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Abstract. – Since the 1970s, acritarch workers have recognized two distinct geographic acritarch assemblages in the
Ordovician. The first assemblage occurs in the late Tremadoc in low latitude areas. This assemblage, recently rede-
fined by Volkova [1997], has been attributed to warm-water environments. A second “Mediterranean” or
“peri-Gondwanan” province, attributed to high latitudes in the southern hemisphere, can easily be recognized in late
Tremadoc to Arenig acritarch assemblages. This second palaeogeographic “province”, defined by Li [1989] is distrib-
uted around the border of Gondwana in a zone reaching from Argentina through northern Africa and peri-Gondwana
up to Iran, Pakistan and southern China. In the present work we propose an initial simplified, tentative model of the
latitudinal distribution of selected early to middle Ordovician acritarchs. Both “provinces” are plotted on the recent
palaeogeographical reconstruction of the early Ordovician of Li and Powell [2001]. It appears that the first “province”
is limited to low and intermediate latitudes, i.e., to warmer water environments. However, the generally adopted inter-
pretation that the so called “Mediterranean” or “peri-Gondwanan” geographical assemblage is principally controlled
by palaeolatitudes and is considered to be typically “cold-water” has to be revised, because the distribution of this
“province” appears related more to the continental arrangement along the Gondwana border than to latitudes. This dis-
tribution shows some similarities with recent investigations in Silurian acritarch palaeogeography [Le Hérissé and
Gourvennec, 1995] that provides evidence that the global distribution of Silurian acritarchs is under the interdepen-
dence of continental arrangement, latitudinal position, environmental conditions and oceanic currents, and that it is not
simply latitudinally controlled as previous interpretations have suggested. The Yangtze Plaform of southern China
presents elements of both early to middle Ordovician “provinces”, i.e., from both the “warm-water” and the
“peri-Gondwanan” geographic assemblages. The South China Plate is therefore one of the areas that shows typically
mixed assemblages. Although it remains difficult to define clearly a “Baltic” province, it is important to note that be-
tween the latest Tremadoc and the early Llanvirn a clear distinction of the acritarch assemblages between peri-Gond-
wana and Baltica is possible.

Les acritarches de l’Ordovicien de la Chine et leur utilité pour la paléobiogéographie globale
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Résumé – Introduction. – Depuis les années 1970, plusieurs auteurs proposent des modèles paléobiogéographiques
séparant les acritarches de l’Ordovicien en deux “provinces”, une première province localisée dans des basses latitudes
présentant des conditions intertropicales et une deuxième province interprétée comme étant typique des milieux tem-
pérés à froids de hautes latitudes dans l’hémisphère sud.

La paléogéographie de la Chine à l’Ordovicien. – Malgré une évolution géotectonique assez complexe, il existe ac-
tuellement un consensus parmi les paléogéographes pour séparer la Chine au cours du Paléozoïque en trois entités ma-
jeures : les plaques du Nord de la Chine, du Sud de la Chine (plate-forme Yangtze) et de Tarim. Au cours de
l’Ordovicien ces continents étaient localisés à des latitudes différentes. Le Nord de la Chine se trouvait dans des basses
latitudes de l’hémisphère nord, tandis que la plate-forme Yangtze et la plaque de Tarim se trouvaient sur l’équateur et
dans l’hémisphère sud. Ces régions, et particulièrement le paléocontinent du Sud de la Chine, jouent un rôle majeur
dans la compréhension de la distribution globale des acritarches dans l’Ordovicien.

La modélisation de la distribution des acritarches. – Le microphytoplankton actuel (formé majoritairement par les
dinoflagellés et d’autres groupes d’algues unicellulaires) montre des schémas de distribution assez complexes. Néan-
moins, on peut identifier dans les océans actuels des espèces de kystes de dinoflagellés qui indiquent clairement un si-
gnal climatique, c’est-à-dire latitudinal. L’étude de la distribution des acritarches de l’Ordovicien devrait donc
théoriquement aussi livrer certains taxons qui indiquent la paléolatitude.

La base de données de l’Ordovicien et les modèles de distribution publiés. – Plus de 700 références bibliographi-
ques, plus de 250 genres et plus de 1300 espèces d’acritarches ordoviciens ont été publiés, permettant la délimitation
de plusieurs paléoprovinces. Certains auteurs proposent jusqu’à sept provinces, mais la révision critique de la littéra-
ture montre que seulement deux provinces peuvent être maintenues pour l’instant.
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La paléobiogéographie des acritarches dans l’Ordovicien inférieur et moyen. – Dans ce travail, nous proposons
pour la première fois un modèle simplifié et expérimental qui pourrait expliquer la distribution latitudinale de certains
taxons d’acritarches sélectionnés de l’Ordovicien inférieur à moyen qui sont probablement dépendant de la tempéra-
ture.
Les deux assemblages retenus ici, c’est-à-dire la “province d’eau chaude” du Trémadocien terminal de Volkova [1997]
et la “province méditerrannéenne” de l’Arénigien définie par Li [1989] sont positionnées sur une reconstruction paléo-
géographique récente de l’Ordovicien inférieur publiée par Li et Powell [2001]. Si la première province semble bien li-
mitée aux latitudes basses, la “province méditerranéenne”, aussi appelée “province péri-gondwanienne”, n’est pas
limitée aux hautes latitudes de l’hémisphère sud. Elle est présente dans toute la périphérie de la partie sud du continent
de Gondwana, de l’Argentine à l’Afrique du Nord, et s’étend de l’Europe du Sud, l’Iran et le Pakistan jusqu’en Chine
du Sud. Cet assemblage, présent ainsi du pôle sud jusqu’à l’équateur, ne peut donc plus être qualifié de typique des
eaux froides des hautes latitudes dans l’hémisphère sud.

Conclusions. – Ces résultats montrent des similitudes avec les résultats de l’étude des acritarches du Silurien dans le-
quel Le Hérissé et Gourvennec [1995] ont montré que la distribution des assemblages géographiques n’est pas simple-
ment réglée par la paléolatitude, mais qu’elle est le résultat de l’interaction de l’arrangement des continents, de la
position latitudinale, des conditions environnementales et de courants océaniques de surface. La plate-forme Yangtze,
présentant des éléments des deux provinces dans l’Ordovicien inférieur et moyen, peut être considerée comme une ré-
gion clé pour comprendre la paléobiogéographie des acritarches de l’Ordovicien.
Malgré le fait qu’il est difficile de définir une “province baltique”, il est important de signaler qu’il existe une nette
distinction entre les assemblages d’acritarches de la bordure de Gondwana et ceux de la Baltique entre le Trémadocien
supérieur et le Llanvirnien inférieur.

INTRODUCTION

The Ordovician palaeogeography of China has been dis-
cussed in many papers. A general consensus exists today
that China consists of a series of palaeocontinents, of which
the three major elements were the North China (Sino-Ko-
rean Plate), Tarim, and the South China plates [e.g. Li,
1998].

Since the early 1970s, several authors have proposed
various Ordovician palaeobiogeographical models, in
which two major acritarch “provinces” were recognized : a
first “province” containing species only present in high lati-
tude southern hemisphere areas (“cold”-water forms), and
another region considered to host warmer-water taxa lo-
cated at lower latitudes and around the equator.

The position of the different palaeocontinents that later
came together to form modern China is essential in under-
standing the palaeogeographic distribution of Ordovician
acritarchs. More than 50 publications deal with Ordovician
acritarchs from China [Li et al., 2002]. Although most pa-
pers concern Arenig deposits of the South China Plate
(Yangtze Platform), acritarchs have been described from all
Ordovician stages in most areas of China, i.e., from all ma-
jor tectonostratigraphical units. Because it was located at
intermediate latitudes during the early and middle Ordovi-
cian, the Yangtze Platform is of particular importance, as
this area shows assemblages with a mixture of taxa consid-
ered as “cold” or “warm” water indicators.

South China is thus a key element for not only under-
standing the global distribution of Ordovician acritarchs, but
also for stratigraphical correlations at the global scale, be-
cause stratigraphic index taxa can be correlated with most
other areas in the world [e.g., Brocke et al., 1995].

The objective of this paper is to place described Ordo-
vician Chinese acritarch assemblages into a global geo-
graphic context, by plotting them on the palaeogeographic
reconstruction by Li and Powell [2001].

Of particular interest is understanding the global distri-
bution of the “warm-water” assemblage redefined by
Volkova [1997] in the late Tremadoc (based on the occur-

rence of the acritarch genera Aryballomorpha, Athabascaella,
Lua), and the Arenig “cold-water” assemblage defined by Li
[1989] (based on the occurrence of the acritarch taxa
Arbusculidium filamentosum, Coryphidium, and Striatotheca).

THE ORDOVICIAN PALAEOGEOGRAPHY OF
CHINA

The Palaeozoic geotectonic evolution of China is fairly
complex. Because this paper is not a comprehensive review
of the different published models, the reader can be re-
ferred to a series of general papers cited below.

According to Shen [1994], China can be divided into
five geotectonic regions. These five regions are, from north
to south (fig. 1) :

(I) The Tianshan – Xing’an Region, composed of
post-Neoproterozoic active continental-margin belts with
several stable microblocks;

(II) the Tarim – North China Region, built up by stable
palaeoblocks with a pre-Sinian basement;

(III) the Kunlun – Qinlin Region, that forms active
continental margin belts with the exception of the Qaidam
microblock;

(IV) the Chuan (Sichuan) – Dian (Yunnan) – Qing
(Qinghai) – Zang (Tibet) Region, that represents mainly
several active continental margin belts and suture belts with
several incorporated microblocks; and

(V) the South China Region, that includes the Yangtze
Platform, the South Hainan microblock, the South China
active belt, and the Taiwan island arc.

According to the present geographical understanding,
the above mentioned regions I, II, and III are located in
northern China and regions IV and V occur in southern
China.

In terms of plate tectonics, China has generally been di-
vided into three major units, the Sino-Korean (North
China) Plate, the Tarim Plate, and the Yangtze Platform, as
well as several additional minor terranes [e.g., Scotese and
McKerrow, 1990; Burrett et al., 1990; Li, 1998]. During the
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early Palaeozoic, these plates were separated from each
other and were located in different latitudes. According to
different palaeogeographic reconstructions [e.g., Li, 1998;
Torsvik, 1998], the North China Plate along with Laurentia,
Baltica and Siberia, was one of the major plates independ-
ent from Gondwana. Various palaeogeographic studies
show that, during the early Ordovician, the North China
Block was dominated by warm-water carbonates, and was
located near the equator and/or in low latitutes in the north-
ern hemisphere. The South China Block and Tarim Plate
were located further south, with South China occupying a
position close to the equator or in low latitudes in the
southern hemisphere. Palaeobiogeographically, the Tarim
Block shared similar geographic provinces with the South
China Block from the Cambrian until the Carboniferous
[Zhou and Chen, 1990]. Biogeographic affinities with east-
ern Gondwana suggest that South China was located near
Australia during most of the Palaeozoic [Scotese and
McKerrow, 1990]. It appears that Tarim collided with Sibe-
ria and Kazakhstan during the late Palaeozoic, whereas
North China and South China did not join Asia until the
Indosinian Orogeny (Triassic-Jurassic) [Nie et al., 1990].

In the present study, we plot our acritarch data on the
recently published early Ordovician palaeogeographic re-
construction of Li and Powell [2001]. This reconstruction
has the advantage of providing an excellent view of the po-
sition of the different Chinese plates in relation to Gond-
wana (including Australia), as well as Laurentia, Baltica
and Siberia.

ACRITARCH DISTRIBUTION AND
PALAEOBIOGEOGRAPHY

What are/were acritarchs ?

Before considering various interpretations of global
acritarch distribution patterns, it is important to review the
definition and interpretation of the term acritarch. Evitt
[1963] defined the informal group Acritarcha as a
polyphyletic “group” of organic-walled microfossils of un-
certain or unknown biological affinities. According to his
definition, the group thus includes palynomorphs of which
the attribution to a biological entity remains questionable
or unknown. The interpretation of what acritarchs are/were
indicates that during the Palaeozoic, most acritarchs proba-
bly represented the cysts of diverse marine microplankton
groups. Thus, the acritarchs, very probably, can be consid-
ered as the ancestors or equivalents of such phytoplankton
groups as the dinoflagellates, and the prasinophycean and
chlorophycean algae [for a more detailed discussion, see
Servais et al., 1997].

Palaeozoic acritarchs should therefore show a global
distribution pattern comparable to that of other planktonic
groups, such as, for example, the graptolites. Such a distri-
bution pattern should basically follow latitudinal belts.

Modeling modern phytoplankton distribution

The conditions reflecting the Palaeozoic global acritarch
distribution should be compared to those acting on the dis-
tribution of modern phytoplankton, and in parti- cular, the
cysts of modern dinoflagellates.

A series of environmental signals can be recognised in
the distribution pattern of modern dinoflagellate cysts :
temperature, salinity, water depths, nutrient supply, water
chemistry, etc. One of the more important parameters is the
climatic signal that is mainly related to latitude. Published
models on Recent dinoflagellate distribution patterns show
that selected dinoflagellate species occupy different clima-
tic zones (e.g., arctic to cool-temperate, temperate, cool-
temperate to tropical), i.e., some modern taxa are restricted
to polar waters, while others are only found in warm-waters
in tropical zones [e.g., Edwards and Andrle, 1992; Dale,
1996]. It appears evident then that Ordovician acritarchs
should also reflect a similar distribution pattern.

Other important environmental signals in recent cyst
assemblages are the coastal/oceanic signal and the salinity
signal, which provide evidence in modern associations of
an inshore/offshore trend. Several published models, both
from modern oceans and from Mesozoic sequences, clearly
show that some selected microphytoplankton taxa occupy
different environments (from estuarine to outer neritic,
estuarine to oceanic, inner neritic to oceanic, etc.) [e.g.,
Brinkhuis, 1994; Dale, 1996]. Although not yet fully under-
stood, it appears that during the early Palaeozoic, in-
shore/offshore trends mirrored those observed in modern
phytoplankton [e.g., Dorning, 1981].

Several distribution maps of modern microphytoplankton
have been published. Mudie and Harland [1996], for example,
published a global map of modern dinocyst-acritarch geo-
graphic assemblages from surface sediments of the oceans.
This map showed that some “provinces” are clearly latitudi-
nally controlled, while others are partly located along the
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FIG. 1. – Map of China showing the five major geotectonical regions ac-
cording to Shen [1994] and major localities from which Ordovician acri-
tarchs have been reported (represented by round dots).
I = Tianshan – Xing’an Region ; II = Tarim – North China Region ; III =
Kunlun – Qinlin Region ; IV = Chuan – Dian – Qinq – Zang Region ; V =
South China Region.
FIG. 1. – Carte de la Chine montrant les cinq régions géotectoniques ma-
jeures d’après Shen [1994] et les localités majeures dans lesquelles des
acritarches de l’Ordovicien ont été décrits (représentées par des points
ronds).
I = Région de Tianshan – Xing’an ; II = Région de Tarim – North China ;
III = Région de Kunlun – Qinlin ; IV = Région de Chuan – Dian – Qinq –
Zang ; V = Région de South China.



margin of a continent. These authors also discuss the im-
portance of surface water currents, which partly control the
distribution of modern “provinces.”

The Ordovician dataset

Acritarch research only seriously began with the develop-
ment of the oil industry during the 1960s, leading to the
publication of a large number of scientific articles. An an-
notated bibliographical review of Ordovician acritarchs was
published by Servais [1998], who listed some 700 refer-
ences and about 250 genera from the Ordovician. The
acritarch clade-team of the IGCP project no. 410 “The
Great Ordovician Biodiversification Event” recently com-
piled a complete index of more than 1300 acritarch species
described in the Ordovician Series [Servais et al., 2002].

The review of the Chinese literature shows that more
than 50 publications deal with Ordovician acritarchs [Li et
al., 2002], some 100 new species have been described from
the Chinese Ordovician. Most of the publications concern
investigations of the Yangtze Platform, and, in particular
the early and middle Ordovician of this area. Nevertheless,
the other Chinese palaeocontinents have also been investi-
gated. Some papers document in detail the investigations of
the early Ordovician of the North China Plate, while other
publications are concerned with the Upper Ordovician of
the Tarim Block. Unfortunatelly, Lower and Middle Ordo-
vician sediments from the Tarim Block have not yet been
investigated for acritarchs.

Published models of the palaeobiogeographical distribu-
tion of Ordovician acritarchs

Following the publication of a global distribution model of
Silurian acritarchs, where several large-scale acritarch as-
semblages were interpreted as being controlled by
palaeolatitude, Cramer and Díez [1974] were also the first
to present a global distribution model for Ordovician
acritarchs. They distinguished two major provinces, the
“cold African” and the “warm American Palynological
Unit.” Vavrdová [1974], by comparing the European assem-
blages, came to a similar conclusion and also distinguished
two “provinces” : the Baltic (Boreal) and the Mediterra-
nean provinces. This two province model was largely used
in subsequent papers and the terms Baltic and Mediterra-
nean provinces were commonly employed despite the ab-
sence of a clear definition between these units.

In documentating Arenig acritarchs from the Meitan
Formation of the Guizhou Province, south-west China
(Yangtze Plaform), Li [1987] noted the presence of taxa,
that were typically considered to have a “cold-water” distri-
bution, in an area supposedly located in lower latitudes. Li
[1987] therefore extended the Mediterranean province
eastwards to include southern China. In the same paper Li
mentioned the presence of a “fairly homogeneous Arenig
assemblage extending from east Newfoundland through the
Mediterranean area and the middle-east to south-west
China.”

In a subsequent paper Li [1989] redefined the so-called
“Mediterranean” Province of Vavrdová [1974] by basing its
recognition on the occurrence of the three genera
Arbusculidium, Coryphidium, and Striatotheca. This defini-
tion of the “Mediterranean” Province, which was also
called the “Peri-Gondwana Province” [e.g., Martin, 1982]

has subsequently been widely used in the literature by most
authors. The province was later recognized from other ar-
eas, such as Argentina [e.g., Ottone et al., 1992], Pakistan
[e.g., Tongiorgi et al., 1994], and Iran [e.g., Ghavidel-
Syooki, 1997], so that, until recently, it has been considered
to be a cold-water province extending from Argentina on
the border of northern Gondwana to the Yangtze Platform
[e.g., Vecoli, 1999].

In order to interpret the presence of “cold-water” forms
in lower latitudes in South China, Li [1991] proposed a
model of oceanic surface currents plotted on the
palaeogeographic map of Scotese and McKerrow [1990].
This follows similar models used for other planktonic fossil
groups, such as the graptolites [Finney and Chen Xu, 1990]
and the chitinozoans [Paris, 1991]. Subsequently, Tongiorgi
et al. [1995] published a similar model, by proposing that
the extension of the Mediterranean province up to South
China can be attributed to “a cool peri-Antarctic
(peri-Gondwanan) oceanic current flowing along the subpo-
lar margin of Gondwana and rising northwards up to South
China.”

Playford et al. [1995] subdivided the number of
biogeographic provinces into seven units : North America,
Baltica, Perigondwana (which was divided into three
subprovinces : South America, Mediterranean, South
China), North China and Australia. This model, however,
has not been adopted by other authors. It basically has two
major problems : (1) the provinces defined by Playford et
al. [1995] are not the same age; (2) the different provinces
are based on the presence/absence of individual
morphotypes of the genus Peteinosphaeridium. Since the
late Tremadoc, this extremely variable taxon is present
world-wide [Servais and Mette, 2000]. However, although
different morphotypes are reported from different locali-
ties, there is so far no evidence that the intraspecific vari-
ability reflects palaeogeographical differences rather than
local environmental effects. For the same reason, it is diffi-
cult to define a “Baltic acritarch province,” based only on
the distinction of selected Peteinosphaeridium species, as
proposed by Tongiorgi and Di Milia [1999]. Detailed inves-
tigations on the variability of Peteinosphaeridium and its
related genera are needed to fully understand the palaeo-
ecological and palaeogeographical distribution of this com-
plex acritarch plexus.

Servais and Fatka [1997] noted that a model of two
provinces can be retained for a time interval between the
Tremadoc and the early Llanvirn. These authors stated that
the “cold-water” assemblages at the northern border of
Gondwana in the southern hemisphere include the diagnos-
tic morphotypes Arbusculidum filamentosum, Arkonia,
Aureotesta, Coryphidium-Vavrdovella, Dicrodiacrodium,
Frankea and Striatotheca. The presence/absence of these
taxa clearly delimits a boundary in Europe, that can be cor-
related with the Trans-European suture zone. None of the
above mentioned taxa have indeed been recorded from
Baltica.

Until recently, the warm-water province, used by many
authors since the early 1970s, has never been adequately de-
fined. Vavrdová [1974] noted a prevalence of acanthomorphic
acritarchs in this province, which cannot be considered a dis-
tinctive parameter. It was Volkova [1997] who first defined
this warm-water province on the basis of the presence of the
distinctive genera Aryballomorpha, Athabascaella, and Lua.
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These morphotypes are described from lower latitude areas
[e.g., Martin and Yin, 1988], but never from locatities of
southern Gondwana or adjacent continents. This province
can also be recognized in the late Tremadoc, a time interval
for which data exist for areas in both the low and middle to
high latitudes of the southern hemisphere.

PALAEOBIOGEOGRAPHY OF EARLY TO
MIDDLE ORDOVICIAN ACRITARCHS

A tentative model of biogeographic zones

The dataset of the Ordovician acritarch literature [Servais,
1998; Servais et al., 2002] clearly shows that many areas
and time intervals are not yet adequately covered. It is al-
most impossible to present a global acritarch distribution
scenario for the late Ordovician, because only limited data
are available world-wide, excepted for the continent
Laurentia. On the other hand, it is also highly speculative to
define provinces (for example : Australia) from areas that
have not yet been investigated in great detail. However, the
dataset for the early and middle Ordovician is more com-
plete allowing a tentative model of global acritarch distri-
bution to be constructed.

If one considers that Ordovician acritarchs probably
showed a similar distribution scheme as modern
dinoflagellate cysts do, it seems reasonable to assume that a
limited number of Ordovician acritarch morphotypes may
indicate temperature-related affinities. Many taxa may indi-
cate specific ecologic conditions, while others may be use-
ful for the interpretation of inshore-offshore trends. Only a
few taxa may indicate possible climatic belts, that may be
primarily related to palaeolatitudes. Some widespread taxa,
such as, for example, Baltisphaeridium, Goniosphaeridium,
and Micrhystridium are recorded in most environments and
from all parts of the world. They are thus not very useful for
palaeogeographic reconstructions. Other taxa, however, may
reflect colder or warmer environments.

Figure 2 illustrates a tentative distribution model of selected
morphotypes of the early to middle Ordovician, that have been
considered in the literature to be palaeogeographically impor-
tant : Arbusculidium filamentosum, Coryphidium-Vavrdovella,
and Arkonia-Striatotheca are early to middle Ordovician
morphotypes that so far have only been recorded from areas
considered to be located at higher latitudes (more common in
latitudes between 60o S and the south pole, but also present to a
lesser extend at latitudes between 30o and 60 oS). These taxa
are always absent from Baltica, Laurentia, and North China.
The galeate and diacromorph taxa, which are very common in
the early Ordovician seem to be more abundant in areas of
higher latitudes, although they are also found at lower latitudes,
such as the Baltica continent. On the other hand, typical
warm-water forms, considered to be diagnostic for the Tremadoc
warm-water province by Volkova [1997] (Aryballomorpha,
Athabascaella, Lua) are taxa typical of the areas located around
the equator (reaching from ± 20o N to 30o S, rarely to 60o S).
The genus Rhopaliophora appears to be more common at
low latitudes, but can also be found in higher latitudes.
However, it appears to be almost absent from localities of
the northern rim of Gondwana in the southern hemisphere.

It is important to consider that this first model of climate-
related morphotypes in the early Ordovician presented in
figure 2 is only tentative. Future studies will show if some

of these taxa have a restricted geographical distribution and
thus occupied different climatic zones (e.g., arctic to
cool-temperate, temperate, cool-temperate to tropical).

The palaeogeographic distribution of acritarchs plotted
on the most recent Ordovician reconstruction

Although many authors have used a two “provinces” subdi-
vision, only a few publications have illustrated the plotting
of available acritarch data on palaeogeographic reconstruc-
tions. Among these papers, Vavrdová [1990] illustrated the
distribution of a selection of acritarch species characteriz-
ing the high-latitude peri-Gondwanan sea, whereas Servais
and Fatka [1997] plotted Arbusculidium filamentosum,
Dicrodiacrodium, and Frankea on a palaeogeographical re-
construction.

However, it has not been attempted to plot on a global
reconstruction both the distinctive taxa of the late Tremadoc
“warm-water” assemblage defined by Volkova [1997] (the
genera Aryballomorpha, Athabascaella, and Lua) and the
morphotypes indicating the Arenig “cold-water” assemblage
defined by Li [1989] (the taxa Arbusculidium filamentosum,
Coryphidium and Striatotheca).

In the present study, all available data from the litera-
ture have been used to plot the occurrence of the taxa
Arbusculidium filamentosum, Coryphidium and Striatotheca
(peri-Gondwanan taxa) and the genera Aryballomorpha,
Athabascaella, and Lua (warm-water taxa) on one of the
most recently published reconstructions, the global recon-
struction at the early Ordovician (± – 480 Ma) of Li and
Powell [2001].

The datasets used for the plotting are the following :
Arbusculidium filamentosum has recently been reviewed in
detail by Fatka and Brocke [1999], whereas the distribution
of all elements of the genus Striatotheca is based on the de-
tailed review of Servais [1997]. The distribution of
Coryphidium is based on the genus revision of Servais [1993].
The warm-water genera Aryballomorpha, Athabascaella, and

ORDOVICIAN ACRITARCHS OF CHINA 403

Bull. Soc. géol. Fr., 2002, no 5

0°

30°

60°

S. Pole

A
rb

us
cu

lid
iu

m
 fi

la
m

en
to

su
m

C
or

yp
hi

di
um

-V
av

rd
ov

el
la

A
rk

on
ia

-S
tr

ia
to

th
ec

a

ga
le

at
e 

ta
xa

di
ac

ro
m

or
ph

 ta
xa

M
ic

rh
ys

tr
id

iu
m

B
al

tis
ph

ae
rid

iu
m

P
et

ei
no

sp
ha

er
id

iu
m

P
ol

yg
on

iu
m

R
ho

pa
lio

ph
or

a

A
th

ab
as

ca
el

la

Lu
a

A
ry

ba
llo

m
or

ph
a

FIG. 2. – An initial simplified, tentative model to explain the latitudinal
distribution of selected Early to Middle Ordovician acritarchs that are
possibly related to temperature. For an explanation, see text.
FIG. 2. – Un premier modèle simplifié et expérimental qui pourrait expli-
quer la distribution latitudinale d’une sélection de certains taxons d’acri-
tarches de l’Ordovicien inférieur à moyen possiblement liés à la
température. Pour des explications voir le texte.



Lua are recorded from much fewer localities. Their distri-
bution is documented by Volkova [1997] and adopted here.

Figure 3 illustrates the distribution of both the late
Tremadoc “warm-water” assemblage defined by Volkova
[1997] and the Arenig “cold-water” assemblage defined by
Li [1989]. This latter assemblage can partly be recognised
in the late Tremadoc, because species of the genera
Coryphidium-Vavrdovella and Arkonia-Striatotheca already
appear during this time interval [Servais and Mette, 2000].

According to the distribution of taxa on the reconstruc-
tion, the “warm-water” taxa Lua, Athabascaella, and
Aryballomorpha are found in areas situated between lati-
tudes 30o N and 45 oS. They are reported from Alberta,
Canada ; Texas, USA ; Hunjiang, North China ; Yichang,
South China, as well as from Öland and Estonia on the
Baltica continent. However, these genera are not recorded
in the southern part of Gondwana nor from peri-Gondwana.
The distribution of the “cold-water” taxa is more complex.
Described from many areas of Gondwana and peri-Gond-
wana (Argentina, Brazil, Bolivia, Newfoundland, Ireland,
United Kingdom, Belgium, Germany, France, Spain, Portu-
gal, Morocco, Algeria, Tunisia, Lybia, Sardinia, Bohemia,
Hungary, Bulgaria, Turkey, Saudi-Arabia, and Jordan),
these distinctive morphotypes are also reported from Paki-
stan, Iran and southern China. They have not yet, however,
been recorded from Australia and North China. It therefore
seems that this “province” is, as has previously been men-
tioned, distributed along the margin of Gondwana in the
southern hemisphere. However, it is difficult to continue to
attribute this geographical assemblage to a “cold-water” en-
vironment, as this “province” apparently extends from the
south pole to the equator.

This result of the plotting of a large “province” along
the margin of Gondana shows some similarities with recent
results in Silurian acritarch palaeogeography. Le Hérissé
and Gourvennec [1995] showed that Cramer and Díez’s
[1974] provincialism model, which was largely used for
over 25 years by most acritarch workers, has to be modi-
fied. Instead of being simply latitudinally controlled, the
Silurian acritarch bioprovinces seem to be the result of a
complex interrelation of many parameters such as continen-
tal distribution, latitudinal position, environmental condi-
tions, and oceanic currents. Therefore, it appears that the
early to middle Ordovician “Meditterranean” province is
probably partly related to continental arrangement (fa-
cies-controlled) as well as being climatically controlled.

The Ordovician acritarch palaeobiogeography of China

Figure 3 illustrates that the different Chinese plates, and in
particular the South China Plate, occupied palaeogeo-
graphical positions that are essential for the understanding
of the global distribution of Ordovician acritarchs.

While the early Ordovician acritarchs of North China
can be compared with the sequences from other localities at
lower latitudes (e.g. with the Tremadoc of Texas and of Al-
berta) [Martin and Yin, 1988], the material from the Yang-
tze Platform, described in various publications and
investigated in detail in three PhD theses [Li, 1991; Xu,
1995; Brocke, 1998], includes elements considered to be of
“warm-water” affinity in the late Tremadoc and the taxa
with a “cold-water” affinity in the Arenig. It is beyond the
scope of the present paper to review in detail the palaeoec-
ology and palaeogeography of the acritarchs of this conti-
nent, from which some authors reported changing affinities
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FIG. 3. – Distribution des taxons distinctifs des deux “provinces” de l’Ordovicien inférieur à moyen sur une reconstruction paléogéographique de Li et
Powell [2001]. Les carrés noirs représentent la présence des genres Aryballomorpha, Athabascaella et Lua, qui sont typiques de la “province d’eaux
chaudes” de Volkova [1997]. Les étoiles réprésentent la présence des taxons Arbusculidium filamentosum, Arkonia-Striatotheca, et Coryphidium-Vavr-
dodella, qui sont caractéristiques de la “ province méditerranéenne” ou “péri-Gondwanienne” definie par Li [1989]. Pour d’autres explications, voir le
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in the upper Arenig [Tongiorgi et al., 1998]. The important
result, however, is to confirm the presence of the taxa
Arbusculidium filamentosum, Coryphidium and Striatotheca
in South China at very low latitudes, around the equator and
possibly reaching 30o S.

Acritarchs from the Tarim Plate are so far known only
from the Upper Ordovician [e.g., Li, 1995; Li and Wang,
1997]. Clear palaeogeographical affinities cannot be identi-
fied for this period. Nevertheless, the assemblages from the
late Ordovician of Tarim show greatest similarities with the
material of the same age described from Baltica.

CONCLUSIONS

Although the Ordovician acritarch dataset remains incom-
plete, it appears evident that selected acritarch morphotypes
show a recognizable distribution pattern. A tentative latitu-
dinal distribution model can be proposed for the interval
between the late Tremadoc and Arenig. The taxa
Arbusculidium filamentosum, Coryphidium-Vavrdovella, and
Arkonia-Striatotheca are morphotypes that appear more com-
mon at high latitudes (cold to temperate waters), while
Aryballomorpha, Athabascaella, Lua are taxa typical of areas lo-
cated around the equator and at low latitudes, and thus, they pos-
sibly represent warm water indicators. Many acritarch genera,
such as Baltisphaeridium, Goniosphaeridium, Micrhystridium
and Peteinosphaeridium have a limited palaeogeographical po-
tential, as they occur in all areas and distributed through all
latitudes. They therefore appear less temperature sensitive.

Since the 1970’s, two different geographical acritarch as-
semblages have been identified. In this work they are plotted
for the first time on a recent palaeogeographical reconstruc-
tion [Li and Powell, 2001].

The “warm-water” assemblage which can be identified
in the late Tremadoc is reported from areas of low to inter-
mediate latitudes.

The late Tremadoc to Arenig “Mediterranean” or “peri-
Gondwana” province can easily be distinguished. This
palaeogeographic assemblage is distributed around the bor-
der of Gondwana in a zone reaching from Argentina
through northern Africa and peri-Gondwana up to Iran, Pa-
kistan, and southern China. The generally adopted interpre-
tation that this geographical assemblage is controlled by
palaeolatitudes and that it can be considered as typically
“cold-water” has to be revised, as the distribution of this
“province” appears to be more related to the continental ar-
rangement of the border of Gondwana, rather than to lati-
tudes.

South China shows both “warm-water” elements and
the typical taxa of the“peri-Gondwana” province. It is
therefore one of the areas that shows typically mixed as-
semblages. Although it remains difficult to clearly define a
“Baltic” province, it is important to note that between the
latest Tremadoc and the early Llanvirn a clear distinction of
the acritarch assemblages between peri-Gondwana and
Baltica is possible.

Acknowledgments. – We are particularly grateful to Zheng-Xiang Li (The
University of Western Australia) who kindly provided an electronic ver-
sion of the Li and Powell [2001] reconstruction. We thank Michel Van-
guestaine (Université de Liège) and Reed Wicander (Central University
Michigan, Mount Pleasant) for a critical review and valuable comments
that improved the manuscript. This paper is a result of a scientifical colla-
boration between the Academia Sinica and the CNRS (PICS). L.J. benefi-
ted from an invited professorship at the University of Lille 1 (USTL).
Financial support is gratefully acknowledged : NSFC projects 49972006,
49972007; MSTC project G 20000077700; CAS project KZCX2-116. This
is a contribution to the IGCP project no. 410 : the Great Ordovician Biodi-
versification Event.

Références

BRINKHUIS H. (1994). – Late Eocene to early Oligocene dinoflagellate
cysts from the Priabonina type-area (northeast Italy) : biostrati-
graphy and palaeoenvironmental interpreation. – Palaeogeogr.

Palaeoecol. Palaeoclimatol., 107, 131-163.
BROCKE R. (1998). – Palynomorpha (Acritarchen, Prasinophyceae, Chloro-

phyceae) aus dem Ordovizium der Yangtze-Plattform,
Südwest-China. – Dissertation D 83, Technische Universität
Berlin (unpublished PhD thesis).

BROCKE R., FATKA O., MOLYNEUX S.G. & SERVAIS T. (1995). – First appea-
rance of selected Early Ordovician acritarch taxa from
peri-Gondwana. In : J.D. COOPER, M.L. DROSER and S.C.
FINNEY, Eds., Ordovician odyssey : Short papers for the Seventh
International Symposium on the Ordovician System. – The Pa-
cific Section for Sedimentary Geology (SEPM), 77, Fullerton,
California, USA, 473-476.

BURRETT C., LONG J. & STAIT B. (1990). – Early-Middle Palaeozoic bio-
geography of Asian terranes derived from Gondwana. In : W.S.
McKERROW and C.R. SCOTESE, Eds., Palaeozoic palaeogeogra-
phy and biogeography. – Geol. Soc., London, Mem., 12,
163-174.

CRAMER F.H. & DIEZ M. (1974). – Early Paleozoic palynomorph provinces
and paleoclimate. In : C.A. ROSS, Ed., Paleogeographic provin-
ces and provinciality. – Soc. Econ. Paleont. Mineral., Spec.

Publ., 21, 177-188.
DALE B. (1996). – Dinoflagellate cyst ecology : modeling and geological

applications. In : J. JANSONIUS and D.C. McGREGOR, Eds., Paly-
nology : principles and applications. – American Association of
Stratigraphic Palynologists Foundation, vol. 3, 1249- 1275.

DORNING K.J. (1981). – Silurian acritarch distribution in the Ludlowian
shelf sea of South Wales and the Welsh borderland. In : J.W.
NEALE and M.D. BRASIER, Eds., Microfossils from recent and
fossil shelf seas. – Ellis Horwood, Ltd. Chichester, England,
31-36.

EDWARDS L.E. & ANDREL V.A.S. (1992). – Distribution of selected dinofla-
gellate cysts in modern marine sediments. In : M.J. HEAD and
J.H. WRENN, Eds., Neogene and Quaternary dinoflagellate cysts
and acritarchs. – American Association of Stratigraphic Palyno-
logists Foundation, 259-288.

EVITT W.R. (1963). – A discussion and proposals concerning fossil dino-
flagellates, hystrichospheres and acritarchs. II. – Proc. Nat.

Acad. Sc., 49, 298-302.
FATKA O. & BROCKE R. (1999). – Morphologic variability in two popula-

tions of Arbusculidium filamentosum (VAVRDOVÁ 1965) VAVR-

DOVÁ 1972. – Palynology, 23, 153-180.
FINNEY S.C. & Chen XU (1990). – The relationship of Ordovician grapto-

lite provincialism to palaeogeography. In : W.S. McKERROW and
C.R. SCOTESE, Eds., Palaeozoic palaeogeography and biogeo-
graphy. – Geol. Soc., London, Mem., 12, 123-128.

GHAVIDEL-SYOOKI M. (1997). – Acritarch biostratigraphy of the Palaeo-
zoic rock units in the Zagros Basin, southern Iran. In : O. FATKA
and T. SERVAIS, Eds, Acritarcha in Praha 1996. – Acta Universi-
tatis Carolinae, Geologica, 40, 385-411.

LE HÉRISSÉ A. & GOURVENNEC R. (1995). – Biogeography of Upper Llan-
dovery and Wenlock acritarchs. – Rev. Palaeobot. Palyn., 86,
111-133.

ORDOVICIAN ACRITARCHS OF CHINA 405

Bull. Soc. géol. Fr., 2002, no 5



LI J. (1987). – Ordovician acritarchs from the Meitan Formation of Guiz-
hou Province, south-west China. – Palaeontology, 30, 613-634.

LI J. (1989). – Early Ordovician Mediterranean province acritarchs from
Upper Yangtze Region, China. In : Developments in Geos-
cience : contribution to the 28th Geological Congress 1989,
Washington, D. C., U.S.A. – Chin. Acad. Sci., Beijing,
231-234.

LI J. (1991). – The early Ordovician acritarchs from Southwest China. –
Nanjing Institute of Geology and Palaeontology, Academia Si-
nica, Nanjing (unpublished Ph. D. Thesis, in Chinese with
English summary).

LI J. (1995). – Ordovician (Caradoc) acritarchs from Qilang Formaton of
Kalpin, Xinjiang, China. – Acta Palaeontol. Sin., 34, 454-467
(in Chinese with English abstract).

LI J., SERVAIS T. & BROCKE R. (2002). – Chinese Palaeozoic acritarch re-
search : review and perspectives. – Rev. Palaeobot. Palyn., 118,
181-193.

LI J. & WANG Y. (1997). – Ordovician acritarchs from boreholes in the Ta-
rim Basin. – Acta Micropalaeontol. Sin., 14, 175-190 (in Chi-
nese with English abstract).

LI Z.X. (1998). – Tectonic history of the major East Asian lithospheric
blocks since the mid-Proterozoic – a synthesis. In : F.J. MARTIN,
S.L. CHUNG, C.H. LO and T.H. LEE (Eds.), Mantle dynamics and
plate interactions in East Asia. – AGU Geodynamic Series,

vol. 27. Am. Geophys. Un., Washington, DC, 221-243.
LI Z.X. & POWELL C.McA. (2001). – An outline of the paleogeographic

evolution of the Australasian region since the beginning of the
Neoproterozoic. – Earth-Science Rev., 53, 237-277.

MARTIN F. (1982). – Some aspects of late Cambrian and early Ordovician
acritarchs. In : M.G. BASSETT and W.T. DEAN, Eds., The Cam-
brian-Ordovician boundary. Sections, fossil distributions, and
correlations. – Nat. Mus. Wales, Geol. Series, 3, 29-40.

MARTIN F. & YIN L. (1988). – Early Ordovician acritarchs from Southern
Jilin Province, North-East China. – Palaeontology, 31, 109-127.

MUDIE P.J. & HARLAND R. (1996). – Aquatic Quaternary. In : J. JANSONIUS
and D.C. McGREGOR, Eds., Palynology : principles and applica-
tions. – American Association of Stratigraphic Palynologists
Foundation, vol. 2, 843-877.

NIE S., ROWLEY D.B. & ZIEGLER A.M. (1990). – Constraints on the loca-
tion of the Asian microcontinents in Palaeo-Tethys during the
late Palaeozoic. In : W.S. McKERROW and C.R. SCOTESE, Eds.,
Palaeozoic palaeogeography and biogeography. – Geol. Soc.,

London, Mem., 12, 397-409.
OTTONE E.G., TORO B.A. & WAISFELD B.G. (1992). – Lower Ordovician

palynomorphs from the Acoite Formation, northwestern Argen-
tina. – Palynology, 16, 93-116.

PARIS F. (1991). – Conceptions actuelles sur la paléogéographie ordovi-
cienne. – Géochronique, 40, 20.

PLAYFORD G., RIBECAI C. & TONGIORGI M. (1995). – Ordovician acritarch
genera Peteinosphaeridium, Liliosphaeridium, and Cyclopos-
phaeridium : morphology, taxonomy, biostratigraphy, and pa-
laeogeographic significance. – Boll. Soc. Paleont. Ital., 34,
3-54.

SCOTESE C.R. & McKERROW W.S. (1990). – Revised world maps and intro-
duction. In : W.S. McKERROW and C.R. SCOTESE, Eds., Palaeo-
zoic palaeogeography and biogeography. – Geol. Soc., London,
Mem., 12, 1-21.

SERVAIS T. (1993). – A critical review of some Ordovician acritarch taxa
and their stratigraphical implication in Belgium and Germany. –
Université de Liège (unpublished PhD thesis).

SERVAIS T. (1997). – The Ordovician Arkonia-Striatotheca acritarch
plexus. – Rev. Palaeobot. Palyn., 98, 47-79.

SERVAIS T. (1998). – An annotated bibliographical review of Ordovician
acritarchs. – Ann. Soc. Géol. Belg., 120, 23-72.

SERVAIS T., BROCKE R., FATKA O., LE HÉRISSÉ A. & MOLYNEUX S.G.
(1997). – Value and meaning of the term acritarch. In : O.
FATKA and T. SERVAIS, Eds, Acritarcha in Praha 1996. – Acta

Universitatis Carolinae, Geologica, 40, 631-643.
SERVAIS T. & FATKA O. (1997). – Recognition of the Trans-European Su-

ture Zone (TESZ) by the palaeobiogeographical distribution
pattern of early to middle Ordovician acritarchs. – Geol. Mag.,
134, 617-625.

SERVAIS T. & METTE W. (2000). – The messaoudensis-trifidum acritarch
assemblage (Ordovician : late Tremadoc-early Arenig) of the
Barriga Shale Formation, Sierra Morena (SW-Spain). – Rev. Pa-
laeobot. Palyn., 113, 145-163.

SERVAIS T., LI J., STRICANNE L., VECOLI M. & WICANDER R. (2002). –
Acritarchs. In : B.D. WEBBY, M.L. DROSER and F. PARIS, Eds.,
The Great Ordovician biodiversification event. – Columbia Uni-
versity Press, New York (in press).

SHEN Y. (1994). – Introduction. In : Y. CHEN Ed., An introduction to Chi-
nese regional geology. – Geological Publishing House, Beijing,
pp. 1-21 (in Chinese).

TONGIORGI M, DI MILIA A., LEFORT P. & GAETANI M. (1994). – Palynologi-
cal dating (Arenig) of the sedimentary sequence overlying the
Ishkarwaz Granit (upper Yarkhun valley, Chitral, Pakistan). –
Terra Nova, 6, 595-607.

TONGIORGI M. & DI MILIA A. (1999). – Differentiation and spread of the
Baltic Acritarch Province (Arenig-Llanvirn). – Boll. Soc. Pa-

leont. Ital., 38, 297-312.
TONGIORGI M., YIN L. & DI MILIA A. (1995). – Arenigian acritarchs from

the Daping section (Yangtze Gorges area, Hubei Province, sou-
thern China) and their palaeogeographic significance. – Rev. Pa-
laeobot. Palynol., 86, 13-48.

TONGIORGI M., YIN L., DI MILIA A. & RIBECAI C. (1998). – Changing pa-
leogeographical affinities of the acritarch assemblages throug-
hout the Dawan Formation (Arenig, Yichang Area, South
China). – Palynology, 22, 181-196.

TORSVIK T.H. (1998). – Palaeozoic palaeogeography : a North Atlantic
viewpoint. – GFF, 120, 109-118.

VAVRDOVÁ M. (1974). – Geographical differentiation of Ordovician acri-
tarch assemblages in Europe. – Rev. Palaeobot. Palyn., 18,
171-175.

VAVRDOVÁ M. (1990). – Early Ordovician acritarchs from the locality
Myto near Rokycany (late Arenig, Czechoslovakia). – Cas. pro
mineral. a geol., 35, 239-250.

VECOLI M. (1999). – Cambro-Ordovician palynostratigraphy (acritarchs
and prasinophytes) of the Hassi-R’Mel area and northern Rha-
dames Basin, North Africa. – Palaeontographia Italica, 86,
1-112.

VOLKOVA N.A. (1997). – Paleogeography of phytoplankton at the Cam-
brian-Ordovician boundary. – Paleontological Journal, 31,
135-140.

XU W. (1995). – Acritarchs from the Arenigian Tonggao Formation in the
Sandu area, Guizhou Province and its organic stratigeochemis-
try. – Nanjing University. Unpublished PhD thesis (in Chinese
with English abstract).

ZHOU Z. & CAHEN P. (1990). – Biostratigraphy and geological evolution of
Tarim. – Science Press, Beijing.14

Bull. Soc. géol. Fr., 2002, no 5

406 J. LI and T. SERVAIS


