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Australian eoproterozoic biozones and Ediacaran acritarch di versifica tion 

Grey, K. 

Geolog•cal Su1 vcy of Wcstcm Ausu-"lia. 100 Plain Street. East Penh. WA 6004, Australia 

. . Conllentional wisdorn asserts that Precambrian bioronaúon is implausible because of low species 
dJvtrilly,taxonnm•c unc,:rt.:unty, morphological simplkity, sporadic distribution. and conscrvative evolution rates. 
A more probable cause is u faJiurc to apply standard biostratigraphic techniques, e.g. the sys tematic logging of 
snm~les an.d the ~r_o<Juction of rangc chans. Stratigraphic data ha ve se ldom bccn adequatcly recorded, and re lativc 
!l trotJgr.tphtc posmons are usually 1gnored, so it is oftcn impossiblc to determine spccics ranges. In Australia, 
hydrocarbon and romeral explora tion m the Ofticer, Amadeus, and Georgi na Basi ns, and the Adelaide Rift 
Complex ha e; rcsuhcd in the dcvclopment of palynologica l (mainly acri tarch) corrclat ions using range charts based 
on >2000 samples from >30 drillholes (ZANG & WALTER 1992, ZANG 1995, GRAVESTOCK & al. 1997 , 
GREY 1998 & '" press , HILL & al. 2000). These studi dcmons trJte that bios trati graphic subdi vision of the 
Neoprotcroz01c Í'i fea 1blc 

Palynomorphs from c.850-700 Ma are wc ll rcprcscntcd in Western Ausu alian dri llholcs and consist of 
cons(.•rv:u ivc s~tes of coccoid and fi lamen tous cyanobactcria , fragmcnts of benthic microbi¿l mats, and 3 
lclosphere-domlnated .shclfal p lankron . Many spccies ha ve a global record extcnding backwards to about c. 1200 
Ma. R~rc, short-rangmg. o~amcnted 13:<.3 (c.g. Cerebro:rplwera) are importam markcr fossils . Palynological 
correln.uons match correlnll?ns ba ed on stromatoli tcs and ismope chemostratigmphy (H ILL & aL 2000). 
Asscm~lagcs are sparsc d~nng and betwcen thc Sturtian and Marinean glaciations (c.?00-600 Ma). Samples 
unn~cdmtely above thc Mannoon glaciation are barren, but benthic mats and leiosphcres quickly re-estab lishcd and 
prohfc~atcd as s~a levcl rose. However, most post-glacial species are present in pre-glacial successions, and the 
on ly dt~fcr~nce IS a ~unhcr dep l ~ tion of an ~ lready impovcrished biota. Consequently, Austra lian assemblages 
~or~tra~ 1 ct Snowba ll E.1r1h predlcho.ns. Thcrc 1s no post-glacia l rccolon isation by r3pidly diversifying species, and 
taxa d1d not evo! ve from cx trcmophlles from hOt- pring refugia . 

Titcre i.s a strik ing changt! in the palynoOora sorne 20m.y later, when >50 specics of large, 
acanthomorph a~nLar~hs ~rst appear. .Thcy diffcr significantly from older t3 X3 and many rescmble dinocysts_ 
AcanthO I~orph dtvcrslfiCatiOn was raptd , and four assemblagc zoncs ha ve becn crected. Global extension of the 
sc:hcme ts not yc t possiblc bccausc rangcs of key spccics have not bcen dctermined outs ide Australia . 
Nevcnhcless, t.hcrc are spccics in common wi th Svalba.rd, Norway. Siberia, and China. indicating a potentia l for 
globa l.corrclauo.n. These complex acanthomorphs were s hort ~ Jived. and thcy are not recorded above the Ediacara 
fauna m Austra ha (<c.565 Ma). 

Acant~omorph radiation did not occur until thc second post-glacial marine excursion and appears 
u n:ct~ted to sechmcmology or sequcnce stratigraphy (AROUR J & al . 2000). Howcvcr, there is a rcmarkable 
comc¡dcncc b~twccn t~1e fi rs t appearancc ~f Lhe acanthomorph palyno flora, a 513C organic carbon cxcursion, and 
~he Acram~ n. unpac~ CJCCta !ayer. Mcredetailed studies are in progress todeterrnine whctln lhe Acrarnan impact significantly 
mflucnced biooc cvolunrn. 
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Remarkable development of eukaryot ic protists known from Mesoproterowk 
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Lelm lng, Y.1
; Xunla i, Y. ' & Llzeng, B.' 

1 Nanjmg lnstitute ofGoology and Palaeontolog). Chinese Ac:tdenl\ C'.f Scitnr.:-~.;;. 
Naujing JIOOO . Chi na -

2 Depnnment of Earth Sc1ences. NanJmg Uni\C(')il). fanjing ~ 1 ()()QJ. hmn 

Most known Mesoproterozoic biologic.1l fos ils '-"CIC' obtatncd from Sl h tfied c;ubonatc ·. Thn a.rt' 

characterized by coccoid, clubbcd microfossils and mat-buildmg fil:uncntou~ fos~1ls and most of them couÍd be 
correlated with li ving bacteria and cyanobactcri:l 111 morpho logy. IIO\\I.:VCr, orgamc·walled m~rofossth ohtnined 
from shale of the Mesoprotcrozoic Ruyang Group are shown more diversified fomlS. includm.g acathomorphic 
acritarchs. netromorphic ac.ri tarchs , multicellular fllnments and mcmbr.mous fr.tgments as \\el) 

Following fcntures of organic-wallcd microfossi ls from thc Ruyang Group could lx: summarüed. 1) 
Sph3eromorphic acrirarchs, such as Uiosphaeridia (Eiscnnck)Tumcr, 19 4, Vnlaia loplw.Hrimn Jank:Juskns, 
1982. Dicryosplzaera Sin and Liu, 1973, cte. are narmally large (40 to 120J.1m), and some spcci mens of 
Uiosphaeridin disp lay a circu lar opening: 2) occurrcncc of NallifilJa ·'~gmt•llfa lu~ Prasad aud Mhcr. 
200 l ,characteri7.ed wi th transvcrsc vei ns on vesicle wall; 3) acanthomorphic n ritnrchs nnmcd as 
Sllll iyousphaeridimn (Yan)emend. Yin. 1997 aud Tappania Yin, 1997 are characterizcd "'rith vesic le wall of srnall 
polygoual 'p lates' and neck-li ke extcnsion, rcspcct ivcly: 4) brnnchcd tubular algae shown longitudinal tring~ on 
!he surface; 5) multicc ll ular filamentous algae displaycd as Arctacc ll ularin Hcnnann. 1976: 6) membmnous 
fragments with annular-hclical thickening and lateral ·parcnchyma' o r ncthkc structurcs: and 7) other unccrt.ai n 
muhicell ular organ ic remai ns. 

Simi lar pa lynomorphic fossils ha ve bccn fou nd from Mesoprotcrazoic shnlc in Ausrralla and lndi:J. ( 
Javau,:( ct a l. , 200 1: Prasad aud Asher, 200 1). i>rcviously, lhc 3ge of thc Ruyang Group was datcd by glaucomtc K 
-Aras 1100- 1200Ma (M a et a l. , 1980: Guan et a l. , 1988). Which is more confinned by one 1ircon U· l'b datmg 
of 1492±3Ma for the Roper Group of Aus tralia (Javaux et al.). It is remarkable thnt cukaryolic prmists had a 
significan! radiation in the late Mesoprotcrozoic and sorne acri tarch fom1s, i.g Valaia loplw~ rrlala, Tap¡umia 
pla11a and Navifusa segmcmarus, already had intcrconrinen tal di stribution. 
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,\ ne-. approach in deciphering earl) prolist paleobiology and evolulion: 
Combincd rnicro~cop) and microchemistr) of ingle acri larchs. 

Javaux, E. J .': Knoll, A. H.'; Marshal, C. P.' & Walter, M. R.' 

1 l.><partrncn•, A tmph) "' . Gooph) "'· Occano-,;raph). lJmvcr;ny of l.Jege. 
4000 ~~~~e Slrt ·Tilman (Bdgoum) 

1 JA:panmc-ut uf OrrJni m1r.. 11nd Evoluticmary Bsology. Han·ard Un1versity, 
MA 0213 Cambndgc tU.S A J. 

'Au<Orah•n Ccnue fnr A\lrobtulogy Macquane UnliCilill) . SW 2109 Sydncy (Australia). 

Bd"ccn Lhc 131< Ao.heaa boonurker record of Eucarya (2.77 Ga) and the ca 1 2 Ga bangiophyte red 
ai;¡Jc lrom Arctic Canadt ht'\ a m:h assortnt\.111 of acntarch Determining thc biological affimties of these 
potcnually prou~n microfos 11 r~u1rcs a combin.1tion of microscopy (lighL nucroscopy. canning clcctroo 
nu~..ru:~~,.up)'. and tran>ml~>son cb:uon mil.:rO!>c.opy) and microchcmical anal y es of md¡,·idual nucrofossils (Micro
f'llll pecuoscupy. Lasrr mocrt>-Ramon 'pecuoscopy. Energy Do;pers"e X·rny Spectroscopy (EDEX) m the 
SEM. l.t.\ef mocro·p)roly os GCIMS, and 10 >IIU ion nucooprobe anal)sis (IMF/S IMSJ). Thesc techniques ha ve 
bccn apphcd \U~coifully to ;upcrbly prc~r.·cd rnicrofossils extrocled from ~ha les in the Roper Group. Australia 
11 S 1 4 (ja¡ ,lbc Ruy.ong Groop. (bond (- 1 4-1.3 Ga)ond the 1cAnhurGroup, AustrJiia (1.65 Ga) (Javaux el al.. 
20()1, 2()(11. 2004¡ Sorrular f"''" a;~mblages ha ve becn reponed 10 lhc Sanda Formation. Ganga Basin, India 
fpoorl)' dated bul hro.1dly corrtlJuvc) and the Tona Formation. Siberia, 1.3 Ga and thus have a worldwide 
dtstnbuuon m lhe !are Paleoprmero7oic~~rl)· Mesoproterozoic. An3lyses of Cambrian acntarchs from thc 
Oh!ttn·atory 1-l!lls Fc.:mution. Austmlia lO.S Ga) havc also bcen pcrformed for comparison. Earhcr work by 
M(.)(;l.ydlowska Muldowan and Taly7ma mtegrated rn rphologtcal. ultrostruclllrnl and gcochemical studtes of 
acntarchs and sugg~tcd Lhe prcscncc of pr.tstnoph)tCs. grcen algae and dinoflngcllntes in 1he early Cambrian . 

\~e havc outhncd everal cnteria to d1ffcrcntiate eu karyotic from prokaryotic fossil cells and 10 
evaluollc th_esr dcgrcc of complexuy. Our samples on tain eight diffcrent populmions idcn tificd as cukaryotic. At 
lca~t lwo ({appama plann and Slruzyousphaerium marroreticulmum) can be rccogniL.Cd as euka.ryotic based on 
morphologu.:nl charactcrs obscrvabl~ by hght m1croscopy. SEM imrtglng of cell wall microstmcture marks two 
addiuonal for~. (SarJ..afawJMI and Val~ria loplloHnara) as protists. But for the four rem:1.ining taxa (three species 
o f Lnmplwl'rrdw and unnamcd tubular mlcrofoss iiS), TEM imaging is necessary to rcvcal cukaryot ic charncters . 
l"r~!tcn·~ wall ultrastructurcs af spheroidal acritarchs r.mgc from single. homogeneous, clcclron-dcnse layers 
( lappama pltma, Valt>rta loplroJtrialfl, and Sark.a fm•oJtl) of variable thickncss. variably omamcnted, to 
multllayer~d walls dtffrrcntmted by clecLron dcnsity aud tcxturc. Micro-chcmical analyses rcvcal thc prcsencc of 
rcs1stant b1opolymers specafic to each taxon and suggests that FTIR spectroscopy permits thc characterizalioo of 
uniquc chemical composition1i of microfoss il walls. which could be associated with specific biological affinities 
when <:ombmcd \Vith biomarker an;~lysis. Raman spectroscopy elucidates the carbon structure and thcrmal 
altcratJon of coostilucnt organic maucr. 

'Tb~ disco~c~ o: complcx cukaryotic ultrJStructures in Lhc wa lls of morphologica lly simple mid
l:ot erOJO~c m1cr~f~slis m.d•ca tcs that ·~EM can providc an important tool to probc thc biological rclalionships of 
~a.mplc_ •mcrofos.s l_ls m anc1ent rocks . D•fferent wall uluastructu res charac tcrizc diffcrcnt taxa, implyi ng divcrgcnt 
b10logu:al affi1uues (and/~r stagcs of lifc cycle) and a leve! of divers ity undc rcc tcd via light microscopy. 
Morco~cr, thc morp.ho lagu.:a l co~nplexity shown by taxa with processes and/or wi th wnlls mndc of polygonal 
~ lates unply cytolog,cal complexlly by 1.5 Ga: the cvolmiou of a cukaryotic cc ll with nuc leus, cytoskeleton. and 
mtemal m7mb.rancs in volved i~ sc~retion a 1~d sclf·assembly of wall componcnts . Ou r ongoing rcsearch inc ludes 
thc dctcr~mau~n and charac1Cr~Z.1110n of. res1stant biopolyrncrs in a rangc of living prokaryotcs. prot ists and fu ngi 
by combmcd m1croscopy and nucrochenust.ry. thc deterrnination of Lhe modifications of chemical composi tion due 
to therrnal n~tcrn~IOn, and thc comparison with combincd microscopy and microchcmical analyscs of Precambrian 
nnd ~~leozmc ~~crofossi ls . Such a multidJsciplinary approach offcrs new possibili ties Lo inves tiga te the biological 
aflimues of acntarchs, and the record of early hfe on Eanh :1.nd bcyond. 

JAVAUX , E.J .: KNOLL. A.H., & WALTER. M. R, 2001. Morphological nnd ccologicn l complcxity in early 
eukaryot1c ecosystcms. N aturc 412: 66-69. 

JAVAUX, E.J., KNOLL, A.H.: & WALTEil: M. R .. 2003. Recogn izing and intcrpreting thc foss ils of early 
cukaryotes. Ongms of L1fc and EvolutiOn o f thc Biosphcre. pp. 75-94. 

JAVAUX, E.J ... KNOLL, A. H .. MARSIIAL. C.P. & \V ALTER, M. R , 2004. Recognizing thc gcological signatu rc 
of cn rl y l!fe on Eanh and Mars. ESA specia l pa pcrs SP-545 (in press). 
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:\roprolerozoi mi robiota-adapuuion.' and 'unh.1l f e•er 
em ironmt'ntal di,turbanrc 
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l'pp~.b em\cn.ll~. [')cpJ.rtmcnt ol Eanh . ..lt'OC • PJL.l 
·E·· s ~ .>n l rr,>u. ~ <Jrn 

Fos:)JI ProUI)Olts and Prot\X:t t.s are thc: fll())L 3bunJ.lnt J};am'm." pn:-~-c-J tn tb l ..,,) 

thc:) J""O..-ord hfe oo Eanh forro :t -.3 5 Ga During th1~ tlrTk:, "-lng t· ·clkd or~1 m .. hl\t e\~ , 
Jaffat11t bioc~mical . morphological a.nd ec.: logh .. """JI t~P~-·- Thru putt; ... ; Ji'c"'" ~ , ,('1 

coprOlerozOi('(f"a 1 o Ga- -4 \fa). 3nd 1" ~~( t..n0\1.1\ rrom th~ \hallll lna.nnt cn\U\l~I.IIleDl r•t t 

that dunng lh1s penod lhc: E.nnh ~:-;penenced ~' err gk~l hnUU\ and en\ m~nxoal ~han ,0~,..h .1' 

tragmc:ot.auon of thc Rochni:t and final .b!tCmlll~ of Gt.md\lt.ml UJX'f ... \.lnttnent' th~ "\n\l...,l:\311 F'.anh gb :1 u'" 
and 111.1nne ano "ti rvent. Desp1te the morphol<>gl¡,."':J.) simph~n~ ,30d mtcrth1,:optc dtnlefhi\"W'I\. r«'llr) ,~ •aJ 
proccxustS dommate 0\C'r other euLal)ott~ 1n thetr dl\t" lt) of mcu~h~ pi"{)(' ,e, , reprNu -u,'O .... , ·k' .anJ 
moJe~ of hfe . Se:tual rtproductiou t'ohtd nmong rarJ~ tul.tl) >lh .. ' pruh.-...·t ¡~t ;md u h.Ls utt...tanuaJ J;h.1nta 
'-"'lth regard to thl! C\Changc of gen~ and gencuc ft."~o..""'Onbmaul,)() 11\l" c\~..luuon of tul.tr\t.lll~ )C\Uitlll\ rc:-uiiN m 
a great '"-añety of organi.sms and 11 1 t\ 1denced b) lllCrt"l\ed rate 01 r'·oluuon seco ;n thc r . ,,¡ m_"\.-.lli Thc 
vanet) of mc.xlo of hfe (a result of env1ronmental Jd3p13UOO) and :\UCX('"\ 10 rcprodur:LI\."\0 (t\pr ~N r;, ,c:,u.tlh 
ancrea~ed geneuc rccombmation in euk:lf) otes :tnd m.1 · occu~ttncc of 'e~ct:tll\ e J'(l('IUIJUOO 10 pro al'\~..ltC'') mu't 
ha \e bcen an advantage :md opponunity to sunne the e'tre.~ em mmmentll strt". ... Jt te3 ... t an a ; ..., rNucnJ 
refuge ~ !les. 

The record of filamentous cyanobacteria from ~hallov. !\hclf and ud:tlly mnu~nc~ Je-poslllonal \Cttmg ... 

is frngmentary and Stratigrnphica ll ) d1scontinuous m the Ncoprotcrozok Hov.c\er. thc occu.rrence of t:cruun 
tububr species with morphologicr~lly daagno tlc tnchomcs, nnd prt~umabl} ol a clo!),~ b1olo~"·aJ Jtlinllil·~ . rrc· 
and post·datcs thc global Varangcrian/Marinoon glaclallons imllarl). s \t:'ral ta\a of acriuu\.h' ~ur\tH'\1 lhl'l 
Jong-lnsung ccological disaster, pronding evidence that bmh more opportunisti pruLaf) tes a.nd ad,,lnced 
cukaryotes persisted throughout the major c'Li nction cau!)~d by Lhc nov.ball Earth l'llndatlon!t Acntan·h\ Jn: 

considered, in gross. to be prcscrvablc cysts of unicdlular algac ame morphotypc) nuy. hO\\C\l""r, rcprt'\("llt 
Hgctntive envclopes. having an interna! cyst andlor thc cXC)~tlnen t ope-nmg. aud u ho"s that 5ome tJX\ mdecd 
represen! thc donn.ant/rcproducti\'e C)·Sts whcreas other are vcgctativc cells in their complc.\ lafc C)clc Formauon 
of Lhe cys t. thc cxcystmcnt structure (p) lome) and altcmntion of thc genc:rations (se~ u JI and a. C\.Ual) in the hf~ 
cyclc of uniccllulnr microbiOla may shcd light on thc: developrnent of the carl) stn:ucgies to ~un·i,c ccologil·;tl 
criscs events andas a competit..i ve advantagc in increasingly omplcx mannc ccosystcnu.. Hoowc,er. to m.nntam 
thc alternation of sexuaVveget.ative generations and to produ e a cyst, acritarchous rnacrobtotJ must h<HC had 
access to thc bottom sediments to rcst periodically bcforc popping-up into thc phouc zonc:: of t.h v.atcr columna.., 
Modern algac do. This condition and thc C\ idcnce of pcrs1 tmg ta,-:a speak agamst thc rnd1 ni vel'\ll)ll uf thc 
Snowball hypothesis assuming that occanic photOS)IHhcsis and bioproductivuy in the surf;¡ce ocean collap!<.ed for 
millions of years because of thc ice covcr blod.ing out sun la ght . This wou ld h:1ve been caused by thc glob:al 
glacia tion into low latitudes. continental and shclf ground ice shects , disruption of oc:canic circul;uion anU :tnoxiJ 
(totally fro7cn ocean). ln this radical scenario (Hoffman ct al .. 1998). thc only rcfuges for b:actcria and !) llllr)Je 
cukaryotcs coutd be in mehwatcr pools and bare ground, ice cracks. opcn lcads or hydrothcnn.11 vcm~ ¡\ moa: 
plausible cxplanation. followi ng the rnicropalacontologi c~t l rccords. is that although limited in extent thc mnrinc: 
shc lf cnviron ments. including bott m scdimcnts , wcre free from tite pcrmancnt ice cover (a t leas t sensonally?) 111 

thc low lati tudes . 10is is also supportcd by tite si mulnuon of thc conditions and thc modcl of E:lflh (llyde l'l al . 
2000) with lhc ice free islands or conLinentn l she lves in the cquatorial 7.0nc. 

'lOe case studics of prokarymic cyanobactcria and cukaryotic algac (ac ritarchs) from davcrse 
palaeogcographic settings and of various agcs will be discusscd 111 tlus presentation to gct msight mto the 
evolutionary devclopmcnt of microbiota in the contcxt of environmental and global clirnatc changc. and 
intcmctians with evolving metazoans during 'coprotcrozoic. 

HOFFMAN, J> F., KAUFMAN, A.J .• HALVERSO . G P. & SCII RAG. D.P. 1998. A Ncoprotcro7o•c Snowholl 
Eanh. Srin1re 281, 1342- 1346. 

HYDE, W.T .. CROWLEY, TJ .• OAUM. S.K & PELTIER. W.K. 2000 Ncoprotcrozic "snowball E.1rth" 
simulations with a couplcd climatelice-sheet modc:l Nature 405 , 425-429. 
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Ad>ances in tbe study on genus Tianz}wshania of Neoproterozoic Doushantuo 
fonnation in Weng'an, Guizhou pro\'ince, Soutb China 

Chongyu, Y. 

ln>Uiut< of(,colog) Ounese 1\.c:ukmy ofGeological Sciences, Beojtng 100037 P.R e 

Thr enu11 1tatJ.jw \lumia Y m and Li. 1918, "''aS fi~t found at Tianzhu~han Mounr.ain near Cbangyang 
COllnf) and W1l) con~adcred one of lhe most d1suncuve acanthomorph1c acntarchs m the Doushamuo Stage of 
Sonyn or ony <•thcr 'eopmtaoZOtc formaoon. lt os char:~ctemJ!d by large dtameter (350- 1 000 p m) and processes 
Lhat pcnt"t.rltte J multJbmellate wall la)cr LO s-uppon an t:xt.ernal multilamellate membrane. Prcvious 
polacvnwlug¡cal r=arch on the ~enus ha beco based maonly on petrograpruc thin scct ions made from chert 
nüd:UIC\ or bJnd1n~ m the Doushantuo Formarion atlhe Yangae Gorgcs. Hube1 Province, and Wcng'an. Guizhou 
prov&ot:e So lar 1wo morphosp«:le5o of T~an;)ru.\ ltania bave bccn reponed, both from cheny intercalations in the 
l><•~>haoouo Funnauoo 11Jt, lype specoes, T. spi!W\ó (Yin and u. 197 ) was first found in the Yangtze Gorgcs 
are~ and latcr rn rhe Weng'an arca Thc: other specíes is T. tubtriftra Yin, Gao and Xtng. 2001, found in Lhe same 
horuon 111 lhc Dou~hantuo phosphont~ of thc Weng'an area. This specics cliffcrs from the ones describcd as T. 
1pmo.w ID ha\rng a dt~llnct dense and robust middie wall wrth clearly demarcated tuberclcs or arches. 

Comparauve study of microfos!.ils from two kinds of sed1ments: chen intercalations (studied in th.in 
~>e.:Uon) and ph~phoritelphosphauc carbonate (tn thin !.ttlion and maceration), from the uppcr Neoprotcrozoic 
Dou. .. h:Intuo phO!o.phoritcs in thc Wcng' an arca. Guizhou Provincc, Soulh China. shows thar the phosphatized 
Mrgasphaua tJmata XHIO and K.noll, 2000, and thc chen-prescrvcd Timuhusha.nia luberifera Yin, Gao and Xing, 
2001 should be regarded as rcpresenung thc samc taxoo preserved by different mincrahzation processes. In 
phehphatu.ed specamen.s thc ou ter W31l is oftcn peeled off, cxposing lhe omamented middle wall. Sorne 
pho-.~lhat1zc:d -.pc:dmcns isolated from thc rock matrix and specimens een m thm sections of phosphori tes show a 
panly preserved outer wall wllh s-pines, which can bt: compared to the thin -sectioned specimens from the chen 
bed-, 1ñc sma ll p1ts usually sccn on lhe suñacc of thc omamcnted midd1e wall of phosphat ized specimcns 
corrcsponl.l to lhe auachmcnt spots of th t: splflcs m thc outer wall. The presence of a sp iny outer wa ll is a 
chamctcri~uc of ftt111dwllwnia Yiu and L.i, 1978. So, Tia11z.hushania omara_(Xiao and Knoll) Y in, Bcng1son and 
Yue should be ~1 vahd numc for thc spccics (Yin. Bengtson and Yue, 2004) 1l1c proposed rcsti ng-egg nmurc of T. 
omata, mamly base<! on thc .or:na mcnt type of the middle wall, can not be excluded. The prcscncc of a spiny outer 
wall, howevcr, .!tuggcsts that 1t IS a pclag.tc rather than a benthic form. 

Morpholog~cal and taphonom.ic studies of permineralized foss ils in cherts and phosphori tes of thc 
Dou!lharu.uo phosphornes m the Wcng'an arca, South China indicate that specimcns ass igncd to Megasplzaera 
omat~ Xaao and ~ull, 2000, .nre pres:crvalional variants of Ti(mz)mslrania mberifera Yin, Gao and Xing, 2001. 
1l1c d1 sc~vcry of 1wnzluultama bor.h m the Weng'ao arca and in lhe Yangtzc Gorgcs providcs not on ly new data 
for study! ng sphc r~ida l mi~rofossils in .phosphoritc bu t aJso a way to corre latc the silicified assemblages ,vith 
phosphatlzcd ones. llJC fossJIJferous honzons at Wcng'an and in thc Yangtzc Gorges are coeval. 

. Ackuowlcdgcmcnts. Thc research was jointly sponsored by thc at iona l Na tural Science Founda tion 
or Chma (Gr.tn ts Nos. 49872002 and 402720 15¡ and the ehincse Geological Survey (Gr:~nt o. 2002 13000042). 
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On the biological affinitics of galeate acritarchs: morphological and biogeochemical data 
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Laboratom de Pai&Jmolope <t Pa ~ grapi:J< Ju Pa 
t;e:H·rstté- do ¡;¡entts et Tcxbm.ll ~ll' Ut: Ulk .. \. Cu 

Per ddimuon. t.hc Ao.:nur ·113 are <Jrflntt •"JIIcJ nu.: ,. (or 

unllw"'ll tE'1n. 1963) The Ü::!!t ui ~::!!Jhlt b10l :. :al ~TUP t V!.tu .. thc .._nt .... 

1nduJes th(' dmoila~ll.ll~. prastnoph) t3<"Jn. "-hloropby cm anJ z~~ tmJp.h .. en 'J. e arthr"oc' 
e ._ ~o."3••t'"' C't c:'ktal ekrnenb Of ot.het 10\'cttebrat lnd lJi \etttbfi!U·.;. :Jnd ~ml:n~ ( 1 hf~f rful! .._ 

- l"p 10 loo~. mo::•:;tl~ rtk"'lf'Pholo~u:.JI cnteru. :m; u..-..nlto clu .. '1J.lt(' tbt' t-.a.,Jiogi .. .-&t ;¡,_, • mc'Dt ctf:acntan.· 
H"'c,·c-r. O\er W las:t )C.lr; tbe nn.1.tysis of biOmJO..m. 2nd rt10rC' nxcutl~ p.af)1a .. ~ \11"3 Jllll)~ 
cmc:n!cd 3S ldd1uonal rools to ch>tr:lctense :tlg"Je ;md th~) ha't .t&l N1:'n pplJcJ l e u., 1 thc' ~k'(. 1 al 
~ifin~ues. though \\lth dJfferent su ss. !\c,cnhc.b.s. el :ar dtfiMTn(; 3rt h. nd ttl f"'hnn .... uvdurt roon. 1 
rteenl alga! groups ltke Dmoph)1a anu Chlon>ph)1a and abo v.ulun 1~ ~""'"' (XI)m<r tru<tur· a 
JI) 1gnificanlly As su ·h. thcre rtm.:un~ consitkr:1bk- potrntul for thc--.\: d1em1~ 1 t -hnh¡ e:o. h., 

.lC1lun:h bsological affinities 
The l....:!te Carubrian-Ordo\lctan galeate a~:ritarcm, trons.I~ ~~.:mbic' thc c_:.:lob vt dm~,._lfbgclLttc:-' h 1(1\ 1. 

morphol<lglcal poiot of 11e" · thc large "apo 31" opemng nl3) <orr<->(X"'d 1<> lb< .W'h«.'fl)l< tthc don<>fbi<ll>te>. 
\\hile me polygonnl fselds obsened on sorne galcate ,. _ ides OU) corrc ... ponJ 1{ a p.tr3tabulatu .. an tn aJdlthlft, thc 
mcrphology of lhe proce.sses and their \3riJbalH) stroogly ~mbl~ thCN l.'lf mt dm fla~ ll;11e q~h 1'bé 
palaeoecolo,p al and p:tlaeog~gmph.ical dismbuti n of the galeltc lcnuar;~h~ ll"' C(VTC'<i,J'."''fu.h to th 1 t ( mc;'kktn 
and fossil dmonagellates 

In Uus lecture. we present Lhe resu lts of the f1rst stud~ on the thl!'mical stru ture ot g.ak:ue ... \\,111 
polymer.t. Thc rcsults will be discll::!l~ed in relation to our (.'urrent undentanJing ol tht: 'OnlJ"l!IIH'-'tll df rcx·c-nt :.nd 
las>tl palynomorph polymcr.; 

Late Cambrian acrita rchs from thc "Túnel Ordovícico del Fa bar", 
Cantabr ian Zone, Spain 

Albanl, R. '; Bagno li, G.'; Bernárdez, E.'; Gutlérrez-Marco, J . C.' & Rlbecal. C,' 

1 Dipanimcnto di Scienze della Terr.~. Universit:i d1 1>-¡ sa . 56126 P1sa {ltaly). 
1 Institu to de Geología Económica (eSte-UCM), Facultad de Ciencias Gcológocas. 28Q.l0 Madrid (Spain). 

~llle e:<.c.avation of the El Fabar Tunncl of the Cantabrinn supcrhighway prcwidro the opp<'numl) for 
detniled invcstigation of the Cambrian-Ordovician succcssions of the Lavumn and RroS(.'CO nap¡K:~. ea~tcm 

eantabrian Zonc or thc lbcrian Massif (GUTIÉRREZ·MAR O <1 al. 2003). 
The Middlc? to Uppcr Cambrinn L..1 Matosa Member of the Bani~ Form:uion consisL~ mnml) of 

quartz sandstoncs and comprises a thick fossiliferous intercalation of dark shalcs ("El Pabar bcds .. ). 'll1esc !'o hales 
yiclded olcnid trilobites and filocarid crustaccans and onc samph: pro"idcd an acn tnrch nssocintion of Late 
Cambrian agc. 

The palynonora is wcll prcscrvcd and quite rich bu t not highly d1 verse. Thc most common genera are 
CristaJlinium , ?RetiJplzaeridium, Timojeevia , Cynwtiognlea, Aramlwdiarrodimu and Su•fli[eridium 

Lu.mtia dendroidea BURMANN 1970, reponed for thc fim time rrom Spain, is n \iCry charncteri sllc 
clemcnt of th is assoc iation. In thc ma terin l at hand, LJ.~.mria dendroidea cxh1b1IS a grca t morphological vannbihty 
and occurs in high number. most ly as complctely prcscrvcd spccimcns. 

Some taxa, representcd by numcrous spccimcns. are of problcmatic gencric assignmcnt :md Lhcu 
ta:<.onomical intcrpretntion requires furt hcr investiga tions and comparisons wi th mhcr arcas whcrc ;) llllllru 

associations occur. 

BURMANN, G. 1970. Weitere organische Mikrofossil icn aus dcm mueren Ordovi7.ium. Pal iiontologische 
Abhnndlungcn , Abt.B, 3(3-4): 289,332. 

GUTIÉRRE~MAReO, J.C., BERNÁRDEZ. E. , RÁBANO. 1., SARMIENTO G.N., SENDINO, M e, AUlA 1, 
R. & BAGNOLI, G. 2003. Ordovician on thc movc: geology and paleontology of the "Túnel Ordovfcico del 
Fabar'• cean tabrian free highway A,8. N Spain). In: ALBANESI G.L .. BERESI , M.S. & PERALTA S.H. 
(cds). Ordovici.an from thc Andt.'S.INSUGE O. Serie Corrc.lac.ión Geológica, 17:7 1-77. 
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