
C H A P T E R  H I

L I T H O S T R A T I G R A P H Y  O F  T H E  B I V A L V E  F O S S I L  L O C A L I T I E S

3 .1  L i t h o s t r a t i g r a p h y  o f  t h e  b i v a l v e  f o s s i l  l o c a l i t i e s

A c c o r d i n g  to  t h e  p r e v i o u s  r e s e a r c h e s  o n  p a l a e o n t o l o g y ,  m a n y  v e r t e b r a t e  
f o s s i l s  w e r e  f o u n d  a n d  r e p o r t e d  f r o m  e i g h t  l o c a l i t i e s  o f  t h e  i n n e r  m o u n t a i n  r a n g e  a n d  
o n e  l o c a l i t y  o f  o u t e r  m o u n t a i n  r a n g e  ( F i g u r e  3 .1 ) .  T h e  l i t h o l o g y  o f  t h e s e  l o c a l i t i e s  
e x c e p t  t h e  l a t e r  w a s  r e c o g n i z e d  a s  t h e  S a o  K h u a  F o r m a t i o n  ( C h o n g l a k m a n i  et al. , 
1 9 8 5 ;  W o n g p r a y o o n  a n d  M e e s o o k ,  2 0 0 1 ) .  J e a r a n a i w o n g  ( 2 0 0 0 )  r e p o r t e d  2  l o c a l i t i e s  
o f  b i v a l v e s  f r o m  P h u  P r a t u  T e e  M a  a n d  S a m  B a k  L o  i n  t h e  w e s t  o f  t h e  P h u  W i a n g  
a r e a .  B o t h  l o c a l i t i e s  a l s o  b e l o n g  t o  t h e  S a o  K h u a  F o r m a t i o n .

#  D i n o s a u r  f o s s i l  l o c a l i t y  ■  D i n o s a u r  f o o t p r i n t  l o c a l i t y
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B a s e d  o n  t h e  r e a s o n s  m e n t i o n e d  a b o v e ,  t h e  o u t c r o p s  o f  t h e  i n n e r  m o u n t a i n  
r a n g e  w e r e  f o c u s e d  t o  s e a r c h  f o r  n e w  l o c a l i t i e s  o f  b i v a l v e s .

F i v e  f o s s i l  l o c a l i t i e s  w e r e  f o u n d  in  t h e  p r e s e n t  s t u d y  ( F i g u r e  3 .2 ) ,  a n d  f iv e  
c o l u m n a r  s e c t i o n s  w e r e  m a d e  t o  d e f i n e  t h e  c h a r a c t e r i s t i c s  o f  s e d i m e n t a r y  r o c k s  in  
e a c h  b e d  o f  b i v a l v e  l o c a l i t i e s .  A l l  o f  t h e  s e c t i o n s  a r e  s t a r t e d  a t  t h e  b i v a l v e  l o c a l i t i e s .  
E a c h  c o l u m n a r  s e c t i o n  a n d  o u t c r o p  i s  s h o w n  i n  F i g u r e s  3 .3  t o  3 .2 2 .  T h e  t y p e  s e c t i o n  
o f  t h e  S a o  K h u a  F o r m a t i o n  a n d  i t s  c o r r e l a t i o n s  to  o t h e r  s e c t i o n  a r e  s h o w n  i n  F i g u r e  
3 .2 3  a n d  3 .2 4 .

F i g u r e  3.2 Map of bivalve localities.
A l= P W -M -l A2 = pw  M-2 A 3 = PW-M-3 A 4 = PW-VM A  5 = PW-M-5
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3 .1 .1  P h u  W i a n g  m o l l u s c a n  l o c a l i t y  1 ( P W - M - 1 )

M a p  s h e e t :  5 4 4 2  I I I  A M P H O E  C H U M  P H A E
U T M  g r i d  r e f e r e n c e :  0 5 3 4 5 8
L o c a t i o n :  P h u  P r a t u  T e e  M a
A c c e s s i b i l i t y :  T h e  t o u r i s t  t r a i l  f r o m  P h u  W i a n g  N a t i o n a l  P a r k  H e a d q u a r t e r s  t o  

D i n o s a u r  s i t e  3 ,  a n d  t o  v i e w  p o in t .

T h i s  s e c t i o n  w a s  m a d e  a t  t h e  o u t c r o p  n e a r  t h e  t r a i l  f r o m  D i n o s a u r  S i t e  3  t o  
v i e w  p o i n t  a t  P h u  P r a t u  T e e  M a ,  t h e  t h i c k n e s s  o f  t h i s  s e c t i o n  i s  a b o u t  2 6 .8  m . ( F i g u r e
3 .3 )

L i t h o l o g y  a n d  s e d i m e n t a r y  s t r u c t u r e :  D e s c r i p t i o n  i s  s h o w n  i n  a s c e n d i n g  
o r d e r ,  t h e  s e c t i o n  s h o w  12  m  t h i c k  o f  4  s e t s  o f  c r o s s - b e d d i n g ,  w h i c h  e a c h  s e t  is  
i n t e r r u p t e d  b y  t h i n  l a y e r  o f  s h e l l  f r a g m e n t  ( P W - M - 1 / 1 )  i n  s a n d s t o n e  b e d  a n d  l i m e -  
n o d u l e  c o n g l o m e r a t e  b e d ,  r e s p e c t i v e l y .  T h e s e  c r o s s - b e d d i n g  s e t s  a r e  o v e r l a i n  b y  
c r o s s - l a m i n a t i o n  a n d  l a m i n a t e d  f i n e - g r a i n e d  s a n d s t o n e  b e d s .  T h e y  a r e  l a t e r  o v e r l a i n  
b y  t h e  a l t e r n a t i o n  o f  m u d s t o n e ,  v e r y  f i n e - g r a i n e d  s a n d s t o n e ,  a n d  c a l i c h e .  I n  t h e  
m i d d l e  o f  t h i s  s e t ,  s h e l l  b e d  ( P W - M - 1 / 2 )  w a s  o v e r l a i n  o n  l i m e - n o d u l e  c o n g l o m e r a t e .  
T h e  u p p e r m o s t  s e t  s t a r t i n g  w i t h  s h e l l  f o s s i l s  i n  m u d - n o d u l e  c o n g l o m e r a t e  b e d  ( P W -  
M - 1  / 3 )  w a s  o v e r l a i n  b y  l a m i n a t e d  m u d d y  f i n e - g r a i n e d  s a n d s t o n e  b e d  w i t h  
b i o t u r b a t i o n ,  t h e  u p p e r m o s t  b e d  i s  l a m i n a t e d  f i n e - g r a i n e d  s a n d s t o n e .



2 0

Thickness Lithologic column Lithology

4.2 m

3.9 m

1.5 m

3.8 m

1.9 m

3.2 m

0.1 m

2.3 m

0.2 m 
0.9 m 
0.2 เฑ

4.8 m

Mud-nodule conglomeratic sandstone with abundant bivalves 
Laminated fine-grained sandstone with bioturbation

BED 3 (PW-M-1/3)

Alternation of mudstone, very fine-grained sandstone, and calcrete

Lime-nodule conglomerate, and abundant bivalves in conglomeratic 
sandstone BED 2 (PW-M-1/2)

Alternation of mudstone, very fine-grained sandstone, and calcrete

Laminated, fine- to very- fine-grained sandstone, cross-laminated 
sandstone

Medium -grained, cross-bedded sandstone

Lime-nodule conglomerate

Medium-grained, cross-bedded sandstone

Lime-nodule conglomerateMedium -grained, cross-bedded sandstone
Medium -grained sandstone with thin layer of shell fragments BED 1 (PW-M-1/1)

Medium-grained, cross-bedded sandstone

F i g u r e  3 .3  L i t h o s t r a t i g r a p h i c a l  c o l u m n a r  s e c t i o n  o f  t h e  S a o  K h u a  F o r m a t i o n  a t  P h u  
W i a n g  m o l l u s c a n  l o c a l i t y  1 ( P W - M - 1 )  G r i d  r e f e r e n c e  0 5 3 4 5 8
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F i g u r e  3 .4  C r o s s - b e d d e d  s a n d s t o n e .  G r i d  r e f e r e n c e  0 5 3 4 5 8

F i g u r e  3 .5  P h u  W i a n g  m o l l u s c a n  l o c a l i t y  1 B e d  1 ( P W - M - 1 / 1 ) ,  t h i n  l a y e r  o f  s h e l l  
f r a g m e n t s  i n  s a n d s t o n e  b e d  o v e r l i e  o n  c r o s s - b e d d e d  s a n d s t o n e  G r i d  r e f e r e n c e  0 5 2 4 5 8
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F i g u r e  3 .6  P h u  W i a n g  m o l l u s c a n  l o c a l i t y  1 B e d  2  ( P W - M - 1 / 2 ) .  G r i d  r e f e r e n c e  
0 5 0 4 5 9
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F i g u r e  3 .7  C a l c r e t e  l a y e r  ( b e h i n d  t h e  c a m e r a  c o v e r )  f o r m i n g  in  t h e  a l t e r n a t i o n  o f  
m u d s t o n e  a n d  v e r y  f i n e - g r a i n e d  s a n d s t o n e ;  t h e  t o p  is  r e s i s t a n t  b e d s  o f  m u d - n o d u l e  
c o n g l o m e r a t e  b e d  ( P h u  W i a n g  m o l l u s c a n  l o c a l i t y  1 B e d  3 : P W - M - 1 / 3 )  a n d  l a m i n a t e d  
m u d d y  f i n e - g r a i n e d  s a n d s t o n e  b e d  in  t h e  u p p e r m o s t .  G r i d  r e f e r e n c e  0 5 0 4 5 9
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F i g u r e  3 .8  M u d - n o d u l e  c o n g l o m e r a t e  b e d  ( P h u  W i a n g  m o l l u s c a n  l o c a l i t y  1 B e d  3 : 
P W - M - 1 / 3 )  w i t h  a b u n d a n t  b i v a l v e s ;  a n d  o v e r l y i n g  l a m i n a t e d  m u d d y  f i n e - g r a i n e d  
s a n d s t o n e  b e d .  G r i d  r e f e r e n c e  0 5 0 4 5 9

F i g u r e  3 .9  L a m i n a t e d  m u d d y  f i n e - g r a i n e d  s a n d s t o n e  w i t h  i n c l i n e  b u r r o w  a t  t h e  c e n t e r  
o f  p i c t u r e .  G r i d  r e f e r e n c e  0 5 0 4 5 9
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3 .1 .2  P h u  W i a n g  m o l l u s c a n  l o c a l i t y  2  ( P W - M - 2 )

M a p  s h e e t :  5 4 4 2  I I I  A M P H O E  C H U M  P H A E
U T M  g r i d  r e f e r e n c e :  0 5 0 4 6 5
L o c a t i o n :  P h u  P r a t u  T e e  M a
A c c e s s i b i l i t y :  T h e  r o a d  f r o m  P h u  W i a n g  N a t i o n a l  P a r k ’s  t o u r i s t  c e n t e r  t o  

D i n o s a u r  s i t e  2 .

T h i s  s e c t i o n  w a s  m a d e  a t  t h e  o u t c r o p  n e a r  t h e  t o p  o f  P h u  P r a t u  T e e  M a ,  t h e  
t h i c k n e s s  is  a b o u t  2 2  m ,  a n d  t h i s  s e c t i o n  c o n t a i n s  th e  D i n o s a u r s  S i t e  2  a n d  s h e l l  b e d  
( P W - M - 2 )  ( F i g u r e  3 .1 0 ) .

L i t h o l o g y  a n d  s e d i m e n t a r y  s t r u c t u r e :  t h e  d e s c r i p t i o n  i s  s h o w n  f r o m  t h e  
b o t t o m  t o  t h e  t o p ;  t h e  l o w e r  s e t  i s  a b o u t  5 .5  m  t h i c k  o f  t h e  a l t e r n a t i o n  o f  v e r y  f i n e 
g r a i n e d  s a n d s t o n e  b e d  w i t h  b i o t u r b a t i o n ,  l a m i n a t e d  m u d d y  f i n e - g r a i n e d  s a n d s t o n e  b e d  
w i t h  r i p p l e  m a r k  o n  b e d d i n g  s u r f a c e ,  a n d  m u d s t o n e .  T h e  o v e r l y i n g  s e t  i s  a l t e r n a t i o n  
o f  c a l c r e t e ,  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 ,  a n d  m u d s t o n e ,  a n d  t h e  1 2  m  t h i c k  o f  
a l t e r n a t i o n  o f  l a m i n a t e d  m u d d y  f i n e - g r a i n e d  s a n d s t o n e  a n d  f i n e - g r a i n e d  s a n d s t o n e  
w h i c h  c o n t a i n  t h e  D i n o s a u r  S i t e  2  b e d  n e a r  t h e  u p p e r m o s t  p a r t ;  t h e  u p p e r m o s t  s e t  is  
l i m e - n o d u l e  c o n g l o m e r a t e  b e d  a n d  t h i c k  s h e l l  b e d  in  c o n g l o m e r a t i c  s a n d s t o n e .



2 5

Thickness
2.5 m

14 m

5.5 m

Lithologic column Lithology
Coarsening-upward sequence of medium-grained sandstone, lime- 
nodule conglomerate, and conglomeratic sandstone with abundant 
bivalves.

Alternation of calcrete, fine- to medium-grained sandstone, and 
mudstone.
Alternation of laminated muddy fine-grained sandstone and fine
grained sandstone with Dinosaur Bones (Dinosaur Site 2 = 
Phuw iangosaurus s irindhom ae)

Alternation of very fine-grained sandstone with bioturbation, 
laminated muddy fine-grained sandstone with ripple mark, and 
mudstone.

F i g u r e  3 . 1 0  L i t h o s t r a t i g r a p h i c a l  c o l u m n a r  s e c t i o n  o f  t h e  S a o  K h u a  F o r m a t i o n  a t  P h u  
W i a n g  m o l l u s c a n  l o c a l i t y  2  ( P W - M - 2 ) .  G r i d  r e f e r e n c e  0 5 0 4 6 5



2 6

F i g u r e  3 .1 1  R i p p l e  m a r k  o n  b e d d i n g  s u r f a c e  o f  l a m i n a t e d  f i n e - g r a i n e d  s a n d s t o n e .  
G r i d  r e f e r e n c e  0 5 1 4 6 6

F i g u r e  3 .1 2  P h u  W i a n g  m o l l u s c a n  l o c a l i t y  2  ( P W - M - 2 ) .  G r i d  r e f e r e n c e  0 5 0 4 6 5



2 7

3 .1 .3  P h u  W i a n g  m o l l u s c a n  l o c a l i t y  3  ( P W - M - 3 )

M a p  s h e e t :  5 4 4 2  I I I  A M P H O E  C H U M  P H A E
U T M  g r i d  r e f e r e n c e :  0 5 6 4 6 0
L o c a t i o n :  P h u  P r a t u  T e e  M a
A c c e s s i b i l i t y :  T h e  r o a d  f r o m  P h u  W i a n g  N a t i o n a l  P a r k ’ s  t o u r i s t  c e n t e r  t o  

D i n o s a u r  s i t e  2 .

T h i s  s e c t i o n  w a s  m a d e  a t  t h e  o u t c r o p  e x p o s e d  a t  t h e  f o o t  o f  P h u  P r a t u  T e e  M a ,  
n e a r  t h e  l e f t  s i d e  o f  t h e  r o a d  c u t  t o  D i n o s a u r s  S i t e  2 . T h e  t h i c k n e s s  i s  a b o u t  7  m  
( F i g u r e  3 .1 3 ) .

L i t h o l o g y  a n d  s e d i m e n t a r y  s t r u c t u r e :  D e s c r i p t i o n  i s  s h o w n  i n  a s c e n d i n g  
o r d e r ;  t h e  f i r s t  3 .2  m  i s  t h e  f i n i n g - u p w a r d  s e q u e n c e  o f  m e d i u m ,  f i n e  a n d  v e r y  f i n e 
g r a i n e d  s a n d s t o n e  b e d  o v e r l a i n  b y  t h e  2 .8  m  t h i c k  o f  t h e  a l t e r n a t i o n  o f  m u d s t o n e  b e d  
a n d  v e r y  f i n e - g r a i n e d  s a n d s t o n e  b e d ,  t h e  u p p e r m o s t  i s  a b o u t  1 m  t h i c k  o f  l a m i n a t e d  
f i n e - g r a i n e d  s a n d s t o n e  b e d  o v e r l a i n  b y  s h e l l  b e d  i n  l i m e - n o d u l e  c o n g l o m e r a t i c  
s a n d s t o n e .

Thickness Lithologic column Lithology
l m Laminated fine-grained sandstone, conglomeratic sandstone with

abundant bivalves.
Alternation o f mudstone and very fine-grained sandstone

2.8 m 1
' yjÊÊÊÂ Fining-upward sequence o f medium, fine, and very fine-grained

3.2 m ■ J p ip f sandstone

m
F i g u r e  3 .1 3  L i t h o s t r a t i g r a p h i c a l  c o l u m n a r  s e c t i o n  o f  t h e  S a o  K h a u  F o r m a t i o n  a t  P h u  
W i a n g  m o l l u s c a n  l o c a l i t y  3  ( P W - M - 3 ) .  G r i d  r e f e r e n c e  0 5 6 4 6 0



2 8

F i g u r e  3 .1 4  T h e  o u t c r o p  o f  l o w e r  p a r t  o f  t h e  s e c t i o n  o f  P h u  W i a n g  m o l l u s c a n  l o c a l i t y  
3  ( P W - M - 3 ) ;  t h e  r o l l i n g  s t o n e s  i n  t h e  t r o u g h  b r o k e  f r o m  s h e l l  b e d  a b o v e .  G r i d  
r e f e r e n c e  0 5 6 4 6 0

F i g u r e  3 . 1 5  P h u  W i a n g  m o l l u s c a n  l o c a l i t y  3  ( P W - M - 3 ) .  G r i d  r e f e r e n c e  0 5 6 4 6 0
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3 . 1 . 4  P h u  W i a n g  m o l l u s c a n  l o c a l i t y  4  ( P W - M - 4 )

M a p  s h e e t :  5 4 4 2  I I I  A M P H O E  C H U M  P H A E  
U T M  g r i d  r e f e r e n c e :  0 5 2 4 7 0  
L o c a t i o n :  P h u  P r a t u  T e e  M a
A c c e s s i b i l i t y :  T h e  r o a d  f r o m  P h u  W i a n g  N a t i o n a l  P a r k ’ s  t o u r i s t  c e n t e r  t o  

p a r k i n g  a r e a ,  a n d  t a k e  t h e  t o u r i s t ’ s  t r a i l  t o  D i n o s a u r  S i t e  9 .

T h i s  s e c t i o n  w a s  m a d e  a t  t h e  o u t c r o p  o f  s h e l l  b e d  o v e r l y i n g  t h e  r e d  s a n d s t o n e  
o f  D i n o s a u r  S i t e  9  b e d ;  t h e  t h i c k n e s s  o f  t h e  s e c t i o n  is  a b o u t  1 4 .5  m . ( F i g u r e  3 .1 6 )

L i t h o l o g y  a n d  s e d i m e n t a r y  s t r u c t u r e :  T h e  d e s c r i p t i o n  i s  s h o w n  i n  a s c e n d i n g  
o r d e r ;  t h e  l o w e r m o s t  s e t  i s  a b o u t  0 .9  m  t h i c k  o f  c o n v o l u t e  o r  w a v y  l a m i n a t e d  f i n e 
g r a i n e d  s a n d s t o n e  b e d  w i t h  r i p p l e  m a r k ,  o v e r l a i n  b y  0 .7  m  t h i c k  o f  c r o s s - b e d d i n g  
s a n d s t o n e  b e d  a n d  l a m i n a t e d  f i n e - g r a i n e d  s a n d s t o n e  b e d ;  t h e  f o l l o w i n g  s e t  i s  a b o u t
2 .4  m  t h i c k  o f  s e v e r a l  c r o s s - l a m i n a t e d  f i n e - g r a i n e d  s a n d s t o n e  b e d s  w i t h  b i o t u r b a t i o n  
a n d  r i p p l e  m a r k ;  a f t e r ,  i s  a b o u t  4 .5  m  t h i c k  o f  s e t  o f  s e v e r a l  f i n e - g r a i n e d  s a n d s t o n e  
b e d s  w i t h  b i o t u r b a t i o n  a n d  c o n t a i n  d i n o s a u r  f o s s i l  in  t h e  u p p e r  m o s t  b e d  o f  t h i s  s e t ;  
t h e n  a b o u t  5 .5  m  t h i c k  o f  m u d s t o n e  b e d  a n d  s o m e  i n t e r c a l a t i o n  o f  t h i n  b e d  o f  f i n e 
g r a i n e d  s a n d s t o n e ,  t h e  i n t e r n a l  m o u l d  o f  a r t i c u l a t e d  s h e l l s  w e r e  f o u n d  in  m u d s t o n e  
b e d  in  l o w e r  p a r t  o f  t h i s  s e t ;  t h e  t o p  c o v e r  w i t h  a b o u t  0 .5  m  o f  m e d i u m  a n d  l a m i n a t e d  
m e d i u m - g r a i n e d  s a n d s t o n e  b e d s .
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Thickness Lithologic column Lithology
0.5 m

5.5 m

4.5 m

2.4 m

0.7 m
0.9 m

Medium- grained sandstone, and laminated medium-grained sandstone
Mudstone and intercalation o f fine-grained sandstone, caliche, with 
internal moulds o f articulated bivalve shells

Fine-grained sandstone with abundance o f bioturbation, ripple mark, 
and Dinosaur Bones (Dinosaur Site 9= Siamotyrannus isanensis)

Cross-laminated, fine-grained sandstone with bioturbaion and ripple 
mark

Cross-bedded medium-grained sandstone, laminated fine-grained sandstone
Convolute or wavy laminated fine-grained sandstone with ripple mark

F i g u r e  3 . 1 6  L i t h o s t r a t i g r a p h i c a l  c o l u m n a r  s e c t i o n  o f  t h e  S a o  K h u a  F o r m a t i o n  a t  P h u  
W i a n g  m o l l u s c a n  l o c a l i t y  4  ( P W - M - 4 ) .  G r i d  r e f e r e n c e  0 5 2 4 7 0
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F i g u r e  3 . 1 7  V e r t i c a l  a n d  h o r i z o n t a l  c a r b o n a t e  r o o t l e t  o n  t h e  b e d d i n g  s u r f a c e  o f  r e d  
b r o w n  s i l t s t o n e  b e d  o f  D i n o s a u r  S i t e  9 ,  u n d e r l y i n g  P h u  W i a n g  m o l l u s c a n  l o c a l i t y  4  
( P W - M - 4 ) .  G r i d  r e f e r e n c e  0 5 2 4 7 0

F i g u r e  3 .1 8  P h u  W i a n g  m o l l u s c a n  l o c a l i t y  4  ( P W - M - 4 ) ;  t h e  i n t e r n a l  m o u l d s  o f  
a r t i c u l a t e d  v a l v e s  w e r e  f o u n d  o n  t h e  s u r f a c e  o f  w e a t h e r i n g  o u t  m u d s t o n e  a t  t h e  c e n t e r  
o f  t h e  f i g u r e .  G r i d  r e f e r e n c e  0 5 2 4 7 1
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3 . 1 .5  P h u  W i a n g  m o l l u s c a n  l o c a l i t y  5  ( P W - M - 5 )

M a p  s h e e t :  5 4 4 2  I I  A M P H O E  P H U  W I A N G  
U T M  g r i d  r e f e r e n c e :  0 6 7 4 1 9  
L o c a t i o n :  P h u  N o i
A c c e s s i b i l i t y :  A t  B a n  M u a n g  K a o ,  t a k e  t h e  r o a d  t o  H u a i  B o n g  W e i r ,  a n d  w a l k  

a c r o s s  H u a i  B o n g  t o  t h e  l o c a l i t y .

T h i s  s e c t i o n  w a s  m a d e  a t  t h e  o u t c r o p  e x p o s e d  a t  t h e  s o u t h e r n  f o o t  o f  P h u  N o i  
h i l l o c k  n e a r  D i n o s a u r  S i t e  7 ;  t h e  t h i c k n e s s  o f  t h e  s e c t i o n  i s  a b o u t  1 0  m . ( F i g u r e  3 .1 9 )  

L i t h o l o g y  a n d  s e d i m e n t a r y  s t r u c t u r e :  T h e  d e s c r i p t i o n  i s  s h o w n  i n  a s c e n d i n g  
o r d e r ;  t h e  l o w e r  s e t  i s  t h e  a l t e r n a t i o n  o f  a b o u t  2  m  t h i c k  o f  f i n e - g r a i n e d  s a n d s t o n e ,  
v e r y  f i n e - g r a i n e d  s a n d s t o n e ,  a n d  m e d i u m - g r a i n e d  s a n d s t o n e ;  t h e  o v e r l y i n g  b e d s  a r e  
s h e l l  b e d  in  m u d - n o d u l e  c o n g l o m e r a t i c  s a n d s t o n e ;  t h e  f o l l o w i n g  is  a b o u t  5  8  m  t h i c k  
o f  l a m i n a t e d  f i n e - g r a i n e d  s a n d s t o n e  b e d s  w h i c h  t h e  l o w e r  b e d  c o n t a i n  b i o t u r b a t i o n ;  
t h e n  o v e r l a i n  b y  t h e  m u d - n o d u l e  c o n g l o m e r a t i c  s a n d s t o n e  a n d  t h i c k  b e d  o f  v e r y  f i n e 
g r a i n e d  s a n d s t o n e ;  a n d  t h i s  c y c l e  r e p e a t  a g a i n  a b o u t  0 .5  m  th i c k .

Thickness Lithologic column Lithology
0.5 m Mud-nodule conglomeratic sandstone, very fine-grained sandstonejiüLiliO
1.3 m 9p i l l

I g ju j Very fine-grained sandstone
0.1 m Mud-nodule conglomerate sandstone

5.8 m

7

6

5

4

3

ฒg

ร์? ». 1 ชุ่' i f S i #

1

Laminated fine-grained sandstone with rare bioturbation

0.1 m Mud-nodule conglomeratatic sandstone with abundant of bivalves

1
น»̂ »yพุ«•■'̂ -y‘\ Alternation of fine, very fine, and medium-grained sandstone

2.2 m

F i g u r e  3 . 1 9  L i t h o s t r a t i g r a p h i c a l  c o l u m n a r  s e c t i o n  o f  t h e  S a o  K h a u  F o r m a t i o n  a t  P h u  
W i a n g  m o l l u s c a n  l o c a l i t y  5  ( P W - M - 5 ) .  G r i d  r e f e r e n c e  0 6 7 4 1 9
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F i g u r e  3 . 2 0  P h u  W i a n g  m o l l u s c a n  l o c a l i t y  5  ( P W - M - 5 ) ;  t h e  w e a t h e r i n g  o u t  o f  m u d -  
n o d u l e  c o n g l o m e r a t i c  s a n d s t o n e  b e d  ( r e d  b r o w n  c o l o r ) .  G r i d  r e f e r e n c e  0 6 7 4 1 9

F i g u r e  3 .2 1  T h e  w e a t h e r i n g  o u t  o f  m u d - n o d u l e  c o n g l o m e r a t i c  s a n d s t o n e  b e d  c o n t a i n s  
a b u n d a n t  o f  b i v a l v e s .  G r i d  r e f e r e n c e  0 6 7 4 1 9
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F i g u r e  3 . 2 2  T h e  t r i g o n a l  s h a p e  b i v a l v e  i n  t h e  h o s t  r o c k  m u d - n o d u l e  c o n g l o m e r a t e .  
G r i d  r e f e r e n c e  0 6 7 4 1 9

3 .2  T y p e  s e c t i o n  o f  t h e  S a o  K h u a  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  w a s  p r o p o s e d  b y  W a r d  a n d  B u n n a g  ( 1 9 6 4 )  f o r  t h e  
s e c t i o n  o f  t h i c k  s i l t s t o n e  a n d  w i d e l y  s e p a r a t e d  s a n d s t o n e s  t h a t  u n d e r l i e s  s t r i k e  v a l l e y s  
b e t w e e n  t h e  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  i n  d r a i n a g e  a r e a  o f  t h e  H u a i  S a o  
K h u a ,  a n  i n t e r m i t t e n t  s t r e a m  t h a t  f l o w s  w e s t w a r d  p a r a l l e l  t o  a n d  n o r t h  o f  h i g h w a y  
b e t w e e n  U d o n  T h a n i  a n d  N o n g  B u a  L a m p h u .  T h e  f o r m a t i o n  t h e r e  is  5 1 2  m  th i c k .

A  f e w  f o s s i l s  w e r e  f o u n d  i n  a  t h i c k  c a l c a r e o u s ,  c o n g l o m e r a t i c  s a n d s t o n e ,  a n d  i n  a n  
o v e r l y i n g  c o n g l o m e r a t e  i n  t h e  u p p e r  p a r t  o f  t h e  t y p e  s e c t i o n .  T h e y  i n c l u d e  s h e l l ,  a  
t o o t h ,  a n d  s i l i f i f i e d  b o n e  f r a g m e n t s .  T h e  s h e l l s  h a v e  b e e n  i d e n t i f i e d  a s  n a t i c o i d  
g a s t r o p o d s  a n d  t w o  s p e c i e s  o f  b i v a l v e s ,  Cardinioid.es magnus a n d  Mytilus 
rectangularis ( K o b a y a s h i  et al, 1 9 6 3 )

3 .2 .1  D e t a i l s  o f  t h e  f o s s i l  h o r i z o n s
T h e s e  f o s s i l  h o r i z o n s  d e s c r i b e  i n  a s c e n d i n g  o r d e r  b e l o w  
U n i t  2 1  : T h i c k n e s s  i s  1 0 .5  m  o f  s a n d s t o n e  u n d e r l y i n g  u n i t  2 2 ;  p a l e  r e d  t o  l i g h t  

b r o w n i s h  g r a y ,  w e l l  c e m e n t e d  c a l c a r e o u s ,  t h i c k - b e d d e d ;  c o n g l o m e r a t i c  i n  z o n e s  w i t h  
f r a g m e n t s  o f  g r a y i s h  r e d  s i l t s t o n e  u p  t o  1 c m  in  d i s m e t e r .  S c a t t e r e d  f o s s i l s  i n c l u d e  
s h e l l  o f  n a t i c o i d  g a s t r o p o d  a n d  t h i c k - s h e l l e d  b i v a l v e s  o f  w h i c h  Cardinioides magnus 
h a s  b e e n  i d e n t i f i e d  f r o m  a  s i n g l e  s p e c i m e n ;  a  s i n g l e  c o n e - s h a p e d ,  s t r i a t e d  t o o t h  h a s  
b e e n  i d e n t i f i e d  a s  t h a t  o f  a n  i c h t h y o s a u r .

U n i t  2 2 :  T h i c k n e s s  is  2 .1  m  o f  c o n g l o m e r a t e ,  p a l e  r e d ,  w e l l  c e m e n t e d ;  c o n t a i n  
n o d u l a r  p e b b l e s  o f  g r a y i s h  r e d  c a l c a r e o u s  c a l i c h e  u p  t o  2  c m .  i n  d i a m e t e r  i n  f i n e -  t o  
m e d i u m - g r a i n e d ,  c a l c a r e o u s ,  s a n d y  m a t r i x .  S c a t t e r e d  f o s s i l s  i n c l u d e  s h e l l  o f  n a t i c o i d
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n a t ic o id  g a s t r o p o d  a n d  b iv a lv e s  o f  w h ic h  M y t i lu s  r e c ta n g u la r i s  h a s  b e e n  id e n t i f i e d
f r o m  a  s in g le  l e f t  v a lv e .

3 0 0 -

Jong Bua Lamphu-Udon Thani Highway
200-

IO O -
Estimated additional section that is covered by rice fields.

o -

100-

200-

3 0 0 -

*00-

3 0 0 -

6 0 0 -

7 0 0 -

3 0 0 -

9 0 0 -

lOOO-

HOO-

1200-

Conglomerate
Quartt »nd chert pebble» 
Caliche sad tolmofte pebble» 
Croat-bedded
C'alcareoui

Thick-bedded rr.ore
VI » v -W'idH ( I -1

< < < Grn*fc- I
Silly
l'ak;irc<*u*

■ .. f t «rijçloincr
OuarljitK

Sdt*ton<

" พ ^ * ' r Uniform
Sandy

โะ -̂̂ ะ Calcareou*
Calcareous nodule»
Gyptiferou*

Cl J Vf tone
พ 2M I ’mform

Limestone
L'ni for IT
Chert y

1 3 0 0 -

I I
Section concealed under rice fields

พ
c Carbonaceous K Foatilifrrou»

Section partly covered 
Section roverrd

F i g u r e  3 .2 3  T h e  t y p e  s e c t i o n  o f  t h e  S a o  K h u a  F o r m a t i o n  ( m o d i f i e d  a f t e r  W a r d  a n d  
B u n n a g ,  1 9 6 4 )
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3 .3  T h e  c o r r e l a t i o n  o f  c o l u m n a r  s e c t i o n s  o f  P h u  W i a n g  m o l l u s c a n  l o c a l i t i e s  a n d  
t h e  t y p e  s e c t i o n  o f  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  d e t a i l s  o f  m e a s u r e d  t y p e  s e c t i o n  o f  t h e  S a o  K h u a  F o r m a t i o n  b y  
W a r d  a n d  B u n n a g  ( 1 9 6 4 ) ,  t h e  f o s s i l  h o r i z o n s  c a n  b e  u s e d  t o  c o r r e l a t e  w i t h  t h e  s e c t i o n  
in  t h i s  s t u d y  b y  t h e i r  s i m i l a r i t y  o f  f o s s i l s  a n d  l i t h o l o g y .  ( F i g u r e  3 .2 4 )

T h e  U n i t  21  o f  t h e  t y p e  s e c t i o n  is  1 0 .5  m . t h i c k  o f  s a n d s t o n e  w i t h  c o n g l o m e r a t i c  
z o n e s  w i t h  f r a g m e n t s  o f  g r a y i s h - r e d  s i l t s t o n e .  T h e  b i v a l v e  f o s s i l  w a s  i d e n t i f i e d  a s  
Cardmioides magnus. T h e  m u d - n o d u l e  c o n g l o m e r a t i c  s a n d s t o n e  b e d s  ( P W - M - 1 / 3 ,  
P W - M - 5 )  c a n  b e  c o r r e l a t e d  w i t h  u n i t  2 1  b y  t h e i r  s i m i l a r i t y  o f  l i t h o l o g y  a n d  t r i g o n a l -  
s h a p e  b i v a l v e .

T h e  U n i t  2 2  o f  t h e  t y p e  s e c t i o n  i s  2 .1  m  t h i c k  o f  c o n g l o m e r a t e  c o n t a i n i n g  n o d u l a r  
p e b b l e s  o f  g r a y i s h  r e d ,  c a l c a r e o u s  c a l i c h e  i n  f i n e -  t o  m e d i u m - g r a i n e d ,  c a l c a r e o u s ,  
s a n d y  m a t r i x .  T h e  b i v a l v e  w a s  i d e n t i f i e d  a s  Mytilus rectangular is. T h e  t h i c k  b e d  o f  
a b u n d a n t  s h e l l s  in  c o n g l o m e r a t i c  s a n d s t o n e  b e d s  ( P W - M - 1 / 2 ,  P W - M - 2 ,  P W - M - 3 )  c a n  
b e  c o r r e l a t e d  w i t h  u n i t  2 2  b y  t h e i r  s i m i l a r i t y  o f  l i t h o l o g y  a n d  m y t i l i f o r m - s h a p e  
b i v a l v e .

F i v e  c o l u m n a r  s e c t i o n s  o f  P h u  W i a n g  m o l l u s c a n  l o c a l i t i e s  c a n  b e  c o r r e l a t e d  w i t h  
t h e  t y p e  s e c t i o n  o f  t h e  S a o  K h u a  F o r m a t i o n  s h o w n  in  F i g u r e  3 .2 4
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PW-M-2
F ig u r e  3 .2 4  C o r r e la t io n  o f  t y p e  s e c t io n  o f  t h e  S a o  K h u a  f  o r m a t io n  ( m o d i f ie d  a f t e r
W a r d  a n d  B u n n a g ,  1 9 6 4 )  w i t h  th e  s e c t io n s  o f  P h u  W ia n g  m o l lu s c a n  lo c a l i t ie s  (s c a le
in  m )  ( P p = P h u  P h a n  F o r m a t io n ;  S k = S a o  K h u a  F o r m a t io n ;  P w = P h r a  W ih a n  F o r m a t io n )
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