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ABSTRACT. In southern China, the Devonian-Carboniferous transitional strata are well exposed in several
sections representative of different sedimentary environments. The siliciclastic-carbonate deposits have been
investigated in the Oujiachong, Malanbian and Sujiaping sections situated in central Hunan. The Devonian-
Carboniferous boundary coincides with the boundary between the Menggongao and the overlying Malanbian
Formation. Study of different fossil groups (conodonts, foraminifera, ostracods, spores, brachiopods, rugose
and tabulate corals) gives coherent biostratigraphical results which form the framework for reconstruction of
the sedimentological evolution. Strong similarities are observed with southern Belgium allowing biostratigraphical
and sequence stratigraphical correlations between the two distant sedimentary basins.
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RESUME. Dans le Sud de la Chine, les couches de passage du Dévonien au Carbonifére sont bien exposées
dans de nombreuses coupes qui reflétent des environnements sédimentaires différents. Les dépbts mixtes
carbonatés-siliciclastiques ont été étudiés dans les coupes de Oujiachong, Malanbian et Sujiaping situées
dans le centre du Hunan. La limite dévono-carbonifére coincide avec la limite entre les Formations de
Menggongao et de Malanbian. Lapproche biostratigraphique par des groupes fossiles différents (conodontes,
foraminiféres, spores, ostracodes, brachiopodes, coraux rugueux et tabulés) a donné des résultats cohérents
qui servent de support pour retracer I'évolution sédimentaire. De fortes similitudes sont observées avec le Sud
de la Belgique, permettant d'établir des corrélations stratigraphiques et séquentielles entre ces bassins sedi-
mentaires tres éloignes.

MOTS-CLES: Limite Dévono-Carbonifere, S-Chine (Hunan), S-Belgique, biostratigraphie, conodontes, fora-
miniféres, spores, ostracodes, brachiopodes, coraux rugueux et tabulés, sedimentologie, stratigraphie se-
quentielle.
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1. INTRODUCTION

In the context of a cooperation between the
Chinese Academy of Geological Sciences and the
Belgian Geological Survey, the Devonian-
Carboniferous (D-C) transitional strata have been
investigated in the Ouijiachong, Malanbian and
Sujiaping sections, situated in the Hunan Province
(southern China; Fig. 1): This area was characterized
by siliciclastic-carbonate deposits representing a
nearshore environment south of the Jiangnan
Oldland (Fig. 2; Hou, 1991). The aim of this study is
to discuss the biostratigraphy of the D-C transitional
strata and to compare their sedimentary evolution
with that of the classic Dinant area in southern
Belgium (Fig. 3).

The D-C boundary is identified by the first
appearance of the conodont Siphonodella sulcata
within the evolutionary lineage from Siphonodella
praesulcata to Siphonodella sulcata (ICS, Working
Group on the Devonian-Carboniferous boundary,
1979). In southern China, this criterion has been
applied with success in the Muhua section (Hou et
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Figure 1. General location of the sections investigated. Main roads
and railways are indicated respectively by continuous lines and
pecked lines. 1. Oujiachong section; 2. Malanbian section; 3.
Sujiaping section.

al., 1985; Ji, 1987a) and in the Nanbiancun section
(Yu et al., 1987), both displaying pelagic facies.
Unfortunately, the index conodont species are ab-
sent or extremely scarce in nearshore and platform
tacies. Moreover, the D-C boundary can not
satisfactorily be drawn in these facies using the
appearance of other guide fossils. On an eurasian
scale, the platform and nearshore deposits of the D-
C transition are biostratigraphically characterized by
a rapid extinction of Devonian-type fossils. The
colonization by the Carboniferous taxa is slow and
generally occured after a period which was extremely
unfavorable for the main fossil groups (Simakov et
al., 1983; Conil et al., 1986; Conil et al., 1988;
Gilissen, 1988; Van Steenwinkel, 1988, 1993).
Clearly, the distribution of the fauna around the D-C
transitional deposits is related to sea-level fluctua-
tions. A better understanding of the stratigraphy can
thus only be achieved by an integrated
biostratigraphical and sedimentological approach.
Particularly, the use of relative sea-level curves
appears to be an efficient tool for correlations (Van
Steenwinkel, 1988, 1990, 1992).

In Hunan, the position of the D-C boundary has
been a matter of discussion for almost thirty years.
The different opinions are summarized in figure 4. In
the more recent papers, there has been
disagreement between the results obtained from
brachiopods, corals and foraminifers on the one
hand, and from spores on the other hand. The first
group indicated that the Menggongao Formation
(Cystophrentis zone) was of late Devonian age (Tan
et al.,, 1987). Spores suggested a Lower
Carboniferous age (post-lepidophyta assemblage;
Streel, 1986; Gao, 1990).

2. LITHOSTRATIGRAPHY

In the Famennian and Tournaisian mixed
siliciclastic-carbonate succession of central Hunan,
ten lithostratigraphical units have been recognized
(fig. 5). The Famennian includes, from bottom to
top, the Changlongjie Shale, Tuzitang Limestone,
Nitangli iron-bearing bed, Magunao Limestone,
QOujiachong Sandstone, Shaodong and Menggongao
Formations. The Malanbian, Tianeping and
Doulingao Formations compose the Tournaisian. In
southern Hunan, Tuzitang, Nitangli and Magunao
merge into the Xikuangshan Formation and the
Oujiachong Formation is reduced to a few metres.
The Shaodong, Menggongao and Malanbian For-
mations are grouped into the Guiyang Formation
forming a thick limestone sequence. Northward, in
the Changsha-Ningxiang area, along the oldland,
siliciclastic sediments dominate and lithostratigraphy
is different.
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Figure 2. Paleogeographical map of southern China at the end of Devonian time (after Hou, 1991).

This paper will focuse mainly on the Menggongao
and Malanbian Formations and partly on the
underlying Shaodong and Qujiachong Formations
and on the overlying Tianeping and Doulingao For-

mations.

The lithostratigraphical scheme has undergone
impertant modifications in the past 30 years, which
are partially reflected in figure 4. Several unit names
have changed of stratigraphical rank. A synthesis of
these changes is given by Tan et al. (in press) who
specify the reference sections and document the
lithological characters, extension, lateral variation
and age of each formation. The text hereafter point
out the main lithological characters and thickness

observed

in the investigated sections.

A

petrographical description will be given by Muchez

(in press).

2.1. SHAODONG FORMATION

In the current sense, the Shaodong Formation
has a thickness of about 44 m at Malanbian and 97
m at Oujiachong. It consists mainly of bioturbated
siltstones, micaceous sandstones and shales, which
incorporate thin beds and lenses of limestones.
Macrofauna includes crinoids, echinoid spines,
brachiopods, bivalves, bryozoans and solitary
rugosa. The Shaodong Formation can easily be
distinguished from the underlying Oujiachong

Sandstone, which is more shaly and almost devoid
of limestone. It is overlain by the Menggongao For-
mation in which limestones beds are numerous.

The Shaodong Formation is restricted to the
Xikuangshan, Xinshao and Shaoyang areas in cen-
tral Hunan. South of Qiyang, it merges into the lower
part of the Menggongao Formation.

2.2. MENGGONGAO FORMATION

The Menggongao Formation, as defined by Tan
etal. (1987) is an alternation of shales and limestones
bounded by the Shaodong and Malanbian Forma-
tions. Its thickness in the reference section of
Malanbian (Xinshao County) is 145 m. At Sujiaping,
the Guiyang Formation which overlain the
Oujiachong Formation (Tan et al., 1987), can in fact
be divided into the Menggongao (including the lateral
equivalent of the Shaodong Formation) and
Malanbian Formations. These terms are therefore
prefered to the traditional undivided Guiyang For-
mation.

The Menggongao Formation consists of fining-
upward limestone-shale sequences, graded
limestone sequences, nodular and burrowed
limestones, dark burrowed shales and siltstones.
Brachiopods are common in shales. The carbonate
content increases gradually from north to south.
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Figure 3. Location of the Dinant synclinorium in southern Belgium

In the Malanbian and Oujiachong sections, the
Menggongao Formation is capped by a siliciclastic
horizon and in the Sujiaping section, by a fenestral
limestone bed.

2.3. MALANBIAN FORMATION

The Malanbian Formation is very well exposed in
the type section of Malanbian (M), Xinshao County
(Tan et al., 1987) and in the Sujiaping section (S).
Both sections have a similar thickness of about 85
m. It can be divided into three members which are
not formally designated.

- The lower member (M, 40 m; S, 32 m) consists
of poorly fossiliferous, thick bedded limestones with
graded bedding. Oncoids and clasts are locally
abundant. Some levels are strongly bioturbated.
Burrows are dolomitized, forming a striped
appearance of alternating limestones and dolomi-
tes. This feature can easily be recognized in the
whole area, even in Guangxi.

- The middle member (M, 8 m; S, 11 m) is formed
by an alternation of undulating thin bedded
limestones and shales. Abundant macrofauna
includes crinoids, rugose and tabulate corals and
bivalves.

- The upper member (M, 18 m; S, 22 m) consists
mainly of thick bedded limestones locally developing
fining-upward sequences. Millimetre thick, irregular,
shaly intercalations are present in the lower and
middle part of this member. Crinoids, rugose and
tabulate corals, gastropods, bivalves and oncoids are
abundant. Bioturbation is locally important and
affected by dolomitization.

2.4. TIANEPING FORMATION

The Tianeping Formation (Tan et al., 1987) is
poorly exposed in the Malanbian section where the
thickness is about 39 m. In the Sujiaping section, its
lowermost part is composed of calcareous shales,
2.2 m thick, overlain by a 7.5 m thick limestone bed.
It is followed by an alternation of calcareous shales
with thin bedded and lenticular argillaceous and
dolomitic limestones. Macrofauna is represented
mainly by crinoids, bivalves and bryozoa. Some
rugose corals have been found in the Malanbian
section where bed 119 has also yielded abundant
tabulate corals. Sandstones and siltstones are
generally predominant in the upper part of the
Tianeping Formation.

2.5. DOULINGAO FORMATION

In the Malanbian section, the Doulingao Forma-
tion (Tan et al., 1987) is very well exposed with a
thickness of about 65 m. The following lithological
characters have been recognized, from bottom to
top :

- shales alternating with crinoidal dolomites and
bioclastic fine-grained limestones;

- fine-grained dolomites and burrowed limestones;

- graded and burrowed limestones alternating with
argillaceous dolomites; symmetrical ripples and
hummocky-cross stratifications are locally
developed; bivalves, rugose and tabulate corals and
gastropods are abundant;

- fenestral fine-grained limestones.

3. BIOSTRATIGRAPHY

3.1. CONODONTS (Groessens, E.)

Conodonts are very rare in the D-C transition beds
in the Hunan and Dinant area due to unfavourable
facies. About hundred samples from the Malanbian,
Oujiachong and Sujiaping sections have been
collected and analysed by the authors and other
investigators (Tan et al., 1987), however only a limited
amount of data has been obtained. Our knowledge
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Figure 4. Overview of the literature on the position of the Devonian-Carboniferous boundary in southern China. Note that Wu et al. (1981)
have recognized the Strunian age of the Shaodong Formation but consider that Strunian belongs to the Carboniferous system.

of the conodonts of Hunan relies largely on the pu-
blication of Tan et al. (1987) and two other papers
(Ji, 1987b; Ji & Ziegler, 1992). The following conodont
data have been summarized from literature and
completed with new investigations. They are
nevertheless useful in dating the D-C transitional
strata.

No palmatolepid conodonts have been found in
the Shaodong and Menggongao Formation.
Polygnathus obliquicostatus appears at the base of
the Menggongao Formation in the Malanbian sec-
tion and occurs associated with Spathognathus
stabilis, S. planiconvexus, S. strigosus, Apatognathus
varians, Hindeodella subtilis, H. croca, Ozarkodina
immersa, Drepanodus circularis, ... The species
Polygnathus obliquicostatus is known to range from
the postera to the expansa Zone in western Europe.
The representative of the genus lcriodus, I. costatus,
Apatognathus varians, QOzarkodina sp.,
Spathognathodus sp. and Hindeodella sp. occur
approximately 40m below the top of the Menggongao
Formation at Malanbian and 11.5m below the
fenestral limestone at Sujiaping. [. costatus is
believed not to range into the Carboniferous.
Therefore, the limited conodont data indicate that the
Menggongao Formation should be assigned to the
Devonian.

As in the Dinant Basin, there exists a
biostratigraphical interval near the D-C boundary

without any significant fossil but characterized by the
presence of calcispheres and the foraminifer
Earlandia. The first Siphonodella of shallow water
facies occurs in different stratigraphic positions above
the siliciclastic beds or fenestral limestones at the
top of the Menggongao Formation in the different
sections. This specific Siphonodella group, different
from that of pelagic facies, is characterized by an
orally ornamented platform with a typical pseudokeel
on the aboral side. It has been widely recognized in
southern China. Dong (in Tan et al., 1987) proposed
a Siphonodella levis Zone based on the development
of Siphonodella levis (Ni) in Malanbian and Sujiaping.
This zone can be subdivided into three subzones.
The first one is defined by the first occurrence of
Siphonodella levis, 6m above the fenestral limestone
in the Sujiaping section (bed 57). The second
subzone is characterized by the appearance of
Siphonodella sinensis Ji about 21.7 m above the
siliciclastic beds in the Malanbian section and 8m
above the fenestral limestone in Sujiaping. The third
subzone is defined by the disappearance of
Siphonodella sinensis and the co-occurrence of S.
levis, S. eurylobata, S. isosticha, S. qiygangensis,
Polygnathus cf. inornatus, P. inornatus rostratus, P.
lobata and Dinodus sp.. The appearance of the
Siphonodella levis Zone is considered as a marker
of the Carboniferous in shallow water facies and has
been correlated with the duplicata to isosticha-upper
crenulata Zones of the pelagic facies by Dong. In
1992, Ji and Ziegler studied in detail the phylogeny
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Figure 5. Upper Devonian and Lower Carboniferous stratigraphy in central Hunan.
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and zonation of Siphonodella in shallow water fa-
cies. Their work is mainly based on material from
southern China and Russia. Six Siphonodella zones
have been proposed in southern China and have
been correlated with those of the standard
Siphonodella-based zonation (from sulcata to late
crenulata). Doubtless, the discovery and zonation
of the shallow water Siphonodella are very useful in
dating and correlating the earliest Carboniferous
shallow water facies.

Field work carried out in 1990 and 1991 has
provided new data on the above discussed sections.
The only good sample collected at Sujiaping (bed
73), almost 30m above the base of the Malanbian
Formation contains Polygnathus inornatus,
Bispathodus aculeatus aculeatus and Siphonodella
levis. In the Oujiachong section, the uppermost part
of the Menggengao Formation and the lower part of
the Malanbian Formation have yielded only
Polygnathus communis communis. Four metres
above the base of the Malanbian Formation, an
argillaceous level with limestone lenses contains in
addition Bispathodus plumulus, Clydagnathus
cavusformis and a fragmentary Pseudopolygnathus.
Siphonodella cf. sulcata (a transition form showing
transverse ridges on the anterior part of the platform)
and other siphonodellids as well as Polygnathus
inornatus have been recorded 3.6m higher. At
Malanbian, the poor conodont fauna in the upper part
of the Menggongao Formation is dominated by
Bispathodus aculeatus aculeaius. Siphonodella levis
has been found firstly about 40m above the base of
the Malanbian Formation (bed 110).

3.2. FORAMINIFERS (Hance, L.)

Interesting foraminiferal assemblages have been
found in the D-C transitional strata (fig. 6) giving im-
portant biostratigraphic constraints, helpful for
correlations. These assemblages are documented
in details by Hance (in press). Only the main
elements are discussed hereafter.

In the lower part of the Menggongao Formation
at Sujiaping, Eoendothyra communis (Rauzer-
Chernousova, 1948) and E. regularis (Lipina, 1955)
are associated with Tournayellinae and Septa-
brunsiininae. A specimen of Rectoavesnella has
been found. In the upper part, Quasiendothyra
kobeitusana (Rauser, 1948) and Q. konensis
(Lebedeva, 1956) are present but scarce. The
Menggongao Formation is capped by a fenestral bed,
above which the lower 30 m of the Malanbian For-
mation have only yielded calcispheres and Earlandia.
Very few plurilocular Foraminifera have been found
in the upper part of the Malanbian Formation. They

include Chernyshinella glomiformis (Lipina, 1948)
and some Septabrunsiina. Only one specimen of
Palaeospiroplectammina is reported from the
uppermost part of the Malanbian Formation. A ma-
jor change in the foraminiferal population is obvious
in the lower part of the Tianeping Formation with the
appearance of Tuberendothyra and Granuliferella.

In the Oujiachong section, the uppermost part of
the Menggongao Formation has yielded an associa-
tion dominated by Quasiendothyridae including Q.
kobeitusana, Q. konensis and Klubovella. Tournayel-
lidae are also well represented. The Menggongao
Formation is capped by a sandstone bed. In the
lower part of the overlying Malanbian Formation, only
calcispheres and rare Earlandia are present.

At Malanbian, E. communis and E. regufaris occur
in the lower part of the Menggongao Formation. In
the uppermost part of this formation, the foraminiferal
population is dominated by Tournayellinae and
Septabrunsiininae. Latiendothyra parakosvensis
(Lipina, 1955) is common whereas representatives
of the Quasiendothyridae are very rare and badly
preserved as is Avesnefla. The Menggongao For-
mation is capped by clastic sediments, 3,5 m thick,
which have yielded the spore Retispora lepidophyta
(see 3.3). Here also, the lower part of the Malanbian
Formation is characterized by the abundance of
calcispheres and Earlandia associated with a few
specimens of Tournayellina beata (Malakhova,
1956). The upper part of the formation is richer with
mainly Septabrunsiininae and Tournayellinae. At this
level, fragments of large endothyrids with septal
thickenings have been observed. The Tianeping For-
mation, badly exposed in this section has not yielded
any biostratigraphic element. A much more
diversified association occurs in the lower part of the
Doulingao Formation including Spinoendothyra,
Granuliferella, Paraendothyra and Spinotournayella.

The foraminiferal biostratigraphy of the three sec-
tions is summarized in figure 7 with references to
the biozonation of Conil established in the Franco-
Belgian Basin (CONIL et al., 1977, 1991).

In the Sujiaping section, the lower part of the
Menggongao Formation (including bed 33) can be
assigned to the Df3y subzone (guide : E. regularis).
In the Oujiachong and Sujiaping sections, the
uppermost part of this formation corresponds to the
Df3e subzone (guide: Q. kobeitusana and Q.
konensis). The appearance of Eoendothyra with an
incipient or incomplete hyaline radial layer has not
been observed making the corresponding Df33
subzone undetermined. In the Malanbian section,
the upper part of the Menggongao Formation, below
the clastic bed, displays a similar carbonate facies
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Figure 6. Distribution of the main foraminiferal elements in Upper Devonian and Lower Carboniferous formations of central Hunan.

Foraminiferal zones Df3 to Cf4 from Conil ef al. (1977, 1991).

but is probably older than Df3e. Q. kobeitusana and
konensis have not been recorded in spite of a great
number of thin sections and moreover, Avesnella is
present. In the Franco-Belgian Basin, this taxon
seems restricted to the Df3d subzone, but the very
close genus Rectoavesnella, distinguished by its
biserial development, is known from the Df3y
subzone (Conil & Lys, 1970, 1977) and has been
found at this level at Sujiaping. The stratigraphical
lower range of Avesnella could therefore also be Df3y.
A stratigraphical gap is suspected at Malanbian,
which could include the Df3d and part of the Df3e
subzones. Additional sampling in the middle and
upper part of the Menggongao Formation is however
required to confirm this hypothesis and to specify
the correlations with the two other sections.

The Malanbian Formation covers the Cf1o and 3
subzones, testified by the presence of T. beata, C.
glomiformis and Palaeospiroplectammina. The

appearance of tuberculate foraminifers in the lower
part of the Tianeping Formation indicates a Cf1y sub-
zone and can be compared with the Tuberendothyra
tuberculata zone of NorthAmerica (Brenckle & Groves,
1987).

A correlation can easily be made with other sec-
tion situated in a similar palaeogeographical setting,
to the west, in the Guangxi Autonomous Region and
Guizhou Province (Conil et al,, 1988). In both
regions, the quasiendothyrid population dissapears
abruptly. Recolonization by plurilocular foraminifers
is very slow and starts within an interval dominated
by calcispheres and Earlandia. Fewer elements of
the Cf1B-y and Cf2 foraminiferal fauna have been
recorded in the investigated sections of Hunan than
in Guangxi and Guizhou where facies are more
suitable for foraminifers.

The prolongation of the quasiendothyrid popula-
tion into the Lower Carboniferous, documented in
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Figure 7. Correlation of the D-C transitional strata in Hunan.

the Omolon area of northeast Russia (sandbergi
zone; Bushmina and Simakov, 1979; Conil et al.,
1982; Simakov et al., 1983) and in Moravia of
Czechoslovakia (duplicata zone; Kalvoda & Kukal,
1987), can not be confirmed in southern China. The
closest relation between foraminifers and conodonts
is given by Wang et al. (1987) in the Xiakou section
¢ (Yishan County, Guangxi Autonomous Region),
where Quasiendothyra konensis dissapears 20 cm
below the incoming of Siphonodella sulcata. The
simultaneous occurence of a post lepidophyta spore
assemblage with stromatoporoids in the Baihupo
section (Dushan County, Guizhou Province; Streel,
1986) suggested a parallelism with the Omolon and
led Conil to suspect that quasiendothyrids also
extended into the Lower Carboniferous (Conil et al.,
1988, fig. 2). Nevertheless, as most of the specimens
of Retispora lepidophyta reported from the litterature
are confused with an older taxon (see 3.3), the above
mentioned assemblage could also be pre-
lepidophyta.

A comparison between the D-C transitional strata
in southern China (Hunan) and southern Belgium (Di-
nant area) based on foraminiferal biostratigraphy is
proposed in figure 8 as working hypothesis. As already
suggested by Hou (1965), the Menggongao Forma-
tion must be compared with the Etroeungt Formation.
The Malanbian Formation corresponds to the Hastiére
(except lowermost part), Pont d’Arcole and Landelies
Formations, whereas the Tianeping Formation can be
considered as an equivalent of the Maredsous For-
mation.

3.3. PALYNOLOGY
(Steemans, P., Streel, M. & Fang, X.-S.)

About 200 palynological samples have been
collected from the studied sections. Most of the
samples have yielded spores. Unfortunately the as-
sociation displays a large predominance of miospore
species which are known only from southern China.
This indicates that a strong endemism affected the
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Figure 8. Tentative correlation of the D-C transitional strata of southern China and southern Belgium.

vegetation in this area during the Upper Devonian.
Only in the Malanbian section, the palynological data
allow a biostratigraphic correlation.

The main criteria for a biostratigraphic correlation
is the presence of the species Retispora lepidophyta
(Kedo) Playford 1976 in the 3.5m thick siliciclastic
beds at the top of the Menggongao Formation (Fig.
9). The species has only been found in the first fifty
centimeters of these siliciclastics. Below these beds,
we have studied thirty samples from the Meng-
gongao, Shaodong, Oujiachong and Magunao For-
mation. All samples lack R. lepidophyta. However,
we determined many specimens of a miospore which
corresponds to a new species which is morphologi-
cally very similar to R. lepidophyta but which belongs
to a new monolete genus. The description of the new
taxon will be given by Steemans et al. (in press).

This new species occurs firstly in the Oujiachong
Formation and is very abundant in the Shaodong
Formation. In the Menggongao Formation it becomes
rare. In the lower part of the siliciclastic beds, this
new species is absent. In the upper part it has been
recognized in one sample (Fig. 8; Lazarus taxon or
reworked palynomorphs). The latter sample is very
rich in spores, but R. lepidophyta is absent. The new
species has also been observed in the Oujiachong
and Shaodong Formations in the Oujiachong sec-
tion, in the Shaodong Formation in the Shaodong
section and in the Oujiachong Formation in the
Sujiaping section.

The absence of R. lepidophyta in these last for-
mations invalidates the conclusions proposed by
Streel (1986), which were mainly based on the pu-
blications by Gao (1981) and Hou Jipeng (1982).
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Figure 9. Biostratigraphical extensions of the species Retispora
lepidophyia (Kedo) Playford 1976 and of the new Genus new
species in the Malanbian section.

Retispora lepidophyta is known only from the
upper part of the Devonian, i.e. the Strunian or
approximately Wocklumian (Streel et al., 1987). The
base of the Oppel Zone LV is characterized by the
first appearance of R. lepidophyta followed by
Apiculiretusispora verrucosa. R. lepidophyta is also
characteristic for the younger biozones LL, LE and
LN. It disappears close to, but below the Devonian-
Carboniferous boundary. Parallel with this
biozonation, the evolution of the size of R. lepidophyta
is a useful biostratigraphic criterium (Streel, 1966).
The measured diameter ranges between 48 and
65um with a mean of 57um. This is close to the va-
lues of the «D zone» which corresponds to the LL-
LE biozones. However, there are too few specimens
of R. lepidophyta (10 specimens) to draw a reliable
histogram of the spore sizes in the siliciclastic beds
of the Malanbian section.

Although these results have to be treated
carefully, we suggest that the basal part of the
siliciclastics at the top of the Menggongao Forma-
tion belongs to the /epidophyta range-zone and
probably to the LL-LE biozones. Therefore, these
beds have a Strunian ( Wocklumian) age. The

disappearance of R. lepidophyta in the middle part
of the siliciclastics would further suggest that the
Devonian-Carboniferous boundary is situated within
these beds. It also seems that the new species has
been confused with R. lepidophyta in other sections
in southern China, which led to a misinterpretation
of the biostratigraphy (Fig. 8; Gao, 1990).

3.4. OSTRACODS (Coen, M.)

Ostracods corroborate the zonation based on
conodonts, foraminifers and spores. Especially
interesting is the occurrence of two species of
Thuringian ecotype in the lower part of the Malanbian
Formation (bed 215 and 216) in the Oujiachong section:
Amphissites blumenstengeli Grindel 1962 = A,
similaris Morey 1936, and Villozona villosa villosa
(Grundel 1961).

Amphissites blumenstengeli is here considered
as a junior synonym of A. similaris because of the
similar unequal development of the lateral carinae.
A. blumenstengeli ranges in Thuringia from the
Wocklumeria to the Gattendorfia Stage. A. similaris
was first described from the Chouteau Formation of
Missouri, U.S.A. It is also known from the Banff For-
mation of Alberta, Canada (Green, 1963) and from
the Bastakh Suite of the Lena delta, Yakutia, northern
Siberia (Bushmina, 1970b). The Banff and the
Chouteau Formations can be correlated (Green,
1963). The latter in turn correlates with the Upper
Hastarian (Middle Tournaisian) of the Ardenne (Conil
et al., 1977; Webster & Groessens, 1991). The
Bastakh Suite has a higher range (Bogush & Yuferey,
1991).

Villozona villosa villosa is an index fossil of the
Gattendorfia Stage. Further comparisons can be
made with Kirkbya magna Roth sensu Wang (1988a)
from the Early Carboniferous Wangyou Formation
at Baping, Guangxi (sulcata zone), Kirkbya sp. Green
1963 from the Banff Formation, Alberta, and Kirkbya
parva Bushmina 1975 from the Kolyma and Omolon
successions, NE Siberia. Conflicting evidences
between conodonts and foraminifers make the
Siberian data difficult to use. Faunal affinities are
worth mentioning, however, as well as those derived
from European and North American occurrences
quoted previously. All the above evidences point to
a Hastarian age (Cf1) for the lower part of the
Malanbian Formation in the Oujiachong section. This
is reinforced by the occurrence of Pseudoleperditia
gr. venulosain a lateral section. Only the right single
valve of a juvenile specimen has been recovered.
Precise comparison is thus difficult. However, the
marked velar bend along the free margin makes that
specimen resemble closely P. poolei Sohn in Wang
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Figure 10. Distribution of the brachiopods in the Upper Famennian and Tournaisian strata of central Hunan.

(1988b) from the duplicata to crenulata zones at
Nanbiancun.

Amphissites similaris has also been observed in
the Tianeping Formation (bed 117) in the Malanbian
section. Villozona are no longer present at this level
suggesting that the Tianeping Formation can be
correlated with the upper part of the Bastakh Suite
of Siberia.

Another occurrence of potential interest is that,
in bed 100 at Malanbian, of Acratia insolita Bushmina
1970a. A. insolita is known from the Devonian-
Carboniferous transitional beds (Chingis Formation)
in the Eltsov synclinorium, SW Siberia. A. cf.
evlanensis sensu Wang (1988b) from the Middle
praesulcata zone at Nanbiancun most probably
represents the same species. It thus fits with the
Devonian age of the Menggongao Formation as
constrained by the occurrence of R. lepidophyta in
the overlying strata.

3.5 BRACHIOPODS (Hou, H. & Tan, Z.)

Brachiopods are the most common megafossils
in central Hunan and therefore they have widely been
used for dating and correlating the Devonian and
Carboniferous strata. Among the three studied sec-
tions, the brachiopods are abundant in the Malanbian
section, rare in the Sujiaping section because of

relatively unfavourable facies, and poorly preserved
in the Oujiachong section. The distribution of the
brachiopods in the Upper Famennian to Tournaisian
strata of central Hunan is given in figure 10.

At the base of the Shaodong Formation in the
Malanbian section, a fossiliferous bed has yielded
Trifidorostellum longhuiensis. It has been designated
as the T. longhuiensis acme zone by Tan et al. (1987)
and led Sartenaer and Xu (1989) to define a
worldwide upper Famennian Trifidorostellum Zone,
based on species found in Canada, USA, Russia
and China. However, the genus has not been
reported from western Europe. In the upper part of
the Shaodong Formation, the productids Mesoplica
and Acanthoplecta dominate and seem restricted to
this stratigraphical interval in Hunan.

No brachiopod guides have been found in the
Menggongao Formation. Common elements include
Plicochonetes sp., Schuchertella sp., Ptychomala-
toechia kinlingensis, Hunanoproductus hunanensis,
Spinocrinifera dushanensis and Cleiothyridina sp..
Most of the species range into the overlying
Malanbian Formation displaying transitional aspects
from Devonian to Carboniferous. Cyrtospirifer is
present in the Menggongao Formation. As in the
Etroeungt Formation of southwestern Belgium, the
genus Cyrtospirifer disappears at the top of the
Devonian. The use of cyrtospiriferids in biostra-
tigraphy is currently hindered by taxonomic problems.
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The main brachiopod guides for the Strunian in the
Franco-Belgian Basin, including Sphenospira julii,
Eobrachythyris struniana, Araratella moresnetensis
and Whidbornella caperata (Conil et al., 1986), do not
occur in Hunan. Yangunia of southern China is likely a
synonym of Spinocrinifera of the Dinant area. They
have the same stratigraphical distribution: from the
uppermost Devonian to the lowermost Tournaisian.

The brachiopods from the Malanbian Formation
are quite different from those of the Menggongao
Formation and are widespread in southern China.
The association is called the Martiniefla-Eochoristites
Assemblage Zone characterized by a rich popula-
tion of Martiniella chinglungensis, M. elongata,
Eochoristites neipentaiensis which is associated with
Spinocrinifera dushanensis, S. tenuiplicata,
Hunanoproductus hunanensis, Ptychomalatoechia
kinlingensis, Spirifer jielingensis and Unispirifer cf.
tornacensis. They mainly occur in the middle part of
the Malanbian Formation at Oujiachiong, Malanbian
and Sujiaping, coinciding with the first major relative
sea-level rise in the Carboniferous. In fact, the first
appearance of Eochoristites and Martinielfa is earlier,
i.e. in the lower part of the Malanbian Formation (bed
109). Ptychomalatoechia kinlingensis, Hunano-
productus and Spinocrinifera are present in the
Menggongao Formation and disappear in the middle
part of the Malanbian Formation. Eochoristites and
Martinielfa can range into the overlying lower part of
the Tianeping Formation. The study of spiriferids,
which are the main elements of the Tournaisian
brachiopod association, needs refinements in the
Dinant area for comparison with the Hunan Province.
However, spiriferids with a prismatic shell and
denticulation are present in the Malanbian Forma-
tion in Hunan and in the Hastarian of Dinant and are
good Carboniferous indicators.

The brachiopods in the Upper Tournaisian
Doulingao Formation are referred to the Marginatia-
FinospiriferAssemblage Zone, which is characterized
by the development of Spirifer, Unispirifer, Prospira,
Celsifornix and Punctospirifer. The genus Anathyris
is very abundant in central Hunan and it appears in
Malanbian equivalent beds in Guizhou. Marginatia
and Ovatia seem to occur in this zone. The genus
Levitusia, which occurs widely in the Lower Visean
in Belgium has not been found in southern China.

3.6. RUGOSE CORALS (Poty, E. & Xu, S.)

Rugose corals occur relatively abundantly in the
Uppermost Devonian and the Lower Carboniferous
of Hunan. They have been investigated in the
Malanbian and Sujiaping sections (fig. 11). They are
uncommeon at Oujiachong.

The upper part of the Shaodong Formation
(Malanbian section) and the lower part of the
Menggongao Formation (Malanbian and Sujiaping
sections) have yielded coral species which are
characteristic of the Caninia dorlodoti zone of Wu et
al. (1981) renamed here Eocaninophyllum
yizhangense zone because «Caninia» dorlodoti has
been misinterpreted and does not exist in China (Poty
& Xu, in press). Cystophrentis kolaohoensis, one of
the typical species of the Cystophrentis zone, occurs
firstly in bed 69 of the Menggongao Formation in
Malanbian and in bed 40 of the same formation in
Sujiaping. Cystophrentis species are the only corals
which have been found in that zone, except for
Eocaninophyllym yizhangense in bed 78 at
Malanbian. Cystophrentis disappears at the top of
the formation just below the D/C boundary. None of
the species which have been found during this work
in the Shaodong and Menggongao Formations, or
none of other ones previously described, are known
in the Famennian or in the Carboniferous in Europe
(where the so called Caninia dorlodoti occurs).
Therefore, neither comparison nor correlation are
possible at this level and the Strunian age of the beds
has to be established by the mean of other fossils.
Of the Chinese species, only one (Smitiphyllum
antiguatum) belongs to a genus known before the
Frasnian/Famennian crisis; all the others are
restricted to the Strunian.

The lowest part of the Malanbian Formation has
yielded almost no corals, except two specimens
doubtfully assigned to the genus Kizifia. Corals occur
commonly from bed 110 of the formation in the
Malanbian section and from bed 69 in the Sujiaping
section. The presence of Uralinia tangpakouensis
in these levels marks the base of the Uralinia
(=Pseudouralinia) zone and is separated from the
Cystophrentis zone by the Cystophrentis/
Pseudouralina tangpakouensis interval zone of Tan
(in Tan et al, 1987). The base of the zone
approximately matches the boundary between the
Cf1a. and Cf13 Foraminifera subzones (Hance, this
paper). The species found here belong to genera
which are known outside China (Uralinia,
Caninophyllum and ? Lophophyllum), or are closely
related to a widespread genus (Stelechophyllum).
In Belgium, the first representatives of Uralinia
appears in the upper part of the Cf1a Foraminifera
subzone-RC1y Coral subzone (in the Pont d’Arcole
Formation) and those of Lophophyllum in the top of
the same foraminiferal zone and at the base of the
RC2 Coral zone. However, Caninophyllum is not
known below the Cf2 Foraminifera zone and is one
of the type species of the RC3 Coral zone (Poty,
1985; Conil et al., 1991). Stelechophyllum, which
possibly has given rise to nov. Genus A (Poty & Xu,
in press) is characteristic of the Northwestern
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Figure 11. Distribution of rugose corals at the Devonian-Carboniferous transition in the Malanbian and Sujiaping sections.
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American Coral zone Il of Sando & Bamber (1985),
whose base is situated in the Cf1o zone.

In the Malanbian section, which displays higher
levels than at Sujiaping, the coral fauna discussed
above stops at the top of the Malanbian Formation
and is replaced in the Tianeping and in the Doulingao
Formations by species belonging mainly to Uralinia,
Keyserlingophyllum, Heterostrotion (="Donophyllum'
of the Chinese palaeontologists ; Poty & Xu, in press),
and the oldest species of Kueichouphyllum. Some
representatives of this assemblage, such as
Keyserlingophyllum obliquum or Uralinia gigantea,
or species closely related to them, are common in
the Upper Tournaisian (Cf2-Cf3 Foraminifera zones,
RC3 Coral zone) in the Eurasian realm. In Belgium,
species near Uralinia gigantea and Heterostrotion
(Poty, 1989) occur in the Yvoir Formation (Cf2 zone,
RC3a. subzone).

The revision of the Strunian-Tournaisian corals
of the Malanbian and Sujiaping sections (Poty & Xu,
in press) has established that most of the assigna-
tions to European taxa were in error. Therefore,
because of their relatively low diversity and the
endemism of many of them, especially the Strunian
species, Rugose corals do not allow a detailed
correlation with Europe without the help of the
foraminifers and conodonts.

3.7 TABULATE CORALS (Tourneur, F.)

In the Oujiachong and Malanbian section, the
tabulate coral fauna is strongly dominated by
syringoporids. Most of the species have already been
illustrated by Jia et al. (1977).

Two distinct populations have been recognized
in the Menggongao Formation. The first assemblage,
already present in the lower part of the Menggongao
Formation, is characterized by a syringoporid coral
with subparallel corallites (diameter close to 1.5mm
or slightly larger) and with some spines. This coral
belongs to the genus Fuchungopora and we will
name it provisionally Fuchungopora sp. A. The se-
cond assemblage is present in the uppermost part
of the Menggongao Formation. It is dominated by
Fuchungopora sp. B with smaller corallites (diameter
inferior to 1mm) and rare spines. This species is
always associated with a commensal cylindrical
organism without skeleton (annelid 7). The latter
organism lies at the origin of the gaps in the regular
organization of the tabulate coral. Additionally we
identified a larger species with closely spaced
corallites, sometimes nearly cerioid, a strong
development of spines and cystose tabulae. It
probably belongs to the genus Chia. These forms are

also presentin the Sujiaping section. In the uppermost
part of the Menggongao Formation in this section,
Fuchungopora sp.Aand B, Chia (?) sp., a very strange
Micheliniid coral with aphroid growth stages, and a very
rich stromatoporoid fauna have been recognized.

Tabulate corals are rather rare in the Malanbian
Formation at Oujiachong and Malanbian. In the Ma-
lanbian and Tianeping Formations of the Malanbian
section, a few Syringopora, a small specimen cha-
racterized by eccentric syrinx belonging to the genus
Pleurosiphonella and a unique colony of a Micheliniid
coral with very flat tabulae (probably Protomichelinia)
have been found. Higher in the section large cystose
Syringoporids, small colonies with very thick walls
belonging to the Multithecoporids and strange
pseudocolonies of probably an annelid (close to the
Trypanoporids) are present. In the upper part of the
Malanbian Formation in the Sujiaping section we
have collected a micheliniid coral with very large
corallites (diameter close to 1cm), small cystose
tabellae (Cystomichelinia) and a colony with regularly
spaced connections (Gorskyites).

In summary, the tabulate coral fauna of the studied
sections contains mostly endemic forms which are
useful to establish correlations between the sections,
but which are difficult to apply at a larger scale. They
are typical for the South Chinese Province defined
by Lin (1985) and show some similarities with other
Chinese faunas of the same age (Lin, 1963a, b).

4, SEDIMENTOLOGY AND SEQUENCE
STRATIGRAPHY OF THE DEVONIAN-
CARBONIFEROUS TRANSITIONAL STRATA
(Muchez, Ph. & Van Steenwinkel, M.)

4.1. HUNAN PROVINCE

In central Hunan, the D-C transitional sediment-
ation took place during 6 time units which are easy to
distinguish and useful for long distance correlations
(for more details see Muchez in press; Fig. 12).

Unit 1, the upper part of the Menggongao Forma-

" tion, consists of fossiliferous shales, siltstones, peloidal

wackestones and packstones with crinoids, bivalves,
bryozoa, moravamminids, sponge spicules, echinoid
spines, corals, ostracods, foraminifers, algae and
gastropods. It has been deposited in an open marine
environment below wave base.

Unit 2, the uppermost part of the Menggongao For-
mation, is represented by siliciclastic beds or a fenestral
bioclastic wackestone. The siliciclastics and the
fenestral limestones have been deposited in
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response to a significant lowering of sea-level. In the
Sujiaping section, the limestones are followed by
peloidal wackestones (3m thick) with mainly calcisphe-
res and algae. The wackestone texture and the restrict-
ed biota indicate deposition in a lagoonal environment.

Subsequently, peloidal wackestones with clasts,
micritized and aggregate grains occur in the
Oujiachong section and bioclastic grainstones with
peloids, micritized and aggregate grains and intraclasts
(unit 3) in the Malanbian and Sujiaping area. The
wackestones have been deposited below wave base,
however the presence of peloids, aggregate and
micritized grains and clasts suggests a shallower
setting than in the Menggongao Formation (see also
Hennebert & Lees, 1991). The grainstones represent
sedimentation above wave base at shallow depth. The
aggregate grains are characteristic for a shallow
depositional environment with an uneven water turbu-
lence and a low sedimentation rate (Purdy, 1963;
Winland & Matthews, 1974). In the Sujiaping area, the
grainstones point to a migration of a high energy fa-
cies over the lagoonal setting.

In the Malanbian and Sujiaping section, unit 4
consists of shallowing-upward sequences of
bioclastic wackestones and peloidal bioclastic pack-
to grainstones. The wackestones contain a fully open
marine biota and often peloids. The pack- to
grainstones are characterized by micritized and
aggregate grains, clasts and peloids. Unit 4 is capped
by a massive grainstone bed. The wackestones have
been deposited below wave base and indicate a
drowning of the coarse-grained facies and a rise of
sea-level. When sedimentation rates were high and
able to fill the space created by the relative sea-level
rise, pack- to grainstones were deposited.

The lower part of the Malanbian Formation is
overlain by clay-rich wackestones without micritized
and aggregate grains, peloids and clasts (unit 5).
These sediments formed due to the fact that the
sedimentation rate could not longer keep up with the
deepening environment and drowning was the result.

Unit 6, the upper part of the Malanbian Forma-
tion, again consists of shallowing-upward sequences
of bioclastic, peloidal wackestones and pack- to
grainstones with peloids, micritized and aggregate
grains and clasts. It formed during a slowing down
of the relative sea-level rise.

4.2. DINANT SYNCLINORIUM

The Etroeungt Limestone (Fig. 12) and the laterally
equivalent Comblain-au-Pont Formation are
characterized by open-marine, lower-ramp limestone-
marl rhythms and storm deposits (Van Steenwinkel,

1992). The boundary between the Etroeungt Forma-
tion and the overlying Hastiere Limestone is abrupt
and followed by a lithoclastic bed. The main part of the
Hastiere Limestone consists of small-scale shallowing-
upward cycles of crinoidal wackestones to grainstones.
The upper part of the Hastiere Limestone is
characterized by a sudden deepening followed by an
increasingly deeper-water facies and by the open-ma-
rine Pont d’Arcole Shale.

The stratigraphic succession of the Etroeungt-
Comblain-au-Pont Formations, Hastiére Limestone,
Pont d’Arcole Shale and Landelies Limestone (Fig. 11)
around the Devonian-Carboniferous transition are
interpreted as the sedimentary response to six
particular time units (Van Steenwinkel, 1990). Each
time unit corresponds to a certain trend of relative sea-
level. The following summary is based on the work of
Van Steenwinkel (1988).

Unit 1 (Etroeungt Limestone) represents a time
interval during which eustatic sea-level fell slowly, at a
rate lower than that of subsidence. The net effect was
a relative rise. This relative sea-level rise created new
space available for the sedimentation of the Etroeungt
Limestone and the equivalent Comblain-au-Pont For-
mation. Referring to the terminology used in seismic
stratigraphy (Vail, 1987), unit 1 reflects the Highstand
Systems Tract.

Time unit 2 is represented by a sequence boundary
which terminated the deposition of the Highstand
Systems Tract of unit 1. As the increasing rate of
eustatic sea-level fall outpaced the rate of subsidence,
arelative fall of sea-level resulted. The space available
for sedimentation disappeared. In a carbonate setting,
this resulted in non-deposition and submarine erosion.
The final record of this relative sea-level fall in the Di-
nant synclinorium is a sharp contact between relatively
deep water highstand deposits of unit 1 and shallow-
water deposits of unit 3.

Unit 3 (basal part of the Hastiere Limestone)
represents conditions of eustatic sea-level fall slower
than subsidence, creating new space for
sedimentation. This means that the relative fall had
changed into a rise, despite the fact that eustatic sea-
level was falling. It was a phase of renewed
sedimentation after a period of aimost non-deposition.
In the near-shore environment, an oolite bank migrated
over the lagoonal muds.

Unit 4 (main part of the Hastiére Limestone) forms
the prograding complex of the Shelf Margin Systems
Tract. When eustatic sea-level fall changes into a rise,
the rate of relative rise increased. This speedened up
relative rise resulted in a drowning of the shallow water
carbonate environment and a generally deeper water
setting. In the offshore areas, deposition of storm
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Figure 12. Comparison between the Devonian-Carboniferous transitional strata in southern Belgium and southern China (partly after Van
Steenwinkel, 1990). Mengg. Fm.: Menggongao Formation; Sil.: siliciclastics; EL: Etroeungt Limestone/ Comblain-au-Pont Formation; HL.:
Hastiére Limestone; PA: Pont d’Arcole Shale; LL: Landelies Limestone; HST: Highstand Systems Tract; TST: Transgressive Systems Tract;

LST: Lowstand Systems Tract.

sands derived from the crests of the original banks
occurred, and this with generally high sedimentation
rates. This resulted in the fill of the space that was
created for sedimentation by the relative sea-level
rise, and consequently in the levelling of the uneven
topography by progradation. Sedimentation would
have stopped at the top of the shallowing-upward
sequences if there were no subsequent relative sea-
level rises.

Unit 5 (lower part of the Pont d'Arcole Shale)
corresponds to the steepest part of the rising limb
of the eustatic curve. It started when eustatic sea-
level rise increased to such an extent that carbo-
nate sedimentation no longer kept pace. This
caused the overall drowning of the platform. Unit 5
represents the Transgressive Systems Tract, the
base of which is at the top of the most prominent
shallowing-upward sequence. This top is defined
as the Transgression Surface.

Unit 6 (upper part of the Pont d’Arcole Shale -
Landelies Limestone) is characterized by a slowing
down of the eustatic sea-level rise. The rate of
eustatic rise has decreased so that sedimentation
could again outpace the relative rise and shoreline
transgression eventually gave way to regression.

In seismic stratigraphy, this point is termed the Maxi-
mum Flooding Surface.

4.3. COMPARISON BETWEEN THE HUNAN PRO-
VINCE AND THE DINANT SYNCLINORIUM

A comparison between the Devonian-
Carboniferous transitional strata in southern China
and southern Belgium is given in figure 12. A striking
similarity in the sedimentary evolution exists between
the two areas.

The open marine muds of the Etroeungt Limes-
tone and the Menggongao Formation were deposi¢
ted at the end of the Devonian, during a highstand

period. Time unit 2 in southern China and southern
Belgium represents the sequence boundary at the
top of the Highstand Systems Tract of unit 1. The
siliciclastic sediments above the sequence boundary
in south China form the lowstand deposits charac-
teristic for such a setting (Posamentier & Vail, 1989;
Posamentier et al., 1989). The basal part of the
Hastiére Limestone and the lower part of the Ma-
lanbian Formation formed at the beginning of relati-
ve sea-level rise. During the further rise of relative
sea-level the main part of the Hastiere and unit 4 of
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the Malanbian Formation were deposited. The unit
5 in the Hunan Province and in the Dinant synclino-
rium represents conditions when relative sea-level
was fastly rising. In both areas this unit starts just
above the most prominent shallowing-upward se-
quence. Finally, sedimentation of unit 6 occurred
when sedimentation could again outpace the relati-
ve rise.

5. CONCLUSIONS

The integrated biostratigraphical and sedimen-
tological approach to study of the Devonian-Carbo-
niferous transitional strata in Hunan (southern Chi-
na) allows a better comparison with the type suc-
cession of southern Belgium.

In Hunan, the D-C boundary coincides with the
base of the Malanbian Formation which has yielded
the foraminifers Tournayellina beata and Cherny-
shinella glomiformis and the conodonts Siphonodella
cf. sulcata, S. levis and S. sinensis. Typical ele-
ments of the Devonian fauna disappear in the up-
per part of the underlying Menggongao Formation,
including cyrtospiriferid brachiopods, stromatopo-
roids, quasiendothyrid foraminifers and the spore
Retispora lepidophyta. Foraminifers provide addi-
tional elements which indicate that the Malanbian
Formation covers the Cf1o-3 subzones whereas the
Tianeping Formation corresponds to the Cf1ysubzo-
ne of Upper Hastarian age. The lower part of the
Doulingao Formation has yielded a Cf2 foraminife-
ral association indicative of an Ivorian age. Its up-
per part could correspond to the Cf3 subzone. The
Hastarian age of the Malanbian and Tianeping For-
mations is corroborated by ostracods, brachiopods
and corals data. The latter are also consistent with
the Ivorian age of the Doulingao Formation.

The sedimentary evolution of Upper Devonian and
Hastarian strata of Hunan and southern Belgium is
extremely similar, suggesting an eustatic controlled
sea-level history and a comparable setting. This sedi-
mentary history can be divided into six time units which
allow long distance correlations to be made and which
reinforce biostratigraphical comparisons.
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