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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 

Versteegh, G. J. M.' ; Raevskaya, E2 & Servais, T.' 
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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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Veryhachium dumontii: a diacrodiao ora 'eryllachid acri ta rcb? 

Raevshaya, E.' & Servals, T. 2 

1 \ ~IGRI (Al! R~~.><oon I'L'Irokum Rtscarch E.,plorauon lnslllute). Lotejn~. 39. 
191104 S L l'ctcrburg, Ru ía 

1..1 """"'• de Pa~Lologle aL Paltogrtograph1e du Paltozoo1que (LP3), 
l PRf:SA 801~ du ( :-oRS. USTI... S. S. F-59655 Vílleneu'e d' Aseq Cedex. France. 

After Lhc dcfonll1on of thé unformal group Acrítarcha b} E'i" (1963), sever:JJ authors proposed thc 
w ... uncuuo of d¡ffertnt acntart:h ~~ubgoup~" (e.g. Downi~ et ill. 1963). Th~se subgroups were cornmoly used in 
the J960s and ¡<)70s by a~tnn.:h worleD. but subM~qutnlly they wtrc: abandoncd. Marry inrermediates eXJst 
bet~tcn the d1ffc-rc:·nt ~ubgruup!) and lhe parataxonomit:al scheme of subgroups did not correspond tO any 
bto~it:~l clas.~lf1cauon 

Dtacrodoan •crítarchs (forrnerly classoficd as lhe subgroups "D1acromophitae") show a bipolar 
morphol(~y of the central body wuh ornaments andlor processes concentraled at the two polcs of the ves icle 
Alth~lllg.h pre~nt at rnany gL-ological periods, thit; group of acntarchs are c:specia lly abundaot and extremely 

vnnable 10 LTppcr lambnan and lo"ermost Ordovician palynological assemblages. 
Polygonomorph acritan:hs {fonncly classief as the subgroup "Polygonomorph itae") have a 

pronouncedly polygonal central body. Acnrarch morphotypcs of this type wih fcw processcs were generally 
atlnhutcd w thr- genus Vcryhachtum Deunff, 1954, rcferred here to "vcryhachid" acritarchs. 

A panicular acritarch spccies from rhc Uppcr Cambrian , Veryhachium dumootti was attributed to the 
polygonomorph acritarchs and thc gt."TIUS Vcryhachium, allhough this morphotypc is found within diacrodian 
as:.ernblagcs and hn$ strong rclauonships with diacrodian taxa, such as, for cxample, rhe species Dasydiacrodium 
caud4ltum and thc gcnw cllia 

In thc prcsent !.tudy we try to find out to ,.., hich cnuty may bclong V. dumontii . Our investigation is 
b:t'litd on a remvrsugauon uf previou.sly published materia l and of new ana ly es of assemblages from other 
loc.alttte!. lt appcars lhat lhe spcc tcs 1s c learly bclonging to the diacrodians, but to none o f the previous ly desc ri bed 
gencra 'f1te spc.cies should thus be placed hcrc in a ncw dtacrodian gcnus. The species cannot be main taincd in thc 
gc.nus Veryl.adu'um ThJ!. lattcr gcnus was nevcr descnbcd to ha ve a bipolar central b<xiy. In add ition, the firs t 
Veryharluum morphotypcs only appear in the la les t Trenmdocian, i.e. abou t 1 O MA years la ter than the occurrence 
ofc.Jumontil . 

EVrrr. W.R. 1963. A discu"sion and proposals conccming fossil dinoflagella.tes, hystrichosphercs, and acri tarch. 
Procedongs ofthe Natiooal Acadcmy ofScícnccs, 49 (1): 158- 164; 49 (11): 298-302. 

DOWNIE, Ch. IJV 11T, W.R. & W.A.S. 1963. Dinoflagellates, hystrí chospheres ans the c lassification of Lhe 
acrit<Hch. Stanforcl Univ. Publ. Gcological Sciences. Vil (3): 3- 16. 

Turno ver of acr itarcll and chitinozoao species, endemism and sequence 
stratigrapby in tbe Lower Palaeozoic of Omao 

Molyneux, S. G.1
; Mohiuddln, U.'; Penney, R.' & París, F.' 

1 
BriLish Ocologica l Survey, Kcywonh, Nottingham, NG 12 SGG , UK. 

2
Petro lcum Development Oman, PO Box 81. Muscat 113, SultanateofOman . 

3 
Geoscienccs-Rcnnes, Uni vcrsity of Rcnnes 1, 35042 Rcnncs·cedex, France. 

Thc Late Cambrian 10 Early Si lurian success ion in the subsurface of north Oman comprises bra id delta 
nnd shorc-facc facies intcrcalated with mudstone depos ited during a seri es of marine flooding events. The majar 
marine cvents fo rm the basis of a genetic sequen ce stratigraphy. Each of thc major Oooding events is charac t.erized 
by a unique assemblage of mari ne palynomorphs, rnainly acri tarchs but a lso inc ludi ng chilinozoans in thc upper 
part of the success ion. TI1c unique cha.racter of cach assemblage means Lha t the marine rocks of each genet ic 
scqucnce can be fin gerprinted, so that Lhe palynology of these rocks consti tu tes a powerful and effect ive mcans of 
correlntion. lt also means, howevcr, tha t spccies tumover bctween succcssive marine flooding eveots is hi gh. 
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Em·iromental significance of the Ordo,·ician acritarchs from Tarim Ba~in . '1\\ hinn 

Jun, L 

Na.n1mg lnslitute of Geology and Palarontol<.lg), AcadcnuJ. Sm11.:<t. JQ E.t 1 BctJIDf R,,..u. 
21000 !\JOJlog. 1' R Cluna 

Located in the Xi njiang. N W h1na. Tarim has been COINdercd oo ot thc nujor thrt"(: t'lk ·b ot t1un2 
dunng Ordovtcian. The Ordovictan, especia ti) the early O:nd mtdJie Qnfo\lctnn. \4J~ a. f<'nod of rtl:elt\t .;.tJhtht~ 
for thc Tanm Block. lhe Mid·Tiansha.n Masstf and the. Tan m Platform formed a smgle umt \Hthout lt: toruc 
a¡;ti,it>·· Ordovician acritnrchs and cryptosprores from Tarim ha,·c bcen tn\e:,tiratcd.The prc.:.ent p:-tper "'11 dl\hk 
the MiddJe.lJne Ordovícian acritarth.s from Tarim into four as meblag:o. and dt~cuss tlle traugrapht '"31 and 
en ,i ronmental sign ifican e of thcsc assambbges. 

Acritareh Asscmblagc 1 (Peumu,,plweridium·BaltlspJuuriJ,um Asscmblagc) Th ts ml:ll3gt: 
occured in the Jower pan of Tumuxtuke Formn11on . Charatcnstic reprcsenrnuves of tbe .ll"i.\~tnblnge _lre ru. 
followino . PettiiiO.\phaeridutm rrifurcatum brel•iradiamm (E1scnackl Etst:n :-tt· ~ . &1lrisphatridium bJY\'II'rlwrum 
(Stapli o): B. mirrospinosum {Eiscnack). U iosphaeridia re rruis~ima E1 c:nack. tct Late UaO\mltJn onodont 
Eop/arog11arlw.s suerints has bccn discovered in tln: lowcr part of the Tumuxm!..e Formauon That IIH..Itctttt"d thr 
Late Uanvirn age for the Assemblage l . 

Acri tarch Assemblage 2 ( Oaltisphaaosum·DirluJtisphal'rn Assc-mblage) Al'ntarchs of thas 
assemblage have bcen reponed from the lowcr p:In of the Qilang FormaLion, Da;~ikumu Fo:mat1on und the uppe.r 

art of the Tumuxiuke Formation. The dominating sptcics are Baltisplweroswrt dnpar rumcr. 8 hy.Hrt>nw.~ 

rLoeblich and Tappan) Tumer. B. mu1iens~ Tumer. Dirholi.~phaua Ctlrato.rensi., 1\ mtcr. 01her t_un occ~rred ~e 
Exrultibrarium okigorladalltm Tumcr. Balrisplweritlium grano.wm Kje llstrom, 8 lur.Hilmdi'.\ (Etscnacli:), 
Goniospaheridium comlt'C:lwu Kjcllstrom. /...eiospltauidza granulaw (E1sennc~) . The Assemblage 2 IS ca.rl) · 
middlc Caradoc in age. . . 

Acrimrch Assemblae.e 3 ( Navifusa-Ordoviridiwn Assemblage) ln lhc Tan m Basm. tlus a~emblage 
occurred in upper part of Qila;g f'Onnation , middle to uppcr pan o~ thc Da.;dkumu Fonnauo~. uppe~ pan o~ thc 
Charchaq Group. 1t inc ludes mainly Ordoviridium asperTimt { KJCi lstrom), O. mtdum. ( Etscnnck). m •ifum 
ifldim 1er¡sis Locblich and Tappan, N. punrlata LocbHch. with lhc asSOCJatlon of Venhnrhwm .f~rlhguum Dcunff. 
Dartulofusa rabortii { Cramer), According to thc ~acntarchs and other fossil dnta . thc agc of rh1s asscmhlagc wa.s 
da ted as late Caradocian. 

Acri tarch Asscmblage 4 ( Dacrylojilsa·ú:iosphaaidia Assemblagc) 'll1is asscmblagc 1S :,ct up by t~c 
matearía is from the upper pan of thc Charchaq Group, thc Jowcr part of thc Kalpintake Forn'l~llon . A~ntnrchs tn 

this assemblage is very rare, with abu ndeut Darty/oju~a cabmrii and sorne I...J>_io.\phatndm lat>wgara .Wcll 
preservcd cryptosporcs like Tetrahedraletes medintll~is, Ve/arítl'lrn.\ ln.evlgnra Durgess, D~admpora 
murusalletJuata, Pseudodyadospora laevigara Johnson and Segesrrenpora rugo.~a _{ Johnson) . AccordtOng to thc 
assoc iated tri lobites, conodonts and chit inozoas, this assamblage is datcd as Ashgllhan. 

Palacoenvironmenl: Ordovician acritarchs from Tarim are the Sphacromorphs, . Herko":'o~h, 
Polygono morphs and Netromorph. The most ri ch are thc Acnlho~?~hs, rcpre~entcd by. B.nlnsp~!wendmm. 
Baltisphaernswn, Micrhystridium. Mulrip/icisphaeridium, Ordovlctdwm. Pt'lt!mnsphaendumt, 1ylot~J'!alla, 
Excuftibratlt ittm, Gorgonísplweridium, Plteorlosrerium. The ac ritarch asscmblagcs 1, 2 and 3, thc composlt tOn of 
thc acri tarchs arcdominatcd by acanthomorphs. Tile Asse.mblage 4 , howcvcr, only yiclds sph:-tcromorphs and 
Dacrylofusa cabouii, and cryprospores, withoul any acanthomorphs occurrencc. Grny ond Boucot argued lhat 
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{Jafr lbJ·~ 1 ulbvltu rTlii) be cug.kOC:•Id: hJ~h ) Iré h·\looilc:r alg>s\;, J.Dd lht cryptosporcs b.Jve bet..""n thoughl t0 bt 
tcn al p ni ong¡o Combt <>.! "uh the scJtmcntor) d.ld.l, thc a»<mbl.lge; 1, ~. and 3 are thc shelf 10 slope 
t • ilik thc aucrnhbgr ~ u huonl faclá or terrc~trial rac.~u ~0\ mxncnt 

hilínozoan biostraligrapb) and paleogeography of lhe Lo\ler Pa leozoic trata in 
Kuh-e-Roghou, outbwest of Kashmar city, Central Iran 

Ghavldei-Syookl, M. 

E>plorauon Dmx:toratc of'\dUonal lrantan Otl Compan). PO Ro, · 11394. Tehran- lran 
Ematl m .gha"debyooi.Jiéyahoo com 

Tht: Lowe:r Pah::~ll.OIC ~trata (Ordo-.iCIJO·S•Iunan) are \\Cll-cxposcd m Kuh-e-Boghou somhwcst of 
1\.a~hm .. u cuy Thc L.awer l'aleo7..0IC sequenu i.s 2200 m thtck and in ascendmg sLraugraphical arder. it has been 
d!VIdcd 11110 the Sh~rge>ht (700m ¡, Ghclh (500m ) ond Niur ( 1 OOOm.) formations 

'llle OrdOVICJan ~'hmt:nb cons.n.t of 1hc Sh1rgesht (Tremoc.Joc-Aren•g) nnd Ghelli (Lianvimian
A-,hg•lhan) formaiJOOS. but the NIUr Fonnauon b reiJted to 1he Silurian. 150 surface samples were seh!c L~d from 
thc uppe:rmost part or Ghdll FonrutJOO and the ~hale iur Formauon JO order lO identify the Chitino.roan taxa. 
E.'l:tco~zvc tr:tn~m1tla!d and clccwn mrcrO'iCopic exam.lnaLron wcre carried out on the productivc samplt:s. A tOla! of 
30 Chttinotoan tau ~ere zdcnufied 10 thís study, cons1Stmg of Pleczochuma paraguayensis, Plectocltit:i na 
J)'tudoagg.lutman~. Plec.:tochmna .saharica, Plectocluuna aff nochfera, PlectochiLina raphil. Angochitina longicollis. 
Cyathochiuna campanulaeformis. Ancyrochnina convexa. Ancyrochitina vik icnsis. Cyathochitina l\Jckersiana, 
Conochumn alargata, AngochiUna macclarci. Acanthochllma barbata. Tanuchitma ontariensis. Tanuchitina 
lhtulosa, Spinachuma bulmant, Ancyrochitina mcrga, Ancyrochitina pers1ca. Plectochitina sylv:mica, 
S¡Jhaerochtt1na balllca. Jenk1noch•tina lepla, Calpíchiti na Jenl.lcularis. Armorichitina iranica, Annorich.itina 
rugrnca and DcsmoclutJna muwr 

The criucal chitinnzoan )pccies or Lbc uppcrm~t Ghclil Fonnation consist of Plectochitina sylvanica, 
Armoncochuma nigerica and Ancyrochilina mcrga, suggcsting the Late Ordo\•ician for thjs part of Ghclli 
Formation. On thc othcr hand, thc dominant and d1agnostic chi tinozoan taxa of Niur Formation are Spinachitina 
frag¡!Js.Plcctoduuna p!icudoaggluunun . Conoclutina alargata,Plectochitina saharica. Plcctochitina nodifera, 
An~ochutna macclarc1 and Angochitina longJcollis, indicating thc Early Silurian for this format ion. The 
cncountcred Ordov,cian and Silurinn chitinoz.o::m taxa of the Niur and Ghelli formations were campa red with those 
of other parts of the world This comparison rcvcals broad Sl nlJ lari ty with those of Algeria, Ubya, Morocco, Spain. 
Florida as wcll as southern and northr.:m Jran. This similanty sugges1s that al! parts of lranian platfonn ha ve 
fom1cd a union conti ncnt , rclattng to thc: North Gondwnna domain. 

Palaeophytogcography of Ordovician heds by palynological studies 
through North Ira o 

Sabourl, J. 

Gcologi al survcy of lran.Meradj Ave . . A7.adi Sq. ,Tchran. P.O.BOX: 13185- 1494. 
E-mail:sabouri88@hotmail.com 

Rcgard ing to appcarance and aboundancc of palacophytogcographycal index Phytoplankton such as: 
Vulcanisplwm, Stiharidia, Goniw,phaeridiftm, Straitoteca, Corphydium. Arb,srludium, tha t could be 

obscrvc:cl ill most of 15 Ordovician section (7 section studied by auther) in Nonh lran, this arca is belonged to 
Gondwana( or pri-Gondw:ma) in high latitude and pri-glat ial regions in southem hemisphere at Lhat time. 

1t seems that upper Ordovican to Carbonirerous from east toward wcst werc crodcd by tcctonic pha cs. 

/34 Polen 

Dh ersit~ pattcrns of Ordoyician mi roph) toplankton in th U ht 
of elf Organized riti lit) 

Vecoll M. 

l.J.bor.ll t<e de Pa~tol<'¡;t< <1 P•l~¡>hio Jo Pal .¡:¡ l \IR' ~ du R 
l·nl\enu¿oos-.:-ten ~eiTo:-hn\t:~.Jt·,dtUl (Fn:n e 

In thh paper 1 presC':nt an upilitcd Onkn·J~un J~nlJJ'\:'h d1\cn.JI~ ,.UT\C'. tn ludt~ on uum 
3.Dd extlnC'UOO . for thc pcri ·Gondu..l.l\3 plb(obiOJlfU"iD.._~. aD\1 th,cu..,o; ll" ful:k'Obh.l ,:.¡( rnc.lllln- Th: Jn U"\ 
"urv~ 1.) plOltt.-d on the recen ti) pi"Op<hCd Ord~"~~iJ.D ChrunCbtr.tUgr.aphl .. ·lñ.ut b lhc k~·r .a lO, de: tr m _mj 
1 ti~Liy correL:ued to the undard ~;:hnmozoao nooh GooJ" o1n.1 bH.lZOG.lli"""O. h rt. ttlt pnn,1 U ff\)JD.lbé Jut 1 
"'""'""'"on of mor< th:m 500 sampl<> frorn nlliil<TOU.> . .n,Yihcm üond,......,o• 1<'.-:>bl• • :tnd "'dorih '""" 
thOrot.J~ and criuo1 I.Jtc:rnture sun.c) 

mndard.. cl!bSIC tnterprctJ.Uon of Prou::rozo1~ to P3Llro.zOt~ m..tnnc mu=·roph' tllf'Llnlwct Jl\n"'t 

paneros emphasize thc role of C:'(t.emal a uses on. p3ttem~ of ongJruUl'II\S.I't-AUncn~.-'n\. an 1 tmd h,l fi~ ...;td b(x .. 
c,rbnauons m sea.rch for causc-effect rclauonsh1p For uamplc, thc lJaD\'Im dt'"n"lt\ ~~.\.. " dtcn .. au\1111~ 
tbSOCiated "'1th an increase m conuncnl3.1 shclf en\ironm~nt putDU\d) mc.'K"1! fa, :-K~ra~k ' 1n~o't'tl.~ 
nucroph}1oplanlton di\'crsit) Marine transgress¡on.s an: gcncr.tll) bchc:'"N to promotr dl\c-1'11) ¡n .. ~rea.._,e J.mon!f 
the acntarChs. and the oppos11e 1S os umed for rtgteSSIOW> Gla'-•auon') are .115-0 htn ·''-' tat~1 1o C."\Uc.._n.,"Ct 
f!\tnlS- Howe\er. such 'rtgular" relauonsh1ps are notas e\1dem a 11 1s n(lf'nUII) ,"(ll 100td C'austroph.J(" ¡;au ~ 

su eh as bohde 1mpaclS, ha\"C bcen JO\·ol..ed to t\pl.am mferred- ~ut nm JJtquatd~ d~,.x·umented - m.bs nunct.J~..\1\ 
e\cnts among thc acrit:uchs at thc Ordovic1an - ilurian trnnsiiJon (Colh.llh. lQ <>) lb<' role t)f 'lwl~1ng 
occanogrnphic conditíons on acntnrch diversny is equ:1lly Wfficult ro evalu:nc: lxcau~c ol thC' tughl~ hy¡x.,.hetu:.al 
av:ulable models of Ordovician oceanograph) 

1 test the hypothcsis that pattcms of OrdovJcian acntarch dl\C"f'Sit) m.l:) he.· ~'PL~uncd m terms of 
complex d)·namícs and that thc fossil record of D'liJnne mi roph)10{'1:tn.,ton rcflect thr t\olutloo of a h1~hl~ 
connected naturnl sys tem whicb has rcacbed a state of clf·Organized Cnu aht) ( "OCl. In tb1 ~<~)- d1Hn.1t~ 
fluctuations reflect ma1nly a spont.1ncou ge:ner.1t1on of pattems with httlc- or no C'(tc-mal oontrol Th quas1-hnl·ar 
power- law distributions of exuntion/origin:nion events and of spec1cs bfc~spans of Ordm 1 1an a~ntarrhs lound 10 

Lhe present study appcar as supportJve of such nn hypothes is 
Although sull highly spcculatJvc, thc SOC hypothesi would e~phun ~ome pccuhanu~ \\h11..·h 

charactcrize the foss il record of aritarchs. such as the decouphng bctween acntarch and mannc IOH:rtc-brate 
Phanerozoic diversity records (Strothcr. 1996). thc ,.inscns111 vity" of the acritarchs 10 \\IÜC pread mas e'(uncuon 
events (e g., end-Ordoviciau. cnd-Devoman, end-Permi:m). and tbc up lO now cn1gmnuc .,C'arbomfemus 
phytoplankton blackout" for which no satisfactory cause has e ver bcen found 

COLBATH, G.K. 1986. Abrupt terminal Ordovic1an exunctton 111 phytoplnnlton assocutuon~. southem 
Appalachians. Geology 14: 9H-946. 

STROTHER. P. K., MACRAE, R.A., FR ICKER, A .. FENSOME, R A & Wll.LIAMS. G.L. 1996 Phancrolotc 
phytoplankton diversity is dccoupled frorn marine invcrtebratc divcrsuy Nint.h l nterontionol 
Palynological Cougress Jlrogrnm a nd Abstrnct.s , Houston, Texas. p. 152. 

New evidence for the nature of the ea rliest land plants 

Wellman, C. H. 

Depanrncnt of Animal & Jllan t Scicnccs, University ofShcfficld. Alfred Ocnny UuJidtng. 
Westcm llank, Shefficld SIO 2'1 . UK . 

Unti l rcccntly the earliest gcnera lly a ccpted cvidcncc for Jand plants was dtspcrsed sporc assc.mblagcs 
th:lt are firs t reponed from thc Llanvim (Mid Ordovician). lt is not until sorne 40 malllon years lnler, from the 
Wcn lock (Lme Silurian), that the carliest land plant megafossi ls occur. Evidcnce that thc M1d Ordovicaan-Early 
Silurian sporcs derive from land plants are: (i) morpbological si rnilariues w1th thc .sporcs of land plants, 
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par b:ly lbc smulant bc1w n 1h ,.,. lope·a>-los<d pttm;on<nl telr.l<h and por<> of cenarn exunt 
~vcno (n) lbc d:stnbul! 1 !he s¡xw Wl "'''"' rn t<n mal dep<. 11>. and v.h<n found m man ne depa.n.>. 
ltnd rudunuu h 1n •humLlnce 11 hc.•c (111) \llotll uhra\lru\..lure in ccnain ofdx _ ~ morpbolog•es ltut rcsembl~ 
fh¡t ID C"'.Uflt Jn&."t"'W • (1\) tbc ~WT 11\<.' o( me (1f thc ~pore morphologJo 111 UIU 10 late llunan·farl} 
IJcHlf'Jit.Jl pbnl.$ tlut h.lH· hl)orhytsc charu.u:n uc.; 

Jlo""c>cr thc \1nJ (Jrd H tan-l!arl) Srlun.an \{klfc:. prontlc: lmk IOfOTTll.luon r~garding the naiUr~ of 
tMH rroou l'h}logtnclh .. <tRal) ·~o( nbnt Und planb )Uggc~b that clther tbc II\~Or1~ or horm~o ons are lhC 

c-arb 1 dr t.:crg~t bnd plan1·. v..1th ;a mv-..s + \a\cular plJnl ddde appc.aring Slmlt"timc la ter Thus we migh1 ex.pect 
the r.uheu lotnJ pLtnL w t-"h•bn IJ\crv.urt andlor h'Hll\\ort char.h.: tc:rb.uc~ lndt>ed. thc: fossil spores do prov1de 

1IOC C\tdnkl!' lh.s l thc) h.t·.c h\crwort affamuc~ ( e abe:,, e) 
Rct:cotly (\\ cllnun rr r1l 200J) top \h! 1ng during rouunc pal)nologica l proces ing of Ca.radoc 

(Ord0\1 13Q) dcpol.J1 rwm Oman tu~ pmduccd rcl.all\c:l)' largc: fragments of lhc p la n~ th:H produced the early 
ptJtc-s The e con l!i.t nf porc mJ C) and trag.rncnts of ')porangm. and provide Lhe fir., t tantal iLing C\' idence for thc 

r~;tfurc of thc producen 1ñc (0'\o;ll\ confirm th.u thc e.Jrly dio;persed spores. that are reputed to den ve from land 
pi.Ull'l, d1d mdc-cd frHm m \.UI numbt.:r\ m ~porangHt Thc f~il ~-pornn gia are miniscule, but :l re of Slffillar 
l.hnv:n,Jon to th<xe pruJ uccd by c\IJnt br)oph~t es. and \\C may env1sagc a nora consistmg of diminuu ve 
hr ph)lc· h c planbo TE~1 analy-.1:s uf v.all ultrJc;tructure 10 spon:s cont::uned wnhm thc sporangm show that the 

all 1, t"orn~d of a ~all!.\ of conunuoth, par.tllel a.nd ~.:oncentric IJ. mel lae. Such an arra ngcment is similar to lhat 
iln c.o;:t.tn t 11\·c:r'ftort~. sugg:~un~ tha t th~c carly land ¡)l.Jnt~ may ha"'e had hverwort affi nit1es. 

M\1b of d1:.perscd ~hL>ets or cuuclc and tubular stml!lures w1th 1nternal annular/sptrallhlckenings ha ve 
realured pnumnent l)' 10 rc~carch in to !be tarliC!tlland plant.s. Hov.ever. such fossi ls hnve not bccn rchab ly rcported 
pnor to thc A\hg1ll (l~te Ordov~e 1 an) and are unhkd)' to be rclalcd to t.he o lder spore-producers. Ra thcr. thcy 
prohahly den ved from thc en•gmatic nema toph)'te~. th.a t evolvcd somet imc la ter 

WF. I.I- \.tAN C f!.. OSTERLOFF, P. L & ~IOHil.' DiliN, lJ 2001 Fragments of 1hc carli est land plants. Nalurc 
425. 28~·2R5 

lnilial systcmatics ofCryptosporcs from thc l\lidd lc Cambrian Conasauga 
group, Eastern Tennessec, US 

Strother, P . K. 

Palacobotany Labora tory. w.,ton Ob>crva tory. Deparrment of Geology & Geophy>ics, 
Bos ton Collcgc. 381 Concord Rood. Wcston, Massachusctts 02493 (lJS). 

The M1ddlc Cdmbnan Cona:.auga Group contams a ri ch palynonora bascd on rccovcry from 3 
\ ubsu rf.1cc corc) taken on the grounds o f lhc Oak Ridgc Nauonat Laboratory, Oak Ridgc Tcnncssc:e, US. The Joy· 
2 corc ) pan ~ the entirc MJddlc Cam bri :m and includcs undcrlying Lower Cambrinn Rome Fm and the overlying 
Nohchuc l..y Sh. which is cono:; idcrcd 10 lx' of Late C"~ mbnan agc. Many of lhe sporomorphs are of tndistinct 
)Omcwhut sphcrica l 1n shapl', somc are prcscrvcd ín polyads. but mas! occur in d1 scretc sets of two and four cc lls. 
So~c snmplcs conta in a small fract ion of very small , < 12 l-1 m, ·'Michryrstridium/A.weridiwrt"·type acritarchs. 
1l1c1r prc:scnce h1ts bccn uscful in dcmonstrating that thcse Cambrían cryptosporcs are quite distinc t 
morphologicaJiy from Lhe acntarchs. 

·111t:re are severa! ncw disunct morphotypcs contained in the core. Om: is a paired dyad, charactcrizcd 
by two isomorphic dyads that are loose ly nttached , fomling a pl:lnar tetrad arrangcmcn t. ·111cre is a range of dyads 
that conforms lo thc gcncric dcscription for AbdtlilsdyaduJ' /ae vigarus Wcllman & Richardson. Anothcr new form 
i) a sm:ll ltctrad that lacks clcfts bctwcen thc sporcs and appcars more like a single sellthat has a four-fold intcmal 
J>llrtitioning. Othcr tetrnds are more irregular in thcir arrangcmcnt. bcing more like Rimo,\Oietras Burgcss in havi ng 
s_omewhat loose attachmcnt. Sorne monads can be placed into Lae\•olanfis Burgcss & Richardson. Sphaerasar·cus 
Stccrnans et al. , nn cnvelopc-encloscd monad. occurs in thc Pumpkin Va lley Shalc. 

lbe morphology of thcsc Cambri:.m species is being carcfu lly checked with Silurian and Ordovician 
rcfercncc sn!nplcs to msurc that the rnnge of m rpho logics scen in the Cambnan matc.:rial ove rl aps wi1 h youuger 
taxn. Somc 1mportant cryp1ospore genera are so broadly defincd. howcvcr. that species-lcvel distinctions become 
mcreasingly important in undcrstanding fundamental changes in the evolution and divcrsity of thi s group of 
¡nllynomorphs . The possibility that plants at an embryophyte grade existed in !he Middlc Cambrian is now 
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\o acritarch and prasinoph~ te mblag~> from th l pper Ordo' i ·ían . 'h n Shalt . 
MtU thern Oklaboma. l ' .. A.: bio traligrnpbic and pal eographi ,¡g~ifl m 

Playlord, G.', & Wlcander A. ' 

1 Eanh S 1en cs. hool ofPh) 1 al · 1en~~. The l'nnef\11~ t'fQ\.u.: 
~ Department of Geolog:,·. CenD'31 Mtchlc:,Jn l Dl\cr-,H) \ h"Unt l~C"J. 

An abund:mt. d1vcrse. and wc!'ll·pr rved Jcr1Wrch J.nd rr.b1noph~tc.· ~l)ml(\.n 1o11 
quJ.n) ecuon of thc Upper OrdO\ICI~ ">han 'h.J.Ic m the ·\ r"tlud .. l~ \ h'1UnU1n rc~100 ll . tbcm {l hon1.1 
BOL')cd on grap10hte nnd conodont C\'lden • thc ~h3n ·ru~e t:t oti:> I~neJ tft thc ·"Ylh l\mc:n .tn R1 hmoralun 
.... uge~ ~h i ch IS correlati\ e ' '-l lh pan of lhc: mtern:nlonal Rnu. h. ,b~ll Tite p.;~J~n\\1'\:n l.."l.1C:hl!ol of JO J'l('\:1 
(sc\ernl ne-... ) of acn tarchs asstgned to :!3 genera. li..~cth~r \\l lh t'ft J "r<""·1 lOOf' n~1o11) ot pt'.t'tn,~h)t a ... 1p~ 
to two genera The S)·h:an Shale palynollorn ~~ <k>nunJttd !;\)· acnurcru.. wuh ~ tv.l pr.a...tntlpb\lt' '"" 
compnsmg only a small pcrcent.nge of the ~mbll,g~ Tht b.t1usptucnds lit ~pt\.:lall) pr tnuncnt J.Od mduJc 
BaJtL.\phauidium adia.u altum, 8 aliquigrmwlum. 8 rurtatum, and 8_ pttdantl Othc-r pcr..l!olcnt. tt\4lU~h kv·• 
plenuful ta '(B are Chell" flU>chr t>lJ sp . Dont"nnidium hamu, f...t_)phtHph .. unJium 'P • . \lulnr/1 1\J),.utiJumt 
b~furrowm. .~f. ¡rregular t>, Orthm.plra('ndiwn Úlfrulpwm, O lrtt·gulart" P~tr·mmrJJ,un,fJum _,rrtumunl 
Pol)·got~ ilml gm á le, Vt"rylwchium oUahom m e•_ J llÚ n:prc.:acn t.J.U \~ of the \ tn\pmmwn .. ·ompl('\" ;md 1hc: 

pmsi nophytc Leimpltneridia. 
The Sylvan S hale palynoOora has almost 50% :1nd 30'l of 1ts Sp« l 1n ~ommon. rc~JX't'h \ t l ), v. tth lh<" 

nge-cqui valent Maquo j..c Ul Shalc of Missouri and Kansas anú the Vauréa l Formauoo of Anii"0'\11 l. l.and Qu l · 
C:mada. Hcncc. thc ns emblagc has prnenu o. l for prect e biOS tr:lllgrnphiC corrclauoo "1 lhm RKh mond1an 1up¡x, 
Cinctnnntian) succcssions of Laurcntia Furthcrmore. vnn ous taxa t mdud1ng. but not lum te-d 10, H,JI,,pluundmm 
ptrrlarum, Dorse11idium ham ii, M"lliplictlphauitlmm btfim•attlm, M i rr~gulartt, Orrhmphattn'dwm in..\ntlprum. 
O. re('/atrgulare. and Villo.,m·npJula .ftlosnpr/Jtrula) from the::,.e fonnnuons ha ve bc.·C'n t eponc~ from mtt.ldlr 10 
b1gh laltlude Ashgilllocalíties in Baltica and Pcn-Gondwana. lltc widespread occurren e of nu ny c.'>f the ncnurch 
nnd prasinophytc ta.x.a from lhcsc thrce Uppcr OrdO\'ICtan Laurcnttan fomL.1 hOO~ supporb th~ vtcw tha t n·g1ooal 
dtffcrcuuation of marine microph) toplnnkton -asscmblngcs was much 1 ~ pronounced dunng th L:ue O rdov1c1¡ n 
than earlier in the period. 

Palconto log_¡ c and scdimcntologic evidcn e utdtc:atc:s lhat thc S) h an Shalc \\ ilS dcposiiL-d 111 a \ \ llmt. 

subttdal . low-energy, offshore mnrine envtronmcnt havmg hnu ted ircut:mon. and thus anox1c ~>uom condt11 00\ 
The composition of the acritarch and prasinophytc asscmblagc corroboratcs this asscs.i.ment and correl:u~ v.1 th 
models of offshorc. opcn-marinc microphytoplankton associntions prcv10usly pr poscd by vanou~ authors 

Acritarcb and chitinozoan cvidence of Palacozoic marine productivity 

Dornlng, K. J . 

l"dllab Rescarch, 58 Robcnson Road, Shefficld S6 5DX. England and 
l'alynology Research; Depanmcnt of Geography, niversily of Sheffi eld , England (U K) 

The nbundance of preserved phytoplankton in sedimcntary sequcnces, includmg acri tan:hs and 
prasinophycean algae, provides a comprehensivc record of the produ tivity o f the Palacoroic occan~ and ~hclf 
seas. As in the prescnt day marine realm, the phytoplankton asscmblages havc a dh tnbution rclatcd 10 wa ter 
masscs wi thin shclf seas and opcn oceans. which in turn are arrangcd in broad c lirnallc bclts relatcd to lamude 
l ñ c chi linozoans also show significant diffcrcnccs bctwccn shclf and dccp water :u ea,. bul thcir d•stri buuon is 
more diffi cult te relate to paucrns of marine productivlly. 

Within thc phytoplankton record , the mosl frequently rccorded assemblages are low abundance. low 
di versity assemblages characteristic of the open occans; modcratc abundance, modcratc to lu gh d1 ven.11y 

Vol. 14 (2004) 137 



lTU1 X//P( 

b. durxtl.íl lh .. ol hdf Kas alld h.i h ahandl.oce and lo~ dn~ll). lo~ to htgh abundance assc:mblages 
r ti~ m lOif1C' tu tw.-n arcas ,.,th h1gh~ \anabk nutncnt iniiJlabtluy Arcas ofapparentlo\lo sahni ry general!) 
""""'lov.<t di <nlly pb)topwnLIDn assanblagc anJ an >b>cn« or dutmOL03D> 

H) e.:u.J'Illnmg lhe rd.tU\C .-bundJth.:t: of Jcnurch::. aod pr3 moph)..:ean algal pect~. m.1ny forms 
o~ppe;ar lO bC' aJ.SOLiai.Cd ~AIIh p.aru'u r palaC"CICIJ\Iroomcnli 1"hC' prasmoph) ... ean algal genera C)mario.,phaua and 
Pur ptrrnt'lltJ ve v.tdtl) 1J1 ltlbutcJ m 01.:eana~,; ._nd 'hclf areas. and n13) become rcbu ' 1)' abundan t ID 

rnhlíl pn:kncd 10 a.no\1 scdt t~1 V.>&lc;r mterfacc condmon.) ~peclel of MJ(·rhyurrdwm and Vtrylwrh•_wll 
are rCfulatly rc.:cordcd m 'lhdt cc.JmlCnU frum thc Cambñan to early Carbomferous_ Acntarch of moderat~ ~tze. 
tnclutJmg HultHphuuiJllmt .. (\mnJWf!lDit'a and Ptl'rnmpha rulzum tn the Ord~\' l~tan and CymlxiSphautdiUm, 
/Jit'.t.JJI/oplra iJ amJ \'i,h~'pha,-ra m thc Stlunan lo Devom.an :1re a charnctensuc com ponen! of manne she lf 
;,a lCtllhl.lg Wtth..m tropacal ~hclf ~. thc dastnbuuoo of ~e acn t.an:hs can be relatcd to ncars hore ro offshorc 
trcn<IJ . ., wrll sorne """-••••d wuh red '>eduncnl>. a dcmoostratcd by TAPLL~ 196 1. DOR ING 1981 and 
J>ORr--J"'G llEIJ.. 1987 Though al1110>t all a<ntar<hs are apparcnUy m:mnc. ronns mcluding Moyeria. and 
10mc pt\.lo ul ILimpltal'rrdw and Loplw\pJmaul ium h.n-e n d i stribu t ~on Lhat s ugg~t n flu vial , lacusuin~ or 
tcrr trl.al ungw Somt! largc acriw.rt:h )p«ie in the late Ordovician aod SJlunan appear tO be rcstncted to trop1cal 
azc.u, mcluding tllUlllru, lloglclmna and Pullilwjphauullu.m Detailed studaes o f Palaeozoic manne scquences 
'A-ath af>lhírcnt c."lOtínuoos ct~...~won ~ ho"' 3 rcnurkablc consbtency in the acrit.arch assemblages ovcr durations of 
hund1«h to 1houunJs or~ar>. a> noted for thc Wcnlock by DORNL~G & HARVEY 1999 Longcr tcnn changes 
m thc ph}tuplankton assemblagcs can be rclated to cy he pa ttt:ms in nu trient availabiluy tha r may be lirtkcd to 
tcmpcraturc 3Jldlor wet to dry c hmarc "an abJhl)' 

DORNING. K J 198 1 S•lun•n acn tarch dlStn buuon m rhe Ludlovmn shelr sea of South \Vales and lhe Welsh 
llordcrland In J IV NEALE & M D. BRAS IER (cds.) M•crorossils rrom Rcccnt and Fossi l Shelr Seas, pp. 
31· 36 Elhs l lorwood. (.'h¡chcst<r 

JXl RNINU, K.J & BELL, D.G. 1987 TI1e Silurian carbonate shclf microflora · acritnrch distnbution in thc Much 
Wcolock Luneslonc Fonna llon In; M B HART (cd.) Ma c.: ropalacontology of ca rbonate cnvi ronmcnts, pp. 
266-287 Iolh' Horwood, C'h1chcster 

DORNING, IU & HARVEY. C. 1999. Wenlock cychcity. palynology. and stratigraphy in the Buildwas, 
Coalbrool..dale, and Muc h Wcnloc.: k Umc~ rone formation , Shropsh ire. England . Bo llcttino de lla Socacta 
l'.•lcootolog•ca Italiana 38 155- 166. 

STAPLIN F L. 1961. Recf-conLrOIIed dis tnbULJ Oil o f Dcvonian microplankton in A lberta. Palaeontology 4: 392-
424 

Genera l pa tterns in the tempora l and spa tial distribution of 
La te Silurian acrita rchs of Cotland 

Strlcanne, L. 

lnstit ut fllr Gcowissenscha ftcn- Sigwarts trasse 10 - 72074 T Ubingen (Gcnnany). 

Onc of the largest isotopc cxcurs ion of the Phnnerozoic is so far recordcd in the S iluria n scdiments of 
Gotland (Bah ic Sea. Swcden). In thcsc scdi mcnts , thc Slr'J tigraphica l succession is charactcriscd by limcstonc-marl 
a ltcrnations. in which va lucs of CandO stab lc isotopes show their max imurn in the Late Ludfordi no . ·n1e isotope 
cxc urs ions in thc Silu ri an ha ve bcen prcviously att ri butcd to c limate changes bctween humid and arid pcriods. To 
bcuer undcrsta nd the phytopla nkron (acritarch) cli s tribuuon around thc Ludlow isotopc exc ursion the pa lynological 
contcnr has bcen obscrved in grca t dcta il. fo llowing one vcrucal pro fi le and two isochronc transccts from the lower 
Gorsuan humid period to the uppcr Ludfordi an arid period . Our results indica tc a geocric content with 
dis tinguished pattem s of temporal d is tri bution. Sorne genera are restrictcd to the time intcrva l s it uated befa re the 
i otopc excursion (humid pcriod), whilc o ther taxa show higher abundances duri ng the isotope excurs ion in the 
uppcr Ludfordi an intcrva l. The infrngeneric composition of abundant acri tarc h genera is also analysed and shows 
simi lar results with h igh abundances of complcx morphologies in the humid time interval and lcss om arnentated 
morphorypes in the upper Ludford ian ancl pcriod. Addi tiona ll y, the ac ritarch d istri bu tion of thc isochrone tra nsects 
havc been ana ly ed. O ur rcsults indicatc tha t thc phytoplankton dis tri bution can be related to d iffc rcn t ocean 
c irc ulalion modcls. and poss ib ly to cl imate changcs. 

/38 Pole11 

Pau erns in Ordo\ i ian chitinozoan biodher-11~ 

Achab, A. '; Parls, F.'; NOJva J .' & Assehn. E.' 

• bt>utur nauooal d< la m:hm:h< >Cu:nutiqu . L"R E1l' l' r b . t fi'). )u , ':uw1a 
rGt ·ten :t"S·Renn , L~I R 011 . du C ' R . l'Dl\Cf'\H~ ~ R~ l.; ().l~ RC'JU) .. -nk\. kao.: .. 

1Tallmn T ·hmcall'm>er<U\. Jn,HtUt< otl"'->k "· EE 1014' Talh D, "" 
• Ro~rcb ' atun:Ues Can adJ.. Comn~~~ g~ klglqu du t·an· c.h. CG<" tt H.w 

Quc!OO:. G 1 ~u.\ n>d> 

' 

Orúo\ ic1an t~h1Unozoan bmdJ,·ers.ll) un~' ai'C' ublt~h~ r .... tiu'tt may .. Y teTT:ln l.3'Ut'mua.. 1\.!Ju .. -a 
aud o,;ortJ¡ Good"ona on lhc OOse or 3 <LILI.>Ct ur more than 000 pm:lu '11\C >amf'b ll'an> ct 1 ~(1( ~ 1 'r" 
lht' bta mtroduced b} tbe numbcr of on idertd s.amplr-~ and tlk'"lr ;..p.JUll nd rcmre.• 1 ¡J_¡,ttt~U tbc', n .. •nJ 
tMJr rebted pJ.rametd'S (normal total dJ"~Il). ongm:auoo and c\Uo'-"tloo. r.u anJ lurn(l\ r r":lh~ 
d ·ument thc C'hangc:s undergone by chtunazoon truOt''lfaun3S JI \.1w, mttm~h<Ut anJ ht ·h LunuJt· 
(}rdoVICil.D 

The ,anauoo of lautudmal sctung I.S pnmanl) rdl~ttd l'l~ lhC' d.htJo ... -tt\cn ",¡ t~ t~· r-cp\lr1 1 
baOloruuom Data shO'W- that Ordovacian ch1llnozoan dl ' c::rsit) t\ mc'lt.kr:n m all thrtt rC' ('Ch. ahh...'Ul!b U ~~ 
ha{ilier '" low-latitude (Laurenua) than ID hJgh-IJUIUde (Gondw.ll1a). Con\en.el). the rrt'ducU\11\ 1 P't' h."f lO 

'\on.h GoodY..una, than m Uturent1a 
Thc reg10n11l uno·es :md the compo:;.lle cun e 1 1) ~how :m Earl) 10 Ma<kilt Ordo,h .. ,an ·hum01 m 

r.~d 1 auon The)' also show a pulse m the dnc.~ a fi auon and oli~mJtll'•n rnte an tht: Dam"lh.m, J...\ l'cll .1 .1 

progrcssive d~rcasc m chiu nozoan dtversit) dunng the Late OrdmtcJan. v.ath th _tmntmum Jtl.lm<.."d dunng thc 
L.1te OrdovJcum (Him a nttan) glacnlllon Th e patLems C'.m be reta11:d to the htghstJnd and I<W· ~l nd e\tOh 
adcnuficd by Nie lscn (2()().4 ) in compating Nonh Ameri can and llnltO!tl.~andaan sea ~~' el curo~ 

Sorne c vcnts depiCled by thc dtvcrsity cun es SC<..' m ni. o LO he rela tcd to palcolatttudo For cumple. thc 
first occurrcncc of l': h111noz.oons 1n onh Gond\A.·ana has bc:cn rc(.'Ortkd 1n th~ loYocr T'rC'm:~doc. \\ hll.c 111 1-turtntaa 
it has bcen repon ed from the uppcr T remadoc. Ma,unum di\Crstt) cx:turs m lhl• uppcr Damwt ll.ln 111 orth 
Gondwana. whercas in Baltica it spans thc uppcr Darriwihan.Jov.'Cr C'aradoc tn tc.na l. tl pea l.. 111 tht up¡'K:r 
Caradoc in Laurenua On thc othcr hand , thc dccrcase in davcrsity scc~m to h:ne begun carher 111 Llurcnll:J th.ln 111 

Baluca a nd Nonh Gondwana.. 
Decause of their pe lagic modc of lí fc . c:hitinoLoans are usual!} associa ted wnh grap ro htes, but no 

obviou paleo lnutudina l divers aty has bcen noted a mong grapto_htes (Coopcr ct al . .!00-0. Ni for ÜI \ C~afic:JU\lO. 
the c htu no7.oon rna:<imum diversit y occurs duting the Dam wt hnn or the Lnte Ordo' tC:aJ.n. "'hCJe3S p3ptohte
diversity is a. t a maximum in Lhc Early Arcnig in Aus tralasta and m thc late: Are:nig earl)' Cnrndoc mtcrva l m 
Btitru n. 

CDOPER R .. A .. MALETZ J., TA YLOR L & ZALAS IEWICZ J 2QO.l . Graptolites: Pattcm; or di,crsuy acro:.s 
Palcolantudes. In: B.O. WEBBY. M.L.DROSER. F. PARJS & J.l' ER JVAL(cds) Thc Grcat Ordo•iclnn 
OiverSifica tion E ven t. Columbia Uni vcrsity Press 

NIELSEN A . J. 2004 . Ordovician sea lcvcl changes-a lla ltoscond.an pcrspccnvc In D D. WEilllY, 
M.L.DROSER, F. PARIS & l. PERCIVAL (eds).Thc Grcnt Ordo•i cinn Diversif1cntlon f.: , cnt Columbm 
Uni versity Press. 

I'A RIS. F .. ACHAI3 . A. ASSELIN. E .. NOLVAK . J . IVANG. X.F. CI-IEN X -H .. GRA II . Y . SENN JKOV. N. 
OBUT, O .. SAMUELSSON. J., VECOLI, M., VERNJERS , J. & IVINC'HESTER- SEETO T. 2QO.l 
Chitinozoa. In: B.O. WEil BY. M.L.DROSER. F. PAR IS & 1 rERCIVAL (eds).The Grcnt Ordovlchm 
Oivcr sification Evcnt. Co lumbaa Univcrsity Press. 

Pa lynostra tigra pby of the Ordovician in wcstcrn Shahrud city (Dch Molla a rca) 
northeastern Alborz Range (between western and central Alborz Range) of lran 

Ghavldel-syookl , M. 

Explomtion Di rectora te of Nat ionallrnn ian Oil Company, P.O. Ilox: 11394 , Tehran/Jran 
E_ mail: m ghavjdclsyookj @yahoo com 
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1ñ< sal mentar. Ordovi<o•o sequen <ha • tlud.n= of 530m and ''" o.dl-de•<ioped and e<posed'" 
fkh tolla ares :.~pprOXJ~ct... :! m -. tem Sh.thrud tty Thc: sequea~r 1 ~ dJ\Jdt"d 10 ascendang stmugr.¡phicat 
urd<r oa 11>0 La\hura and Cibclb lunNIICJil$ Thcsc: rocl uoob coruo 1 of darl: luJe. <o liStone aod finc·graon<d 

nd<10nc 111 abua.U.t lrlC< 1 tb In .me hon1on 
Th¡c ¡_,. tldrak runnauoo 1u o dúclne s of 156m aod cootormabl) r<SIS oo the Mola Form.:uion 

( \.1 1ddk- l.Atc Camhru.n). 1bc <•hdh Ñ.l1'lllallun n 37.:Sm lhH;k and 11 1 dascontonubl) O\erl:un by thc Gcuud 
f· 11\üllOil t 1-Irt' fkYonsoio). ~00 'lurtatc mpl~ "ne ~lc..-ctcd and ~tetl for palynomorphs enuues The 
t~t)UDtcrcJ ·~en kn n acruan.:hs of ths\ tudy a.n: 

\.'uJ, mutpluttru ojru cma, \. 11/c annphatra t trraa Sah.andüt _\pp., Dofry.loju\a \QliOJIIO • C\·uurtwga/ea 
pp ~t,.lltfrrduun "PP , rol)pludtum hoht·mu-um Col)pludJUm 'PP-. Athaba.H·ae/la JPP· ll.rbu.\ru/Ulium 

filomt-lllmum. SmatutllrnJ 'P. \ a~oluu·htum ubgltJbowm, Sa\'ifwa anrep.upunrta Ordorlrldil~ll ~legamulum, 
(Jrtho1pi,,Jrnd1um tt>rnarmn. Potltbifu\a lptnaw Onilo\pharr~dium 1/J\rUipium, Ortlw.\phatrrdium lliflatw!J., 
[J, tnlluplutu\ drlllll ulatum and w on 

Thc abu .. ·c·mrnllooc:d a'-=nurc.:h taxa ha \le: arr:anged m five local strallgraph1cal .tones. suggesting the 
l:!;!ol) Ordovtctan nremod<•:·Ar<ntg) for !he La>hJ.arak Formauoo and lhc Late Ordovtctan (Caradoc·Ashgtl) for 
thc Ghclh Mwmauon Therefur~. bac,ed on the encountered acritarch pecies: the Stlurian strata and Early and 
Mu.ldk: IJrc·\oOf\aan dC'p<>\113 are not prt.:.!.ent m thh part of AlborL Mountain Ranges. COfTCsponding to the 
(alcdont•n Orogcny On the othcr hond. compamon of the kno-.n a ntarch uua of thc Ghclli and Lashkarak 
tormJ.tJOt:h wtth thosc uf other pam of the v.orld mdtcate broad stmJianty WJth thosc of Southern Europe. North 
Afnu Southv.~tt!m Chma ancJ Sootlu:rn Jnd Central lran. This similamy suggests that the a ll part of lranian 
plalfurm hJvc formed a umon conunent and u was 3 pan of pen.Oond"-anan paleoconuncnt during lhe Ordov1cian 
pcr10d 

pper Ordovician chitinozoan biostratigraphy in !he U. K. 
Towards an A valonian biozonation ? 

Vandenbroucke, T. 

Reso:arch Unll Palaeontology, Ghenl Univers11y, Krijgslaan 281 1 S 8, 9000 Ghent, Delgium. 
Rt:Sean..:h As:,astant ofthc Fund for Scientific Rese.1rch- Aandcrs (F.W.O. -VIaandcren). 

l11i js. vandcnbroucke@ UGcnt.be 

Dunng the bst yea.rs, severa! Uppcr Ordovician kcy scc tions and areas on the Avalonia palaeocontincnt 
'WCre tud1ed for chttmozoans Probably onc of the most unportant arnongst these is the typc arca of the Ashgill in 
lhc C:autley District, Northem England. Thts sccuon yiekls di verse 3Ssemblages of chiunozoans from at leas t six 
cluunozoan biOI.Ones (from bottom 10 top): thc Fungochilininafimgiformis, Tanurlwina bagstroemi, Conochitina 
mgma (t.hrce l)altoscand•au biown~,;s) . Spinarhitina fosst>n'iL'i , Bursachitina sp. 1 n. sp. (two typical Avalonian 
btozonc~) anc.! lhc Befone(·l!itina poslfobusra Zonc (a global lower Si lurian biozone). In addition, a d istinctive 
Ancyrot•ltiiina mersa levcl can be obscrved, a typical btozone of thc uppcr Rawtheyan of Northem Gondwana. All 
btownes are well corrclatcd wi th the grap to lite (IUCKARDS 2002) and shclly fauna (INGHAM 1966) biozones 
from the region. 111cse rcsuhs were a iread y presc111cd (VA DENBROUCKE el al. 2003). Additional data frorn 
other scctions are now availab lc and allow the recogn ition of thi s new biozonation across thc U.K. (see below) and 
in Olhcr parts of Avalonia (Condroz lnl icr, VANMEIRHAEGHE.this vo lume). 

A Caradoc succcssion betwcen Fishgard and Cardigan (soulh wcst Wales) has pOicntial to be well 
corrcla tcd with the lower strntigraphica l lcvcls in the type Ashgill area, according t.o preliminary chitinozoan 
rcsu hs from 17 samples. thc top ones tenta tivcly assigned to the ?Fungorhitinina fimgiformis and Tarwrhilina 
berg.\lroemi zones. The samples wcn: taken from graptoli te slabs. collccted during a recent BGS mapping projcct 
in the arca (WILLIAMS et al. 2003), so the clminozoan results wi ll be ti ghtly correlatcd with lhe graptoli te data 
(muln'dtnf, rlingani and li11earis zoncs). The same correlation potential with the type Ashgill arca gocs for thc 
Grccnscoe scction in the L1ke District (northcm Eng land thrce test samples). although the latter section yie lded no 
grapto lites, bu t conodonts from the superbus zone (SM ITH 1999). In addit.ion. first results from samples from lhc 
Pus Gill (northem England. Cro s F'clllnlicr) and Whitland (south Wales) scctions will be discussed. As more da ta 
hecome availablc from thcse Caradoc and Ashgill scctions. thc establishment of a biozonauon wi th chitinozoans 
for lhc llriLish pan of Avalonia sccms obvious. which wi ll of course be a further conuibution 10 a final Uppcr 
Ordovician A va lonian chitinozoan biozonntion. 

/40 Polen 

. GH o\\1, J )( 1966. The oruo .. coan Rocl ID !he Caullc. nd D<-nt 1 ,In, l of \ 
rroceedlng> ofthe Yor -hi~Geolog:KaJ ·'- ~1 l~ 3' ~ 5 "\ 

RK"J...ARD ·. R B 2002 The grnptoiluc ag< Ol ti\< I)J'<' -'uh!'lll c"()fd<"ldJD)l mbn• l't1..._, n <f lb 
Yor htrc Geologocal Soctcl)" 5~ 1-16 

' \IITH. e J 1999 E\ Oiuloona') PalaeoboOIOf.) of d<'ql O.Jtcr • "'''·k•lls L npuNo>bc.J 1'1!)) lh ,, 1 Dlvtnll o( 

Durlum 
1"' "DENBROCCKE. T. FORTEY. R A .. 1\ETER D J .~ Rll"I.. ·IRD R B !00..1 Cln~~noz, , lrum ''l 

secuoo:. m the üpper Ordo\lCian -tnt".S nc::v. G ."P·~ ;md dJ .. su:al 8nu~h !Ion) tn ·\L \B ''E.'il. G 
L. . BERESI \1 & PERALTA S H (ed;) l'roc<'CUID~> olthe QUo 1 O. l. ~1 •u_, 1! '· AT 11 
L'\Sl'GEO. Smc Corrcla.:tóo Gcologtca. Thcuman 1" 151 

\A "'1.1EIRHAEGHE. J 2()().1 l'pper Ordo" :tan ·hollnUloon, fmm thc nlr31 p.ut !he l' ~tdi<V lnlt<t 
(BelgJUm. A\-alonia). this \Oiumc::. 

WlLUA\1 M.DAVIESJ R.I\ATER R A . RL' liTO:\ A 1\-\ &IIU..BYP R !00:1 :~r.~u~'faphtcalanJ 
p3laeoccological 1mponance of Caradoc (Lpper Ordo,Kt.tn) ~nJllllht .. fmm lh(" CJn.llt:-311 .u a .. outh\\(':-t 
Wales Gcolog.cal Maga.zmc I.W 549·57 1 

Upper Ordovician chitinozoans from the central part 
of the Condroz lnlicr (Belg ium, A Yalonia ) 

Vanmelrhaeghe, J . 

Palaeontology Rcsearch Unu. Ghcnt Uru\'crsny. Knjgslaan 2 I/ '8, 
9000 Gent (Belgiuml 

The Condroz lnl ier IS a narrow strip of Ordo,·ician and Stlunan rod..s. rangmg ftom C'harleroa to llu) 
In thc Upper Ordovicinn , thc scdtments of thc Condroz lnhcr wcrc dcposued on a :;hdf. llu: C'aradoc \ '¡ lfi\·3.1 
Bruyere Fonnation consists of dark mudstone with m ter a!Jted sandstone. beds. We also ob~rn cd sr' cr31 matn \ · 
supportcd and pcbblc·supportcd conglomcratic lcvels A supposed hia tus IS suuated bctwecn the Vttn\JI · Ilruy r~ 
Formation and the overlying Fosses Fom1auon (A hgtll ), ~htch contams fos~thfcro4 calcarcou\ !.hnle and 
limestonc beds in the lower part and mottlcd mudstone in the uppcr part. The lowcr pan IS oftcn refcrrtd to a~ th~ 
B01s de Prcslc Mcmbcr and thc uppcr pm the Faulx·lcs-Tombes Membcr {scc Vanmeuhaeghe and \'e.micrs , m press) . 

The chitjno1.oans of Lhesc uppcr Ordo\'ician formarions are studtcd from more than thtrty ~mplc:; In 
the Vitri vai-Bru yCre Fonnalion. Spinachitina bulmnni, Belonultitma rnbu.Ha"!, Dtuuo('/u'rwa _ mmm, 
Dt•.s mochitina erinac·ea, De~mochilitw nodosa. De.\m(J('IIlfina amplwren?. De.,morhititw ;uglnmiljrJrmiJ? 
Spinarhilina ren•irorm.\' and Cymhnrhitina spp. occur, amongs t other spccics In the typc locnllty ol. thb 
fonnation. the Climacograptu!i peltifer graptolitc llwzone was found {now equivalen! to the Dlplograpunfo/ta,~LH 
Biowne). A study of thc chi tinozonns in thi scction rc,~caled the prcsencc of C!·mlwchituw ca/u amJ 
Laufeldorhitina stemor (Hcrbosch et al. , 2002). Apparently, thc pan of the Vitnval Bn1y~rc. Fommuon 
mvcstigmed in this study is youngcr than thc part in the typc se tJOn. as Spinadlitina rt<n•kornh· tS an wdc;\ 
spccics for thc Johvi to Oandu Stage in Baltica. 

In thc uppcrmost part of thc Vi tri val Bruy~rc Formation. thc first spccimcns of l..agt>norltitina baltwn 
occur. In Baltica. IAgnwrhitinn baltira rnnges frorn the late Ü:\ndu unul thc carly P1rgu 

In the calcareous part of Lhc Fosses Fonnation, the Bois de Presles Mcmber, J..agenorlmmn ba/1ira i!i 
present togcther with Lagenochitina pm:w't·a . De!1mochilhw spp .. Belonerhitina spp. and Spinarlritina )PP- CO· 

occur. Higher in this part or the formmion , Tanurhitina sp., possibly Tmwrhitina berg.Hroemí occurs Onc stunplc 
also contains Conoc:hitina rugara . 

The upper pnrt of thc Fosscs Fonnation. the Faulx- lcs-Tombcs Membcr, bcan. Tatwcllituw 
bergsrroemi, Conorhitina mgata and Bursarhitina sp. l Tanurllitina bng.Hmt'mi is nn mdex specu~s in Baluca 
and indicatcs a late Vormsi to early Pirgu agc (latcst Camdoc-earlicst Ashgill) ( 'Oivak and Gr.1hn, 1993); 
Cmzorhirina rugara is indicative for the Pirgu (mid to lntc Ashgill) 111 Batuca. ·n1c lnttcr two spcc1cs wcrc nlso 
found in thc typc Ashgill area, Tanu('hiti11a berg:aroemi in thc uppcr Caullayan-lowcr Rawthcyan and Ctmodwma 
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nttultJ tughtr ID the b.J.cr IU'ftthcyan uge (\ mdl!nbrouc e~~ al. 2003. m prcp) Bunorhitula p. 1 \\115 abo 
rt'CO\ctcd II m tht- type A.s.hg¡ll aru, ID lhe uppa Rav.tht.'};ID 

Sorpru1ngly. t~ hto/OOC'\ c:ncuuntered tn the mouled mud.itone of lhc Fauh-les·Tombcs Member m 
ñu u 1<>.-Tom~ werc f nd in thc calca reo<~> part of thc fu>><> Fonn:luoo. th< Boos de Preslt'S Member m the 
PU..t&nc lnbc1. soulhv.~c:m pan uf thc Condruz lnbcr (\"anmetrh.aeghe and \'enue:rs, m press). This 1ndicates a 
d1 1n t ( 1es ctH ,:C' ~1th10 the hc:lf bct\l.ecn th<.~c: t"\\o locahtJe\, no"-'adays se:par.ned on!) 30 km from ea h 
othcr 

111 IWO\CH , A \'FR"IJ,~S. J llEtiM'KER T. BILLJAERT. Il .. DE SCHEPPER. S. & BEL\1ANS. M 
200:! 11M: l.ov.cr PalaCOlOIC strnugraphy ilnd s~"tltmcntology or Lhe Brabant Masstf tn the Dyle and Orncau 
vall<")" and ollhe CuodroL lnloer at FO>.>C> an excursoon guodebook Geologica Bclgica 5(3-4), 71-1 43 

:\OI.VAK. J & (iRAII. , Y 1993 Ordo\'lcian chmnoToan 1.ones from Ila1toscandia Re•. PalaeoboL Palynol. 79, 
245-269 

VAI\DEI\BROUCKE. T, FORThY, R.A, SIVETER, O J. & R1CKARDS, R B 2003 Chitinozoans from kcy 
~cuon~ m tbe Upper Ordovictan Senes new GSSP's and classical British sections. Proceedings of the 9th 
ISOS 18-21 Augu~t 2003, Argenbna In ALBANESI. (i L . BERESI. M S. & PERALTA. S.H .. 
ll'~l.l;.(iO, Seno Corrdaco6o Goo1ógoca 17 151 

VA\ ~1EIRIIAEGIIE & VER 1ERS m press. Chumowan bio-and hlhostratigraphica1 study of the Ashgill Fosses 
Jnd Gén1cot Ponnauons (ConUroLinhcr, l.lclgium). Rev PalacoboL P.Jiyn. 

Chitinozoan biozonation around the Ordovician-Silurian boundary: 
comparison of the GSSP at Dob's Linn (Scotland, U. K.) with the 

graptolite dated Uinstorp core (Scania, Sweden) 

Vernlers, J .1 & Nlelsen, A. T.2 

1 Ghenl Unavcrsity, Research Un 11 l)ai:Jeontology, Krijgslaan 28 1 build ing S 8, 
9000 Ghcn l, Bc1gium. 

'Gco1ogica1 Museum, Ostcr Vo1gadc 5-7. DK-1350. Copcnhagcn . Dcnmark. 

A detailcd logging and sampliug for chitinozoans was undenaken in 2002 and 2003 in thc GSSP of Lhe 
Ordovician-Silurian boundary, at Dob's Lmn (Scot land, U. K.). T o meas u re the exact strati graphical position of the 
samples n.nd to draw thc dctailed !O .S m thick stratigraphica llog, many bentonilc bcds, pyrite rich le veis and sorne 
fine s i lis tone bcds were uscd as markcr beds (VERNlERS, ct al. 2003). The grapto lite biozonation of thi s section 
wos dcfincd by Williams and lngham ( 1989) and was rcccm1y rc,•ised by Mc1chin (200 1. 2003), who rccognised 
the penr1J/ptus. asrer1suJ·, acw11inatus and veJirulosus biozones. The posi t.ion of the GSSP had not to be changed 
artcr thc rcvision of the graptoli te fauna and ts fix.ed al 1.60 m above thc base of the Birkhill Formation. The 
chitino1.oan assemblage cx lractcd from !he nea rly forty samples contai n poorly prescrvcd and modcrate ly 
divcrsificd chitinozoans, allowing howcvcr n biozomuion, which is accuratc ly ca li brated versus the GSSP and also 
versus the grap to lite biozonation. 

To ca libratc more cx.actly thc ch itinowan biozonat ion versus thc grn pto litc biozonation around the 
Ordovici:m-Siluri an boundary, another chitinozoan study was undertakcn in a borehole in Scania (Sweden) . 
Rccently n dctailed and wcll documcntcd graptolitc biozonation cou ld be cstab li shcd in two boreholcs in thal part 
of Ba ll ica (K OREN et al. 2003). They cou ld cvcn rccognise a new lates t Ordovic ian (Himantian) post-persculplus 
and prC·O\'Census biozone. The lljnstorp borehole was a lso s tudicd by KOREN et al. 2003 and is sampled by us 
ror ch itinozoans. Thc inlcrva l under íntcrcst is bc twccn 60 to 77.3 m depth, with thc Ordovician-Silurian boundary 
at -74.9m: They comprise the vesif·ulnsus zone (GO to 69.7 m). Lhe acuminams zone (69.7- 74.3m) , the ascen.ws 
7.0ne {74.3-74.9m), the minor/avilll.\" .ts. zone (lacking persrulpws) ( 74.9-76.5 m), and the persc:u lpltl,\" .\".J. wne 
(76.5-77 .3m) . Thc resulls or the chitínozoan study in about thirty sa mplcs in th.i s interval will be presented. 

The chitinozoan biozonalion rrom both arcas will be compared with chítinozoan studies rrom nearby 
borcholcs in Scania (o.a. GRAHN, 1978) a nd rrom Avalonia , Bohemia. nonhem Gondwana and north. central and 
east Laurentín . 

GRAHN. Y. 1978,. Chit.inozoan s tratigraphy and pa laeoecology at the Ordovician-Silurian boundary in SkAne, 
southemmost Sweden. Svcr. Gcolog. Unders. C744:1-16. 
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Chitinozoan biostratigraphy ofthc basal Wenlock , erit'S l iluriun) 
Global lrlltol) pe eclion and Poínt 

Mullins, G. L. & Aldrldge, R. J . 

Department ofGeology, Unl\ersÍI) ofl..c,ccster. L1m,crsHy Rood. Ltict'stc:r LEI -R II , \K 

Diverse and abundan! assemblagcs of ch1tínozoans allo" thc- n.--cognH1on of th(' Uf'Jler pan of the 
Morgaclailin.a mnrgaritana Baozone tn the uppemlOSI U:mdovery nnd lm\ettntbt Wc:nlocl series of 1h~ Hughk~ 
Brook section, Much \Vcnlock. hropshire. UK. A nev. spccics of Plt'AA'hitma 1 dl~.)cnb..'\.1 fn)m tht" te'cl 
immcdiately above the base of lhc \Vcnlock Series :md tlus Ut.'<on OU) pro' e to be U'i!C.f11l m re\: 'ttn111ng lhC' 
boundary clsewhere. The CbJgulorlwina bouniens1s and Salnpachuma Ptlln bi07ones are ltknufu.•:d in the lo"c:r 
pan of the Bualdwas Formatíon. Wcnlock Senes. The cht!Jn070.1n data mdtcatc thnt th ha.\e of Wcnlocl Scnc. 
most probably correla1es Y.~th a level in lhc uppcr remrijugus or IO\\Cr murclti\OJJi g.rnptollh: btozorH!~ 
Chi tinozoaus also indíca lc that the base of the rirrnrtollt'ti.\Ü grnptohtr Biozone m:ty occur wuhm lhC' Bulld\\JS 
Formation and notthe ovcrlying Coolbrookda.lc Formatíon. 

Chitinozoans and acritarchs of lhe Famatina System, northwestern Argentina: 
an Ordovician peri-Gondwanan "olcanic are 

Achab, A. '; Rub1nsteln, C. V2 & Astini, R.' 

1
lnslitut national de la recherche sc icnti fiquc, INRS-ETE. C.P 7500, Samtc-Foy. 

Québcc, G 1 V 4C7, nnada: 
'IANIGLA -CO 1CET, 5500 Mcndoza. Argenuno, 

3 CO 11CET. Univers idad Natíona l de Cordoba. Argcntín::t 

Overlying fine-rn ined s ili ciclas ric 1coproterozoic to ambrian scdimcnts depos ited on a pas...~Jvt 
conLínental marg in. thc Lowcr Ordovician FamaLina Group is interp reted asan :tCII VC. subduction-rtlated volcaruc~ 
are on thc westem Gondwana marg in (Astíni. 1999). The sedimcnlary record of this complex u~rrane \\:lS 
contro llcd by the combined act ion of volcan ism, tectonism and sea leve! changes. 1l1c scdJmcntnry record. 
rcpresented by the lower Arenig Suri Formation and the succecding uppcr Arcnig to Llanvi rn Molles Fonnation. 
shows an increase in volcanic acti vi ty. 

· ConodonLS from thc Suri and Molles fo rmn1ions belong to the middlc Arcníg Oepikodus t.tvnr Zone 
(Aibancsi & Astí ni 2000); thi s age has rcccnlly bcen confim1ed by 1he acri ta rc hs (Rubinstcin 2004). Acritarchs 
from the Suri Formation inc lude Arbusrulidium filamemos um. SrriatotluH·a sp .. Eüenackidium oric•ntali:;, 
DaClylo[usa velifera forma brevis and Srelomorpha sp. This assemb lagc is si milar 10 Lh at of cocva l deposits in thc 
Cord illera Orienta l and Sierras Subandinas, although it should be no tcd Lhat a notable incrcase in peteinoid 
acritarchs , as well as in rcprcsentativcs or Rhopaliophora. suggcsts peri~Gondwanan affí nu ies. a suggestion 
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.tbnro t XIII 

fmnrú 11\ the cbotmoroan crolJUna lb< duono,.,.n >c:mbbg<> of the on Fonnauon are chara<tenS<d b' 
¡.peaes o( i rrnwtlu.~~>J I.Dd \~tiDraduJu;o l'bc<.c ¡re I)'PJ 1 ·sa.haran • gatcr.t of the Gandwan.an chJUnozoa~ 
UXU1JOU Tbc prdal~.:~ ot a ¡p«lts rm1br 10 Dt mO!'hlllna omrnJÜ a -,pecaes reportt:d only from lhe Aremg oi 
A.nlkx'1C&n \h 1 anJ l't.-tugal (P·.t.n 19 1 . l"CI()tinm thc Gond~aaan character of Lhe rrucrufauna.. Se\eral 
lp<'Clm<IIS ti red by Ott.-.u: e1 al ( 11192, 1'1 5. ~~~ 1,3.1>¡ also sugge,t a compan<on wHh the AcoHe Form:~uoo ol 
t e f .;.a.nan e Ofd1llcra 

A du uc t:bangr m a,,:ntan:h and c.:hJUno1.03n b~mblage com~JUOD tales place in the Molles 
hwrrwltJO Cñ.tr.t.:tcn tu: tkmcnts of thc """''Id ""atcr, pen-Gondwana Acntarch Realm complctely dtsappcar, and 
Uu u~.:h a Halrnpltol'ndtum, Rilopolwplwra. Trmg~r.a. ill'I~InO.lphauidtun and other ~temoids typte'dl of 
JntameJ.1atc tn kJv. l.alltudcl-rclatcd to Soulh Ch1na. Australl3 and Baluca become prt'dorrunan t (Rubinsteln 2004) 
Thc: dw.n ~ 1n chllJnO/t.JolO \.embl.l!!4.:S ,, al\0 markOO b) the cbsappearancc of spec1t:) of Eremocluna and 
\"~latnc-hwna, thc ~ulhng m1(.mfauna bang e.\. c.nually composed of spec1es of Cmrorhuma and RhnbdQC'/ritina 
1'br r.uc uc UJcncc: o( pe;'-= lO rdatt:d lO IJ arnttur.s mc.bcato lhe pen>l~tence of a Good'-''anan rnicrofauna This 
IUl(IC'!I.h th.Jt thc ctung 10 a~m.m.·h and chJUno.toan as)tmbl:lgc~ "'ere probably the rcsu h of local conditions 
coau~ed hy a tre~ful -..okamc-arc cn,·ironrTk'nt nu~ znterpretation is also supponed by lhe conodont data 
fAih.n-.1 & A un1 2000¡ 

A LilA ~1 u L. & A.'iTINI. R A 2000 ~cw conodool fa una from un Formauon (early M1ddle Ordovician). 
Famauna Sy tcm W~tern Ari!cnuna Ameghirúana. 37 (4). Supplemem, Resúmenes: P- 68. 

AS.Ill'ól. R A. 199'1 El Ordo•ítiCO del SI tema del Fanuuna In. G GONZÁLEZ BONOR INO, R. OMARINI. & 
J VIRAMO'\TI Ctd> ) Geolog;a del Noroeste Argenuno. Relatorio XIV Congreso Geologico Argentino, 
1 152 159 

crrnJ'\Ii. "(j. TORo· nA & 1\iAISPl:.LI). 13 G 1992 l..ower Ordovician pal)llOmorphs from lhe ACOlle 
r-onnatJOO. northwe-stern Ar~t··ntma Pul)nOiogy 16:93-1 16 

PARIS. 1-- 19XJ Les C' h lltnozo~ure~ dan le Pn léozofquc du Sud·Oues t de I' Europe. Mémoire de In ociété 
goologlquc el mlnéralo¡¡i<1uc de Brctagnc 26. 4% p. 

Rl.tJJNSTEIN,l V 2004 Ordovu.:1an at.:n tarch~ fmm northwestem Argent ina· new in ights in to the 
blfhtraugraphy and paleocnvir onmenta1 aspects of the Centra l Andca.n Basin and Famatinn . In: G L. 
AUJANES I. M S BERES I & S 11 Pernlto (ed .). Ordov1c13n from lhc Andes. lNSUG EO. Serie 
Correlación Geológica 17 125-1:10 
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UJ>PER PALAEOZOIC PALYNOLOGY 1 CIMP SIMPOSIUM 

Taxonomy Oolinc': internet palynological data base that 
is linked to e u ratcd specimens 

Stephenson, M. H.' & Owens, B' 

1 

1 
Bnush ~eol ogica l Su:~ey. Keyworth, Nouingham, G 12 5GG. UK. Email: m.stcphenson@bos.ac.uk , 

Palynology Rcscarch Fac 111 ty. Departmcnt of Anima l & Plant Sciences. Un1vcrsity of Shefficld. Sheffield S 10 
2TN. Uni ted Kingdom (bowcns@pa lyno. frecscrve.co.uk). 

In an anicle in Naturc last year (v. 4 17, p. 17- 19). H. Charles Godfray of Britain's NERC Centre for 
Populauon Biology. noted how desc ripti vc biological taxonomy suffcrs from a lack of prestige and resourccs when 
compared Wl th thc ncwcr disciplines of gcnomc databasing and phy1ogcnetic taxonomy. He described the 
problcmmic legacy of 200. y~rs of tradtlional biological systematics , whercby modcm taxonomislS anempt 10 
mtcrpret thc work of the1r nmctccnth centu ry countcrparts by lrying to understnnd inadcquatc (by today 's 
standnrds) publishcd descriptions, or looking for poorly cumted or cven lost type materi a l. GOOfray proposcd a 
web-bascd un it:ary 'taxonomic proces ' . rathcr like a bulletin board. to make taxonomy more prOO uctivc, cffici ent 
and worthy of funding. 
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P:!btoz .: p.tl)nok ....... 1 ta,ooomy fl~· 

1 ,utuS of 1"!"-'I)JX and OO!ol¡p< >¡>«unen. &r 10 n:n< 
SG l' íundmg th ·Ta.\ooom~ Online' Pr c.: "-h.! :-11 "'lU thc mtCTa<1 ':t 
pn.,men~ ..:ur.Ued 1D IU c. llñ."UOOS ThC' 1Dtl131 f port 10J p.11~1tU _ ~ .:bUbJ. 

u,1 f tht •semJJ"d 0~A"Cns ·mg.l~ \tount P31y1h."\log)' ("oU~~.·~llúll·. \\111 :.'C't 
web llus -.,¡nglc gr.un moum ~.~oJI~uon ,- one- í thc rnt">t unp.xta.nt pal)n _ .. 1 '""-'1 .. 

0~,.-n IJ5 ta"\3 reprts.entcd b) up to :!5 ~pedmen pet t.t\t.:wn. ~ m td" rm 
ruatural \3f1JUOn \b.n) of the SJlCCIIlX'D are h l~,.lt)~ or lt"f''O)llC""· htk <'l :1cmutat 
nhdltc:d by leadmg 13:\ononm.t . The l:l'J J~ nlO:'-t d '><"1~ J.'- :tatc-d "ool.lth BntJtn aod :'\ \\ 1: 
tnt<¡;ntl to lh< palyn07011ltl011 oi the C>rbomf<roU o('\\\ Euwre ru~l"ht.l b) Cl.I_IM ct al (l'l 
wber ~Tgulnal palynozon:Jltons (e g O" cm ct JI ¡q-... _' \(~ tt 31 ( lQ-:).. 

The ma1n value of the ne" d.Jtab:L,f! h thc bnl het\'et.~n ~nplh,lno'lllu.'tr_.U"liS anJ :'1..mt' 

,pcc1men (contained \\1thin a unique ::..mgk p-ain mount ~bdc::1 h a unrqu~ BG~"''" lcd!OCh nurn~:t, aDd m:a 
bom>~ed tor e'\anunauon and phoLograph) We Jntu:•p.atc that thc dJu '" ..,qJI SI\',. '-lfPm 
'-"'ntribuUOO~ b) IAOr\..en ID thC fic:-Jd, bul 311 addt.--d l.t\3 \\111 t'C rt"pn.~ntoJ IJ) "pellO n. b...'U :d. ID 't:lSJ n 
mounb ln this \\3.)' lhc collecuon "'11 ~mtx>d) thc: onhnc ti.luha...,~ 1nd "'11 ho:,){N' :m lll'talul.~ r rc.·c. tc.
futurc studtnb and rocarchers 

O .. A\"10~. G. COQt;EL. R .. DOl.BI'<GER. J. Gt<'"'· K J. LOIIWI-'~- • 0\\t..\ .. B >nJ tlUJ \1 1-l7 
Carbomferous mio pore:s of \Vc:stan Europc tllu•..traLJllD :md JOO.ltmn \1rdN!hn~cn RIJl' tit\.Jkl 1 he 
Dicn:)t. Vol 29. 1-71. 

'IE\'F.S. R. Gt;EI~N. K. J . CLAYTO~. G. IO.,'<:<IOES. S 3nd NlVUJ..E. R \\ lQ-~ ~ "hem< 1 mu !'<-"'" 
zones for thc British Dinantian 7th Congrts latcmauunal de Strallgrapln~ C'l ~ok (l\."'\'ll~t du CJJO\lf'lllcr~ 
Krcfcld. 1979 .. Comp« Rcndu. \'ol. l. 3~7-353 

OWENS. B . NEVES. R .. GuEJ;o;N. K J. MISitUJ... D R 1'.. 'llRY. H S \1 Z .• Jnd WUUA\1\ J E 197 
Palynologica1 d ivision of the amurian of nonhcm Engl:tnd ::md Scotl:md Pn.1eeedmp. ~,1' thc ) osL,hnT 
Geological Soc1Ct). Vol 41. 81-39~. 

Acritarch colour aml thermal maturity 

Duggan, C. M. & Clayton , G. 

Departmcnt of Geology. Tnntty College. Dubhn 2 (lrcland). 

lmagc analysis is uscd 111 this study to quan1ify the colour of acri t:m.:hs (fossll phytoplankton) following 
work on colour detcrntinations of spores by Marshal l ct al ( 199 1 ). Acnta tch colours nrc: chní.lcten cd 10 tcml.\ of 
thc intcnsi ty o f thcir Red, Oreen nnd Bluc (RGB) componcnts 10 trnns mllted ltgtn. with va lucs for car.: h colour 
channcl ranging from O to 255. The imagc ana lysis sys tcm uscd processes images captu11::d by a dtgttnl cnmcra 

:mached ton trnnsmiued li ght microscope 
Colour dctcnninations h:avc bcen madc on spc imcns from thc long-rnnging ne:n tnrch gencrn 

Vcryhachium and 'Tasmamtcs' from a rnnge of North American and Bolivian Uppcr l)cvonian samples Norlh 
American RGB data plotted aga inst vitrin itc rencctnncc dctcnn m:ltlons from the sa mc sampks show a gc.x.xl 
corrcla tion. suggesting 1ha t acrita rch colour ma) be a viabh.: mcthod for nssessing thc thcm1almatu nt)' of 'J lrtll Jtc 
dcfiCICnt rocks. Ac ritnrch colour rcsults fro m the 13oli vinn sa mples dcmonstra te that tlus lt."Ch mq uc can rt l•m he 

uscd cffecti ve ly to recognisc reworki ng. 

MARSHALL. J.E. A. 199 1 Quantitati ve spore colour. Juurnal of lbe Gcological Socicty, Loudon. 148: 223-233 
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