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Time-Transgressive Late Cenozoic Radiolarian Events of the

Equatorial Indo-Pacific

Abstract. A biostratigraphic study of late Cenozoic Radiolaria in the equatorial
Indo-Pacific shows an asymmetrical distribution between synchronous and diach-
ronous events. A majority of synchronous events (15 out of 19) are last occurrences;
the majority of diachronous events (10 out of 13) are first occurrences. Extinctions
may therefore be preferable to first occurrences in the selection of datum levels for
the definition of biostratigraphic zonations and for correlation control within global
time scales. Diachronous equatorial radiolarian events span 1 to 2 million years,
several orders of magnitude longer than the nominal mixing time of the oceans,
suggesting that the biological and physical exchange processes associated with
speciation events may not follow simple advective mixing models.
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A fundamental presumption of strati-
graphic correlation is that Dbiostrati-
graphic datum levels (first or last appear-
ances of taxa) are synchronous, whereas
other stratigraphic horizons (lithofacies
boundaries, hiatuses, or seismic reflec-
tors, for example) may be substantially
time-transgressive. With the develop-
ment of a precise paleomagnetic geo-
chronology (I), biostratigraphers have
been able to evaluate whether faunal and
floral events are in fact synchronous by
correlating these events to an indepen-
dent time scale—the polarity reversal
sequence. Such comparisons suggest
that a substantial number of biostrati-
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graphic events are synchronous to within
a precision of about 0.1 to 0.4 million
years; as a result, biostratigraphic zona-
tions have been calibrated to absolute
time scales for purposes of regional or
even global correlation (2). However,
some significant exceptions emerged
when latitudinal dependence of floral and
faunal zonations and of the associated
stratigraphic marker horizons was recog-
nized (3). Consequently, there is a clear
basis for reexamining with much closer
scrutiny whether fossil datum levels are
indeed synchronous, both within and be-
tween latitudinal zones.

The classical sequences of equatorial
radiolarian events of the late Cenozoic
(4) show some consistent departures
from the presumption that biostrati-
graphic events are synchronous. These
exceptions appear to be real rather than
artifacts of the combined effects of in-
complete core recovery, low abundances

Fig. 1. Index map showing lo-
cations of DSDP sites studied.
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of taxa, or poor preservation. If nonsyn-
chronous stratigraphic events are indeed
significant in the geologic record, docu-
mentation of this effect in diverse groups
of fauna and flora is important not only
for sharpening stratigraphic resolution,
but also for interpretations of paleocean-
ography and evolutionary biology.

We examined radiolarian assemblages
of Quaternary and late Neogene age (be-
tween about 1 and 15 million years ago)
in five Deep Sea Drilling Project (DSDP)
sites (Fig. 1). We selected a coring tran-
sect within a restricted latitudinal zone
where faunal diversity remains uniform
and comparable taxa occur; thus we at-
tempted to minimize the complexities
introduced by latitudinally dependent
biozonations (5) and by geographic vari-
ations in taxon morphologies. Our objec-
tive was to determine whether some
biostratigraphic horizons are demonstra-
bly time-transgressive within the equato-
rial belt of the Indo-Pacific. In evaluating
possible radiolarian events from which
to choose (4), we selected principally
first- and last-appearance datums of mor-
photypes, and only those taxa whose
identity is relatively unambiguous by or-
dinary light-microscopic examination.
With these criteria we identified 50 ra-
diolarian events, insofar as the material
would allow, from each of our five sites.
Using independent control points, we
constructed age-depth curves at each
site (6) and derived an age estimate for
those radiolarian events in which the
taxon was sufficiently abundant to yield
a reliable event determination.

We found that the 50 events fall into
three categories: those that appear to
be synchronous (agespan <0.4 million
years) within our limits of resolution (19
events); those which are time-transgres-
sive by about 1 million years or more (13
events); and those whose synchronous
status is ambiguous (18 events). From
this grouping, several patterns have
emerged (Figs. 2 and 3). (i) Among those
events that appear synchronous, the ma-
jority (15 of 19) are last occurrences (Fig.
2). We note that a number of other
biostratigraphic events that have been
reported as ‘‘globally synchronous’” are
also last occurrences (7). (ii) Among the
events that are time-transgressive by
more than 1 million years, most (10 of 13)
are first appearances; furthermore, in
eight of these ten cases the taxon ap-
pears first in the Indian Ocean and sub-
sequently in the western and eastern
Pacific (Fig. 3). (iii) The three extinction
events that are most strongly time-trans-
gressive show the inverse relation: these
extinctions in the Pacific apparently pre-
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cede corresponding events in the Indian
Ocean by up to several million years
(Fig. 3).

Our most significant finding is the
asymmetrical distribution of events be-
tween first occurrences and last occur-
rences: the majority of synchronous da-
tum levels are extinctions (Fig. 2), and a
comparable majority of time-transgres-
sive events are first appearances (Fig. 3).
A comparable pattern was identified by
Bretsky and Klofak (8) for benthic ma-
rine invertebrates in the Late Ordovician
of eastern North America. We suspect
that biostratigraphic datum levels for
other planktonic and benthic marine or-
ganisms may exhibit this same asymmet-
rical pattern. If so, the implications are
considerable for geochronology, particu-
larly in the selection of biostratigraphic
datum levels as components of regional
or global time scales. Moreover, a de-
tailed documentation of the time-trans-
gressive nature of first-appearance
events will have important implications
for the formulation of, and discrimina-
tion between, various models of evolu-
tionary dynamics, speciation, and migra-
tion patterns of new species.

Our evidence that some biostrati-
graphic events in the Indian Ocean are
precursors to corresponding Pacific
events is perhaps unexpected, in view of
the strong westward zonal flow from the
Pacific into the Indian Ocean at low
latitudes (9). Nevertheless, our results
suggest strongly that the oceanography
and biology of the tropical Indian Ocean
are influencing the tropical Pacific fauna
and that these interactions occur on time
scales on the order of 10° years, which is
substantially longer than the nominal
ocean-mixing time of 10° years.

These observations of time-transgres-
sive radiolarian events are subject to two
limitations. (i) We used indirectly cali-
brated drill sites (6) rather than core
material that is directly dated paleomag-
netically. As a result, only 32 of our 50
datum levels could be designated as
clearly synchronous or time-transgres-
sive (Figs. 2 and 3). With core material
that is directly dated paleomagnetically,
one might increase the precision in abso-
lute age calibration and thereby the sta-
tus of some of the 18 ambiguous datum
levels (10) might be resolved. (ii) The
broad spacing of sites (Fig. 1) does not
allow us to ascertain whether the pro-
gressive closure of the Indonesian sea-
way during the Cenozoic may have been
a controlling factor in producing nonsyn-
chronous first appearances, and whether
the apparent progression of some taxa
from west to east within the tropical
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Pacific is significant (Fig. 3). If biological
and physical oceanographic conditions
in the tropical Indian Ocean have indeed
preceded corresponding ‘conditions in
the tropical Pacific, we need considera-
bly more sample control in the Indian
Ocean to verify this effect.

Although our study did not include
radiolarian events of the late Quaterna-
ry, a number of events occur in this

stratigraphic interval (/1, 12), some of
which are clearly time-transgressive.
The late Pleistocene form Buccino-
sphaera invaginata, for example, ap-
pears to have evolved earlier in the Indi-
an Ocean than in the Pacific (12), a trend
which is consistent with our observa-
tions for the late Neogene (Fig. 3). Pre-
cise documentation of time-transgressive
trends for other Quaternary events will
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Fig. 2. Synchronous late Cenozoic radiolarian datum levels of the equatorial Indo-Pacific.
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require magnetically or isotopically dat-
ed cores.

In conclusion, first, there is an asym-
metrical distribution between diachro-
nous and synchronous radiolarian events
in the late Cenozoic of the equatorial
Indo-Pacific. The majority of synchro-
nous events are last occurrences. The
majority of diachronous events (=1.0
million years) are first appearances. We
expect that other micro- and macrofossil
events, particularly first appearances,

may be substantially diachronous as
well.

Second, extinction events may be
preferable to first appearances for defin-
ing biostratigraphic zonal boundaries.
Global time scales should be reevaluat-
ed, incorporating only those microfossil
control points which are demonstrably
synchronous.

Third, a number of radiolarian taxa
appear to evolve first in the Indian
Ocean, and subsequently in the western
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Fig. 3. Diachronous late Cenozoic radiolarian datum levels of the equatorial Indo-Pacific.
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and eastern Pacific Ocean. This direc-
tionality is opposite to that of the west-
ward oceanic circulation in equatorial
latitudes. Nonsynchronous events may
span several million years, or tkree or-
ders of magnitude greater than the nomi-
nal mixing time of the oceans. Therefore,
some biological or physical exchange
processes, or both, may not follow sim-
ple advective models for mixing.
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