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FOSSILIZATION OF AMMONITES AND SEDIMENTARY EVENTS
IN DEEP ENVIRONMENTS OF CARBONATE PLATFORM (HIGHEST MIDDLE

TO LO\TEST UPPER OXFORDIAN, IBERIAN RANGE, SPAIN)

SIXTO R. FERNANDEZ-LOPEZ ' & GUILLERMO MELENDEZ'

Receited Scptenrbcr I 9,

Kays'orít: t;rphononrr,, frcies,rn,rlvsis, srrrrigrirphic conclcns,r-

tion, scdinrent.rrv condcns;rtion, sedin.ìcnt srlrvltion, se;r-levcl ch.rngc,
Uppcl Jurassic, 

\ù/esrern Tethvs.

Abstrau. In rhc Ricla .rre.r (Zlrltoz.r, Ar;rgontsc Br,rnch oi
thc Ibcrirn Rrngc), at the t()p of thc Y,iror';r Fornt;rtior.r. grcv-recldish
wiìckcstonc linrestones grlde into vcllou'-green siliciclastic linrcstor.rcs

of the Aldcelpozo Fornr;rtjon. Thcsc chrrngcs oi frcics be tu,ecn thc ts o

successivc fornrations ;tre ;tssoci;trecl ['ith sVnclcpositional p.tl,rcOrclicfs
devclopecl cluring the Lrrte Oxlorcli;rrr. The uppermosr clcposits of thc
Yítor':r lìornrittion represent rrn Oxforcli;rn condensed section. iront thc
tupper BiIurc:rtus Zone (Midcllc Oxfordien) ;lnd Hvpselunr Zonc (Up-
pcr Oxiordian). Thesc dcposits rrc inrerprerccl ,rs dclelopecl in.rn open
nr;trinc, nroclerltelv deep ctrboniìte pl:ìtfornì, shouing unif()nll l()\\'-
cnergv conditions s'ith extrcrlclv reduccd carbonrrtc ;rnc1 telrigenous
b;rckground sedinrent;rrion, and vcr\'low sedintenr;rtion l'iìres. The los
clivcrsity of the benthic fiìun;1, sc;.u'cc developntent of sponge biohcrnrs
;rncl lnrnronitc popuÌ;rtions inhrbiting thc pl;rtform lre p,rheobiolor:icrrl
critcria which corroborate tllese ptliìcocnvironnrent.tl conclitions.

Anrnronìte ;rsseurbl;rges lre conrposccl of Sub-Meclitcrr,rnern
t:rxl. Over 900;tnrnlonite specinrens h.rvc been collectecl ironr the upper
Biiurctus ;rnd Hvpsclum z-oncs. Oppeliidee (+5,2')1') :rncl Pe risphincri-
dac (37,9 '2,) rre donrin;rnt. Aspicloccraridte ( l+,1')1') irre conìnr()n. Hiìp-
Ioccrrrtidlc- (2,2'li,) .rre scrrce. Tu o phvllocer:rtitls and r h'toce r.tticl hl c

becn found. Amnronoìcls Jre corìllonlv prcsc'n ed ls concrr'tionarr. c.rl-

cilrcous internrl nroulds oi reellboratcd clentenrs. Reseclintentccl shells
.ìre scirrcc. Thc deqree of packinu of lnrntonite rerìriìins lncl thc str.rti-

Srîphic.rl pcrsistence dìsplay high vrrlucs. T;rphonontic feitrLrres inclicativc
of sedirlent,rrv st,rrving in cleep crrbon,rtc pl.ìtfornl environnrents ;rrc: I)
Irish concentr;rtions oi reel,rborrred ilnlnronites,2) tlphorric popul.rtiorr
of tvpc tuo, -j) plrr;rumocones conlplcrel\'îillcd n'ith seclintcnt,.rncl '{)

honrogcr.tcous concreti()nJÌ-\'intr'rnll rloulcls, be.rring no sigr.rs of .rtrr.r-
sion. biocrosiorr or densc encrust;ng bY org,rnisnrs (such ,rs scrPulicls,
bn'ozorrrts or oysters). In conclusion. !hc'occurrcnce of these ,rnrrrr<,-

nite rrssocirrtions confirrls thc dcveloprrcnt of iln :ìdtrìrlccd clecpenirrg

phase, r'ithin rr J'r order deepenins/sh:ìlkr*,ing cycle, in thc Ar;rsoncsc
pl:rtfornr, during thc l;rtc Bifurcltus to Hvpsclunr zones.

Ri.rssunto. Ne ll'rre,r tli lìicl;r (Srrr;rgoz-;t, rrul() :ìr;tgoncse del-
Lr Cìtcnir Iberic.r), .rll.t sonrnritì cle llrr lìrrnrlzionc Yiit()\'ir, gli wac-

kestonc gri{:;()-ross.ìstri sfurnrn,, nci crlcrrri silicoclastici girllo-r'er-
di clella lrornrrziorrc Aldc;rlpozo. Quc.sti cirìlbirìlìlenti cli i;rcies tra le

duc fonn;rzior.ti sttcccssive solto rrssoci;rti ;r paleorilicvi sindeposizio-
n;.rli svilupp.rtisi clur,rnte I'Oxfordiano sLlpcri()rc. I dcpositi sonìnri-
trrli dclle Fornr;rzìonc \';itor'.t r.rpprcscntJn() rnr.ì suzionc oxfordiirn;r
condenslr,t, dlll.r Zorrr l Bifurc;rtus supcriorc (()xforcliano ntedio)
lilrr Zon;t ;rd Hvpsclu:r (Oxforcli,rno supcriore ). Qucsti clcpositi so-
no intcrpret;rti conrc svilupp.rti ìn un,r piiìttitfonl;t c;trbonirtic;r rro-
clcrrrtr'rnrcntc Proiorrclrr tli nr,rrc:rperto. che lìl()str;ì unif()rnri condi-
zioni cli Lr,rss,r cncrgi;r, con scclinrcnt:rzior.rc c.rrtron.rticrr c terrigenr
cli sottofonclo estrcnr.rlente ridotte, c t;rssi cli sccliurcnt;rzionc nrol-
to b;rssi. L.r brssr tliversitì rlclh iaunl bc'ntonìcrr, lo sc,rrso sviluppo
di bioernrc'ir spusnc e le popoi:rz,ioni tli lnrnroniti chc rbit,rr',rno l;r

pi;rtt;rfortlr.t sono critcri p.rleobiolo*ici che corrotrorrrno (ìucste con-
clizioni p;rleolnrbient.rli.

Lc,rssoci;rzioni rrcl ;rrl:loniti s()n() conlpostc drr t;rxir subnredi-
tcrrrrnei. Sono st;rti riìccolti oltrc 900 esentplrri cli.rntrloniti dllle zonc
r llifurcrltus supcriorc e ,rtl Hvpselunr. Gli Oppeliid.rc ('15,2'U,) e iPc-
risphinctidlc (.17.9 "1,) sorro rìontinrrnri. Cli Aspidoccr:rtidac (l-t,3')1')
sono contuni. CIi H.tploccr;ttid.rc (2,2')i,) sono sc.trsi. Sonrr st.ttì tro-
r':rti clue phvlloccr:rticli ecl un lvtocerrrriclc. Gli .rnrntonoicli sono contu-
rrcrìrcnt!' cortscn rti conre nroclclli interni c:rlc.rre i concruz-ionali dì elc-
nrcnti ric.laborrrti. l-c corrchigl;c riscclirrc'rrt;rtc s()t'ìo sc;ìrsc. Il grado di
inrp;tcc:trlento dei resti di anrnroniti e lrt pcrsistcuzit strttigr:ìfjcrt Ìlto-
str;ìno \'îlori .tlti. C.rr.rttcri t.tionontici indicltivi tli st;rrr',rzione sedi-
nrcntiìriiì ncgli :ìnr[ricnti plrfoncli clcll;r pirrtt.rforn]iì ciÌrb()n.tric.t sono:
|) rrltrr conccntrlzitrnc cli .urnl()niti rìclrrborrrri, 2) poyrol.rzione rllonic;.r
cli tipo clur, -3) imgnroconi corìrplL'titnlcntr rientpriri cli seclinrcnto, e.l)
nrodelli inrcrni concrczionlli orlogcnei. chc non prescnriìn() scgni di
:rbrrsionc, bioerosiorre o tlcnse incrost;rzioni rl.r org:rnisnri (conre ser-

pulicli. briozoi od ostrichc). In conclusione, il rirror',rrento cli tluestc
.rssoci,rzioni .rrl .rnrnroniti coniernr,r lo sliluppo, ncli.r pi.rtt;rfornr;r ar,r-
gonesc chlh zon.r.r Iìiiurc.rtus superiore ,rll,r zttnrr.rcl Hvpselunr, di una
Ltse l lnz-,rt,r cli .rpprotontlinrento, rrll'intcrno tli un cickr rli tcrzo ordinc
tì i approforrtìinrcnto/ricluzionc di profoncl itì.
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Fig. I - Geographical location of the studv arerì, north of thc loc,r-

lity of Ricla (Zlr;.zozt province, north-eastern Iberi,rn Pc-

ninsula), shos,ing the point of the slnrplecl outcrops (Ri).

lntroduction

One of the best outcrops of Upper Oxfordian
deposits in the Aragonese Branch of the Iberii,rn Range

is in the surroundings of the village of Ricla (Zaragozrt
province). In these outcrops, Oxfordian n-rarine depo-

S. R. Fernhttlez-López Et G. IIeléndcz,

sits irre superbly exposed with wide lateral continuity
up to 4 km (Fig. 1). They shorv a good developn-rent of
the characteristic lithostratigraphic units of this branch

of the Iberian Rirnge. Moreover, they contain abundant

ar-nmonoids, allowing recognition of a detailed biostrati-
gr,rphic succession. The rnost relevant point, of particular
regional ir-nportance, is the occurrence of fossiliferous
r.r.rarly deposits, displayins stratigraphic and sedimen-

tary condensation :rnd indicating developn.rent under
deep n-rarine environmental conditions. However, these

deposits have been previously interpreted as the upper
part of ;r depositional sequence (Bifurcatus to Hypselur.r-r

zones) or HST, showing a typical thickening, shallowing
upward trend (Aurell et al. 2000). Lithologies and sedi-
mentrry structures of these deposits xre poorly indica-
tive and hence the new palaeoenviront.nental interpreta-
tion is mostly grounded on the tirphonornic features of
arnmonoids.

Stratigraphic framework

Middle and Upper Oxfordian deposits in the stu-
died area correspond to two successive lithostratigraph-
ical units, the Yítova and Aldealpozo formations (Fig.
2). Both units are rvell developed and widespread in the
north-western part of the Ar,rgonese Br:rnch of the Ibe-
rian Range (Górnez & Goy 1979; Aurell 1990; Rama-
jo et,rl. 1999; Aurell et al.2000). In the Ricla area, the
Yítov:r Formation is con.rposed of wackestone to pack-

stone ,rnd boundstone beds alternating with thin marly
interv,lls, be,rring colîn1on sponges and amrnonites, and

reaching :r thickness of ten to fifteen metres. It ranges

frorr lower Transvers,rrium Chronozone (Middle Ox-
fordian) to Hypselum Chronozone (Upper Oxfordian).
The Aldealpozo Forrration is composed of siliciclastic
lin'restone beds alternating with argillaceous siltstones,
bearing scarce :lmnronites, arnd reaching :r thickness of
five to ten metres. From a biochronostratigraphical point
of view (Meléndez 1989; Meléndez et al. 1995;PérezUr-
resti 1996), these upper deposits r,rnge from Bimamma-
tunl to H,ruffi,lnunr chronozones (Upper Oxfordian).
The boundirry between these successive formirtions gen-

er,rllv corresponds to a sh:rrp surface and a sudden facies

ch,rnge, in which grey-reddish sponge boundstone beds

or rnarrly limestones trre on-lapped by yellow-green sil-
iciclastic and arcillirceous siltstones. However, a gradual
vertical facics change, fror.n n-ricritic sponge limestones
to siliciclastic and ,rrgillaceous siltstones, may be local-
ly observed. At the top of rhe Yítov:r Fon.r'ration. trey-
reddish wackestone linrestones locally grade vertically
zrnd l:rterally into yellow-sreen siliciclastic linrestones.

These changes of facies between the two successive for-
r.n:rtions :rre,rssociated with syndepositional palaeore-

liefs developed during the Late Oxfordian, as indicated
in Figs. 2 lnd 3. Sharp ch,rnges between these formations
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Lithostratigraphic
Units

Aldealpozo Fm.

Yatova Fm.

I Argillaceous siltstone

Siliciclastic limestone

Wackestone to packstone and boundstone

Marl and marly limestone

werc n ornr,rllr',rssoci,rtcd ri,i th positivc r.cl icls,rncl bu i I cj-
ups, u'hilst gr.rdurrl ch,rnge s occurre cl in .rcl jrrce nt to1-ro-
grriphic clcprcssiorrs.

Thc r,rppcnnost clcposits of the ) ;itor.;r Iìorn.r:rrior-r
reprcsen t rrrr Oxiorcl i:ur corrclen sccl scct iorr, :rccordi n g to
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Chronozones

Bimammatum

Bifurcatus

Deepening/shallowing
cycle of third order

thc rcsults of tl.rc prescnt rvork. This hishcst stratigraphic
ìnte rr':rl, cìevelo;rcd during the Hr.'psclunr Chronozonc, is
conrposcci of nr:rrls rnd nrrrlv lir.nestones, ranting from
rruclsrone to packstonc ,rnd boundsrone. This condensed
n'r;.Lrlv str:rtigr,iphic interv,rl, senc.rrrllv I to 1.5 nr thick,
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st'ttt tltt'lirst ph.rtt. ol irtcipitnt rìr.rll,,uing.,,rr11iri,,nr. uirhirr.r sìr.rll,,ui6g ìr.rli-crcle.

|ig. .ì - C)utcrop vieu oi the boundr-
rv benvccrr thc'Yitor,r lnd AI-
dcrlpozo fornrrrtions, in one of
the sruclicd sections in thc Ric-
lrr .rrerr. Thc tu,o vertic;rl brrrs

on the picturc, I ro 1.5 nt krng,
incìic.rte thc thickncss of the
Hvpselirnr contlcnsccl section.
Thc trrrnsition bctl ce n thcse
fonrrrtions nltv bc ;ì grìcluxl
or .r suddcn i.rcics chrngc, rs-
soci:ttcd rrith st.nclcpositiorrll
pel.reorclicls der.cloped durinq
rhe [-irc- Orfordi.rn. Heishr of
scction c. l0 m. Chronozoncs
:ì\ ill l.lq. l.
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bears corlt-t-ton spongcs i-rncl amnronite s. Also note\\'orth\'
is the loc:rl developnrcnt of sr.r.r:rll spongc rnud rrrounds,

sonle few mctres wicle ,rrrd less th,rn 50 cnr high. Linrc-
stone beds are gencrallv l0 to 40 crlr rhick. Thickenins
and coirrscning uprvirrcls seqLlences of n.retric thickness
are conlnlorl. Thinning ,rnd fininr: upu,ards sequences arc

scarcc, gcnerallr. devclopecl bet.r'een the sponge r.nounds.
Hardground surfirces on the lir.r.restonc beds, ferrurtinous
crusts and glauconite gri-rins rrre conlnlon. In contr;rst,
hardground surfarccs alrc not developed ivithin r.narlv in-
tervals, but rcnrobiliz-rrtion surfaces ,rnd reu'orked con-
cretions ;lre conlmorl, oftcn c:rppint thc underlving argil-
laceous sedir.r.rents. Mircrofossils arc ;rL)Llndant. Dish- or
plate-shirpcd hexrrcti nosrrn spon ges,rrc clonrinan t, rrrn gi rr g

in size fronr ferv nrillinrctrcs to twcntv ce ntintetres. Thir.r

tube-sh,rped sponges rrc scrlrce, arrd snrallcr in sizc. Ma-
crofossils of other bcnthic sroups, including terebrirru-
lid and rhynchonellid brachiopods, bivalvcs, r:rstropods,
serpulids, brvozo,'Lns, crinoids rrnd echinoids ,rre, horv-
ever, vcry scarce. Microbial crusts arc sclrcell,dcvcl-
oped. In cornpirrison rvith Middle Oxfordian intervirls,
the studied deposits slrou' lou'er divc.rsin, of thc benth-
ic faunrr, and sctrrcer clcvelopr.nent of sponge biohcrrr.rs
and rrricrobi,'rl crusts. Biotr-rrbation tcxtules rre colrlnlon
within the r.narly interv:rls and in thc upper prlrt of thc
lir.r.rcstone beds.

Anrons the diverse deposits cor.r.rposinq this
Hypselum condensccl scction, lirrestonc bcds irnd nrlrh'
intercalations present sorrre opposìtc fcatures. The lorv-
er surf,rcc of the lirr.rcstone beds is shirrp, erosion;rl or
nongradationirl. Grrrdr.rirl size-incre,rse or inversc grld-
ing of biocl,rsts is rlorc corllmon thln gr,rdual size-rc-
duction or norrnal grading, in these beds. Lin.restones
generally do not cont:rin bioclasts displaying inrbrica-
ted grouping, lone i.rxes parallel to bedding surface or
preferential irzinruthal-oricntation. The upper bound-

,rry of lir.nestone beds is sharp or burrowed, and they
grade into the overlying marly intervals. In contrast,
gradu,rl size-reduction or normal gr,rdine of bioclasts
is nrore conlmon than gradual size-increase or inverse

erading, in the marly intervals (Fig. a). Marls and r-nar-

ly lir-r-restones contai n conlmon reelaborated ammonites
trnd sponges, displarying imbricated srouping, long axes

parallel to bedding surf,rce and preferential azimuthal-
orientation. However, burrowing is not evenly distrib-
uted throuchout the limestone beds, ,rs it is in marly
intervirls, but concentrated in the last few centinretres
of earch bed.

Accordine to the stratisraphical and palaeontoloui-
cal drrt:r nlentioned, Oxfordian deposits of the Ricla area

are interpreted as developed in an open rrrarine, moderate-
lv deep carbonate platforrn, showing uniform low-energy
conditions rvith extrer"nelv reduced clrrbonate and terrig-
enous background sedirrentation, during the late Bifur-
catus to Hypselr.rm zones (latest Middle ro earliest Late
Oxfordian). Lin.restone beds shon' several features indica-
tive of rapid deposition. Fining-upwards or normal grad-

ing irnd crosive or sharp base are interpreted as a result
of sediment sravitv flows, most probably storm deposits,
during event sedin.rentirtion episodes. In contrast, nrarly
intervlls irre the result of background sedin.rentation tinre
intervr.rls, which may be due to winnowing acrion or by-
passin!l of sediments on the sea bottonl as well as to sedi-
nlentary starving. Marls ,rnd marl1, lin-restones, showing
inverse urading, and linrestone beds showins sradational
upper bor,rndary irnd gradull-size increase represent envi-
ronnrents of lowest rattes of sedin.rentation in n-roderately
deep arcrs. In conrparison n'ith Middle Oxfordian inter-
vals, thc lower dir,'ersity of the benthic fauna, and scarcer
developnrent of sponge bioherms and microbial crusrs,
are palaeobiological criteria suggesting deeper palaeoen-

'n'ironmental conditions during the Hypselun-r Chrono-

t"ig. I - Closc-up view of thc shrrp
boundery bets'een Yítova
ancl Aldellpozo form,rtions
(indic,rted b1' the arros.).
The highcst Hvpselunr m;rrl

intc'rr';tl contains c()nrl()n
reelrrbollted ;rnnronitcs ;rnd

\pons('\. displ.rving gr.rdu-

al sizc'-rcduction or rìormll
gnding, inrbric;rtcd group-
ing, lonu rìxes prrrllel to becl-

cling sr,rrirce and preferentill
rzinruthll-orientation. Tlrese

lnrrrll' interr';rls represent con-
dcnseci tlcposits developecl in

m;rrinc cnvironrnents of lo*'-
('\r r.ìtcs of sedirrent,rtion in

nrocicr;rtelv deep areirs. Blr for
sc;rle is 22 cnr lon,'



Phylloceratina
0,2o/o

Lytoceratina
0,1vo

Aspidoceratidae
14,3 Vo

Haploceratidae
2,2 o/o

Oppeliidae
45.2%

Perisphinctidae
37.9 %

Specimens:

OrderAmmonoidea Zittell, 1884 894
Suborder Phylloceratina Zittell, 1 884

Phylloceras 1

Holcophylloceras j
Suborder Lytoceratina Hyatt,'1889

Lytoceras 1

Suborder Ammonitina Hyatt, 1 889
Superfamily Haplocerataceae Zittel, 1 884

Family Haploceratidae Zittel, 1 884
Llssocerafordes [M]
Taramelliceras lli/'l
Proscaphlfes [M]

Family Oppelliidae Douville, 1890
Trimarginites [M+m] 1T

Ochefoceras [M+m] 203
Glochiceras lml 184

Superfamily Perisphinctaceae Steinmann, 1 890
Family Perisphinctidae Steinmann, 1890

Ampthillia lml 3
Perlsphlncfes [M+m] 43
Passendorferla [M+m] g9

OrThosphinctes [M+m] 203
Geyssanúta [M+m] 1

Family Aspidoceratidae Zittel, 1 895

14

Euaspldoceras IM]
Paraspidoceras [M]
Neaspldoceras IM]
Epipeltoceras lml
Mirosphinctes lml

71

4
1

50

2

Fis. 5 - ReÌative abundance of different rmmonoid groups fronr the
Hypselum condensed section in Ricla arer.

zone. However, among other palaeontological criteri:r,
taphonomic analysis of an-rn-ronoids supply more relevanr
criteria to recognize condensed deposits of an advanced
stase of deepening, within a 3'" order deepening/shallow-
ing cycle, in the Aragonese platforn-r, during the late Bi-
furcatus to Hypselum zones.

Taphonoml' ofamntonoids oftbe Iberian Range L:)

Taphonomic analysis of ammonoids

Oxfordian ammonite assemblages are composed of
Sub-Mediterranean taxa. Over 900 ammonite specimens
have been collected from the upper Bifurcatus and Hypse-
lum chronozones. Two phylloceratids and one lytoceratid
have been found, which respectively represent 0.2 and
0.1"/" of the whole ammonoids. Haploceratidae (2.2%)
are also scarce. Aspidoceratidae (14.3%) are common.
Perisphinctidae (37.9 "/") and Oppeliidae (45.2"/") are

dominant (F;g. 5).
The fossiliferous uppermost deposits of the Yítova

Formation, representing an Oxfordian condensed section
and developed during the Hypselum Chronozone, allow a

detailed analysis of their preservational features. However,
the overlying deposits of the Aldealpozo Formation con-
tain very scarce ammonites, which precludes a comparative
study of these successive taphofacies. As shown in Fig. 6,

takine into account the model proposed by Ferníndez-
López (1997 r and b), the taphonomic analysis of these
anrmonite assen.rblages includes over 47 preservational fea-

tures mainly related to biostratinomic and synsedimentary
modifications. Ammonite remains are dominated by shells
in the Hypselum condensed interval with aptychi very
scarce and less than 17". Ammonite fossils are commonly
recorded throughout the studied sections, but they rarely
exceed 45 nrm diameter (less than 10%). The degree of
ammonite packing (estimated by the difference between
the number of specimens and the number of fossiliferous
levels divided by the number of fossiliferous levels) and
the amn.ronite stratisraphical persistence (proportion of
fossiliferous levels) display hieh values.

Biostratinomic processes of biode gradation-decom-
position are generally intense in this marly facies, as anr-
monite shells usually lose the soft-parts, aptychus and pe-
riostracum before burial. Siphuncular tubes are generally
disarticulated due to intense and long-lasting biostrati-
nomic processes of biodeeradation and dissolution.

Mechanisn.rs of taphonomic alteration by encrusta-
tion show low incidence. Pisolitic, oncolitic or half-lump
ammonites have not been observed. However, some re-
worked concretions and concretionary internal moulds
(less than 25"/" of the whole) are partially encrusted by
a few remains of epilithic organisms as well as local mic-
ritic crusts or microbial stromatolitic laminae. Among en-
crusting organisrns, serpulids are the most common, fol-
lowed by bryozoans, foraminifera, bivalves, brachiopods,
sponges and crinoids (Figs. 7 and 8). Encrustation by
orsanisms generally affects the surface of concretionary
internal moulds, beine probably associated with reelabo-
ration processes. Intrathalamous encrusting of shells, i. e.

encrustation of the inner surface of the body chamber, is
very unusual and preferentially developed on the largest
resedimented shells.

Sedimentary infill of the ammonite shells is com-
plete up to the innermost whorls (Fig.9).Internal moulds



MECHANISMS OF TAPHONOMIC ALTERATION
and results in ammonites:

BIODEGRADATION
Body chambers with soft-parts
Shells with periostracum
Shells with articulated siphuncular tube

ENCRUSTATION
Shells with intrathalamous encrusting
Specimens with extrathalamous encrusting
Soecimens with stromatolitc laminae
Ammonite half-lumos

SEDIMENTARY INFILL
Body chambers without sedimentary infìll
Phragmocones without sedimentary infill (hollow ammonites)
Shells with homogeneous and complete sedimentary infill
Shells with heterogeneous sedimentary infìll
Siliciclastic pseudomorphosis of the shells

SYNSEDIM ENTARY M I N ERALIZATION
Calcareous concretionary internal moulds
Phosphatic concretionary internal moulds
Glauconitic concretionary internal moulds
Pyritic internal moulds
Silicified concretionary internal moulds

ABRASION
lnternal moulds with truncational facets
lnternal moulds with roll facets
lnternal moulds with elliosoidal facet
lnternal moulds with annular furrow

BIOEROSION
Internal moulds with biogenic borings

SYNSEDIMENTARY DISSOLUTION
Shells without septa (hollow phragmocones)
Periostraca without either seota or walls
Concretionary internal moulds without septa

TAPHONOMIC DISTORTION
Comolete shells
Incomplete phragmocones
Shells with opened fractures
Shells with closed fractures
Fragmentary internal moulds
Moulds with discontinuous compaction
Moulds with continuous compaction

REORIENTATION
Shells with azimutal reorientation
lnternal moulds with azimutal reorientation
Vertical shells
Vertical concretionary internal moulds

DISARTICULATION
Disarticulated aotichi
Disarticulated siohuncular tubes
Disarticulated internal moulds

DISPERSAL
Taphonic populations of type 1

Taphonic populations of type 2
Taphonic populations of type 3

REGROUPING
Encased shells
lmbricated shells
lmbricated internal moulds

REMOVAL
Accumulated elements
Resedimented elements
Reelaborated elements
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of shells completely filled with homogeneous sediments

are predominant. The sedimentary infill is similar in pe-

trological composition and texture to the sedimentary

matrix, but it is separated from the matrix by a sharp and

erosive structural discontinuity. Phragmocones without
sedimentary infill (i.e., hollow ammonites) or shells with
heterogeneous sedimentary infill are very scarce. Body

chambers without sedimentary infill and siliciclastic pseu-

domorphosis of the shells are virtually absent. This abun-

S. R. Fernóndaz-López 8i. C. Meléndez

I;ig. 6 - Mechanisnrs of taphonomic
:rlteration and results leading

to the development of the

lurmonites included in con-
densed deposits from the

Hypselum Chronozone in

Ricla area.

dance of complete sedimentary internal n-roulds of am-

monite shells is indicative of both low rate of sedimen-

tation and low rate of accumulation of sediment during
biostratinomic processes.

Processes of early mineralization are intense. Am-
monoids are generally preserved as homogenous concre-

tionary calcareous internal moulds of reelaborated ele-

ments. Complete concretionary internal moulds of the

body chamber and phragmocone, indicative of a low rate



l;ig. Z - Encrusting serpr.rlrcls grol'ing on thc sllr|ìce oi;rlnronìle
reelillr()rrrred intcrnrl nroulds. t- Rilì76. b- Ri626. c - R;611.
d - Ri696.

of se diment accunrulatior-r, are abundant. Pl,ritic internal
rnoulds are formcd only loc:,rllv (less than 1'2,). Phosphirt-
ic, sl:ruconitic or silicified concretionilry intern:rl moulds
are also very scarce or absent.

Traces of abr:rsion irnd bioerosion on shells and ir.r-
ternal moulds are very scarce or absent. Internal moulds
with roll f,rcets, ellipsoidrrl facets, annular furrorv or bio-
genic borings are virtually absent. Howcver, truncrtion-
:rl facets xpparently occur in somc rnrmonites (less than
2O%, Figs. 10 rnd l1). An:rbraded side scems ro occur
preferentiallv among the snrallest-size :rmr.nonites. This
lvorn surf;rce is at least parrtly due to the srxter friabilitv
of the n.rore argillaceous upper portion of the concre-
tionary internal n.roulds durine the processes of tapho-
nomic reelaboration.

Concretiont.rrl, internal rnoulds showing calcit-
ic septa of the phraen.rocone are the domin,rnt fossils.
Hollow phrarn-rocones (i.e. shclls q,ithout septa; cf.

Encrusting bn oz-o,rns on the surflce ol lmnronite rec.l.rbo-

r:rted internrl moulcls..r - Ri29lì. tr - Ri271. c - lìi621. d -

Ri I 69.
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Seilacher er il. 1976; Maeda 8r Seilacher 1996) are very
scarce, and they are usually compressed by increasing
sedimentary loading during diagenesis. Septa of hollow
phrapmocones nlay have disappeared by early dissolu-
tion, whilst the walls of the shells still persist, giving
rise to compressed elements showing discontinuous de-
fornration by eravitational diagenetic compaction. Con-
cretionary internal moulds without septa, indicative of
synsedin-rentary dissolution of septa (Ferníndez-López
1997a,2000), are absent. No signs of synsedimentary
dissolution of the aragonitic remains have been recog-
nized. Arasonitic septa and shells have been dissolved
during later diagenetic processes. Moldic porosity result-
ins fror.n dissolution processes has been partially filled
by spar cerìent in these deposits. In turn, recent geo-

petal cements of white caliche are also common, fillinr
the lower voids in the stratification sense of the moldic
porosity (Fig. 9).

The composition of ammonite assemblages shows

a hieh proportion of incomplete phragn.rocones (up to
90%) and sclrce complete shells. Fragmented specimens
of resedimented shells or reelaborated internal moulds
irre abundant, but generally bearing no signs of round-
ing, encrustation or bioerosion, due to low turbulence
near the water/sedin.rent surface. Reelaborated internal
moulds are predominant, often showing disarticulation
surfaces alons septa with sharp marsins (Fig. 12), and
thev usually display no traces of sravitational deforma-
tion by dirgenetic conlpaction.

Taphonic populations of type 3 and 2 are dominant
(Fig. 13). Taphonic populations of type I are composed
of monospecific shells showing unimodal and asymmet-
ric distribution of size-frequencies, with positive skew
(Ferníndez-López 1.997a, b). These populations have pre-
dominant juveniles and high proportion of microconchs,
whilst adults are scarce. Taphonic popuiations of type 2 are

composed of mono- or polyspecific shells showins uni-
modal and normal distribution of size-frequencies, with
hieh kurtosis. Populations of this second type have a low
proportion of microconchs and the shells of juvenile indi-
viduals are scarce, whilst the shells of adult individuals are

con-ìmon. Ttrphonic populations of type 3 are composed of
polyspecific shells showing uni- or polymodal and asyn-r-

metric distribution of size-frequencies, with negative skew.

Shells of .juveniles are absent, adults are predon.rinant, and
microconchs are very scarce in taphonic populations of
this last type. Although the concentration of emmonite
shells tends to be higher than in the underlying Middle
Oxfordian deposits, taphonic populations of type 1, indi-
cative of eudernic taxa and autochthonous biogenic pro-
duction, showing no signs of sorting by necroplanktic
drift, have not been recosnized (cf. Callomon 1985; Mor-
ton 1988; Ferníndez-López &.Meléndez 1996). Specimens
with body charnber which represent taphonic populations
of t1'pe 2, located in the second or third interval of the
distribution diagram of size-frequencies portrayed in Fig.

Fi., rì
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Fig. 1 I - Size-frequency distributions of the ammonire genera, from the Hypselum condensed interval, indicating the rype of taphonic population.

ammonite mixed assemblages con-rposed of specimens

representing several biozones or biohorizons in a single
bed or marly intercalation have not been identified.

Taphonomic interpretation of ammonoids

Sedin-rents of these two facies, marls and lime-
stones, are interpreted as having been deposited in an

open sea, below or near wave base, taking into account

Taphonomy of ammonoids of the lberian Range 227

the occurrence of storm deposition events. The presence

of reelaborated ammonites implies that some form of
current flow or winnowing affected the burial of con-
cretionary internal moulds. Currents were slight, but
concretionary internal moulds of ammonites were dis-
articulated and azimuthally reoriented on softgrounds
through reelaboration (i.e., exhumation and displace-
ment on the sea-bottom, before their final burial). The
formation of such calcareous concretions must have tak-
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en place either on the sea-floor contemporaneously with
the sedimentary process or else within the sediment
during the early diagenesis. In this hemipelagic environ-
ment, time intervals of lower rates of sedimentation and

accumulation favoured a higher degree of bioturbation
and reworking of ammonite shells. Reelaboration proc-
esses and the activity of burrowing organisms are the
main factors that induced the development of ammo-
nite associations showing a high degree of taphonom-
ic heritage, but the degree of strarigraphic and tapho-
nomic condensation is negligible over geochronologi-
cal time-scale. Flowever, reelaborated ammonites and
reworked concretions included in some beds, showing
the base sharper than the top, could be mobilised by
storm Processes.

Among the numerous taphonomic features of the
described associations, the following are indicative cri-
teria of deep marine environments, associated with sedi-
mentary starving: the occurrence of high concenrrarions
of reelaborated ammonites, including taphonic popula-
tions of type 2, phragmocones completely filled with sedi-
ment, and homogeneous concretionary internal moulds,
bearing no signs of abrasion, bioerosion or dense en-
crusting by organisms (such as serpulids, bryozoans or
oysters). The occurrence of these ammonite recorded
associations confirms the development of an advanced
deepening phase, within a 3"rorder deepening/shallowing
cycle, in the Arasonese platform, during the late Bifur-
catus to Hypselum zones.

S. R. Fernóndez-López 8t- G. Meléndez

Conclusions

In the Ricla area, at the top of the Yítova Formation,
grey-reddish wackestone limestones locally grade into yel-
low-green siliciclastic lin-restones of the Aldealpozo Forma-
tion. These chanses of facies between the two successive

formations are associated with syndepositional palaeore-

liefs developed during the Late Oxfordian. Sharp changes

between these formations were norn'rally developed asso-

ciated with positive reliefs and build-ups, whilst gradual

chanses occurred in adjacent topographic depressions.

The uppermost deposits of the Yítova Formation
represent an Oxfordian condensed section. Marls and
marly limestones, showing inverse erading, and lime-
stone beds showins gradational upper boundary and
gradual size-increase represent environnrents of lowest
rates of sedimentation in moderately deep areas. lJpper
Oxfordian deposits in this area belong to a single third
order deepening/shallowins environmental cycle. Depo-
sits of the Yítova Formation represent the last phase, of
advanced deepening conditions, within a deepening half-
cycle. In contrast, deposits of the Aldealpozo Formation
represent the first phase, of incipient shallowing condi-
tions, within a shallowing half-cycle.
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