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Abstract. Marine Jurass ic sediments (Bajocian-Tithonian) of the 

Kachchh Basin were deposited in a ramp setting. E x c e p t during the 

Middle and Late Bathonian, when a carbonate regime became estab­

lished, the fill of the basin consists predominantly of siliciclastics. T h e 

sediments represent environments that range from coastal plains (riv­

ers and associated flood plains with caliche nodules) , deltas, brackish 

water lagoons, nearshorc sand and iron-oolite bars of the inner ramp, 

generally situated above fair-weather wave-base, to the middle ramp in­

fluenced by storm-waves and by s torm-generated currents , and finally 

to the outer ramp which is characterised by low energy, fine-grained 

sediments. Changes in relative sea level produced a cyclic sedimenta­

tion pattern. The rich benthic fauna of macroinvertebrates is dominated 

by bivalves, followed by brachiopods, gastropods , corals, serpulids, and 

sponges. The analysis of 3 7 0 statistical samples and m o r e than 2 7 , 0 0 0 

specimens produced more than 40 benthic associations and assemblages. 

They show a relationship to several environmental parameters , two of 

which, salinity and climate, are briefly discussed. T h e spatial distribu­

tion of the facies and biota is outlined for two time slices, the B a t h o ­

nian and the Callovian-Oxfordian, respectively. 

Riassunto. I sedimenti marini giurassici (Bajoc iano-Tithoniano) 

del Bacino di Kachchh furono deposti in un ambiente di rampa. E c c e t t o 

che durante il Bathoniano medio e superiore, quando si stabilì un regime 

carbonatico, il riempimento del bacino consiste predominantemente di 

materiale silicoclastico. I sedimenti rappresentano ambienti che vanno 

dalle pianure costiere (fiumi e relative piane d'inondazione con noduli 

a caliche), delta, lagune d'acqua salmastra, barre di sabbia litorale e o o ­

liti ferrosi della rampa interna, generalmente situati sopra la base d'on­

da di bel tempo, alla rampa media (influenzata dalle onde di tempesta 

e dalle correnti generate da tempesta) , ed infine alla rampa esterna, che 

è caratterizzata da sedimenti a grana fine, di bassa energia. I cambia­

menti nel livello marino relativo hanno prodot to una sedimentazione 

ad andamento ciclico. La ricca fauna bentonica dei macroinvertebrat i è 

dominata dai bivalvi, seguiti da brachiopodi, gasteropodi, coralli, scr-

pulidi e spugne. L'analisi di 3 7 0 campioni statistici ed oltre 2 7 0 0 0 esem­

plari ha p r o d o t t o più di 40 associazioni e raggruppamenti bentonici. 

Essi m o s t r a n o una relazione con molti parametri ambientali, due dei 

quali, salinità e clima, vengono brevemente discussi. Viene delineata la 

distribuzione areale delle facies e dei biota per due porzioni temporali, 

r ispett ivamente il Bathoniano ed il Cal lov iano-Oxfordiano . 

In t roduct ion 

T h e rift bas in o f K a c h c h h o r i g i n a t e d at t he w e s t ­

e rn m a r g i n o f t he I n d i a n P l a t e in t h e T r i a s s i c (e .g . B i swas 

1 9 8 2 ) . A f t e r a p h a s e t ha t was c h a r a c t e r i s e d b y n o n - m a ­

r ine s e d i m e n t s (al luvial fans , f luvial s y s t e m s ) , t he sea in ­

u n d a t e d t h e bas in s o m e t i m e in t he ea r ly M i d d l e J u r a s s i c , 

w h e n it b e c a m e an a p p e n d i x o f t h e s o - c a l l e d M a l g a s s y 

G u l f , a s o u t h e r n e x t e n s i o n o f t h e T e t h y a n O c e a n . T h e 

p r e c i s e t i m i n g o f t h e t r a n s g r e s s i o n is st i l l n o t c lea r ; t h e 

o l d e s t a m m o n i t e , a Leptosphinctes, is f r o m the L a t e B a -

j o c i a n ( S i n g h e t al . 1 9 8 2 ) . H o w e v e r , t he b e d c o n t a i n i n g 

th i s a m m o n i t e is under l a in b y a b o u t 2 5 0 m o f s e d i m e n t s 

o f pa r t l y m a r i n e , p a r t l y fluvial o r ig in s o t ha t t h e ear l ies t 

m a r i n e i n f l u e n c e m a y da te even f r o m the A a l e n i a n ( F i i r -

s i ch e t al . 2 0 0 1 ) . 

T h e J u r a s s i c s e d i m e n t a r y fill c o n s i s t s m a i n l y o f s i l ­

i c i c l a s t i c s ( e x c e p t f o r a c a r b o n a t e i n t e r l u d e in t he cen t r a l 

and w e s t e r n areas o f t he bas in dur ing t he M i d d l e and L a t e 

B a t h o n i a n ) and r e c o r d s a gene ra l d e e p e n i n g c u l m i n a t ­

ing in t h e M i d d l e O x f o r d i a n Sch i l l i S u b z o n e ( K r i s h n a et 

al. 2 0 0 0 ) . T h i s was f o l l o w e d b y r e g r e s s i o n w h i c h re su l t -
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1-ig. 1 - Generalised geological map of Kachchh with localities mentioned in the 

ed in t he d e p o s i t i o n o f m a r g i n a l m a r i n e t o n o n - m a r i n e 

s e d i m e n t s b y t h e la te E a r l y C r e t a c e o u s in m o s t par ts o f 

t he bas in . H o w e v e r , th i s overa l l t r e n d was n o t u n i f o r m , 

bu t c o m p o s e d o f n u m e r o u s s m a l l e r c y c l e s o f d i f f e r en t 

h i e r a r c h i e s (e .g . F i i r s i c h & O s c h m a n n 1 9 9 3 ; K r i s h n a e t 

al. 2 0 0 0 ) . 

T h e m a n n e J u r a s s i c s e d i m e n t s o f t h e b a s i n are 

w e l l - k n o w n fo r t h e i r r i ch faunas , b o t h b e n t h i c m a c r o -

i n v e r t e b r a t e s , a m m o n i t e s , and m i c r o f a u n a s . G o o d e x p o ­

sures , t he fac ies m o s a i c and t h e r ich b e n t h i c faunas are 

ideal p r e r equ i s i t e s fo r an i n t e g r a t e d bas in ana lys i s . F i r s t 

r esu l t s t o w a r d s th is goal have a l ready b e e n p u b l i s h e d 

( F i i r s i c h et al. 1 9 9 1 , 1 9 9 2 , 1 9 9 4 a , b , 2 0 0 1 , in p r e s s ; F i i r -

s ich & O s c h m a n n 1 9 9 3 ; F i i r s i c h & P a n d e y 2 0 0 3 ) . T h e 

p r e s e n t pape r gives a s h o r t o u t l i n e o f t he main e n v i r o n ­

m e n t s o f t he bas in and o f the p a l a e o e c o l o g y o f t h e b e n ­

t h i c m a c r o i n v e r t e b r a t e s , f o c u s s i n g o n t he i r r e l a t i o n s h i p 

wi th s o m e o f t h e main p a l a e o e n v i r o n m e n t a l p a r a m e t e r s . 

A l o c a l i t y m a p is g iven in F i g . 1, an o u t l i n e o f t he l i t h o s -

t r a t i g r a p h y in F ig . 2 . 

Env i ronments 

W i t h i n t he J u r a s s i c o f t he K a c h c h h B a s i n , five dis­

t i n c t fac ies a s s o c i a t i o n s can be iden t i f i ed , n a m e l y alluvial 

fan c o n g l o m e r a t e s , c o a s t a l plain s e d i m e n t s , d e p o s i t s o f a 

s i h c i c l a s t i c and o f a c a r b o n a t e r a m p , and m i x e d ca rbon-

a t e - s i l i c i c l a s t i c depos i t s . In the fo l lowing , the m a j o r facies 

t ypes are b r ie f ly s u m m e d up. A s o m e w h a t m o r e extensive 

a c c o u n t is g iven b y F i i r s i c h et al. (in p r e s s ) . A detailed 

d e s c r i p t i o n o f t he facies pa t t e rn is in p repa ra t i on . 

Alluvial fans and coastal plains 
T h e n o n - m a r i n e s e d i m e n t s o c c u r at t he base o f the 

bas in fill and at t h e m a r g i n s o f t he bas in . A t p resen t -day 

t h e y are e x p o s e d on t h e is lands w i t h i n t he G r e a t Rann 

o f K a c h c h h ( F i g . 1 ) . T h e y c o n s i s t o f c o n g l o m e r a t e s rep­

r e s e n t i n g alluvial fans , o f f i n i n g - u p w a r d c r o s s b e d d e d 

s a n d s t o n e s and a r k o s e s wi th e r o s i o n a l bases tha t repre­

s e n t f luvial c h a n n e l s , and o f reddish s i l ts wi th th in inter­

c a l a t i o n s 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 la t t e r are f lood 
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Hp. 1 - Outline of the lithostratigraphy ol Jurassic rocks of the Kach­

chh Basin. The lithostratigraphic units are partly those of 

Biswas ( 1 9 8 0 ) , partly they are traditional terms introduced 

byWaagen ( 1 8 7 5 ) . F o r more detailed information see I-'tirsich 

et al. ( 2 0 0 1 ) . M: Kachchh Mainland; P: Pachchham Island; 

K/B/W: Khadir Island, Bela Island, and Mouwana D o m e . 

plain deposi ts , an i n t e r p r e t a t i o n w h i c h is s u p p o r t e d b y 

the occurrence o f c a l i c h e n o d u l e s in a c o a s t a l plain s e t ­

ting. In te rca la t ions o f grey, h i g h l y c a r b o n a c e o u s m a r l y 

silt are in te rpre ted as lake d e p o s i t s o n t he f l o o d p la in . 

The fluvial channe l fills o c c a s i o n a l l y c o n t a i n large w o o d 

pieces, in s o m e cases even w o o d l ogs . R o o t l e t s o c c u r in 

ripple-laminated f ine -g ra ined s a n d s t o n e s , i n t e r p r e t e d as 

levee deposits , nea r t he t o p o f t h e c h a n n e l fi l ls . M a c r o i n -

v e r t e b r a t e foss i l s are a b s e n t , b u t r e m a i n s o f c a m a r o s a u -

r o m o r p h d i n o s a u r s have b e e n d i s c o v e r e d in f l o o d plain 

d e p o s i t s o n K h a d i r I s l a n d ( M o s e r et al. s u b m i t t e d ) . 

Siliciclastic ramp 
Si l i c i c l a s t i c r a m p d e p o s i t s r ep re sen t a range o f envi ­

r o n m e n t s . S t r o n g l y b i o t u r b a t e d s i l ty t o s a n d y s e d i m e n t s 

c o n t a i n i n g a l ow d ivers i ty m o l l u s c a n fauna (see b e l o w ) are 

i nd i ca t i ve o f b r a c k i s h w a t e r c o n d i t i o n s and c o r r e s p o n d 

t o p r o t e c t e d bays and l a g o o n s . T h i c k , l a rge - sca l e c r o s s -

b e d d e d s a n d s t o n e s o f t h e w e s t e r n i s lands are m o s t l ike ly 

de l t a i c sand b o d i e s . T o w a r d s t h e w e s t (e .g . o n t he H a b o 

D o m e ) , t h e s e de l t a f r o n t s a n d s t o n e s grade i n t o b i o t u r ­

b a t e d si l t and s i l ty s a n d s t o n e o f p r o d e l t a o r ig in . 

Seve ra l m e t r e s t h i c k , wel l s o r t e d , f ine - t o c o a r s e ­

g ra ined s a n d s t o n e s (e .g . t h e U p p e r C a l l o v i a n A t h l e t a 

S a n d s t o n e o f t he J a r a D o m e ; F ù r s i c h e t al . 2 0 0 1 ) e x t e n d 

o v e r t e n s o f k i l o m e t r e s . T h e y are i n t e r p r e t e d as s h e e t 

s ands t ha t are o f de l t a i c o r ig in , b u t w e r e s u b s e q u e n t l y 

sp read a c r o s s t h e m i d d l e r a m p du r ing d e s t r u c t i v e del ta 

p h a s e o r t r a n s g r e s s i v e e v e n t s . 

A r g i l l a c e o u s si l t w i t h th in i n t e r c a l a t i o n s o f s and ­

s t o n e s tha t e x h i b i t an e r o s i o n a l base and h u m m o c k y 

c r o s s b e d d i n g was d e p o s i t e d o n t he s t o r m - w a v e inf lu­

e n c e d r a m p , w h e r e a s b i o t u r b a t e d a rg i l l a ceous silt wi th 

i n t e r c a l a t i o n s o f g raded , p a r a l l e l - l a m i n a t e d , s h a r p - b a s e d , 

f i n e - g r a i n e d s a n d s t o n e s wi th t o o l m a r k s and f lute cas t s 

a re e v i d e n c e o f d e p o s i t i o n b y s t o r m - g e n e r a t e d c u r r e n t s 

b e l o w s t o r m w a v e - b a s e . 

I n d i s t i n c t l y l a m i n a t e d t o b i o t u r b a t e d a rg i l l aceous 

sil t t o s i l ty c l ay w i t h b a n d s o f f e r r u g i n o u s c o n c r e t i o n s 

r e p r e s e n t t h e d e e p e s t e n v i r o n m e n t in t he K a c h c h h ba­

sin, b e y o n d t h e i n f l u e n c e o f s t o r m s . T h e s e o u t e r r a m p 

d e p o s i t s , w i d e s p r e a d in t h e C a l l o v i a n C h a r i F o r m a t i o n 

o f K a c h c h h M a i n l a n d , gene ra l ly r e f l ec t l o w e n e r g y c o n ­

d i t i o n s . 

P r o t e c t e d bays w i t h b i o t u r b a t e d i r o n - o o l i t i c silt 

we re widespread dur ing late sea level h ighs t and in the La te 

C a l l o v i a n . T h e y r e c o r d l o w e n e r g y e n v i r o n m e n t s . I n the 

L o w e r C a l l o v i a n par t o f t he C h a r i F o r m a t i o n at the K e e r a 

D o m e and in t hé J h u r i o F o r m a t i o n ( B a j o c i a n - B a t h o n i -

a n ) o f t he J h u r a D o m e , several m e t r e s - t h i c k c r o s s b e d -

ded g r a i n s t o n e s c o m p o s e d o f F e - o o i d s and fe r rug in ized 

b i o c l a s t s o r i g i n a t e d as h igh e n e r g y shoa l s . T h e y f o r m e d 

a b o v e fair w e a t h e r wave base w h e n the F e - o o i d s , p roduced 

du r ing late sea level h i g h s t a n d , we re r e w o r k e d dur ing t he 

s u b s e q u e n t t r a n s g r e s s i o n . In t he B a t h o n i a n G o r a d o n g a r 

Y e l l o w F l a g s t o n e M e m b e r ( J h u r i o F o r m a t i o n ) o f J h u r a 

D o m e , th in l e n t i c u l a r b o d i e s o f F e - o o l i t i c g r a i n s t o n e s , 

i n t e r ca l a t ed b e t w e e n c a r b o n a t e s , are i n t e r p r e t e d as c h a n ­

ne l s , in w h i c h F e - o o l i t i c s e d i m e n t was t r a n s p o r t e d f rom 

s h o a l s i n t o d e e p e r par t s o f t he r a m p . 

D u r i n g t he O x f o r d i a n , la rge pa r t s o f t he bas in e x ­

p e r i e n c e d s e d i m e n t s t a r v a t i o n due t o a large rise in re la­

t ive sea level ( f o r de ta i l s s ee K r i s h n a et al. 2 0 0 0 ) . A s a re­

sul t , h i g h l y c o n d e n s e d s e d i m e n t s wi th f e r rug inous c rus t s , 



184 F. T. Fiirsich, J . H. Caliamoti, D. K. Pandey & A. K. Jaitly 

f e r r u g i n o u s o o i d s , h a r d g r o u n d s , e r o s i o n s u r f a c e s , i n t r a -

f o r m a t i o n a l c o n g l o m e r a t e s and she l l c o n c e n t r a t i o n s , t he 

L o w e r to l o w e r M i d d l e O x f o r d i a n D h o s a O o l i t e M e m b e r 

o f t h e C h a r i F o r m a t i o n , w e r e d e p o s i t e d o n t he K a c h c h h 

M a i n l a n d b e y o n d t he i n f l u e n c e o f s t o r m waves b u t s u b ­

j e c t t o c u r r e n t s ( S i n g h 1 9 8 9 ; F ù r s i c h e t al. 1 9 9 2 , 2 0 0 1 ) . 

T h e r e m a i n i n g M i d d l e O x f o r d i a n , t h e U p p e r O x f o r d i a n , 

and t h e l o w e r m o s t L o w e r K i m m e r i d g i a n are r e p r e s e n t e d 

b y a c m - t h i c k f e r rug inous c rus t and b y s t r a t ig raph ie gaps. 

In c o n t r a s t , f r o m areas c l o s e r t o t h e s h o r e (e .g . W a g a d 

D o m e ) a r i ch a m m o n i t e f auna has b e e n r e c o r d e d f r o m 

t h e s e in te rva ls (e .g . K r i s h n a et al. 1 9 9 8 , 2 0 0 0 ) . 

Carbonate ramp 
W i t h i n t h e b a s i n , c a r b o n a t e s e d i m e n t s a re l a rge ly 

r e s t r i c t e d t o t h e M i d d l e and U p p e r B a t h o n i a n . A fair-

w e a t h e r w a v e - i n f l u e n c e d r a m p is d o c u m e n t e d b y t h e 

R a i m a l r h o L i m e s t o n e M e m b e r o f t h e P a t c h a m F o r m a ­

t i o n o f t he P a c h c h h a m I s l a n d . T h i c k l y b e d d e d , l a rge -

sca le c r o s s b e d d e d g ra in - and p a c k s t o n e s wi th s c o u r and 

fill s t r u c t u r e s and she l l l e n t i c l e s i n d i c a t e c o n s t a n t r e ­

w o r k i n g b y w a v e s . F u r t h e r o f f s h o r e (e .g . at t h e H a b o 

D o m e ) , t h e s e c a r b o n a t e s c h a n g e i n t o g raded g r a i n s t o n e s 

w i t h s h a r p , e r o s i o n a l b a s e s , h u m m o c k y c r o s s b e d d i n g , 

and o c c a s i o n a l a m a l g a m a t i o n o f s u c c e s s i v e b e d s . T h e s e 

fea tu res a re i n d i c a t i v e o f p r o x i m a l s t o r m d e p o s i t s ( e .g . 

A i g n e r 1 9 8 5 ) . 

St i l l f u r t h e r o f f s h o r e (e .g . at t he J h u r a D o m e ) th in , 

graded and l amina ted g r a i n s t o n e s are in te rca la ted b e t w e e n 

b i o t u r b a t e d , b i o c l a s t i c mar l . T h e e n v i r o n m e n t was t h e 

s t o r m - f l o w i n f l u e n c e d m i d d l e r a m p . I n c r e a s i n g l y t h i n n e r 

and m o r e f ine-gra ined t e m p e s t i t e s in c o m b i n a t i o n wi th an 

a u t o c h t h o n o u s fauna o f s p o n g e s c o r r e s p o n d t o t h e d e e p ­

es t part o f t he r a m p e x p o s e d on K a c h c h h M a i n l a n d . 

Mixed carbonate-siliciclastic environments 
M i x e d c a r b o n a t e - s i l i c i c l a s t i c s e d i m e n t s a re w i d e ­

s p r e a d in t h e K a c h c h h B a s i n . T h e y e i t h e r r e p r e s e n t e n ­

v i r o n m e n t s o f t h e c a r b o n a t e r a m p w h e r e t h e a u t o c h ­

t h o n o u s c a r b o n a t e c o m p o n e n t was d i l u t e d b y s i l t a n d 

s a n d f r o m a t e r r i g e n o u s s o u r c e [e .g . t h e B a t h o n i a n G o -

r a d o n g a r Y e l l o w F l a g s t o n e M e m b e r ( G o r a d o n g a r F o r ­

m a t i o n ) o f t h e J h u r a D o m e a n d t h e P a c h c h h a m I s l a n d ] , 

o r e l se t r a n s g r e s s i v e lag d e p o s i t s . I n t h e l a t t e r , l o w s t a n d 

d e p o s i t s t ha t usua l ly c o n s i s t o f s i l i c i c l a s t i c m a t e r i a l w e r e 

r e w o r k e d d u r i n g s u b s e q u e n t t r a n s g r e s s i o n . D u e t o l o w 

inpu t o f n e w t e r r i g e n o u s m a t e r i a l d u r i n g ea r ly t r a n s ­

g r e s s i o n , s k e l e t a l - d e r i v e d c a r b o n a t e p a r t i c l e s a re i m p o r ­

t an t c o n s t i t u e n t s o f t h e s e d i m e n t . T h e r e s u l t i n g r o c k 

r a n g e s f r o m c a l c a r e o u s s a n d s t o n e t o g rave l ly o r p e b b l y 

r u d s t o n e s , t h e p e b b l e s u sua l l y c o n s i s t i n g o f q u a r t z and 

g r a n i t e / g n e i s s . T h e y p r o b a b l y i n d i c a t e m a r i n e r e w o r k ­

ing o f f luvial s e d i m e n t s . A c h a r a c t e r i s t i c e x a m p l e is t he 

U p p e r B a j o c i a n Leptosphinctes P e b b l y R u d s t o n e at t h e 

t o p o f t h e K a l a d o n g a r F o r m a t i o n o f P a c h c h h a m I s l a n d 

( F i i r s i c h et al . 2 0 0 1 ) . 

Faunal patterns 

B e n t h i c m a c r o i n v e r t e b r a t e s are c o m m o n in Jurass ic 

m a r i n e s e d i m e n t s o f t he bas in . In n e a r s h o r e areas they 

t e n d t o o c c u r c o n c e n t r a t e d in shel l beds and shel ls lens­

es . U s u a l l y t h e y have been r e w o r k e d and t r a n s p o r t e d , al­

t h o u g h a p p a r e n t l y n o t fo r large d i s t a n c e s . In m o r e off­

s h o r e areas m o s t she l l s o c c u r s c a t t e r e d o r as winnowed 

p a v e m e n t s . D e e p b u r r o w i n g bivalves c o m m o n l y o c c u r in 

p o s i t i o n o f g r o w t h and t he p r e s e r v a t i o n qua l i ty is gener­

al ly h igh . In s o m e c a s e s , even ep i faunal taxa such as bra-

c h i o p o d s are p re se rved in life p o s i t i o n s u g g e s t i n g low 

e n e r g y e n v i r o n m e n t s and lack o f d i s t u r b a n c e b y preda­

t o r s o r s c a v e n g e r s . S u c h a u t o c h t h o n o u s t o parautoch-

t h o n o u s faunas are t he re l ic t s o f f o r m e r b e n t h i c commu­

ni t ies , t e r m e d he r e a s s o c i a t i o n s . In addi t ion , shell concen­

t r a t i o n s f o r m e d dur ing ear ly t r a n s g r e s s i o n ( transgressive 

lags) are w i d e s p r e a d in t he C a l l o v i a n C h a r i Format ion 

( F i i r s i c h & O s c h m a n n 1 9 9 3 ) , in t he O x f o r d i a n o f the 

Wagad D o m e (e .g . t he so -ca l l ed B h a r o d i a A s t a r t e Bands), 

and in t he u p p e r par t o f t he K a t r o l F o r m a t i o n and the 

o v e r l y i n g U m i a F o r m a t i o n ( K i m m e r i d g i a n t o Neocomi-

a n ) ( F i i r s i c h & P a n d e y 2 0 0 3 ) . T h e y are usual ly heavily 

t i m e - a v e r a g e d , m i x e d , and s o r t e d , and t h e r e f o r e represent 

d i s t o r t e d c o m m u n i t y r e l i c t s , t e r m e d a s s e m b l a g e s in the 

f o l l o w i n g ( f o r t e r m i n o l o g y see F ù r s i c h 1 9 8 4 ) . 

Benthic associations 
A q u a n t i t a t i v e da t a b a s e c o n s i s t i n g o f m o r e than 

2 7 , 0 0 0 s p e c i m e n s and 3 7 0 s a m p l e s was u sed t o definf 

m o r e t h a n 4 0 a s s o c i a t i o n s and severa l a s s e m b l a g e s witl 

t h e h e l p o f a Q - m o d e c l u s t e r a n a l y s i s ( F i i r s i c h e t al. u 

p r e s s ; T i b i e 1 ) . T a b l e 1 s h o w s tha t m o s t a s s o c i a t i o n s ar 

d o m i n a t e d b y b iva lve s and o n l y few b y o t h e r group 

s u c h as c o r a l s , s p o n g e s , g a s t r o p o d s o r ane l l i d s . As ca 

b e a l s o s e e n f r o m T a b l e 1, m o s t a s s o c i a t i o n s c o m e froi 

t h e C a l l o v i a n par t o f t h e b a s i n fi l l . T h i s is pa r t ly a cc 

l e c t i o n b i a s , b e c a u s e t h e M i d d l e J u r a s s i c has b e e n mui 

m o r e h e a v i l y s a m p l e d , pa r t l y it is a p re se rva t iona l 1 

as , b e c a u s e in t h e l a r g e l y s a n d y s e d i m e n t s o f the Kit 

m e r i d g i a n - T i t h o n i a n o f t h e m a i n l a n d t h e preserva t i 

p o t e n t i a l o f s h e l l y b e n t h i c m a c r o i n v e r t e b r a t e s is mu 

l o w e r than in t h e a r g i l l a c e o u s s i l ts o f t he Ca l lov i an Ch 

F o r m a t i o n . N e v e r t h e l e s s , t h e o c c u r r e n c e , w i t h i n a cc 

f i n e d t i m e - i n t e r v a l , o f n u m e r o u s d i s t i n c t associane 

in v e r y s i m i l a r s u b s t r a t e ( a r g i l l a c e o u s s i l t ) and in w 

a p p e a r s t o have b e e n s i m i l a r e n v i r o n m e n t s ( o u t e r ran 

s u g g e s t s t ha t t h e d i s t r i b u t i o n p a t t e r n o f t he bent 

f a u n a w a s g o v e r n e d b y v e r y s u b t l e d i f f e r e n c e s in 

v i r o n m e n t a l p a r a m e t e r s . T h e r e a s o n f o r th i s may 

t h a t in o f f s h o r e m i d t o o u t e r r a m p e n v i r o n m e n t s 

t h e e q u i v a l e n t s o f t h e m i d d l e s h e l f ) , t h e compara t i ' 

h i g h e n v i r o n m e n t a l s t a b i l i t y a n d l o w s t r e s s condi t i 

led t o a m u c h n a r r o w e r s u b d i v i s i o n o f t h e n i c h e s of 

e c o s p a c e c o m p a r e d t o s h a l l o w e r , f r e q u e n t l y distui 

e n v i r o n m e n t s ( e .g . S a n d e r s 1 9 6 8 ) . 
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association dominant group(s) stratigraphie occurrence 

Bosilra buchi bivalves Bath.-Callov 
Bositra buchi - Praesaccella juriana bivalves Callovian 
Praesaccella juriana - Nicaniella pisiformis bivalves Callovian 
Cingentolium parti turn - Corbulomima macneiUi bivalves Callovian 
Cingentoiium partitura bivalves Callovian 
Nuculoma wynnei - Palaeonucula cuneiformi* bivalves Callovian 
Grammatodon jurianus - Corbulomima macneiUi bivalves Callovian 
Trigonia distimia bivalves Callovian 
Nicaniella externa bivalves Callovian 
Dacryomya lacryma bivalves Callovian 
Dentaiium sp. - Palaeonucula cuneiformis scaphopods/bi valves Callovian 
Nicanieila khadiremis bivalves Callovian 
Indocorbula basseae bivalves/gastropods Callovian 
Neocrassina subdepressa bivalves Callovian 
Highly diverse softground bivalves Callovian 
Eomiodon baroni-Protocardia lycetti bivalves Bajocian 
Eomiodon baroni - Piacunopsis socialis bivalves Bajocian 
Indocorbula lyrata bivalves Bajoc.-Bath. 
Indocorbula lyrata Protocardia grandidieri bivalves ?Aal.-Bajoc. 
Thracia viceliacensis bivalves Callovian 
Pseudolimea duplicata bivalves Callovian 
Nanogyra nana - Palaeonucula cuneiformis bivalves Callovian 
Nanogyra nana bivalves Callovian 
Actinostreon erucum - Nanogyra nana bivalves Callovian 
Gryphaea alimenti bivalves Callovian 
Nanogyra nana - Gryphaea alimene -
Plicatula peregrina bivalves Callovian 
Nanogyra nana - Ataphrus labadeyi -
Ceratomyopsis striata bivalves/gastropods Callovian 
Eligmus rollandi bivalves/brachiopods Bathonian 
Bakeveliia waltoni bivalves Bathonian 
Modiolus imbricatus bivalves Bath.-Callov 
Amphiastraea piriformis corals/bivalves/gastropodh Callovian 
Microsolena amorpha - Monllivaltia frustriformis corals/brachiopods Bathonian 
Camptonectes auritus bivalves Callovian 
Lophrothyris euryptycha brachiopods Cai lo v.-Ox f. 
Kutchithyris hypsogonia braehiopods Callovian 
Rhynchoneiloidelia brcvicostafa brachiopods Callovian 
Kutchithyris brevip/icata brachiopods Callovian 
Cycloserpula annclids/brachiopods Callovian 
Plarychonia schiotheimi sponges Bathonian 

assemblages 
Somalirhynchia africana brachiopods/bi valves Callovian 
Kallirhynchia versabilis brachiopods ? Bajocian 
Cri no id crinoids/annclids Callovian 
Ti'traserpula annelids/brachiopods Callovian 
Bucardiomya lirata bivalves Callovian 
Sphaera rogeri bivalves Callovian 
Amphiastraea corals Tilhonian 
Gryphaea bivalves Tithonian 
Indofrigonia Pisofrigonia bivalves Tithonian 
Trigonioid - Herzogina bivalves Neocomian 
Seebach ia bivalves Oxf.-Kimm. 
Megacucullaea - Seehachia bivalves Tithonian 

Tab. 1 - List of the benthic macro- in-

O n the w h o l e , t he e n v i r o n m e n t a l s p e c t r u m w i t h i n 

the basin was fa i r ly wide . C o n s e q u e n t l y , m a n y e n v i r o n ­

mental p a r a m e t e r s d i f fered s t r o n g l y , say, b e t w e e n c o a s t a l 

and ou te r r a m p s e t t i n g s and e x e r t e d a m a j o r i n f l u e n c e o n 

the d i s t r i bu t ion o f t h e fauna . T o i l lus t r a t e th i s p o i n t , t h e 

influence o f t w o o f t h e s e p a r a m e t e r s , sa l in i ty and c l i m a t e , 

in par t icular w a t e r t e m p e r a t u r e , on t h e b e n t h i c fauna is 

briefly d i s c u s s e d in t he f o l l o w i n g . 

Environmental contro l of the benthic macrofauna 

Salinity. Severa l o f the a s s o c i a t i o n s l i s ted in T a b l e 1 

are charac te r i sed b y a l ow spec ies d ivers i ty and are d o m i ­

nated by taxa, w h o s e c lo se relatives are k n o w n t o have been 

able to to le ra te b r ack i sh w a t e r c o n d i t i o n s s o m e w h e r e else 

in t he J u r a s s i c . T h e y inc lude t he Eomiodon baroni - Pro­

tocardia lycetti, t h e Eomiodon baroni - Piacunopsis socialis, 

t h e Indocorbula lyrata, and t he Indocorbula lyrata - Proto­

cardia grandidieri a s s o c i a t i o n s . T h e la t te r c o n s i s t s o n l y o f 

t he t w o n a m e - g i v i n g taxa o c c u r r i n g in g rey m a r l y silt in 

t he P B a j o c i a n / B a t h o n i a n K h a d i r F o r m a t i o n o f M o u w a n a 

D o m e . M o r e than 9 8 % o f t he individuals are a r t icu la ted 

( F i g . 3 B ) . S i z e s o r t i n g o r se l ec t ive d i s so lu t i on o f shel ls 

can be e x c l u d e d , as a wide range o f s izes are p resen t , al­

t h o u g h adul ts c lea r ly d o m i n a t e , and the or ig ina l ly a rago-

n i t ic shel ls have b e e n replaced b y ca lc i t e , bu t are o the rw i se 

well p re se rved . T h e fact tha t the s t ra ta b e l o w and above 

t he I n d o c o r b u l a - P r o t o c a r d i a B e d are unfoss i l i f e rous and 

tha t t h ree m e t r e s a b o v e t he bed t h e r e o c c u r s a well devel­

o p e d r o o t h o r i z o n in a s i l ty f ine -g ra ined s a n d s t o n e (F ig . 

3 A ) , sugges t l o w e r e d sa l in i ty values as t he main s t ress fac-
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K g . 3 - T h e Indocorbula lyrata - Protocardia grandidieri association from the Bathonian of Mouwana D o m e ( B ) and related assemblages from 

the PBajocian of Khadir Island ( C , D ) are interpreted as having been strongly control led by freshwater input. Given is the relative abun­

dance of the species (n refers to the number of individuals). B - G - D is thought to reflect increasing salinity values, from oligohaline/ 

lower mesohaline condit ions ( B ) to brachyhaline condit ions ( C , D ) . 

t o r r e s p o n s i b l e fo r t he l o w spec ies diversi ty. B o t h taxa are 

well k n o w n m e m b e r s o f s a l i n i t y - c o n t r o l l e d e n v i r o n m e n t s 

in the M i d d l e J u r a s s i c o f M o r o c c o ( M o n g i n 1 9 6 7 ) and T u ­

nisia ( H o l z a p f e l 1 9 9 8 ) and re la ted spec ies are d o m i n a n t e l ­

e m e n t s o f m a n y M i d d l e and U p p e r J u r a s s i c b rack i sh w a t e r 

b i o t a (e.g. F i i r s i c h 1 9 9 4 ) . In the K a c h c h h B a s i n the t w o 

spec ies were r e s t r i c t e d to t he P B a j o c i a n - B a t h o n i a n part o f 

the s e q u e n c e . T h e y were n o t rue b r a c k i s h w a t e r e n d e m ­

ics , bu t managed t o th r ive in a range o f sa l in i ty r e g i m e s . 

J u d g i n g f rom its low diversi ty, t he s ample in F ig . 3 B m o s t 

l ike ly c o r r e s p o n d s t o t he l o w e r m e s o h a l i n e o r even o l i g o ­

hal ine r eg ime , whereas in the o t h e r t w o samples ( F i g . 3 C -

D ) , the sa l in i ty p r o b a b l y was in t h e b r a c h y h a l i n e range. 

S a m p l e 3 C is regarded as r e p r e s e n t i n g a s o m e w h a t lower 

sa l in i ty than s ample D , desp i t e its h ighe r spec ies r ichness , 

b e c a u s e it s e e m s t o be m o r e t ime-ave raged . T h e evenness 

is, howeve r , stil l l o w e r than tha t o f sample 3 D . 

Climate (Table 2). P r e c i s e m e a s u r e m e n t s o f pa-

l a e o t e m p e r a t u r e s are o n l y p o s s i b l e wi th t he he lp o f o x y ­

gen i s o t o p e s . T h i s r equ i r e s wel l p r e se rved , d i agene t i ca l ly 

u n a l t e r e d ske l e t a l ha rdpa r t s , a r e q u i r e m e n t n o t fulfilled 

b y m o s t b e n t h i c faunal e l e m e n t s w i th in t he bas in . H o w ­

ever , l a r g e - s c a l e sh i f t s in c l i m a t i c c o n d i t i o n s and hence 

a l so in t e m p e r a t u r e s can be d e d u c e d f r o m the analysis 

o f t h e b e n t h i c m a c r o f a u n a in c o n n e c t i o n wi th changes 

in t h e fac ies p a t t e r n . 

p a r a m e t e r s L a t e Bathonian Cal lovian 

observations. 

terrigenous input low high 
sedimentary regime carbonate siliciclastic 
faunal diversity high medium 

characteristic faunal elements diverse coral meadows nuculid bivalves 
Eligmus. Opinae ^bivalves) 

inferences: 
water temperature high medium 
nutrient supply low high 

overall palacoclimate hot, semi-arid warm, humid 

Tab. 2 - E n v i r o n m e n t a l change be­

tween the Late Bathonian 

and Early Callovian as in­

ferred from the facies regimes 

and the benthic macrofauna. 
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during humid interludes 

I arid climate 
I carbonate regime 

brackish lagoon 
Indocorbula-Protocardia ass 

siliciclastic 
shoreline 

siliciclastic ramp 
dune fields 

storm-wave influenced 
carbonate ramp 

offshore 
carbonate 
muds 

mixed carbonate-siliciclastics: 
Indocorbula lyrata ass. 

fair weather-wave influenced 
carbonate ramp 

150cm 

5cm 

storm-flow influenced carbonate 
ramp 

sponge meadows transgressive carbonate coral meadows 
sand sheet 

fig. 4 - Bathonian palaeoenvironments and biota in the Kachchh Basin. Shown are characterist ic facies and benthic associations, some of which 

are part of a carbonate ramp, others part of a siliciclastic ramp. N o t e that not all facies are contemporaneous . For example, the coral 

meadows and sponge meadows arc separated in time by the transgressive carbonate sand sheet. 

In t e r m s o f sh i f t s in f ac ie s p a t t e r n , o n e o f t h e 

most d i s t inc t c h a n g e s w i t h i n t h e b a s i n is t h e c h a n g e 

from a c a r b o n a t e - d o m i n a t e d s e d i m e n t a t i o n r e g i m e in 

the Middle and U p p e r B a t h o n i a n ( J h u r i o F o r m a t i o n , 

Patcham F o r m a t i o n ) t o a s i l i c i c l a s t i c r e g i m e in t h e C a l ­

lovian ( C h a r i F o r m a t i o n ) . T h i s f ac ie s c h a n g e is a c c o m ­

panied by a d i s t i n c t c h a n g e in t h e b e n t h i c m a c r o f a u n a : 

at Jumara D o m e , f i n e - g r a i n e d c a r b o n a t e s w i t h rare i n ­

tercalations o f d is ta l t e m p e s t i t e s o f t h e m i d d l e t o o u t e r 

ramp c o n t a i n h igh d i v e r s i t y c o r a l m e a d o w s , t h e Micro-

solena amorpha - Montlivaltia frustriformis a s s o c i a t i o n 

(Fiirsich et al. 1 9 9 4 b ) . A p a r t f r o m m o r e t h a n 6 0 t a x a o f 

corals there o c c u r s a r ich fauna o f b iva lves , b r a c h i o p o d s , 

and gas t ropods . T h e ove ra l l s p e c i e s d i v e r s i t y is t h r e e t o 

four t imes h i g h e r than t ha t o f ave r age b e n t h i c a s s o c i a ­

tions o c c u r r i n g in o l d e r and y o u n g e r b e d s . T h e g o o d 

preservation o f t h e fauna a n d l i m i t e d b i o g e n i c a l t e r a t i o n 

of shells ( b o r i n g , e n c r u s t a t i o n , b i o g e n i c b r e a k a g e ) p r e ­

cludes t i m e - a v e r a g i n g as t he d e c i s i v e f a c t o r fo r t h e h i g h 

diversity. A c h a r a c t e r i s t i c faunal e l e m e n t o f t h e c o r a l 

meadows are b iva lves o f t h e s u b f a m i l y O p i n a e . T h e y are 

nopis and Pacbopis, w h i c h d o n o t o c c u r e l s e w h e r e in t h e 

J u r a s s i c o f K a c h c h h . S imi la r ly , t he d i v e r s i t y o f g a s t r o ­

p o d s ( m o r e t h a n 10 s p e c i e s ) is q u i t e u n i q u e , c o n s i d e r i n g 

t ha t in m o s t a s s o c i a t i o n s f r o m t h e J u r a s s i c o f K a c h c h h 

n o o r o n l y 1-2 s p e c i e s o f g a s t r o p o d s o c c u r . I n b e d s b e ­

l o w t h e c o r a l m e a d o w s t h e e p i b y s s a t e b iva lve Eligmus 

rollandi is a c h a r a c t e r i s t i c e l e m e n t . T h e b iva lves m e n ­

t i o n e d a b o v e are c h a r a c t e r i s t i c e l e m e n t s o f l o w - l a t i t u d e 

c a r b o n a t e e n v i r o n m e n t s in t h e J u r a s s i c . T h e i r o c c u r ­

r e n c e , t o g e t h e r w i t h t h e h igh d i v e r s i t y c o r a l m e a d o w s , 

in t h e U p p e r B a t h o n i a n o f K a c h c h h p o i n t s t o t r o p i c a l , 

h igh w a t e r t e m p e r a t u r e s in t h e b a s i n at tha t t i m e . T h i s 

v i e w is c o r r o b o r a t e d b y t h e c a r b o n a t e s e d i m e n t . A p p a r ­

en t ly , t h e c l i m a t e at t h a t t i m e was h o t and at leas t s e m i -

ar id , s o t h a t i npu t o f t e r r i g e n o u s s i l i c i c l a s t i c s f r o m t h e 

h i n t e r l a n d was g r e a t l y r e d u c e d . L o w r u n - o f f p r o b a b l y 

a l s o r e s u l t e d in a l o w n u t r i e n t s u p p l y and h e n c e o l i g o -

t r o p h i c c o n d i t i o n s . T h i s v i e w is s u p p o r t e d b y t h e h igh 

faunal d i v e r s i t y and b y t h e p r e s e n c e o f s p o n g e m e a d ­

o w s , c o n s i s t i n g o f " l i t h i s t i d " , h e x a c t i n e l l i d and ca l ca r ean 

s p o n g e s ( M e h l & F i i r s i c h 1 9 9 7 ) . T h e s e s p o n g e m e a d o w s , 
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• humid climate 
• siliciclastic regime 

nearshore sandy 
regime 

Fe-ooid bar 
storm-influenced 
ramp 

offshore mud 
below storm 
influence 

Main factors governing the benthic fauna: 

• substrate (grain size, consistency) 
• energy level (storm/wave/tidal influence) 
• rate of sedimentation 

'///ss/-
reworked fauna dominated by 
Seebachia and Indotrigonia 

deep burrowing 
bivalve associations 

Pholadomya tirata ass. 

epifaunal associations 

Kutchithyris 
breviplicata ass 

infauna-dominated 
associations 

Praesaccella juriana-
Nicaniella pisiformis ass. 

condensed shell beds 

Fig. 5 - Callovian to Oxfordian palaeoenvironments and biota in the Kachchh Basin. Shown are characterist ic facies and benthic associations, 

which are part of a siliciclastic ramp. N o t e that not all facies are contemporaneous . F o r example, the condensed shells beds are a result 

of a major rise in relative sea level during the Oxfordian . 

c h a r a c t e r i s t i c b i o f a c i e s o f t h e U p p e r B a t h o n i a n P a t c h a m 

F o r m a t i o n o f t h e J u m a r a and J h u r a d o m e s . I n c o n t r a s t 

t o t h e c lass ica l U p p e r J u r a s s i c m i c r o b i a l - s p o n g e reefs o n 

t h e n o r t h e r n m a r g i n o f t h e T e t h y a n O c e a n ( e .g . K e u p p 

et al. 1 9 9 0 ) , n o m i c r o b i a l c r u s t s a re a s s o c i a t e d w i t h t h e 

s p o n g e s f r o m t h e K a c h c h h B a s i n , p r o b a b l y as a r e s u l t 

o f o l i g o t r o p h i c c o n d i t i o n s . 

T h e h o t , ar id t o s e m i - a r i d c l i m a t e a p p a r e n t l y e x ­

i s ted f o r m u c h o f t h e ea r ly M i d d l e J u r a s s i c , w h i c h is in ­

d i c a t e d b y t h e w i d e s p r e a d o c c u r r e n c e o f r ed b e d s , pa r t ­

ly w i th c a l i c h e n o d u l e s , in B a j o c i a n - B a t h o n i a n r o c k s o f 

t he i s lands . 

I n t he C a l l o v i a n , in c o n t r a s t , t h e p r e d o m i n a n t l y 

s i l ty s e d i m e n t o f o f f s h o r e areas and t h e p r e s e n c e o f large 

del ta ic sand bod i e s near t he eas te rn marg in o f t he bas in in­

d ica te i n c r e a s e d s e d i m e n t inpu t f r o m a t e r r e s t r i a l s o u r c e , 

p r o b a b l y caused b y a w e t t e r c l i m a t e . T h e a b u n d a n t d e p o s ­

i t - feeding nucul id bivalves Palaeonucula, Nuculoma, Meso-

saccella, Praesaccella, and Dacryomya p o i n t t o an a b u n d a n t 

f o o d s o u r c e wi th in t he s e d i m e n t in c o n n e c t i o n wi th a h igh 

nu t r i en t supply. E u t r o p h i c c o n d i t i o n s are t h e r e f o r e env i s ­

aged t o have p reva i l ed du r ing t h e C a l l o v i a n . A s a r e su l t , 

spec i e s d ive r s i t y o f b e n t h i c a s s o c i a t i o n s was l o w e r t h a n 

in t he L a t e B a t h o n i a n . C o r a l s o c c u r e i t h e r as s c a t t e r e d 

individuals o r as m o n o s p e c i f i c p a t c h reefs (Amphiastraea 

piriformis a s s o c i a t i o n ) i n d i c a t i n g t ha t c o n d i t i o n s f o r r e e f 

co ra l s w e r e n o l o n g e r ideal . O v e r a l l , a w a r m , h u m i d c l i ­

m a t e is e n v i s a g e d fo r t h e C a l l o v i a n - O x f o r d i a n . T h i s is 

a l so s u p p o r t e d b y t he p r e s e n c e o f f e r r u g i n o u s o o i d s at 

severa l levels in t h e s e d i m e n t a r y s u c c e s s i o n . 

T h e s e gene ra l s t a t e m e n t s a b o u t t he p a l a e o c l i m a t e 

d i s r ega rd t he fac t tha t t h e c l i m a t e was n o t u n i f o r m w i t h ­

in e i t h e r t h e B a t h o n i a n o r C a l l o v i a n , b u t tha t s h o r t - t e r m 

t e m p e r a t u r e and h u m i d i t y f l u c t u a t i o n s o c c u r r e d r epea t ­

edly. F o r e x a m p l e , f e r r u g i n o u s o o i d s o c c u r i n t e r m i t t e n t l y 

a l so in t he U p p e r B a t h o n i a n o f t h e i s lands and m a y indi­

c a t e b r i e f spe l l s o f m o r e h u m i d c o n d i t i o n s . S imi lar ly , the 

p r e s e n c e o f s t a c k e d fluvial c h a n n e l s and b r a c k i s h wa te r 

faunas in t h e B a j o c i a n / B a t h o n i a n o f t he is lands p o i n t s to 

p e r i o d s o f g r e a t e r humid i ty . 

O n s h o r e - o f f s h o r e distr ibut ion pattern of facies and ben­

thic fauna dur ing the Middle J u r a s s i c 

I n t e g r a t i n g s e d i m e n t o l o g i c a l and p a l a e o e c o l o g i -

cal da ta , t he d i s t r i b u t i o n o f s o m e c h a r a c t e r i s t i c facies 

and a s s o c i a t i o n s o n t he r a m p m o r p h o l o g y is d e p i c t e d in 

F i g s . 4 and 5 fo r t h e B a t h o n i a n and C a l l o v i a n - O x f o r d ­

ian, r e spec t ive ly . 

Bathonian 

In the Bathonian (Fig. 4 ) , the arid climate resulted in a carbon­

ate sedimentary regime, which was characterised by fair-weather wave-

influenced crossbedded grainstones and packstones in the coastal zone 
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