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PRELIMINARY NOTE ON PRESENCE OF EARLY CARBONIFEROUS
FLORULE FROM JILIN

Zhang Shan-zhen®,

Sun Ge*

and Zhao Yan-hua**

Summary

The purpose of the present paper is to record
the discovery of Early Carboniferous plants of An-
gara floral aspects from Jilin province, with spe-
cial reference to its geological and phytogeographi-
cal bearings. The material was gathered by the
geologists of the Regional Geological Survey, Bure-
au of Geology and Mineral Gesources, Jilin from
the Lower Carboniferous Lujuantun Formation in
Panshi District, Jilin Province (about 43°14'N Lat.
and 125°31’E Long.) (Text fig. 1) during geological
mapping. The Lujuantun Formation, a set of dark
gray to black, slightly metamorphic siltstone series
some 500 m in thickness, is overlain by the Upper
Here pub-
lished is the stratigraphical sequence of a section

Carboniferous Mopanshan Formation.

of the Lujuantun Formation in descending order
for reference.

Overlying Mopanshan Formation (C:m)
?

Lujuantun Formation

20. Blackish gray siltstone intercalated with
lenses of limestone yielding Dibunophyllum bipar-
titum (M’Coy), Orionastraea sp. indet., Lonsdaleia
manchuriensis (Minato et Kato), Lithostrotion as-
iatica v. minor (Minato), Gengamophyllum reti-
formis Lin et Fan, Palacosmilia sp., and Arachno-

lasma sp. 2049 m
19. Dark gray limestone, yielding crinoid
stems. 199 m
18. Yellowish green sandstone, yielding frag-
ments of plant-fossils. 9.5m

17. Dark gray limestone, yielding fragments
of fossil corals. 93m
4.6 m
15. Dark gray limestone, yielding fossil bra-

16. Yellowish green sandstone.

chiopods. 6.6 m
. 14. Dark gray siltstone and carbonaceous sil-
tstone, yielding plenty of the fossils plants Meso-
calamites jilinensis sp. nov., Angaridium panshi-
ense sp. nov., ? Aneimites sp. Neuropteris sp. aff. N.
psendogigantea Pot. N. sp., and Carpolithus sp.
132m

13. Greyish black siltstone, yielding Produ-
ctus sp., Striatifera? sp., Athyris sp., Punctospirifer
subtexta (White), Echinoconchus sp., E.
(M’Coy); Aviculopecten sp., Nuculosis? sp., and
Crenipecten? sp. 143m
12. Dark grey limestone, with cherty nodules,
yielding Dibunophyllum turbinaium M’Coy, Aspi-
dophyllum sp., Lonsdaleia manchuriensis (Minato

elegans

et Kato). Aracknolasma sp., Gangamophyllum re-
tiformis Lin et Fan, G. boreale Gorsky, G. divisum
Sayut., Gigantoproductus sp., G. cf. giganteiformis
(Liss.), G. cf. latissimmina sp.; Ozawainella sp.,
2. 6m

11.  Greyish black siltstone, yielding Puncro-
spirifer cf. subtexta (White), Echinoconchus sp.,
and E. elegans (M’Coy). 36.8 m

10. Dark grey limestone, yielding Puncto-
spirifer sp. 32m

9. Greyish black siltstone. 9.3m

8. Yellowish green sandstone, yielding Pun-
ctospirifer sp., and Echinoconchus elegans (M’-
Coy). 215 m

Tetrotaxis sp., and Climacammina sp.

* Nanjing lnstitute of Geology and Palaeontology, Aca-
demia Sinica;
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7. Yellowish green siltstone, yielding Produ-
ctus concinnus Sow., Spiriferllina sp., S. cf. cristo-

ta, Punctospirifer sp., and Productus sp. 29.6 m
6. Greyish green siltstone, yielding fragments
of bryozoans. 13.6 m

5. Greyish green siltstone, yielding Productus
concinnus Sow., P. jichangensis Lee et Gu, P. dug-
nensis Sar., P. sp., Athyris sp., Dictyoclostus sp.,

and Composita? sp. 7.3m
4, Yellowish green siltstone with limestone
lenses yielding crinoid stems. 1.7m
3. Greyish black siltstone, yielding Neurop-
teris sp. indet. 05m

2. Yellowish green sandstone, yielding Rhom-

botrypella sp. 0.4m
1. Greyish feldspathic-silicarenite. 27m
Still lower part unexposed due to the covering

of Quaternary deposits. .

The section described above are worked out
from the north limb of the Bingjiaoshan syncline.
In the south limb of the syncline, fossils have been
collected from intercalations of limestone lenses in
grey siltstone, which may be correlated with bed
12 in the south limb, including Yuanophyllum sp.,
Dibunophyllum wurbinatum M’Coy, Gangamophyl-
lum boreale Gorsky, Lithosirotion asiaticum -Yab.
et Hag., and Gigantoproductus sp. In addition,
another section has been studied in the Shaoguobei
mountains where the Lujuantun Formation is dire-
ctly overlain by the Mopanshan Formation discon-
formably.

The Lujuantun Formation is composed of a set
of fossiliferous beds with plenty of brachipods,
pelecypods and plant fossils in the sandstones, cor-
als and brachiopods in the limestones. The rock
sequence is fairly well exposed and the plant-bear-
ing beds are intercalated in the late Early Carboni-
ferous invertebrate-bearing beds; this enables the
study of its geological age and also provides us
with a palaeozoological evidence. It should be not-
iced that though the small florule described here
is rather meagre as yet, it is recorded for the first
time with relevant description and discussion on
the florule elements, and it is of considerable in-
terest in palaeophytogeography.

SYSTEMATIC DESCRIPTION
Mesocalamites jilinensis sp. nov.
(PL 1, figs. 1—4)

Pith-cast 1—1.8 cm in breadth, and internode
1.5—2 c¢m in length; ribs less than 1 mm in breadth,
running straightly through the node or alternately
arranged, with pointed ends; infranodal scar el-
liptical, 1 mm long and 0.5 mm broad; nodal line
not straight.

Fragments of pith-cast belonging to this species

"are found in the collection. Judged from the alter-

nation and non-alternation of the ribs in the node,
the present form is ascribed to the genus Mesocala-
mites, and may be compared with the species des-
cribed from the Namurian of Europe, which has
been thoroughly studied by Dr. Josten (1983) re-
cently. Mesocalamites cistiformis Stur recalls the
present material in its narrow (only 1 mm broad)
ribs, pointed ends, small and elliptical infra nodal
scars, but differs in the straight nodal line. Meso-
calamites ramifer Stur is also characterized by its
partially straight and partially geniculate nodal
line, but with broader ribs which normally attain
a breadth of 1—2mm (Josten, 1983, p. 29), In
addition to these differences, both European spe-
cies of Namurian also may be distinguished from
the present one by their longer internedes.

In Siberia, the genus also has been recorded
from the Evseev to Mazurov Horizons of late -Early
Carboniferous to early Late Carboniferous of the
Kuznetsk basin, the Ostrog Horizon of Early Car-
boniferous of the Gorlovsk basin, the Conglomierate
Suite to the Poberezhn Suite of Early Carbonifero-
us to Late Carboniferous of the Minusinsk basin
and from the Tusham Horizon of early Late Car-
boniferous of the Tunguska basin (Golerova, 1978,
p. 58, fig. 4; pl. 3, fig. 8; pl. 5, fig. 7). The An-
gara species which has been proposed by Radczen-
ko as Mesocalamires mrassiensis Radcz. may be dis-
tinguished from the present form by its broader ribs
‘marked with double lines, straight nodal line and
longer internodes.

From Kuznetsk basin, another calamitean spe-
cies instituted by Radczenko as Paracalamites mras-
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siensis Radcz. (cf. Radczenko, 1957, pl. 1, figs. 1—
2) is interesting, with narrow ribs and short inter-
nodes. In these respects, it may be compared with
the present species, but as an element of the genus
Paracalamites, its 1ibs are however alternating in

the node.
Angaridium panshiense sp. nov.

(PL 1, figs. 5—11, 12b)

Frond in simple (?) pinnae, elliptical—oblan-
ceolate, generally attaining a length of more than
7 ¢m, and a breadth of 2.5—3 cm, with the broadest
part above the middle of pinna, tapering gradually
toward the base; rachis rather stout, about 2—3 mm
broad; pinnules alternate or sub-alternate, arising
at an angle of 30°—45° from the rachis, crowded
or overlapping, oblong-rhombic, about 1.8 cm long
and 0.4 cm broad, contracted strongly and assum-
ing a short petiole at the base, cleft deeply into
narrow segments; venation pinnate, with each seg-
ment receiving a lateral branch.

At a first glance, the present species seems to
bear a certain resemblance to Rhkacopreris busseana
Stur (Hirmer, 1940, p. 56, pls. 12, 13) of the West-
phalian C of the Ruhr basin, Lower Silesia and
Canada in their general appearance, i.e. pinnatifid
disposition, narrow and elongate pinnules with the-
ir strongly contracted bases and linear segments,
but the former is distinguished by its small size of
the pinnules which are only one half as large as
that of the latter and its segments which are less
confluent in their bases. In this connection, it sho-
uld be pointed out that in the Euramerian flora
other species of the genus Rhacopreris, e.g. Rhacop-
teris asplenites (Gutb.) Gothan, Rhacopreris eleg-
ans (Ettingsh.) Schimper are all characterized by
their large size and more prominently confluent
segments, in which they are quite different from the
present form, and that their resemblance is thus
only superficial

The present species is allied to the Angaridium
of Siberia. Among this genus, Angaridium poraninii
(Schmalh.) Zal. (Neuburg, 1948, p.. 170, pl. 39,
fig. 8; pl. 40, figs. 1—5) is the closest in the fine
segments, but its segments are deeply cut, sometimes,
€.g. as figured by Neuburg (1948) in her pl. 40,

fig. 1, probably even up to the base or to the mid-
rib of the pinnules, rendering the specimen a bipin-
nate-like appearance. Others are, however, less clef-
ted, such as Angaridium ignotum Neuburg (1948,
p. 177, pl. 40, fig. 7), A. mongolicum (Zal.) Zal.
et Tchirk. (Neuburg, 1948, pl. 40, fig. 6; textfig.
20), A. submongolicum Neuburg (1948, p. 172, pl.
40, figs. 3, 4; pl. 41, figs. 1—6; textfigs. 7—11).
Furthermore, their pinnules are broader and dista-
nt. In these respects there seemsto be no question
of specific identify between them.

More or less comparable forms have been des-
cribed by Bohlin from Yierhhung, Kansu as A.
kansuense Bohlin (1971, p. 797, pl. 19, figs. 7a-c,
246) and A. laceratum Bohlin (1971, p. 97, pl. 20,
figs. 1, 247), but the pinnules of both species are
all shorter and cleft into segments less pronounced
and only low-cut as compared with the present ma-
terial.

?Aneimites sp.

(PL 1, fig. 13)

Only one fragment has been tentatively deter-
mined under this designation, representing part of
an ultimate pinna lanceolate in shape, 1.2 cm in bre-
adth and at least 6.5 cm in length, with the distal
part remaining unknown, owing to unsatisfactory
preservation. Pinnules are alternate, just touching,
arising 3t a narrow angle, deltoid-obovate, con-
stracted below but attached to a rather broad por-
tion of the base, decurrent, broadly rounded at the
apex. Several veins entering into each pinnule,
repeatedly bifurcating into dense, straight and ra-
diating branches.

The present specimen is still too fragmentary
to display the exact nature of the frond. It may
be compared with some ultimate pinnae and their
pinnules of Sphenopreridium,; however, before the
frond architecture is clearly known, any compari-
son is a matter of speculation. It also can be more
or less compared with Aneimites lopatinii (Schma-
1h.) Zal. as figured by Gorelova (1978, pl. 11, figs.
2—4) from the Late Carboniferous Alkaevsky as-
semblage of the Angara flora, but its pinnules are
narrower than those of the latter.
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The present material is obscured by its unsa-
tisfactory preservation; however, may it be compa-
red with either of the above mentioned genera.
Therefore, it is tentatively ascribed with a query
under the genus Aneimites, following the course of
Zalessky and Gorelova.

Neuropteris sp. aff. N. pseudogiganiea Pot.
(PL 11, figs.\ 4—14)

Here ascrib;d to the genus Neuropieris are a
number of detached pinnules, oblong to lanceola-
te in shape, more or less symmetric bilaterally to
slightly falcate, with strongly constracted base and
pinnate venation, represented by some specimens in
the present collection. It is highly possible that they
belong to the group paripinnates, because of their
association with circular pinnules with contracted
base and radiate venation, which remind us those
of the inte;calations, i.e. intercalated pinnules, on
the pinna rachis of the group.

The pinnules are ovate-oblong in shape, slig-
htly falcate, generally 2—4 cm long and 0.8—1.6
cm broad, each with a blunt apex and contracted,
oblique base. The midrib is very slender, breaking
up at about two-thirds of the distance to the apex.
The secondary veins arise almost parallel to the mi-
drib at first, very fine and dense, arching strongly
and bifurcating repeatedly, reaching the margin
with about 35 veins per cm and cutting the latter
at wide angles. In regard to the general appea-
rance of the pinnules and the pattern of venation,
the present material recalls fairly well N. pseudo-
gigantea Potonie of the Westphalian of Europe and
China, and N. sibirica Zalessky of the Late Carboni-
ferous* of Siberia. As compared with the former,
the midrib of the present material seems to be slen-~
der and shorter. In the Angara species of Neuro-
preris, N. sibirica Zal. may be the closest one al-
lied to the present material; but its pinnules are na-
rrower at the apex and its venation is less dense.

A single specimen discovered in the present
collection (pl. 1, figs. 12, 13) shows a detached pin-
nule more or less circular in shape, with a cordate
base and radiating venation. The pinnule is rather
interesting, because it reminds us of the intercalated

Were it derived from
the Eurameria flora one would recognize it without
the least hesitation. Within the Angara flora, there
is Angaropteridium proposed by Zalessky, the pin-

pinnules of Paripinnates.

nules of which may be rounded, as in Angaropre-
ridium cardioprerioides (Schmalh) Zal., and pro-
vided with a cordate base and radiating dichoto-
mous venation. They are more or less comparable
with the present specimen, but the leaf of Angaro-
preridium is considered to be deciduous (cf. Gore-
lova, 1978, p. 66). Leaves of deciduous plants are
often present in large quantities, but in the present
collection only a single pinnule has been found in
close association with scores of ordinary pinnules
of Neuropteris. It seems more probable that the
present rounded pinnule represents an intercalated
pinnule of paripinnates rather than that of the An-

garopreridium.

CONCLUSION

The present florule is now still rather meagre,
mainly consisting of fern-like foliages, with a few
articulates, The plant fossils have been identified
as follows:

Mesocalamites jilinensis sp. nov.

Angaridium panshiense sp. nov.

? Aneimites sp.

Neuropsetis sp. aff. N. pseudogigantea Pot.

Neuropreris sp. 1|

N? sp.

Carpolithus sp.

This florule affords evidences of considerable
weight in three folds. Firstly, it reveals an Angara
floral aspect although the Angara flora has been
known from the north border of China sporadical-
ly, palaeobotanical study on this flora remains un-
satisfactory known in literature, especially about
the Carboniferous flora, which is virtually undesc-
ribed. Secondly, the present flora is derived from
the north of Panshi County nearby the boundary
between the Cathaysian-land and the Angaraland.
The discovery of an Angara floral assemblage may
throw light on the palaeophytogeographical and

* j.e. Middle and Late Carboniferous as originally called.
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plate tectonic study. And lastly, inasmuch as it re-
veals an Early Carboniferous age. it has stratigra-
phical importance. The following is a conclusive
discussion on these problems.

1. Angara affinity of the florule

From the plant fossil list and descriptions gi-
ven above, it is clear that Angaridium panshiense
is most interesting among the assemblage, although
it is a new species, its resemblance to the typespe-
cies A. potaninii is striking; the genus is hitherto
confined to the Angaraland. Neuropreris, one of
the genera with a wide geographical distribution, 1s
common to the Euramerican and Cathaysian floras
One

of the distinguishing features of the neuropterids of

and is not unfamiliar in the Angara flora.

Angara flora lies in the lack of group imparipin-
nates. Both direet and indirect evidences have po-
inted to the paripinnate nature of the neuropterids
In the
present collection,scores of specimens of Neuropte-
ris have been found, all preserved as isolated, de-

hitherto discovered from the Angaraland.

tached pinnules with no pinna rachis attached. As-
sociated with them is a small, prbiculate pinnule
with radiate venation which recalls the intercalated
pinnules of some of the paripinnate Neuropreris or
Paripieris as proposed by Gothan. As a rule, the
pinnules of the group Paripteris are apt to be deta-
ched from their rachis and preserved as isolated
ones, because of their very strong contraction at the
base, reducing the attachment to a rather narrow
zone. In addition to the normal pinnules, there are
orbiculate, radiately veined pinnules intercalated on
the pinna rachis. In these respects, Neuropreris
found from Panshi in the present collection, seems
to be in favour of its assignation to the group Pa-
ripinnates and is in consistence with the Angara
flora in floral nature. The pith-cast of articulates
is here described as a new species of Mesocalamizes,
M. jilinensis. This genus is another Eurameria ge-
nus and also has been recorded from China. Ge-
nerally, articulates of the Angara flora are diffe-
rent from those of the Euramerican and Cathaysian
floras. Recently, remains of the genus Mesocalg-
mites has, however, been recorded by Radczenko in
the Kuznetsk basin and described as Mesocalamires

mrassiensis. Since then, the species has been disco-

vered from various basins of Siberia. (Gorelova,

. 1978, p. 58), and therefore, the presence of a new

species, Mesocalamites jilinensis, in the collection
is by no means unexpected. Furthermore, its gloss
morphology is different from that of the Eurameri-
can clements. The specimen here described as
? Aneimires sp. is insufficient in both preservation
and quantity, and it has been recorded only for
reference, but its superficial resemblance to Ane:-
mites lopatinii (Schmalh.) Zal. is of some interest.
For this reason, the fragment is tentatively ascribed
to the genus with a query.

From what has been stated above, the writers
are of the opinion that the florule derived from the
Lujuantun Formation of Panshi County, Jilin bears
an Angara affinity.

2. Age of the florule

A marked change in the floral composition in
Siberia that can be observed in the Angara flora
is the change which took place at the end of Early
Carboniferous, where the lepidophyte flora was re-
placed in time by cordaite flora. Generally the
Lower Carboniferous flora is characterized by its
lepidophyte composition, and the upper ones by the
cordaite flora (cf. Neuburg, 1961, p. 443). In the
present collection there are neither lepidophyte nor
cordaite remains. Therefore no clues to the geolo-
gical age of the flora have been revealed from the
dominant elements which are either lepidophytes
or cordaites. The present florule is mainly compo-
sed of fern-like foliages and of either new forms or
What is descri-

bed here as Angaridium panshiense sp. nov. is clo-

indefinitely determined elements.

sely allied to A. poraninii, the type-species of the
genus, known from the lower part of Upper Car-
boniferous in Siberia. Mesocalamites jilinensis sp.
nov. recalls M. mrassiensis, a species of late Early
Carboniferous to early Late Carboniferous in age.
The detached pinnules of neuropterids are ascribed
under the designation of Neuropreris sp. aff. N.
pseudogigantea Pot., and can be compared with N.
izylensis, N. orientalis, N. tomiensis and N. dicko-
toma. They have been described from the Upper
Carboniferous of Angaraland, possibly derived from
beds as lower as the lowest Upper Carboniferous.

Judged from the geological range of the allied
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forms, the age of the present florule may be not
older than late Early Carboniferous, nor younger
than Late Carboniferous.

From the stratigraphical point of view it is in-
teresting to note that the plant-bearing horizon
(Bed 14) is underlain and overlain by marine beds
yielding a rich fauna of Late Visean. From the
marine beds underlying the plant bed are obtained
Yuanophyllum sp., Gangamophyllum retiformis Lin
et Fan, Lonsdaleia manchuriensis (Minato et Ka-
t0), Dibunophyllum turbinatum M’Coy, Gigantopro-
ductus sp., Productus concinnus Sow., and Striati-
fera? sp. while from the beds above the plant bed
are obtained Gangamophyllum retiformis Lin et
Fan, Orionastraea sp., Lithostrotion asiatica v. mi-
nor (Min.), Dibunophyllum bipariitum (M’Coy),
Lonsdaleia manchuriensis (Min. et Kat.) and Ara-
chnalasma sp. Judged from the faunal assemblages
and stratigraphical sequence, the present florule
must be fo Late Visean in age. '

3. Significance of the study on the present
florule

1) Bearing to the palacophytogographic pro-
vinces and plate-tectonics

The discovery of an early Carboniferous flo-
rule from the Lujuantun Fm. has proved for the
first time the existence of the Angara flora in Ear-
ly Carboniferous in Northeast China, which throws
new light on the study of palaeophytogeographic
provinces at that time. h

1t was held that the differentiation of palaeo-
phytogeographic provinces commenced from the
Upper Carboniferous (Gu et Zhi, 1974, p. 178). In
his study of the Westphalian florule from South

Tian-shan, one of the present writers, Zhang poin-
ted out that the florule is represented by Neuropre-
ris cf. heterophylla and Pecopieris sp. allied to P.
plumosa Art., which showed no essential difference
from the Westphalian Euramerican flora, while in
North Xinjiang, there is the Angara flora repre-
sented by Chacassopreris consinna Radcz., etc., in
early Early Carboniferous, which belongs to a quite
different province, and that the distribution of flo-
rae must be related with tectonic movement (Zhang,
1985, p. 147). The discovery of the present Angara
florule is of considerable interest, inasmuch as it
was derived from the Panshi district and nearby an.
eastward zone of the so-called Jilin Geosyncline,
which has been. detected (Zhang et He, 1985) as the
suture of Siberia plate and Tarim-Sino-Korean pla-
te, or the boundary between Angara floral province
and Cathaysian province.

2) Bearings on the stratigraphic development
and geological history .

From the study of the present florule, it is ev-
ident that there are late Early Carboniferous terre-
strial deposits in Northeast China, which sheds light
on studies of the Carboniferous stratigraphy along

‘ the northern border of China and the Late Palaeo-

zoic geological history of NE China.

What has been revealed from the faunal com-
position, such as corals, is an environment of ra-
ther shallow and warm sea beach. In early Car-
boniferous, the present fossil locality might be in a
subtropic region, and separated from the Cathay-
sian flora, which was comparatively in the south
of the present florule, by the shallow sea, which was
not very wide at that rime.



