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of the ultimate

occurring
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biostratigraphy
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fate of this hypothesis,
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examine the interplay
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variables
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of planktic
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nal elements in lowermost Danian sediments differ, this enigmatic
fauna has now been recovered from every biozone-complete
bound-

foraminiferal

ary section,

survivor species are present in these faunas. Changes
in the isotopic
signatures
of these survivor populations
also begin in the upper

including

the El Kef stratotype.

In terms

of their poten-

tial for providing constraints on scenarios seeking to account for the
KT extinction event, the significance of such observations cannot be
overstated.
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to the consistency
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these observations
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trans-KT
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TABLE 1.

Criteria proposed for identifying survivor microfossil species.

Criterion

Description*

Reference

Preservational state

Survivor species should exhibit a superior preservational
state relative to reworked specimens.

[7]

Relative abundance/

Survivor species will include indigenous and reworked
fractions and thus will exhibit a sudden increase in

[2]

population ratio

interspecific relative abundance and intraspecific relative
abundance (-population ratio) across the event horizon.
Stable isotope geochemistry

Survivor species may exhibit unique stable isotopic signatures.

[8 ]

Comparative biogeography

Survivor species may be found in previously unoccupied
habitatsL might exhibit unique patterns of geographic
organization202 relative to underlying conspecific
Cretaceous fauna), should exhibit patterns of geographic

[9] _
[I ]z.1

organization

similar to that of Dan ian faunas?

Quantitative morphology

Survivor species may exhibit changes in size or shape.

Association with Ir anomaly

Survivor species should persist above the level at which
lr values (or Ni-rich spinel abundances) have returned

I4]
Modified from
[I0l

to background levels.
Synchronous last appearance
datums (LADs)

Survivor species shouldexhibit

Phylogenetic ancestry

Incoming species should be derived from survivors.

I9l

synchronous LADs throughout

their geographic range.
[91

* Only positive evidence can serve as a reliable indicator of survivorship owing tothe inherent ambiguity °fnegative
evidence (e.g.. unchanged stable isotopic signature in both preboundary and postboundary populations).

similar

(suggesting

survivorship)

or different

(suggesting

rework-

ing). MacLeod and Keller [I] and MacLeod [5] have carried out an
extensive series of analyses designed to implement this test. Results
show that (I) many "Cretaceous"
taxa occurring in the Danian portions of various boundary
sections are not present in underlying
Cretaceous

strata,

(2) a close and predictive

tween "Cretaceous"
throughout

and indigenous

the lower Danian,

is present

between

centers

association

Danian

species

(3) a close geographic

of Danian

planktic

exists

richness

be-

reflects input of Ir into the environment
from multiple
over a considerable
time interval.
Assuming
that strati-

graphic thickness of the Ir anomaly might place an upper limit on the
reworking
depth, though, continued
occurrence
of "Cretaceous"
morphotypes

above

survivorship.
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values
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Ir anomaly

Using this test almost

taxa,

regardless
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of taxonomic

evidence

occurrences

group,

for
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as
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correspondence

foraminiferal

anomaly
sources
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specia-

Last Appearance

Datums

(LADs):

This test

tion and the disappearance
of"Cretaceous"
species from the Danian
fossil record, and (4) a pronounced
similarity exists between changes

suggests that true survivors
should have synchronous
LADs. Both
the International
Stratigraphic
Guide and the North American Strati-

in the general biogeographic
structures
of "Cretaceous"
and indigenous Tertiary faunas throughout
the lowermost
Danian. Further-

graphic Code agree that the boundaries of most biozones, unlike the
boundaries
of chronozones,
are characteristically
and conceptually

more, these data show that the KT planktic

diachronous.

event exhibited
latitude

faunas

the lowermost

a marked

geographic

experiencing
Danian

foraminiferal

structure

differentially

extinction

with low- and middlehigh extinction

zones P0 and P la and high-latitude

rates in
survivor

faunas persisting
relatively
unchanged
into the overlying Danian.
Association
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which elevated
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occurring
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in lower

Danian
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of "Cretaceous"
morphotypes
abundances
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sediments

in
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with the use of
with elevated
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can diffuse through undisturbed
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fossils
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Moreover,
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of the sediment
indicate
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to be
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number
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document
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substantial
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principle
species.
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large

that incoming
Of course,
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species
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biostratigraphic
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for the idea that synchrony
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studies

in paleontological
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on the
survivor

to determining

the survivorship
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