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ABSTRATHe stratigraphic position of the | ower Mi ocene Ki el
area (northern Belgium) is not wel | constrained and its di
decalcification front, the Kiel Sand Member s compltebtheel v d
noretahst of the city The stratigraphy and palaeontologgdof t
The dinofl agell ate cyst analysis of fossiliferous hodgeazons
Basin dur iimigddlhe Buarrdiygal i an, that probably initiated in t
i mportant mol l usc fauna, with several species reportedlfor
beds indicate a shallow marine, high energetic deposfahéeonal
|l ow sedi mentation r atteemp eTrhaet ec Itiomastweb twaospiwarlm | n all studi e
clearly distinguished from the Antwerpen Sand Membererpi mil
the erosive base of the Antwerpen Sand Member cuts deeper i
suggested at this contact.

KEYWORDASquitanian, Burdigalian, dinoflagellate cysts, Mollu

1. Introduction

where an 8 m thick sequence of
Mi ocene fossils have been r eecxoprodseedd fwoirt Hnesaaril eyrgatliwofr dcsesnitlau.r i lers
temporary excavations in andstaradumd atphheg coift ya of hiAmd wée emp ¢ F &
1) (e.g. Nyst & Westendorp, MNM&mBW®er WVahhBenemeen ,i nlg&tSs;t rlaea t HoMne
1871; Leriche, 19PpnGi)ddl &i ntiececséecire bd dbwefThe stratigraphic an
Berchem Formation is presentbdatnweene ¢ hlesuArfopecret aof seleéi ont yar
this sequence is wel/l accesdliweled iingehempaatr.ys ekclbah ® As g eatriea nd
for geol ogical research. Thcae membegar dwed easdeaf irneefdereync ®e s
Meuter & Laga (1976), fromchohoptlemet sedquwenc eEdoefg etmh eS akhide | S
Me mber , Ki el Sand Member andcyYanttsweampalny Siasrdi Meméderi edheut t

Edegem and Antwerpen Sand Mecnobrerresl aarieo nhiogfh |sye vieorsasli | dhfaerraautse |
and during the | ast century,sttrhaet ipalagehoyn taonldo gfyo sosfi Ib oc chn trmeenntb
has been systematically studypepe areeag.ar@l ifluenther 18485 c¢cusddd.

1952, Van der Mar k, 1965; Jgns%enl& Van Ider Mﬁ”k' 19,68,

Mar quet, 1991, Vervoenen, 1995; eLoam%%lF,a 26)0a4c; gLro%WQg et

al ., 2010; De Schutter, 201 1Af tHaedtema k elrepo& i DPubmnaionfg, t 2 & 1 8n):
I n contrast, the fossil recorodtbher nheeKige lumSarndc eMetnebcetro, n i veh
represents an extensive ti meBriartaert v aaln db eAtrwdeeennn etsh ea r Eechesg edmu rai |
Ant wer pen Sand Member s, i s rpeogorrelsysilomowm. t ilke soel bhéi veNgrt|
mi nor pal aeontol ogi cal attenlt9i908n) .f dDre ptotse t Kbal oSamdr iMeanbee d i
caused by -£d3l & hadedalrcgief i cateiaorn yo fMitolhcee ni€i eiln Seabedt emrom t par n

Me mber in southern Antwerp F(Reni MeuRegi o8 . LdDga, ndotribe Bur di
Louwye et al ., 2000) and ( 2i)nwade df atchte trheagtirdehh & r eaionr eac tmi@ar rit Hn
|l ocat ed, fossiliferous sedi mh@%) awéi ohl yr ecsaud & sido nian | ¥y h & c cdee
in | arge temporary excavati oqntsaldluewt mat heeéer slamwWeasr opfostheée oBe
subsurface of Antwerp. The dMoaster mas e & che ckiesrcsusisE2@206,eveh

marine invertebrates found iAqguihteanDieaur glhengkdgiotks Siam ddb-ib,n €Ea B

at the Deurganckdok nearTGOoPOVWONBGD Bb4EMDS 2, KVWEBERBIE]1 DOVt he
2001)10QMHer man & Marquet, 207 )wer Morcei t ye caernetal,y , t teheBer chem
fossiliferous Kiel Sand Memboevrerwd £ ssttuhdd eRBRupegl iEver 8@motm eFto r:
(2019) wi t h an overview of Boalhdeer dleagmdmmraradh o awasa daenpdosi
accompanying fossils from aasdngkpr @doemtz® nt tad ttrhaen stid mpmr abr
Post X sect , and by De Sohwmbteéwon& aBdertaheer t ¢ d R2t0i2r0g nttahli s

i on
vol ume) at the temporary Ar@gPkedlaerssec& iloonuwyki,g.2019) see 3.1

https://doi.org/10.20341/gb.2020.025
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FigurMapl.of the Antwerp area in northern Belgium (left) amdedl ocati or

temporary exposures can be found at -©023p%3.// www. dov.vlaanderen. be/ dat

Mi nor attention was paid tontdhetbshgait sbabhpbéy forffomhd hRer shepm

Formati on unt il t he early R@ mhoe llcoewnet vuerry, aantd tthhee marmelr @rurs Ar
recovered fossilfdnweedkepiredeiroesds itla ftehewus Ki el Sand Member coc
stage introduic®an b¥r tCogred s {1 8m9)t,hebwtverl ying Antwerpen San
nowadays abandoned (Laga etdi faffer,en2006).holGobgpece. g(.1958)hter
recognized two unifiSabil@dce gle mMAGOwevrer pl agy, ctohnet ent , |l oose struct
Panopea O0menafitdhie| e v ar&Gl ycy mearbiusndant bioturbations in the Kie
deshaeyedil amys exkhhd anomataruct i Emeonédernthe 2020, this vol ume) ,
motor way R1 around Antwerp obsernwvati oh60sf PpPperoMedeedr tdheLaga (
opportunity to study t he | wabosat sat iohsapyed oifn ttthee Ber ehems
Formation in detail over a Isercge oanr e(as e(el adn.sls.enar&kd VAa.n2 .der Mar ¢
1968; Moor kens, 1969; De Mewtodrumef adli.s,culss7®a) .t e Meumalrk d&def
Laga (1976) formally dividedemiher Bandhe@mi Rbedatoiudn tihre tnheee d
Antwerp city region into thee@®degemwlsiaanrdp hMesnbskesdp btybd el okiiweyle e
Sand Me mber and t he Ant wern e rs vSoaInudme)\/Iember. The

dinofl agell at e cyst blostraélgrss% %fretahesmet@?Tbaelrs V\aasme
studied by Louwye et al. (2000)~ arl-y ’Bur%lgal' age wa:
attributed to the Edegem Sang Me”Lbc?Jala|”td| ds Burdlgallan age to

the succeeding Kiel S2aM@o )Me mhfetrer( Louwye et al .,

a hiatus Tmeardl|teh eMioarelne trafddietitbmeent empornaery exXposures are
Ant werp city, the AntwerpentBandoMembay , K RX,habattween zBar cbhye m,
the occurrence of authigeni candgl auheeasntoeretsh d#rowd dphosphathiec Ane we
was deposited during thei Lamghli arel 6t aveby fBluatdi gaktaan?he b

mi ddl e Serravalian, probabl ySaansd aMerngbseurl ta nd taheneli délr aBagde Me|
phase (Louwyye®Ooet 2@10, 2020pet wicheen Ber 6hemd 7 metres bel ow s
Formation and its members r&pndseMembaenr i he ompdwdied s®@dquemaleca
with sever al hi atuses, causaekcchyct hecatoinam.nuTaogt He crt@wrnti hc, utphl
whi ch interacted wi t h fl ucarucatdme neehonlgevelaxcesosi blreaite e:
depositional wi ndows (VandenbbaeglPostetX BREEOIQRBYCBED) Twas | o«

l'ithology, stratigraphy and ndeexpostid itomeal r &ai swayysbatibhe 8fr ¢!
Formation was recently revi ewech NDYOVIOAOWEO 761 ah. t @0RCS NbkDg

vol ume) . set ( De Nil et al ., 2020, this vo
De Meuter & Laga (1976) debhined Bhé& ki AWSEdBad| JéemmemOrasnance
a ggregen, me diou nc-gfaiam® e d | waseexwpyegsegd in 2015 during the ex:

glauconitic sandy unit devobuwi ldfi ngesbet weemnwitthhe By minealsi hgal
someti mes <concentrated, whi tmogshhriwagclRd (WGEB8Yr babirdmhat éscéal
dark brown oxidation bands anhdatctiogcaphyaof onbe ode ogtliaocurc oma & ed
with some rare clay streaksalnd( 23@h%)st ones. According to De
Meuter & Laga (1976), t he Ki eTheSaArdg eMetnab esre citd ome g tBrGiDc t0e2dB WL @ C
the central and southern paritn otfhet hcei tAn tcveenrtr ea g | cAmd rweetripo N Aanr
becomes fossiliferousfito bteta@2@ 1 ® 04 Bthhded eNaCsSt Nweloggreene ref erence
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Figurlei tZh.ol ogy and 1l ithostratigraphy of the Post X (after Ever ae
Tweelingenstraat (this study) sections. The unit numbsregqueht t he f
numbers do not correspond between the sections.
2020, this volume). Ground |leveb. atmtThAWsi Derisgathe. wirnB8emn

A section of 15 m-2Wwd® ewpowags telkmmoB8@#8for the constructio
excavation for a subterraneotunse pZaurrkeinnbgo rigo tP ooofr tt hper o ew t Ar e
building, encl osed by t he "Had ttDhepRhbreticksénador eatnuds | eh e (
Lamorini restraat (WGS84 c o o4r.ddi3n6a0t0els) . 5 1T.h2e0 6s0t5r6a t i 49.r 4a204h0y5 60)f.
The stratigraphy of this se@ptriecrenvapagdesc(sbed4ib. dendid. 2D
Schutter &.Everaert (2020, t%u_‘ Vlgélumﬁgloglcal

The Tweelingens@2&BEAORIZIc.t i200n WaBsGD

|l ocated ®tastleennbotrker of tHEd eAxmmwesrepdidresttr iscampaietsh of eac
DOV Cod201M™Ai2nl1 1t he NCS Neogepal yredleogincael sanal ysi s. At t he
(De Nil et al ., 2020, t hi s veoxltuemes)i.v eGraonudn dc ol mepvl eelt ea ts etqghuee nsciet

preparation
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the fossiliferous horizons: sARE2 meARd4ry ARGCcI AR8,anARY¥8i anare
AR12 (Fig. 2, see also De Sebutober o& Ewnémsaepaper202Dhe tdiirsof
vol ume) . Four samples were eFxeanmsionneed eftr arh .t {2 0R®9t X section
to assess in detail the transiTthieonp ab eytnwe eong itchad Kinetle rapnrde tAanttiwoer
Sand Member s (PX2, PX3, PX4 elaamtdi nRX53:0 thhembpabymdsterrati gr aph

stratigraphic unit numbers oSeavreeqieon: eAnahoni 9dmM) (20b2) sab
was taken at the Tweelingens2t0r0a9)t, sDeycbtkijor (&P WRhizs0DeBopkni2 Q(AX G 1, 02)K,?
the description bel ow) for eompari 2MO0®)t h Kuhemaomrespahdi @

horizon at the Argenta sectétnal AREROO®) | Is@aumpy e s( 200 2)h, tlLlheel
exception of AR2, are in sit(u200lwt)cr oMu rssatngprimasn t&k&8ni bkhuhe I
author. Due to strict saf et yZerveegnubloaotm o(nls9 9d5u)r.i nTgh e¢ h2N excrma tait 6
the | owermost metres of the (1BE9M deWpr Wragedt & &omgti muat i dAUSApI
it was not possitihlee deepsampkéeted Hibrt umwaosn generally used in
(AR wunit 2) . Ho we v@lry, c ysueavi evrglaseé ¢ aalritb rcautlead etdo t he Geol ogi cal Ti |
were collected (by MB) fromcdisel acted tsedi men$ScsutofertnhiNorlitahst
excavation phase. Sample ARDfwManesbéemmaed &b Bropkhung (B804)
firmy closed aGtiycylmeeed me a(|IMudss t ®fr man et al ., 2019) (Fig. 3]
its part.icular morphplggy asn.%_tﬁg@pg[gmyaeotnr}.ioqOG)r,tic.uIated
Gl ycywmery sprobably originates from Argenta unit 27 being

the only horizon G¢ yrtyanertivregsMaaont 6 cawd faitledd were obtained by co
such | arge quantities. |l arge quantities of sediment were
The samples were preparedb5ammPalegholsogiecadndLarheosiadwesy sort
Services (PLS, UK) . The ssampllaesd 0§ amplde mepnrto cveesrse ngarri ed
procedures were used, whi ¢ h tihnarvoou gvhe sa HICI mm nde HH-, t afetag rmewh i ¢ o

di ssolve the carbonates and ftchesislid i (caampl,ehemaedi mémui gerselpar
(Zm)Cland sieviamg mesdr sarve8i ThE€amlrgah) .c Both methods are conm
residue was mounted with gl ywieew nef jtenhd yf aonn ani cDeocsaclocpii fci csal tiidoe
A quantitative palynologi calcadnmncalryesoiuss wWeass séddrsr ifedgouvte, (lmy t DM
at the Geological Survey of deée=et rNeyeddrdwamidisg (IWNO) hefcpoadiceamys
standard procedures (JanssemafdPdDaomer or i2200MB )werlen st awtdaled an

targeted mini mum of c. 200 Ldaitneorf,|l agéeldi ai enaly stlsar gepolrietsh iafnidc
poll en (palynomorphs) was codingpeldacéldhe seeimmiemdasr ooff t he ssleicdoer
were scanned for rare taxa. clohd ecumider | bf hdi no&dl ages$ | altaev ey Dt
as wel |l as the numbeBobrfy ®d ddeasuignit @ergo fad s Slinil qpuii¢dd . ggl.nu ea cseotl curtd o n

chambers of for @midniafsegnrwmgn slcoWwmairalsd,i ghtly darker than origi |
the distribution tables (see Tabl eashe2,dedt,erdni.nafthheonFiofstmdiclcws
Datum ( FOD) and Last OccuMi eneae Doaft utmhe( IN@D)t h o$ea Basin w
dinofl agell ate cysts were uged4foor 10Bb@, ag@858ntedpnesani 0h9 &4

outcrop sampl es. Species impMothanttfal . s{28t1i0yr apmhdi cStlei an de/to
Munsterman de Verteuil
Ma Epoch Sub- Age/Stage Geomagnetic & Brinkhuis & Norris
Epoch Polarity 2004 1996
14 — C5AC
= Middle Langhi C5A -+ bpa ~ Da
15 — anghian D Lan2 m} e +Bpa,
16 — C58 Lan1 ~ G DN4
3 C5C M4 Ll
17 — Bur3
8 ] C5D R DN3
= Miocene Burdigalian Bur2
= C5E ur e _-Ein
19 — Epi
2 Early cé6 Burl -
20 —
i | - p— M2 o
E C6A Aq2 L Hob
21 — q T Hva
3 C6AA - Cau S-tau
55 Aquitanian TCga T Coa,
23 —

Figur@®ved.vi ew dimi ddcdlee eMirolcyene zonation scheme sensu Munster man & Bri
recalibrated to the Geological Ti me Scale of Ogg etr aMmstEe20mbé) etl ml
2019). TheBuArqduiigaalniiaam boundary is indicated with a dashed |ine, becau
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Tabl 8ampled sedi ment per hoMihz2er fhorieaoals lcowaldi toynl I ibter es)ampl ed f
excavating works and stricter secuAti ttyh emePaossutr eXs sienc ttihoen ,d etehpiess td espetch
study.

Post X Argent a Tweelingen|straa
5 mm 1 mm 5 mm 1 mm 5 mm 1 mm
Cor dilogrsiizson 15000 1500 2100 300 10 -
Sandstone horizon (*) (*) (*) (*)
* %

Gl ycy-@er i eidarrii z0 n 300 ({20 (*)100 (340 (*
Louwye et alGl y(c2yOnieOrlEl si breatlhdai&ip ¥ant dema e n yotmimo n . These mol | u
Poel , 1965 must be regarded dexad csépadat@&nd peowinesse giurentt d gyd
subspecies. However, we dor cmwrndeudgeberyo wphospdaite < camer et
Mancosi no(dibrab ingynsyt,i 1852) us ewi tihn slLoomewybel aectk @leb bl es and s ma
(2010) , inste@ardwepspsef polwetprroepsaer wegydstedl asmobranch teeth
(@r bigny, 1852) foll owing MoeWldijtk3Bemh Bahick2®GDb0) zamd clarss et
Langeveld (2014). Dul ai (20 13l)a u candi &ei c( 1s9arn7d)s,t oJnaeg tl i(t2h0i 1f 6 ac,a

and Schwar zhans (2010) are samedunadenmnteif feiramice sc aflcrar ¢ hies

identification of brachi opodsr,aclkisy cozfo amaesr, msecdati nbohds ,sabaknas
and fish otoliths. For t hexysy secéhiuese 5 quia esd eesh®@rbi@pntti eornesd @A Id
illustrations of the el asmobr dnchi @i,rove 2 eFem ofo Reohechat
(2011) and Bor et al. (2012)coagseined, gl auconitic sand
3.4 Repositories and abbrevrin%ffri%fngss'ls' A_‘t a_5|n_gle spot,

unit 5, otherwise it is truncat
Al | samples and fossils refewirtehd utnati ®,t bkiosnest utdhi red culra
one of the following repositasiwhsite tracks.

RBI NS: Royal Bel gi an I nsti tUmti:é Mafxi Mamud adm $diierkce,ncen
Brussel s, Bel gium. Collectiodheaalmbiefrise d t aaCtovredsi tobpfsli RS gasgubinyatbrlio
NBC: Naturalis Bi odi ver sibtry-wnm@e n tpehro,s p hLaetiidce ngond¢ het i ons.
Net her |l ands Carcharhi fhAgapsi acu$843) was fo
TNG@GDN: TNO Geol ogical Surveyyopr @sheentNeatth ear Isainndgsl,e spot,

Utrecht , the Netherl ands in unit 6 .

BGD: Geol ogical Survey of BeUmii:tu 20 Bcrnu stsheil csk, sBheel lgli ubme d , re
SE: Private collection StijtmiEkermedt of Aallsac k-gBseH ignt eodn. d acr ke

glauconitic sand. The base of t
Ot her abbreviations wused: presents an abrupt shift to a
AR: Argenta temporary exposumeaicture and a darker sedi ment
DM: Dirk Munster man moder ate wundul ating appearance
DOV: Dat abank Ondergrond VIFeawn dewsr ked, s mal | fl at sandst
MB: Mar k Bossel aers The mol | usc fauna i s domi nat e
PDS: Pieter De Schutter Glycymerval vweasl,dimostly randomly
PX: Post X temporary expostlbrase of the shell bed, articul
TW: Tweelingenstraat temporSawnyeraxpolpaireee,r v ave | IsNoeeocp ymcemosd o o ft
4. Tweelingenstraat sectinﬁViCUBBOtShi‘ 1814) are presen

ordiopsis poldati oppeoy gNiydt ummn
Thi s section was studi ed d86WMa Qv esx ciddraaa g ti atn¢ @w @i gmg ,onl 85 2
25.11.2019 and 11.12.2019. Gcomman.l evMai naty t hewnirkedgrseyxat
TAW, the terminal depth of tpho scpomasttircuce o moar tiitonrmwasoacurl 0. d

bel ow surface. Sedi ment descritmtcieams r Bmaendeaemd naa dceh eil MmNt h
field, granul ometric and mi nUenriatl 6&0Acona lb|l acoki ybeds o adar knogr
avail abl e. gl auconitic sand withGlyaxcmenedi s
. . Lodi i . .

4. 1. Lithology of the Tweelllﬁﬁuen%i?tlt rZB%atcmsetchtilcokn s(hFeIIgI' bzgd Wi
Lithological and palaeontol dgincecal cdayeryi mtliawc oof Gt ey mbdiep
units, from bottom to top: bal.dilin aCGdridiiomsi s pPRdtyitmopeac tne

Uni:t 1 m of gra@y,aimatdhenrd ooadharugemasd doasnsiutsi cl unul(aNyws , | WBWBI5yt
sand with some trace fossilsHaustat am eempymrasent . Dar k gr een

Uni:t Maximum 5 c¢cm thick horcioznocrr ed d rosniss tairneg cohfa rgarcetyeirsihs,t i ¢
coagseai ned, gl auconitic samd mevicet amaay boalksesar eofpresent
Gl ycymer iws t b alcdinivex Wy r bodaeamiemitti ®5. cm bl ackish to dark gr
angu@SNyst & We st eQldoosrspu,s e amrad emisng upward trend. Macr o

cyprini(fNgsmi sin Dewal Cwe di ol@6i8x ptarfdr r ar ePanrapecau | kad Zedlke avvaa ¢
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& Van de Poel, 1966 in |ife @yrstigagda@ami aon tédhred uplper sabidemone be
Uni t 96 cm thick sequence dme8 way 4 mheselVeresepandt endori zo
shell bé&@&#x0cheabh@lky)cyoneriis d&alsdioir y (see 6.2.). I n additio
matri x of medi um fine, veTweebl agennttaat ssaadti oMosetxhi bit
di sarticul ated val ves ar e commelxi capg i ogi en¢ aceld!l eacntdi ndJem$ elcw |
packed, articulated valves occThreoatdi btpsiidasei oef rahel yniotbser ve
Unit Al | east 1 m of dark &oledurSedch dg IMeumbeeri tiinc tshaendTweel i nge
Unitt The upper most c. 3 nmb)af Itnhecdmtereddtngemst rtahaet Ar gent a
section could not be studi edordduidopisd szongosnguelpropresseniof 4dihte
construction works. the top of the Kiel Sand Member (
4. 2. Comparison of the TweelAirnggeenntsatrng, |:’Aorsgtenlxa ‘Zaengdtlpoonﬁst' XIt
sections and Iithostratigrapehliacsmocpernatnicfhi cfaat o B9 t'h% &7 ahat
br o-wney rounded p h phatic conc|

Me mber Fi . 2 .
( 9 ) However, at t he Tweelingenstraat

In the Tweelingenstraat e X ¢ aAvmatt weornp, e na sS ainnd tMeemboetrh ehra ss enecat sito nlsi,
Ki el Sand M#&bntbaenr b(eu nciltesar | y diss tvianrgiuwiussh eell d memt s i n its basal
the overlying Ant we6ibEMhy Sa ngdh dwegrrbkeea d G durndi irtfosg rdiies o n , e. egg.r eyyever al
lithol ogical boundary. Thi s phhauspdhaatyi d sc crharreatcitenrs ,zeanlby $Adr
cl

ear colour di fference, esofedihel ANt wésp e®h eSainnd Me ;b eprr oafti |tel
bet ween the grey Kiel Sand RMMesmbeX @PX stehiet isadrsk er coloured
Ant wer pen Sand Member (Fig. 58 ge; alslo Eiver errt etltal., 20109
figs; 4De Schutter & Everaerti 2 Za ,yr}cﬁiggvglaume,e§lﬂg. S3), (2)
the more | oosel-grabmpdcKed,]| §.af.dSMed@netra section
in contrast to the more cohesive fine, clayey and more erosi
resistant base of the Ant werPplee SasedmiMeampes 6aFegveBB, rdee alns
Everaert et -431,. ,( 320 1t%,e fnmagsk el g epnd acnadst be fsfacctas e s (gymnospe
in the shell bed at the basebiofaddhaet Ant wet pen SaondokMemipads ((KBip
7 and discussed in section 7scarece.al Bloe Ewanmiaetry ien dingof l2ddal, |
7)), (4) the continuous presdmaegeaf Ibn ot hebdtoiwersti nsanrpel eKsi,el i F
Member succession (Fig. 10, ParealDeeqaciheultltaec h & oEv esrcehd rzto,s p2d0 DA ¢
this vol ume, pl at e 1B) , and977) itsheal ppesenye cofmman.t hlidi ed
Ophi ombuphaws just bel ow thewedboanhdar goasrFtiagg. madB)Y ne conditi ol
visible as frequent, smal | raonudn dmowvshtil tyi shha st raanc kEso ciem ef rt eos Ol p rgmf
Hence, both members can be ids sgdomd utic hexc erlelgeanrtd | (etshse dfatt ee
presence or absence of cARta)eous fossils. At t he
Tweelingenstraat section, theTKeepalSandl Mgimbiahre afrooalldyoseisn gorfrde ac
|l east 3.5-f immemetddgumiomeds,e gredy, sdnmplses at different | evels a
gl auconitic sand with many Buasée gamplne paonsdi tdalmoinmsddmt Figace@
fossils. Only one thin horizAR2withehaasiolcyatdeoal d¢isf idead erdo lalsu
was observed (unit 2). The ove(fhaysalg AoneveB NEM2)SanThMeanperass

(uwiltlhas a tot al thickness of &atOBl e@&t odpmadmuipdiadirhnbpBasedapkor a
could not be observed) and conpsealsagi coaf, dHaornkd tLaOdpbdi unruedg utad b mimam

fine to nAgerdaiiunne df,i nceompact , v erhy sdglra uwchoorkiotlipco mdddeudodgebnaandl
wi t h several shell horizons. ZBEwenbwdrhmusd99@mre Mvrestyerwalnl &
preserved compared to those i DybhpbPKi &l PiSamnadc kMeomRa0rd.®) @ h @lihiem
Ant werpen Sand Member di spl aysaudbrogmefsems ngnupwaldestemdge ir
(visually assessed), the basal Exyaahos ph aselriigdhicubny sipnlsa ygenyes | yA ceclps
to a flushed drilling 80 m nAR4h AR6t heni&@ARdIrdgeanrhideaDenti s ect

fbl ueodicsl aryeached at 30.51463bel divt BynrdakladgrOdiBExtolclhosphaer i di
B_19_ Antwerpen_2ur eWeboirgt sopt et oals agpale tlsa y@R hosphaerandd um i n:
uni t as the top of the Boom Somatat adnni uOo disaemuienttatawitd y € h e
Berchem Formation may conti nueBurodi gaanloitahne(rz c2usn em3PRSIANLZw rtelae h e d
base of the pit. Very Il'i mited rewor king i s pre
Tweelingenstraat uni t 1 can(Memebr zwirlr 21 ma eida , vaiRtdh tOrn ehgtoicae nle «
upper most part of Argent a uniWet el ihcdmdhe tgzoed Biteibil & i symme edi c
Gl ycymeri gon (AR unit 2) andARNh® bade ARflL2t het Ke emi Smafll or a i

Me mber were not reached. Des piBtue dsigemiril g nilLtainegshi met, weZeom e b dDtNH
successions, we also observed &0 me Tdief fdeateinrcee siis Alpatseeodd i o u mh €
In the Tweeling®lnysdy-@wni scartiisapr,r itdide Wdetseaudi nj Dins tau lordyi and u m
horizon (TW wunit 2) i s ma x i mupmarm doarudh hit bl a@®bdirn end thloydi ni u
overlain by c. 2 cm thick sandsrtuonnceatluinm athidlwegat wnmksod i TW wmi tr

At t he Argent a S| v e y-@ghroiwsedvaerri jao d ihceu m. Sumatriadianiswom pdresgeqiti |
horizon (AR unit 4) and the 9asdsiCetréeedhir®e §lsd dcAyRosuulnsiretnARY) 2 .
respedDZ®@ml gddx m t hi c kde vaerleo pweedr,el ati ve number of bi saccates
highly fossiliferous and separanedeérbyiopg sagibricsempihtse mditheeas ed
-grained sand (AR wunit 5) . I nvab atels , t wdhi &Ah gamtraeandvi thethe
Tweelingenstraat sectGloynsy-md rhie® atrhai | cekcnaesshseelhsi a@f -ma ham g eir n folpleen ¢
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Samples in Discipline(s) : Paly

s9|dweg

oL9

_ o
o 128
e
o ||E 2
§ 18 S
=1 =3 =
) q | < 3
2 8 2
= 2 Age =
2 e =
o =] > «Q
[ @ N —
g 2|13 3
5 N (|® S
Q e O <
2 w ||
()
& S |5
S I
g &
o B  ooas, DC 1 Apteodinium spiridoides 19  Achomosphaera spp. ER
= DC 2 Cerebrocysta poulsenii 1 Apteodinium spiridoides e
~ L DC 3 Cousteaudinium aubryae 20  Apteodinium tectatum o g
- e DC 4 Dapsilidinium pseudocolligerum 2 Cerebrocysta poulsenii 2 5
= DC 5 Dinocyst indet. 28  Cordosphaeridium cantharellum b 3
= R s e DC 6 Distatodinium paradoxum 3 Cousteaudinium aubryae ®
= DC 7 Labyrinthodinium truncatum 40  Cribroperidinium spp.
- = o DC 8 Melitasphaeridium choanophorum 4 Dapsilidinium pseudocolligerum
o Sa roo, DC 9 Operculodinium centrocarpum 41 Dapsilidinium spp.
@ == =en DC 10  Operculodinium longispinigerum 5 Dinocyst indet.
- DC 11 Operculodinium piaseckii 6 Distatodinium paradoxum
@ il DC 12 Palaeocystodinium golzowense 46  Ectosphaeridium picenum
8 DC 13 Paralecaniella spp. 29  Exochosphaeridium insigne
= . DC 14  Reticulatosphaera actinocoronata 30  Homotryblium floripes/plectilum
& | DC 15  Spiniferites spp. 21 Homotryblium spp.
DC 16 Sumatradinium druggii 47  Homotryblium vallum
o BN @ Ne DC 17 Systematophora placacantha 48  Hystrichokolpoma pseudooceanicum
- B E DC 18  Tuberculodinium vancampoae 31  Hystrichokolpoma rigaudiae
- DC 19  Achomosphaera spp. 22 Hystrichokolpoma spp.
wa N = DC 20  Apteodinium tectatum 42 Impagidinium spp.
= e DC 21 Homotryblium spp. 7 Labyrinthodinium truncatum
@ - DC 22 Hystrichokolpoma spp. 23 Labyrinthodinium truncatum modicum g
- DC 23 Labyrinthodinium truncatum modicum 24 Lingulodinium machaerophorum o
- N2 @ DC 24 Lingulodinium machaerophorum 25  Lingulodinium multivirgatum g
- NN @ DC 25  Lingulodinium multivirgatum 8 Melitasphaeridium choanophorum =X
- DC 26  Polysphaeridium zoharyi 36  Membranilarnacia spp. Y
= DC 27  Selenopemphix nephroides 49  Oligosphaeridium spp. g
- = = ' DC 28  Cordosphaeridium cantharellum 9 Operculodinium centrocarpum S
NN . DC 29  Exochosphaeridium insigne 10  Operculodinium longispinigerum @
= DC 30  Homotryblium floripes/plectilum 11 Operculodinium piaseckii
= ) DC 31  Hystrichokolpoma rigaudiae 32 Operculodinium spp.
@ ~ . DC 32  Operculodinium spp. 12 Palaeocystodinium golzowense
> DC 33  Reworking dinocysts 13 Paralecaniella spp.
» - ' DC 34  Sumatradinium hamulatum 26  Polysphaeridium zoharyi
5 DC 35  Wetzeliella symmetrica 14 Reticulatosphaera actinocoronata
% X DC 36  Membranilarnacia spp. 33 Reworking dinocysts
% DC 37  Rottnestia borussica 37  Rottnestia borussica
- . DC 38  Tectatodinium pellitum 27  Selenopemphix nephroides
~ . DC 39  Trinovantedinium spp. 43  Spiniferites solidago
= DC 40  Cribroperidinium spp. 15 Spiniferites spp.
- | DC 41 Dapsilidinium spp. 16 Sumatradinium druggii
= ) DC 42 Impagidinium spp. 34  Sumatradinium hamulatum
~ ° DC 43  Spiniferites solidago 44 Sumatradinium spp.
» X DC 44 Sumatradinium spp. 17  Systematophora placacantha
3 5 DC 45  Wetzeliella gochtii 38  Tectatodinium pellitum
- DC 46  Ectosphaeridium picenum 50  Thalassiphora pelagica
- | DC 47 Homotryblium vallum 39  Trinovantedinium spp.
© | DC 48  Hystrichokolpoma pseudooceanicum 18  Tuberculodinium vancampoae
o DC 49  Oligosphaeridium spp. 45  Wetzeliella gochtii
» : DC 50  Thalassiphora pelagica 35  Wetzeliella symmetrica
B &3 RI8: SP 1 Bisaccates 1 Bisaccates NS
3 Noo SP 2 Psilatrilete spores 2 Psilatrilete spores v
- N MP 1 Cyclopsiella spp. 2 Acritarchs N
- MP 2 Acritarchs 1 Cyclopsiella spp. %
- MP 3 Foraminifera 3 Foraminifera

uadiamjuy uoijoas ejuabiy

on.
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5 2. Post X section 6 . Macrofossils and pal aeoenyv
Me mber

Marine dinoflagell ate cysts are dominating the associations

the | ower sampl es PX2 and PeXv3er awhifloressbl shAecaus ppolil 2zans we

(gymnosper ms) are relativel gndnua hs ymotrhee sprsomifnerhtei rngéher al

palynospectrum of the uppert saimpl Ees PiXI4 aont eerXt5 . i SSppresent ec
are sparsely recorded in t hdte dauscseednbd mdg ecsi.s cTuhses edli. nof | agel | at e
cysts are very variable ingspeciagg;cJfgdd °diepSy Adr i %P Wt ds,
trend in numimar sn e miemiefseerp etheise r

shown in the associations o f Getnheer a Ar g&Honatrges @si encetdi,o ng r eiys gh amue o
confirmed. Preservation i swi gdod.i s pReerwsoerdk,i Gdyrytciyenelrdmsle dbiat ali v e
represented in relatively raosivaboesThingd haripaaon ilcad aa twiitchl
origin in the Oligocene.

The foll owing resul ts for Rehfeer pak.enslegdgii wanlsu mhitaB g ed ept h
sampl es at di fferent l evel sebhbwngurtfhaec eP ¢ Dte  Xc hsuetctteiron&k &wer :
interpreted (Table 3, see sample positions in Fig. 2):

PX2: t-ehses easgseme n t of t himi ddlse Mmblossg e ait s Yiermmpdyys t bi ozone DN2a

Burdigalian, Zone3DN2bhé zMarersingg,NSM29 6 ) , basal zone SNSM2 (

i s based &n CbhhadostpPbPéderied2 WON4) .

TithyrospbaethdEemtbhesphaeri di um

i nsiagrde t e BXOdDc hosphaeri di B Am.ei bsati gndAqui tanian (see also 8.

Sumatradini um a s dQocuosutyeaanutdaienn awlmusi ons) .

aubr Reewor king is recorded from the Oligocene
(Enneadocysta paedtWentizfed rineilslad a e o nGloyl coygnyer d e mibradtdds t he fau
symme)t r ianda fronMitchdel eLodvamratsisciucl at ed and 12 di sarticul ate
(Nannocesppopsis di splaced sedi ment by MB. Mo s t ar
PX3: t heSuRm@aDR r@f i n,i utnh ed rluagsgtifiicromisy s¢lems e d, even after displac
occurrence in colmmmognu | vt miesmcofed speci mens are densely e
mul tiviagat utmhe absence 1dfEA t hd@hegebnaursnBal a@s .dsed)toenbgf Btrd s
Labyrinthondioatutm an age (iBwrtoecrcphriet atd Iod) offMenesini , 1965;

mi didlag e Burdigalian, ZoneP®MNBedZlone BNBMAKRIre dirgieche,t 22012; 2
P X4 and P X 5s dAfpeeoddDni um dpidni dolihckesspecies is reported fro
Cousteaudi nDiusmt aatudbdriyraiea md poanrl ayd)o xtuom t he Pl i ocene (and possib
t he FODabgfri nthodinium t Merdddteumamean camd Europe (Menesin
indicate an age Tienartlhye Llaanigesita:nBdri dhegal iwvant hin some of t he
Zone DN4 (z6hesSBMSMa&r traaddisti dn&le fims gihle material: two s
Argenta section, develop dirosmoZemed DANAdt & hZ @ ek a & Widgcneerndti su mo -
Agai n, the rel ati-mar inruenb gseusbutsufr( @O ikl i@ imprmpye,n 1852) . HAN nsniintgelse s |
Spinifrereci ¢@ses from 42 toeb2 & a@oabasitot &B78umsofrecor ded

dinocysParadrddadecedaes i@l yegmeleses (Pl ate 1/ 2).

although | ess thelnattihwes ediifnf eArregrecnd sa,

not in the trend, but bet weema rtkhse saen dn uthlibee ¢ s § sciiooutl wdr eb eo f t h
explained, because the békygc ysmmempilgonofcowuhien beant ttakhsee i e me nt
relatively older within zberetbDN2te hardened sedi ment walls
5.3. Tweelingenstraat sectiopnit' whil e s@lvyecrya\rhaelra\i/reisi_caunldatoetdher

wer e coll ected from displaced S

The pal ynol ogi cal slide iexcae@my i nrgi @t a sien bi saccates
(gymnosper ms; c. 52% of the ®NotaAbughmeBpsgtcymemébhmpinsd) eacdust e
marine dinoflagellate cystsba(rdn8%)l.esSpotrheiss aplee nvoemeynonaried y r
recorded (0. 45%). The mar i nfer edgiuneonftl ag@lplearancgstoesf adenvelry
di fferentiated in species. Mdbdendrarppdfsda@d paly mp eil $osf hnaasr i met
dinofl agell at eAptceyosdtisni uanr,e:s gipoird®iddesar | ier from the Berchem
Exochosphaer,Retumuli osplgaer a faomi n ¢ ar d reavted in the Kiel Sand
anlpinidep.i tElse preservationobsegoed. before in the Antwerp E
The palynological interprevbompbent efprtofd | eampl darnsansetnhek Va
Tweelingenstraat, Antwerpen Kieabltest4 aas é®| 9 @BgpDt e02BONMIIBWILIKN )D QV
Fig. 2): kb1l5dR48%3 whi ch was not deep enou(
T W2 : the age interpretatii oh966G; tDlee Massembeagel .i,s 19&r6l)y

mi ddl e Burdigalian, -ZpneTW&2b (zones SNSM2

dating is bés@drdonsph@E@et®O©Odi Rkanl aeoenvi The meva@loyrciytsypedfs s i s

TithyrospbaethdErmthesphaeriedieanm as articul ated val ves in
i nsiagrde t hi® BXOdDc hosphaer i ds wmant tienrseidgnien a matri x of gl auconi
Sumatradinium, Bamat atdimorfi uoooncentration or rewor king by

Ssoucouya@hotuaset eaudi ni um aubhroyraiez on .
On 16 of Blycpmpecimens, a subtr
corner of the posterior side was
barnacle shell s. Many of these b:
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Samples in Discipline(s) : Paly

s9|dweg

)
ol |12
2|z||@
3|8/ &
2|18
sz |5 0
w7 >
c | =
358 )
5l :
NEE ge o
oy | =+
FEE Q
ol®| N 9
Z|9/|8 -
SZ| |3 5
g%l g <
nlal|Z
A
@ <
Q
(2]
' DC 1 Apteodinium spiridoides 1 Apteodinium spiridoides z
! DC 2 Apteodinium tectatum 2 Apteodinium tectatum g
| DC 3 Cousteaudinium aubryae 30 Cordosphaeridium cantharellum ;
DC 4 Cribroperidinium spp. 3 Cousteaudinium aubryae E}
. DC 5 Deflandrea phosphoritica 4 Cribroperidinium spp. 3
: DC 6 Distatodinium cavatum 31 Dapsilidinium pseudocolligerum ®
DC 7 Distatodinium paradoxum 5 Deflandrea phosphoritica
. DC 8 Homotryblium spp. 6 Distatodinium cavatum
. DC 9 Hystrichokolpoma spp. 7 Distatodinium paradoxum
DC 10  Hystrichosphaeropsis obscura 32  Enneadocysta pectiniformis
. DC 11 Lingulodinium machaerophorum 33  Exochosphaeridium insigne
. DC 12 Lingulodinium multivirgatum 26 Homotryblium floripes/plectilum
DC 13 Melitasphaeridium choanophorum 8 Homotryblium spp.
. DC 14 Operculodinium centrocarpum 9 Hystrichokolpoma spp.
DC 15 Operculodinium longispinigerum 10  Hystrichosphaeropsis obscura g
: DC 16  Operculodinium piaseckii 27  Labyrinthodinium truncatum modicum o
. DC 17  Palaeocystodinium golzowense 29  Lejeunecysta spp. g
. DC 18  Paralecaniella spp. 11 Lingulodinium machaerophorum [}
DC 19  Reticulatosphaera actinocoronata 12 Lingulodinium multivirgatum =
! DC 20  Selenopemphix nephroides 13 Melitasphaeridium choanophorum g
DC 21 Spiniferites spp. 14 Operculodinium centrocarpum <
; DC 22 Sumatradinium druggii 15 Operculodinium longispinigerum by
. DC 23 Sumatradinium soucouyantae 16 Operculodinium piaseckii
. DC 24  Systematophora placacantha 28  Operculodinium spp.
DC 25  Tuberculodinium vancampoae 17  Palaeocystodinium golzowense
: DC 26 Homotryblium floripes/plectilum 18  Paralecaniella spp.
. DC 27  Labyrinthodinium truncatum modicum 19  Reticulatosphaera actinocoronata
DC 28  Operculodinium spp. 34  Reworking dinocysts
. DC 29  Lejeunecysta spp. 20  Selenopemphix nephroides
A DC 30 Cordosphaeridium cantharellum 35  Spiniferites solidago
DC 31 Dapsilidinium pseudocolligerum 21 Spiniferites spp.
. DC 32  Enneadocysta pectiniformis 22  Sumatradinium druggii
. DC 33  Exochosphaeridium insigne 23  Sumatradinium soucouyantae
DC 34  Reworking dinocysts 24  Systematophora placacantha
! DC 35  Spiniferites solidago 25  Tuberculodinium vancampoae
. DC 36 Wetzeliella symmetrica 36 Wetzeliella symmetrica
5 5 23 SP 1 Bisaccates 1 Bisaccates '
Moo s SP 2 Psilatrilete spores 2 Psilatrilete spores i
5 SP 3 Reworking sporomorphs 3 Reworking sporomorphs O ‘-@
- = SP 4 Sporomorphs (excl. bisaccates) 4 Sporomorphs (excl. bisaccates) 2
SP 5 Taxodium spp. 5 Taxodium spp. ©
= N MP 1 Tasmanaceae 2 Foraminifera N =
- = MP 2 Foraminifera 1 Tasmanaceae o

uadiamiuy UoI}28s X }SOd
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TablRegdults of the palynological analysis of the Tweelingenstraat se
i Samples in Discipline(s) : Paly
2 »
z Y
3
=3
(13
(7]
(0]
o
<
3
Q
Q.
) (2]
W =
5 )
o
o =
S o
5 A &
< ge -
N =
3 C._Q -
o P g
z o (13
N 5 (]
o —
= < 5
()
= «Q
m ‘D
2 =
N 0
& =
>
a '|bC 1 Apteodinium spiridoides 1 Apteodinium spiridoides z g
o . |DC 2 Apteodinium tectatum 2 Apteodinium tectatum g (1)
- DC 3 Cordosphaeridium cantharellum 3 Cordosphaeridium cantharellum ;; 8
~ |DC 4 Cousteaudinium aubryae 4 Cousteaudinium aubryae E g
- . |DC 5 Cribroperidinium spp. 5 Cribroperidinium spp. 3
-~ DC 6 Distatodinium paradoxum 6 Distatodinium paradoxum ®
S ' |DC 7 Exochosphaeridium insigne 7 Exochosphaeridium insigne
- . |DC 8 Homotryblium spp. 8 Homotryblium spp. o
- '|pC 9 Lejeunecysta spp. 9 Lejeunecysta spp. g'
-~ +|DC 10  Lingulodinium multivirgatum 10  Lingulodinium multivirgatum >
N DC 11 Melitasphaeridium choanophorum 11 Melitasphaeridium choanophorum Q
- DC 12 Operculodinium centrocarpum 12 Operculodinium centrocarpum >
- DC 13 Operculodinium longispinigerum 13 Operculodinium longispinigerum 3
= . |DC 14  Palaeocystodinium golzowense 14  Palaeocystodinium golzowense (3]
o DC 15  Paralecaniella spp. 15 Paralecaniella spp. ?.
3 -|DC 16  Reticulatosphaera actinocoronata 16  Reticulatosphaera actinocoronata o
© . |DC 17 Selenopemphix nephroides 17 Selenopemphix nephroides
© DC 18  Spiniferites solidago 18  Spiniferites solidago
3 ' |DC 19  Spiniferites spp. 19  Spiniferites spp.
~ . |DC 20  Sumatradinium hamulatum 20  Sumatradinium hamulatum
N DC 21 Sumatradinium soucouyantae 21 Sumatradinium soucouyantae
© -|DC 22  Systematophora placacantha 22  Systematophora placacantha
N . [DC 23 Tuberculodinium vancampoae 23 Tuberculodinium vancampoae
2 ' |SP 1 Bisaccates 1 Bisaccates N2 ep
- . |SP 2 Psilatrilete spores 2 Psilatrilete spores v
= MP 1 Tasmanaceae 1 Tasmanaceae N | we
sedi ment , but here andctuanad @i wehre tolpertatar thatvdshe( speci men
tefpgaar e preserved in t 9 . dadieti posi tpioosnsi bPYy atwe t L/ 4 he peri

Somet i mesagwddenomtrae preserved ptesbdevoddttomeofpopul ati on may ha
he barnacl &l gshgmeecbs@end,l mardadeof depesit of sangxpAbedr ward
arnacltesoghaupraes er vedGl ylcny maahiegs seawat er , they fossilised in
peci mens, even parts of t hveor-pmek e o bt @ ¢ uMmecamimulir spghePrt ta ¢ @ofrf . /t 3h)e.
xternal Il i gament s eem -btroo whileh ep rdeeseepr vieeda na®r & appmaedarshmainly o
omewhat irregular | ayer of srheerlgdesd asmchdamge aohs enTlhesr et @r mava | ebs
re attached to tQley cpyosseteeirbi;s htehnsel d e we f g d éhaerf cerca peadlr ybdygr 4 i f et i me
ide exposed to the seawaterprimrl itbetpesbaroacl®l gtewtlh . 1E) .

ndi cates t haGl ytchyiesk ed &rst wafs tElwgpas éd ough Glhyec yametciucsu | sadt aetdt e r e d
ver at |l east sever al mont hshi duwmwinmg , | vhgue toonalelnatw atoonthn
barnacle growth (Crisp & BoumagytintibB8&)e a varying rate of S
On fGlurcysmeel ss, s owmmaotfitelitghper esence of barnacles is indicati
are stildl in place at thé)tepdbmenthat beamnaalte ahel bscbORbanbat

o ~—Twmw oY nownwo—
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Barnacle assemblages are (DypaincgaufsPtifantr € oax/dI Bhore, pBlupt eoBad 8
100 m water dept h) environm&hossydobhluedieda(adha 491 9BW7REr, icrod nfrmo
73% of the present barnacl e Copmairesd Itiove tihrert h e v £Qiysrl tii ondt adr h @&
and 26% even inhabits the intseftiedalenztbygepr ®sghtet. et al . (1
state that the abundance of b&fonasbes biug diigdiliesntsi ¥sa rchyoptre tnhi e
of deposition -grnai madi ncel,as¢ d®lri seenhdor i @ o®lyo ssspuesc s esh&nowhyfro
foreshores facies, where | aSgaedcbMemeatr 6Loowge odt caoll.o,ni2etl
linked to the shall owest depbbker v€d mwinnedi twd.t hHoWwev e@orr.ef enve
habitatGl yefymends spionid wodimst i cgus$§  hg@l| d gsspuesct ees , otblyer( 1)
Maeandropolaxesr § see 6. 2. ), Wwe aasbssuermet tphlaitc atehe (wA)t erheir ra
depth was maximum 50 m, protdbabtiyndtessmbdancPkRédsen. tdhitbei do
consistent wi t h t he pal ynoladgnosal pareslullelsi,ngas hd hreBillgieg H eH
concent Pataloecapi. elilsa recor ded4., nplAatgenl3 a) .unihte species al so

2. This indicated yclydnterit Bendevpssiul ad etiout hal en Sand Member
deposited in the shallowest epataeneBel gbomef( Gl iolh ertth,e 1s9t4usd;i
succession. considered an index species for
6. 2. Gl-@yxrytmeddrsia horizon (Plate 3/1, 3, 4).

In the past decades, much val
Gener al .chGQogaregienre d , grey oplreased®micli ndpeand®| bt enChérEiioprsd s
with poorly sorted -quruey t zh gomt aitsir o fPa vant yegs t@wr ) for stratigr
concretions and S 0 me di s pertsheed Breorucnhdeend , F obrInead ki iosnh i e bAn tevse

(Pl ate 71 8) occur . Thanat oc(ole9n9ls)i,s t Wwicttalkd ¢ mbprearndadé e ddr urirereet dil
di sarticul@ltyeady mariine shoalivdeixi utph ep obsastalonpart of the Antwerpen
(Fig. 4) , scattered shark teadtelst aBedardtiggadc@enanihi a @ mab ne z o nTeh

horizon has a thickness betwetnab.and02lMMyuemtthd st le¢g udpundant

Patinopecteandonocommelr e@Gacredi ofpsi s
Ref erenc.e AregdadntoamsuBiiiB0 ) pelpy thr ocpna tnhyestNli ocene deposits
bel ow surface (De Schutter &R0 Ekmr aeowmutt,h 202 0Anttweirp ) v olMameq)u
Tweel ingenstr aat i®DOmMn5t b €1, 0 wd egMiarlmifgaoceet (2007) correl ated the M
(this study). basal part of the Antwerpen San

oPatinopect an@drrdiimnmpesliiss ponl yheop
Bi ostrati@irmpdyst bi ozone DN#imirddlee VRuUrtckiugd!l i&an Ki el Sand

Norri s, 1996)-3 zMwnrest eSN&aM2 &o rBrre lnakthiuoins, suggest ed by Mar qu
2004) . Mar quet (2007) , their presence
dating (Burdigalian, bi ozone DN
Ag.e Eiani dgdl e Burdigalian. Terhagen by Louwye (2005). Thi
moll uscs are |l ess suitable for

Pal aeont Ahn ogyer vi ew of t he widddrmdesdmadalcr @af @eas.i | Battisn adpee ctt ke
given in Table 5. Due t o decbharlucmniieidciagt b wmdarnthei pr @ sher vRUTri ding

calcareous fossils is poor, Memperci §dBbYy deéemnb erhge Flowened tiinogre)n sit
section. Gastropods are al moks34®m)bsent, since they are too f
to survive the sieving proceSeaverhdyv efr iVdegnuesrs tsmu latfild laahmeaurnak |,
diverse, considering the decla8lcBhhraaticeonzaeddbyhdensmal ktonraaemj
si ze. 3/ 6) . This species was not rep
Sandstones by Herman & Marquet
Remar ks and TWhisculssriionon i ¢ hehaaaarcttiemuoziesd pyeaence of t h

domi naGtgcymer(i Bl abtdd daddalrd o d &roiranat Vem yu s a sn.Marriqrugeetl,eM200@5 annd

Figure Ded4ail of t
Gl ycy-@ert gdhaorriiaz on
(Argent a uni t 4)
colours since t he
hardened wi t h c
bentonite). Scale be
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TablRossi | fe&uynay-@fr i aeariizaon ( Ki el Sand Member). Coll . SE.

Argenta Tweelingen-
(151) straat (401)

Kiel Sand Member, Glycymeris-Cyrtodaria horizon (AR4, TW2)

BIVALVIA

Glycymerididae Glycymeris baldii Glibert & Van de Poel, 1965 12 2
Yoldiidae Yoldiella pygmaea (von Miinster, 1835) 2 0
Pectinidae Korobkovia woodi (Nyst, 1861) 1 2
Pectinidae Pseudamussium lilli (Pusch, 1837) 2 2
Pectinidae Patinopecten brummelii (Nyst, 1864) 2+1* 0
Ostreidae Cubitostrea digitalina (Eichwald, 1830) il 0
Ostreidae Neopycnodonte indet. i 1
Lucinidae Cavilucina droueti droueti (Nyst, 1861) 1 0
Astartidae Astarte cf. goldfussi Hinsch, 1952 4 0
Astartidae Astarte radiata Nyst & Westendorp, 1839 11 1
Astartidae Digitaria beyschlageri Kautsky, 1925 1 0
Cardiidae Laevicardium subturgidum (d'Orbigny, 1852) 2 0
Ungulinidae Diplodonta rotundata (Montagu, 1803) 1 0
Glossidae Glossus burdigalensis cypriniformis (Nyst in Dewalque, 1868) 1+1* 2
Veneridae Cordiopsis polytropa nysti (d'Orbigny, 1852) 2+2* 2
Veneridae Venus multilamella (Lamarck, 1818) s.1. 4+1* 4
Hiatellidae Cyrtodaria angusta (Nyst & Westendorp, 1839) 2 7
GASTROPODA

Naticidae Natica sp. 2 1
BRACHIOPODA

Discinidae Discinisca fallens (Wood, 1872) 0 1
ELASMOBRANCHII

Hexanchidae Notorynchus primigenius (Agassiz, 1835) 1* 0
Cetorhinidae Keasius rhenanus Reinecke, Von der Hocht & Dufraing, 2015 - gill rakers 3 7
Lamnidae Isurus oxyrinchus Rafinesque, 1810 1+1* 0
Odontaspididae Carcharias gustrowensis (Winkler, 1875) 4* 2+ 1%*
Odontaspididae Araloselachus vorax (Le Hon, 1871) 3* 1*
Carcharhinidae Carcharhinus priscus (Agassiz, 1843) 1+3* 3
Carcharhinidae Galeocerdo aduncus (Agassiz, 1843) il& 0
Carcharhinidae Physogaleus hemmooriensis Reinecke & Hoedemakers, 2006 2 2
Megachasmidae Megachasma aff. pelagios Taylor, Compagno & Struhsaker, 1983 il& 0
Scyliorhinidae Pachyscyllium distans (Probst, 1879) 0 2
Squalidae Squalus alsaticus Andreae, 1892 4 4
Squatinidae Squatina sp. 1 4
Rajidae 'Raja’ holsatica Reinecke, Von der Hocht & Giirs, 2008 1 7
Rajidae Atlantoraja cf. cecilae (Steurbaut & Herman, 1978) ? 0 2
Rajidae Raja sp. 0 1
Selachii indet. Indet. fragments 15 8
CETACEA

Squalodontidae Squalodon sp. il 0
TELEOSTEI

Teleostei indet. Skeletal fragments / Teeth 46/37 60/43
Gadidae Colliolus sculptus (Koken, 1891) 7 2
Trachinidae Trachinus sp. 1 0
Sparidae Dentex sp. 0 1
Sparidae Sparidae indet. 0 1
BRYOZOA

Cupuladriidae Cupuladria cf. haidingeri (Reuss, 1847) 1 1
ECHINODERMATA

Echinoidea Spatangidae indet. - plate fragments 4 0
Echinoidea Stylocidaris ? sp. - spines 0 7
SESSILIA

Balanidae Balanidae indet. - fragments 10 24

* Picked out during bulk sieving with 5 mm mesh. Argenta: 300 litres, Tweelingenstraat: 100 litres
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mu l t i |Laameal rl cak , 1818 are commoymnient rtitceml Edagemsand the Kiel

Ant wer pen Sand Member s respaecdi aslyyymetUnyf o(pastaéeel gr e It o nigsa
i mpossible to attribute the Meenberddgdifgr admBgnt sSpte@li mepmefir @
subspecies. The MAgtesRtinactee 03/ A hrei HemluGEAR unit 2) of the Kiel
new for t he Ki el Sand Membet hebatudhed gemnacedsi owe,| |'s hkonwo wan
from both the Edegem and Ant(WwdargBe b ABahsed, Membemat ¢ Gi abeftom
1945; Louwye et al ., 2010) . flgut e AmgRogal lsec&i Aml, erevEea0ot
articul at ed s ¢ pégtodl ndefnuss socfh, 1 9%t5h2e wenrtewer pen Sand Member mor ph
found. mor phol ogi cal di fferences sho
Some Ostreoi dea ar e preseretnviobnmwdnttdl wadaptat bane, t had

|l argest sPebi mdsgi e(akliicchava) d chad®88é€s . This is consistent wit
(Pl ateB)3/ 10iAni | ar fragments wgmemebbseGivpdypmeeakmoee ddaepted
species is characterized by afftsercurfvreedquoeunttl i mel | Timg c@me nctoia
val ve shows coar se radi al aspPwmetandc pbst eruirdracel oingatbif o @
irregularly defo€Cwmbdt byt rtéhae Idiwhdtterlasteendy substrates. I n ottt
part of the stationary epif aHinlame t(yp9&h) dJhowed atl h atw, pdgtgér
sublittoral environment s, atithacwaodel aat e@d f ftehraemnti rhagdi stub st
(Mandic & Harzhauser, 2003) .pddt ersi okrn oenno ntghartoiuognh oiust Itohwee re air
imi ddl e Miocene in the NorthTh®ea aBa®irn sgmdet hiec Pmorapgtedlhygy
(e. g. Glibert, 1945; JanssenGl ylcoyStde;r i Sadmdaetabkasabh @886 pndMahdr
Harzhauser, 2003; Mot hs et aa.hi @B®lédnemMg&uigc & Shaglplaoweér ROU]
Cubitostreas diagiet ailni ntahe LanghVernt eobfr atthees Naorreg halSea wel | rep
Basin (Janssen, 1984) , Glibeerton(d®d59) eloend syt roetpodrittends ar ei 8
specimen from the Antwer penup$&oddiNbepmbiesson KEwevarrt i et al .
appears to be more common i ntytphiecaBurfdiargat henMHoaoemal eh Shaed
Me mber (Bol derberg Formati on201i0n .edéeerch aBmbhramclf Gl abeat o
1945) . Al so in t he |l at e Ba fr dd dgredliitogpmsii ZoDN3()Ev e f a eWetr deetr al
(Germany) , the species is atham@btphcep-Cgnisgmeleh (Methyi et dad
2010) . A second Ostreoidea ieart gprMe oerednearMing adsimad & wrad pree s (

indet er mi Netoeg yjcwnfordimanitls) 3/ 9A Schutter & Everaert, 2020, t hi
The recorde&l| gpgceiemenssthhaiisd fhrodag meomt s of cet acperasms evrewd de btr mcet
and the overlying sandst oneSqlhied(ocioai™Me SE)s |Iweghet Ifyouddf fer en
mor phol ogy than in the Antwer pe@l ySawna@ye rMesiimerri.aofThevagsalave® r

recorded in the Kiel Sand Memdet96GEem nt ot hbee tee mpiotr alr¢g @mRrC a
convex and slightl)y tTthiec kceorntvheXIliRlyemod/o5 way, as our observa
Gl ycy merims t o increase i n Iciotahrosleorgi seli mestcs i gtVaoan of | ay
Ni eul ande, per s. comm. , 2020prns3baer BeiVamt defr tMae k Ki(d1968an
Member (AR wunits 4 and 6) vablvecsk isarediuwilt it of,i me Gi g geliné ys
t han their l-8hgt hwh{ Peattehe 2dli@y gt kb d aarbi uantdhaen t bal ani dae and

Ant werpen Sand Member (AR u(hsee 164.)3 .9 peclihmesnshogérzemalclayw pr
exceeds their height (Pl ate ID/wk)st( Bihgl | 5Ard AlBs iHBH entShled egwentm

(anterior | ength/ posterior Iltemgtthop adft erhdhbdimacesendodas) desci(
Gl ycy marlive s di ffers in botimodmenmbteerlsy, f wneht o altdheal |y ver.y
A B

80 1.2

75

s
o 11
70 5
° . °
¢ o o a| ®
o~ 65 T A ® >
E £
E g =] « ®
s 60 ° o °
b= o ; 0.9 5
D5 e o
[} » o
T g
= 0.8
50 °
=
KIEL SAND MEMBER AR2 []
45 E
©® KIEL SAND MEMBER AR4 < 07
ANTWERPEN SAND MEMBER AR14
40
35 0.6
35 40 45 50 55 60 65 70 75 80 85 35 40 45 50 55 60 65 70 75 80 85
Length (mm) Length (mm)
FigurMorb5phol ogi cal dGil fyfceyrmeenr odssi wairl ttdhii&n Van de Poel | 1965 in .the Ki

AHeight and | eBAagsyhymométthe(a@aatdvpesterior elongation) of the valves.
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gravel, many poorl Wl pcg)menrVididasr ah elcslppi. €lplbobagpe t o a coast al ma r
locality i s al so known as t 1B mMareiviedt riaas ed( Ao.nK.t)hes enotdied 15,
however <correlation with the( 1Pr9d3f)i,l et ien depydlyiGigednsBar aadre (19
is less obvious. presumably took place in a shallo
(maximum 50 m, probably |l ess than

Pal aeoenviTbeméaphonomic fbhbaghresernqyWighasxsest.haDuring prol on

this shell bed was deposited hdeur shgl s siwegleé¢ hallmrmade dr eltwmyogr hkvisevnge
storm phase, given (1) the leinntirtuesdt etdhilcyknbbsoet-awkatl hé&es walale obbead
to 20 cm), the (2) densely Pabgkeduenot | ueswaer lkainrdg n @&y d etdhrea asst paebnl
convex up position ofGl ybgmdrainga! mpj prodyced tthhee t empesti te bi
valves: with only a .Iow perGC.egn.taﬁgaend%ftoq{et,hBPI?Bﬁd specimens.
occurring As the thickness o the overlying sandstone bed i
proportional to the thicknessGemfertahe .cth&eddbtleargereyats abnod sht osnteu
exposures, we hypothesize thadmphseedeposgt avopoonitehasd gwars ez
occurred during the same st odremsphamaet.riTxheof(lhacdaenmed <giaddonmp
orientatiGoycyg,mem)stt he r at heme amhhas eg tnfoideekmeses bet ween 1 (Twi
to poorly sorted sand and (39gmthAer dile gthearseotnicemtraThen!|l of hihkia
el ements (shark teeth, egerteaysve & h T eequest, pethdrdte,s, brberaokwsn. The
phosphatic concretions) aresamrdstadrnee bhadi cast os 5 Bilf lpary-nag¢ ro$ S h E
tempestite deposit (e. g. JolCysomd&mrBabdwi ndonl M&6;edF¢bbysi albr &
Oschmann, 1993; Cleveringa,valWw0oSk;y o Maediine cheanlvdeaXi . up 22mGCG4;t i on
Wel ton, 2015) . Some articulcayedg medll egds woft h | oose

The taphonomy of the recorgdeaducfomsistiilcs siamdli, c aatrees orbesleatviewe | ye
|l ow sedi mentation rates-starphRleatre h@/biB)at Tdhue i nlgeltlihye tprpe si de

deposition phase, since thedeloioneatefd, seéher dlot sbhmr Ki de el drweav
damaged by bioerosion (Pl at®eil7l/€d ,t raancde saroef raenqell drdlsy ap a&r tvliy:
covered by agtbhbygphbsphaboiwvno dceomnaped i bnsr ¢ s a{partl y) filled v
7/ 3). Some shark teeth show wirtahciens tohfe tsrasnmdsspoornte.s.Most shell s
worn and abraded, which indicates exposure to a high energy
environment over a |l onger per iRed eafentciemesrech g tosni scuhB i 8508 hdnapmmhh
1993) . Especially the crenabel owl yer fnreacregi (nDeanScc hulh ¢ eu mBoBaér
regi Ghy oy merairse bselndsiiiti ve t o uabrna S3i9o. iPapRagexil.dva skur face (this s
Aml er , 2007) . Di fferent stages of abrasion are observed in t
recorded material, ranging fr®@mosesxpasiDigraqadiysett i ciud aamre pBONRbr n
mi ssing deep |l ayers of the ®Norefissh®9?963mg tMaomisasle rSeSiM2& e B rui nmbkohni
region BpPlate addition to abrasion, the shells were also

affected by b
val ves of ten
with dawemsly c
& Everaert (2

i oerosi oGl.y clyhmeer & g.e sEani ldsdildee sBuaofdi ¢ &alei an.

show | ong, shall ow, sinuous ichnofossil boring:

aused by spioni dPaploa eyocnhtateltiodgani t e Sohlbuser fauna
020) followed MatQuétcgtlo8d3 awhot He gArgentandsec

di scussed similar borings iamdGeVagmebrdindher e maliemst.i fHewevas

Pol ydorHowever , due t o t he tdiree altwere!l ilreqe@rihit ramad deéeti on, t he

meandering pattern of mo st fbroad megrst,e dweandan opatdeen!l attiréedut e

mo st of t he borinyaeandr bpetlhiekcdiresgéenugs ecord of the Argenta

foll owing BANloenslseaynd& oD (1983)t,heMiwkrudearsl y& nBelshel | horizon. Ho v
(1996), Cad®e & Wesselingh (d2e0n0s5e) wmadr iCx p §dno(f 20 1glas. t rBoepsoi ddse s we
Maeandropol ydvworiagt sullcasrbsarfd® uater | /i )g beds. The foll owing

Maeandropol ydvYoagtdecl968&ns( Pladegni/z®)Xd, t he

i ¢ hnosQaeuclioesst r e pCsliasr ktege nli9o0l8a i s recogni zed

in our materi al (Pl ate 2/ 8). (dlhyc ytmearGkss bboafltdtid eV al-a bdiee dRaasdpl e, c i1le
made by, amongstodtyhenr@] chhetaddp,ird midctar ( dyahg&sWast-endmop, 1848
1838) and Uyhei ddwrdduwcdadnient-& MGloagsus burdi gal(eNyssits iy pDe wd If @
Edwar ds(,Crip&®a3 persTheosenmpo | OME®tceassi on al

are nowadays common in shall owaenaird¢ aredien@@ds bihtgwemgiednénd 8 h a
soft, muddy bottom and water dé ptl hslfompd mefrdidinlaya glue s sla8s0Bgnat. 25
(e. g. BoekschoRarnr,a 1e9t6 63,1 .CarrOedrdd) ar t eNyrsd d i&a tWe s t -eoncdcoarspg ,0 n1ad 3 9

Ot her components of t he f aunuaci alosa( lbiondreacdattes ¢ ds/i6dinpd Il o w
depositional environm&htycymee Spr afi#wb terd¢g heaabC a sattacgafads/i7dn a |

is the subtidal zone, above thaeu ssttaotro@ rved ggtnhgpecro &A@ base (e. g
Thomas, 1975, Mandic et al ., EZ00 h)pfh.0 b 6 a(cBeayird ccvio clcthi@ % édmian g

Gl ycymeweson sandy and <coar sd& i bsogpsotcocnass i tomatl ar e often

subject to fairly strong curr eNmtts.palctc aiss oanladar acteristic for p
rigorous environments wi t h bTwrcriedhawcessas®tinalow diversity
(Thomas, 1975) . The elasmobranch fauna is domi nated by
coastal, neritCarchpkaetersync¢rRegmar ks and diihsecubar dn t hick
Carchar.hiBalsani dae and echi mainddesa oarebégpiscala fdorstthet l evel

littoral zone. Al so t he hisglguenucneb eofs golfaudcdrei tacr istaardc ha't
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l'ithology and taphonomy are Aregreyntsai mainldarT wece ItimggeDesdumr @garn c lsdc
Sandstone Bed of Her man & Mampuetve(OR208%)t hadBoDdurignanaeakdok

materi al and t he Deur ganckdtotke sa mdzotnendss, t many i miutbeeds amfd

sedentary annel i ds, presumatbh e Dpeoulrygcahnacektdeosk, aade t mdservey,
especially in the basal si dai fofferteme el ii shitfhiec aptrieosnesn c@P lodt er
Her man & Marquet, 2007, pl aten viio9r)o n nfehnet f(aruonocat atnrdB cteagpuhigpendoanmy o
of the shells in the sandstoinre bbd drearigaerrctkidokl S an dshteo nuend

Gl ycy@enti gdarriizaon. The Gdonccyemerfi@st ) onwhoth are [ acking in the
found in the upper part of thedelrimami f& cMatrigounest f(r200m 7 ,hep ArQP=x)
are similar to those figur.ed Bnnldérn dasn o8 Malregulot { @2@n0 B, dpl .o f2 4
However, some differences selxaibsst. Wwiainty thde Dteae glapakgdoks et
fauna as described by Hermamf &e Marcouwesti st20@7)of Agr al ne adhye
menti oned by De SchHausetratosgEtveemyates It i((RD)22,0) and are commonly
frequently observed in the loivtehrihfaincgaitnigontsarod ¢ hef &Acagen( Vi b ¢
Lithification kRENBc76@d9, shoowsfietrwo tchemr shel ter against cu
identifiable fragmentsdioeompé admrdPlat e( 200D) .t Akesefore BShispec
bl ocks of the Argedi681lsecoi baeppieaB S NUgn t7i618 0t he | it hi fications
S. Knol IHausseavawealeryeraor dedTIliiP$ aweubdlB mply wundercutting
C) . However, Her man & Marquédtorm2 @7 )ofdicdvrndti eme ntfioon whhiicsh
species from the Deur ganckdohkr geartds taonnde TBveck.l i Tgensp e aiaés sk
also recorded from the Houthahehi danbuMemmbed (Bel dorfbersgea

Formati on) in eastern Bel giluimt h(i Gliiclagriton, 1888) s elwédd tcihv ewacse
probably contemporaneously teppei medbiwiitthy tdhd f &i €h c e$a npdr e
Me mber (Deckers & Louwye, 2c0elme)n.t eAlc ¢ or diinrtge mé ot elda nssesckinment

(198austatios &@myinamadex speci es Afsort hteh et hHecnkmbeoss aonf t he sandsH
(middle Burdigalian to ear |l yt hiamkgrhea sasn)o fo ft hteh eu nNdoerrtl hy i Siega sBiaes
I n t he An tHeairsg ataoiresa esymmo s eldweted | hgenstraat sections, we
restricted to a single unitsamdsgthenebabsead amarti tef fobhei [Andt ov
Sand Me mber (biozone ilDaNdghi eappesnt pBasdi gdhiearhi gh energy c¢
according to Marquet (1991) bandg Lauwpe ef HhBine (2€di0Omentanid
considered to be a local molWher bhessttat mgwapksc amar k dhre sg
Our specimens from the sanddtteaneabkesizome( PN28pepnde)l, afrieneat
|l east 2 Ma ol der than thoseeanfltohoer faNsa&lholAst wedpep. Samd

Me mber ( DN4 zhbanues)t.at kheansceeray nlaohilgetre 4/ 1 A) and |l ess commonly
stratigraphic range in the AMnltlgeypymeappetanrhd&deélyensoraniEesx stuh
in recent decades. I nt erestiorgilgyi,n Vaasn tdheons eB ofsrconm etth ea lu.n d(elr9"-

83, 107) already mEatsbation tGiryapyanes eétrsicee sdndstones (orient
some calcareous concretions sfltroown ttthaet Kilkkés SasdelMesnbbav écblel
NBC) at the tem@oohey SBeenonweigh h( AgrGar)s ede memdred gl auconi tic

exposure (BGD k28wodReil (BOY6/ 1B),. A few mucus cemented wor
but this observation was ovearltoiockodlda¢iymhaltavteesr, sh aitdweeesn Lbe wy
al . (2010) Hawgtgaetsdira \t ehrhyen at y pci acrabl o nfadhre clayey gl auconitic s
deeper envi rTounrmerited | a g Brudaacdygeuelnatml asti c, and only then gr e
1814), occurring in the highell praamemtcefd tdeecappntdwdbupeomwsSan
Me mber and in t he Edegem SanidenMeantbeedr ,stfaort i spaft omet he bo
environments. However, our hbhtsteomatii @gmts) .c oPofslsiichtl ywi thesdi
hypot hesi s, as both the KiedeeQarmdr Medbeilhe diepmeri tiddei nof a
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occurrHacet otfbs esoynaffectedgrhegy,t hivisobée wsmwe aiiofmieas egl auconi ti c
environment al conditions (VaomodeantBoastthomrs alf.,mdi9rI5y . str on

Tel eost and el asmobranch f Cosidli ®opwerse mpmolt yd setp paotf endyt Hteiven tbl
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|l surus owgsi iobhodninhaeitiwinsosnandasrttoinceul ated valves a+te pr
horizon at the Tweelingenstrogrady,comesumdedi phopphat Pt acendrfr E

sever al shark and tel eost t esekenl ewearle e loeumedntisn dfi tthelfé @att s oa
the Argenta exposure (Knoll ,ppessrvedmea as@d®liO®anch teeth oc
sever al cetacean remains and tr

Pal aeoenvi Themmeamndst one horeinzzoonu nitne rtehde. sTthued yt haircekaness of t
and t he Deurganckdok Sandstiothe maBye dh aavree ab og lhi gphltd cye dwaivry a |
bi ozone DN2 (Louwye & Mertehnesa,vi 20O fmat drhiiasl stondcye)n.trahed i
Deurganckdok Sandstone Bed was regarded by Her man &

Mar quet (2007) as a tempesti tRe.f ebenp.et Aregehrnetoass unbiili@&0or 8nbmad e g
taphonomy and l'ithol ogy, i tbedamnostur bace ohbDé uBeldutttheart &t hEey
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FigubDet @.i ICoorfd itolpesii 3on. A. Argent a-gsegt iphmspabtuindamandrreotwinons and sa

colours dtheentt@oncémégnt B. Post XCosredc twipdsvn sscofmhex bapeomwmiferntheed over |l yi ng
overhangs the Kiel Sand Member, as the latter is | &sae efosihen Ane¢ svies {
Sand Member. Scale bar 10 cm.

dept .1Q 5 bel ow surface (EvelPaétmroenvialabpeme2edrld® )i s finer t he
Tweelingenstr aart. @@nonst b &1, o wd eshuorhfiaecoens ( Fi g . 9). This general f
(this study). Sand Member can be explained by

whi ch i mplCcersditolpasti sbhe was deposit
Bi ostrati@irmpdyst bi ozone B®NRBpht(lde dveeperuidnv& ronment compa
Norris, 1996)-3 zZMwrest eSNMM2 T®hiBsr iinsk hauarsf,i r med by the palynolo
2004) . ofPar al ecpmi. elilna i enmgatre nree sctornidcitteido n s

rel ati ve Paurnbercspnpo.£ldrm the total
Ag.e Eiani dgl e Burdigali an. marine palynomorphs c€mpdi epsioqnl y

horizon, but i ncGlepnsedygroi sH&%i at
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containing a rich fauna of sahtowseasnt oPPosl aembbeadchvispecars
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mol |l usc fauna i s pooC€Cor da pagritiareefrri a m ¢ d @amadr rienees tsrpiecctieeds ar e sub:
pol ytropaGmgsy merwesr ebadbdsier vedT heneexitastnoobr a@arhd ifoaprsiiasoonf (tElver ae
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analysis shows that it is -slbiegthweleyn 020d ean d hdadn m,h eb aGseadnamn Weh «
Uesen fauna (Reinecke et al .t axa 1cdg mp awhd cc ht d st tpd alcedi tiant ,d i makc

bi ozone DN3 of de Verteuil s&peMdrersi { see9B6YQS)HOoOwever20tthe p.
el asmobr anchCofradu mmasi Bon hes | eEvserdiiever ¢ al . (2019) suggestec
than t hée Menm dfeauna. wi nnowing as the main process dr
Just | i keetsteen Wearuthamy r u e eddhy @fsachusoncentration in this hor
are very coQuomodni bipmsi sbhe and Coutdnlwgoisée son (PX unit 1), some sca
Carcharod¢mghastal i 4843) by fb5o.ubn/dl b(yE vseireaveirntg eotf dlar,ge quantit
2019) . Apparent | yl sutrfuiss odkenmiiemashouexr oanfm. , 2020)-gr Bynednsedi mgn
typical for the Burdigali an sien etchhe vsed wt h ereqtmoNerdt h aSiedda Basivi .e
the end of {bBar®sr dkegtalenaathesdscbnomnt hated (F¢grsich & Oschmann,
North Sea Basin to become acawsedsbygnaslt ovimsi t osri nicre tnhoeste aafl
Langhian (Bor et al., 2012).convex up orientated and densely
At the Argenta section, theomaenheambomal (Fagna6By. sbmel Bo
to that of Post X (Everaert @®@dnabe, s2089)a,bowitt ht hneaitnd pyh d recerhyh
vertebrae remains of bottver Eebhihedelepraii misd aser e aexdt r e mel y
Kentri odobel phienfd.idw iddruure , 19 1a2f)f ewcetlel d by abrasion. The shar k

represented. More r@OrgcyecPblpise@sroviadre,a wkicalh i(mplies that th
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Fi gureLoad casting base of the Ant wer pen Sand Member (Post X sect.i

phosphatic concretions (Everiamprotrtamt alt.o, QHdr9agc tpelraitzee 2t 129 .
proportion of teeth wi t h atAtngaovree b eph8aptaMembceorncr et i ons i
smal l er tIGay cy-@ertiBehariiazon. Genersal .c hTahreaclhegal part of t|
indicative t hat t he heavi er Mepmbrdrs, cesmnusihstass ofandat &ne oc hhuln
mainly rest on the base of dlhduwcohnoirtiizcon.r afitheese fé¢ m&bi&&tnar. i ¢
|l argely correspond to the wimnofwedediomertnt wiatth one rmo dfed w onfic

F¢rsich & Oschmann (1993) . | Bogmendr alt,, wsiman owe dr ecwoonrckeend r ad n @
can be a result of storm waveHsoedsetnoarkne rfd o&&sDofr wealk, c 2r0rlé8nt sf.
This | evel is the youngestvatroyr ibzeaonweefn t heaDN@ndHi oQoneomt

both the Post X and Argentacmsmetthiaekhs shevoVvebed byg obsér Geadn
decalcified, grey, gl auconi t(iec. gs anPdo,s t antotf rbirhugt eudn i tt o 2h i cszecen el
(sample PX3). The boundary bceotnwsei esntGlnygo ¥y ek e,s B aDtNi2an loagriedc tDeN3 b r
was also recognised by Louwy@oredi oaps.i s( 20®@I0gssiwmp slamypskeatBu o f |
Berch@mnmte Steenweg (A.G.) sdatsoat.dFigrynd (samples of

De Meuter et al ., 19 ®)c,al &y hodmirigem pygesodolb eadr ea spvriecsuelnatr iisn
friable shell fragments preasretr vefd tihn s cdhegl | sbedak swhianed i
sandxt.8Sereger al metres of b iaautt uhri bgeetnei dc,) pdecspbkbafiedconcret.i
gl auconitic sand ar e under tébibzand dN2dgceamd boves| yLaogal
(biozone DN3) this |level at unhdeu lAatG ddeett on.l oBlde ccacsntd enrgt r (e
of shark teeth, bones, shellsempadatadbungant)] | mdbr e aoyrerlsessl mo
br ogeney phosphatic concreti ohwe elni ntgheen sc acratagac ts elce i wenesn the s
bi ozones DN2 and DN3 indicadgteel It hbeedpr  *arche upf ta 40 ad msi n
whi ch i s not extensive, giwredul tahé ngexkcayéent heriieasetrlevras h o I
condition of the shark teethheedAR oat acd®n rTé&Mmainnist, 6an dand ec
that there is no biozone miswihly. bl ack phosphatic nodul es (

. naustat 1] amtao R hwmiitz ,0In2 TW |
7. Macrofossils and palaeoxleh gnarpe 'yi % bedl olfa¥ﬁ(rasAn
Antwerpen Sand Member thlcker i n the Tweellngenstraat

In the study area, the Kiel <Shaldl Méobeérzoins 30&0emcacfead att @d i b
stratigraphic |l evels (Louwyegletucaln.i,ti 20060;ndFi gAt 1ltlhe THhweaele



