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La lc J)evonia n and early Carboniferous mio pore a emblages fro m Saudi Arabia 

Claylo n , G. '; S treel , M.' & Filatoff, J .' 

' lkpartmenl of Geology, Tnnily College, Oubhn 2 ( freland) 
' l..;olx>r•ware de Paláobotanaquc et l'aléopalynolog1c, Umversau! de Li~ge. San Tilman . 84000 Laege (Belgium). 

'Gcologu:al Technu.:al Ser\'i'e~. Saud1 Aram,o. Dhahran 31311 (Saudi Arabia). 

famenmom (l....Jlc I>evonian) and Toumahi:tn (Earl) Carboniferous) miospore assemblages are 
dc~n~d from rv.o e1;plorahon welb m S::md1 Arabia; one loca1ed ofrshore in thc Arab1an Gulf. the other drillcd 
ca\t of thc Ghawar Olificld. c. 300 lo. m e.u1 of Riyadh The laucr secuon ínc ludes assemblages dominated by 
H~tupurn l~pidúph)Ul, thc: c.h.)appear.:ancc of \\hich coincides with the l)c,•onian 1 Carbonifcrous boundary. 
Howt\·tr, ovcrl)ing Mruta )(lannmg thc sys lcm boundary have beco remm·cd by eros1on D1vc.rse assemblages 
fmm the Arnb1an Gulf wcll mclude typ•ca l Famennian and Toumaisian miospore taxa. However, R. lepidophyra 
ha, only bt:cn rc:corJed from th•s well scction as recyclcd spccimcns in assemhlagcs Lhal are clearl y Carbonifcrous 
10 agt, so 11 appears th::u latc!tt Dc\lonian rocks ha ve not bccn prcscrvcd. Extcnsive reworki ng has led to difficully 
111 IOltrprcung the age of somc of thc lower intervals in 1his eclion 

Val/atisporiles and rclated Cingulizonate genera from the Late 
Cu rboniferous-Early Permian of Saudi Arabia and South America 

di Pasquo, M.'; Stephenson, M.'; Fllatoff, J .' & Owens , B.' 
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Ciudad Universitana. Pabe llón 11 , ( 1428) Buenos Aires, Argent ina (medipa @gl.fcen.uba .ar) 

Braush Geologacal Survey, Kcyworth . Nouingham NGI2 5LlJ. Unilcd Kingdom (mhsle@bgs.ac.uk) 
' Saudi Arabian Oil Company, Dhahran 3 13 11 , Saudí Arabia Uohn. fi la loff@aramco.com) 

""' Pa lyno logy Research Pacility, Departmcnt of Animal & Plam Scieuces. University of Sheffi e ld , 
Shefflcld SIO 2TN, Uni1ed Kingdorn (bowens@palyno.frccscrve.co.uk) 

. . Kno~ledgc of Lmc Carbonifcrous and Early Pcrmian Gondwanan microfloras has expanded 
stgmficantly durmg thc past fivc years as a rcsult of deta iled invesr:igalions in Saudi Arabia, Oman, Argent ina and 
11razil (STEPHEN ON & FILATOFP, 2000: STEPHENSON el al. , 2003; DI PASQUO. 2003: DI PASQUO et 
aL. 2003 a, b). Correl~tion o f the Early Pem1ian sequenccs bctween the two regions is prcsen tly afforded by a 
small numbcr of we ll tllustrated spore taxa such as Cm11•errucosisporites conflt~ens (Archangc lsky & Gamerro) 
Playford & Di no but many other morphotypcs are similar in the two regions, particu larly wi lhin the c ingulizonate 
groul~ · T~ esc s porcs are, however, complcx and poorly ill us trn ted so that comparati ve 1axonomy is difficult. Titis 
contnbuuon attempts to present a comparison betwccu species of thc genus Vallatisporites and mher re latcd 
ci ugulizonatL' genera including Cristatisporites crassi/.abratiu· Archangclsky & Gamcrro, which are extensively 
rccordcd in thc Late Carboniferous- Early Permian assemblagcs in Saudi Arab ia, Oman and Argentina in arder ro 
reassess lhc out li nc corre la1ions recent ly proposed by STEPH ENSON & FILATOFF (2000). 
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MESOZOIC PALYNOLOGY 

Palynology and paleocnvironment of the Gula ilah a nd Hamlah formutions 
(Triassic) in Qatar, Ara bian Gulf 

Mohamed, l. A. l. 

Depanmen1 of Environ mcntal Scienccs, F:tculty or Sciencc, University o f Alcxandna, 
Moharam Bey, 2 151 1, Alexandria . 

Palynological and tota l organic carbon (TOC) analy~cs ha ve bcen conducted on core samples recovcrcd 
from thc Gulai lah and Hamlah formn tions of two wclls drillcd in thc Dukhan oil fi e1d, western Qatar Analys1s of 
87Srf6Sr ra lio of the srudied succession givc a chronostratigrnphic range of Middle to Late Triass1c (Ladmian 
Camian) for thc Gu lailah and Hamlah formations respectively. Palynological analysis has yicldcd a nch nnd fairly 
well preserved assemblagc. Sixly-one palynomorph species ha ve bccn idcntificd The asscmblages are dommatcd 
by monosacca te, bisaccate and Ci rcumpo.llcs polleo. Three palynomorph assemblage zones ha ve bcen e:,ta l~hshed 
in the fo llowing asccnding a rder: Zone 1 (Microcachrydiles dou?i~geri- M faslid.iosus- .Enz.onalaspom~ .v1ge~s • 
Ouplicisporiles granulatus Assemblage Zone) datcd as late Ladmmn, Zone 11 (Pat.tnas pontes dcnsus-~)~nlllspo~tcs 
maljawkinae Assemblage Zone) of Camian age and Zone 111 (Coroltina meycnana-Eucommudncs 1113JOr-
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Ov:alipolhi f"(Ud bt ;sembb 7Ali!C) tgocJ c:arly :\OIUJI Thc->e TnllS'lc palynolloras ho" a 
re blc: rmJ¡¡,ruy 10 thc: l..&ur.ut>n Jl"l)110flco anJ a le :r r<>emblan.:e 10 lhc: Gondwanan palynoflora; 
P:¡>!»>ltoa o( ¡he: oppcr c,.wbh anJ lo~>cr lbmbh fonnauoru 100 pl.lce tn a Llcustnoe eovuoomeoL The nuddl< 
11 ml:lb l'ormauoo may ha been deposlrcJ ro a 'ha""", n<::ll'-shore. oor=l manne envuoomenl, "lubt 
dep<>sluoo o( thr uppcr p-vt 100 pb... ao a. dr u~.: h) pcnahne lll.lnne en"·anxnnc.nt. Hunud, tempera te cltmauc 
CODJ¡tJoo all<"f''\\:tmg Hh md to m~otnd cond1UOfb preo.,::tJicd dunng the ~mentallon of the up~r Gutulah 
md lt .. tnfah Junmrmlh an Qatar \iruwe of ).a~rn l) pe 11 and tn. oil and gas·prooe rnatenal are mfcm..-d for thc 
<:UOOna1 o! lh< uppc:r (julatloh-basal HamLlh (urmaltOOS (TOC lugh<r !han 0.3'1.'), "'htk. ~crogen 1ype IV, inert 
ma.tcn4ll\ .. u • tcd for tilA:' uppcr J-ümlah Forrt1.1t1oo (TOC len lhan 0.311). The sporc colour andacalcs Lhat thc 
uppcr Oul.loLlh •n~ ba>:ol fl .unlah h•n>auor'' are rhc:mully mature. The lhennal alterauoo tndc< (TA l) ranges from 

lfJ • ~'hK·h 1) IIJtaprc-to.l a pctt otl to on<oel ga~ generation 

A5pects of Late Triassic Palynology S: Palynology of the Late Norian (Sevatian)
Rhaetian Zlambach marl~ in the orlhern Calcarcous Alps (Austria) 

Kuerschner, W. M'; Krystyn, L.2 & Vlsscher, H.' 

1 l..tborJtOT) of I~JIJeobuwny and P:llynology. L trecht Unl\ei"Stty. 3584 CD Utreehl . The Netherlands. 
Dcpi1r1mcnt of Palac.:ontology. Um\·ct:J.lly of \' trnna, Ahhanstr 14. 1090 V ten na, Austria 

The prc,cm c:ontnbuuon prov tdcs prehmmary results of a quantitam•c and qualitauve palynological 
)tudy of thc ZIJmbach section nc:ar llad Uotscrn (Sa l7kammergut , Austri a). We focus on the lower part of the 
!.Ccuon which con!. tsts o f the top of the J la lls taener hmestone and the lower pan Zlambach marls. On the basis of 
amm<.liiOtd .and conodonts Lhb mtcrval can be regmdcd to represcnt the Sevatian Substage of the Norian. 

Throughout the secuon thc pol\cn and sporc asscmblagcs are domioatcd by Gramdop~rculalipollis 
nu/i), Corollma tfl(')t'Tiafla. c. l omSUl, :tnd o~·aftpollr.\ puudoalarus. Accompanying clcmcnts are Rhaelipo/lis 
gumanu IH, Rwriifpontt,\ ruMrculniiH , and Tsugoepollenites pleudomnSl tJieae. In the lower part of the 
Zlambach marls a numbcr of C"am i3n c lcments. such as Em.onalasponres v1gerrs, Vallasporires ignacU. 
Patmm·poriltf EllipJo\•elati fpn rites ntg().m_r;, Pnrm üporites mnljawkinae, P. tenebro~us, Triadispora spp. do 
occur 

Manne palynornorphs such as dinflagc llate cysts and acritarchs are abundant. Dinoflagellate cysts (e.g. 
Hhat!togrmyaulax rhaeura. Suellla swabicma. Dapcodiniwn pdsnmr) are abundant in the higher pan of the 
~tud r ed sec tion. lntriguingly, Rlraerogonycmlax \\ isgim, R arcrka, lübecysta breviromuta , Noril'ysta sp. and 
s ... ·ttrdrupiella sp. occur in the lowt: rmos t part of the section which would confirm a Late c rian (s) age for the top 
of Lhe lhll lstaeltcr limes tune and Lhc lowennost pan of the Zlambach ma.rls. 

111e co-occurrcncc of thcse "Camian" sporomorph elcments and Nori:m dinoflagcllatc cysts has not 
becn reportcd 10 carli cr studics on thc Alpinc Late Triassic. This may due to the fact that in the classic Rhaetian 
sections, the Kocssen bcds nnd particularly. thc transition 10 the underlying Plattenkalk, did not yield pnlynomorph 
asscmblages. 

TIIC Scva.tian Subst>l ge of the Alpine realm may be pnlynological charactcrizcd by the co-occurrence of 
''Carn1an'' and Rhactian po llcn anú spores in combination with a number of chnractcristi c dinonagellate cys ts. 

In comrast to earlier conccpts of Visschcr and Bmgman ( 1981 ) the prescm elata indicate that 
Rhaetipollis germanicu~ occurs a lready in ammonoid controllcd Sevatian dcposits . However, the Norian -
Rhacti nn trans it•on may be charactcri zcd by thc last occurrences of a number of distincti ve gymnospcnn pol i en typcs. 

Rhaetian palynomorph assemblagcs without thcsc elcmcnts occur in thc younger part of the section and 
an~ similar to those describcd fTom the Koessen beds in Kendclbach and Wcissloferbach sections (Morbey, 1975, 
Mostler et al. , 1978). 

MOR BEY, S. J. 1975 . TI1e palynostratigraphy of the Rhaetian Srage, Upper Triass ic in the Kendelbachgraben, 
Austria . llaJacontographica, 8 : 1-75. 

MOSTLER. H. SCHEURING, B .. URLIC HS, M. 1978. Zur Mega- , Mikrofauna und MikroOora der Koessener 
Schichten (alpine Obcrtrias) vom Weiss loferbaeh in Tirol untcr besondcrcr BcrUck.sichtigung dcr in der 
sue.ui- und nwrshi- Zone auftretenden Conodontcn. Erdwissen. Komm. (Ocstcrr. Akad. Wiss.) . 4: 141-174. 

VISSCHER. H .. BRUGMAN, W.A., 1981 . Ranges of se lectcd palynornorphs in lhe Alpine Triassic of Europe. 
Rev. Palaeob. Palynol. 34 : 115·128. 
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The Pal) no tratigruph) of redbed nd ;,ah unit> of .\le'i ·an po:rro l um 
sub-basim of lhe ,ulf of , lexiro 

Rued&-Gax lola J. 

ESIA-IPt\ l otdad de C'tenct.a.- Je 1> Tl<rn C Jr .. .Ja Tt· 

\1e:ooo \ 1CSOZOIC' redhed ilnd sah ~~urnc.·,,~ hlH m:cntl~ b«n J.tu.-d u" n thc p.al., ' o 
mcth<>.l de_.lopcJ b) the nutlk..- atlhe \ le\ican P<trokum ID>tllule 10.: JI)-) oflb<nt th< 

-

b¡\,Cmetll of thc Gulf of \1e:uco pctroleum )Ub-h..bm~ 111 \ k'J :u. and thc~ rqw'r~t L N'pnnm~ 
.'-1~zotc nunne tran gres5100 "h1ch fonncd thc pttrok'um ~~"'!>lCftb. 

The palynasuaugr.lphlC3l mc:thod t> bascJ on m.l<ro- .u>d IN r ·op¡· an>l) uo ,.,¡ lb< • IDil 

1 ncx~antc componen(.) 1n pa.Jynolog~c:al f'Oh.luo. and oi th( gl~ :-mnattd a ..:~.lhÑ tn \l.ht h tbéy ~ Pf ct\rd 1 
Jn.li)"SIS allo"s ooe to obtatn hth~. bto-. 3nd 'hron()(.tnhp3rhi(JI d:lu rcLu~ lll t ·t...1fll"!.C'dzD\(tl.un' ~-nd 
d1Jgeneucal processes 

Cahu~as FormJUOO (1969. tn 1he Tampit.:t1· \ lluntb Suh-bbm Rt kllll\JUl'D (lq ~. ID the 
Tamptc<>-Mts:tntla Sul>-bastn). Todos Santos F<.Ymanoo t19 ~- tn th< oolhc-.1>tern :utoN:.tn' oJ 1<1 n th< 
v.estc.m va-a ruz Sub-b!btn) and La Boca Allofomuuon. t<) '9. m th-c- Hu.1~an--.:~o.'olta El l3nw fb~to\ anJ ~ 

h umt!t (1970· 1993. tn the Southeastern ub--basm~) ha' e b«n d3t00 tn tbc ~fe\h.'JD ~tn: kum ln,utut\. 11\(: 

obltuncd dalll and nlso lhat obtained on 1971 b) Kulbnd and G<rlwd, frorn th< <arn-..: of lh< l'h.tllcn <'f Kn<'ll 
drilled 10 the center ofthe Gulf of Mextco. ha'e becn lbdul for undcr-.IJndtng 'cdtnlt'nt.ll)lDJ h.'·ct 'Mlh. \oluuun 
relJ ted to the ongtn of the Gulf of Me :ti ca. 

After these d::ua 11 is clear that 11 C''l~ts a \tr) imponant unconfanrut) ht:t\1.«11 thc N cmcnt ._nJ thc 
rcdbeds from the ~hdd le Jurnssic rocl..s (La Joya, and Todos ant~,: formJlu)fls) m Lhe SJt'I-Hla ;1.nd Sootht~~ .. lMl 

sub-basins of the Gulf of Mexico. 1ñts unconfonmt)' ~~ also fount.l bet~c..'t'n the L.a~1' roe tLa Oó.:.a 
Alloformauon, ond llunyacocolla Fonnauon) from rhe Middk Jura "e redbe<h (l.l Jo>•· Jnd t">hu ''" 
formauons) in the Huayacocotla-EI Alamar Bnsm. "hich '""s prohabl) rel;ued to 1he wuthC"35t~ ·n a \ t.) ... "' anJ 
Huamuxmlán b:ts ins. as sugge ted by Salvador (1987). On lhe Olhtr hond. m the Tla"aco Ua"n ond tn the 
northcm part of thc Tamp1 o-Misantln B11sin. 111 somc 1ocahu Lhe Ua· te Rosano Formauun redllc:xh g.nu.luall) 
change to thc Cualac nnd Cahuasas formations, which .u-e the b3se of the tr:uugre $t\C mannc l 'pf'CI" Jur.as'' 
Mrddle Cretaceous scqucnce. Ovcr Lhis unconfonrut). thc rcdbeds :ut of Mtddk Ju~tc a~c and 31"(' ih~htl)· llldc:r 
Lhan the evaporitic roc ks deposi tcd O\Cr Lhe Gulf of Mex1 o marginal sub-bas1ru (Sabm:l~. Tnmp1co-~·1 t..an~1a lnd 
Southeastcm sub-basins). Thcreforc. the age of thesc: su b-ba.)m~ ~~ shg.htl) younger lhan tbat of thc (•Uit uf 

Mex.ico 

Palynostratigraphy of the Mesozoic of southcentral Scania, weden 

Llndstrom, S .' & Erlstrom, M.' 

1 Departmenl of Geology, Geobiosphere en !Te, Lund Untvco tl y. SOivcgatan 12. 223 62 Lu nd, Swl!dcn 
' Swcdish Geological Survey, K1lli ansgatnn 1 O. 223 50 Lund. Swcden 

The Mcsozoic scdimenuuy dcposition in Scania , southcmmost S'Wcden w M strong ly affectcd by 
tcc tonic movcmcnts along the Sorgenfrci -Tomqu1st Zone (STZ) (Erlst.rtSm ct a l 1997) New suhsurfacc 
palynostratigraphic data coupled with rc flecllon seismic survcys havc provided additional mfonn nuon about thc 
structurc and devclopment o f the Vomb Trough. a graben Sttuated within thc STZ m soulhccntra l Scant a Thc 
scdimentary strata of the Vomb Trough werc dcpositcd a long the eas1em . margin of tite namsh Das_m 

A poorly preserved typical Rhactian nucroflora contauung e g. Rarulalupuntr\ opprtHU.\, 
Cinguliz.onates rhaetic:us, Corollina rorosa, Umbo.\ptJritrs lwrdbladiae, Lunati.r~oritts rlla.t!ttrur, P()ra llnpom 
lor1gdonr"sis and Riccisporites wberculams is. tf /11 srw, the oldest pa lynoflora tdenufi t d tn the Vomb Trough 
Well prescrved, di verse. non-marine asscmblngcs assigncd lo thc Heuangian Pinuspollt•IW~l-Trarlry.\ptJrllt.\ nnd 
Sincmurian Cerebropolle11itel· mauovururo.w s Zoncs are othCrwt $C reg3rdcd as represenung tht: o ldcst stra ta rn 
the graben . Late Early to Middlc Jurass ic strata ha ve not bcen id~nufied wl tt.un thc Vomb Trough, posstbly an 
effcc1 of volcanic doming that affected ccntr.ll Sea m a dunng the Mtddlc Ju rasstc. 
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Tbc trau ilr.lddllDg thc Jura I•·Cr<U;.;cou:. bouod.u) ""'' ckpos1t<d 10 a dyoamjc coa.ul 
cnn mmt, lhlfti:Jg bct"'ectl lmcstnal C'at·mann~ and fuUy ma.nne condtuoo Wtll·preset'\ed 
d1 mhb rrprCKntJng 1hc: Late \'o!pdD G(l< ht,oJmw nllow to early \ alangmt3n P.\~UdtX'uari"''" 

¡Kffijtto"' Zooes ha ve !><ea olcnuticd 
"lbc palynolq;Jcal d.aLJ rc~\eal~ lhat stgDitkant redcpostuon of sedtmen~ occurred m the arca dunng thc 

( rcuetou Louge .. mount~ o( r~orled pal)nomorphs are constslently p~nt 10 the E.arly C~taccous 

sedntx'tll.M) ~tqucnc.:.c , complu.::mng the ate: a ~•gnmenu The rev.orked matem1l rc:presents a Y.hole sutte of 
dJfltt('l!l a¡:C"S A l)pH.:.d Early Crcloh;;C:OU'§ il:lo~mhlagc contams n~ onl) tts comc:mporary ta:c:a. bu t also rrunor 
¡UikJUDU of C bocuferou .. 1JX'llt mt~ed \\lth more abundant typtrnl Rhaeuan-Hettangtan taxa and late Early
~1u:Sdk: Jutu u: f,'f.JIIII{J( ~raWpJts 

l>uu.JC\'11 a'i'i-t'mhl.acn ul Wte Albtan Ceoom.anian age. contain1ng Litmplwuidwm stphonoplwrum 
;md f.prúdtJ\plw~r¡.Jw \{'lnma h,¡,c also bcc,;n idcnuficd m thc Vomb Trough. Thcy are: followed by dtverse and 
"'t'll pr r'\rd ti1no:tsu:mhJ.ago ran.gtng m agc rrum Contactan to Campaniau The Late Cretaceous assemblagcs 
,,fttn coatam rc~A·orlcd Eoirl) Crel.lct:OU). matcnal. m addHton to the previously mcntioncd reworked 
paJ) OtlOKiph 

'JllC" prC'\l"Jit in'w'c!allg;tltoo ai!Tt\ to da.rify the comple--= geology of lhe STZ tn soulhcenlt31 Scania. lt also 
hclp 10 qu:tnur~ to 'khat c.uenl tite Alpmc rorebnd comprc.sston movementS affected the suuc1urnl evolu tion of 
thc u.n~:m marLtJn of thc 1>3nt~h lliL\m. 

tllLliTR0\1. M TI lOMAS, S A, DEEKS. '1 & SIVHED. U .. 1997, Structure and tectonic evoluuon of the 
Tc ... nqut\1 Zone and adJacc:nt ~edtmc.:nta.ry ba.sins m Scania and the southem Baltic Sea area. 
'1 t><:touoph)s ic• 271 191-215 

f>alynofloras and plunt mcgafossils of the Hojedk Formation, Kerman, lran 

Sajjadi-Hezavehi, F. 

Dcpanmcnt of Geology. Sc1cn e Paculty, Univcrsu y ofTchran , P.O. Box 1415516455, Tchran (lnln) 

Reas.onably wcll·prcscrved and moderatcly d1vcrsc palynonoras, tugcther with sorne plant megafossils. 
occur !tporad1ca lly 1n thc mamly continental, cool·bca ri ng scdtments of the Hojedk Formation, Kerrnan, 
sou thc::tstem lran TI1e palynornurphs are c:nttrely of rerrestrial origin and consist exclusively of spores and polleo. 
1ñe mt<hpores are radiosymmctncal and tri lcte, whcreas the polleo are rcprescntcd by monosulca te and non-striatc 
b1 ~acca 1e taxa 

Sorne di stinclivc sporc spec1es of thc palynonoras, viz., Dirtyopllyllidites lw rrisii. Dictyopltyllidites 
morumii, KJuJ. üporitel· vari~gatus, Couravil,, imi.\porites \'errurosus, Osmmulat·idit~s senertus, and 
ConverrurOH\pori res pricei, coUcc ti vcly suggest n Middlc Jurass ic age for thc Hojedk Formatiou in the study 
nrca Amung the somcwh;u mcuger plan t mega fossi ls. such spccics as Nilssonia fe riz.iensis , Niti·sonia obtusa, 
Klukía ~xili.\, and Fe.ri;.ianopteri.\ 1mdulalll cOrToboratc this da!ing wh1ch, morcovcr. accords wi th the stratigraphic 
posltlon of thc Hojcdk Formation . 

The Hojcdk palyuoOoral and megnflorol asscmblagcs exhibir n relnti ve ly consistcnt taxonomic 
composition through the forrnation , indicat ing fn irly unifonn and probably taxonornica ll y rcstri cted tcrrcstrial 
vegeta tion during thc Midclle Jurassic. Some spore species. notably Klukisporires variegarus, Dirryophyllidites 
morwnii, Cyt'adopites foJ/irularü, and Cyathidites australis, :tre importaut quantitatively. Inferred natural 
rc l:uionships of the dis pcrscd spores and polleo imply dcrivation from a di verse parental flora (e.g., Pterophyta, 
Comferophyta. Pteridospcrmophyta. Ginkgophyta, and Cycadophyta), which is also largc ly renected by the 
idcntiticd plam megafossi ls. 

Thc occurrence of plant mcgafoss ils in conjunction with the significant coal content of the Hojedk 
Formation implics sedimentation in a paludal cnvironment during the Middle Jurassic. Funhermore, the prescnce 
of abundant marine invertcbrate fossí ls at sorne horizons in the formation. testifics to intermitten t marine 
incursions . 
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Correlation of the Bajoci n-Tithonian d posiHs tC iuun.m-Bid o ti nl in f . of 
1 ran "ith tbeir equall depo its in th Teth) an real m ba<l'd on di no O 

Ghaseml-Nejad, E.' & Khavarl, P.' 

Dcpartrncnt of C'o«>l"!;) t "" , >~t) T <nr. n. In o. 
'Dcp:lrUllent of Gcok'!;:l, t'aiH'NI) ol \l..,bh.o.l. 1raa 

A th1d sequencc ofMc-.sozoJc and Tert'1ll) m.:b lrt' d tc-J ID · ·t·[},J.¡;h 1\i .. m lbc lA ... 

.. :m;¡ of 55000 km2 ID oorthcast or lran. >úUthcrn Turlrn.mc,uo and n • ..u. 1 \f¡:)>.&n ·,un Th< ..... , iliJ 
Fonnauon (Late BaJOc.ian. Tithonun) 1s Bhout 17~2 m tht..:~ at tbc t~pc l~x"a.ltu~ .a.nJ Jc\.'"t ~o.n t.)"A-uJ lh and 
~t of the basm The thid:ne so( th1s fomuUt)(lm 1~ studted' -u\ . 1\.utx- 'JnJu~h 'b.tl...lo) ttla."-t.IR'ti ..t:J 
m Thc tuhology of the formalloo al the ~tudu:d ~Ul)O is m.;unl~ ot ~~ nd nwl~ mc-,h t 1n !Jf'\kr ' 
correbte the><: dcposus "ub thosc or the TCth)an .-.,alm. 45 sampk> """' •X>llcct<"' :anJ P'"' <o! 1'"1 "'' ' ~!) 
Thr studlcd shdes led 10 idenuficauon of 7 ~pec1es of dmotb~ll3t ~)~b btloot=tng te.: 3.\ g'ocrJ. 

The studicd deposits are corrcbtablc to depo:-.11. of the s.unt: ~ 1n thc Tt:lh)J.D n; ~.-~m. c.'\1 oo th 
recorded dmoflagellate C)'St as.:temblagc:s T"o Lhnonagdlatc q t cn·nb "t:rc tdt!nllii~ -'' t Kk)\\ 

nmy Trl'l .... .,...,. 111~I<T11> 
hl.~<J.PO'ft ... .. ! '~"-U - ..,..,.. 

~- ¡--
; 

~ ·-r ··- .:r-,,......,, ~~ !-J· l.,.. ·1 
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.. Jt' ,.. .... -

Cribroperidinium globalllm evcnt 
Agc: M id Oxfordian to early Kimmeridginn. Plit'arllis 10 Plmymun Ammonuc Zoncs 
Dcfinition· The interva l belwccn thc First occurrence of Cribmperidinium ¿; lobmum nnd thc fina 
occurrence of Srriniodinium rryllaJJitwm. 

Tilis cvcnt cucompasscs a thickness of 2 1 O m of th c: IO\'-'er pan or thc scction ~lltc cc:ocun·c_n~e 
dinoOagcllate cysts are: Aramhaulax:dmvnie, A. venwmz, J\ptea notiaJü·, Cnnnifi_J.[ia row_ndtlffJ, ( h)·t~m·nphot>ndm 
variabi/i.,·, Endosrrinium rirlum, Kalyptea .Htgll~\ IO, Pareoditria p.(z/operfornta, Pmbxmphauulumr gratwlara 
Rhynchodiniopsis tladophora, Stllft~idinwm l'iller.\l'tl.'ie, Tubmubtrr~/lrJ a~atela, WoJJodmwm Aru~¡_dw 

This even t is correlatable with the onc with thc sa rne nnme m the fcthy:m relea m that ts rcportcd by Jan 
du Chcnc ct al ( 1999 ). 

• Scriniodinium rryszallinum event 
Age: Early Kimmeridgian, Platynota Arnrnonite Zonc. . . . 
Dcfinition: The intcrval betwecn the First occurrcncc of cn mochmum crysta lhnurn and thc last 
occurrence of Rhynchodiniopsis c ladophora. ·lñis event encompasscs abou t 43 m of thc strata of the 
middle part of thc section. 

The co·ocuurance dinonagcllatc are: AJdorjia aldofetMi.f, Amphnrttlln ~xp!rata, AP_.tea grrm.rh•, 
Apteodinium nuciforme, Cribmperidin ium sarjflatltii, C. hatut•lfii, Dingodi11ium f't•rvu·ulum, f..ndnscfltll llm 
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,. ,.nar, • /:xhnrúphtkridu:z pototlu. (iontali..ÚJl'y1l .-t.mlu, G f'U~llllt 4.ii. G )UrtJ.utra. l.irhoda!JU 
pltvut. qlilUJ IApwduuJJm .unbf u ~,.n,•u ídmr.ml rmullr 

C\e.Gi " cmcbu le •1th lbe e ""'th the amt name an lhe Tcthpn releam crected by Jan du 
Cbtnc ct al ( 1 l'l9 ) 

lla«d 011 1bt r<eorJ<.J a wnbla¡:n an Jg< ol \ I¡JJie Oxfordt;,n- E3rly Kunm<rtdtl'an IS quotcd lO lhe 
!Moa •nd nuddl< p;on oJ tbt sa.11un tuJtcd 

JA I>U CHL ·p R, ATlWPS. F, E\IMA!\VEL. L. RA FELIS. M DE & RENARD. M (1999). PalynoiO&) 
amrnomLa and k"{Urn~.-c )lrilhgr>~ph) frvm Tcth)an \1 addk~ Oxfordtan to Lo\\cr Klmmcndgtan, S-E Francc 
l"ompamon "''lb tbc BurcJI rc:alm Bull \<mre Rt<h Elf Explor Prod 22 2. 273-321. 

Alga l bloom aod occan eut rophication caused by the l\ljtJlnir meteor ite impact 
(Volgian-R)azaniao bounda ry, Barents Sea) 

Smelror, M. 

(kolu~ ocal Survey nf Norway. '1-7491 Trondheom. 1-iorway. E-mail· Morten.Smelror@ngu.no) 

Ounng rhc La l e: Juras\!<.: and c:ulu::\1 Crctaceous 1he Oarents Shclf W'J S dommated by fine-graincd e la y, 
organac·nch -.edm1cnuuon. wuh mos tly onox1c 10 hypoxic depo itional conditions. At thc t11nc of thc Volgian
Rya7..dnian buundary ( 142 :::1.6 Ma) a 1 6lm in d1nmcter bolide hit the paleo-BarcnlS Sea and crcatcd tite 40 km in 
doo mctcr MJolnor Crntcr (DYPVIK el al 1996 , SMELROR Cl al. 2001 a} Thc impact and crntcr forma tion led lo 
Mprufu.:an t dl\ turbance and en\ lrtHmu:nt.a l changes. bolh at 1he era ter s11c and ovcr large distnnces of rhe paleo
Harem.) Shcl f T -.unamH. ~ere formcd and travcllcd back and forth across the seas ror 3 d.ay or two after impact. 
t 'onunUi ng e llapsc of un~tablc, unconsollda ted h1ghs nnd rim.", formed a va lanches, slumps and slides devcloping 
1010 gt3 \'HY flows into thc crater surroundmgs. Si mulations of ejecla formation and disuibution show major cjecta 
trJn\p<HUHon a long 1he pa th -di recuon ofthc bolide i e. toward lhe nonheas l. 

There are no cv1c.knces of any major biotic extinction or changes io divcrs ity related to the impact 
e\'C OI , but the O\ ~rall cornposi li on~ of thc microfossil assemblages ~how a sigmficamtumovcr within thc unpact
onOuenced str.tta (BR EMER el al 2003. SMELROR el al. 2001b). In lhe lowcrmost pos t-impact deposi ts in the 
MJolmr Cr.ucr, and •n associahon with the CJOCta-beari ng straUl on lhe adjacenr shelf. a conspicuous acme of the 
rnanne prbinophyte ú •w.sphaeridía combined Wl th an tnnux of abundant juvenilc freshwar.er algae of the genus 
BmryororruJ occur. Thts acmc of l..eiosphaend10 rcaches more rhan 503 000 specimens per grnm sediment (posl
compacrcd) tn Lhc oldcst post·i mpact dcposits in the centr.ll part of the impact crater. In contrJst. the dinoflagellate 
cysts do not ~how any mercase in nurnbcrs 111 thc post-i mpact slrata. lltc proli fi c bloorns of Leiosphaeridia sugges t 
thar thesc alg.1e hada behavioral paucrn typical for so-called disas tcr species. Thc rccovery of rhe alga! bloom in 
t.lcposits offTrorn."', 500 km Lo rhe south of thc Mjolni r Crarcr, and on Sv:t lbard, 450 km to rhc nonh, suggesrthat a 
regiona l cutroplucalion cvcnl wcrc induced in rhc impact-ocean. 

llR EMER . G.M.A .• SMELROR. M .. NAGY . J. & VIGRAN , J.O. 2003. ll iotic Responses to the Mj~ l n i r Meteorito 
lmpact. Barents Sea: Evidencc from a Core Drilled within thc Cra1er. In: H. DYPVIK, M. BURCHELL & 
P. CALVES (eds.) C ra tcr ing in Marine Environmcnl'i and on Ice. lmpact Stud ies. pp. 2 1-38. Springer 
Vcrlag. Heidelberg. 

DY I'V IK, H .• GUDLAUGSSON, S.T .• TSIKALAS , F .. ATIREP, M. Jr .• FERR ELL. R.E.Jr .. KR INSLEY, D.H., 
M0 RK. A. FALEIDE. J.l. & NAGY, J. 1996. Mj¡lln ir struclure: an impact crdler in the llarents Sea. 
Geology. 24: 779-782. 

SMELRO R, M .• KELLEY, S.R.A., DYPVIK, H., M0RK, A., NAGY. J. & TSIKALAS , F. 2001a. Mj0lnir 
(Barcnts Sea) mcteori tc impac1 cjecta offers :1 Boreal Jurassic-Cretaceous boundary marker. Ncwslcttc.r in 
Stra tigrapby. 38: 129- 140. 

SMELROR. M .. DYPVIK. H. & M0rk. A. 200 1b. Phytoplankton Blooms in the Jumssic-Crctaceous Boundary 
Bcds of the Barents sea Possibly lnduccd by thc Mjolnir lrnpacl. In: E. BUFFETAUT & C. KOEBERL 
(eds.) Geologica l and lliological Effccls of lmpacl Events. lrnpacts Stud ics. pp. 69-8 1. Springcr Vcrlag, 
Heidelberg. 
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Lower Cretaceous pal~ nostro tigruph) of oonh m rt'~i 
of \\' tero and ~ liddl , iberi 

Peslchevlts kaya. E.. B. 

lnstttutr of Pc[lOic-um GeoloiD. StN'n.sn Br.tn ~h or R -\.. }.. . .,, , :. ;, ' \ , 
6~0090. Ru~'-ll,tl)ttU ui~""m n. ~ ru. - "· 

The dellllled p3lynologi •1 JnJI).I ot thc >«OOO> fn•m tbc 1, •nd ,..,, "'1'> ,>( "'"' 

n::~tOO\ has allowed _lhc comprrllms.i,·e m\e-.lipuoo:) of Lo"ct C'rt'ttü:·ous mlm'Ph-}1 .._h~ JI 
"· <ts ¡wnOC)SlS). acn tarchs Jnd grecn al pe} JS >~di"" >p<lr<> 1nJ (l<>lkn of t<rre\trul pl.tnt< h rr<'' o<l<- thc 
f<r thc dc,elopm<nl of lhc slr.logrnpho< .cheme l>a<cd on p.1l~D<>I..>goal J.tu foJr noJrtb..-m rep.oa ('( 1\ ,, m n 
\lodJk obcna. The ta•onomícal composoooo of p>lynol •al "'mbl.i~ ., ""'' .., >tr:lh¡;npb¡CJ.1 ran o( 
ch.3.ra<:"ten~tic ra.u and lhet r groups tu\ bern apptTC13tet.l u~mg onprul matt.-n.tb. anJ pt¡~li hcd Jata 1 o.,:x1 t 
wd spore-pollcn ronco Jnd subzon<!o h4« been tJNt>hcd u l mg onto Ct"ClStdcr.llklll fi,_t 3Dd b.>t •J'P"=• e of 
duracterisuc taxa. ilS abundance and dnersit) :b "cll :b trequen..:) JnJ Jbundknlo.'c- tlu\,.t""'uou ol J.:"IC.Utrut.bt 
common and acces501) taxa The st.rnttgraphtC31 plbtllun of palynoklgh.tl ron "' ~oou1)11(J b~ r~~h ~ 
macrofouna data (Fig 1} 

Although dinocysts ha\l~ bcen trat.IUIOD.lll) tbed for bttbtrJ.Upaphh .. , r~lc:'\ 0\lnlOlfnlll nJ 
plleoclimauc mvestigations in TJ1.3n~ region~ of Eu~. o\ustr:lha. A.!ntnt.:d a.nd Europcan p;ut ut Ru !t>IJ. lJUk 
dmonagcllare research has been carried ou1 in \\ e~u·m and nonhc:m ·,bt-n.1. Jnt.l publt~htJ d.lt..1 ;u \Cf\ me J'bc
Berriasran - Barrernian successmn of dinocyst zone h.J\ txcn P''-"~~ f\)f tb(- fi~t tHnt \ht.:h,~h~'''rl.utl1on 
assemblages include a ~id~ numbcr or dinocyst taxn. \\hich nr ch3r.lc tcn~lh.: r ..... t\r\.·11.,: Jnd BorcJI rt>~H'Ifl ot 
Siberia, Europe and Cannda providing long dt..) tancc.: corrdation The inn:. ugath")(t ha \ tlC'Cn l.:Jmet.ll""~Ut "Hh thc 
fi nnncin l support o f Russinn Fund of Fundamemal Rt><an:h.s r-; 03 05 6439 1 

.. , 
••r 

Subdivision and correlation of the Aptian Diconodinium dm•idii Zonc in A u t ro lia 

Backhouse, J . 

School of Eanh and Geographical Scicnces, Unive~ity of Wcstem Australm, 
35 Stirling Highway, Crawley. Ausl.fa lia 6009. 

The Diconodirlimn davidii Zonc of Hclby el ni. ( 1987) is csscntially b.ased on ~ ubzone e of thc 
Odontorllitina operrulala Zone and sub7one a of the Pjeudoreralium lumeri Zone of Morgnn (19RO). 1.onc.:s 
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B~ aa of =otero .-\U>traba On lhe :\orth West ' helr of 
tbc D. dartdll l..a:le 1 ttK:otmterOO 10 m:w) nplorauoo ""db ""tüun the Wmd:!.Jia Rad10lame. and 

bovc he tod<r g SIWc Thc zrue lu beca aa•esugai<d. 011 3 >tabk plaúorm arca m the Southern Carnanon 
H ID O(~ tan Aa.sli.J.bl h b fully <•td lb l'o\0 hol !!.. "berc 11 is ~5m and 24m lhtcl Jnd p3ItiaJiy cored tn on~ 

bolc lb alhad 11m Aootl>.~ :ur-corc) bol<. funhcr to lhe nonb. h3l> an antersccuon of m. Closel} spaced 
mp from t!toc hales ;úlo-. hi~h re aluuuo ba"'tr"u¡;raphy and subdl\ a>1on of the D. dm·idu Zone. and 

d<Uakd t~~<lf p l)nOiopc>l chan~c> at thc b.a.'e and tup of the wne A senes of dJsunct biostraugraphic 
mu-n•k ~re: C'VJtknr thruu. h thc u>nc At lh~ ba'>C' i~ a thm IDh."rval "-llhout fA·oidinium .Hriatum. Lhen an mtcnal 
"Wilh lfnmon aburkbm r~vmdouum .J.IfUJfiWt , foUo'olrted h} an mter.al v.ah common D d01.•u/U :md near the top a.n 
ín&ctul ""'uh la.\ comi'J"'(JO D Jmu/li 1be h1ghcst mplcs conm1n relauvely common Chltullydopltortlla 11\'t"i 

1 Jtxautmm tumnr and Cnbr1•pt'rtdinium tJMarJ.üi appear at the base of lhe D. dal•idli 'Zone. "-'llh the lo~tst 
o. urrtn.:e ol [) J.a~·tdu :s.nd \fuJu11ng1a tttrm·wulw (in the sense of \1organ. 19 0) at. or just abo\'C, this level 
' rbt h'J' üf thc 11..11t 1s ddincJ a th~ h1~h~1 <X·cum:nce of D da~·idii, but because this species is rarc at the top of 
•t.s r.tn~l! ~ltrma11\'C m.ul.cn na .. c bce.:n c~tabluhcd Thc ag~ of thc D. davidii Zone is constrained at the top b)' the 
~o\~. e t oc~urrcnr.:e of I.Jt(l'fJhUtndmm arurulum ju!)t abmc.: the highest occurrence of D. dm•idti, which marks the 
tnp ot th(' t.onc In F.uropc: the kJ'o4nl IJI.:tum:nce or L anmdum i~ near lhe b~c of thc Albian. therefore thc agc of 
ti~ tnp Cl( the IJ daudu Zone l'i at, or JU'-11 btlo"-', lhc topo( lhe Apt1an 

l~nltomc foramsnJfcral d.tt.l support a Late Apüan agc for the D dal-·idii Zonl! by comparison \\ ith the 
rurc"(l\·an ~uu.:c~mn. JnJ tnd1cate a nu'\imum manne floodmg intervalthat appro.timatcly corrcsponds co thc O. 
truJitml A«:mc 10 thc lower p:m of the f) dm·u/u Lone. The benthonic forazmmfc.:ra in the D. dnvidri Zone 

cc'"NJlond to the uppt"r dq>05Htonal sequence in the t)pe Ooncas:tcr Mcmbcrofthc Wallumbilla Formation in lhe 
f:romotng.a Jla..,tn ~mc:ce sJon 

IIU IJY, R. \10RGA.'o/, R Jnd I'ARTRIDGE. A D .. 1987, A palynological zonauon of the Aust.ralian Me.<ozoic. 
A Al' 'A<m 4, 1 114 

MORI.A " · R 1980. PJiynowaugraphy of thc Australian Early and middle Cre1aceous. Geologicnl Survcy of 
~ew Sourh Wall's . Mcm01r 18, ISJpp. 

Towards a scquence stratigraphic subdh·ision of the Early Crctaceous 
succession in thc outhcrn Carnarvon basin (Wt'Stern Australia) 

Taylor, B. A. 

School of Earth & Geographtcal Scicnccs. University of Wcstem Austra lia, 35 Stirling Highway, 
rawlcy. \VA 6009, Austra lia 

On the North Wcst Shclf of AustrJ!ia, petroleum rcscrvoirs in lields such as Barrow lsland Chervil 
Spar and Stag are of Hauzcri vian to Aplian age (135-112 mi Ilion ycars ago). Thc agcs ha ve been dcrivcd from th~ 
Man~ard Helby _el al. (1987) dinonagellnlc cystLOnal schcmc: howevcr, a higher biostr.ttigraphic resohuion is still 
rcqum:.:d for 1h1 tune 111tcrval. South of thc North Wcst Shelf on the Southcm Camarvon Basin (SCB) a 
prognu~mc of continuous c~riug and closcly spaced sampling funded by the Geological Survey of Westem 
AuMraha nnd UWA has prov1dcd nmtcria l for the prcscnt projcct. and initial findin gs from a dinoflagellate cysts 
stmugrapluc analys is are presen ted . 

Based on ti ve sections on thc in thc bas in , scvcn key sequcncc surfaccs/events havc bccn identified 
using lowcst and_ h~ghest appcarances of kcy dinoflagcllate cyst taxa. dinofl agcllate to sporc-pollcn ratios, 
scduncntary dcscnpuons and known bcnthic foramin1fcral associations. Thesc are: 
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(1) A late llautcri vian to ca rl y llarrcmian unconformity signifyi ng thc ini tia l flooding of the platform; 
(2) A maj~r marine transgrcss ion during thc Barremian . marked by a surface and a changcovcr from 

tc~~n~l- to marinc-domin:lled microfossi l assemblage with consis tent Muderongia austraJis: 
(3) Ovo1dm1Um cinctum acme occurring togethcr wilh Muderongia sp. aff. testudinaria and Scrinodinium 

alladalettse prior to ma.,imum marine flooding: 
(4) A maximum flooding surfacc/ interval within thc Barremian, expresscd by a high dinoflagella te to spore

pollcu (marinc/tcrrestrin l) ratio together with a maximum divcrs ity of microplan kton and bcnthic 
foraminifcraltaxa: 

Polen 

-\ scq«n..:c bttll dunng tbe btc; S.umru D·L·M~ 
dLnollagcllat~ C)"b \fa./~rorrJaa ntnthat aod 84ni 
\1uJcroogta cruc•~ a.~ :~atro '41th CCJ~J..>l-..t t 

0 A .Jq>ostuoool luatus of earl~ Aru:an ·~ 
(manne/\~tn.Jl) r.mo. JnJ lht lbt tX~u.rrt"n..:'(', t d1 

p J The first appear.tnc< of lhe dJn,,fbgelbt • . b Cribrt>p< • .iaiC- ' 
Du· rt<lfimwm dm:hlu. an- talc.-n to mart.. thc ~o: ot the L.11 -\rtLlD 

HEUI) R MORGA'I R • PARTRIDGE \ n 19 "7 ,\ pai)D•'k• ,-,¡ , 11"" t.>llhe 
Jc-11, p :\ («! ) . • tudio 10 Au~tT3han \leoll.roi~ P:llyt'll.~c ~· \1clJk-.t J . 1-9-a '- UOD 
l'alaeootologtst . S)dn<) 

DinoflageUate C) IS as proxies for recogni1.ing lht> \lbian- enomani.'ln 
bounda l") in the U .. \\estern lnlerior 

Oboh-lkuenobe, F. E.' & Benson, O. G. Jr.' 

1 t :niv<r<aty of Missoun-Rolla. D<panment of Gook>g) ad Gt.'<.'('h)'" .. Roll>. \10 t>5~t)Q{I41tl l ~ 
l The lrf group. me .. 1 :!:".! Ehhngcr Rl\Jd, F;a~C"tt('\"ltlc ~ ·94.0, l " ' A 

lll 
Wl 

The position of the Albinn-Ccnomnnian bound3~ tn thc l S Wc tcm lnttnlV h lxrn thc -.ubjC'\."t \11 
debate rora ,,ery long time Various rcsean:hrrs ha'c lrlh .. httonalh u~cd amm~'lllto tmd ~pt."lR'In-...vph~ ll' hx.llt thh 
boundary 111 outcrop sccuons m t.he region and ha,-r not ngrccd ~ 1t:. r'-a..:t (lOSilltlO- In thl!, •ttuJ.·, murt than ~lJU 
samplcs from 26 outcrops secrions 111 ?\lontana. W)·ormng. C'ok>rodo. OklahütnJ snd 1

t"' \k~•ctl tu\t hccn 
nnaly¡C'<i for palynomorphs Emphasis was placcd on the: reco,try and pr ~c-rvat1on of thc dtuofl.t!tdl tt q~to. 
which varied from poor to good Thcre wns abo variauon m dhoe.rsity 'Tlu~ ib embbgcs \\oCre do1runatl!d h) I~'Jlh-31 
tate Albi3n 10 carly Cenomanian taxa, such as Ot·uidmium 1·rrrunnum. thoJdtnlmn u ,t/mJ\um .:and 
Palaeoltl•SrriclwpiiOrO infusnrioidel, Y.hich suggestcd brncklsh to \ "Ct)" ,hallO\\ mannc dtpo!\lltonll rn' tn'flmétll' 

lo some. sections m Montana. Wyommg. and northern Colondo. ~)"' ver. a fe" daagno~uc tau hil\t hcfon 

1dentified and used to loca te the Albtan-Cenomaman boundary close 10 thc Cla) pur Bcntonllc hc.ln /01\ 

Palynological study of the dínosaurs-bcaring wealden facies sediments 
of Berni arl (Bclgium) 

1 Facullé Polytechniquc de Mons. 9 ruede Houdaan, 7000 Mons. Bclgaum. 
2 Univcrsi té Picrrc ct Mari e Curie, Labom1oire dr: Paléobotan•quc et Pa.léoécologu:. C RS U 1R S 143 

(Paléodiversi té : tustoirc et dynamique). 12 rue Cuvicr, _75005 l>ans, ~rancc 
J Muséum nntional d'Histoire naturcllc, CNRS UMR 5143 (Paléochvcrsllé. lusto1re ct dyn:umque), 

Départcment "Histoi re de la Tcrrc", 8 ruc Buffon. 75005 Paris, France 

The natural pit of Bemissart (Bclgium) is wc ll -known by p~leon tolog,~ ts bccau~ of lts C;"<CCptlonal 
dmosaurs contcnt (a t IC.'\S t twenty-cight spccimens of lgtttJ tJodnn berm.\,arttnSI3, onc specamen of lguanodon 
mherfieldensis}. numerous lishes, turt les, crococh lcs, nmphibians. in ccts and fragmcnts O~. pla~t~ cxlracled 
betwccn 1878 and 188 1 from a coa! mine at 322 and 356 meters dcep. 1ñ~ '' Jguanodons of Bem1s~an are thc lirst 
complete skelctons of dinosaurs historicaJly found . Howevcr thc1r geologtcal agc rcmams poorly known, rJngmg 
from Late Jurassic to Early Cretn.ceous. 

We did make palynological prcparntions on st lt s and clays collcctcd in thc same le,•e l thnn the 
dinosaurs. 111c palynomorphs are vcry wcll prcscrvcd nnd hnvc a contincmal origin only. Some of ~cm hnve beco 
pre:viously dcscribcd by the palynological pionecring work of Delcourt & Spru~ont (1955). We ~1amly rccognased 
macrosporcs (Dijkstrasporites helios. Minerüporilt•f mnrginatus & Membram.lpt>ntes lrlfolwt e1o), fems \pOrC$ 
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Tn/Dbv JXI' 1~ (rlt'"ITht'tUu:III~l. Pilost porurs. Ot·aJn osupor.tcr &. CnnnnTULmL\Jlflfli(S) and poltea or 
~'IIIDO!Ipcr1lW.DOJfrlWt) f..Mrc11'1U1Uidu... t\pplarrnpsu \'urcu¡Hmlt"S) • .t'lo'>OCi"J.tc:d \1.1th 1 f~h~ater algal flora 
(BcHf)Q(OC't'U ~~ poro. t.JwnditrJ &. ~t'lraponna) lñü :ustx.,auon confinns a ~chmenl3tJOn 1n tht 
DCJ n¡ o( es aud 1\ e abo re J«d a >111:11l amount of poi len aunbuu:d 10 the biorec-or.Js 

~RF.T..-r md HA 4R t lA oC• iCILJt.~lc. t'ruu lhc nomcndatur~ of Hughe~ (199-t ). re .. pecti,·ch- of 
and pr abfy gytilDO."pcnnou affUJit) In romp~m \\llh lhe \l.dl dated and ltraw0pr 

lK of tht \\ C".ak! nd \\ ~~ ')ul)..b~m\. th1 asKmblagc sug,gnb a ~1tddle Barremtan to Earhest Apuan 
.lgr r )f !be sNtmcn· o( BanJsnrt and Jur lhe dmtbólUI.> uappcd \\llhnl lh~ ~dtmenLS llus v.·orl hlghhgh~ 
.apm the pt:Centul rck\o'all~o.C f the pcllct'l of an~ll"'Jlerrruan affinH) for daung thc conuncntal sedimem.s and the1r 
OtJCI d CQCltml tJunn thc ~k"SCUOh .. C'r.l 

lll;!J OIJRT A SPIH '10, :r G 1'155 Les ;porc> ct gr.un' de pollcn du lleald1en du Ha1naut. ~lémoire de 1a 
St>c:,étf lldzc Je t.colupc, P:. to«llolo¡;l< ct Hydrolug~e , 5. 1-73 

111 GIIE\ ¡: 1 'N.t 1 ht· «""'K"'" oj (lnf{1111pl'rm ,Jri~m,. Camhridg~ l ' nt \ero.Jt) Press. 303 p 

C. retaceous Palynolog) of the Interior udan Basins: An extensive data base 
of polleo and spores from the Central Africa n Rift Syslem 

Awad, M. Z. 

Grcatc::r ~lié Pctrulcum Operatmg Co, Gomhan) a Str., PO. Dox 12527. Khanoum. Sudan 

. E\tcnsnc hydmc~trbon r~plorn tmn at.:ti\IJU~ are currcntly bctng underL1ken in the interior basins of Lhe 
Sudom munly m Muglad ;tnd Melut lll'l';lllS 'Jbese two ba.<iins are pan ofthe Centrdl African Rift Systcm. which 
Sl;uted tu evol\c dunng Eo~rly Crelaccou> pcnod Exccpl for a paper pubhshcd by KAS KA (1989), palynological 
dJ.ta lrom the:c b~JU~ are largelj puhhcly unJ..nown in ~pite of nearly Lhirty years of petrolcum explorat ion 
:11..:11,·1\u! 111 th1s regu)Jl Becau'JC of th~ c:conom1c unportance of thcse basins. 11 was ncccssary 10 establish deta!led 
~.:.hmnmuatagr.Lphac s~hemc tn thesc ba.sins to ha ve bcuer undcn,tanding of the c;patial and temporal distribution of 
lhe pc:trolcum l,!COIOSJcal_el mt::nb and pn>CC\Ses y,•h•ch tncludc timing of tra p formation, timing of hydrocarbon 
gxnerauon and lateral faetes dt\tribuuon. 
. . The present study was e:ttahllshcd lo achievc the following goals: i) conduct taxonomic analysis of the 

( rtt.l~o:éou~ polleo and sports. ti) a~alyLc thc strntigraphtc and geograpluc rccords of t.he identified spccies; ii i) 
esln~lt\h a dntab:t<te wuh _tn"<onomlc dcscripuon. stratigraphic ranges and gcographic record.s of selcctcd key 
specse..~. 1v) ~l'\Ciop a softY.are S)'Sh!lll for pollc.n and spore idcntilica tion and biostraugraphic in terprclation. 
~ Se\C~Hy key poll ~n and JlOrc spcc1es wcrc sclccted lO dcvelop a bios traugraphic frJme work for the 

( rclaccous penod usmg: graph1c corrclatJou Almosl all the Crctaccous kcy spccics havc previous records 
throughout thc ~3mc pcnod 1n Wc)t and Centra l Africa as well as in northcm Sout.h Amenca 

KASKA, H V. 1989. A sporc and polleo zonmion of Barly Cretaceous 10 Teniary non marine scdi mcnts of thc 
te111rn l Sudan. l'alynology. 13. 79-90 

. A continuous and wcll-dated early angiosperm polleo record from 
nud-Cretaceous coastal dcpo its (Lusitania n and Algarve Basins, Portugal): 

lmplications for thc timing of angiosperm radiation 

Heimhofer, U.'; Hochuli, P. A.2 & Weissert, H.1 

2 
• 

1 
Ge?logicallnstitute. ETH ZUrich, Souncggstr. 5, 8092 Zürich, Switzerland 

Palileontologlcallnstltute and M11seum, Uni vers ity of ZUrich, Karl Schmid·Strassc 4. 8006 ZUrich, Switzerland. 

~e ~cc urate timing of thc major radiaLion of angiospcrms during the Early Crctaceous is still a matter 
of debate. 11us IS due lO thc lack of adequatc conti nuous records as wcll as lO uncenaint ics in datmg of most foss il 
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hed OC\'- hght on !.M agt 10ll"Tprel.1Ullll l'f tbc PurhJgt! \(' npl rcnn me \~ 11 1\.n' 
from the Lu\lt301i1D BLo;in C'\c!T3.) hnc:- ol C\h.1 ·o'- , tndudmg ~u("n ;mJ N tnht."Taph) 'l v.dl a 
palynolog) , indicate a post~Apuan age lor lhcse a m~l.t!= (tnd lh F:mu.hG\o. llUM\: h .;m,J \;a k J \ ua 
mc~oflorns). hence demonstraung a maJOr radtanoo plu~ dunng thc -\l~1m 

FRIIS, E 1 , PEDER EN, K R & C'RA'IE, P R tl9'l'll· E.ul) an~IO'I'''!Til dJ\tNfi<JII<lll l"h< JJ\<'T'Ih .,¡ 
polleo llSsociattd " nh angioo;pcrm reprodu¡;u ,.e ~trudurc~ m E.J.rl~ tTctJ~o.C\)f..l~ tl('lr.h tnlttl l\ltlu¡,al -\no 
1\>hssouri Bot. Gard , 86. 25q.}96 

FRIIS. E. M , PEDERSEN, K. R & CRA:-.:E, 1' R pOOl): Foss1l r<~d<n(< ~f w;ner ililt> tN)mph>r.lk-') 10 IM 
Early Cretaccous. Nawre. 4 10. 357-360. 

HEIMHOFER, U .. HOCHULI, P A .. Bl'RIA S. A'I DERSE:'-1, N WEISSERT 11 ¡20031 Tr!Tt"'<lnll ·orh<>n 
isotopc records from c~tal dc~lt~ (AigarH. Portugal): a tool for chcm\X'!ottall¡zt:~phi · (~"lfT'ClJlll"\0 on .m 
inlr3basina l nnd global scaJc Tcrra No~ a . 1 S ( 1), 8-13 . 

DOYLE. J A. & ROBI31 S, A 1 (1977) Ang10sperm pollen woalloo ,,f the .:onuncntal Cr<tA<'t\lU' ol 1he 
Atlantic coastal plam and liS applicauon to decp \\di· m the S:ahsbut) EmbJ)mc.nl P.tJ)nt..lk.lg). l . '-''..,~ 

HOCHULI, P. A. & KELTS, K. (1980): l'alynolog) of M1ddle Crc1a.:cous bla<l cb) fa.:o<l f">m flc P ' ca 
Drilling Project snes ~1 7 and 418 of thr we>tem orth Allanllc lmual rcpófl' ot lhe l>e<p Sea Dnlilng 
Projects, 51-53. 897-935. 

Early Crelaceous mesofossils with lricolpate polleo in ~ilu: e'idcnce for 
early rndiation of eudicot nngiosperms 

Pedersen, K. R.', Frlls, E. M.'& Crane, P. R.' 

1 Dcpanmcnt ofG cology, Unívcrsity of Aarhus. DK-8000 rhus. Dcnmarl. 
1 Dcpart.mcnt of Pn. lneobotrmy. Swcdish Muse u m of Natural llistory. Stockhohn (SY.cdcn) 

~ Roya l Botonicnl Garden , Kcw, UK 

The earlies l fossils that can with certainty be assigncd lO thc eudi ot angiospenns are Lricolpatc palien 
grains found in disperscd palynoOoras from the E.1rly Clctac~s (Darremiau-~pt u\ n ) of England. Egypt.' l~rael: 
wcstcm A fri ca, and North America. A number of mcsofos~ 1 ls ( Oo~crs and dtspersed stamcns) wnh tn.cnlpatc 
polleo in...lli.Y. ha ve now also bcen discovercd from Early ('re taceou~ floras and ha ve providcd son'IC 10S1ght 1nto thé 
systematic di versity and rcproductivc biology of thc ea rly cud•cots. The oldcst mc~ofoss ll ns~emblages Y.lth 
eudicot angiospcnns are from the Barrcntian or Aptiiln of Portugal. Shghtly youngcr (Apuan :md Album) 
mcsofossil floras are reponed from castcm North Amcríca Thc earliest tricolpatc polleo gr.uns are :\ 11 smn.ll \\ tth 
simple, clongate apen urcs. 1n thc disperscd palynoOoras front the Barrcnuan and Apurm tncolpate polleo :1re rnrc. 
but very earl y lhey show a considerable divcrs ily 10 po llen wa ll structure and omamcntat1011 , 111d1caung that a 
diversity of cudicot lineages was establishOO ea rl y m !he cvolu tion of angiospcmlS. ·111is IS supponcd by thc study 
of the Early Crctaceous mesofossi l noras. About 13 diffcrcnt kmds of tricolpate pollcn ha ve bccn obscrvcd tn thc. 
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1~ pcr orn1 o{ all ang~o:;pc:rrn pollcn !)-pes reponed from 1hese tl<lr.IS 
rangang from .Wu1 1 O 10 2' ¡.m m lcngth and h.-< S1mpl< colp1 One flo"cr 

1)110 mduda """"'polleo and Calurc:s 1od1 aun r<l:llu•~<ltlp "'"h mO<km llu,aceae, a basal eudJCOl farrul) 
ob5ened on lhe Clber r.I<SOO 1h ~rr fCIIcul;uc or fo\colalc The\ are also thoul<hl lo be "'laled 10 

bur fcaturcs cnb ! for a mo«' prc..:t ) tema U\.: <l.!> \C .. mcnt ilrC# lad.mg Thc piants producmg the: 
pollm WCfC' mo>t hUI) Jmn:1 po1hnattJ Antha dchbcertc(' ~as l)ptcally "-ah·atc, connecU\e 

w.e tal c~tenSI\Ie nd "'"l'h a prmmn('m apu~aJ at~ntton, :md pollt:n ~n wen: sma11 Such features are in 
C'A t an pcmu linl.cd w J!lst"o:..:t pollinauon Lov. polk-n pro..J.ucuon tn the lricolpatc producing plants is 
ndiat<d by lile moll u: o! lile ¡•llkn sac> and mdu<'Cll¡ h) thc lad ol rncolpate polleo m thc d•spersed 

palyn floru a 1o~tcrl tth n~Oütl flocas 1lse ra.rc 0\:Currtn\.~ of tncolpate polleo tn the Earl)' Crctaceous 
palyn flor.u mtg.ht .al>t> m~.flcate rhat aUhough the cudtCOl pbnts 'ftCr~ dtHI")t e:uly in angtospenn history lhcy 

ere nota prttmluent 01mpane.n1 uf thc E.árly Cn:t.u. .. rous 'c:gcrauon. 

Paleoecogeographic and pollination implications of early angiosperm pollen 
from !he mid-Crctaceous Dakota Forrnation of Courtland Clay pit, Minnesota 

1 Dcpartnl<:nl or Gcolog¡cal Se lentes Umve~lly oF Flonda Gamesvi lle, FL 3261 1, USA. 
2 Aund;t ~luscum t'f N;:ttural lil!ltOr)' L'mvers1ty of Aorida Gainesville, FL 326 11 USA 

Mh.l·Cretac~ou~ t> J cruc1alume fnr ang_1ospcnn evolution nd d1spcrsal Understanding the potlination 
nf c.trl) ang¡o\pc-lm t\ imporutnt for unúersundtng how angiosperms bccamc lhc carth's dominan! vcgetation. 
Tht st:dlmcnls 10 the <. 'oUitl.tnd Ch.ty P1t, Minnt.-sota wcre deposiled during the mid·Cretaceous time as the 
We .. tcrn lntt.-riur ScJ wa~ in n tran"igre::r.stvc pha..,c 

S;trnpJcs v.crc colt~ctcd from thc O•mks of an ancicnt meandering strcam channel which may be subject 
to ttdal tnnuencc <30'-l dmotlagcllatc cyMs prcscnt). The pa lynomorph record supports thc interpretation of 
~<.hmcnta.ry en"Yimnmen~ 'Jhc angaospenn pollcn rccovercd from the secliments of meandcring channel swale are 
dom1na1ccl by animal-poiJ¡nated {entomophi lous) polleo typcs (93%). l-lowevcr angiospcrm polleo is dornina tcd by 
Wllll.l-polllnJtOO (ancmophilous) fonn (83%) 111 thc oxbow lakc scdimcnts. Thesc data indicare that t.hc anima l~ 
poll!n.ltcd early angio!!pcrms probably lived in wct. disturbcd environments and thc wind-poll inatcd carly 
ang1ospcrm' probably tivcd in higher lcvec envaronments whcrc Lhe wind is appropriate for pollina tion. ln thc 
swalc cnv¡ronmcnl moM anunal-pollinated pollcn gr..ains (díametcr lcss than 20 J..t) usually stick togethcr in clumps 
of more than li\C grains. Also animal-pollinated pollen Trir·olporoidiie.'i sp.l and T. sp.2 each account for 40% 
re"ipccuvel)' (80% in total) . So the low wet swalc areas wcre favorable cnvironments for the car \y animal
poiJinatcd nngio~perms. In thc uxbow cnvíronmcnt, h.1gh pcrccntagc (83%) of Foveotrirolpites sp. and low 
d1vn~ity wllh only one species that is wind-pollinated, indica te that carly wind-poll inated angiosperms probably 
llvcd togcthcr m dcnsely spaccd monospedfic stands of vegeration. Thus single pccies stands of wind-pollinated 
angtO'\pen~s may be Lra.ccd back to mid~Crctaccous . 1l1e animal-pollinated angiosperms probably werc pionecring 
plants of dlsturbt..>d habllats such as those of newly fornung mcandcr channels. Animal-pollinated angiosperms 
probably occupied thcsc arcas first and later werc succeeded by wind-poll inated angiosperm species in the more 
stablc lc.vcc cnvironments. 

Dinocysts and Cenomanian-Turonian Anoxic Events, Western Australia 

Dixon, M. 

Biostmtjgraphy Group, School of Earth & Gcographical Sciences. Universi ty of Westem Austral ia. 

The middle Cretaceous was a time of geographically widcspread, short- li ved episodes of increased 
organic carbon burial. Of these Occanic Anoxic Events, the Bonarclli Event in the latest Cenomanian - Early 
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Turon= ., th< mos1 pronaun.cd anJ •= 1>c c«l• ed 1 1 
ycan. 1110'>1 rtSt;Ut"h h:b ·--~ -.mi) < '"'tr31cd"" th prot 

tn lVrrO ~cnth dnikd ..:-or fNIJ'I OO., \\ 1.m1 Au 
Tu:rooun 1.S. h:trJ.~tcn~"'"ti· by thtn 11.:m 10 dc.:unc~o-e thi ... 
~.,1\-cly ~ orpnh,.-n\..h b.l.¡;lgruunJ Tbb ~ atu:rc. "'bi... b 
Jn;ttkJ btOfl.~ICS :ma.l)"~IS 

lñ.no..:bt dt\ersJUcs hc:fort- tht'- B.:xa.udb E\t'Dl are- tu~ 10 
ct'lftilltlOO In co;_llr.l:-.1, the onstt of the Bfc.uelh E to1 1 .. cmrlt'd b ... l dl'CnJD;m, to- Jh ''( 
alga! C\S~ \\llh r:ue. ~mall ge:ner:1lt~t dln\. ·y~b lC'~ 'f' ni/r-rttc-. ::mJ ltt:rod .utn~ urm rt u 

10put ~f l<m>Ulal pom>ipolk:n. tlm •mpo"'"'l>ed dlll"-")''' m > ::vrar- ' 1 D1bc'f lhan 
al;:,al:tcmt 

- ORI'. hroa.dl~ decreast 10 Olt:tnic n¡;:bnt'.s~ ur-:\.C..:UOO... ttom ~- tt 11 ('II~&IU ... ~ Rll.. 

are ch3f3deri eti b) lc!OSph3cntJ 3~-.embl3g.:S. but.. u.1th tk"-l(a_,¡ng I.TpDI .. n~hn ' lbq ~ int rcndiru d 
dinOC):il domínated 3.Ssemblages \Cg. l\llibtltdlnJii!Jt Uf:\ t •• nlum}. In ... ~1CJU.ndt(W\ '\l1tb r .. 
anJ b1omarker ge«hemJSU) th1s 1!) ul.en ób an mJa..:-atlon lh.lt thl" ( Rl :\ 3f(' hDL .. "t! t 

produCll\'lty. 
Bad.ground (Of IOLCr-ORI} J:S.)tmbl.lgO JOOH the :-un of lhc Bonilrdh t:,\("fll pld, rnl~fC'\..'Iii\Ch fr :ten 

n Jou. dnersll) MiaMumJm ·Spmlf~nlt';) fu~mbllge~ through h1gher ..11\l.hll\ l'al .. t olt)\tnrllopltc•m ' m .! J 

or Crrr~llfadmltllll dutim·llJm domm3tt.'d lS.''\emblJgn; lO a prc·Bl.lll-Lrdh E\ent hl.~· J:'-:-C1l'lt't IR tht l~tt' 
Turonl3.n These :~ssemblage ch3ngcs c-orrcl.:u \\c-11 with ch;sngo m p..·r · ~~ (liJ:lnh..' crhl'ln m th\' .¡C\Im-.cnt Tha\· 

13 hule mdtcalion of htgh surface produt:U\ ity Y.1thm thc.sr mttrvlh 

Palynology and diamond : an unlikel) coupll'l 

Sweet, A. R. 1; Mclntyre, O. J' & Stasiuk, L. O.' 

1 Natural Rcsources C'.anada. 3303 33"' t . C'alga'). C'anadJ T:!L ~ -\7 
' Manuka l'alynolog¡c C'onsulung. 3503 t:ndcrh•IIDr .. C'alg•ll). T:!r-- 4E9 

Abundant foss1l spores. pollcn and dtnoflagell:ucs have bccn re~.:o\CrC'd fn.1m :..bdlc \cnühth~. _da .. u..: 
fragments, and post-crup11ve cratcr~fill dcpo~HS. in the Lac Jc Gros n~gtl'lll Slan: C'ruh~l. :'\t'leth"-CSt Tc:mtunr~. 
Canada (65°N). 111c study wns to dctcrnunc dcpOSillOnal Cll\tTOnmcnh and agcs. and to pl~cc con,trJmt:. ()fl thr 
thicknesscs of the now erodcd cratonic sedimentary cover, whosc only prl".scned recflnJ 1S thc ~ha<.lf.tt mt"\ of 
clastic xcnohth and finely dJspcrscd clastic matl•nal nu"<ed in "tth thc l..1mb.!rhh:. 1l1c charactcr uf the pre 
eruptivc sedimenta!)' covcr is considercd to ha ve affccted the stylc of Lhc crupthc ¡uoccss and the Jl\3,.,tmum a.g 
of thc cruptions to pro vide a prcd1ction of the abundan ce of d1amonds 

Asscmblagcs interpreted as Mtddlc 10 Late Albian. (-100-105 M:1), m1J ~·euomaman? to Turoman 
(-90-95 Ma), Late bul no1 latest Campanian (-73-80 Ma). and l.alc Mnnsrnchuan 10 E;uly Plkoccne' (61 lO 6Q 
M a) were reco,•crcd. Rccognition of thcse_ age.."' allows the correl~non of mfcrrcd sequen\.·C!> tn_ thc Lac dr G:='s 
region wilh othcr similarly agcd st.raugraptues in wcstem Ca nada. tncludmg I~Osc nlo?g the Mam~ob3 E.~carpment 
(49.5° N). which provide a valuable analog as thcy are locn~ed ?long d posllt~nnl stn~c. Tite maxunum th~~::knes~ 
of thc Albian through Pa.leoccne Manitoba Escarpmcnl scctton tS 1000 m. s_ettmg a hkcl) m.a~unum thtcknc~~ fm 
Lhc sedimcntary covcr ovcr the S lave CrJtou Plam microfoss1ls chnroctenstic or latc~t Turonaan 1hrough Early 
Campani:m, Jatest Campanian through Early Maastrichtiiln, and Late Pal~occnc ages have not beco 'ecogn11ed m 
the Lac de Gras xenoli ths suggesting hia tuscs of thcsc agcs occurrcd wJt lun thc OO\\ ~rodcd scdun..:ntary co,cr 
(SWEET ET AL. 2003). During thcse hiatuscs, crosion may ha ve removed strata leavmg bclund onl} enhanccd 
thcnnalmaturity profilcs (STASIUK ET AL. 2003) a? cvidcnc~ far thcir forme~ prcscncc 

Near shorc conditions during Lhe Alb1an are mdJCatcd by maxed lnJOftpore tmd dinuflagcllatc 
assemblages. Thc prescnce of di verse aud abundant dinonagcllatcs m Cenomanian to. Turonian anrJ. Late b~u no! 
latest Campanian samples providcs evidencc for the mid-conlincntal ~caway cxtcndmg _across thc crn.1on m the 
early Late Cretaceous and agaiu, at leas! partially, in thc Late Carnp_aman Late Can~p1m1an snmples also contalll 
Expressipollis spp., Fibulapollis and Lnramlwciditt!l pi/mus iDdlc3tlng an A:cuc sourcc nrea to thc uorth 
northcast. During this time t.he Late Campanian tnt.erior seaway probably prov1dcd 3 bamcr LO thc west nnd 

southwcst. 
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'Jbe cuhnlvc pr<OCDCC ~¡ p<>rCJ >od pc~kn on Lat< \l.w<tnctman ond EMI)· l':llcoc<one :~.»Cmbla;e> 
m¡> 1 csubbshmaot o( • ~ tnaii>Jocb.:.l¡>< Thl ts .:onst>L<nt •nth !he lille>l Creta c:ou "'llhdraw:d ollhe 
talo" K:IW2) Lak M.&.h1no.:btia.a .1.: scmbllgc:s IDCludt A.¡u¡Japollcrmr-s ronaru.,, A rtdu('lu . ManrirorpUJ 

nmalr.1.- \1 rtlpi.I~.J scahr 1u1, PfJfOJIJ'f'/!J, poroU.li, ".tJr.lcholi\L"la tKtmpma. and \\ ~ jpuwra tndJcaung 3 shaft to 3 
tbwnt :IOUICt' Tbese )OUD ·tu as.k'm l.agcs tmm the lambc:rllte\ pro\1de a ma'(imum E.atl) Paleocc:ne agc: 

f01 ny uf 1 dl o.~ !nrnn 

n.., lombcrlo"' 10 lile Gorufe d~atr<mc lu t-«n dated >1 ~7 4 \ la· LOCKIIART ET AL.) providong 3 
nu.umum I'J"ll&JIC' Eo:coe a~c for thc A'>~Jattd crater-fill \ednnmts. e~ubh.!!otu ng lhei r COrTe lauon \lo llh the foss11 
r~ t o( Aul HtJherg J Lmd Such crollc't·fiU !te.dinxnb COfll310 pruunely prC'SCf\' ed miospore assemblages. wnh 
1 e fnmo (;,,..nc rodud•ng • dl'ern- an¡;¡'>pc:rm polkn norn donunated by ook (IIAMBLI ET AL. 2003) 
lbrre ts J)n hnJOrJty hct'l\ceo thc empla~tmcnt of Lh Grecnland mande plurne anU thc PaJeogene Lac de Gra~ 
kunhcrbte> 

IIAMIILI~ Al', STA!>Il<K, Ll), SV.EET. AR, LOC I>.H ART, GD DYCK. DR. JAGGER. K & 
S~OWIXl~. L R 1003 Post·I.Jmbcrlue Eoc:<ne s1nc "lthon a cr:uer ba '" · Loe de Gras, Nonhl' es t 
T(mtoru:. . Canada lnternatwnal K.Jmbcrb tc Confercnce, Victoria B C.. June 22·27. Long Abstro.ct 
fpubinbcd m ('IJ fonl\31) ' 

UJ( 1>-H AWI, G GRlrJTF R. H & CARl.SO~. J 2003. Tempor.~ l and gromagneuc relauonship of Ekau 
cc.:onom ~1mbc:rhto As abon~ 

HAS il K. I. D SWEET A R . ISSLER. 1> R. K lVI. K . LOC KHART, G.D & DYC K, D. 2003. Pre- and posi
Lmunl:le.·riHe cmpiJccment thermal h1story of Crctaccotb and Tert1ary sed JmCnts, Lac de Gras. Northwest 
Tc:mtono. C'anad.l A-.. abo"c 

SW I f•l' A R. ~TAS I UK, l.. D . !'.ASSICfll:K. IV W .. CATU EA!> U. O. & MCINTYRE, D.J . 2003 
Palcontology and d1amond\ ~eologJ cal cnv1ronments associated wtth k1mbcrlitc emplaccmcnt. Lac de Gras: 

on hWC\1 Terntnncs. Canada As above. 

A ncw palynostratigraphical correlation of !be Crclaceous successions 
of West Greenland and Labrador Shelf 

Nohr-Hansen , H. 

Geolog~t·a l urvey of Denmark and Greenland (GElJS), 0stcr Voldgade 10. DK-1350 Copenhagen K. Denmark. 

The retaceous dinoOagc ii:He C)'SI bios tratigr.lphy descn bed from onshore wells and outcrop scc tions 
from Svancnhuk Ha l~0 and Nuussuaq, Wcst Grecnland (N0HR·HANSEN, 1996), has recently bcen revised and 
U\Cd for c~rrclauon Wlth 1hc two o ff>hore We~t Grcenland wcl ls (Qulleq-1, lkermiut-1) and two selcc ted Canadian 
Labrador Shelf we lls (Ogmund E-72. Slolp E~07). 

. . Twcnty ncw pa ly~ologi ca l uucr¡•a ls havc been proposcd for the Cretaccous . lltc sLraligrnphy ¡5 
I"Tt hmmary, as sevcrnl mtcrva ls occur only 111 onc well , and bccausc non marine lo bracki sh-water intcrvals necd 
furthcr corrc lation to fu lly marine scc tions. 

·nte olde.."i t rccogniscd sLrata are thick Apt ian to Albian non marine to brackish-wat<::r successions which 
are r.cpresen redonshorc Nuussunc! and in thc Ogrnund E-72 well. Tite nora is chnracterised by the l"resenc~ of thc 
gcne;:ra . Ny.krl!~lrysltl, Vesperop.Hs nnd Q¡wllfouelldirlium. onmarine Cenomanian dcposits with common 
~ugubl.ve,\·u·u/aes. pol.len ovcrl ie the Albinn dcposits in the two Labrador Shelf well s, whcrc thc Turonian
Snntoman success10n ts represcn tcd by a hiatus. 

Mario~ sediments.of Turonian to Santonian agc ha ve been recorded from a scclion onshore Svartenhuk 
l lalv'' · 1~c flora IS charactensed by thc prcsence of thc spccics H~lermphaeridium dif}icile, Arvalidinium scheii 
~halangu·~la cf. 111./Jdura and ~rithyr?dinium spp. The Santonian is Lhc youngest recorded Crctaceous stage 0~ 
Svartcnhuk Halv(S. Offshorc , Samonmn p:~lynomorphs have been recorded from the lower, sandy part of the 
Qullcq-lwcll. 

A thkk Lo~er Campanian marine succession dominates the Cretaceous deposits in the offshorc West 
Grecnland we lls lkemuut-1 and Qullcq- 1 and is also known from the Skolp E-07 well on tite Labrador Shelf. The 
succcss ton IS charnc tenscd by thc presence of Dinoflagcllatc type E loannidcs 1986. 

~ remarkable La te Campanian to E.1rly Palcocene hiatus is presem in the two offshore West Greenland 
wclls lkermtut - 1 and Qulleq- 1. Thc hiatus is probably re latcd to uplift d uring latest Maastrichtian or carli est 

182 Polen 

,OIIR-H >.!'.SE:-. H 11196 l'pp<r Crctoc ''" Jln<•ila¡. ltJt< 'l'' 'tnttgr.tph) oo h.YC \\ <'1 Oreroland 1\olkt•• 
tin-nland> geologl>l.< L:nder<;<>gebe 170. 104 pp 

'OHR·HA. 'SEl\_ H & DAM . G 1997. Pal~n k1g) ;md "n.ltrnc-ntl~g} ¡en~ .. l n \\ mannc: t rtü 
boundaf) ecuoo oo 1\uussuaq \\'e~t Gtrtnbnd G ~ ~.: Q ~51- ·54 

Palynofacies and ea- le,·cl changes in the Middle Coniacian-J..atc Camptmian 
(Late C retaceous) of the East Coast Basin, :\e\\ üaland 

Schio ler, P.'; Crampton, J . S.'&. Lalrd, M. G.' 

1 Geological Suney of Denmarl. & Grwl1.1nd. O \ old ... d< 10. D!..-1:<50 CopenhJg<n K. 
fXnmark. E-nwil c1tldrn\: pos@gt·w..dk 

.:. lnsti tutc of Grological & Xuclear Sc1ences. PO Bm: :\0 36 . Lo"'cr Hutt ' t:v. ü;s!Jnd. 
E·mail addrc-.\\ jcrnmpton@gn, en nz 

J Departmcnt of Geological Scicncc:t. l' nt\C~l l ~ of ("antcrbury. Pn\ . te BJg-' OO. Chlt~h.-hun,;h 
ew Zcalnnd. E-mml alldrrn m tu rd@grol camerhul) J( nt 

A pal)•nofacies ana lysis of four sccut>n> through the Pnton and lkmng forrn.llll"'n'l of thc Ea~t c .. u,t 
Basm m southem Marlborough shows that the tv.o fomum ons v.crc dcposncd m a nunne cn,,ronn,eot w1th 
consptcuou anput of plant materia l from adJaccnt land art:a Th!! Paton Ft1rm.ml."lf'l v.-a.-. d~pc:t-.llcd ~lf\ thr moer to 
mid·shdf under oxic condt uons and in proxtmity toa n \ Cr delta 11l.C dcpos1Uún of thc Hcmng htrm.111Pn \<)C.)~ 
place fa nher offshorc. on the mid-shelf. m a rnud-domina tcd cn,tron.ment under JKX.lrl) o~y~cnattd condttu.'IO.S ~~ 
the: sed1rnentlwatcr mterface, following a Jandward sluft of ~horchnc:. A LrJllgtaphtc ana l)'sls ol l'hangc: 1n 
palynofacics and hthology through thc fou r sec ttons allows a brcal.. down of thc sul' C\saon mto sc\(:n dt:pt'::,IUOOIII 
sequenccs, separated by unconformllles or thct r corrclJli \ C confonmu~ A rl'gll)031 se:~· tevd cun-e ror thc: Mtddle 

oniactan- Upper Campanian 111 the Ea.st Coast BJStn IS pmp~ed on thc: ~:1sas of thc tnfcrrl-...1 \t'(]U~nc~ anc.l 
chron~tra t, graphlc control from dinoflage ll :ll~ b1ostr.mgrnphy The sca-lc,·el cydes thus mfrm:d for the Eoht 
Coast Ba in show a poor corrcla1ion with thc re-sc:~ led llaq qclc chan, "iuggcsung that rcg.aon;llle..:tonlc') rat her 

tha.n eustasi conLrollcd the Eas t Coa:.t 8~111 scquenccs 

Vol. 14 (2004) 
183 



AbJtmcou XII PC 

lnfma1 r<¡IOILJI oc-• kvcl cun (gr t.bc: E:rt Cea,¡ Ba.m Scction •bbre\laUOO> are. BMS:Bco M<ft 
u In Uf), KJ< Kc cr-cn Rna, hcad,.">!cn, ,,S:. uld Str<lllll, LB\1=8co \1<n Strcam. Upf"'r rea ht> 

11 tlcrring l""""uon. P Pal<ll fumouoo, HST=Inch>tanJ >Y 1<rru tr.lct. lST= '"" 1and S) lems trae!, 

'IST-tt p '" sy.l<mS ua<.t, mf>ma>a m lloodm~ >b=>C<¡uence hound.lr) 

Morphology a nd taxonom) of funga l pal) nomorphs from the Tar lleel 
Formation ( ompanian) of t lantic CoosiBI Pla in of nited Stalcs 

Mitra, M.' & Mlckle, J. E2 

1 Dcpmmau o( ~atunl ~acnc;cs l '01\éi~Hy of \1al)land Eastem Shor~ Pnnccss Anne. 
\11> 21M53 (LS A) 

'Dcpanmcnl ol B<~an) ~nrth Corolana S1aae Unl\ersaty Raleogh. 1\C 27695 (USA) 

r'llng• are \Jproph)'ln or par.1 ah:~ Jnd rnany are kn0\\'1\ to ha\o-e :mg10spcnns as hosts . Fungal 
pal:.-nnO•drph' mdudwg ror~. hyphJc: and frullmg bodJt:s \\ere n:covered rrom 103 samples colleclcd from six 
dolieren! t'ampana•n (Tar lte<l Formauon¡ )<>.:alauts (Eiazabcthtown. Goldsboro. lvanhoe, lock, Tar Rover. and 
Wtlh-. Crtt"-J uf the Atl.tnuc Coa!lotal Plaan of southeastem Unued States The modified macer.uion techmque 
dtvcloped 10 tht Pal)nologlcal l...Jbor.uory nt ~onh Carolina State Untvc~uy was employcd to recover good 
qualuy .tnd ilbundant ¡>alynorrnJrphs from samples of Tar Heel Fonnauon Althoug.h thc con,enuona l technique of 
marerauon yieldcd JdcntJtiablc pa1ynomorph.!t, thc numbcr of gra1ns obta1ned was always lower than obtained with 
th<' nKKhtied techn¡que 'l'hc: cost and 11rne cffect1ve modtfied IC.Chn1que I.!t l ' ·aluablc too! for processing clast•c sediments. 

Thc: morphologu:nl typc.!t tllhtbitc.d vanations in the1r cel l number. si~ and arrangt:mcnt of septn. The 
di\-Chlty 1 ~hown by the prcscuce of monocellJte {lnaperturopollemte.l), d1cella tc (Direlh re.'i, 
Oiil)tllrJ.\jJtln'poran.it~J), tetractll.ue (Tnranlllt(J) a.nd multicellate (Frartoporonue:-,, M"lricel/aesporites and 
Sn1lt'n~tpurn~J) forms. l·nuung boc.llcs of PhraJ<mmhynres and hyphne of formMgcnus PalaenristrrlS sp. were also found 

The fonn-gcnu~ Multlrtlla~xpnrire.\ sho"'S a general Lrend of increascd abundance from 
!trallgraph1cally older to young"r suata at lvanhoc anc.J Willis Crcek loca lit ies. Changes in divcrsi ty and relati ve 
abundance of fungal palynomorphs could reOect changes of palcoclimale (Eisik, 1993). Studocs by Jansonius 
(1976) and Staphn et aL (1976) :,howcc.J mcrease 111 abundance and diversi ty of Ncogenc funga l palynomorphs in 
ed1mcnu of the cychc \hum pcriod~ . lt could alc:o be speculated that changes in relative abundance could 

ptll. ibly rcfle 1 the ch.<.tnge!\ tn rclation 10 parasJUsm and snprophyusm (Traversc, 1988). Fungal spores of 
Mulrinllnnprmte.r; wcrc previou'ily unl..Jl0\4'11 frorn Campaninn scdiments as thcse are reponed from Late 
Pulcoccnc 10 Recent se(hml~nts. 

EI...S IK. W C. 1993. 1l1c morphology. ta.xonomy, class•fication and geologic occurrencc of fungal palynomorph .. ~. 
1'he American Association of Straugraphic PalynologislS, lnc. A shoncou rsc~ 2no~ edition .. 236 pgs. 

JANSONIUS, J . 1976. Paleogene fungal sporcs and fruiting bodies, Canad ian Arctic. Geosc ience and Man. 15, 
12132. 

STAI'LIN, F.L (ed)., FOURIER. G. R .. LEBL.A C. A. E. l.ANGHUS, B. G .. JANSON IUS. J., POCOCK. S.A. 
J., SULEK, J.A .. Z INGU LA. R 1'. PIERCE, R. L .. MICKEY, M. B .. AUDRETSCH, A. P. and LESKIW, 
K. 1976. Teruary biostrat igraphy. Mackcnzie Delta rcgion. Canada. Bulletin of Canadian Pctroleum 
Gcology. 24, 117- 136. 

TRA VERSE, A. 1988. Palcopalynology. Unwin Hyman Lid. UK 
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Dinos & drogons down under- dctcrmining the age and provenancc 
of marine reptile specimens 

Wllson, G. J.'; Schloler, P.'; Hiller, N.' & Jones, C. M.' 

1 
lnstitu te of GcologícaJ & Nuclear SciCnces. PO Oox 30 368. Lower Hu u. New Zealand. 

'Geological Survey of Denmark & Grcenland, 0 . Voldgadc 10, DK-1350 Copen ha gen K, Denmark, 

Pole11 

T'b( de\clop~nt tn r ~~ > f'!; oi" a n..·tin .. '\.1 ~,tza ~ 

N>a1 011 ilinoflagelbte C)>L>. ha. pro"J..'J the "f'portunll} ''' 'gn more " 
f~il> 1t has al pemutud Lht locahs.ath)fl flf "'f'«111lc."1h ~ 'e Pf \t'lWtí "' 

"e ooilin< the r<>Ults ob1amed f<>r ' th bbnJ •nJ Chltlum b nJ !" ·'"""'' 
DmoOaecllate anal) of nunn( repule ~116 1n ..,oothc..L,tl'"TD \br!Muugb.. 

' 

Ougo and on Cha-Uum bland. mdtcate lh.lt the k'IC:shu ran~ tnlltl ~cr to uppct 
C'ampan1an 10 tlpper Mustnchu:m) in agc. spanmng J pt!T1l~ ol ... bout 1. mdboo \C'.tno S1t 
area m pnnc1pall) Upper Haumun:m and r:lnge frum t~c: . . !¡lrabu!'~"'"' a • lit"'"' lhn 
.\lanunudla druggn Zone ue.s in the H3urnun Blult-Sg:aronu t.lll'Xl tlk=\ltM.JN RI\Cf jft"..t 11-n' U \l.rt 

Haumunan to IO"--ef l'pper Haumun;m and rangt rrum Ük!' Sat\r ""uuum lt-uti1fTUf1i'~\t' z-4..,~ l\l th<." ,, IM utla&m 

¡Nlluridum Zoo~ The Shag Pomt kxaht) 1s Up¡xr Haumunan (.\ltrrN. mr;,l't: a, ,.t.w.: looC') 1nJa ... othn a eral 
corretauon wnh the \Va1p313 loca hu -. Tb(' Chatham 1 lanct k ::-aht) b W" r ll.tumun3n l- Aak-''u.rufl\f" lA 'e' l 
mdJcaung 3 s1nutar age to the oldest Haumun Bluff 'ttes \b.tm;ll frorn t"-o unlno""n 1t '.arrt h.'~ 11 wn ttk 
Watpar.t Rt\'Cr area. based on the a~~iated d1n llagC"Jl.ue a'\..~embb~ .nu.~ rc~ults 0;1 th1. ... tuJ~. hJ\ rc-muucd 
u 10 coos1dcr whether more lhan ooe repute fauna 1 ~ repn"Sented m thr ~e" Zeal.and l pf'('r t tet.l~.. llh 

A view of the Conway Fonnahon cxpo.)cd 111 thc chffs overlool...mg thr 
Waipara River, North Cantcrbury. A numbcr of rnnnne rcpulc 
spccimens ha ve come from tlus sccuon 

New heterosporous fe rn (A zol/a ) microfossils from thc la test 
Maastrichtian of Bolivia. 

Mcl oughlln, 5 1 & Vajda, V.' 

'School o f Natura l Resource Scienccs, Quccnsland Univers1ty ofTechnology. PO Oox 2434, 
Brisbanc, 4001 (Austra lia) ts mcloughli n@qul cdu au] 

'GeoBiosphcrc Science Centre, Lund Univcrsuy. S61vcga1au 12. SE-223 62 Lund. (Swc:dcn) 
[va vi. vajda@geol.lu .se). 

A new spccies of aqua tic fem affihated wilh A:olla La1~arck i~ rcported from l::ne~t ~aas Lnchtum 
terrestrial sediments of the Eslabón Fonna tion, Bolivia Tile new s~ec1es, asen be<! m A~.olla bolr~·."''W.\ sp nov ., as 
based on associatcd mcgasporocarps. megasporcs, microsporangm. massulae and m1crosporcs recovc:red from 
o~tcrop samples collcctcd from thc northwcstcm end of thc Dolivian Su bandean beh, J 15 ~m NNW of L1 l>az. 
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kDIIn b<m>un 1 IS I>Cim>.td by dltpSO&d-o,cod mcp•poro.:3tJ>' "'''ha >pongy, 5~ ~m thtel, waU 
tlw b tly !he 1agk IDD<I1<lml mcg¡u¡u< Thc 0\'0id mega>pore appar.JIU> 0\trages 3 ~m long and 
JDCt...,.,. a rou ly spbmcal pore bnd) urmounltd ~y a dome- haped supr.~>pore beanng up 10 JO float> 10 

lhrtt lk1l or ¡nr>l Thc nr¡;upore wall u 1 laycr<d lhc lll<ff promtnent <'ICmal pcnne la)er formed ot 
fu.sak"olumdL11c- drnrnt furms a fC'U~;u)um "'-'1Lh 1·~ S 1-1m ~tde mun endo.,10g 1· 2 IJm dta.rtl(lcr arcobe 1be 
pcn luoK: Oj J.& m d1amr1cr unpk, 1'41 1td h~ur \1u.;rthptJfO::arp::. are nut P~"ed but IDlt·r~pornng.ta 

}.()\otd. 1~0-210 ~m tn tna\Jmum d•mcn 100, thm·\lt-aUed. and cncllbe four or mort! nuS!)Ula!! The 
JI ' tt rn.a tti.K avert~ round I(J'\ ~m m dt3mc:tcr Jnd bcar >eattercd. anchor·sh.aped. ascpu:ue glochidta The 
munbn e 1 mKrospa:c) -wllh•n thc; rn.1 •tlae t) unccrt.am but dt!)~a.J mu.:r()!,pore5 are cm;ular. 3\erag!Dg 35 )Jm 
dtl.mtttr~ Wllh J tluo W:•••gatc K.thr.uc t''mc Th.c nc~ fOS)tb ha ve becn tllustrated by bghl mtcrography and 

OliUUDg tku 10 UUCIOgJotph) 

~'!.r•tlu u fir t rcaxdcd m t.hc: l~\tl rcu11d around Eatl} to m1d-Cretaceous umes bUl the genus 
<lftpolfr'flrfy uru.krwt:nt d.ta.math.: radJJUon dunng thc SantonJan-\1::aa3tnChtian \tost C"retaceous records are from 
Laur.t t.1 t>ut .a f~ c'ampln are lnuv.n hvtn lnd1a and Argenuna Thc: presence of abundant A:.olla microfoss1ls 
tn fl<lbv1 ... ~ to tru .. ponr.m of r.tpld geographl\. dh~l and dl\'d'Sificauon near the e lose of the Cretaccou 

Ahunc.bnt huuyunx-j "' preserve."<! '"-llh A:,o/lu suggests th:tt the sampled seduncnts accumulated m 
Ir h'l'ot1C1 lat..lhlnOC' 1!0\-IRXlffil"tlts ~\eral polleo typcs ID the ~tud.Jed 3~c!mblages ha ve affimliCS ID pafms and 
IIJCf~lcan f ~ thcr Wlth A:ol/a, thc~ group- are tradJUonafly COO!l.Jdcred lO favour reJnll\ely warm chmates and 
thJ\ t.WJ-t \uth Lhc I(')W palaall3hltuJmal \CII..JDg Ce 10' -20 Sl mterprctet.l for Bohv1a lll the lat~t Crctaceous 

Al lc~t trn A:.ol/n ¡>(C:Jt~ prc,Jou~ly dc~nbt:d from Maastrichuan sedtments pcrsist mto the 
l'llttK:ene U!(gC$Ung th.it lhc! Crcwccuu~-TertJary ma~~ nuncuon. v.hich genernlly had a large 1mpact on 
S1>Uthun tkmhpht.-rc vcgctatwn (V AJDA ti al 2001 ). caused fev.. extmctions among A:.()// a species. lmpact
v..mter C«HldHH>rh have bcen ln,·oled follov.·ing the C'haxculub bolidc impacl, with altered environmcntal 
conduuwh mdudnlg dccrca\Cd average tc:mpcratures at the Crctaceous Tertiary boundary. Extan t Azo/ln species 
favuur thc reLmvely rquable condJIIOn~ of tro¡ncal to w;:.nn-lcmpera tc lat:U)trinc settings. llowever. Lhey have 
nutabk potenual to survi ... c penod1c fr~t dounage. S<tllmty changc. and drought Thc prefcrcnce of A:..olla species 
fur cquablc lacu tranc ~tungs and thear potcntJal for rap1d vegetalivc rcgencration and d1spersa l may havc 
fa IIHatcd lhcu raptd recovery an the wat..c of thc end·Cretaceous cvcnt compared to othcr. Jcss-mobi lc and less 
Mrc~~ tolc."tJnt. \ilSCUiar plants dt!pendcn t on sexual propagauon 

·ro ~me c:c.tcm. moc.krn A:.olla a.rc aho buffered frorn changes 111 ava!lablc lake nutricnts owmg to their 
\)'mhiotJc relauonship with the nitrogcn·fi:c.mg cyanobacterium Anabal'lta a:ollae. Ahhough 1lus symbiosis has 
not hcen dcmon~trated m Cret.1ccous fosMb, such a relationslup may ha\'c provided A:.olln with add itiona l bcnefits 
to buffer nutricnt fluctuntions dunng thc dr;_¡mauc cnvuonmental changes fo llowing the Crctaceous-Teniary 
bound.1ry C\oeut 

VAJDA, V., RAINP., J 1 & IIOLLIS, C. 2001 lndicauon of Global deforcs1a1ion al 1hc Ctclaccous-Tertiary 
boundary by ew Zc.alnnd fem sp1kc. Scicncc 29~: 1700-1702. 

Terrcstrial palynology of Ncw Zcaland Cretaceous-Pa.lcoccne sedimcnts 

Vajda, V. 

Dt:partmen t of Geology, CieoBiosphcrc Scicncc Centre. Lund Unive rsity (Swcdcn). 

There as now overwhclnung cvidence for global disruption of vcgctation at thc Cretaceous-Tert iary 
boundary (KTD). However, thcrc are important regional differcnces in the s ignaturc of vege ta Lion turnover. Thc 
data suggest both rnassi ve devastauon and mass cxllncLion uf plants a t many KTB sections in North Ame rica 
(N IC HOLS & JO HNSON 2002) bul main ly n~ass-kill of vegclation al SoUihcm Hemispherc high laliiUdcs 
rcs ultmg m drarnauc but short-tenn changes in thc rclativc abundancc of plant groups (VAJ DA et al. 2001, 
VAJDA & RA I E 2003). Ncw Zcaland, located in lhe Sou1hern Hcmispherc at thc time of impac l and far from 
thc Cluxcul~b ~ra t c~ sue, provades an invaluablc opportun ity to tes t the global cffccts of thc bolide impact on 
ecosystcm bnxJJ vcrsuy. Recen t palynologica l dma comes from fi ve New Zealand KT B scctions: two drillcore 
sec11on rrom ~reymo~th C~a lfi e ld. two outcrop scctious from thc sarnc coalfie ld. and one ourcrop section from 
the man~c: unats o f n~1d-Wa1para. The boundary has becn piopointed by palynology in all five sections and is 
characten1.ed by mnss tve vcgcta tion disruption. 
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ICHOLS, D J. JOHNSON. K R. 2003 l'al)nok>g) and mt<m;lnlugrapb> <>1 t'rcl. '<""' Tcnu.f\ ~\.'>Un 
~ecuons in southv..estern Nonh I>..tlot.J Ln J H H3nrnan. K R Jl.\lm ... ~'O. n J 'Khilh tcJ,) Grol. ~ \ m. 

pcc. l'aper 361 95-1~ . 
RAINE. J.l 19 4 Outbne of 11 palynologu::al?onnunn ofthe Crc1acrou' to Palto~nc terrt' tnal ~Jnl<'f\t tn \\c:-.1 

Coast Regton, Soulh lsland. Ncw Zcaland Repon, SZ GeoL Sun·. /09 ~ p 
V AJDA. V., RAIN E J. l & HOLLIS C.J 2001 lndtcauon of global dcfore..uuoo •1 lh< Ctc!a<<"'" Tclll~r 

boundaf) by Ncw Zcaland fem ptke Scien<c 29~ 1700·170~. 
VAJDA. v. & RAlNE J 1 2003. Terr<slnal palynolog} of 1he C'reiJccousfTcnmy h<xmdaf) ·'' nud \\ ••P·"" 

Rtver, Nonh Canlerbury, New Zcal.tnd NZJ GG ~6 255-nJ 

Palynoflora from the Dcccan Intcrtrappean of Nawargaon, India and 
its implication on Palaeoecology and Palaeobiogeography 

Bonde, S . D.; Kumaran, K. P . N. & Llmaye, R. B. 

Agharkar Rcsearch lnstllute, G.G Agart..ar Rood, Pune 411 004. lndut 

Thc Dcccan ln!ertrappean flora has evokcd considernble intcrcstul rccent years becaust o~ us hnt.. ~o~.JLh 
the Crctaccous-Tertiary (KIT) boundary and thc associn ted major cpisode of basaltic volcant'\an m thc lndum 
suhconLinent Due to lack of onshore exposure of carbonaceous scdJmen ts 10 thc mtenmppean hon1ons and thttr 
poor pre erva tion and recovery, pa lynofoss ils sc ldom documen tcd from thc trJp associnred sedmacnts ·fhe 
palynonora reported hcrc belongs toan ln tcn:rnppean bcd cxposcd 111 Palk.undha naln neo1r Nav.atgnon . Wardha 

Distric t, Maharaslu ra. India. 
A fairly rich palynoflora, typicn l of Aquilapollemtt'.f relatcd assemblagc has bcea1 rccorded from the 

brownish coo t sarnples. Thc asscmblage is domina ted by Aquilapoll~nite\ bé•~tgaleiiJis followed by falfl) l;1rge 
nurnbcr of palm pollens (Palmaepo/lenites sp ., l.c)llgapertites sp., Mauruiidues craJ.Hfll'\ll\"} and ptcndophyuc 
spores (ArrostirlumwsporittJ sp .• AriadnatJporile.r sp .. A:.olla rre~area. C/ralrl\pt)TIIt'.f sp. Gabonl\porut> 
vigourixii, Lycopodiuflupor ites sp .• Todifporitr.r sp., Tnporolelt'~ reucufalllJ) Ues1des the tcrrcMnal palynota.xa. 
dinoflagellates (CleistOJphaeridium sp .. Dt>flandrea sp. Gonyrmla.x sp .. TllaJas.uplwra sp.) and other plan~tons 
(acritarchs) showmg marginal marine and brackish water affinities ha ve a l o bcen record~ 

The pnlynoflora of Nawargaon intert.rappcan bcds IS essenua lly an Aqmlnpolll'mte\ bt>ngalt•tBL\ 
a.ssocia tcd one that was reponed earli er from Mohgaonkalan IJrcscn e of AnadtJOtjpnrllu sp .• A:.olla f'Tt' tar~a, 
Aquilapollenices bengalensis, Gaboni.\porilt'l vigrmro:cii and Tnporoleti!J uticulaiU.\, confirms l.ale Maastnchtmn 
ngc for the Nawarga.on intertra.ppcans, since most or thcse forms are documcnted from we!ll dated strata havnlg 
good palynological, stratigraphica l and gcophysical conlrob. Although the Nawargaon pa lynoflurn as compar3hle 
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~lh IDJ>l o( lhc ¡a dc1cr>!><d trom Olhcr oruborc tntcrtr.>ppan OOJ., lht bc>t com:buon con be m.ldc 
lhe rfxe salnnrnll Kmbn>-CAJav:Ut B. Ul. 1> both of th<:m haV< IJUrtOt ph~~opbnk1011> ID 
ratwa a A l><r. alr r<bl<d pai)'IIOflon .\,ccr~rn~ly, 1he gcn<r.1l palynologJcol pr<p:uauons ennun<d 

.,.¡!be ¡ltna>l conswn proaa<< f pb)IOpLlni.IOIIS p<ovrd< addluonal O\ldena for a rrwgrnal manne affinrly 10 
~P<Jl!UDII of lhe lak 'luumhtian '" g.¡un rn•ermppe:ut scdrmcnl> C<Xl>!al deposruonal semng ., 

tv1dc1accd by palrm (.\ pa. JI l'ha.tllt·), tntcruda11orms tSunnaana, Ar-ru.lllchwn) and diOOC):!tlS 15 thus mfem:d 
far the uucrtrippc.ln: C: Jdtnng dlis ~' •ronmc:nt. 11 b :r.uggC)tc:d th.Jt the nonhwestcm ~hore of the 
IJc<:Qo ""' hn 10 lh< cqu.>!Jnal ocean (sooth "" '""' Tcllt)> >ea) probably through the ~\armada valle) dunng 
lbc l.atc ( rct.;h .. t'Olh pcnod 

. e~~ion g7 

TERTIARY PALY!\OLOGY 

Pulyno logy of the lower Tertiary Kelalan formation, Bario, Sarawak, 1alaysia 

Yakzan, A. M.1; Hasan, S. S}; Mohamed, M. 1¡ 
Mahmud, O. A.' & Hudi, M. A. A.' 

1 Petronalli Resear'h & SctcntJiic Sen ices Sdn l:Jhd (PRSS), Kawasan Jnstitusi Oangi. 
, Pc:trcma"i Cangal1 Sdn 13htl CPCSB),Towt:r 2. Pl.!l!Onas Twi n Towers , Kuala Lumpur Ci ty Centre, 

50088 Kuala Lumpur, Malaysia 

Twtnty-sa~ outcrop samples were obtamcd. most ly from rivcrbank exposurcs. in the interior of 
north"·c<\t SaraW'.tk, near thc \lllagc llano, approxirnatcly 3 km to the bordcr wi th Kaltmantan, Indonesia. 11tese 
rocks "-Cre prcviously mappcd asan equivalen t of the prcdominantly marine, Neogene Ke labll Formation. 

Thirt.ccn sultablc samples were run for palynology, fommin ifcra and nannofossil analysis. On ly seven 
prnved to be fossll 1ftrous. Thc di\ersity and abundance of palynomorph and fornminifera are both modcrate to 
good The pa lynomorph and arcnaccous dcepwatcr bcnthic fomminifera are vcry well prescrved. However, the 
Cóilcarcous planktontc for1.1mi 1Hfera are not on ly rJrc, but also poorly presc.rved and have dcvc lopcd crystalline 
tests nus mdacates rcworking of shclf sedunen t prior to dcposition in a decp mari ne environment. 

lbe pa lynomorph assemblage indaca tes that the agc of thc outcrops are E..'l rly Tert ia ry, younging 
~ ll ghtly towards thc south bccoming Late Eocene. Thc dcposataonal environment indicatcs a deepwater deposition. 
(outcr neritic to outer ba thyal) in thc north, and shallowi ng to more proximal dcposition in the south (shallow 
rnan nc and brackish wn ter- influ cnccd. lowcr coasta l p lain). Based on this c videucc, the outcrops are t.houghtto be 
cquavalcnt to the upper pan of Kclnlan Fonnation, and may represcnt its sou them extensJOn. 

Somc of the kcy pa lynomorph asscmblagcs rccorded at thi s loca lity are comparab le with Lhc 
s trati grnphica lly cquivalcn t Kayan ronnation in west Sarawak (Muller, 1968), a hhough thcir di vcrs ity and 
abunda ncc are less. ·nte occurrcncc of polleo, rescmbling Florsclmetzia trilobata tp. in Bario ou tcrops. together 
with Psilatrirolpites knyaensis and Spinizmwrolpires barulntus. may imply a n Early Eocene to Paleocene age. 
1l1esc truca ha ve not becn recorded from thc Kaya n Fonnation. If the Bario ou tcrops proves to be correctly dated, 
then thi s s tudy will ha ve recorded the o ldest occurrcncc of F/orsclmet:.ia trilobata tp., prcdat.ing thc occurrcnce in 
the Midd le Eocene of Nanggula n Formation in Java and Late Eoccne Mangkalihat coa! in Kalimantan , Indonesia 
(Morley. 1998, 2000). lbis may a lso imply tha t the prec ursor of the Florsdwet:.ia trilobara tp. ma y ha ve become 
adapaed lo brackish wa ter environ mcnt as early as Early Eocene and Paleocene. 
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Pan tropical pal~ nomorphs in the Eocene of tb 'lals¡¡uid< 
(Betic Cordillera, urhem .·pain 

Solé de Porta, N.': Jaramtllo. C.' & • artm-AJgaiTII, A.' 

t Llp.rl Str.tllgr.tph) :md f':llconlíll e~• F:t.<Uh) u( G,· >¡!), l '' 
~ Colombi.m Petrol um lmutut~. 1\.m - 'IJ t~C\k ... ~ u., Hú ar.unaa 

'Dp3n Str3llgrJPh} nd P:tleooaoh . ...g.), FJ ult} t.\f S..:tC'fh . .::t.· , lm' 

A quilt dt\ast: pa1)nologanal pantropl¡,;ala ....... cnWbse"' ... ú"1Clk11n L."l\\..:f \11Jdk h.._~ 

dt< \1abgurdc Compl '· ncar \!alaga ll\ls •S lhe htghN 1«1001< tnapp<) •OO'If'k ,.,¡!be -..1111 

lntcrt~al Zones of tite Bcll< Cordrlller.r ln . pnc of th '1ro0gl~ 1e.o1 mo;,oJ. p.uu•lh du "'' 'hara. a 
Ju.orpmzauon or the MalagUlde \1~~ellOZOIC llUtcrop m .... mtl \bl.tp. lt.'IUl ,ftf 'lJ' ~ ... C'Tt" ,'"Qlk ·t 
(rom ::1 quarT) caned near the HJntlll:J. t.· me.nt fa ·tOI") A rtbU\d} cr~.liU1N Pa\eofC"tlt."" ... a..... lt"lO \mi t 01o 11 
metas th.ick was recognised there. Thc su'-·~auo as ~o."OITipt..""rSrd t-~ 1) .:-onunt~UI to '"t'l) h.tlk u nPt· 
.\fu·wc·tldium-nc-h calcarenttc:s. conglamtrate JnJ mJ.Jb JttnNJtN h) lhc.: J'lk Xctt<' . .: i HT\ :-h.alkt\\ mmn 
.~1\"C"ulin.a·rich hmeston~ (somctuno bc-.u-mi! .:t.l~o rfil ;llg. .1nd m.tll .\.aunm li.r~J) l h'an k,...,é'fl'Q(,, 
Lut!!U3.1l that I.Jc: un onfomubl)' a.od Lr30.)fl;ft"$ J\d) upon prt\tOUs def'l\""llS. :\t thc: ~tr.ltlpJphJ ..... ll~ h.t"'hc'!-t hN. ot 
o\hr-ohnJ hmestones are intal3.ycr-cd \\llh grttnl h-grc-y :tnd Y. hit m.'U'b mten.tb \\llh intn JbtC\1 ~.1 th l!J 
bcanng Jimestanes depos1ted 10 C~tal 0\.1~h)' (~hY.Jic:T tCt modcr:!td) ...ahn n.l\lrOOO\C"f\b nu ... m.tnh~ t te' 
th3.t bccOmc predornina.nt upwards m tht succe:s.;1on, aho conuun L1tcnl~ \IJ\I."Unhnoo thiD ~ tll hgru1c anJ 
bbck da) from ~hich four pal)'nologacall) pn..lductnc .. .:unple) \~ele obt;unt'd 

Thc B.sstmblag.c is characteri.zed h) thc abundan~o:t.' ot .o\D!!IO'tf'Crrn.Je. c .. pc:-c-1311) thc h"Mlll·}:COt.h 
Pro.tnputitc>s (up 10 5-t% ot thc totalassociauon) aud Dtporo.·ontn ll7 "}. togetht'r \\1lh a !-UUII pn"l{l\lftlOO ("11 
othcr ta:u. mainly of Re:suonaceae:, lcacmacc:u.·. Bomba a~e3e. "apoLtCelt'. Cü\lt.\. lln. Ju!:_tandJ.d'3f' 3nd 
M)ricaceac. ProxaperrittJ is known ~mee the llppcr Crc:taceous of lrvpKal- ubtn){'IC.I 10 ,\tr~~:a .. ,,~.~ 3nd 
Amcrica. Rccently it was recorded rrom Austna nnd Spam In tht ~lala~a outcn)p PrrHarr-rru,., J\ u:ptt,(ntnJ 
mostly by P. operrularus Van der Hammen, mllll)f proporuon of p r.\ÍICJIU.\ SJ.rmi('OIO (ool~ n:-... orded '" 
Colombia. and westem Venezuela up to now) and P sp .. pms1bly n ncY. form In the c..'Ollntno u~ndm~ tht 
Mcd1tcrranean sea Proxaptrlilé~ has been onl)" CJtcd m Egypt (l'pper Creuccous\ Jnd Spam (f.~;.:,'C11r) ~lllll" knu 
nre also present. such as Schi7..acaceae. the type Lygoclium bantt pre~cnt m ¡xt.rth:ul.lr m a hag.h amount. 3~d a 
smaller proportion or Pteridaccae typc Aua.\lu-laum, 3~ well as thc lonn·g'"·ou .rol~r<kilart"_m.,p·onrn, 
Glcichenaceae and Osmundaccac. Onc samplc has al~o pm\'ided om: ~p'-'Ctmc!nt ~~ ot Oprrr·ulvJrmunz. thnt 
points out to brackish water conditions. togethcr Y.1th severa! spe(:ime_rua of tn:.,h-\\atcr greco al~ac 8t11T\rH·ck·r U\ 

This formcr palynofacies bears cvidence of hmlled Laphononuc l'necblt>enurhan¡;e. abundJncc: of lar~c plant 
tissuc with cuucles. brown wood rema in . palynomorphs bcang a JI wrll prtsenl!d. ;md no ~cp3r.11100 1nh) haho ot 
most spccimcns o f Proxapertil~s. The hthological and palynologacal feanu"ts confinn dCI)<hltlL"){l undc:r wam1 ;md 
wet tropica l climate in a coosta l freshwa ter pond Wlt_lun a an.1~h) environment, Lhat v..alO t mporanly cnnnetted 

with normal marine cnvaronmcnts, as indicatcd by facars analysiS. 

Qunntitative biostratigraphy f'or thc Tertiary of the Llanos Foothills, Colombin: 
Improving palynological resolution for oil explora !ion 

Jaramlllo, c. A.' ; Rueda, M. J .'¡ Parra, F}; Bedoya
1 

G' ¡ Gomez; C.3 , Mejla, P.\ Cadena, E.'; 
Herrera, F.2 ; Antolinez, H.3 ; Florez, P. ; Santos, C. & Cogollo, M. 

1 Biost.ratigraphy Team, Colombia o Pctroleum lnstitutc. Bucaramanga. ColombaJ 
: Depanment of Bio logy. Umversity of AntioqUla. Medelhn, Colombaa. 

l Dcpanment of Geology, Industrial Uni versi ty of Santander, Bucara ln30ga, Colombaa 

Oil cxploration in Colombia has trJ.c.li tionally mken place in arcas wit~ rclativdy fcw structuml 
complexities. Howcvcr, ¡11 the las t decadc, cxploration has moved to rcgaon cha.~ctcnzed by comp le~ s tructura l 
defo rmation , poor scismic reso lution, and many stratigraphic problems, such as m the Llanos Footh1 IIS In lh l 
region. thc major rescrvoirs occur in mos tly continental Pa lcogcnc scquences, whcrc palynomorphs :trc usunlly thc: 
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