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The Precambrian—Cambrian
boundary and
geochemical perturbations

HsU et al' present intriguing data on
geochemical perturbations in two Lower
Cambrian sections in China. At or near
the base of the lowest trilobite-bearing for-
mations in Yunnan and the Yangtze
Gorges, they found a clay layer containing
5% more negative 8§'°C and increased
iridium, osmium, and gold contents rela-
tive to strata above and below the clay. A
more negative 8'°0 perturbation was
found a few centimetres upsection.
Figures 1, 2 and 3 in ref. 1 show that the
83C, Ir, Os, and Au anomalies occur right
at the China C marker while the text indi-
cates that the anomalies occur above the
marker. Hsii et al, using the China C
marker as the Precambrian-Cambrian
boundary  (apparently using the
palaeontological criterion of placing the
boundary at the base of the formation with
the lowestmost trilobite), concluded that
the 8"°C perturbation reflected a fertility
crisis (due to a phytoplankton mass mor-
tality or mass extinction brought about by
a catastrophic event, hence the iridium
anomaly) immediately preceeding the
Cambrian explosion of invertebrate
evolution.

Regardless of the precise position of the
geochemical changes with respect to the
China C marker, these data do not
coincide with any measurable mass extinc-
tion or phytoplankton mass mortality, and
do not precede the Cambrian explosion.
They occur during the explosion, when
Metazoa are undergoing the most mag-
nificent radiation in their history.

The China C marker in Yunnan and the
Yangtze Gorges, demarcates a lithologic
boundary and the base of the lowest for-
mation containing trilobites'!. An uncon-
formity has been reported at this boun-
dary’ although recent interpretations
favour a facies change reflecting a trans-
gression’. Below China C and the horizons
containing the geochemical anomalies,
abundant and diverse pre-trilobite faunas
are well known. In Yunnan at the
Kunyang Phosphate Mine in strata older
than the China C marker, some 74 inverte-
brate species have been noted>. There is
general consensus among researchers on
the Precambrian-Cambrian boundary,
that it be placed at the lowest known
appearance of diverse shelly fossils with
a good potential for correlation®. In China,
at Yunnan, this corresponds to the base
of unit 7 of the Zhongyicun member? (at
China B). It must be noted that even below
this datum, shelled invertebrates, albeit of
comparatively low diversity, are found®.
Similar faunal sequences and relation-
ships are known from the Soviet Union,
Mongolia, Mexico, Newfoundland,
Spain, England, and elsewhere®. These
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pre-trilobite biotas, composed of milli-
metre-sized calcium carbonate and phos-
phatic shells (small shelly fossils), are so
distinctive and widespread that the term
Tommotian Stage is being used to encom-
pass the strata containing them®. Phyto-
plankton represented by acritarchs, do not
appear to suffer any mass mortality or
extinction at or near the China C horizon;
indeed, they underwent a radiation that
parallels the animals’.

It is probable that the geochemical per-
turbations have nothing whatsoever to do
with the first trilobites as suggested by Hsii
et al. Trilobites, probably older than those
known from Yunnan® are found in
Morocco, with Hupetina occurring below
Lamdelella and Fallotaspis®. Unfortu-
nately, the interregional correlation of
earliest Cambrian trilobites is imprecise
and does not agree with schemes based
on archaeocyathids. Trace fossils like
Rusophycus and Cruziana, attibutable to
trilobites but more conservatively inter-
preted as having been produced by
arthropods with sclerotized legs that
behaved like trilobites, are known from
strata older than China C>°, It is
unnecessary to invoke the geochemical
perturbations as an external, environ-
mental stimulus for the early evolution of
shelled animals. Evolutionary theory is
consistent with the occurrence of a broad
diversification in a world of unfilled or
partially filled niches.

An iridium spike has also been reported
from the USSR’s stratotype for the Pre-
cambrian-Cambrian boundary. The base
of bed 8 {(Pestrotsvet Formation) at Ulak-
han-Sulugur, Siberia, contains a 6-fold
iridium enrichment, but no anomalous
trace element shifts (Os and Au not repor-
ted)!. No "0 and 6'30 data were noted.
The base of bed 8, which rests with slight
erosional unconformity on bed 7, is
roughly correlated on palaeontological
grounds with unit 7 of the Zhongyicun®!
or China B. However, iridium analyses of
the same bed 8 samples by Orth et al'?
(and C. J. Orth, personal communication)
failed to detect iridium enrichment.

Some entirely different conclusions can
be drawn from Hsii et al. (1) iridium spikes
are more common in the geological record
than previously thought and some, pos-
sibly most, are not associated with mass
extinctions; (2) other geochemical per-
turbations (8'3C, 6'%0, Os, Au) hitherto
associated with iridium and catastrophies
also occur without catastrophic effects on
biota; (3) 8'3C excursions appear to have
been common in the Vendian and early
Cambrian (A. H. Knoll, personal com-
munication). These might represent the
response of the oceans to changes brought
about by widespread biomineralization
and the rapid diversification and pro-
liferation of phytoplankters; and (4)
geochemical perturbations across the Pre-
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cambrian-Cambrian transition may be
associated with small-scale stratigraphic
breaks and could be used as a tool in
recognizing such hiatuses. As suggested
by Hsii et al,, these geochemical perturba-
tions may be useful as chemochronostrati-
graphic signals for the correlation of
widely separated regions; but they may
not necessarily be coincidental with bio-
stratigraphic boundaries.
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THE paper by Hsii et al' reporting
geochemical anomalies, specifically with
regard to '°C and an iridium spike, near
the base of the Cambrian in China com-
mands attention. There have already been
hints of major negative shifts in carbon
isotope values near the Precambrian-
Cambrian transition?; the data in ref. 1
indeed may point to a dramatically chang-
ing oceanic productivity. Extraterrestrial
agencies are often invoked as an explana-
tion of iridium anomalies®, an option
apparently followed by Hsii et al., but such
an enrichment pattern in a black shale
which appears to have been deposited in
anoxic or dysaerobic conditions® may also
be of mundane origin.

The principal point we wish to take issue
with, however, is the vigorously argued
connection between these geochemical
anomalies and the “Cambrian explosion”.
There are many triggering mechanisms
that have been invoked to explain this
dramatic evolutionary radiation of meta-
zoans near the beginning of the Cambrian
(the “cropping hypothesis™* referred to by
Hsii et al. being only one of them), but
Hsii et al’s proposal is the only one we
know of that would place the triggering
event well after the “explosion”. The cur-
rent major disagreements with regard to
the global correlation of the Chinese Pre-
cambrian-Cambrian boundary sections



