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ABSTRACT - Fijiy_ two taxn of nrritarchs have bem identified .from 25 snmple.1 of the Tremnm>r-Amug Toyen Shale Formation 
(H11nneberg-Volkhov) of the Oslo Region, Norwn_y. Preservation is genemlly poor bur most rnxn rnn be idem,fied ro ,he spedes level. Samples .from 
the H11n11eberg S1age contni11 a mixed cold-11Jnter (elements of the messaoudens1s-rrifidum assemblage) and 111arm-11Jater (Aryballomoq)ha­
Arhabascaella-Lua assemblage) microflom. S11mpJes .from the f3illingt!II -lower Volkho11 Stages rnntain sper//!S recordrd .from the Yangtze Plaeform 
(South Chmn), whzch ,s considered to be part of the cold-water realm (or ''Medi1erra11crrn Prov111re') locnted 111 hil{,h sow hem latitudes around 
the margin of Go11dwa11a. However. the Oslo samples lark the typ,ml cold- to cool temperate-water indimtors from Pengo11dwana, mch as 
Arbusculidium, Aureocesia. Coryphidium, Striacothcca and Vavrdovella. This is co111patib/1• mith a mid-latitude posirio11 of Balti((I d,mng 
the Are111g nnd with a pattern of ocean currems en using 11 warmer climate th1111 m C'lm111. On the conrrary. the /f/fe Volkhov-enrly Kunda Ba Irie 
mirroflorn be/0111,s 11eithrr to the rold wnrer Perigondwnnn ren/111 nor to a less 11Jell-def,11ed l(lt1rm-11111ter renlm. Evo/11tio11 in the composuion of 
phytoplankton Jrom 1111 enrfy Armig ''Mediterrnnenn microflorn » t() n /me Am1ig "Baltic microflom" occurs in both South Chinn a11d Bnltica.
Tim implies a recrprocal exchange within a mid-!llurude realm conrrolled 111ore kY the pattern ofsubrropicnl ocennir gyres rather rha11 latimdi-
11/ll position alone. A similar evolutio11 of ncritarch assemblages is also 11ored over the East European Platform in Russin nnd Poland. 

RLASSUNTO - [Composizione rassonomica e significato paleobiogeografico dellc associazioni ad acricarchi del Trcmadoc-Arcnig 
(Hunnehcrg. Billingcn e Volkhov infcriore) della Regione di Oslo] - Ci11qunmadue tnxa di acritarchi sono S((lti identijimti m 25 ramp1011i
m:madociano-aremgiani del/11 Toyen Shale Formation (piani Hu1111eberg. Billi11ge11 e Volkhov inftriore) de/la Regione di Oslo, Norvegirt. Lo stnto 
di romer11azio11e e genemlmentr 11011 b110110 ma la mnggior partr dei ,axn possono mere ,demifimu a live/lo specifico. I rnmp10111 dell'Hunneberg 
ham10 fomito 11r,n microf/orn misrn, con rnppresellfanti sin di r1cq11e fteddr (e/rmemi de/la 111icrof/om r1 mcssaoudcnsis-trificlum) chr di ncque 
ea/de (microf/om nd Aryballomorpha-Achabascaella-Lua). I campiom dei piani Bil!ingm r Volkho11 inforiore conre11!0110 specie che .rono stnrr 
desmtte nella Pinttnformn de/lo Yangtze (Cina Meridio11a/e), rhe e com1dernta far parte de/ reame di acque ftedde ( Provi11cra Medherrnnen" 
a11e1.) situnto ad a/re latit11di11i meridionali, lungo ii margine di Go11d11Jr111n. limavia. i campioni di Oslo sono pril,i de, pi11 tipici indicator, di 
acque ftedde o remperato-ftedde de/la regzone perigo11clt.11a111a!la (Arbusculidium. Aureoresca. Coryphidium. Scriacotheca. Vavrdovclla). 
Questo tin nccordo con la posizione di Bnltim n meditt la1itudi11e d11mnre l'Arenigiano c con quel mtemn t!i correnti ommiche chr ha indotto 
1111 clima di Bnltira lettermente piti rnldo di quello de/la Ci1111 Meridionale. La composizione deila microflom de/ Volkho11 superiore-Krmdn di 
Oslo (microflorn "Baluca'J 11on tro11a invere riscontro nl nelle nssoc1az10111 {redde di Pengondwana, ne in quelle di ,m (peraltro a11com poco defi-
11ito) ren111e di ncque ea/de. Una simile e11oluzio11e nelln composizione de(fitoplanctM, dalle assodazioni ''Medi term nee" de/L'Arenig mferiore a
q111'/Le "Balriche" del/'Arenig mperiore. si osserva sin nella Cma J\1eridionale che in Ba/rim. Qumo implirn reciproci scam bi al/'imerno di 11110 
stesso remne di medit latitudini, verosimilmeme conrrollmo dnlln d1strib11zio11e de, crrc111ti ouamci subtl'opicali, p111ttosro che dalla so!ll lariru­
dine. Un similr qundro evo/11tivo de/le associnzioni ad aaitflrchi t dommentmo n11che nella Putttaforma Est F11ropea (Russin e Po/011ia). 

INTRODUCTION 

The pa!ynology of upper Arenig through lower 
Llanvirn sequences (upper Volkhov-Kunda) from 
Ba!coscandia and the East European Platform (EEP) 
has been rhe object of several, detailed studies for 
more than seventy years (e.g., Eisenack, 1931 co 
1976; Gorka, 1969; Kjellscrom, 1971 a, b, 1976; 
Tynni, 1975, 1982; Uutela, 1989; Uutela & Tynni, 
1991; Ribecai & Tongiorgi, 1995, 1999; Playford et 
al., 1995; Ribecai et al., 2000). The taxonomical 
composition of the acritarch assemblages during this 
interval contrasts strongly with those from central 
and southern Europe, and Norrh Africa (e.g.; 
Yavrdova, 1965 co 1993; Rauscher, 1974; Vecoli, 
1996, 1999). This has led ro the notion of a "Baltic 
Province" (Yavrdova, 1974), mainly characterized by 

acanthomorphic acrirarchs (e.g., Baltisphaeridium 
Eisenack, 1958 ex Eisenack, 1959, Peteino­
sphaeridiu.m Scaplin et al., 1965 emend. Playford et 
al., 1995, and Poiygonium Yavrdova, 1966 emend. Le 
Herisse, 1989), in contrast co a "Medicerranean 
Province", defined principally on rhe occurrence of 
diacromorph acritarchs (e.g., Acanthodiacrodium 
Timofeev, 1958 emend. DeAandre & Deflandre­
Rigaud. 1962, and Arbuscu.lidium Deunff, 1968 
emend. Welsch, 1986). This differentiation may have 
occurred above the base of the Arenig (Vavrdova, 
1974, 1998). The "Medirerranean Province" has 
been subsequently recognized at several localities 
(details in Playford et al., 1995) along che northern 
Gondwana border (Perigondwana). Owing co the 
absence of marked palaeogeographic barriers 
between Perigondwana and Baltica during Arenig 
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and Llanvirn rimes, Servais & Facka ( 1997). follow­
ing McKerrow & Cocks (1986), preferred the cerm 
"realm" instead of "province", ro indicace acrirarch 
biogeographic units which are controlled by ecologi­
cal (mainly climatic) facrors. Each realm should be 
defined by a distinctive acricarch microflora ("Baltic 
microflora", "Mediterranean microflora" ofTongiorgi 
& Di Milia, 1999; Tongiorgi et al., in press). 

So far, the early Arenig (Hunneberg, Billingen and 
early Volkhov) microflora from Baltoscandia and rhe 
EEP is poorly known, because of unsuitable lirholo­
gies (such as the intensively oxidized deposits of most 
Balcoscandian localities) and discontinuous occur­
rences. Some pioneer investigations have been carried 
ouc in norrhwesrern Russia by Timofeev ( 1959, 
1966) and by Um nova & Fanderflir ( 1971) and in 
the Moscow Syneclise by Arisrova ( l 980). Modern 

ORDOVICIAN �
ker 

srudies however, are rescricced to the Hunneberg and 
Billingen oF the EEP: Lithuania (Paskeviciene, 1998), 
Sr. Perersburg region of northwesrern Russia 
(Raevskaya, 1999 and in Tolmacheva et al, 2001; 
Tongiurgi & Di Milia, 1999; Raevskaya et al., in 
press), and Poland (Raevskaya et al., in press). Only 
one Balcoscandian Hunneberg sample h� been inves­
cigared for acricarchs by Ribecai et nl. (2000) from the 
Oslo Region, Norway. 

These studies failed to confirm Vavrdova's ( 1974, 
1997) hypothesis of a strong provincialism which 
characterised acritarch assemblages since rhe base of 
rhe Arenig. On rhe contrary. Raevskaya (1999) and 
Raevskaya in Tolmacheva et al. (200 I) showed that 
acrirarch assemblages of the EEP are characrerised by 
elements of the laresr Tremadoc-earlicsr Arenig 1nes­
sao11densis-trifid11111 microAora; i.e., of a microAora 
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Tex[-fig. I - Geolog1c:il map of 
the o�lo-Asker dis­
trict wi1h sample 
localirics indicated: 
I) Ronune1 N; 
2) Bj0rk.isholmen old
quarry;
3) Bjf>rkashol men
shore line;
4) Djuptrckkot.ldc:n.
1·hc in,c1 map showt.
rhe Ordovician ou1-
crop� in rhc dis1ric1s
of rhc O�lo Region
(�mrmer, 1953) 'and
the Hovlant.l localirv
5 of che Mod um dis­
trict. Modified from
Ribec,1i et it/., 1000.

Gco�rnphic coordi­
nacei of sample
localiiies are given in 
[he rexr.
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which is rypical of high lacirude localicie:, of 
Perigondwana (Servais & Mette, 2000). T hereafLer, 
(upper Hunneberg-lower Billingen}, represenrarives 
of the messaoudeusiJ'-rrif,dum microflora rapidly 
decrease in abundance and disappear ar rhe base of 
che upper Billingen. Al rhe same time, immigram 
species (Raevskaya et al, in press) known from coeval 
assemblages from che Yangcz.e Platform of South 
China, appear (c( Li, 1987; Tongiorgi et al, 1995, 
and in press; Yin, 1995; Yin et nl., 1998). Species 
shared wirh South Chinese assembla�e� were also 
found in the lower Volkhov of the St. Pctersburg 
region (Tongiorcri & Di Milia, 1999). 

Preliminary data from rhe Oslo Region, Norway 
(Ribecai et al, 2000) showed a similar situation co rhac 
of rhc EEP. ,rnd acrirarchs of the lower Hunneberg 
(bdow the T approximows graprolite Zone) include 
elements of rhe messaoudensis-trifidum microflora. 

Using new collection� made by MT anJ DLB, in 
che year 2000, the aim of the present paper is tO dis­
cuss the raxonomic composition and the palaeobio-

geographical significance of che acrirarch assemblages 
present in Tremadoc-Arenig (Hunnebcrg. Billingen, 
and lower Volkhov 1agcs) rocks of rhe Oslo Region 
(Text-fig. I). It rcprcsen cs rhe hrsr derailed invesciga­
rion of acrirarchs from rhis stratigraphic interval in 
Balcoscandia. 

GEOI OCICAI SFTI ING 

A �cquencc of pale grey and black silry shales with 
a thickness in excess of 20 rn, make up the T0yen 
Formarion (Texc-ftg. 2) of latest Tremadoc-middle 
Arenig age in rhe central Oslo Region, Norway 
(Owen u 11/., 1990). T hese shales were deposited on 
che cominencaJ slope forming the western edge of rhe 
Baltic platform and overlie limescones of the 
Tremadoc Bj0rkasholmen Formation (Owen et 11/., 
1990, fig. 3; Ebbesrad, 1999). Both units can be 
traced westward� into the allochthonous unirs of the 
Scandinavian Caledonides (Bruron et al., 1989; 
Rasmussen & Bruron, 1994; Rasmussen, 200 I) :md 
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6) \Xl:mg rt 11! ( 1996),
Zhang ( 1998), Wang
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eaMwards where they form pan of rhe aucochrhon of 
rhe Balroscandian plarform. Borh here .rnd shorewards. 
lime.stone units with trilobites occur within the shal� 
of the T oyen Formation (for summary see Hoel, 
l 999a, b). Borh in rhe Oslo Region and Scania, grap­
rolircs (Lindholm, 1991 ), dominate in the shale!> of rhe 
Toyen Formation which belongs ro the Oslo-Sc:mia­
Lysogor confacies of Erdmun & Paalits ( 1994). 

In 'orway, the Toyen Formation i, divided into 
rwo member,, the pale grey poorly fossiliferous 
Hagastrand Member at rhe base, overlain by che black 
graptolicic Galgeberg Member (Owen et al.. 1990, 
figs. 4-6). Di,cw,sions on the Tremadoc-Arenig 
boundary and rhe starus of rhe Hunnebcrg Stage in 
che Oslo Region are given by Lindholm ( 1991) and 
Hoel ( I 999a, b). 

Shales of the T oyen Formation are ,ucceeded by 
another widespread limc\tone unit, che Huk 
Formation (Owen et rt!., l 990; Nielsen, 1995; 
Rasmussen, 200 I). This unit cover!. the Volkhov and 
Kunda Scages and rhus contains the Arenig-Llanvirn 
boundary (Text-fag. 2). Acritarchs ha,e been descrihed 
from rhis unit (Ribecai et fll., 2000). In the present 
paper we discus� specimens from one new sample of 
rhe Lysaker Member ar rhe base of the formation. 

A, noted bv Ribecai et 11/., (2000). deformation of 
chc rocks in �he Asker-Royken dimict of rhe Oslo 
Region, from which the bulk of our collecting has 
been made, is generally low, but a wc:ak cleavage is 
present together wirh some tectonically-deformed 
fossils. Local Permian incrw,ive bodie, ,ugge,t that 
sedimenrs have been subjected co cemperacure\ of 
300 degrees C or more. as indicated by rhe conodont 
Colour Alteration Index (CAI) of 4.5-5 (Bergsrrom, 
1980). This also �eems co be the case for new samples 
collected in che Modum area to rhe norrhwest. 

MATER.lAI AND METHOD<, 

0Rl)O\ ICIAN SlJBDIVISIO!\<, \�D RE<,10� \I 
STRA rlCRAPI n 

StraLigraphic terminology followed herein is tabu­
lated in Text-figure 2. The conodonc-ba5ed biosrraci­
graphic subdivisions of the Hunneberg-Kunda interval 
(upper Tremadoc-lower Llanvirn) of Baltica are those 
escablished by Lofgren (1995. 2000). Correlation with 
grapcol!te bioscratigraphy a�d equivale�ts in outh
China 1s after Wehby et ,d (111 pres�). lo(�ren ( 1995.
2000), Wang et td (I 996), Zhang ( 1998), Wang & 
Bergstrom ( 1999). Locality map refen.:nces arc lrom 
Topografask Kan 1 :50 000-M? 1 l serie�. 

Finn 5\�1r1 IN<, 

Bjorkashofmen, Oslo-Asker district (NM 844 294)

fhi� section along che shore of the OslofJord 
(lexc-ftg. I, locality 3). cone.tins the ba,al marorype 

for the Bjt)rkasholmen Formation. Sixceen ,amples 
(labt:lled BSL) were: collected from the overlying 
I lagastrand Member (Text-fig. 3) of che T0yen 
Formation (\ee Owen er,,/., 1990. fag. 3.). For corre­
lation purpo,e,, these samples belong co the lower 
Hunneberg Stage and correspond rn the 
I lu1111egmpt"s copiosus graptolire Zone of Lindholm 
( 1991) and the lower Pnroistodus proteus conodonr 
Zone. 

l lovlnnd, 11erzr Vikemmtl, Modum d1srricr (NM 556
·N4)

This locality (Texr-fig. I, localiry 5) corresponds 
to che lane sccrion leading co 0vre 0ren farm of pre­
vious auchor, (Owen et 111 .• l 990: Ebbescad, 1999, 
fig. 9; Hoel. I 999a. b) and chere !)eems co be a wide 
tfocrepancy in the map reference for rhe same locali­
ty c.iced by Ebbescad. The laccer c.lescribed the trilo­
bites from Lhe Bj0rklhholmen Formation, whilst 
trilobites from limestones of 1he overlying 
11.ig,mrand Member, I lunneberg �cage (including
the basal? Meg1Stasp1s (Ekernsp1S) armatn trilobite
Zone) were described by Hoel ( I 999J, b). The suc­
ceeding black shales of 1he Galgeberg Member form
a hypostrarorype section for this unit and are 7. 5 m
chick (Owen et al., 1990, p. l I). evenreen s.11nples
(labelled HOV) were collected from this unit (Text­
ftg. 3). For correlation purposes, these samples
include the uppermost I lunneberg and che Billingen
Stages from the middle l'rionioaus elegans to rhe
Oep,kodm e/Jrte conodonc Zones.

Bj<Jrkasholmeu old quarry. Oslo-Asker district (NM 839
289) 

This disused factory ,ice (Text-fig. I. localiry 2) is 
chat idenrified as che "Abandoned factory section, 
Slemmesrad", bv Maletz ( 1997) who described 
L lanvirn grapcoli'tes from the Elne, Formation. rhe 
youngest pan of the section exposed. Twency samples 
(labelled BQE and BQW) were collected from che 
uppt:r pam of the Galgeberg Member of rhe Toyen 
Formation along rhe eastern and western walls of the 
factory site (Text-rig. 3). For correlation purpo�es. 
d,cse sample, cover rhe Oepikodus evne conodonr 
Zone of the middle-uppt:r Billingcn Srage and the 
lower pan of the Volkho, \rage, corresponding to che 
Btdtomodus? trumgulans - B. nnz11s conodonr Zones 
and possibly 10 (J pare ol?) che f>aroistodus ongnuzl1s 
Zone (compare Texr-ftgurt:s 3 and 2). 

P \I Y'-:OLOCI< \I PREP·\RAI IO'JS :\'JI) Rl·POSITOR) 

Samples were treated using che mt:thod described 
by Tongiorgi (in Bagnoli et 111., 1988). All slides are 
housed in rhe rvpe collections of the "Museo di 5toria 
Naturale e de! Terricorio", Cercma di Calci; Pisa. 
Catalogue numbers arc prefixed CPT, followed by 
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210 M. TONGIORGI. D.L. BRUTON. A. DI MILJA

numbers indicacing rhe geographic locarion ( 110), 
che sample (020, 021, ecc.) and, preceded by a 
hyphen, rhe number (0 I, 02, ere.) of che slide. 

RESULTS 

THE. PAL.YNOLOGIO\L. CONTENT 

Twenry-rhree samples of 53 (about 43%) were 
barren or almost so, the remaining samples (about 
57%) being more or less rich in palynomorphs. 
However, rhe acritarchs are black in colour, deeply 
corroded, often incomplete and with truncated 
processes. Identification below the generic level is 
therefore possible only for a few more complete spec­
imens bur a cerrnin degree of uncercainry remains in 
some cases. 

LIST OF ACRrfARCH TAXA AND THEIR DISTRIBUTION 

IN EACH SECflON 

The palynomorph-rich samples from the sections 
srudied herein, yielded the following raxa: 

I. Athabascaella playfardii Marrin, 1984 t:mend.
Marcin & Yin, 1988

2. Athabascaella sp.
3. BaLtisphaeridium denticulatum Lu, 1987
4. Baltisphaeridium sp. cf. B. fragile Tongiorgi et al.,

1995
5. BaLtisphaeridium klabaveme (Vavrdova, 1965)

Kjellsrrom, 1971
6. Baltisphaeridium sp. c( B. kunmingense Fang, 1986
7. Baltisphaeridium spp.
8. Caldariola glabra (Marcin, 1973 emend.

Tongiorgi in Bagnoli et al., 1988) Molyneux in
Molyneux & Rushton, 1988

9. Cycloposphaeridium sp.
I 0. Cymatiogalea sp. cf. C. deunjfii Jardine et al.,

1974 
11 . Cymatiogalea granulara Vavrdova, 1966 
12. Cymatiogalea messaoudensis Jardine et al., 1974

var. inconnexa Servais & Molyneux, 1997
13. Cymatiogalea messaoudensis Jardine et al, 1974

var. messaoudemis
14. Cymatiogalea sp.
15. Gorgonisphaeridium? pusillum Playford & Wican­

der, 1988
16. Loeblichia heterorhabd,/l Playford & Wicander,

1988
17. Leiosphaeridia (s.l.) spp.
18. Micrhystridium sp. aff. M. acuminomm Cramer &

Diez, 1977
19. Multiplicisphaeridium sp. cf. M. irregulare Sraplin

et al .. 1965
20. Multiplicisphaeridium spp.
21. ?Ordovicidium yangtzeeme Tongiorgi et al., 1995

22. Pachysphaeridium rhabdocladium (Lu, 1987
emend. Tongiorgi et al., 1995) Ribecai & Ton­
giorgi, 1999

23. Pachysphaeridium striatum (Lu, 1987 emend.
Tongiorgi et al., 1995) Ribecai & Tongiorgi,
1999

24. Peteinosphaeridium armatum Tongiorgi et al.,
1995

25. Peteinosphaeridium dissimile G6rka, 1969
26. Peteinosphaeridium exomatum Tongiorgi et al.,

1995
27. Peteinosphaeridium robustiramosum Tongiorgi et

al., 1995
28. Peteinosphaeridiu.rn tenuifilosurn Tongiorgi et al..

1995
29. Peteinosphaeridium sp. A (= Peteinosphaeridium

sp. in Raevskaya, I 999, pl. 2, fig. 7)
30. Peteinosphaeridium spp.
31. Picostella turgida Yin et al., 1998
32. Pirea sp. cf. P. collifarmis (Burmann, 1970)

Eisenack et aL .. 1976 
33. Pofym1cistrodorus? sp. aff. P.? radiosus Playford &

Wicander, 1988
34. Pofyancistrodoms? taleatus Playford & Wicander,

1988
35. Pofygonium gracile Vavrdova, 1966
36. Pofygonium spp.
37. Rhopaliophom mamillifarmis Lu, 1987 emend.

Tongiorgi et al., 1995
38. Rhopaliophora palmata (Combaz & Peniguel,

1972) emend. Playford & Marcin, 1984
39. Rhopaliophora pifata (Combaz & Peniguel, 1972)

emend. Playford & Marrin, 1984
40. Rhopaliophora ? sp. A (sp. aff. Rhopafiophora sp. A

in Raevskaya. 1999, pl. 1, fig. 14)
41. ?Solisphaeridium sp. cf. S. so/are Cramer & O(ez,

1977
42. Solisphaeridium sp. aff. S. solidispinosum Cramer

& Diez, 1977
43. Solisphaeridium spp.
44. Stelliferidium stelligerum (Gorka, 1967) emend.

Deunff et al., 1974
45. Stelliferidium striatulum (Vavrdova, J 966)

emend. Deunff et al., 1974
46. Stelliferidium spp.
47. Stelomorpha composta Yin et al., 1998
48. Stelomorpha erchunensis (Fang I 986) Yin I 994

emend. Tongiorgi et al., 1995
49. Tenuirica? spp.
50. Tongzia meitana Li, 1987
51. Tongzia vavrdovae Yin er al., 1998
52. Tongzia sp.

Tables 1-4 illustrate the distribution (ordered by
first appearance) of all raxa (excluding leiospheres) 
from the secrions studied: 
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TAXA SAMPLES 400 650 700 

At/](lbt1sc11e/la pft1yfordii x x x 

Cnldario/11 fc:nbra x x x 

gm11nog11 en cf. dmnffii x 

ymnriognlea mess. incor111ex11 x 

Cym11tiog11len mess. messao1fdmsis x x x 

Micrhystridium spp. x 

Pimt cf. coliiformis x 

f'erl'i11osph11eridi11m sp. A x x 

i'eteinosphneridi11m spp. x x x 

Rhh;nliophora pi/11111 x 

Ste iferidi11m spp. x x 

Arhnhnsc11ella sp. x x 

Tab. 1 - Bj0rkasholmen shordine section. Samples labelled BSL; 
levels (in centimetres) measured above rhc base of 
Galgeberg Member. 

STRATIGRAPHIC DISTRIBUTION OF ACRJTARCH TAXA 

Hunneberg and basal Billingen assemblages 

Early Hunneberg (Paroistodus proteus conodonc 
Zone) acritarch assemblages occur in the Hagascrand 
Member of rhe T 0yen Formation at Bj0rkasholmen 
(samples BSL400, BSL650, and BSL700; Tab. 1). All 
these assemblages are dominated by Cymatiogalea 
messaoudensis messaoudensis, locally (sample BSUOO) 
accompanied by C messaoudensis inconnexa. C mes­
saoudensis was previously identified, though tentative­
ly, at the local icy Rorrunet Nord (sample Oslo 1; 
Ribecai et al., 2000), from the Tetragraptus phyll.o-

TAXA SAMPLES 

Bnltisphneiidium spp. 

<tvdoposphneridium sp. 
.ymariogal.ea mess. messsnoudensis

f'eteinosphnmdium spp. 
f'olyfto11 i um spp. 
Stel iferidium spp. 
Cymnriognlea gramilntn 
Mulnt:icisph11eridi11m spp.
Mier stridium spp. 
l'etei1106ah11eridi11111 nrmnmm 
Baltrht_ nendmm dmtiw/11ru111
Loeb ichin heurorhabda 
Petei11osphneridi11m rxomntum 
f'ereinosphnerrdium robustiramosum
i'etemosphneridium tenurfilosum 
f'olynncisrrodorus? tt1ll'llt11s
Rhopaliophorn? sp. A 
Solisphnmdi11m all: soluiispmos11m
Srelomorphn erchunensis 
To"f,/n vavrdovne 
Su omorph11 compostn 
811lrisph11endi11111 klnbn11mse 
M11/tiplicisphaeridium cf irregulnre
f'icouella tu rgid11 
f'olygo11i11111 grncile

graptoides grapcolice Zone (upper P. prote11s conodonc 
Zone). Here it occurs rogether with, ?Cymatiogalea 
deunffii Jardine et al., 1974. C messaoudensis mes­
saouaensis is also very common ar the very base of the 
Galgeberg Mbr. of the T0yen Fm. (lowermost 
Billingen, lower Prioniodus elegans conodonr Zone) ar 
Hovland (sample HOVO). 

Billingm and lower Volkhov assemblages 

Middle Billingen (Oepikodus evae conodonc 
Zone), acricarch assemblages occur in the Galgeberg 
Member of the T0yen Formation at Hovland (sam­
ples HOY500, HOY650, HOY700, and HOY738; 
Tab. 2), and in samples from the Bj0rkasholmen old 
quarry (BQE-650, BQE-700. BQE-650, BQE-600, 
BQE-500, BQE-450, BQE-400, BQE-350, BQE-
300, BQE-250, BQE-200, BQE-250, and BQE-100; 
BQW-100 and BQW-50; Tabs. 3-4). The larrer, how­
ever, cover a larger interval extending from the lower 
Oepikodus evae and possibly rhe upper Prioniodus ele­
g_ans conodonc Zone, co the lower Volkhov, 
Baltoniodus? triangularis - B. navis (and Paroistodus 
originalis?) conodonr Zones (Text-fig. 2). 

The older assemblages (BQE850 ro BQE400; 
HOV500 and HOY600) are nor particularly distinc­
tive. They are dominated by various species of 
Baltisphaeridium, Micrhystridium Oeflandre, 1937 
emend. Lisrer, 1970, and Peteinosphaeridiurn, in addi­
tion co rare specimens of Polygonium, while charac­
teristic Hunneberg species have complerely disap­
peared ac these levels. However, elements of a differ-

0 500 600 650 700 738 

x x x x x x 

x 
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x x x x x 

x x x 

x x x 
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x x x 

x x x 

x x 

x 
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x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Tab. 2 - Hovland secrion. Samples labelled HOV; levels (in ccncimerres) measured from rhc base of Galgeberg Member. 
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TAXA SAMPLES -850 -800 -700 -650 -600 -500 -450 -400 -350 -300 -250 -200 -150 -100

/Jnltih/neridium spp. x x x x x x x x x x x x x x 

Micnysrridium spp. x x x x x x x x x x x 

Bnltispham'dium cf. frngile x x x 

f>ofygoni11m spp. x x x x x x 

Tongzin meirnnn x x x x 

Pereinosphnendi11m nrmat11m x x x x 

Pereinosphneridium tenuifilomm x x x x x x x 

Pereinos/(/'neridium spp. x x x x x x x 

Mu/tip icrsphneridmm spp. x x x x x x 

�cloposphamdium sp. x 

orgonisphaeridium? pusillum x x 

Polyancistrodorus? rnlenrus x x 

Bnltihihneridi11111 demiculn111111 x x x 

Micr1ystridi11m alf. t1C11m111os11m x x x x x 

Rhhialiophom pilntn x 

?So isphneridium cf. so/are x 

Stelliferidium uelligerum x x x 

Stelliferrdium striaw/11111 x x 

Bnltisphnen'di11m cE k,mmingense x x 

?Ordov1cidi11m yangr:zemse x 

Pachysphneridium rhnbdocladium x x x 

i'nchysphneridium sm11111m x x 

Polynncmrodorus? ill. mdioms x x 

Rhopnliophom mnmilliformis x 

Rhopnliophom pnlmmn x x 

Solisphaerrd,um alI soluliJpinosum x 

S1elo111orph11 composrn x x x 

Srelomorphn erdumensis x x x x 

Peteinoztnerrd,um robustimmosum x x x 

Baltisp ,neridium kl11bn11ensr x x 

Polygonium gmcile x x 

Tongzitr vavrdo11ne x 

limgzi11 �p. x 

gmntiogalen grnnularn x 

_ymn tiogrtl�n sp. x 

Tab. 3 - Bj0rkasholmen quarry, east wall section. Samples labelled BQE; levels (in centimetres) measured downwards from the base of 
the Huk Formacion. 

enc microflora gradually appear includiJ1g Tongzia 
meitrma (scarring from BQE-800), Peteinosphaeri­
dium armatum and P. tenuifilosum (from sample 
BQE-700, upwards), Cymatiogafea granul.ata (from 
sample HOV500), Baftisphaeridium denticufatum 

TAXA SAMPLES 

Mulriplirnphneridium spp.
Pachysphaerrdium Jtrinrum 
Pe1ei11osph11eridi11m nm111t11m 
Pereinotphaeridi11m dissimik 
Petei11osphaeridi11m robmtiramos11m 
To11gzi11 vrwrdovne 
Bnltisphneridium spp.
Petei11osphanidi11m ren11ifilosu111 
Pe1ei11osphaendium spp.
Srelomo,phn composra 
Polygon i 11111 sp. 
Srelliftridium srrinm/11111 

-JOO -50
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x 

x 

x 

x 

x 

Tab. 4 - B10rkasholmen quarry. wesr wall sewon. Samples 
labelled BQW; levels (in ccn1immes) mt-asurcd down­
wards from the base of the Huk Formation. 

and Micrhystrium sp. aff. M. acuminosum (from sam­
ple BQE-400, upwards). In the Bj0rkasholmen old 
quarry, east wall section, the microAoral turnover is 
completed at -350 cm below the base of the overlying 
Huk Fm. (sample BQE-350), where Pachysphaeridium 
rhabdocfadiwn, P. striatum, Stelomorpha composta, and 
S. erchunensis first appear. Ac Hovland, the same level
is recognized at 650 cm from the base of che
Galgeberg Member (sample HOV650; Texr-fig. 2).

Vofkhov to lower Kunda assemblages 

A description of acrirarch assemblages from the 
upper Vokhov and lower Kunda Stages is beyond che 
scope of this paper. Nevertheless, it should be noted 
rhat in Balcoscandia a completely different microAo­
ra appears after che lower Volkhov incerval. R.ibecai et
al. (2000) recovered che following taxa from the dark 
grey, nodular limescones of che Huk Fm. {Lysaker 
Member, Asaphus expansus trilobite Zone, Volk.hov/ 
Kunda boundary inrerval) at Ojuprrekkoden (sample 
Oslo4): Baltisphaeridium spp., Cycfaposphaeridium 
auricufatum Uutela & lynni. I 991, emend. Playford 
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et al., I 995, Liliosphaerid�·tan h_ypertrophiwnz (Eise­
nack I 976) emend. Playford et al., 1995, Micrhy­
stridi111n spp., MuLtiplicisphaeridium spp., Packysphae­
ridium spp., Peteinosphaeritlimn dissimile, P. eximimn
Playford et al., 1995, P. sp. cf. P. velatum Kjellsrrom, 
1971 emend. Playford et al., 1995, "P macropylum
Form Group" (= Sacculidium Ribecai et 11.I., 2002), 
Polygonium sp., and Veryhachium sp. 

In a subsequenc sample (labelled DJL) collected 
by us from the same locality and about rhe same 
stratigraphic level {lower Huk Formation. Lysaker 
Member, 395 cm below the overlying Svarcodden 
Member of che same formation) we recognized 
Baitisphaeridiurn sp. cf. B. longispinosum, (Eisenack, 
1931 ex 0. Wetzel, 1933) Eisenack, 1959, 
B11ltisph11e,.idi11m spp., Ordov,cidimn sp., 
Multipficisphaeridium sp., Pachysphaeridium chris­
tianii (Kjellmom, 1976) Ribecai & Tongiorgi, 1999, 
Peteinosphaeridimn dissimile, Poiygonium spp., 
Saccufidium inornat111n Ribecai et al., 2002, and 
Sacrnlidium tenuibarbatum (Eisenack, 1976) Ribecai 
et al., 2002. 

Ribecai et al. 2000 identit'ied from a slightly 
younger level of the Lysaker Member (sample Oslo2; 
"Lenodus sp. A" Zone = ? Lenodus variabilis conodonc 
Zone, herein; lower Kunda, Hunderum): Balti­
sphaeridium spp.. Dasydorus cirritus Playford & 
Marcin, 1984, Li/;osphaeridimn intennedium
(Eisenack, 1976) emend. Playford et a.I., 1995. L.

kafjoi (Uutela & Tynni, 1991) emend. Playford et rtf.,
1995 (= Lifiosphaeridium timinnabufum Bagnoli & 
Ribecai, 200 I), Micrhystridium spp., Multiplici­
sphaeridimn spp., Petei11osphaeridium dissimile, P.? hys­
trichoreticuuuum (Eisenack, 1938) Eisenack er al.,
1973. P sp. cf. P. eximium Playford et al., 1995, P.

veia.tum. "P. macropylum Form Group" r = Sacrnlidium
Ribecai et al., 2002, including, S. inomatum, S.

macropylum (Eisenack, 1959) Ribecai et nf., 2002, and 
S. peteinoides Ribecai et al., 2002], Po(ygonium spp.

DISCUSSION 

INTERPRETATION 01: BARREN SAMPLES 

Absence or extreme rarity of palynomorphs in che 
palynological residues may be due to various factors, 
such as high sedimentation race of the original sedi­
menrs, bioerosion at che depositional surface or 
immediately below, syn- or pose-sedimentary (diage­
necic) oxidization, or past and/or present-day surface 
weathering. Thus, no definite interprecarion can be 
attached to the distribution of barren samples 
(Tongiorgi et al., in press). 

In the Oslo sections, barren samples in rhe T0yen 
Formation are more frequent down section, where 
rhe organic content is higher. Dark sediment, rich in 
organic marrer, frequently yields depauperate paly­
nomorph assemblages or even lacks organic-walled 
microfossils. This is probably because organic matter-

rich sea Aoors may be characterised by incense bacre­
rial acrivity, which can corrode or even completely 
destroy the palynomorphs. Moreover, whenever the 
palynological residues include a large amount of 
amorphous organic matter, concencracion of struc­
tured elements (such as palynomorphs) from this is 
very difficult or even impossible. Actually, the 
residuel> from che Oslo "barren" samples yielded large 
clumps of fine-grained, unstructured organic marrix 
which are difficult to separate and sieve. Thus, in our 
opinion. all samples collected for this study could be 
considered potencially rich in palynomorphs. 
CORRELATION AND BIOGEOGRAPHJC AFFINITY OF THE 

PALYNOMORPH ASSEMBLAGES 

Hunneberg mid basal Billingen 

C messaoudensis, which is a common componenr 
of the Hunneberg and basal Billingen assemblages 
from Oslo, has been also identified in other localities 
of Baltica (che Balric palaeoplate) by Paalics (in 
Servais & Molyneux, 1997) in the Hunneberg of 
Esronia and by Raevskaya ( 1999) in the Hunnebercr 
(Assemblage I, upper P. proteas conodonr Zone) and 
near the base of the Billingen (Assemblage 11, upper­
most P. proteus and P. eiegans conodont Zones) of the 
St. Perersburg region (norrhwescern Russia). 

?Cymatiogalea deunffii has the same stratigraphical 
and spacial distribution. In the Sr. Pecersburg region 
a simih1r form (C sp. aff. C deunji1) occurs from the 
upper P proteus conodont Zone. T phyllogmptoides
graprolice Zone (Assemblage J of Raevskaya, 1999). 

Cymntiogalea messaoudeJZSis is a discinccive element 
of the messaoudensis-trifidum microflora (Marrin, 
1996: 1\.folyneux & Rushton, 1988; Servais & 
Kaczung, 1993; Servais & Molyneux, 1997; Servais 
& Mecre, 2000) which, during latest Tremadoc-earli­
esc Arenig rimes, characterises the cold-wacer realm 
located at high sourhern latitudes (>60°5), along the 
northern margin of Gondwana (Servais & Facka, 
1997; Servais & Mette, 2000). 

The occurrence in our samples of Caldariola g/11.bm
and che abundance of Steiiiferidi11m spp .. together with 
rhe relatively rare occurrence of Peteinosphaeridium
spp., are compatible wirh the presence of elements of 
the messrroudensis-tri.fidum microflora (Servai:. & 
Molyneux, 1997). However, several typical represent a ­
tives of this larter microflora [e.g., Acanthodirtcrodiurn?
dilrrwm Molyneux in Molyneux & Rushton, 1988, 
Stellechmatum sicaforme Molyneux in Molyneux & 
Rushron, 1988, Vavrdovell11 nrenigrz (Vavrdova, 1973) 
Loeblich & Tappan, 1976, and Stetfi{erium trijidum
(Rasul, 1974) Fensome et al., 1990) are absenc in 
Norwegian sample1,. 

By contrast, other species we have identified 
(Athabmcttella plrzyfordii: samples HOY400, 
HOV650, and HOV700; Athabascaelfa sp.: samples 
HOY650 and HOV700; ?Athabascaellll playfordii
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and ?A. rossii Marrin, 1984 emend. Manin & Yin, 
1988: sample Oslo I in Ribecai et t1!., 2000) are con­
sidered diagnostic of a middle Tremadoc ro earliest 
Arenig, warm-water, low larirude realm (Marrin & 
Yin, 1988; Yolkova, 1997; Barker & Miller, 1990; 
Servais & Fatka, 1997), characterised bv the occur­
rence of A,yb,tllomorpha Marcin & 'Yin, 1988, 
Athabascaella Marcin, l 984 emend. Marrin & Yin, 
1988, and Lua Martin & Yin, 1988. These genera 
were documented from the Tremadoc of Texas, 
U.S.A. (Barker & Miller, 1990), rhe middle-upper 
Tremadoc of Oland, Sweden (Tongiorgi in Bagnoli et
al., 1988), the uppermost Tremadoc of Estonia 
(Volkova, 1995), the uppermost Tremadoc ro lower­
most Arenig of northeastern China (Marrin & Yin, 
1988), and the lowermost Arenig (upper P. proteus.
conodonr Zone) of the Sr. Pecersburg region, norrh­
wesrern Russia (Raev:.kaya. l 999: Assemblages I and 
l la). However, Athttbascaella p!t�yfardii has been 
recently also recorded by Breuer & Yanguesraine 
(Yanguestaine, personal communication) from rhe 
upper Tremadoc or Belgium. 

A'i> discussed in che previous paragraphs, the mixed 
microflora of the Hunneberg and basal BillinFtn of 
the Oslo region corresponds ro Rae�skaya's \ 1999) 
Assemblage I and Assemblage I la from the East 
European Platform. Also the middle Tremadoc 
assemblages described by Tor�giorgi (in Bagnoli et al.,
1998) from the island of Oland, Sweden, include 
Aryballomorpha and Athabascaella, associated with 
genera which are common in the cold seas of 
Perigondwana (Acanthodiacrodium Timofeev, 1958 
emend. Denandre & Deflandre-Rigaud, 1962, 
Cymatiogalea Deunff, 1961 emend. Oeunff et al.,
1974, Dasydiacrodiwn Timofeev ex DeAandre & 

DeAandre-Rigaud, 1962 emend. Deflandre & 
Deflandre-Rigaud, 1962, and Stellifericlium).

lr is also of interesr ro note rhe occurrence of 
Petei11osphrrrric/111m �r- A in the Hunneherg or che 
Oslo Region (samples BSL400 and BSL650; P. pro­
teus conodonr Zone), which seems ro be rhe same as 
Raevskaya's ( I 999, pl. 2. fig. 7) Peteinosphaeridium
sp. from the Assemblage I la. upper P. proteus con­
odom Zone of the St. Petersburg region. This species 
can be a possible ancesLOr of a Balcic upper Volkhov 
form 1-uch as P. be,gstroemii Staplin et al., 1965. Borh 
have a weakly flaring trunk composed of four lami­
nae, a serrated profile of the lamina edges and long, 
discally tapering branches delimiting a cencral, slight­
ly concave scrucrure (Playford et al., 1995). 

ln recenc palaeogeographic reconsrructions 
(Scotese & McKerrow, 1991: Torsvik er rrl., 1996; 
Chri�tianscn & Srouge, 1999) Baltica is placed in an 
intermediate latitudinal position, between 30° S and 
60° S. However, ics climate i� claimed co have been 
milder chan expected at this latitude, due co the fact 
that Balcoscandia and the Ease European Plarform 
"consriruced rhe somheasternmosr limitation of che 
subtropical anticyclone gyre in the lapecus Ocean" 
(Christiansen & Srouge, 1999; cf. abo Wilde, 1991, 
and Raevskaya et rrl., in pres�). T hese palaeogeograph­
ic and palaeoceanic constraincs may explain the mixed 
character or the Hunneberg microAora of the Oslo 
Region (samples BSL400, BSL650, and BSL700), 
which includes represenracives of both cold-water (ele­
ments of the mess11oudensis-trifidum microflora) and 
warm-water rnicrofloriscic assemblages (elemencs of 
che A1yballomorpha-Athrrbascaella-lua microflora). 

Our sample f rom Hovland (HOVO), with 
Cymatiognlea messrroudemis messaoudensis buc without 

EXPLANATfON OF PIATF. I 

Selccccd I lunncbcrg JnJ l>asal Billingcn species. 

Figs. 1-2 - Arh11b11scnel/11 pfnvjordi, Manin, 1984 emend. M.min & Yin. 1988. I) CPT 110078-0 l: slidl.' BSl.-400/ioc.O 1: EF K32/ l: 
Bj0rkasholrncn. 2) Some proceN·� of .i frJgmcmary �pcrnnen: CPT I 10078-0 I: slide BSL-400/toc.O I: 1:1· R.49: 
Bjorka,holmcn. 

Figs. 3-'i - Cymntrognlen 111ess11011demrs Jardine er 11/., 1974 var. mronnexa Servais & Molyneux. 1997. 3) Specimen in lateral view: 
CPTl I 0078-0 I; slide BSL-400/toi .O 1; EF P48/.1-Q48/ 1: Bjnrkhholmcn. ·I) Specimen in .ipproximatdy polar view (pylo­
mace pole): CPTI I 0078-01; slide BSL-400/ror.O I; EF C44-C44/4: Bjnrk:isholmcn. 'i) Specimen in laccral view: 
CPT 110078-0 l: slide BSl.-400/rot.O l; Er U38: B10rk:isholmcn. 

Fig�. 6-8 - Cymt1riog11IM messnoudemis J.udine rt,,! .. 1974 var. 111ess11011d,wis. 6) Specimen in latcraJ vii.:w, �howing membr,111es �rr<.'cchcd 
berwcen processes reduced by corrosion to rag-like fr,1gmcnts: C'PTI 10078-0 I: �lidt: BSL-650/cot.O I: EF S44/ I: 
Bj0rka�holmc.:11. 7) Specimen in polar view. mcmhranl.'s .1lm�sr complcccly mb;.ing: CPTl 10078-01: slide BSL-400/roc.O I: 
EF F48/4-F49/.1; Bjorkai;holmt'n. 8) 'ipccimen in 1:irer:il view, devoid of memhrancs (eroded)· CPTI l 0078-0 I: ,lide B�L-
400/tor.01: EF 050/ I: Bjorkasholmcn. 

Fig. 9 - Cyclopo.rpht1l'ridi11111 �p. CPTl 10051-01: ,lide HOVO/coc.01: H 01!3/l: Hovland. 
Fig. I O Prtei11<>.rph111ndi11111 sp. A ( = Pmir/()sph,71'ridi11111 ,p. in Racv;.kaya. 1999. pl. 2. Ii�. 7). CPTI I 0078-0 I; slide BSL-400/tm.O I: 

EF R24/4: Bjor�holmen. 
Fig. 11 • Pire11 �p. cf. R roll[frmnis <Rurn1.1nn, 1970) Eisenack e, 11/ .• 1976. CPl 110078-0 I; ,lide BSl.-400/ror.O I: l-.F R31:

Bjorkasholmcn. 
Fig. 12 Rhop_nliophorn pi/11111 {Combaz & Peniguel, 1972) emend. Plavlord & Manin. 1984. CPTl 10078-0 I; slide BSL-400/roc.O I: 

EF G'i571; Bjf>rkasholmt:11. 

'lpccimen mag111ficaiion x800: 1-ngland Findc1 coordinJrcs (EF) meJsured on slides wirh 1hc reposirory label oricnred ro chc right. 
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At.habascaella (Tab. 2), marks rhe rransition co rhe 
Billin�en microfloral assemblage� and could corn:­
spond ro Raevskaya's (l 999) Assemblage llb, which is 
of rhe same age (R elegans conodont Zone). 

T he presence of Cyclopospht1eridi11111 sp. in rhis 
sample is very inceresring. The monospccific genus 
Cydoposphaeridiwn Uutela & Tynni. 1991 emend. 
Playford et fll., 1995 was originally established (rype­
!>pt:cies C a11rimlatum Uutela & Tynni, 1991) on 
faconian material from rhe Yolkhov?-Aseri Srage� 
(Uutela & Tynni, 1991 ). Jc was subsequently record­
ed from rhe Kunda Srage (Hunderum ubscage) of 
Sweden (Ribecai & Tongiorgi, 1995; Playford et 11/.,
1995) and from the lower Arenig (A. mecims-lowcr 
U. si11ode11tt1tus grapcolice Zones) of Sichuan and
Hubei Provinces. Sourh China (Brocke et al.. 2000; 
as "c( Cycloposphneridiwn a11rim!at11m"). Tongiorgi et 
,d. (in press) recovered two still unnamed �pecie� of 
Cycloposphaeridium from the lower 0. evae conodont 
Zone (corresponding co rhe Baltic lower upper 
Billingen) of the Hubei Province, Solllh China. rhi� 
laner occurrence led Tongiorgi et al. (in press) co 
accept a Chinese origin for this genus. However, the 
presenr record herein from Hovland (sample HOVO, 
P. elegans conodonr Zone) funher predaccs the FAD
of Cydoposphaeridi11m, and thus a Baltic origin of che
genus now could appear more rrobablc. Bue, as
observed by Yanguescaine (persona communication), 
presently available information is probably insuffi­
cient ro establish a predicrable model of species dis­
rriburion both in space and rime. 

Biflingen aud lower Vofkhov 

Genera consider�d typical ol the Arenig cold- co 
cemperate-waters of Perigondwana (such as Arbu­
swlidium Oeunff, I 968, Aureotesta Yavrdova, 1972 
emend. Brocke et al., 1998, Co1yph1dium Vavrdova, 
1972. Striatotheca Burmann, 1970. Vt111rdo11e//(] 
Loeblich & Tappan, 1976. See Li. 1987, 1990; 

Brocke et al.. 1995; Servais & F:uka, 1997) are absenr 
in the acrirarch ctSsemblages of the Billingen and 
lower Yolkhov of che Oslo Region. However, all 
species identified from rhese assemblages are known 
from coeval assemblages of the Yangtze Platform of 
South China (cf. Li, 1987; Tongiorgi et al.. 1995; 
Yin. 1995: Yin et al.. 1998; Brocke, 1997, 1998; 
Tongiorgi et al., in press), rhough rhe latter include 
Arbmrnlidium, Aureotesta, Coryphidium, and 
Striatotheca and are rherefore closer to the cold-wacer 
assembla�es oC Perigondwana (che "Medirerranean 
Province' ofYavrdov:i, 1974 and Li, 1987. 1990). 

The acricarch microflora from rhe BiJlingen to 
lower Yolkhov deposits of rhe Oslo region, is similar 
LO the Billingen microflora of norchwesrern Russia 
and norrhern Poland (Raevskaya. 1999, Tongiorgi & 
Di Milia, 1999; Raevskaya et al., in press), which, 
despire rhe absence ol srenoropic cold-warer 5pecies, 
also show a substantial similarity with Sourl1 Chinese 
phyt0plankton. In particular, rhe following "South 
Chinese" species from Oslo also occur in Assemblage 
Ilb and/or Assemblage 1ll (lower Billingen, P. eiegrms 
conodonr Zone. and upper Billingen, 0. evae con­
odonr Zone, respecrively) of che Sr. Petersburg dis­
cricr (Racvaskaya, 1999): Baitisphaeridium denticu/11-
tum. B. kummingeme, f>eteinosphaeridium rmnt1t11m, 
P. rob11stirmnosum, P. ten11ifilosum, Rhopaliophom
mam,fl[/onnis. Raevskaya et al. (in press) from rhe
same levels recognized also Rhopaliophora sp. aff R.

mamilLiformis. Pachysphaeridium rhabdocladi11m, and
Stefomo,1!.ha erchunemis, among many orher "South 
Chinese ' species. Polish samples (Billingen, 
f>l�y!logmptw 1mgustifali11s elong11t11s graprolire Zone) 
have yielded more abundant and bercer preserved 
acricarchs, including Pachysphaeridi11m rh11brlocladi-
11m, Rhopaliophom sp. cf. R. mamilliformis. 
Stelomorpha composta, S. erdmnensis, and Tongzin sp., 
among others (Raevskaya et al., in press). 
Pnchysphaeridium rhabdodatlium and P. striatum were 
also idenrifted by Tongiorgi & Di Milia ( 1999) in a 

EXPLANATION 01' PLATE 2 
:-idcw:d Rillingcn �pccic. 

rig. I - B1iltisph,1md111111 dm11rnlnr1m1 Lu. J 987. CPT 11 OOM-0 I: slide HOV650/cm.01: Er Z27; I lovlanJ. 
Fig. 1 B11 !1ispht1crirli11111 k/11b,111eme (Vavrdov,i, 1965) Kjdl,1riim, J 971. Fr:1gmcnr.1ry \pccimcn ,how111g rhc fil:unenroill orn.1mcnr:1-

cion or rhc proce,s wall: CPTI I 0023-02; ,li<lt.: BQt--110/tm.02: H Q49/1: Bjcirklsholmcn quarry, casr wall. 
Fig. 3 - ,\lral�ystritli11111 sp . .  1ff ,\/. 1ll'11lJ1111om111 Cramer & Dt'cz. 1977. CPTI 10025-02: slide BQE-250/tor.01: EF M41/2; 

Bjorkil.holmcn qu,1rry. ea\l w;1II. 
Fig. 4 - M11/ripl1cisphneridi11m sp. cf. /\/. irregul,m· :-.raplin et 11/., I %5. CPT 110066-0 I: slide: H OV738/ro1.0 I: EF D5 I; Hovland. 
fig. 5 - />11d1ysphnmrli11 111 rf111brlod11d11m1 (lu. 198� emend. fong1orgi 1•1,t!., 1995) Ribcca_i & longiorgi. 1999. CPTI 10027-01: slide 

BQE-350/rot.0 I: EF D49-l )49/4; Bjork:bholmcn quarry. ca�t wall. 
Fig.(, J>,1chysph,1mtli11111 sn·111r 1 1111 (Lu. 1987 emend. Tong1orgi er nf .. 1995) Rihccai & Tongiorgi, 1999. CPTI 10027-01: ,lide BQE-

350/wr.O l: I· F Z50; Bjc,rk:hholmen ljllarry, c.1,1 w.111. 
Fig. � f'erm1osph11aul111m rxom,11um limgiorgi t't ,rf .. 1995. CPT I I 006+0 I: I IOV650/coc.O I: FF U., 1/3; Hovland. 
Fig. 8 - />e1e111osphnentl111m armnmm longiorgf er ,t! .. 1995. CJ>-1110027-0 I: �lide BQE-3')0/tot.O I: EF P32/ 1; Bj0rkasholmcn quarry. 

C:t\L wall. 
�pccimen magnitk:11ion x800; Engl.rnd Finder coordin.ucs (Er) meJsurcd on slides wich 1hc repository labd oricmed co the righL 
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lower Volkhov sample (B.? triangularis - B. 11avis con­
odont Zone), collected by E. Raevskaya in rhc Sr. 
Petersburg area. 

All the "South Chinese" species shared by che 
Norwegian, Russian and Polish assemblages 
(Billingen co lower Volkhov), occur in China from 
che 0. evae conodonr Zone and che following disap­
pear before the end of this zone (Tongiorgi et ,d., in 
press): Baltisphaeridium denticulatum, B. fragile, 
Ordovicidium yangtzeense (which has been discovered 
also in the lower Arenig of norrhwcsrern Argenrina: 
Rubinstein et ai., 1999; Rubinstein & Toro, 2001: 
borh as Ordovicidium sp. cf. 0. yangtzeeme), 
Peteinosphaeridium exornatum, P. rob11stirt1mos11111. 

In China. Picostella turgida is present only in sam­
ples from che upper 0. evae conodonr Zone (Yin et 
al., 1998; Tongiorgi et al., in press), bur ir aJso occur 
in the lower Arenig (D. bifidus graptolice Zone) of 
norrhwesrern Argentina {Rubinstein & Toro, 200 I) 
and in the lower and lower upper Arenig of Chicral, 
Pakistan (Quinravalle et al., 2000). Rhopaliophora 
mamilliforrnis possibly disappears in China just below 
the base of rhe B.? triangularis - B. navis conodont 
Zone, (i.e., just below the base of the Balcoscandian 
Volkhov); bur its presence in these zones can not be 
excluded. The same is crue for Stelomorpha composta, 
which mighc excend co the lower ru1d middle B.? tri­
angularis - B. navis conodonr Zone, like another (and 
more frequent) species of che same genus, i.e. S.

erclnmensis, which positively ranges inro che lower 
Volkhov (Tongiorgi et al., in press). 

Baltisphaeridium sp. cf B. kunmingense disappears 
in China at the base of the B.? triangularis - B. 11a11is 
conodonr Zone, while f>eteinosphaeridium armntum 
.tnd P. tenuifiLosum excend to rhe middle pan of the 
zone and Multiplicisphaeridium sp. cf. M. irregulare 

reaches the upper pare (Tongiorgi et al., in press). 
Pachysphaeridium rhabdocladium and P striatum disap­
pear in China about at rhe same levd, in the middJe 
pare of rhe 8.? triangukzris - B. nrwis conodonc Zone, 
buc in Balcoscandia (Gland, Sweden) they extend to 
rhe lower Kunda Scage (lower Hunderum; lower L.

v,triabilis conodonr Zone), (Ribecai & Tongiorgi, 
1999). Tongzia meitana and T. 

11az 11dovae are common 
in rhe lower Arenig of South China (Li, 1989; Yin et 
al, 1998), but are also known from younger horizons 
ac orher Perigondwana localities (e.g .. lower Arenig co 
lower upper Arenig: Chirral, Pakistan: Tongiorgi et al., 
1994. Quinravalle et al., 2000; upper Arenig: central 
Bohemia, Vavrdova, I 990). 

Of particular significance for incercontinencaJ cor­
relation, may be Peteinosphaeridium dimmile Gorka, 
I 969. This species occurs in rhe Bj0rkasholmen quar­
ry (BQW-100) near the cop of rhe T 0yen Shale 
Formation (lower Volkhov, B.? trirmgularis - B. navis 
and P. originalis? conodonc Zones). In Sou eh China P.
dissimile first appears in che middle pare of rhe B.? h·i­
angularis - B. navis conodom Zone {Tongiorgi et al.,
in press) and extends ro ar least chc Uudu!ograptus 
t111strodentatus grapcolite Zone (uppermost lenodus 
11tzriabilis conodonr Zone). lrs appearance in China 
marks che beginning of chc transition from rhe cool 
Medicerranean micro/fora of rhe 0. evae conodont 
Zone (Li. 1987. 1990), co a. possibly warmer, 
rnicroflora which exhibits Baltic affinities (Tongiorgi 
t'I 11/., 1998; Tongiorgi & Di Milia, 1999). In 
B.tlcoscandia, P. dissimile extends up ro the lower
Kunda Stage (Hunderum Substage), uppermost
B11/to11iodus norrh111dicus or lower l. variabilis con­
odonc Zone on Oland, Sweden (Ribecai, personal
communication) and at Ronuner N, Oslo-R0yen,
Norway (Ribecai et al., 2000).

EXPLANATION OF PL/\TE 3 

Fig. 1 

Fig. 2 

Fig. 3 
Fig. 4 
Fig. 5 

Fig. 6 

Fig. 7 

Sdecrcd Billingen and Iowa Volkhov species. 

f'eremosphaeridium tenuifilomm Tongiorgi er 11/ •• 1995. CPT 110034-0 I; slide BQE-700/ior.O I: EF C37/ 1; Bjorldsholmen 
quarry, cast wall. 
J>ereiliosph111:ridi11111 robu.srimmosr1111 Tongior� et al., 1995 . .Some processes of a fragmenrary specimen: nore rhe deeply ser­
rare lamina edges: CPTI 10026-0 I: slidr Bt.,?.F.-300/wi.O I: EF U26; Bjorkasholmen quarry, eas1 wall.

- f'icosrellr, 111rgiaa Yin et al., 1998. CPTI I 0066-01; slide HOV738/rodl I: EF E34; I lovbnd.
Polygo11i11m gracile Vavrdova, 1966. CPT I I 0023-02; BQF-1 50/ioc.02: EF S40/3; Bj0rkasholmcn quarry, easr wall.

- Rhopa liophora ? sp. A (sp. aff. Rhoprd,ophora sp. A in R:1evskaya, 1999, pl. I. fig. 14). CPT I I 0064-01; HOV650/ror.O I.
EF Q37/3; Hovland.

- Stdlift'ridium miaru/11111 (Vavrdov.i, 1966) cmc:nd. Dcunfr et ,ii .. 197·1. CPTI I 0028-0 I; BQE-400/cot.O I: I-.FTJ3-733/3;
Bj0rkashol111en quarry. ease wall.
S1e/0111orpha composra Yin et ,,/ .. 1998. 'ipc.:cimcn �howing the "wbular cxrcnsion'' (salpinx) in the upper pare of rhe
microphorograph: CPTI I 0012-01; BQW-100/tor.O I: EF G5 l/3; Bjork3sholmcn quarry, wes1 wall.

Figs. 8-9 - Stefomorpha errhrmenm (Fang, 1986) Yin. 11)94 emend. Tongiorgi t!t al., 1995. 8) Specimen showing the "rubular exten-
sion" (salpinx) in che right-upper p.irr of the microphorograph: CPTl 10027-02: BQF.-350/todl1: EF Z39/4: 
Bj0rkasholmen quarry. east wall. 9) CPT 110026-0 I; \lide BQE-.�00/mr.O 1: EF F42/2; Bj0rkasholmen quarry. cast wall. 

Figs. 10-11 - Tongzra 11m1rtio11ar Yin et nl .• I ')98. 10) Cl'T 1J0012-0 I: BQW-100/ror.O I: EF N24; Bj0rkasholmen quarry, west wall. 11) 
CPT 1 I 0023-02: BQF.-150/ror-02: EF 1147/4; Bjork3�hol rnen quarry. ea,t wall. 

Fig. 12 f'Nemosphaendium dumnile C6rka. 1969 C:PT 110012-0 I. BQ\Xl-100/rot.01: EF l 44: Bjc-,rkisholmcn quarry, west waJI. 

Specimen magnification x800; Englan<l Fin<lcr coordin�ces (EF) measured on slid� wirh the rcpo�irory label oriented to 1he ngh1. 
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Jn the Chinese literature (e.g., Finney & Chen, 
1 990; Nie, 1991; Chen & Rong, 1992; Wang & 
Chen, 1995) the Yangtze Plarform is placed ar a mod­
erate-low southern latitude, during Arenig times (see 
also Lindsrrom et al., 1991, p. 205). However, whilst 
che Yangtze Platform was located at about rhc same 
latitude as northern Balrica (Scocese & McKerrow, 
1990, 1991; Christiansen & Srouge, 1999; for the 
orientation of Baltica, see Torsvik & Trench, 1991), 
the climate of these regions during the Arenig should 
have been different because, ar lease during the south­
ern hemisphere winter, northern Balrica (i.e., the 
palynomorph-bearing sections of Balcoscandia and 
the EEP) was influenced by a warm subequacorial 
oceanic currenc (Wilde, 1991; Christiansen & 
Srouge, 1999), while a cool current of subpolar origin 
(like rhe modern Humbold Current) was flowing 
along the Sou eh China coast (Wilde, 1991; Tongiorgi 
et al., 1995; Raevskaya et al., in press). Nevertheless, 
a subtropical oceanic gyre enabled phycoplankron 
exchanges in both directions, from China to Balcica 
and vice versa (Wilde, I 991, Tongiorgi & Di Milia, 
1999). However, only some species (probably the 
more "opporcuniscic" caxa, capable of adapting co dif­
ferent ecological conditions) occur in boch regiom. 

Finally, rhe Billingen ro lower Volkhov acricarchs 
of rhe Oslo Region exhibit some characters of the 
Mediterranean cold co temperate microflora known 
from Perigondwana (Perigondwana oceanic realm of 
Playford et al., 1995; cold-water realm of Servais & 
Farka, 1997), but show a closer affiniry co rhe Sourh 
China assemblages of the 0. evae to che B.? tri11ng11-
laris - B. navis conodonc Zones. However, rhe typical 
cold-water indicators (Arbusculidiu.m, Aureotesta, 
Coryphidium, and Striatotheca), common in Souch 
China, are absenc in che Oslo Region, thus suggesting 
char in Balcoscandia the climate was slighcly warmer 
than it was in South China. 

Upper Vofkhov to Lowa Kunda 

T he Oslo assemblages from the upper Volkhov co 
lower Kunda stratigraphic interval, include most of 
che taxa chat Tongiorgi & Di Milia ( 1999) considered 
disci nctive of rhe Baltic microflora, such as 
Peteinosphderidium dissimile, P. vefatum, P.? hystri­
choreticufatum, Liliosphaeridium spp., Pachysphae­
ridium spp., and Saccufidium spp. (cited by Tongiorgi 
& Di Milia, 1999, as "Peteinosphaeridium" macropy­
Lum s.l.). Contrary co rhe lesser known Hunneberg, 
Billingen and lower Volkhov acrirarch assemblages, 
chose from the upper Volkhov and lower Kunda of 
Balroscandia have been scudied extensively (see 
Introduction for references). T hey are quire djfferenr 
from che coeval, late Areni_g to lower Llanvirn assem­
blages of Perigondwana (cf. che North African assem­
blages described by Deunff. 1977; Jardine et 11!., 
1974; Vecoli, 1999; Vecoli et al., 1999), characterised 
by rhe common occurrence of genera such as 

Dicrodiacrodium Burmann, 1968, Arkonia Burmann, 
1970, and Frankea Burmann, 1970 emend. Servais, 
1993, in addirion ro Arb11sculidium, Aureotestn, 
Coryphidium, and Striatothecn (Brocke et nl., 1995). 
Tongiorgi & Di Milia ( 1999) maintain rhar separa­
tion between the Balric and the Mediterranean 
microfloras is documented in Europe since rhe late 
Volkhov, B. norrlandicus conodonr Zone. 

According ro Tongiorgi et al. ( 1998, and in press), 
a Baltic microAora (including Liliosphaeridium brevi­
calyx Bagnoli & Ribecai, 2001, L. intermedimn, L.

kaijoi, l. tinti1111ab11f11m, Pachysphaeridium pachycon­
cha Ribecai & Tongiorgi, 1999, P. sidereum Ribecai & 
Tongiorgi, 1999, Peteinosphaerdium a11gustilaminae 
Playford et al., 1995, P. dissimile, P eximium, P. vefa­
tum, P.? hystrirhoretirnfat1tm, Saccufidium macropy­
fum, S. pereinoides, Tranvikium polygonale Tynni, 
1982, ere.) is present also in the upper Arenig of 
Sourh China (upper P. originalis ro upper L. antivari­
abilis conodonr Zones). Meanwhile, some elemenrs 
of rhe Perigondwanan cold-warer assemblages rarely 
occur in lace Volkhov ro early Kunda assemblages of 
both Balrica and Souch China (in Baltica, sparse rep­
resentatives of the following genera occur: 
Acanthodiacrodium Timofeev, 1958 emend. 
Deflandre & Deflandre-Rigaud, 1962, ? BarakeUa 
Cramer & Dfez., 1977, Pirea Vavrdova, 1972, and 
Stelliferidium Deunff et al., 1974: Uurela & Tynni, 
199 I; Ribecai & Tongiorgi, 1995; Tongiorgi, unpub­
lished). Conversely, isolated represenracives of rhe 
Balcic microflora invaded Perigondwana (Tongiorgi 
& Di Milia, 1999) during the Arenig (Bohemia) and 
early Llanvirn rimes (Belgium, Spain, Tunisia). T his 
suggests char Balcica and South China belong co a 
common, mid-larirude, temperate realm, with a tran­
sition ro rhe cold-water Perigondwana realm. 

CONCLUSIONS 

T he acricarch assemblages from che upper 
Tremadoc-lowermosr Arenig (Hunneberg and basal 
Billingen) of the Oslo Region, are mixed and include 
representatives of both the cold-water messdourknsis­
trifidum microflora from Perigondwana and the warm­
warer A1ybaflomorpha-Athabasc11e/L11-lu11. microflora 
from low larirudes seas (northern America, norcheasc­
ern China). T his is in accordance with the intermedi­
ate latitudinal position of Baltica ac chis rime. A good 
correspondence also exists between assemblages from 
Oslo and chose from norrhwcsrern Russia. 

Younger Arenig assemblages (Billingen co lower 
Volkhov) of rhe Oslo Region contain species known 
from rhe coeval cool rcmperate-warer microAora of 
the Yangtze Platform, South China. A good corre­
spondence also exisrs wirh the Billingen microflora of' 
norrhwestern Russia and northern Poland. In Balrica, 
assumed scenorhcrmal, cold-water taxa, such as 
Arb11sc11/idium, Coryphidium and Striatotheca (typical 
of the colder waters of Perigondwana but also present 
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in South China) are absent, suggesting that the cli­
mate or northern Baltica (Baltoscandia including the 
East European Platform), was slightly warmer rhan il 
was in South China. 

NoMichsranding these differences, ir should be 
recognised that there was a relative uniformiry among 
r.he phyroplankron assemblages over a wide range of 
lalitudes during rhe early Arenig. 

The invasion of middle larirude platforms, �uch as 
Balrica and the Yangtze Platform of South China, by 
acricarchs rypical of colder water masses of deep water 
oceans and/or a high lacirude (circumpolar) habitat� 
(Perig ondwana oceanic realm of Playford et al., 
1995), can be related co an exrensive global transgrc�­
sive event which occurred during che lower Arenig­
(the 0. ev11e transgression of Nielsen, 1992). As noted 
by Racvskaya et al. (in press), during transgressions, 
cool oceanic water penecrares platforms extensively 
bringing with it off-shore phycoplankcon onto rhe 
shelf. Thus, "times of transgression may 11ppe111· as 
times of provincial breakdown" (Foney. 1984). 

The lace Arenig-early Llanvirn (upper Volkhov co 
lower Kunda) acrirarch assemblages of the Oslo 
Region are similar co chose known from Sweden, 
Russia and Poland. This Ba.lcic microAora differs 
markedly from the cold-water Mediterranean 
microOora of Perigondwana, with the exception of 
South China where a Baltic-like phyroplankron 
appears at the same stratigraphical level (Tongiorgi & 
Di Milia, 1999; Tongiorgi et al., in press). 

On the orher hand, a secular negative sea level 
chaJ1ge, including repeated regressive peaks, devel­
oped after the lower Volkhov (second order negacive 
cycle of Ross & Ross, 1992; Nielsen, 1992). This 
trend would have produced an enhanced provincial­
ism leading co the differentiation of a distincrive 
Balric microflora on che middle latitude Balcica and 
Yangtze plarforms (Tongiorgi & Di Milia, 1999; 
Tongiorgi et nl., in press). 

In conclusion, we documenr parallel changes in 
the composition of che acrirarch assemblages ol bocl, 
Baltica and South China <luring rhe entire early 
Arenig-early Llanvirn incerval. The uansirion from a 
Medirerranean- (or Mediterranean-like) co a Balric 
microflora, implies reciprocal phyroplankron 
exchange between both areas which also share a sim­
ilar geological and physiographical evolution 
(Lindstrom et al., 1991). 
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