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Megascopic Multicellular Organisms from the
1700-Million-Year-Old Tuanshanzi Formation
in the Jixian Area, North China

Zhu Shixing and Chen Huineng

Hundreds of specimens of megascopic carbonaceous fossils shaped like leaves have
been found at the ~1700-million-year-old Tuanshanzi Formation of the uppermost Pa-
leoproterozoic Changcheng Group (1600 to 1850 million years old) in the Jixian area, north
China. These leaflike fossils mostly resemble the Longfengshania; each consists of a blade
(with spoonlike, lanceolate, or ribbonlike shapes) with a single stipe, a holdfast, or both.
On the basis of their megascopic dimensions, preliminary differentiation of organs or
tissues, and possible remains of multicellular structures, they are benthic, multicellular
algal fossils similar to the longfengshanids. These fossils indicate that multicellular or-
ganisms originated at least 1700 million years ago.

The emergence of multicellular organisms
(metaphytes and metazoans) is an important
event in the evolutionary history of Precam-
brian life since the emergence of unicellular
eukaryotes. The oldest remains of multicel-
lular organisms are therefore one of the keys
to the early evolution of life on Earth. A few
megascopic carbonaceous films of Tyrasotae-
nia from the 1700-million-year-old Tuans-
hanzi Formation of the Changcheng Group
in the Jixian area, north China, have been
reported (1) but have not been widely ac-
cepted as multicellular organisms (2, 3).

In addition to a few samples of ribbonlike
and sausagelike megafossils resembling the
vendotaenids and tawuids, respectively, we
have recently found more than 300 speci-
mens of megascopic carbonaceous fossils
shaped like leaves from the locality and ho-
rizon close to that described in (I). These
leaflike megafossils have obvious character-
istics of multicellular algae. The megascopic
carbonaceous remains were found near Tu-
anshanzi Village and its adjacent area
(40°10'N, 117°27'E), about 20 km northeast
of Jixian Town (Fig. 1). The best-preserved
specimens came from the lower part (first
member) of the Tuanshanzi Formation, ~44
to 47 m above its base (Fig. 2). The Tuan-
shanzi Formation belongs to the Paleoprot-
erozoic Changcheng Group. The group in-
cludes the Changzhougou (conglomerate,
sandstone), Chuanlinggou (silty and illitic
shale), Tuanshanzi (muddy and silty dolomi-
crite), and Dahongyu (sandstone, volcanic
rocks, cherty dolomicrite) formations in as-
cending order, and has a total thickness of
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Fig. 1. Location map and geological map of the
Jixian area (1, Quaternary; 2, Cambrian; 3,
Changlongshan-dJing’eryu Formation; 4, Xiamal-
ing Formation; 5, Tieling Formation; 6, Hong-
shuizhuang Formation; 7, Wumishan Formation;
8, Yangzhuang Formation; 9, Gaoyuzhuang For-
mation; 10, Dahongyu Formation; 11, Tuanshanzi
Formation; 12, Chuanlinggou Formation; 13,
Changzhougou Formation; 14, Archean; 15, Me-
sozoic granite; 16, fault; 17, town, village, and
new fossil occurrences; and 18, Great Wall).
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2629 m. These rocks were deposited from
~1850 to 1600 million years ago (Ma) (4).
The type section of this group is at Tuan-
shanzi Village and surroundings.

The Tuanshanzi Formation is mainly com-
posed of muddy and silty dolomicrite with a
total thickness of 518 m (5). The lower mem-
ber of this formation is rich in muddy, silty,
and carbonaceous lithologies, and has pyrite
impregnations and black carbonaceous films
on the bedding planes. In the upper member,
the content of clastics increases markedly up-
ward and dolomitic sandstone, sandy dolos-
tone, thin-bedded sandstone, and small stro-
matolite bioherms are common. The lower
member of the Tuanshanzi Formation is char-
acterized by even bedding with local slumps.
In the upper member, flute casts, furrow casts,
ripple marks, mud cracks, and salt pseudo-
morphs are common. The Tuanshanzi Forma-
tion represents an upward shallowing se-
quence; its lower part was mainly formed in a
relatively quiet, weakly reducing, subtidal en-
vironment (lagoonal facies), whereas its upper
part formed in an unstable environment from
the intertidal zone to the supratidal zone.

A whole-rock U-Pb isochron age of
~1776 Ma was obtained on a dolostone
from the upper part of this formation in the
Jixian area (6). More recently, a U-Pb iso-
chron age of 1683 * 67 Ma was obtained
on a single zircon from volcanic rocks

Dahongyu
Formation

Upper member

Tuanshanzi Formation

Lower member

Chuan-
linggou
Formation

Fig. 2. Generalized lithostratigraphic column of
the Tuanshanzi Formation in the Jixian area (1,
sandstone; 2, argillaceous siltstone; 3, silty shale;
4, dolostone; 5, muddy dolostone; 6, silty dolo-
stone; 7, stromatolites; 8, volcanic rocks; 9, fos-
siliferous horizon).

(lava) of the middle part of this formation
in an area closely adjacent to Jixian (7). In
addition, a U-Pb isochron age of 1625.3 *
6.2 Ma was obtained on a single zircon from
volcanic rocks (lava) of the overlying Da-
hongyu Formation in the Jixian area (8).
The age of the lower part of the Tuanshanzi
Formation, therefore, is ~1700 Ma.

The leaflike megafossils from the Tuan-
shanzi Formation all were found in dark gray
to black muddy dolostones of the lower part of
the formation and are distributed as black
carbonaceous films (or, in some cases, brown
casting molds), dispersed or in clusters on the
bedding planes. They are abundant and most
of them are well preserved. The carbonaceous
films constituting megafossils are shaped like
unbranched leaves or typical thallophytes;
each typically consists of a sheetlike blade
that has a single ribbonlike stipe, a rhizoidal
holdfast consisting of many hairlike haptera,
or both. The blades of the leaves have differ-
ent shapes and sizes, although each kind of
blade is roughly uniform. The spoonlike (type
1), lanceolate (type 2), and ribbonlike (type
3) shapes are most common (Fig. 3). The
carbonaceous blades have different dimen-
sions; most are 0.5 to 3.5 mm in width and 5
to 10 mm in length, whereas a few of the
larger blades are >10 mm wide and some tens
of millimeters long (Table 1). In addition,
some smaller blades have also been seen in
the fossiliferous horizons; the width of these
smaller blades is 0.05 to 0.3 mm.

Although the interior and fine detailed

structure have not been preserved in most
of the carbonaceous leaves, some specimens
show fine longitudinal striations on their
surfaces as well as palisadelike structures.
The palisadelike structures occur at the
margins of specimens and may be paraphy-
ses or sporangia (Fig. 4, A through C). In
addition, some remains of interior multicel-
lular structure, such as a mucilage canal and
the multicellular structure surrounding it
(Fig. 4, D and E) and other degraded mul-
ticellular structure (Fig. 4F), can be found
in a few portions of specimens by scanning
electron microscopy.

On the basis of these characteristics, we
can draw the following conclusions about the
biological affinity of the Tuanshanzi leaflike
carbonaceous films. Although the carbona-
ceous films have different shapes, each of
them can be found repeatedly, and collective-
ly they show obvious stability in morphology.
In addition, the spectral analysis shows that
some large organic molecules (aggregated by
aromatic hydrocarbon, ester, CH,, or CH,
groups) are present. Therefore, the films con-
stitute fossils of old organisms and are not
general carbonaceous fragments. Because
these fossils are shaped like leaves and exhibit
structural features of leaves, they are compres-
sions of primitive plants and not primitive
animals. The fossils not only have megascopic
size and show preliminary differentiation of
organs (into a blade and a single stipe or a
holdfast), but also show some evidence of
multicellular structures, including possible

Fig. 3. Leaflike megafossils from the Tuanshanzi Formation of the Paleoproterozoic Changcheng Group
(b, blade; s, stipe; and h, holdfast). (A through D) Spoonlike type (type 1); (E through G) lanceolate type
(type 2); (H through J) ribbonlike type (type 3). Scale bars, 1 mm.
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sporangia. Thus, these fossils can be excluded
from the prokaryotes and their aggregates (2)
as well as from the protists generally, and they
should possess the affinity of benthic, multi-
cellular organisms, that is, metaphytes.
Except for the spoonlike type, the blades
of most of the fossil leaves vary between
lanceolate and ribbonlike in morphology
and resemble a large category of longfeng-
shanid remains represented by Longfengsha-
nia (2, 9). With respect to modern multi-
cellular lower plants, the fossils are most
similar to (but smaller than) the Laminari-
ales, especially the Laminariaceae of brown
algae (Phaeophycophyte), whose sporo-
phytes not only have typical multicellular
structures (with mucilage canals, hyphae
filamentous structure, and a palisadelike
structure consisting of unilocular sporangi-
um and paraphyses) but are usually differ-
entiated into a cylindrical stalk or stipe and
one or many lanceolate to ribbonlike blades
or laminae (10). Thus, the most leaflike
fossils from the Tuanshanzi Formation are
possibly fossils of brown algae closely relat-
ed to the order Laminariales. The relation
of the spoonlike fossils to modern algae is
not yet clear. Although they resemble cer-
tain green algae such as Ulvaria in outline,
they more likely are related to the brown
algae (Scytosiphonales) on the basis of their

Fig. 4. Microscopic structures of the Tuanshanzi megafossils (sp, sporangium
or paraphysis). (A) Fine longitudinal striations on the surface of a specimen; (B
and C) palisadelike structures at the margin of specimens; (D) protuberance of
mucilage canal toward surfaces; (E) mucilage canal and multicellular structure
surrounding it (surface view); and (F) degraded multicellular structure on a frag-
ment of blade. Scale bars: 0.5 mm (A through C), 5 pm (D), and 20 pm (E and F).

palisadelike structure composed of sporan-
gium and multicellular (?) filaments at the
margins of the specimen (Fig. 4C).

These fossils are preliminarily defined as
benthic, eukaryotic, multicellular metaphytes,
possibly dominated by ancient brown algae.
The oldest reported megascopic carbonaceous
fossil, Grypania spiralis (Walter), was a cork-
screw-shaped, spaghettilike organism from the
2100-million-year-old Negaunee Iron Forma-
tion, Michigan (11); however, although a eu-
karyote interpretation of Grypania seems most
likely, a prokaryotic origin cannot be exclud-
ed (12). Most Precambrian carbonaceous
megafossils are not confidently interpreted as
multicellular algae, except for the longfengs-
hanid films (2, 9) and a number of branched
fossils recently reported from the Upper Sin-
ian (Vendian) of China (13). Because the
longfengshanids and some other carbonaceous
multicellular organisms (for example, Tawuia)
are known from the Neoproterozoic, it has
been assumed that the multicellular organisms
appeared at ~900 to 1000 Ma (12).

The Tuanshanzi fossils we have de-
scribed imply that megascopic multicellular
organisms originated at 1700 Ma or earlier.
These new data have implications for the
understanding of the evolution and other
related aspects of Precambrian life. For ex-
ample, now that the abundance of mega-

Table 1. Characteristics of most leaflike megafossils from the Tuanshanzi Formation.

Blades
Type Stipes Holdfasts
. Length/
Form Width (mm) Length (mm) width
1 Spoonlike or 04to4 5to0 34 6to08 Obscure Discal?
tadpolelike
2 Lanceolate 1.2t010 6to 30 3t04.3 Ribbonlike Rhizoidal
3 Elongated 13t026 61to 20 9to 10 Obscure Rhizoidal
lanceolate to
ribbonlike
622 SCIENCE ¢ VOL. 270 e« 27 OCTOBER 1995

scopic metaphytes in the Tuanshanzi For-
mation is known, the more primitive mul-
ticellular and unicellular eukaryotes and
even the metazoans may have begun to
appear on Earth much earlier than most
researchers have estimated (14). In addi-
tion, theories of the evolution of the Pre-
cambrian atmosphere, hydrosphere, and
other sedimentary environments that relate
to the evolution of Precambrian life must be
reexamined in light of the new data.
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