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Abstract: Radiolarian skeletons are known from a limestone concretion collected from a black
shale succession and from black cherts of the Yangtze Platform, China. Both occurrences are
of earliest Cambrian age. The findings, reported in this paper, represent the oldest known fossil
Radiolaria. Their spherical skeletons display a morphology typical of spherical radiolarians
from Ordovician and younger faunas. This occurrence of radiolarians with radial symmetry
and, most probably, a planktonic lifestyle can now be traced back into the earliest Cambrian.
Thus, radiolarians have been part of the early oceanic plankton and likely played a significant
role in the silica cycle of the oceans along with siliceous sponges.

Apart from their natural beauty, radiolarians are an
important constituent of today’s oceanic plankton
and one of the major groups of organisms utilizing
opaline silica to form their skeletons (Anderson
1983). They significantly influence the oceanic
silica cycle, and their skeletons contributed to
oceanic sediments and siliceous sedimentary rocks
since, at least, the Ordovician (Grunau 1965;
Danelian 1999). The last decades have seen a
significant increase in the practical value of
radiolarians for biostratigraphy and palaeoceano-
graphy for all periods from the Cambrian onwards
(Vishnevskaya er al. 2000; De Wever et al. 2001).

Although it has frequently been postulated
that radiolarians are a very old group of protists
(Campbell 1954), extending back into the Precam-
brian, very little is known about their origin and
early history during Precambrian and Cambrian
times. Finds of skeletons in rocks of ‘Precambrian’
age have been reported (Cayeux 1894; David et al.
1896), but have either been disputed or revised in
terms of age or are not fully accepted as radiolarian
remains because of poor preservation (Deflandre
1949). From the biological side, and based mostly
on softpart characteristics and cytology, several
contradictory statements as to the origin and ances-
try of the radiolarians have been made (Chatton
1934; Dogel 1950; Hollande et al. 1970; Strelkov
et al. 1974; Petrushevskaya 1977). In addition,
molecular data are currently being obtained specifi-
cally for radiolarian groups (Amaral-Zettler et al.
1997). Considerations on the timing of eukaryote
groups based on molecular data point to an origin

of the Radiolaria approximately 1 billion years
ago (Knoll 1992; Blair Hedges et al. 2001); these
data are currently not supported by fossil evidence.
The fossil record of well-preserved radiolarian
skeletons goes back reliably only to the Middle
Cambrian (Won et al. 1999). A report of Early
Cambrian radiolarians from the Altai-Sayan
region (Nazarov 1973) was based on spherical
bodies in thin section, the radiolarian nature of
which remains disputable. Late Cambrian and
Early Ordovician faunas have been described by
Kozur et al. (1996) and Dong et al. (1997).

The well-preserved skeletons from the earliest
Cambrian of China described herein, therefore,
are of importance both with respect to existing
data on early radiolarian evolution, and with
regard to the more general discussion on the
development of faunal communities around the
Precambrian—Cambrian boundary.

Localities

Hetang Formation, Xintangwu, Jianshan
County, W. Zhejiang Province

A few radiolarian skeletons have been recovered
from large carbonate concretions occurring within
a black shale succession (the ‘Hetang” Formation;
see Zhu et al. 2000; cf. Fig. 1b). Spicules of siliceous
sponges, small shelly fossils (SSF) and indetermi-
nate bivalved arthropod shields have been found in
the residues associated with radiolarian fragments
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Fig. 1. Sample location areas on the Yangtze Plate, China and stratigraphic columns. Arrows point to radiolarian-
bearing horizons. (a) Stratigraphic column of the Kuanchuanpu Formation at Shizonggou, near Kuanchuanpu,
Ninggian County (Shaanxi Province). (b) Stratigraphic column of the Hetang Formation at Xintangwu, Jianshan
County, W. Zhejiang Province.
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Fig. 2. Microfossils from the radiolarian-bearing residue of the Xintangwu carbonate concretion. (a) undetermined
bivalved arthropod shield. (b) Protohertzina sp. (c, d, e) Spicules of siliceous sponges, with open (d) and
diagenetically filled (e) central canal. Lower Cambrian, Meishucunian Stage, Anabarites-Protohertzina zone,
Xintangwu, western Zhejiang, China. Length of the scale bars: 100 wm.

Fig. 3. Spherical radiolarian skeleton possessing a
lattice sphere and spines of different orders of
magnitude. Lower Cambrian, Meishucunian Stage,
Anabarites-Protohertzina zone, Xintangwu, western
Zhejiang, China. Length of the scale bar: 100 pm.

(cf. Fig. 2a—e). Compared to the sponge spicules,
radiolarians are very rare.

The age of the occurrence is provided by
the small shelly fossils Anabarites trisulcatus and
Protohertzina  sp. (=Anabarites-Protohertzina
Zone, Meishucunian stage; earliest Cambrian, cf.
Zhu et al. 2000). The lithological association in
the area is interpreted as basinal and oceanic.
However, compared to the widespread, completely
carbonate-free shales of the Hetang Formation, the
rock sequence at Xintangwu appears to have been
deposited in a shallower environment, probably in
a slope or marginal platform setting. This is evi-
denced by the immediately-underlying stromatolitic
succession and the higher carbonate content
in concretions and layers of the Hetang Formation
itself. Besides dark, bituminous carbonates, the
black shales at Xintangwu contain small
amounts of black cherts and phosphatic
concretions. Cherts, as well as phosphatic concre-
tions, have been sampled for radiolarians but, as
yet, without success.
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Fig. 4. Siliceous microfossils from HF acid residues of black cherts, locality Ninqiang, S. Shaanxi,
Kuanchuanpu Formation. (a, b, ¢, d) Spherical radiolarian skeletons with lattice spheres (b, ¢, d) and short,
triangular spines (a). Residue and matrix of the rock is strongly dominated by monaxon sponge spicules (g, h),
along with silica spherules, probably representing radiolarian Steinkerns (e, f).
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Kuanchuanpu Formation, Ninggian,
S. Shaanxi Province

Radiolarian skeletons have been recovered from a
sequence of black cherts underlying phosphatic car-
bonate beds, the latter containing Olivooides and
the embryonic series described by Zhao & Bengtson
(1999). The area is situated near the northern rim of
the Yangtze Platform (cf. Fig. 1a). Its lithologies are
generally interpreted as being of shallow shelf
origin. However, the lithologies at Ningqian lack
any sediments and structures indicative of such
shallow water origin. Black cherts and phosphatic
limestones, lacking autochthonous fauna, seem to
indicate a deeper water setting, at least at this
locality. Details of lithology and the bathymetry
of Ninggian are currently being investigated by
the authors. The chert samples did not yet yield
any microfossils other than sponge spicules and
radiolarians. As the first Early Cambrian small
shelly fossils (Anabarites trisulcatus and Protohert-
zina) occur in the lowermost bed of phosphatic
carbonate above the sample horizon (see profile in
Zhao & Bengtson 1999), it cannot be stated with
certainty whether the radiolarians are of latest
Precambrian or earliest Cambrian age.

Material and methods

Xintangwu concretion

Besides several lattice fragments, one well pre-
served and fairly complete specimen has been
found in a sample of 1 kg of carbonate rock after
digestion in 10% acetic acid (cf. Fig. 3). Preser-
vation of radiolarians in calcareous concretions
within clay-dominated sediments has been repeat-
edly recovered from sedimentary successions of
different ages (Blome & Albert 1985). Early car-
bonate precipitation protected the radiolarian skel-
etons from early diagenetic dissolution, which is
otherwise common in clay-rich sediments (Riedel
1959). Co-existence of radiolarians and sponge spi-
cules has been observed in many other radiolarian
occurrences, and the preservation of radiolarians
has been attributed to the presence of sponge spi-
cules (Fortey & Holdsworth 1972).

Because of the significance of the finds, special
attention has been paid to the question of whether
or not the skeleton fragments are original to the
rocks dissolved. The following observations
suggest that the resulting fossils are original:

(1) the sorted material contains not only a fairly
complete skeleton, but also several fragments
of lattice spheres;

(2) the external appearance and crystallinity of
the siliceous remnants of the limestone
sample is the same between sponge spicules
and radiolarians;

(3) the lithology and fossil content of the sample
(bituminous carbonate concretion in a black
shale containing abundant siliceous sponge
spicules) is exactly the kind of lithological
and diagenetic facies commonly containing
radiolarians from other periods, especially in
the Palaeozoic (e.g. Holdsworth 1966).

The material was processed and the residue sieved
and picked by an experienced laboratory technician
in clean and new sieves, which had not been used in
any kind of radiolarian preparation before.

Ninggian chert

Four lattice spheres (cf. Fig. 4a—d) that were pre-
served well-enough to permit further investigations
have been found in addition to monaxon siliceous
sponge spicules (cf. Fig. 4g, h) and spherical
bodies, most probably representing siliceous Stein-
kerns of Radiolaria (cf. Fig. 4e—f). Pieces of the
black chert have been etched with diluted (10%)
HF acid, as described for younger radiolarian-
bearing rocks by Pessagno and Newport (1972) and
Braun (1990). Abundance of siliceous microfossils
(predominantly sponge spicules) and the regular,
dm-scale bedding suggests that the cherts are biosi-
liceous sediments, much like the bedded radiolarian
cherts of the Palaeozoic age.

Morphological characteristics of
the Radiolaria

The skeletons from the two localities are very
similar to each other in external aspect. They
possess a lattice sphere with a diameter of slightly
more than 150 wm. The Xingtangwu specimen dis-
plays two sets of spines, the larger seemingly
bladed, the smaller needle-like. Only one specimen
from the Ningqgiang cherts has fragmentary, small
spines of equal size left on the surface of the
lattice sphere. The lattice pores are similar in size
and rounded polygonal in outline. We found no
internal structures, such as an internal spicule or
additional internal spheres in our material, but this
may well be attributed to the diagenetic silica
filling and does not suggest original absence of
internal structures. We have avoided treating the
specimens systematically, because the few speci-
mens found are too incompletely preserved for
closer systematic assignment. A systematic study
must await additional material.

Discussion

Spherical shape and the regular, two-dimensional
lattice of our radiolarian skeletons are unlike the
irregular spongy framework, present in well-
preserved radiolarian faunas from the Middle and
Late Cambrian of Australia and China, which have
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been found in carbonate lithologies of shallower
water environments. (Dong et al. 1997; Won et al.
1999). They show neither a needle-like morphology
nor a spicular construction mode postulated to be
characteristic for ancestral radiolarians (Archaeospi-
cularia, cf. Petrushevskaya 1977; Dumitrica et al.
2000). In addition, there is no sign of polarity.
Polarity in the architecture of many Palaeozoic radi-
olarians has been interpreted as a morphological
expression of a sessile life habit before a benthos-
plankton transition. All such presumed or predicted
ancestral characteristics are completely missing in
the Early Cambrian skeletons described here.
Instead, the overall morphology is decidedly more
similar to that of younger Palaeozoic radiolarians
from the Ordovician (Dunham et al. 1976) or
younger faunas dominated by spherical entactinids,
which commonly occur in a similar kind of
oceanic sedimentary environment (black shales
with carbonate and/or phosphatic concretions).
Our finds indicate that by the Early Cambrian,
radiolarians living in an oceanic setting had already
developed advanced skeletal architecture with
several sets of spines, a lattice sphere and radial sym-
metry. Lattice sphere, spines and radial symmetry
are adaptations to a planktonic mode of life in radi-
olarians and so even this early, radiolarians seem to
have been adapted morphologically to a planktonic
mode of life in the oceans. Our finds support the
idea that spherical radiolarians are a very ancient
morphology among radiolarians (Kling 1978).

Early development and composition of
plankton communities

Radiolarians are now known to be constituents
of zooplankton communities and as part of the
oceanic food chain in the earliest Cambrian. The
composition and biodiversity of oceanic plankton,
at the time of the Early Cambrian ‘bioradiation’
(Butterfield 1997), is usually considered to be domi-
nated by acritarchs (Vidal et al. 1983). To that
group we can now add the radiolarians. The occur-
rence of radiolarians in rocks of black shale and
black bedded chert lithologies as early as earliest
Cambrian corresponds well with the connection of
radiolarian occurrences and anoxic to dysoxic
oceanographic conditions (‘events’) observed
during later time periods (Thurow 1988; Erbacher
& Thurow 1997). At Xintangwu, anoxic/dysoxic
conditions followed blooms of phytoplankton, as
indicated by the carbonaceous and highly bitumi-
nous black shale lithology and by biodiverse phyto-
plankton discovered in thin sections of phosphorite
concretions and cherts (Braun et al. 2003). The
hypothesis of an origin of a planktic mode of life
as a kind of ‘evasive action’ during times of poor

bottom oxygenation during such anoxic events
(Tappan & Loeblich 1973; Leckie 1989) gains
further support from this ancient co-occurrence.

Geological implications

Of the siliceous planktonic organisms known to play
an important role in the silica cycle of the oceans, at
least since the Cretaceous (Heath 1974), radiolarians
are currently the only major group recognized from
fossils at the beginning of the Cambrian. Based on
the rare skeleton findings reported herein, however,
nothing can be said about how important their role
was in biomass and silica cycling. However, our
findings do indicate, that by the Early Cambrian silic-
eous zooplankton were contributing to the oceanic
silica balance in addition to the siliceous sponges
(Bengtson 1986). The latter are common and some-
times present in rock forming amounts within chert
sequences spanning the Precambrian/Cambrian
boundary (Braun et al. 2004). Should the Neoproter-
ozoic series of siliceous shales and bedded cherts,
underlying the Cambrian in many places of the
Yangtze Platform, turn out to be radiolarian-rich
sedimentary rocks (in the field, they are indistin-
guishable from bedded radiolarian cherts) this
would introduce significant constraints for the
palaeogeochemistry of the oceans. We did not find
traces of radiolarian skeletons during our processing
in a first test series of these siliceous rocks, but this
could be due to the strong recrystallization of the
chert matrix in the area sampled (southern Shaanxi
Province). Exploration for more evidence of Radio-
laria and biosiliceous sedimentation will be con-
ducted in the basinal facies of the Neoproterozoic
of the Yangtze Platform.

We thank the reviewers K. Gray and P. Parkhaev.
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