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Abstract. S a u d i A r a b i a n J u r a s s i c c a r b o n a t e h y d r o c a r b o n reser 

voirs were first e x a m i n e d s t r a t i g r a p h i c a l l y u s i n g m i c r o f a u n a . C u r r e n t 

microfauna! s t u d i e s c o n c e n t r a t e on the ident i f i ca t i on a n d c o n s t r a i n t 

ol pa laeoenv ironmenta l v a r i a t i o n s a n d d e t e r m i n a t i o n o f h i g h - r e s o l u 

tion depos i t iona l cyc l i c i ty o f the r e s e r v o i r c a r b o n a t e s . It is a p p a r e n t 

that the e n v i r o n m e n t a l s ens i t i v i ty o f b e n t h o n i c f o r a m i n i f e r a p r o v i d e s 

i potentially va luab le t e c h n i q u e for the d e t e r m i n i n g s u b t l e v a r i a t i o n s 

in the d e p o s i t i o n a l e n v i r o n m e n t a n d a l s o p r o v i d i n g a p r o x y for s e a -

level f luctuat ions . 

Riassunto. Il p r e s e n t e l a v o r o tra t ta lo s t u d i o s t r a t i g r a f i c o di re

servoirs c a r b o n a t i c i d e l l ' A r a b i a S a u d i t a u t i l i z z a n d o a s s o c i a z i o n i a f o r a -

miniferi benton ic i . G l i s t u d i m i c r o f a u n i s t i c i s o n o s tat i u t i l i zza t i a n c h e 

per la d e t e r m i n a z i o n e de l le var iaz ion i p a l e o a m b i e n t a l i e del la c ic l ic i tà 

deposizionale ad alta r i s o l u z i o n e . L a d i p e n d e n z a del le a s s o c i a z i o n i m i -

crofaunistiche b e n t o n i c h e dal le c a r a t t e r i s t i c h e a m b i e n t a l i , ha f o r n i t o 

importanti i n f o r m a z i o n i sul le c a r a t t e r i s t i c h e degl i a m b i e n t i d e p o s i z i o 

nali e sulle f lu t tuaz ion i del l ivello m a r i n o . 

Introduction 

Recent w o r k has ass is ted in improv ing the ben
thonic foraminiferal s trat igraphie and palaeoenviron
mental ranges of the Middle to Late J u r a s s i c carbonate 
reservoirs of Saudi Arabia (Fig. 1). T h e entire carbonate 
Jurassic success ion includes the D h r u m a , Tuwaiq M o u n 
tain, Hanifa, Juba i la and A r a b F o r m a t i o n s that termi
nate with a success ion of evapori tes , the final, thickest 
unit of which is called the H i t h F o r m a t i o n (Fig. 2 ) . T h e 
Sulaiy Format ion forms a new depos i t ional cycle that 
commences in the latest J u r a s s i c , but is not cons idered 
in this paper. 

A success ion of deep to shallow marine foraminife
ral assemblages has been determined for these formations 
that have been used to dis t inguish both long term and 
high-frequency pa laeobathymetr ic variat ions. T h e Lenti-
culina-Nodosaria-spicuie dominated assemblage charac
terises the deepest m u d - d o m i n a t e d success ions , a l though 
the cons i s tent presence of Kurnubia and Nautiloculina 
species s u g g e s t s only moderate ly deep condi t ions , con
s idered to be below fair-weather wave base. A foramini-
ferally-depleted success ion then fol lows that is charac
terised by encrust ing s t r o m a t o p o r o i d s . Th i s a s semblage 
is fol lowed by one in which fragments of the branched 
s t r o m a t o p o r o i d Cladocoropsis mirabilis Felix dominates , 
together with Kurnubia and Nautiloculina species and a 
variety of indeterminate s imple miliolids. Pseudocyclam-
mina and Redmondoides species are present within this 
a s s e m b l a g e . A sl ightly shallower, poss ib ly lagoon influ
enced as semblage then fol lows that includes Cladocorop
sis mirabilis, Kurnubia and Nautiloculina species and the 
dasyclad algae Clypeina jurassica Favre and Heteroporel-
la jafferezoi. C o m p l e x , alveolar-walled agglut inat ing fo 
raminifera such as Alveosepta s p p . are also present within 
this a s semblage . A further shal lower a s semblage is char
acterised by the presence of Mangashtia viennoti Henson , 
Clypeina jurassica Favre and Cladocoroposis mirabilis. This 
assemblage is supplemented by Pfenderina salernitana Sar-
toni & Crescent i and is interpreted as sl ightly shallower 
condi t ions . A very shal low as semblage is characterised 
by the presence of Trocholina alpina, which is then fol
lowed by an intertidal a s s e m b l a g e of cerithid g a s t r o p o d s 
and felted calcareous algae in which foraminifera are typi
cally absent . 
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F i g . 1 - T h e A r a b i a n p e n i n s u l a s h o w i n g S a u d i A r a b i a n local i t ies m e n 

t i o n e d in the text . 

Previous works 

Taxonomy 
T h e t a x o n o m y of the warm water J u r a s s i c ben-

thonic foraminifera of the Midd le Eas t is p o o r l y e s tab

lished, although the mos t c o m m o n l y encountered species 

are moderate ly well u n d e r s t o o d and d o c u m e n t e d . Saudi 

Arabian agglutinated species have been described by R e d 

mond (1964, 1965) , Banner (1970) and M a y n c (1965) . 

T h e mos t recent taxonomic a s s e s s m e n t s of the shal low 

marine species of the region, but excluding Saudi Arabia , 

include Banner & H i g h t o n (1990) , Banner & Whittaker 

(1991) , Banner et al. (1991) , Whit taker et al. (1998) and 

C l a r k & B o u d a g h e r - F a d e l (2001) . 

Biostratigraphy 
T h e stratigraphie ranges of the Middle East ben-

thonic foraminiferal species is also relatively poor ly es

tablished, a l though Whittaker et al. (1998) , Tasli (2001) 

and C l a r k & Boudagher-Fadel (2001) have provided much 

useful refinement to previously published ranges. H u g h e s 

(1996) suggested three biofacies and 16 bioevents for the 

Kimmeridgian to Tithonian A r a b - D Reservoir, compris ing 

the upper part of the Jubai la Format ion and the lower part 

of the Arab Format ion in Saudi Arabia. Non-foramini feral 

biostrat igraphic works of significance include Enay et. al. 

(1987) for ammonites , Tintant (1987) for nautiloids, A i m -

eras (1987) for brach iopods , D é p ê c h e et al. (1987) f o r o s -

tracods , Fischer et al. (2001) for g a s t r o p o d s and Manivit 

(1987) and Varol (2001) for calcareous nannofoss i l s . 

Lithostratigraphy 
T h e Middle to U p p e r J u r a s s i c F o r m a t i o n s include 
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F i g . 2 - C h r o n o s t r a t i g r a p h y of the M i d d l e to L a t e J u r a s s i c Saudi Ara

bian c a r b o n a t e s , a f ter I n t e r n a t i o n a l C o m m i s s i o n on strat ig

r a p h y ( 2 0 0 3 ) . 

the D h r u m a , Tuwaiq Mounta in , Hani fa , Jubai la , Arab 

and Hi th . In addit ion to the pioneer ing publications of 

Ste ineke & B r a m k a m p (1952) and Powers (1962, 1968), 

the m o s t recent reviews of the J u r a s s i c s trat igraphy in

clude A I - H u s s e i n i (1997) and Sharland et al. (2001) . 

Palaeoenvironment 
T h e palaeoenvironmental s ignificance of the Mid

dle Eas t benthonic foraminifera is the least well known, 

a l though individual species have received attention in the 

Mediterranean region (Derin & Reiss 1966; Pelisse & Pey-

bernes 1983) . T h e palaeoenvironment of various com

plex-walled agglut inated species is briefly considered by 

Banner & H i g h t o n (1990) , Alveosepta species by Banner 

& Whit taker (1991) and Trocholina species by Mancinel-

li & C o c c i a (1999) . M o r e detailed informat ion on Saudi 

Arabian foraminiferal assemblages has been presented by 

H u g h e s (1996, 1998, 2000 , 2 0 0 1 , 2002a ,b ,c ) , Meyer et al. 

(2000) and A l - D h u b e e b (2001 , 2002a, 2002b) based on 

detailed studies of the vertical success ive appearance of 

the various species , in samples from cored oil well and 

e x p o s e d sect ions , and their relat ionship to the host car

bonate fabrics. 

T h e Middle and U p p e r J u r a s s i c carbonates of Sau

di Arabia were depos i t ed on a very extensive submarine 

p la t form that extended over mos t of the Arabian Penin

sula. A l though a moderate ly shallow environment is gen

erally a s s u m e d , there is evidence that the p lat form was 

also the site of several deeper intra-shelf basins (Murris 

1980; A l - H u s s e i n i 1997). 
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Six palaeoenvironmental regimes have been defined 
in the present study, including the open marine/ intra-shelf 
basin, transitional basin - shoal , shoal complex , deep la
goon, shallow lagoon and shore - intertidal. These catego
ries are used in the fo l lowing d i scuss ion of the pa laeoen-
vironmentally significant biofacies d is tr ibut ion . 

Facies of the Middle and Upper Jurassic Formations 

Upper Dhruma Formation 

S t r a t i g r a p h y 

T h e u p p e r D h r u m a F o r m a t i o n has been s u b d i v i d e d by P o w 

ers et al. (1968) in to the l o w e r y e l l o w - b r o w n l i m e s t o n e of the A t a s h 

Member, and u p p e r y e l l o w - b r o w n sha le s o f the H i s y a n M e m b e r . T h e 

Atash M e m b e r is c o r r e l a t e d with the L o w e r F a d h i l i r e s e r v o i r o f e a s t 

ern Saudi A r a b i a . 

A g e 

T h e U p p e r D h r u m a is of M i d d l e J u r a s s i c , M i d d l e C a l l o v i a n a g e . 

B i o f a c i e s 

T h e U p p e r D h r u m a c a r b o n a t e s c o n t a i n a m o d e r a t e l y d i v e r s e 

foraminiferal a s s e m b l a g e that inc ludes the l o c a l i z e d d i s t r i b u t i o n of 

Everticyclammina virguliana ( K o e c h l i n ) , Kurnubiapalastiniensis H e n -

son, Praekurnubia crusei R e d m o n d , Pfenderina trochoidea S m o u t & 

Sugden, Pseudomarssonella s p p . , Redmondoides lugeoni f S e p t f o n t a i n e ) , 

Redmondoides rotundatus ( R e d m o n d J , Riyadhella s p p . , Trocholina al

pina ( L e u p o l d ) , Trocholina clangala W e y n s c h e n k a n d the u b i q u i t o u s 

presence of Nautiloculina oolithica M o h l e r . D a s y c l a d a l g a e are a l s o lo

cally present and are d o m i n a t e d b y Salpingoporella annulata C a r o z z i . 

The s c l crosponge C/adocoropsis mirabilis Fe l ix is local ly p r e s e n t , as are 

sponge spicules . 

P a l a e o e n v i r o n m e n t 

An undi f f erent ia ted s u b t i d a l d e p o s i t i o n a l e n v i r o n m e n t for the 

Upper D h r u m a was s u g g e s t e d by E n a y et al. ( 1 9 8 7 ) a n d E n a y ( 1 9 8 7 ) . 

Recent work within S a u d i A r a m c o has b e e n ab le t o ref ine this inter

pretation, based m o s t l y on the foramini fera l a s s e m b l a g e s . T h e f o r a m i n i 

feral, dasyclad and s t r o m a t o p o r o i d d i s t r i b u t i o n s u g g e s t s a m o d e r a t e l y 

shallow, lagoonal e n v i r o n m e n t in wh ich l o c a l i z e d s h o a l s o f b r a n c h e d 

s tromatoporoids were p r e s e n t , b e t w e e n w h i c h d e e p e r p a r t s o f the la

goon became d o m i n a t e d by s p i c u l e - s e c r e t i n g s p o n g e s d u r i n g t i m e s o f 

elevated sea level. 

Upper Tuwaiq Mountain Formation 

S t r a t i g r a p h y 

The Tuwaiq M o u n t a i n F o r m a t i o n was f irst d e f i n e d by S t e i n e k e 

et al. (1958) , as a c l i f f - f o r m i n g , r e s i s t a n t , cora l a n d s t r o m a t o p o r o i d -

bearing l imestone over ly ing a so f ter , less r e s i s t a n t s h a l e - d o m i n a t e d u p 

per Dhruma F o r m a t i o n . 

A g e 

According to E n a y et al. ( 1 9 8 7 ) , the T u w a i q M o u n t a i n F o r m a 

tion is of Middle C a l l o v i a n age , b a s e d on s u p e r p o s i t i o n o v e r the U p p e r 

Dhruma age diagnost ic spec ies ; spec ie s of Pachyerymnoceras are c o m m o n 

and define equivalence with the N W E u r o p e a n " c a r i n a t u m " a m m o n i t e 

zone. Upper Fadhil i R e s e r v o i r ( u p p e r T u w a i q M o u n t a i n F o r m a t i o n ) . 

Biofac ies 

Benthonic f o r a m i n i f e r a i n c l u d e u n d i f f e r e n t i a t e d n o d o s a r i d s , 

Lenticulina spp . , Bolivina s p p . , Trocholina elongata ( L e u p o l d ) , Kurnu

bia palastiniensis H e n s o n , Kurnubia wellings ( H e n s o n ) , Nautiloculina 

oolithica Mohler, Valvulineria s p „ Redmondoides lugeoni ( S e p t f o n t a i n e ) , 

Praekurnubia sp . , Pfenderina trochoida S m o u t a n d S u g d e n , Meyendorffi-

na bathonica A u r o z e and B i z o n a n d Trochamijiella gollesstanehi A t h e r -

such ci al.. S t r o m a t o p o r o i d s inc lude the b r a n c h e d s p e c i e s Cladocoropsis 

mirabilis Felix toge ther with s t ra t i f i ed f o r m s . M o n a x o n a n d t e t r a x o n 

s p o n g e s p i c u l e s are loca l ly p r e s e n t , as are valves o f Bositra buchi ( R o -

e m e r ) and juven i l e b r a c h i o p o d s . 

Palaeoenvironment 

T h e u p p e r m o s t T 3 unit o f the T u w a i q M o u n t a i n F o r m a t i o n 

( E n a y et al. 1987) has p r e v i o u s l y been c o n c l u d e d to represent a b a c k reef 

d e p o s i t i o n a l e n v i r o n m e n t . R e c e n t w o r k by S a u d i A r a m c o has revealed a 

var ie ty of d e p o s i t i o n a l e n v i r o n m e n t s , b a s e d m o s t l y on an in terpre ta t ion 

o f the f o r a m i n i f e r a l a n d a s s o c i a t e d foss i l a n d m i c r o f o s s i l a s s e m b l a g e s . 

S p e c i m e n s of the p e l a g i c b iva lve Bositra buchi ( R o e m e r ) have 

b e e n r e c o v e r e d in a b u n d a n c e within certa in par t s of the U p p e r Tu

waiq M o u n t a i n F o r m a t i o n , a n d have been u s e d t o d e d u c e a d e e p , o p e n 

m a r i n e d e p o s i t i o n a l e n v i r o n m e n t in which a low s e d i m e n t a t i o n rate 

p r e v a i l e d . T h e s e thin b ivalve b e d s are a c c o m p a n i e d by m o n a x o n and 

t e t r a x o n s p o n g e s p i c u l e s a n d dwarf , o r juven i l e , c o s t a t e b r a c h i o p o d s . 

O p e n m a r i n e b i o f a c i e s , d e p o s i t e d b e l o w w a v e - b a s e , inc lude s p e c i e s of 

Lenticulina, Nodosaria and Bolivina. T h e s h o a l c o m p l e x inc ludes b o t h 

l a m i n a t e d a n d b r a n c h e d s t r o m a t o p o r o i d s , o f which the l a m i n a t e d f o r m 

is i n t e r p r e t e d as b e i n g typical o f the d i s ta l , h i g h e r e n e r g y r e g i m e of the 

s h o a l , p r o b a b l y a b o v e wave b a s e . T h e b r a n c h e d s t r o m a t o p o r o i d Clado

coropsis mirabilis Fe l ix is typ ica l ly f o u n d a b o v e the l a m i n a t e d f o r m , and 

c o n c l u d e d t o have p r o g r a d e d o u t f r o m the l a g o o n a l s h o a l f lank, a b o v e 

w a v e b a s e . T h e d e e p l a g o o n b i o f a c i e s d i s p l a y s the h i g h e s t s p e c i e s d i 

versity, a n d i n c l u d e s Meyendorfina bathonica ( A u r o z e & B i z o n ) , Tro-

chamijiella gollesstanhi A t h e r s u c h , Redmondoides lugeoni ( S e p t f o n t a i n e ) , 

Kurnubia wellingsi ( H e n s o n ) , Praekurnubia sp . , Pfenderina trochoidea 

S m o u t &c S u g d e n , Valvulineria s p . , Trocholina elongata W e y n s c h e n k and 

Nautiloculina oolithica M o h l e r . F r a g m e n t s o f s t r o m a t o p o r o i d s are of ten 

a s s o c i a t e d with this b i o f a c i e s at l o c a t i o n s c l o s e t o s h o a l s . A s h a l l o w la

g o o n e n v i r o n m e n t is c o n c l u d e d for the >p.u.\c b i o f j u c . \ i n winch Nau

tiloculina oolithica M o h l e r , b r a n c h e d cora l , large , r o b u s t ech ino id sp ines 

and the Arabicodium aegagrapiloides E l l io t t are typical c o m p o n e n t s . 

Hanifa Formation 

Strat igraphy 

T h e H a n i f a F o r m a t i o n ( B r a m k a m p 8c S t e i n e k e 1952; P o w e r s et 

al. 1966; P o w e r s 1968) is d i v i d e d i n t o a l o w e r unit t e r m e d the H a w t a h 

M e m b e r and an u p p e r unit t e r m e d the U l a y y a h M e m b e r (Vaslet et al. 

1983; E n a y et al. 1 9 8 7 ) . 

Age 

A n O x f o r d i a n a g e is a s s i g n e d t o the H a n i f a F o r m a t i o n b a s e d 

on the p r e s e n c e of the a m m o n i t e Euaspidoceras cf. catena perarimatum 

( S o w e r b y ) ( E n a y et al. 1987; F i s c h e r et al. 2 0 0 1 ) , a n d de f ines the "pli-

cati l ts" a m m o n i t e z o n e . 

Biofacies 

T h e H a n i f a F o r m a t i o n d i s p l a y s a m o d e r a t e l y l ow foramin i f era l 

s p e c i e s d i v e r s i t y that i n c l u d e s u n d i f f e r e n t i a t e d n o d o s a r i d s , Lenticulina 

s p p . , Kurnubia palastiniensis H e n s o n , Nautiloculina oolithica M o h l e r , 

Pseudornarsonella sp., Alveosepta jaccardi ( S c h r o d t ) , Pseudocyclammina 

lituus ( Y o k o y a m a ) , u n d i f f e r e n t i a t e d mi l io l ids a n d biserial a g g l u t i n a t e d 

f o r m s . S t r o m a t o p o r o i d s inc lude the b r a n c h e d s p e c i e s Cladocoropsis 

mirabilis Fe l ix t o g e t h e r with s t ra t i f i ed f o r m s . M o n a x o n a n d t e t r a x o n 

s p o n g e s p i c u l e s are local ly p r e s e n t , as are valves of juveni le b r a c h i o p o d s . 

D a s y c l a d a l g a e are well r e p r e s e n t e d b y Clypeina jurassica F a v r e . 

Palaeoenvironment 

A n u p w a r d s t r a n s i t i o n f r o m inner l a g o o n , b a c k reef t o reef pa l 

a e o e n v i r o n m e n t a l t r e n d is s u g g e s t e d by E n a y et al. ( 1 9 8 7 ) . D e e p , o p e n 

m a r i n e c o n d i t i o n s b e l o w wave b a s e are typ i f i ed by the p r e s e n c e of Len

ticulina s p p . , Nodosaria s p p . , Kurnubia palastiniensis H e n s o n , Nautilocu

lina oolithica M o h l e r , Pseudornarsonella s p . , juveni le c o s t a t e b r a c h i o p o d s 

a n d s p o n g e s p i c u l e s . O p e n m a r i n e , m o d e r a t e l y d e e p m a r i n e c o n d i t i o n s 

arc typ i f i ed b y a g g l u t i n a t e d f o r a m i n i f e r a that inc lude Alveosepta potersi 

( R e d m o n d ) ( R e d m o n d 1 9 6 4 ) , Pseudocyclammina lituus ( Y o k o y a m a ) , 

Kurnubia palastiniensis H e n s o n and Nautiloculina oolithica Mohler . T h e 

s h o a l c o m p l e x i n c l u d e s b o t h l a m i n a t e d and b r a n c h e d s t r o m a t o p o r o i d s , 

o f wh ich t h e l a m i n a t e d f o r m is i n t e r p r e t e d as b e i n g typical o f the d i s -
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tal, h igher e n e r g y r e g i m e of the s h o a l , p r o b a b l y a b o v e wave b a s e . T h e 

b r a n c h e d s t r o m a t o p o r o i d Cladocoropsis mirabilis Helix is typical ly f o u n d 

a b o v e the l a m i n a t e d f o r m , a n d c o n c l u d e d t o have p r o g r a d e d o u t f r o m 

the l a g o o n a l shoa l flank, a b o v e wave b a s e . In K h u r a i s F ie ld , there is g o o d 

e v i d e n c e t o s u p p o r t the e x i s t e n c e of a ser i e s of s o u t h e r l y - p r o g r a d i n g 

s t r o m a t o p o r o i d b a n k c o m p l e x . A d e e p l a g o o n e n v i r o n m e n t is i n t e r p r e t 

ed for the Kurnubia palastiniensis H e n s o n a n d Nautiloculina oolithica 

M o h l e r - d o m i n a t e d a s s e m b l a g e , in c o n j u n c t i o n with the w e l l - r e p r e s e n t 

ed d a s y c l a d a lga Clypeina jurassien F a v r e a n d the e n c r u s t i n g a lga Thau-

matoporellaparvovesiculifera ( R a i n e r i ) . In t h e s t u d i e d s e c t i o n s , n o sha l 

l ow m a r i n e , m i l i o l i d - d o m i n a t e d s e d i m e n t s have yet b e e n e n c o u n t e r e d . 

Arab-D Reservoir (Jubaila Formation) 

Stratigraphy 

T h e J u b a i l a F o r m a t i o n ( B r a m k a m p & S t e i n e k e 1952; P o w e r s et 

al. 1966; P o w e r s 1968; M a n i v i t et al. 1985) is d i v i d e d in to a lower J u l 

unit t e r m e d the J u l and an u p p e r J u 2 unit ( E n a y et al. 1 9 8 7 ) . It d i s -

c o n f o r m a b l y over l i e s the H a n i f a F o r m a t i o n ( M e y e r & H u g h e s 2 0 0 0 ; 

M e y e r et al. 2 0 0 0 ) and is a p p r o x i m a t e l y 130 m th ick ( D . Vas le t , oral 

c o m m u n i c a t i o n 2 0 0 2 ) . 

Age 

A K i m m e r i d g i a n a g e is a s s i g n e d t o t h e J u b a i l a F o r m a t i o n b a s e d 

on the p r e s e n c e o f the a m m o n i t e s p e c i e s Perisphinctes jubailensis A r k e l l 

in the l o w e r p a r t o f the F o r m a t i o n ( E n a y et al. 1987) and the n a u t i l o i d s 

Paracenoceras wepferi ( L o e s c h ) a n d P. gr. moreausum ( T i n t a n t 1 9 8 7 ) . 

Biofacies 

In recent S a u d i A r a m c o i n v e s t i g a t i o n s o f s u r f a c e s e c t i o n s at 

Wadi L a b a n , Wadi N i s a h a n d in the K h u r a i s a n d G h a w a r s u b s u r f a c e , 

J u b a i l a F o r m a t i o n d i s p l a y s a m o d e r a t e l y l ow f o r a m i n i f e r a l s p e c i e s d i 

vers i ty that inc ludes u n d i f f e r e n t i a t e d n o d o s a r i d s , Lenticulina s p p . , Kur

nubia palastiniensis H e n s o n , Nautiloculina oolithica M o h l e r , Aheosepta 

jaccardi ( S c h r o d t ) u n d i f f e r e n t i a t e d mi l i o l id s a n d b i ser ia l a g g l u t i n a t e d 

f o r m s . A l l o c h t h o n o u s s t r o m a t o p o r o i d s inc lude the b r a n c h e d s p e c i e s 

Cladocoropsis mirabilis Fe l ix t o g e t h e r with s t r a t i f i e d f o r m s . M o n a x o n 

and t e t r a x o n s p o n g e s p i c u l e s are local ly p r e s e n t , as are valves of j u v e 

nile b r a c h i o p o d s . 

Palaeoenvironment 

A l a g o o n p a l a e o e n v i r o n m e n t is s u g g e s t e d b y E n a y et al. ( 1 9 8 7 ) 

for the J u b a i l a F o r m a t i o n . F o r a m i n i f e r a l a s s e m b l a g e s f r o m the o u t c r o p 

in the T u w a i q M o u n t a i n e s c a r p m e n t , w e s t of R i y a d h a n d in the s u b s u r 

face o f the G h a w a r a n d K h u r a i s f ie lds o f S a u d i A r a b i a p r o v i d e e v i d e n c e 

for a v a r i e t y of s u b - e n v i r o n m e n t s . O p e n m a r i n e , n o r m a l sal inity, m o d 

erate ly d e e p m a r i n e c o n d i t i o n s , b e l o w n o r m a l f a i r w e a t h e r w a v e b a s e are 

typ i f i ed by the p r e s e n c e of Lenticulina s p p . , Nodosaria s p p . , Dentalina 

s p p . , Pseudomarsonella s p p . , m o n a x o n a n d t e t r a x o n s p o n g e s p i c u l e s , 

juveni le c o s t a t e b r a c h i o p o d s . T h e p r e s e n c e o f Kurnubia palastinien

sis H e n s o n and Nautiloculina oolithica M o h l e r is o f l i m i t e d p a l a e o e n -

v i r o n m e n t a l s i g n i f i c a n c e , as they are p r e s e n c e in m o s t of the J u b a i l a 

e n v i r o n m e n t s . F r a g m e n t s o f Cladocoropsis mirabilis Fe l ix a n d layered 

s t r o m a t o p o r o i d s are local ly p r e s e n t a n d a t t r i b u t e d t o s t o r m - t r i g g e r e d 

t r a n s p o r t a t i o n f r o m a s h a l l o w e r s e t t i n g . A s with the H a n i f a F o r m a t i o n , 

the s h a l l o w e r part of the o p e n m a r i n e r e g i m e is c h a r a c t e r i z e d by the 

p r e s e n c e o f a lveo lar wal led a g g l u t i n a t e d Aheoseptapowers! ( R e d m o n d ) . 

T h e u b i q u i t o u s s p e c i e s Kurnubia palastiniensis H e n s o n a n d Nautilo

culina oolithica M o h l e r are a l s o p r e s e n t . T h e s h a l l o w e s t d e p o s i t i o n a l 

facies in the J u b a i l a F o r m a t i o n inc ludes Kurnubia palastiniensis H e n s o n , 

Nautiloculina oolithica M o h l e r , Clypeina jurassica F a v r e , mi l i o l id s a n d 

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

c o r a l s a n d s u g g e s t s p r o x i m i t y t o a s h o a l c o m p l e x . 

Arab Formation 

Stratigraphy 

T h e A r a b F o r m a t i o n c o n s i s t s o f f o u r m e m b e r s ( S t e i n e k e & 

B r a m k a m p 1952; P o w e r s et al. 1966; P o w e r s 1 9 6 8 ) , n a m e d in vert ical 

s u c c e s s i o n as D , C , B and A . E a c h m e m b e r c o n s i s t s of a l o w e r c a r b o n 

ate a n d an u p p e r e v a p o r i t i c s e c t i o n , a l t h o u g h the a n o m a l o u s l y thick 

e v a p o r a t e a s s o c i a t e d with the A r a b A m e m b e r is cal led the H i t h For

m a t i o n . T h e A r a b - D r e s e r v o i r s p a n s the u p p e r part of the J u b a i l a For

m a t i o n , a n d the c a r b o n a t e s o f the A r a b - D M e m b e r . 

A g e 

N e i t h e r a m m o n i t e s n o r c a l c a r e o u s n a n n o f o s s i l s have been re

c o v e r e d f r o m the D M e m b e r o f the A r a b F o r m a t i o n , a n d the age is 

b a s e d on b e n t h o n i c f o r a m i n i f e r a . T h e p r e s e n c e of Aheosepta jaccardi 

( S c h r o d t ) , Kurnubia palastiniensis H e n s o n , Mangashtia vietinoti Hen

s o n , Trocholina alpina ( L e u p o l d ) , Everticyclammina virguliana ( K o e c h -

lin) and Pfenderina salernitana S a r t o n i & C r e s c e n t i p r o v i d e an undif

f erent ia ted K i m m e r i d g i a n a g e . 

B i o f a c i e s 

B e n t h o n i c f o r a m i n i f e r a r e c o v e r e d f r o m the A r a b - D M e m b e r in

c l u d e Nautiloculina oolithica M o h l e r , Kurnubia palastiniensis H e n s o n , 

Pfenderina salernitana S a r t o r i a n d C r e s c e n t i , Trocholina alpina (I .eup-

o l d ) , Mangashtia vietinoti H e n s o n , u n d i f f e r e n t i a t e d mi l io l ids and un

d i f f e r e n t i a t e d biser ia l a g g l u t i n a t e d s p e c i e s . A variety of d a s y c l a d al

g a e i n c l u d e Clypeina jurassica F a v r e . S t r o m a t o p o r o i d s inc lude the 

b r a n c h e d s p e c i e s Cladocoropsis mirabilis Fe l ix a n d undi f ferent iated 

layered f o r m s . 

P a l a e o e n v i r o n m e n t 

A s a b k h a p a l a e o e n v i r o n m e n t is s u g g e s t e d by E n a y et al. (1987) 

for the A r a b F o r m a t i o n . F o r a m i n i f e r a l a s s e m b l a g e s f r o m the outcrop 

i n the T u w a i q M o u n t a i n e s c a r p m e n t , wes t of R i y a d h and in the sub

s u r f a c e o f the G h a w a r a n d K h u r a i s f ie lds o f S a u d i A r a b i a prov ide evi

d e n c e for a var ie ty of s u b - e n v i r o n m e n t s . T h e d e e p e s t b io fac i e s of the 

A r a b - D m e m b e r r e p r e s e n t s a d e e p l a g o o n , n o r m a l sa l in i ty set t l ing and 

i n c l u d e s Kurnubia palastiniensis H e n s o n , Nautiloculina oolitica Moh

ler, l a m i n a t e d s t r o m a t o p o r o i d s , Cladocoropsis mirabilis Fe l ix , Clypei

na jurassica F a v r e a n d Thaumatoporella parvovesiculifera (Ra iner i ) . A 

s l ight ly s h a l l o w e r l a g o o n s u b t i d a l s e t t i n g inc ludes Pfenderina salerni

tana S a r t o n i & C r e s c e n t i , Mangashtia vietinoti H e n s o n , Trocholina al

pina ( L e u p o l d ) a n d u n d i f f e r e n t i a t e d s i m p l e mi l io l ids . A hypersaline, 

s h a l l o w l a g o o n to intert idal e n v i r o n m e n t is c h a r a c t e r i z e d by undiffer

e n t i a t e d s i m p l e m i l i o l i d s , c o s t a t e , c e r i t h i d - l i k e g a s t r o p o d s , bivalve and 

b r a c h i o p o d d e b r i s a n d algal l a m i n a e . 

Conclusions 

T h e fol lowing conc lus ions are based on observa
t ions made on the reservoir-assoc iated sect ions of the 
Midd le and U p p e r J u r a s s i c format ions encountered dur
ing industrial ly-applied micropalaeontologica l studies. It 
is conceivable that the trends observed may require modi
fication after m o r e extensive studies of closely sampled 
measured sect ions from the o u t c r o p belt - currently in 
progress . Stacking order of the respective species and their 
as soc ia t ions , together with l imited sedimentological in
format ion , have enabled palaeoenvironmental interpreta
t ions to be deduced , us ing peculiarities of foraminiferal 
wall s tructure and c o m p a r i s o n s to modern genetical ana
logues where poss ib le . 

T h e deepest part of each of the deposit ional cycles 
represented by the Tuwaiq Mounta in , Hani fa and Jubaila 
format ions display a similar microbiofacies that consists 
of m o n a x o n and tetraxon spicules , species of Lenticulina 
and Nodosaria, with occasional Dentalina, together with 
juvenile cos ta te brach iopods . T h e pelagic bivalve Bositra 
buchi ( R o e m e r ) is only present within this biofacies of 
the Tuwaiq Mounta in Format ion . T h e s e species are often 
found in assoc iat ion with species that are typically found 
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within the lagoon sett ing, such as Kurnubia palastinien
sis Henson and Nautiloculina oolithica Mohler and may 
either have a very wide palaeoenvirinmental to lerance, 
or their presence may be at tr ibuted to an a l lochthonous , 
tidal or storm derived cause. O f these, the former is con
sidered more likely because of their ub iqui tous presence . 
The assemblage here considered to typify the moderate ly 
deep regime probably represents episodes of marine trans
gression when the m o s t open marine, normal salinity and 
unrestricted environmental condit ions pers isted. E p i s o d 
ic events characterized by concentrat ions of spicules and 
Bositra buchi (Roemer) suggest low carbonate product ion 
rates and the resulting concentrat ion of pelagic e lements 
and of those that did not secrete a cont inuous shell or 
test, and may represent condensed beds related either to 
rapid transgression and a "catch-up" carbonate sett ing, 
or the acme of a cycle-scale transgress ion . In the Tuwaiq 
Mountain Format ion , these events are repeated and have 
been integrated with the sed imento logy to deduce d e p o 
sitional cycles from which reservoir layers have been sug
gested. This associat ion provides evidence to s u p p o r t the 
concept that B. bucchi was not restricted to shal low ma
rine conditions, but was m o r e representat ive of low en
ergy conditions at water depths be low wave base. 

A relatively shallower environment within the open 
marine, unrestricted regime, but deeper than the s t r o m a t 
oporoid shoals , be low fair-weather wavebase but within 
the carbonate factory contains a depleted equivalent of 
the assemblage descr ibed above , in the presence of Al-
veosepta jaccardi ( S c h r o d t ) , A powersi ( R e d m o n d ) , Pseu
docyclammina lituus (Yokoyama) and Everticyclammina 
spp. The reason for the p r e d o m i n a n c e of large, complex -
walled agglutinated species is quest ionable , but may be 
explained by the need for rapid co lonizat ion of an envi
ronment in which input of s t o r m and t ide-derived b io -
clastic debris was c o m m o n . 

The shoal complex within the s tudied sect ions is 
always represented by the presence of s t r o m a t o p o r o i d s 
(Wood 1987), minor corals and few m i c r o b i o c o m p o -
nents. Stratigraphically, in core samples , the laminated, 
encrusting s t r o m a t o p o r o i d s underlie the branched forms 
assigned to Cladocoropsis mirabilis Felix. Interpretation of 
the depositional environments of both extinct s t r o m a t o 

poroid types can be ass is ted by using their morphological 
similarity to domai and branched corals (James 1983; fig 
59) . T h e domai forms would represent a shoal crest or 
flank, with moderate to high wave energy and low rates 
of sed imentat ion would prevail, above fairweather wave 
base. T h e branched Cladocoropsis mirabilis Felix would 
be expected to o c c u p y lower energy condit ions with high 
rates of sedimentat ion such as on the lee side of a s t ro 
m a t o p o r o i d shoal . T h e vertical success ion represented in 
cores may, therefore, represent progradat ion of a lee or 
lagoonal Cladocoropsis mirabilis Felix facies over the en
crust ing and d o m e - s h a p e d s t r o m a t o p o r o i d s of the shoal 
crest. Swan and Kershaw (1994) suggest that s t r o m a t o p o 
roid m o r p h o l o g y is s trongly influenced by the pattern of 
sed imentat ion and this is upheld in the present study. 

T h e deep lagoon associat ion includes the benthonic 
foraminifera Trocholina elongata ( L e u p o l d ) , Redmon
doides lugeoni (Sept fonta ine ) , Meyendorfina bathonica, 
Trochamijiella gollestanhi Athersuch et al., Pfenderina tro
choidea S m o u t & S u g d e n , Kurnubia wellingsi ( H e n s o n ) , 
Praekurnubia sp . and Valvulineria sp. , Kurnubia palas
tiniensis H e n s o n and Nautiloculina oolithica Mohler and 
sparse s imple miliolids are also present within this a s s o 
ciation. O t h e r b i o c o m p o n e n t s include Clypeina jurassica 
Favre and Thaumatoporellaparvovesiculifera (Raineri ) . 

T h e shallow lagoon assemblage is typified by undif
ferentiated s imple miliolids, Kurnubia palastiniensis H e n 
son, Nautiloculina oolithica Mohler, Pfenderina salernitana 
Sartori and C r e s c e n t i , Pfenderina trochoidea S m o u t and 
Sugden , Mangashtia vienotti H e n s o n , undifferentiated 
bisenal agglut inated forms and Trocholina alpina ( L e u p 
old) with c o m m o n Clypeina jurassica Favre. U p w a r d s 
within this success ion , believed to represent gradually 
shal lowing condi t ions , M. vienotti H e n s o n becomes rare 
to absent , fol lowed by Pfenderina salernitana Sartoni & 
Crescent i and finally by Trocholina alpina (Leupo ld ) . The 
u p p e r m o s t biofacies typically contains rare undifferenti
ated s imple mil iol ids, cerithid g a s t r o p o d s and felted al
gal laminae, and believed to represent intertidal, shore 
line condi t ions . 
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