l o g i e s  t o  g r i a n  s i z e  d i s t r i b u t i o n  o f  t h e  r e c e n t  M i s s i s p p i  D e l t a .  T h e y  a l s o  
e v a l u a t e d  g r a n u l o m e t r i c  c u r v e s  o f  t h e  U n i t  B ,  w h i c h  s i m i l a r  t o  t h e  e x a m p l e  o f  r e c e n t  
a n d  o l d  r i v e r  s e d i m e n t  o r  c h a n n e l  s a n d  s t u d i e d .  T h e y  d e d u c e d  t h a t  t h e  m u d  p e b b l e s  
c a m e  f r o m  t h e  c h a n n e l s  o v e r f l o w e d  t h e i r  b a n k s  a n d  b r o k e n  o f f  t h e  m u d c r a c k s  a n d  
d e p o s i t e d  t o g e t h e r  w i t h  l i m e  p e b b l e  i n  t h e  c h a n n e l ’ s  c o n g l o m e r a t i c  h o r i z o n s .  W h e r e a s  
t h e  c r o s s  b e d d i n g  d i r e c t i o n s  s h o w  t h e  u n i m o d a l  d i s t r i b u t i o n ,  c u r r e n t  d i r e c t i o n s  o f  t h e  
S a o  K h u a  F o r m a t i o n  i n  P h u  W i a n g  a n d  P h u  K a o  ( N o r t h e a s t  o f  P h u  W i a n g )  w e r e  f r o m  
N E  t o  ร พ .  T h e  l i m i t e d  v a r i a b i l i t y  o f  f l o w  d i r e c t i o n  i n d i c a t e s  a  r e l a t i v e l y  r e c t i l i n e a r  
f l o w i n g  r i v e r .  F i n a l l y ,  t h e y  d e d u c e d  t h a t  t h e  p o t e n t i a l  s o u r c e  r o c k  a n d  s o u r c e  a r e a s  
w e r e  m e t a m o r p h i c ,  a c i d  t o  i n t e r m e d i a t e  v o l c a n i c ,  p l u t o n i c ,  a n d  t h e i r  s o u r c e  a r e a  is  
t h u s  e i t h e r  t o  b e  f o u n d  i n  t h e  b a s e m e n t  o f  t h e  K h o r a t  G r o u p  n o r t h e a s t  o f  P h u  W i a n g  
o r  e v e n  i n  T r i a s s i c  t o  L o w e r  J u r a s s i c  v o l c a n i c  i n  K h o r a t  G r o u p  b e d ,  w h i c h  m a y  b e  
a e r i a l l y  t r a n s p o r t e d  t u f f  f r o m  t h e  S i  C h i a n g  M a i  P a k  C h o m  v o l c a n i c  B e l t .

S c h l a g  a n d  G u n n a l e k a  ( 1 9 8 2 )  s t u d i e d  p e t r o l o g y  a n d  g e o c h e m i s t r y  o f  e x t r u s i v e  
r o c k s  i n  t h e  P a k  C h o m - S i  C h i a n g  M a i ,  L o e i - C h i a n g  K a r n ,  C h u m  P h a e - L o m  S a k ,  
P e t c h a b u n ,  a n d  S a r a b u r i  a r e a s .  T h e y  a s s u m e d  t h e  a l k a l i - r h y o l i t e  o f  t h e  P a k  C h o m -  S i 
C h a i n g  M a i  a r e a  a s  p o t e n t i a l  u r a n i u m  s o u r c e s  f o r  u r a n i u m  o r e  in  P h u  W ia n g .

G o c h t  ( 1 9 8 2 )  s t u d i e d  t h e  h y d r o g e o c h e m i c a l  t e s t  o f  s u b s u r f a c e  a n d  
g r o u n d w a t e r  w e l l s  in  t h e  P h u  W i a n g  b a s i n ,  w h i c h  t h e  r e s u l t s  in  1 9 7 9  h a v e  s h o w n  t h e  
u r a n i u m  c o n t e n t  i n  g r o u n d w a t e r  i n c r e a s e d  a t  t h e  b e g i n n i n g  o f  r a i n y  s e a s o n  a n d  is  a l s o  
h i g h  d u r i n g  t h e  r a i n y  s e a s o n ,  a n d  i t s  c o n t e n t  i s  d e c r e a s i n g  o f f  t h e  o r e b o d y .

T r a k o o l n g a m  ( 1 9 9 9 )  c o n s t r u c t e d  d e t a i l e d  l i t h o s t r a t i g r a p h i c  c o l u m n s  o f  t h e  S a o  
K h u a  F o r m a t i o n  f r o m  t h e  12 s e l e c t i v e  s e c t i o n s  o f  t h e  s o u t h e r n  P h u  P h a n  R a n g e .  T h e
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r o c k s  c o n s i s t  o f  s i l t s t o n e ,  a n d  c o n g l o m e r a t e .  T h e  S a o  K h u a  F o r m a t i o n  c o n f o r m a b l y  
o v e r l i e s  t h e  P h r a  W i h a n  F o r m a t i o n  w i t h  t r a n s i t i o n a l  c o n t a c t  a n d  c o n f o r m a b l y  
u n d e r l i e s  t h e  P h u  P h a n  F o r m a t i o n  w i t h  a  s h a r p  c o n t a c t ,  a l s o  w i t h  l o c a l  u n c o n f o r m i t y  
o f  a n  e r o s i o n a l  c o n t a c t .

W o n g p r a y o o n  a n d  M e e s o o k  ( 1 9 9 9 )  s t u d i e d  t h e  g e o l o g y  a n d  s t r a t i g r a p h y  o f  t h e  
n o r t h e r n  P h u  P h a n  R a n g e  a r e a ,  n o r t h e a s t e r n  T h a i l a n d  c o v e r i n g  3  t o p o g r a p h i c  m a p  
s h e e t s  s c a l e  1 :5 0 ,0 0 0 :  K i n g  A m p h o e  P h u  P h a n  ( 5 7 4 2 - 1 ) ,  A m p h o e  S a h a t  S a k h a n  
( 5 7 4 2 - I I I ) ,  a n d  A m p h o e  K a m  M u a n g  ( 5 7 4 2 - I V ) .  T h e  s t u d y  a r e a s  c o m p r i s e  P h u  
K r a d u n g ,  P h r a  W i h a n ,  S a o  K h u a ,  P h u  P h a n ,  a n d  K h o k  K r u a t  F o r m a t i o n s ,  in  
a s c e n d i n g  o r d e r s .  T h e  o v e r l y i n g  M a h a  S a r a k h a m  F o r m a t i o n  i s  u n c o n f o r m a b l e  w i t h  
t h e  K h o k  K r u a t  F o r m a t i o n .  A g e  d e t e r m i n a t i o n s  b a s e d  m a i n l y  o n  v e r t e b r a t e s ,  b i v a l v e s  
a n d  p a l y n o m o r p h s  i n d i c a t e  t h a t  t h e  P h u  K r a d u n g  F o r m a t i o n  i s  d a t e d  a s  L a t e  J u r a s s i c  
w h i l s t  t h e  P h r a  W i h a n ,  S a o  K h u a ,  P h u  P h a n ,  a n d  K h o k  K r u a t  F o r m a t i o n s  a r e  
r e a s s i g n e d  t o  t h e  E a r l y  C r e t a c e o u s .  T h e  M a h a  S a r a k h a m  F o r m a t i o n  is  E a r l y  t o  L a t e  
C r e t a c e o u s .

S r i s u r i y o n  ( 2 0 0 0 )  s t u d i e d  t h e  c h a r a c t e r i s t i c s  o f  t h e  P h r a  W i h a n ,  S a o  K h u a ,  a n d  
P h u  P h a n  F o r m a t i o n s  a t  B a n  T h a p  B o e k ,  A m p h o e  L o r n  K a o ,  C h a n g w a t  P e t c h a b u n .  
H e  s u b d i v i d e d  t h e  S a o  K h u a  F o r m a t i o n  i n t o  4  m e m b e r s  a s  A ,  B ,  c , a n d  D  b a s e d  o n  
t h e  c o m b i n a t i o n  o f  l i t h o l o g y  a n d  s e d i m e n t a r y  f e a t u r e s .  I t  i s  i n t e r p r e t e d  t h a t  t h e  S a o  
K h u a  F o r m a t i o n  d e p o s i t e d  in  t h e  m e a n d e r i n g  r iv e r s .

W o n g p r a y o o n  a n d  M e e s o o k  ( 2 0 0 2 )  s t u d i e d  t h e  g e o l o g y  a n d  s t r a t i g r a p h y  o f  t h e  
n o r t h - w e s t e r n  r i i n  o f  t h e  K h o r a t  P l a t e a u  c o v e r i n g  2  t o p o g r a p h i c  m a p  s h e e t s  s c a l e  
1 :5 0 ,0 0 0 :  A m p h o e  P h u  W i a n g  (5 4 4 2 -1 1 ) ,  a n d  B a n  K h o k  S u n g  ( 5 5 4 2 - I I I ) .  T h e  s t u d y  
a r e a s  c o m p r i s e  N a m  P h o n g ,  P h u  K r a d u n g ,  P h r a  W i h a n ,  S a o  K h u a ,  P h u  P h a n ,  a n d  
K h o k  K r u a t ,  a n d  M a h a  S a r a k h a m  F o r m a t i o n s ,  in  a s c e n d i n g  o r d e r s .  T h e  M a h a  
S a r a k h a m  F o r m a t i o n  u n e x p o s e d  in  t h e  a r e a ,  c o n s i s t s  o f  r e d  t o  r e d d i s h - b r o w n  c l a s t i c  
r o c k s  w i t h  d i s s e m i n a t e d  s a l t s  a n d  g y p s u m  b y  r e p o r t i n g  o f  c o r e  w e l l  d a t a .  A c c o r d i n g  
t o  f i e l d  i n v e s t i g a t i o n  a n d  p u b l i s h e d  r e s e a r c h ,  t h e  u n c o n f o r m a b l e  c o n t a c t  is  c o n c l u d e d  
f o r  t h e  P h u  K r a d u n g  a n d  N a m  P h o n g  F o r m a t i o n s ,  a n d  t h e  K h o k  K r u a t  a n d  M a h a  
S a r a k h a m  F o r m a t i o n s .  A g e  d e t e r m i n a t i o n s  b a s e d  m a i n l y  o n  v e r t e b r a t e s ,  b i v a l v e s  a n d  
p a l y n o m o r p h s ,  a n d  s t r a t i g r a p h i c  r e l a t i o n  i n d i c a t i n g  t h a t  t h e  N a m  P h o n g  F o r m a t i o n  is  
d a t e d  a s  L a t e  T r i a s s i c .  T h e  P h u  K r a d u n g  F o r m a t i o n  is  d a t e d  a s  t h e  M i d d l e  t o  L a t e  
J u r a s s i c  w h i l s t  t h e  P h r a  W i h a n ,  S a o  K h u a ,  P h u  P h a n ,  a n d  K h o k  K r u a t  F o r m a t i o n s  a r e  
r e a s s i g n e d  t o  b e  t h e  E a r l y  C r e t a c e o u s .  T h e  M a h a  S a r a k h a m  F o r m a t i o n  r a n g e  in  a g e  
f r o m  t h e  L a t e  C r e t a c e o u s  t o  E a r l y  T e r t i a r y .  T h e y  i n t e r p r e t e d  t h e  i r r e g u l a r  s h a p e  
c a l c r e t e  n o d u l e  a s  i n p l a c e d  c o n c r e t e  h o r i z o n ,  a n d  t h e n  w e r e  t r a n s p o r t e d  t o  r e d e p o s i t  in  
t h e  o v e r l y i n g  c o n g l o m e r a t e  b e d s .  T h e  Exogyra b e d  i s  l e n s  i n  s i l t s t o n e ,  i n d i c a t i n g  
d e p o s i t e d  in  s a l i n e  w a t e r  i n  a r i d  c l i m a t e .

1 .4 .3 .  I n t e r p r e t a t i o n  o f  P a l a e o e n v i r o n m e n t
H a h n  ( 1 9 8 2 )  i n t e r p r e t e d  t h e  r e d  b e d  f a c i e s  o f  t h e  K h o r a t  G r o u p  a s  o x i d i z i n g  

e n v i r o n m e n t .  T h e  d e p o s i t i o n  t o o k  p l a c e  in  b i g  s h a l l o w  c l a y p a n s  u n d e r  s e m i a r i d  to  
a r i d  c l i m a t i c  c o n d i t i o n s .  C a l i c h e  w a s  f o u n d  o n  t h e  m u d s t o n e  s u r f a c e ,  i t  d e v e l o p e d  b y  
t h e  p r o c e s s  o f  c a p i l l a r y  a c t i o n  a n d  e v a p o r a t i o n .  P o l l e n s  w e r e  f o u n d  in  t h e  p l a n t ­
b e a r i n g  h o r i z o n s  in  u n i t  o f  w h i t i s h - g r e y  s a n d s t o n e  w i t h  g r e y  o r  g r e e n  s h a l e  
i n t e r c a l a t i o n ,  w h i c h  h e  i n t e r p r e t e d  t h a t  d u r i n g  t h i s  p e r i o d  o f  d e p o s i t i o n  t h e  c l i m a t e  
c h a n g e d  t o  s u b - t r o p i c  h u m i d .  H e  d e d u c e d  t h a t  t h e  P h u  K r a d u n g ,  P h r a  W i h a n ,  a n d  P h u  
P h a n  F o r m a t i o n s  a n d  p a r t l y  t h e  S a o  K h u a  F o r m a t i o n  w e r e  d e p o s i t e d  in  a  f l u v io -  
l a c u s t r i n e  e n v i r o n m e n t .  H e  a l s o  d e d u c e d  t h e  e p i s o d i c  m a r i n e  i n g r e s s i o n  o c c u r r i n g  in  
v a r i o u s  h o r i z o n s  o f  t h e  S a o  K h u a  F o r m a t i o n  a s  e v i d e n c e d  b y  t h e  o c c u r r e n c e  o f  g r e y ,
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c a l c a r e o u s  c o n g l o m e r a t e s  c o n t a i n i n g  t h e  t h i c k  s h e l l  b i v a l v e s  Cardinioides magniis 
K o b a y a s h i  a n d  H a y a m i ,  1 9 6 3  a s  w e l l  a s  P l e s i o s a u r  a n d  I c h t h y o s a u r  t e e t h .  T h e  d e l t a i c  
d e p o s i t i o n  e n v i r o n m e n t  w a s  a s s u m e d  f o r  t h e  u r a n i u m  b e a r i n g  c h a n n e l  s a n d s t o n e  o f  
t h e  u n i t  B  o f  t h e  S a o  K h u a  F o r m a t i o n  in  t h e  w e s t e r n  a n d  s o u t h w e s t e r n  p a r t s  o f  t h e  
P h u  W i a n g  a n d  t h e  P h u  K a o  s y n c l i n e s  a n d  a n  a r e a  e a s t  o f  N o n g  B u a  L a m p h u .  T h i s  
a s s u m p t i o n  is  b a s e d  o n  t h e  o c c u r r e n c e  o f  Cardinioides-b e a r i n g  c a l c a r e o u s  
c o n g l o m e r a t e s  w i t h i n  t h e  s a n d s t o n e  a n d  l i m n i c  b r a c k i s h  o s t r a c o d e s  f r o r n  i n t e r c a l a t i n g  
g r e y  o r  g r e e n  s h a l e  b e d s .  T h e  a g e  o f  t h i s  F o r m a t i o n  is  p r o b a b l y  U p p e r  J u r a s s i c  a s  
i n d i c a t e d  b y  o s t r a c o d e s ,  p o l l e n  a n d  d i n o s a u r  f e m u r .

B u f f e t a u t  a n d  S u t e e t h o m  ( 1 9 8 9 )  d i s c o v e r e d  a  p a r t i a l  s a u r o p o d  s k e l e t o n  in  r e d  
s i l t s t o n e  a t  P h u  P r a t u  T e e  M a ,  t h e s e  s k e l e t o n s  t h a t  w e r e  s t i l l  p a r t l y  a r t i c u l a t e d  a n d  
i s o l a t e d  c a m o s a u r  t e e t h  w e r e  f o u n d  c l o s e  t o  t h e s e  s k e l e t o n s .  T h e y  i n t e r p r e t e d  t h i s  
f o s s i l  l o c a l i t y  a s  f l o o d p l a i n  d e p o s i t  a n d  o n e  o r  s e v e r a l  c a m o s a u r  f e d  o n  t h e  s a u r o p o d  
c a r c a s s  b e f o r e  i t  w a s  b u r i e s .  W h e t h e r  t h e  s a u r o p o d  w a s  k i l l e d  b y  c a m o s a u r  b e f o r e  It 
w a s  e a t e n  b y  t h e m ,  o r  w h e t h e r  t h e y  m e r e l y  a c t e d  a s  s c a v e n g e r s  o n  t h e  s a u r o p o d  
c a r c a s s ,  w h i c h  h a d  d i e d  f r o m  o t h e r  c a u s e ,  c a n n o t  b e  d e t e r m i n e d  o n  t h e  b a s i s  o f  t h e  
a v a i l a b l e  d a t a .  T h e s e  f o s s i l s  u s e d  a s  a  t a p h o n o m i c  i n d i c a t o r  o f  n o n - t r a n s p o r t a t i o n .  
T h e y  a l s o  i n t e r p r e t e d  t h e  t w o  d i s t i n c t  f a c i e s  o f  f o s s i l  l o c a l i t i e s  a t  P h u  P r a t u  T e e  M a .  
F o s s i l  f i s h ,  c r o c o d i l e ,  t u r t l e ,  d i n o s a u r  b o n e s ,  a n d  d i n o s a u r  t e e t h  a r e  a b u n d a n c e  b u t  
c o m p l e t e l y  d i s a r t i c u l a t e d  a n d  o f t e n  w o r n  in  f i n e - g r a i n e d  g r e e n i s h  s a n d s t o n e  w h i c h  
c a n  b e  i n t e r p r e t e d  a s  c h a n n e l  d e p o s i t .  V e r t e b r a t e  r e m a i n s  a r e  l e s s  a b u n d a n c e  b u t  
a r t i c u l a t e d  o r  p a r t s  o f  d i n o s a u r  s k e l e t o n  o c c u r ,  a n d  f o s s i l  o f  a q u a t i c  a n i m a l s  a r e  r a r e  in  
r e d  o r  v a r i e g a t e d  s i l t s t o n e  w h i c h  c a n  b e  i n t e r p r e t e d  a s  f l o o d p l a i n  d e p o s i t s .

M e e s o o k  ( 2 0 0 0 )  s u m m e r i z e d  t h e  C r e t a c e o u s  e n v i r o n m e n t s  o f  n o r t h e a s t e r n  
T h a i l a n d  i n c l u d i n g  t h e  P h r a  W i h a n ,  S a o  K h u a ,  P h u  P h a n ,  a n d  K h o k  K r u a t  F o r m a t i o n s  
o f  t h e  K h o r a t  G r o u p  a n d  t h e  o v e r l y i n g  M a h a  S a r a k h a m  F o r m a t i o n .  T h e  S a o  K h u a  
F o r m a t i o n  c o n s i s t s  o f  a n  a l t e r n a t i o n  o f  r e d d i s h - b r o w n  s i l t y  c l a y s t o n e s ,  s i l t s t o n e s ,  a n d  
f i n e  t o  m e d i u m - g r a i n e d  s a n d s t o n e s  w i t h  n u m e r o u s  t h i n  c a l i c h e s ,  c a r b o n a t e  n o d u l e s ,  
a n d  b e d d e d  a n d  n o d u l a r  s i l c r e t e s .  L i m e - n o d u l e  c o n g l o m e r a t e s  a n d  s i l i c i f i e d  w o o d - l i k e  
b e d s  t h a t  w i d e s p r e a d  i n  m a r o o n  t o  r e d d i s h - b r o w n  c l a y s t o n e  h a d  b e e n  i n t e r p r e t e d  a s  
p a l e o s o l s  a n d  s i l c r e t e s ,  w h i c h  c a n  b e  u s e d  a s  p a l a e o c l i m a t e  i n d i c a t o r .  T h e  r o c k s  w e r e  
d e p o s i t e d  in  t h e  m e a n d e r i n g  f l u v i a l  s y s t e m  d u r i n g  s e m i - a r i d  p a l a e o c l i m a t e .  T h i s  
p a l a e o c l i m a t e  o f  s i l c r e t e  is  s u g g e s t e d  b y  t h e  v o i d  f i l l s  c o m p o s e d  o f  l e n g t h - s l o w  
f i b r o u s  c h a l c e d o n y  a n d  m i c r o c i y p t a l l i n e  q u a r t z .  T h e  l o w  c o n c e n t r a t i o n  o f  t i t a n i u m  
d i o x i d e  ( T iC >2 < 0 .0 3 )  a l s o  s u p p o r t e d  t h i s  p a l a e o c l i m a t e  i n t e r p r e t a t i o n .

1 .4 .4 .  A g e  o f  t h e  S a o  K h u a  F o r m a t i o n
K o n n o  a n d  A s a m a  ( 1 9 7 3 )  r e p o r t e d  t h e  p l a n t  f o s s i l ,  Sphenopteris goeppati, 

w h i c h i t s  r a n g e  i s  E a r l y  J u r a s s i c  t o  E a r l y  C r e t a c e o u s .  P o l l e n s  w e r e  a l s o  r e p o r t e d ,  t h e i r  
r a n g e s  a r e  E a r l y  t o  M i d d l e  J u r a s s i c .

K o b a y a s h i  ( 1 9 8 4 )  d i v i d e d  t h e  K h o r a t  G r o u p  i n t o  t h r e e  s u b g r o u p s ,  i n c l u d i n g  
U p p e r ,  L o w e r ,  a n d  B a s a l  K h o r a t  S u b g r o u p ,  w h i c h  t h e  P h r a  W i h a n  F o r m a t i o n  in  t h e  
l o w e r  K h o r a t  S u b g r o u p  i n c l u s i v e  t h e  S a o  K h u a  m e m b e r  w a s  r e c o g n i z e d  a s  M i d d l e  to  
U p p e r  J u r a s s i c  f r o m  t h e  e v i d e n c e s  o f  Mytilus (Pachymytilus?) rectangularis a n d  
Cardinioides magnus, b e c a u s e  t h e i r  r a n g e s  f r o m  C a m i c  t o  L i a s s i c  in  J a p a n .  T h e  o t h e r  
is  Goniomya khoratensis, w h i c h  i t s  r a n g e  is  U p p e r  J u r a s s i c .

R a c e y  et al. ( 1 9 9 4 )  p r o p o s e d  t h e  n e w  a g e  d a t a  f o r  t h e  K h o r a t  G r o u p  f r o m  t h e i r  
n e w  p a l y n o l o g i c a l  d a t a ;  t h e  P h r a  W i h a n  F o r m a t i o n  is  E a r l y  C r e t a c e o u s  ( B e r r i a s i a n -  
B a r r e m i a n ) .  T h e  S a o  K h u a  a n d  P h u  P h a n  F o r m a t i o n s  a r e  E a r l y  C r e t a c e o u s  
( B a r r e m i a n - A p t i a n ) .
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M e e s o o k  et al. ( 1 9 9 4 )  r e p o r t e d  t h e  b i v a l v e  f o s s i l s  f r o m  t h e  S a o  K h u a  
F o r m a t i o n ,  w h i c h  i n d i c a t e d  E a r l y  C r e t a c e o u s  in  a g e .

M e e s o o k  et al. ( 1 9 9 5 )  s u m m a r i z e d  t h e  b i v a l v e  f o s s i l s  f r o m  t h e  S a o  K h u a  
F o r m a t i o n ,  b a s e d  o n  t h e s e  f o s s i l s ,  Trigonioides (ร .ร .)  trigonus a n d  Trigonioides ?  c f .  
gnangxiensis g i v e  A p t i a n - A l b i a n  ( E a r l y  C r e t a c e o u s )  f o r  t h e  S a o  K h u a  F o r m a t i o n .
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