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Abstract. T h e laphonomic analysis conducted on ammono id as
semblages has proven useful for palaeobiological and palaeoenvironmen-
tal reconstructions in upper Middle-to- lowcr U p p e r Oxfordian epicon
tinental deposits of the Internal Prebetic (southern Spain). Taphonic 
populations close to type 1 indicate the proximity, even coincidence, of 
lilc areas lor neritic ammonites (i.e. parautochthonous assemblages) . 
The relationships among preservation mode, shell size, within-bed po
rtion, corrasion, fragmentation, and epibionts (encrustment included), 
with lumpy-oncolinc and condensed & bioclasts-rich lumpy-oncol i t ic 
limestones allows us to typily two taphofacies. Taphofacies I shows 
higher values ol mean shell size, corrasion, epibionts and encrustmenis , 
as well as a high number of specimens in quasi-horizontal sett lement. 
The opposite characterist ics serve to identify Taphofacies II. Tapho-
nomic Icatures, taphofacies and lithofacies combine in coherence with 
progressing third-order transgressive-to-highstand system-tract condi
tions and the resulting ecostratigraphic trends, which are registered by 
fluctuations in ammoni te assemblages. 

Riassunto. L'analisi tafonomica condot ta sulle associazioni ad 
ammonoidi si e dimostrata utile per le ricostruzioni paleobiologiche 
e paleoambientali nei depositi epicontinentali riferibili alia parte alta 
del l 'Oxfordiano medio alia parte bassa del l 'Oxfordiano superiore del 
Prcbet ico Interno (Spagna meridionale) . Popolazioni tafoniche vicine 
al tipo I indicano la prossimita, perfino la coincidenza, delle aree di vita 
per gli ammonit i neritici (cioe associazioni parautoc tone ) . Le relazioni 
tra modalita di conservazione, taglia della conchiglia, posizione nello 
s trato , corros ionc , frammentazione, ed epibionti (incluse le incrosta-
zioni) , con calcari grumoso-oncol i t ic i e calcari grumoso-oncol i t ic i ric-
chi di condensati e bioclasti. permet tono di r iconoscere due tipologie 
di tafofacies. La Tafofacies I mostra piu alti valon di taglia media della 
conchiglia, corros ionc , epibionti ed incrostazioni , c o m e pure un eleva-
to numero di esemplari in assetto quasi orizzontale . Le caratterist iche 
oppostc scrvono ad identificare la Tafofacies II. I caratteri tafonomi-
ci, le tafofacies e le litofacies si combinano coerentemente con il pro-
cedere di condizioni da trasgressive di t crzo ordinc a quelle di sistema 
deposizionale da s taz ionamento alto, e con le risultanti tendenze eco-
stratigrafiche, che sono registratc dalle fluttuazioni nelle associazioni 
ad ammonit i . 
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Internal Prebetic * Studied sections 

Fig. 1 - Location and geological sketch 
showing the placement of the 
sections studied. N V (Navalp
eral sect ion) , RS (Rio Segura 
section). 
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Introduction and g e o l o g i c a l set t ing 

T h e P r e b e t i c Z o n e ( B e t i c C o r d i l l e r a ) s h o w s e p i c o n 

tinental, s h e l f d e p o s i t s a c c u m u l a t e d o n t h e s o u t h - I b e r i a n 

palaeomargin du r ing t h e M e s o z o i c ( F i g . 1 ) . T h e E x t e r 

nal and t he I n t e r n a l P r e b e t i c ( J e r e z - M i r 1 9 7 3 ) r e p r e s e n t 

relatively p r o x i m a l and dis ta l a reas , r e spec t ive ly , in th i s 

ep icont inenta l e n v i r o n m e n t l o c a t e d in s o u t h e a s t e r n I b e 

ria. O x f o r d i a n r o c k s i n d i c a t e t h e f i rs t h e m i p e l a g i c - p e l a g -

ic s ed imen ta t i on o v e r l y i n g t he ea r l i e r J u r a s s i c c a r b o n a t e 

shelf ( G a r c f a - H e r n a n d e z et al. 1 9 8 1 ) . 

In o r d e r t o i den t i fy and q u a n t i f y t a p h o n o m i c fea 

tures in O x f o r d i a n a m m o n i t e s , and t o e s t a b l i s h t h e i r p o 

tential r e l a t i onsh ip s wi th l i t h o f a c i e s , t w o s e c t i o n s w e r e 

selected in t he I n t e r n a l P r e b e t i c : t he N a v a l p e r a l and R i o 

Segura s e c t i o n s ( F i g . 1 ) . In t h e s e s e c t i o n s , m a i n l y B i f u r -

catus Z o n e d e p o s i t s w e r e i n v e s t i g a t e d ; t h e s e are m a d e 

up o f l u m p y - o n c o l i t i c l i m e s t o n e ( L O L ) and c o n d e n s e d 

& b ioc l a s t s - r i ch l u m p y - o n c o l i t i c l i m e s t o n e ( C L O L ) . I n 

both o f t he se s e c t i o n s , an u p p e r m o s t p a n o f t h e T r a n s -

versarium Z o n e c o u l d b e i n c l u d e d at t he b o t t o m o f t h e 

stratigraphic in te rva l s t u d i e d , b u t a m m o n i t e b i o s t r a t i g -

raphy does n o t p r o v i d e a h i g h e r p r e c i s i o n . A m m o n i t e 
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b i o s t r a t i g r a p h y a l lows t h e s u b d i v i s i o n o f t he B i f u r c a t u s 

Z o n e in t h e P r e b e t i c Z o n e ( O l o r i z e t al. 1 9 9 9 ) . In t he 

s t u d i e d s e c t i o n s , t he l o w e r B i f u r c a t o i d e s / S t e n o c y c l o i d e s 

S u b z o n e has b e e n r e c o g n i z e d ; th i s is m a i n l y c h a r a c t e r 

i z ed b y Dichotomoceras bifurcatoides E n a y and stenocy-

cloides ( R o n c h a d z e ) , and t h e u p p e r G r o s s o u v r e i S u b z o n e 

c o n t a i n i n g Dichotomoceras grossouvrei ( S i e m i r a d z k i ) , bi

furcatus ( Q u e n s t e d t ) and crassus Enay , a m o n g o t h e r less 

k n o w n Dichotomoceras. 

Navalperal section 
This section is located in the Sierra de Segura (Jaen province) 

and crops out across the mountain road between L o s A r r o y o s and the 
village of Segura de la Sierra. T h e section studied is 10.7 m thick (Fig. 
2 A ) , and mainly shows irregular bedding in nodular-like limestones. 
T h e lower 2 m are dolostones containing scarce and poorly preserved 
ammoni tes and brachiopods (Olor iz et al. 2 0 0 2 b ) . Above , the section 
is made up of 1 m thick L O L overlain by 2.2 m of fine-bedded hori
zons of C L O L rich in ammonites . T h e upper 7.3 m show the recur
rence of L O L . 

Rio Segura section 
This section is located in the Sierra de Segura (Albacete prov

ince) , at km 2 0 on the road between the villages of Yeste and Santiago 
de la Espada. T h e stratigraphic interval studied is 11 m thick (Fig. 2 B ) , 

and bedding in nodular-like limestones 
is better expressed than in the Navalp
eral section. T h e lowermost 2.8 m are 
well-bedded l imestone horizons ( L O L ) . 
Overlying are 1.6 m composed of am
monite-r ich condensed limestones with 
a m o r e accentuated nodular appearance 
( C L O L ) . T h e upper 6.6 m shows the re
currence of l imestones with decreasing 
nodular-like appearance ( L O L ) . 
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Material and methods 
In order to analyze the potential 

relationships between ammoni te preser
vation and the type of embedding rocks , 
lithology, texture and fabrics have been 
carefully studied in the Navalperal and 
Rio Segura sections (Ol6r iz et al. 2 0 0 2 b ) , 
and semi-quantitative characterizations 
are in progress (Olor iz et al. 2 0 0 2 a , c ) . 
In these sections, a total of 1 2 4 0 speci
mens and fragments of ammonites were 
collected through bed-by-bed sampling, 
in which the relative abundance o f am
monites, benthic macroinvertebrates, and 
belemnites was established. 

Fig. 3 - Stratigraphic columns show
ing lithology, taphofacies ( T F -
I and T F - I I ) and trends in 
taphonomic features and am
monite assemblages. 
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The following taphonomic features have been analyzed: a) pres

ervation mode; b) shell size; c ) within-bed position; d) corrasion (Brett 

C\ Baird 1 9 8 6 ) ; e) fragmentation; f) epibionts and encrustment; and g) 

uncoupling and faceting. 

The preservation mode refers 1 0 the relative occurrence of in

ner moulds with a n d / o r without ncomorph ic shell, and to the type of 

sediments that tilled up the ammoni te carcasses. N o quantification was 

applied to this taphonomic feature. 

Shell size has been control led to recognize its potential rela

tionships with the variable completeness of ammoni te remains (Fig. 3 ) . 

Quantification ol shell size allows the identification of size intervals, 

seeking to establish their potential relationships with litholacies and, 

thcre lore , with stratigraphic intervals (Fig. 4 ) . 

Within-bed position was taken into account to consider the rel

ative significance ol quasi-horizontal (parallel to bedding or less than 

10° ) , quasi-vertical (perpendicular to bedding or m o r e than 8 0 " ) , and 

oblique (with inclination between 10° and 80") placement o l a m m o 

nite remains (Fig. 3 ) . Quantif ication of this trail expresses the number 

ol ammoni te remains in quasi-horizontal position against other, azi-

nuuhal positions. 

Corras ion (Brett & Baird 1986) was considered as revealing the 

general degradation of the skeletal surface due to a variable combina

tion of abrasion, bioerosion and dissolution (Pis. 1 - 2 ) . This taphonomic 

leature was quantified (Fig. 3 ) , according to the Corras ion index ( C i ) 

proposed by Olor iz et al. ( 2 0 0 2 b ) . According to these authors , three 

grades ol corrasion were established: low ( L C D ) , medium ( M C D ) and 

high ( M C D ) for less than 10%, 10% to 6 0 % and higher than 6 0 % of 

worn material. Ci values were obtained from the equation below, where 

N is the total number ol specimens, and n the number of specimens 

with H C D , M C D and L C D , respectively. 

C 
( n H C D x 100) + ( n M C D x S C ) + ( n L C D x I 

N 

Fragmentat ion was considered as the result of breaking but not 

disarticulation, the latter being interpreted as the separation ol biologi-
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cally articulated structures. To quantify fragmentation, the Fragmentation 

index (Fi) was applied to inform about the degree ol fragmentation (Fig. 

3 ) among a set of individuals (Olor iz et al. 2 0 0 2 b ) . According to these 

authors , low ( L F D ) , medium ( M F D ) and high ( H F D ) degrees of frag

mentation were identified: " L F D for fragmentation that does not al feet 

significantly the shape and size ol the specimens (ammonite remains are 

essentially complete; H F D for fragmentation that affects shape and size 

significantly (remains are little representative of original dimensions and 

shape; and M F D for fragmentation between the two degrees previously 

considered ( H F D and L F D ) " . Pi values were obtained from the equation 

below, where N is the total number of specimens, and n the number ol 

specimens with H F D , M F D and L F D , respectively. 

F 
[ ( n H F D x 100) + (nM FDxSO) + ( n l . F D x I) ] 

N 

Size-curves for ammoni te remains in lumpy-oncolit ic lime

stone ( L O L ) and condensed &; bioclast-rich lumpy-oncolit ic 

l imestone ( C L O L ) . 

Fpibionts and encrustment have been analvzed paying special 

attention to the potential difference between the upper and the lower 

side of the ammonites , in thai concerning the type of organisms and 

density of colonization (PI. 2 ) . Qualitative quantification was based on 

naked eye and microscopic observations conducted on selected sam

ples (F'ig. 3 , PI. 2 ) . 

Uncoupl ing and faceting were also analyzed, the lormer point

ing to disgregation of inner moulds lollowing septal surfaces and lines 

of whorl overlapping (Olor iz et al. 2 0 0 0 ) . To confirm uncoupling as a 

taphonomic feature, but not an aftermost erosional one, the evidence 

for this trait was accepted from within-bed specimens only. The occur

rence of lacets and their relative position was analyzed. 

R e s u l t s 

T h e nodu la r - l i ke a p p e a r a n c e o f B i fu r ca tu s Z o n e 

d e p o s i t s in t he Nava lpe ra l and R i o Segura s e c t i o n s is not 

re la ted wi th n o d u l e s o r i g i n a t e d du r ing ear ly d iagenes i s as 

was the nodu l a r i t y in typical a m m o n i t i c o r o s s o and related 

fac ies ( see F a r i n a c c i & E l m i 1 9 8 1 , for a w ide - r ang ing re

v iew o f this sub j ec t , and updated in t e rp re t a t ions in Clar i et 

al. 1 9 8 4 ; C la r i & M a r t ire 1 9 9 6 ; M a r t i r e 1 9 9 6 ) . In con t r a s t , 

m i c r o f a c i e s o f w a c k e s t o n e s and p a c k s t o n e s r ich in lumps , 

o n c o i d s , in t r ac las t s , aggrega te gra ins , and pe lo ids are typi

cal ( G a r c f a - H e r n a n d e z et al. 1 9 8 1 ; O l o r i z et al. 2 0 0 2 a , b, c; 

F ig . 2 ) . G r a i n - s u p p o r t e d fabr ics are d o m i n a n t . T h e m o d 

e ra te a b u n d a n c e in p l a n k t o n i c f o r a m s ( G l o b u l i g e r i n i d a e ) 

is c h a r a c t e r i s t i c , as is t he i r peak in re la t ive a b u n d a n c e in 

a l o w e r par t o f t he B i fu r ca tu s Z o n e (mean value c l o s e to 

4 5 % ) . L u m p y - o n c o l i t i c l i m e s t o n e ( L O L ) can be c o n s i d 

e red the b a c k g r o u n d fac ies , s h o w i n g var iabi l i ty in nodu

lar- l ike appea rance , and r e c u r r e n c e in t he B i fu rca tus Z o n e . 

T h e p r o p o r t i o n o f a m m o n i t e s pe r r o c k v o l u m e is usually 

low. F i n e bedded , c o n d e n s e d and b i o c l a s t s - n c h l u m p y - o n -

c o l i t i c l i m e s t o n e s ( C L O L ) are typica l o f a c o n d e n s e d in

terval s h o w i n g a h i g h e r p r o p o r t i o n o f a m m o n i t e s pe r r o c k 

v o l u m e . In t h e s e h o r i z o n s , p a c k e s t o n e s d o m i n a t e . 

In t h e s e c t i o n s s tud i ed , a m m o n i t e s arc 7 5 % , 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 2 1 % , and 4 % b e l e m n i t e s . M a j o r 

f l u c t u a t i o n s in t he c o m p o s i t i o n o f s e l e c t e d a m m o n i t e 

g r o u p s are s h o w n in F ig . 3 . A m o n g a m m o n i t e s , per i -

s p h i n c t i d s are 4 6 % , p h y l l o c e r a t i d s 2 9 % (Sowerbyceras 

1 9 % ) , h a p l o c e r a t i d s 1 7 % , and l y t o c e r a t i d s 1%. T h e re 

m a i n i n g s p e c i m e n s are i n d e t e r m i n a t e . Usua l ly , the r e c o g -
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nition o f su ture lines is diff icul t , and ap tych i are e x t r e m e l y 

rare. I t is w o r t h m e n t i o n i n g tha t t he m a j o r i t y o f t he a m 

monites wi th i den t i f i ab l e s u t u r e l ines are p h r a g m o c o n e s , 

body c h a m b e r p r e s e r v a t i o n b e i n g s c a r c e and s e l e c t i v e l y 

more f requen t in hap loce ra t i d s (e .g . Ochetoceras (PI . 1 D -

E ) , Trimarginites, Clocbiceras (P I . 1 B - C ) ) . M a c r o c o n c h i -

ate s p e c i m e n s are rare and r e p r e s e n t e d b y i n n e r t o m i d 

dle whor l s (e .g . Passendorferia ( P I . I I ) , Subdiscosphinctes, 

Euaspidoceras (PI . 1 A ) ) , bu t i n c o m p l e t e p h r a g m o c o n e s 

of great s i ze a m m o n i t e s ex i s t (e .g . Euaspidoceras). 

A m m o n i t e s s h o w d o m i n a n t p r e s e r v a t i o n as i n n e r 

moulds, wi th a var iab le p r e s e n c e o f n e o m o r p h i c , c a l c i t i c 

shell, e spec ia l ly in t he f lanks p l aced d o w n w a r d s , b u t e x 

ceptions o c c u r s (PI . 2 ) . N o s ign i f i can t d i f f e r ence has b e e n 

identified b e t w e e n t he c o m p o s i t i o n o f t he shel l in f i l l ing 

.ind that o f t he e m b e d d i n g s e d i m e n t o t h e r t h a n t h o s e re 

lated to inf i l l ing p r o c e s s e s . 

Average shel l s i ze f rom the t w o s e c t i o n s s t u d i e d 

shows small values ( F i g . 3 ) , and m i n o r va r i a t ions b e t w e e n 

these s e c t i o n s ( 3 3 m m in Nava lpe ra l agains t 2 7 m m in R i o 

Segura s e c t i o n ) are p r e s e n t . O n t h e w h o l e , she l l s i ze b e 

low 30 m m is 5 3 % in t h e N a v a l p e r a l s e c t i o n and 6 6 % in 

Rio Segura s e c t i o n , and t he se values are o b t a i n e d i r r e s p e c 

tive o f the t a x o n o m i c g r o u p r e g i s t e r e d . H o w e v e r , a dif

ference in t h e average shel l s i ze has b e e n f o u n d b e t w e e n 

C L O L and L O L l i t ho fac i e s ( F i g . 4 ) , t h e l a t t e r s h o w i n g 

lower values ( 4 0 m m in C L O L vs. 2 5 m m in L O L ) . F l u c 

tuation in average she l l s i ze was f o u n d t h r o u g h o u t t he 

studied s t r a t i g r a p h i c in terval in t he N a v a l p e r a l and t h e 

Rio Segura s e c t i o n s ( F i g . 3 ) . 

W i t h i n - b e d p o s i t i o n l a rge ly d e p e n d s on a m m o n i t e 

size, o r on t he s ize o f a m m o n i t e r e m a i n s . T h e g r e a t e r t h e 

fossils the m o r e f r e q u e n t t h e i r q u a s i - h o r i z o n t a l p o s i t i o n 

(registered in C L O L ) ( F i g . 3 ) . S m a l l e r o n e s o f f e r a m o r e 

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

incidence o f b u r r o w i n g in m i x i n g w i t h i n t he s e d i m e n t -

water i n t e r -phase , t o g e t h e r wi th a m a j o r p r o b a b i l i t y f o r 

oblique s e t t l e m e n t in s m a l l e r a n d / o r m o r e g l o b o s e she l l s . 

F luctuat ion in w i t h i n - b e d p o s i t i o n was f o u n d t h r o u g h 

out the s tud ied s t r a t i g r a p h i c in te rva l in t h e N a v a l p e r a l 

and the R i o S e g u r a s e c t i o n s ( F i g . 3 ) . 

C o r r a s i o n is well r eg i s t e red , bu t its i n t e n s i t y is var i

able as d e m o n s t r a t e d b y C i values ( F i g . 3 ) . H i g h e r va lues 

have been r eg i s t e r ed f rom C L O L and in s p e c i m e n s o f 

greater s i ze , w h i c h are m o r e a b u n d a n t in th i s l i t h o f a c i e s . 

Fluctuat ion in C i va lues was f o u n d t h r o u g h o u t t he s t u d 

ied s t ra t ig raphic in te rva l in t he N a v a l p e r a l and t he R i o 

Segura s e c t i o n s ( F i g . 3 ) . 

F r a g m e n t a t i o n is high on the basis o f the fact that 

a majority o f a m m o n i t e remains showing su ture l ines are 

phragmocones. C o n c e r n i n g b o d y c h a m b e r preserva t ion , 

this is m o r e c o m m o n , even typical , in haplocera t ids (e.g. 

Ochetoceras, Trimarginites, Glochiceras), a m o n g which cases 

of preservation o f lappets are k n o w n (e.g. Glochiceras) (PI . 

IB) . However , adapertural (i .e. pe r i s t oma l ) s t ruc tu res are 

unknown f rom per isphinc t ids and o t h e r a m m o n i t e s . O n 

the who le , the t h i c k e r depos i t ion and a relative h igher frag

m e n t a t i o n cor re la te in L O L . F luc tua t i on in Fi values was 

found t h r o u g h o u t the s tudied s t ra t igraphic interval in the 

Navalpera l and the R i o Segura s ec t i ons (F ig . 3 ) . 

E p i b i o n t s and e n c r u s t m e n t w e r e s e l e c t i v e l y reg i s 

t e red in t he u p p e r and l o w e r s ides o f a m m o n i t e r e m a i n s , 

e spec i a l l y in e v o l u t e she l l s o f g r ea t e r s i ze . T h e m o s t s ig

n i f i can t d i f f e r e n c e was f o u n d in t h e c o m p o s i t i o n o f the 

c o l o n i z i n g b i o t a . O n t h e upper , e x p o s e d su r f aces , ep ib i 

o n t s are d o m i n a t e d b y n u b e c u l a r i i d s , Tubiphytes, and 

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

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

( P I . 2 C , D ) . O n t h e lower , p r o t e c t e d su r f ace s , s e rpuhds , 

Terebella, and b r y o z o a are c h a r a c t e r i s t i c , bu t t he la t t e r 

are o c c a s i o n a l l y k n o w n f r o m e x p o s e d su r faces (P I . 2 A -

D ) . U b i q u i t o u s c o l o n i z e r s ( i . e . , w i t h n o p r e f e r e n c e fo r a 

g iven s u r f a c e ) are s i l i c e o u s e n c r u s t i n g f o r a m s and Bullo-

pora. F l u c t u a t i o n in t he re la t ive a b u n d a n c e o f e p i b i o n t s 

was f o u n d t h r o u g h o u t t he s t u d i e d s t r a t i g r a p h i c interval 

in t he N a v a l p e r a l and t h e R i o S e g u r a s e c t i o n s ( F i g . 3 ) . 

U n c o u p l i n g and f a c e t i n g ( a n c h o r f a c e t s ) are r a the r 

rare fea tu res , and ma in ly ident i f ied in pe r i sph inc t i d s f rom 

c o n d e n s e d in te rva l s ( C L O L ) . T h e p r e c i s e i den t i f i ca t ion 

o f f a c e t i n g is f r e q u e n t l y l i m i t e d by t he c o m b i n a t i o n o f 

c o r r a s i o n and e n c r u s t m e n t . 

In terpretat ion 

L i t h o l o g y , t e x t u r e and b e d d i n g in C L O L c o m p a r e d 

t o L O L , w h i c h s h o w n o d i f f e r e n c e in t h e d o m i n a n t f ab 

r i c s , s u p p o r t t h e i n t e r p r e t a t i o n o f t h e f o r m e r as c o n 

d e n s e d d e p o s i t s . H o w e v e r , n o t a p h o n o m i c c o n d e n s a t i o n 

( G o m e z & F e r n a n d e z - L o p e z 1 9 9 4 ) has b e e n p r o v e n in 

C L O L f r o m a m m o n i t e b i o s t r a t i g r a p h y , e x c e p t t h e p o s 

s ib i l i t y f o r a m i n o r o n e r e l a t ed t o m a x i m u m c o n d e n s a 

t i o n c l o s e t o t h e b o u n d a r y b e t w e e n t h e B i f u r c a t o i d e s / 

S t e n o c y c l o i d e s S u b z o n e and t h e G r o s s o u v r e i S u b z o n e 

( m i c r o s t r a t i g r a p h i c d i s o r d e r r e s u l t i n g in a sha red h o r i 

z o n fo r t he last o c c u r r e n c e o f Dichotomoceras falculae and 

t he f i rs t o n e f o r D. bifurcatus}). I n a d d i t i o n , t he s t r a t i 

g r aph i c r ange o f L O L r e i n f o r c e s its i n t e r p r e t a t i o n as r e p 

r e s e n t i n g b a c k g r o u n d d e p o s i t i o n a l c o n d i t i o n s in the area. 

At f irst , sma l l e r average values o f a m m o n i t e remains 

in L O L , and the i r h ighe r s igni f icance , co r r e sponds with the 

r eco rd in the R i o S e g u r a s e c t i o n , w h i c h r ep resen t s areas in 

the o u t e r i nne r t o middle shelf . T h e smal le r shell size regis

t e red f rom L O L (F ig . 4 ) , t o g e t h e r wi th h ighe r f r agmen ta 

t ion , a c c o r d s wi th a p o t e n t i a l l y h ighe r i n c i d e n c e o f t rans 

po r t for a m m o n i t e ca rcasses . H i g h e r d o m i n a n c e o f a m m o 

n i tes s h o w i n g w i t h i n - b e d p o s i t i o n parallel to bedd ing in 

C L O L should result , mainly, from lower ene rgy cond i t i ons 

and less p o s t - m o r t e m t r a n s p o r t dur ing an ear ly part o f 

t he B i fu r ca tu s C h r o n , w h e n the s e d i m e n t a t i o n rates were 

l o w e r (F ig . 3 ) . T h i s i n t e r p r e t a t i o n a c c o r d s wi th long last

ing e x p o s u r e o f ske le ta l s and inne r m o u l d s in C L O L , and 
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t he reg is te red inc rease o f c o r r a s i o n . T h e re la t ive ly l o w e r 

f r a g m e n t a t i o n found in C L O L is a lso c o h e r e n t wi th l o w e r 

ene rgy during lower s e d i m e n t a t i o n rates that cha rac t e r i zed 

max ima l c o n d e n s a t i o n wi th in an ear ly part o f t he B i f u r c a 

tus C h r o n (Fig . 3 ) . D u r i n g that t ime , f requent c o l o n i z a t i o n 

o f ske le ta ls and inne r m o u l d s b y e p i b i o n t s ( e n c r u s t m e n t 

i nc luded) suppo r t s t he i n t e rp re t a t i on o f f r equen t sed i 

m e n t a r y pauses (h i a tu ses ) wi th e x p o s i t i o n o f a m m o n i t e 

r ema ins on the sea - f loor , as well as the a s s u m p t i o n o f s e 

lec t iv i ty in c o l o n i z e r e p i b i o n t s (d i f f e rence in relat ive p h o 

t o - d e p e n d e n c e ) . T h e rare o c c u r r e n c e o f u n c o u p l i n g and 

face t ing agrees wi th the o c c u r r e n c e o f ep i sodes o f h ighe r 

e n e r g y a f fec t ing h o r i z o n s re la t ive ly u n c o n s o l i d a t e d w i t h 

in the s e d i m e n t - w a t e r in t e r -phase in the s e a - b o t t o m . T h e 

l o w e r rate o f s e d i m e n t a t i o n re la ted to C L O L d e p o s i t i o n 

would favor the i n c i d e n c e and r e c o r d o f ep i sod ic p r o c e s s e s 

resu l t ing in u n c o u p l i n g and face t ing . H e a v y c o r r a s i o n and 

e n c r u s t m e n t m a k e the la t t e r o c c a s i o n a l l y ident i f iab le o n l y 

in axial s e c t i o n s unde r m i c r o s c o p e . 

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

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

t e red , it is p o s s i b l e t o r e c o g n i z e t a p h o n i c p o p u l a t i o n s 

c l o s e t o t he t ype 1 d e f i n e d b y F e r n a n d e z - L o p e z ( 1 9 9 5 ) , 

w h i c h s h o w s a h igh r a t i o o f m i c r o c o n c h i a t e s t o m a c r o -

c o n c h i a t e s . H o w e v e r , t he s ta te o f p re se rva t ion wi th a usu

ally m o d e r a t e t o h igh d e g r e e o f e n c r u s t m e n t i m p e d e s t he 

p r e c i s e r e c o g n i t i o n o f s u t u r e l ines and , t h e r e f o r e , t ha t o f 

juveni les . In addi t ion , it is diff icul t t o es tab l i sh if f r a g m e n 

ta t ion o c c u r r e d ma in ly on t he w a t e r c o l u m n o r on t he sea 

bed , but t he i r c o m b i n a t i o n can be a s sumed . N o s ign i f i can t 

d i f f e r e n c e in t h e t ype o f t a p h o n i c p o p u l a t i o n has b e e n 

r e c o g n i z e d in t he B i f u r c a t u s Z o n e , o t h e r than a p r o b a b l y 

l o w e r i n c i d e n c e o f p o s t - m o r t e m t r a n s p o r t in a m m o n i t e 

a s s e m b l a g e s ga the red f rom the c o n d e n s e d interval re la ted 

t o C L O L . A m i x t u r e o f f l oa t ed s p e c i m e n s and re la t ive ly 

a u t o c h t h o n o u s s u n k o n e s (P I . 1; d i f f e ren t i a l s i n k i n g re 

la ted , at least , t o shel l m o r p h o l o g y and s i ze ; C h a m b e r l a i n 

et al. 1 9 8 1 ; O l o r i z et al. 1 9 9 6 ; f o r an e x t e n d e d , c o m p l e 

m e n t a r y t r e a t m e n t see M a e d a & S e i l a c h e r 1 9 9 6 ) , is e n 

v isaged as a valid p i c t u r e o f t h e a m m o n i t e a s s e m b l a g e s 

r e c o v e r e d , w h i c h are i n t e r p r e t e d as p a r a u t o c h t h o n o u s . 

O n t he bas is o f t h e t a p h o n o m i c and l i t h o l o g i c fea 

t u r e s , t a p h o f a c i e s I and I I have b e e n r e c o g n i z e d and used 

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

t iona l c o n d i t i o n s ( F i g s . 3 , 5 ) . T a p h o f a c i e s I , r e la ted t o 

C L O L , s h o w s t he c o m b i n a t i o n o f h i g h e r values in quas i -

h o r i z o n t a l p o s i t i o n o f a m m o n i t e s r e m a i n s , c o l o n i z a t i o n 

by e p i b i o n t s , average she l l s i ze and c o r r a s i o n , t h e values 

o f t he l a t t e r t w o be ing spec ia l ly h i g h e r than in t apho fac i e s 

I I ( F i g s . 3 , 5 ) . In c o n t r a s t , l o w e r f r a g m e n t a t i o n is t yp i ca l 

o f t a p h o f a c i e s I r e g i s t e r e d in C L O L . A c c o r d i n g t o t h e i r 

r e s p e c t i v e s t r a t i g r a p h i c r anges ( F i g s . 3 , 5 ) , t a p h o f a c i e s 

I is c o n s i d e r e d t o be r e l a t ed t o l o w e r s e d i m e n t a r y ra tes 

and , t h e r e f o r e , it is r e s t r i c t e d t o t he c o n d e n s e d in te rva l 

c o m p o s e d o f C L O L . O n the o t h e r hand , t a p h o f a c i e s I I 

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

c o n d i t i o n s , w h i c h a c c o r d s wi th t he s t r a t i g r aph i c range 

o f L O L ( F i g . 3 ) . 

T h e inc rease in shel l s ize , c o r r a s i o n , e n c r u s t m e n t s 

and e p i b i o n t s f rom the T ransve r sa r i um? Z o n e to the l o w 

er part o f t he B i fu r ca tu s Z o n e (F ig . 3 ) co r re l a t e s wi th the 

t u r n o v e r o f t aphofac ie s I I by t aphofac ies I , and that o f 

l i thofac ies L O L b y C L O L . I t is in a c c o r d a n c e with an in

c reased e x p o s u r e t ime o f a m m o n o i d ca rcasses on the sea 

f loor , which was favored by a decreased sed imenta t ion rate. 

T h e t a p h o n o m i c t r e n d d e s c r i b e d a b o v e is a s soc ia 

ted wi th t h e i n c r e a s e in a m m o n o i d s , aga ins t o t h e r m a c -

r o - m e g a i n v e r t e b r a t e s , and agrees w i t h d e p o s i t i o n dur ing 

d e v e l o p i n g t r a n s g r e s s i v e - s y s t e m - t r a c t c o n d i t i o n s ( O l o r i z 

et al . 2 0 0 2 a , b , c ) . T h e reversal o f t h e t a p h o n o m i c t rend 

d e s c r i b e d was f o u n d in t he u p p e r part o f t he B i fu rca tus 

Z o n e . T h e n e w t r e n d c o r r e l a t e s wi th t he r e c u r r e n c e o f 

t a p h o f a c i e s I I and l i t h o f a c i e s L O L , and it is i n t e rp re t ed 

as r e s u l t i n g f r o m a h i g h e r s e d i m e n t a t i o n ra te , t o g e t h e r 

w i t h t h e c o n c o m i t a n t d i m i n i s h i n g o f t he e x p o s u r e t ime 

o f a m m o n o i d c a r c a s s e s in a h i g h e r e n e r g y e n v i r o n m e n t . 

T h r o u g h o u t t he u p p e r par t o f t h e B i f u r c a t u s Z o n e , the 

d i m i n i s h i n g o f a m m o n o i d r e c o r d a c c o r d s wi th depos i 

t i on dur ing deve lop ing h i g h s t a n d - s y s t e m - t r a c t cond i t i ons 

( O l o r i z et al. 2 0 0 2 a , b , c ) . O n t he bas is o f t he a b o v e , the 

c h a n g e s in the c o m p o s i t i o n o f a m m o n i t e a s s emb lages de

p i c t ed in fig. 3 are i n t e r p r e t e d in t e r m s o f ecos t r a t i g r aph ic 

t r ends ( O l o r i z et al. 1 9 9 5 ) that c o r r e s p o n d t o the enlarge

m e n t and t h e n r e s t r i c t i o n o f a m m o n i t e e c o s p a c e on the 

P r e b e t i c S h e l f du r ing t he B i f u r c a t u s C h r o n . 

P L A T E 1 

Selected ammoni tes from the Bifurcatus Zone . N o t e body chamber 
preservation (white triangles) and peristomal structures (lappets stand 
out ) in haploceratids against mainly phragmocone preservation (no 
marks) in evolute shells (euaspidoceratids, pelcoceratids, perisphinc-
t ids) . Irregular upper surface (probably due to the combination of 
faceting and corrasion (black triangles) is usual. ( A ) Right-side view of 
Euaspidoceras sp. showing the within-bed lower surface of incomplete 
phragmocone , N V - 7 - 1 ; ( B - C ) Right- and left-side views of Glochiceras 
ci. subclausum (Oppe l ) showing a probably incompletely grown body 
chamber with the elongate arm of the lateral lappet and small spatu-
late end ( the ventral lappet is well preserved: B ) , and fragmented body 
chamber with partial preservation of adorally concave ventro-lateral 
arch ( C ) , both in the within-bed lower surfaces, N V - 8 - 5 4 , N V - 8 - 5 5 ; 
( D - E ) Ventral and right-side views of Ochetoceras (Ocbetoceras) canal-
iculatum (v. B u c h ) showing body chamber preservation in within-bed 
lower surface, N V - 1 4 - 3 1 ; ( P ) Left-side view of Struebinia sp. showing 
incomplete p h r a g m o c o n e in within-bed lower surface, NV-9-R; (G-
H ) Ventral and left-side views of large specimen of Subdichotomoceras 
bifurcatus ( Q u e n s t e d t ) showing irregular upper surface (right G ) and 
better preserved within-bed lower surface with crowded ribbing in in
complete body chamber ( H ) , N V - 6 - 6 ; ( I ) Right-side view of nucleus 
o f Passcndorferia sp. resembling microconch ia te adults ("Enayites") 
showing the within-bed lower surface; R S - 6 - 6 . 
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P L A T E 2 

Axial views in thin sect ion, and complementa ry drawings, o f mic roconch ia i e perisphinctids, mainly Dicbotomoceras, showing bet ter preserved lower 
side and irregularly corroded upper side according to within-bed posi t ion in C L O L . All specimens or iented according to their within-bed location. 
D o t t e d line lor the periphery o f inner moulds wi thout shell preservation. ( A - B ) Inner mould with largely unpreserved epigenized outer shell in 
both the upper and lower sides, but preservation o f septa in inner locat ions [ 3 | . N o t e phragmocone showing probable burrowing favored by shell 
breaking before o f the generalized dissolut ion o f the outer shell [2] and displacement o f shell debris [ 9 ] , broken body chamber showing laminated 
and massive B M C growth [6 -7 ] with trapped small lumps [ 8 ] , and episodical exposure o f hard surfaces evidenced by colonizat ion o f bryozoa [ I ] 
and serpulids [4] and edge contac t with ske le ta l ; [ 5 ] ; N V - 8 - 2 0 . ( C - D ) Inner mould with largely unpreserved epigenized outer shell in both the up
per and lower sides, but inner and ou te r local preservation o f shell material exists [ 3 ] . N o t e dome-l ike growth by laminated B M C control l ing (re
str ict ing) the sedimentary covering o f the umbil icus [ 7 ] , local burrowing in ph ragmocone [2, see above ] , typical lower-side colonizat ion by serpulids 
[ 4 ] , and reversed geopetal infilling [10] indicating reworking o f the inner mould (reelaborat ion, s. Fe rnandez -Lopez 1 9 8 4 ) ; N V - 6 - 3 8 . ( E - H ) Inner 
mould showing preservation o f epigenized outer shell in both the tipper and lower sides, as well as in inner locat ions [ 3 ] . N o t e microbor ing [ 1 3 ] , 
laminated B M C [7] with trapped nubeculariids [ 1 2 ] , floated lumps [cS] and oncoids [11] in the encasing matrix, probable truncation o f the a m m o 
nite shell and juxtaposed dictyid sponge [15] and brachiopod [5] remains, and sect ions o f small tubes o f annelids [ 14 ] ; N V - 4 - 4 7 . 
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LOL (TF-II) CLOL (TF4) 

Fig. 5 - Averaged values of taphonomic features in lumpy-oncol i t ic 

limestone ( L O L ) and condensed & bioclasts-rich lumpy-

oncolitic l imestone ( C L O L ) used to identify taphofacies I 

and II (see t e x t ) . 

( L O L ) and c o n d e n s e d & b i o c l a s t s - r i c h l u m p y - o n c o l i t i c 

l i m e s t o n e s ( C L O L ) , se rves t o c o m p l e m e n t p a l a c o b i o -

log ica l and p a l a e o e n v i r o n m e n t a l r e c o n s t r u c t i o n s in upper 

M i d d l e - t o - l o w e r U p p e r O x f o r d i a n e p i c o n t i n e n t a l d e p o s 

i ts o f t he I n t e r n a l P r e b e t i c ( s o u t h e r n S p a i n ) . 

T h e c o m b i n a t i o n o f q u a n t i f i c a t i o n , as well as the 

s e m i q u a n t i t a t i v e - t o - q u a l i t a t i v e eva lua t ion , o f t a p h o n o m i c 

fea tu res , and t he analys is o f t he i r r e l a t ionsh ips wi th l i t h o 

fac ies , s u p p o r t s t he c h a r a c t e r i z a t i o n o f t a p h o n i c popu la 

t i o n s and t a p h o f a c i e s . T a p h o n i c p o p u l a t i o n s c l o s e t o type 

I i nd ica t e t he p r o x i m i t y , even c o i n c i d e n c e , o f life areas for 

a m m o n i t e s ( i .e . r a t h e r p a r a u t o c h t h o n o u s a s s e m b l a g e s ) . 

T w o t a p h o f a c i e s have b e e n d i s t i n g u i s h e d : T a p h o f a c i e s I 

s h o w s h i g h e r values o f m e a n she l l s i ze , c o r r a s i o n , ep ib i 

o n t s and e n c r u s t m e n t s , as well as a h igh n u m b e r o f spec i 

m e n s in q u a s i - h o r i z o n t a l s e t t l e m e n t . T h e o p p o s i t e cha r 

a c t e r i s t i c s se rve t o iden t i fy T a p h o f a c i e s I I . 

T r e n d s in t a p h o n o m i c fea tu res are s t r o n g l y re la t 

ed t o c h a n g e s in l i t h o f a c i e s and t a p h o f a c i e s , and can be 

i n t e r p r e t e d in t e r m s o f s y s t e m s t r ac t s e v o l u t i o n dur ing 

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

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

Conclusions 

T h e t a p h o n o m i c ana lys i s c o n d u c t e d o n a m m o n o i d 

assemblages, g a t h e r e d f rom l u m p y - o n c o l i t i c l i m e s t o n e s 
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