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Y los siete dngeles que tenian las siete trompetas se
dispusieron a tocarlas.

El primer angel tocd la trompeta, y hubo granizo y fuego mezclados con
sangre, que fueron lanzados sobre la tierra; y la tercera parte de los
drboles se quemo, y se quemd toda la hierba verde.

El segundo &ngel tocd la trompeta, y como una gran montafia ardiendo en
fuego fue precipitada en el mar; y la tercera parte del mar se convir-
tié en sangre. : ,

Y murié la tercera parte de los seres vivientes que estaban en-el mar,
y la tercera parte de las naves fue destruida..

" El tercer angel tocd la trompeta, y cayd del cierlo una gran estrella,

ardiendo como una antorcha, y cayd sobre la tercera parte de los rios,
y sobre las fuentes de las aguas.

Apocalipsis (San Juan) 8 (6-10)
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MAMMAL EXTINCTIONS IN THE VALLESIAN (UPPER MIOCENE)

J. AGUSTI & S. MOYA-SOLA
Institut de Paleontologia "M. Crusafont". 08201 Sabadell (Spain).

ABSTRAC: The term Vallesian was created by CRUSAFONT (1950) to designate the
first European Mammalian palaeofaunas containing the equid Hipparion, the remain-
der of the Mammal faunas being composed of typical elements coming from the Mid-

dle Miocene such as Micromeryx, Euprox, Sansanosmilus, Pseudaelurus, Listriodon,

etc. Thus, the Aragonian-Vallesian boundary did not imply a strong chahge among
the European Miocene faunas (AGUSTI, 1978; AGUSTI et al., 1983). On the contrary,
the Lower Vallesian/Upper Vallesian transition truly corresponds to an important
crisis. In this boundary it can be observed the disappearence of most of the Ar-

tiodactyl Aragonian forms such as Protragocerus, Miotragocerus, Listriodon, Hyo-

therium, Parachleuastochoerus, etc. Among the Rodents, this crisis affects the

family Eomyidae and most of the Cricetid and Glirid species. On the other hand,
a number of eastern elements appear in the area. This is the case of the suid

Schizochoerus and the murid Progonomys. Other eastern forms were Tragoportax,

Graecoryx, Adcrocuta, Paramachairodus, Microstonyx, etc. Most of these elements

are typical forms of the next Mammal stage, the Turolian. Thus, whereas the Lo-
wer Vallesian fauna is a typical Aragonian one although with. Hipparion, after
the Middle Vallesian event, the Upper Vallesian faunas are already largely Turo-

lian in character. The possible factors involved in this extinction event are

discussed.
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FAUNAL REPLACEMENT IN PLIOCENE-PLEISTOCENE TRANSITION

Emiliano Aguirre

Museo Nacional de Ciencias Naturales, CSIC
J. Gutiérrez Abascal, 2. 28006 Madrid, Espafia

It should be pretentious in my case, to start a
dissertation on the global critical events that are
currently undestood when one speeks of mass extinctions.
Global, all category, penecontemporaneous extinctions are
extraordinary phenomena just because,more commonly; the
components of a fauna replace each other with moderate
rates, below the degree of a catastrophe. The purpose
of this talk is to expose a case study of faunal
replacement, occurred in less than 2 million years (My)

in a small, changing subcontinent.

More than eighty species of a Subclass, Mammalia,
Eutheria, all large sized, that are classified in 48
genera are taken into consideration. The words"large size"
are here taken in a broad sense.

The time span studied was the Pliocene-Pleistocene
transition, that is the duration of the Matuyama magnetic
chron, with just a small margin added on both sides; in
other words from 2.6 Ma to 0.6Ma, the time covered by
midle-and upper Villafranchian faunae, in Late Pliocene,
plus the Early Pleistocene and just what is considered the
begining of Middle Pleistocene. The fossil assemblages of




38 sites were studied of Italy, Spaln, France, Great
Britain and the two Republics of Germany Faunal lists.
of these sites have been updated and/or revised; the '
respective dates have also been discussed and ascertained'
in search of the closest approx1mation range. The 38
sites are grouped into equivalent time slices. The'
resolution is of 100 Ka to 200 Ka. No one over the 86
specles considered is knewn toilast the time span

considered.

The curves representing‘tne relative faunal stability
or changes are matched w1th that of ocean paleotemperatures,
with vegetation stages in Western Europe and with eplsodes
of geodynamic diastrophism, in a search of eventual
deterministic relationships. The taka taken into
consideration belong of the Ungulates; namely Proboscidians,
Perissodactyla, Artiodactyla plus Primates and Carnivores.
The term "large" Mammals is used in this study ccnventionally
as including animals of a size larger than that of a‘cat.
The smaller mammals, Mustelidae'included‘equally as large
rodents, are not counted for the purpose of this study,
for two reasons: flrst, because they are not preserved in
many sites with fossil remains of large mammals due to '
common taphonomic conditions and, second, because the small
vertebrates may have a different behavior relate to the
dynamic of ecosystems. A study like this can be done with
small sized mammals and also with non-therian vertebrates,
and with other groups of organisms; but it should be a-
subject for separate studies. One more reason is that the
record of Rodentia 1is being improved very fast recently,

so that it will quite soon allow a 51m11ar study with a

better degree of resolution.



The present analysis deals with oryctocenoses or
fossil assemblages.The representative value of the
assemblages 1s discussed. The analysis is duplicated at

two different taxonomic levels, namely at the level of

genera and at a level of lower category. At this lower
level species are counted,but in several cases subespecies
are distinctively taken into account. These are the cases
in which successive subspecies replace each other in time,
so that such subspecies have a significance in bio-
stratigraphy equally as sequential, or anagenetic taxa
recognized as species in other genera. For instance, the
former is the case of successive subspecies of Equus

stenonis and progressive forms of Mammuthus meridionalis;

these have a value comparable to that of the sequential

species of Homotherium or of Eucladoceros, relate to

biostratigraphical and to paleoecological problemes. We
speak in the first case of "genera" and in the latter of
specific/subspecific taxa, or simply "taxa" for abreviation
sake. On the other hand, two or more "species" are counted
as only one, if at least one of them is not well defined,
or is not clearly distinguishable. In total, 48 genera

and 86 lesser taxa have been considered. As many as 11
genera living before -2.5My were still living after the
period studied and 10 exist in modern faunal assemblages;
none of the species of'large mammals living 2.5 Million
years ago is found in early Middle Pleistocene assemblages.

Sites with quite poor faunal representation, or
with dubious identification, and those, whose stratigraphic
position and/or faunal content has not been revised, are
excluded from the following accountings. Radiometric ages
and other accurate means for dating have been admitted

only after serious criticism.




Some of the 38 sites retained for the present
accounting are penecontemporaneous to each other; these
are counted as only one and representing the same paleo-
fauna, since chronologic diversity is difficult to assess
and faunal differences among them are minimal. Such are
the cases of Etouaires and Villarroya, Roccaneyra and
Montopoli, Saint-Vallier and Puebla: de Valverde, Chilhac
‘and Le Coupet, and other like these. In such cases, if a
taxon is present in one of these sites record and not in
the one which is penecontemporaneous of the former,one
can suppose without fallacy, that it should be considered
as a common occurrence, and that its absence on a faunal
list is simply due to randomness in either fossilizing
processes or fossil collecting. The 38 sites have therefore
been regrouped into less than 20 paleofaunal-representing
associations . These are, on the other hand, diversely
distributed; so that there is a larger number of sites
known and there are closer successive fossil assoclations
at the beginning of the Matuyama, and around the Matuyama/

Brunhes inversion ,than in Early Pleistocene times,

between say, -1.3 My and -1 My.

If we attempt to appreciate differences in rythm,
or rating the amounts of any kind of events per time unit,
we need to regroup again our data into divisions of equal
durations. That is why, the faunal record is here presented

in the form of assemblages corresponding to time slices of

equal duration.

We have therefore divided the time span considered
(near 2 million years) in regular, arbitrary slices of
250 thousand years. Each of these time slices includes
two or more of the studled faunal assemblages. Those time







Intervals between the faunal assemblages recorded in the

mentioned sites are centered on both sides of the following
dates: -2.5 My, -2.25 My, -2.0 My, -1.75 My, -1.50 My,
-1.25 My, -1.0 My, -0.75 My. Extinctions recorded as last
occurrences in the respective preceding unit and new
appearences recorded as earliest occurrences in the
respective next unit may have actually occurred near those
dates with a maximum error of i ¢. 100.000 years, with a
high probability. This is the resoclution level that we

can attain for those large mammals, in this part of the
01d Continents, and in that part of the Late Cenozoic,
with a high reliability. Althought the detail of changes °
in short intervals between several well known faunal °
assemblages 1s not réflectéd, the eventual biases due to
particular taphonomic conditions of a site are eliminated,
and the collections from comparatively poorer and/or
apprbximately dated sites can be taken into account, as
complementing the record from other penecontemporaneous
site. This division is, as said, artificial, does not
pretend to have any biostratigraphic meaning, as it is
introduced with the only purpose of estimating rates of
change, that is amourits of variation related to unvariated

durations.

Certainly, extinctions may have occurred within the
proposed "time slicesyY that is between the ages of
deposition of two different fossil assemblages which are

included in one of our divisions. Similarly, some of the

arrivals of new recorded taxa for an interval, may have

either inmigrated or been originated within the following
time slice. This kind of lacunes and error margins are due
to the discontinuous condition of the fossil record of the

terrestrial Vertebrates under study.



The interval designed by the time plane -2.5 My runs
in fact from more than -2.7 My (likely c.-3My), a prﬁdent
age estimation for the Les Etouaires fauna, to no much less
than -2.3 My. The latter is a figure close to the age for
Pardines fossil vertebrates; this together with the assemblages
of Saint-Vidal and La Roche-Lambert contain some faunal
elements that are still unknown at Montopoli and Roccaneyra.

These two sites are well dated as very close to -2.45 My.

The faunal record of Saint-Vallier and Puebla de Val-
verde sites apparently is so complete and representative
that one can take the central value of the range of
approximation for its age, as a 1limit for the confidence
interval of the faunal changes inmediately before and after
it. Therefore we assume that faunal replacement occurred
between the Montopoli-Pardines and related records on one
side and the faunal representation of Saint-Vallier should
have occurred, with acceptable probability, between -2.35
and -2.1 My. This interval is designed here by the roughly
central value of -2.25 My.

Similarly,the time plane of -2.0 My, is convenient
for introducing regular time divisions, what helps making
comparisons and estimating rates of change, and at the
same time 1s a somewhat central value for the time span
between -2.1 My and -1.85 My, in which the faunal changes
distinguishing Saint-Vallier from Olivola faunal assemblages
should have occurred. This central value falls with high
confidence between the fossil assemblages of Seneze and
Chilhac, for which the dates of ca -2.05/2.0 My and -1.9

My are very reliable.

The age of -1.75 My is similarly a good central value

for the time span between -1.85 My, maximum estimated age




for the Olivola assemblage, and =1.6 My, a fairly good
approximation for the basal boundary of the Pleistocene,
and the minimum acceptable as a date of the Peyrolles and

Tasso assemblages.

The division at -1.5 My separates well the assemblages
of Tasso and Farneta, and stays as a good approximation for
changes occurred between the assemblages related to Peyro-
lles, with a date of c. -1.56 My and those represented by
sinzelles dated closest to -1.35 My. Division of -1.25 My
can be not far from the date of most changes occurred
between the Sinzelles age and that of Venta Micena. The age
of the latter stays unknown, but very approximately should
pe above —1.1 My and below -1.3 My. Quite roughly those
changes may be supposed to have occurred between -1.35 My
and -1.05 My. '

The most characteristic and the richest records of
the fossil faunal division following that of Venta Micena
are those of Ponte Galeria, Solihac and:Voigstedt. For
these, the well established age of the Solihac site is near
-0.83 My. The changes between Venta Micena, and Solilhac
and related sites should have occurred between -1.2 My and..
-0.85 My. Our a priori division at ~1. My gives a fairly
approximative central value, that shortly preceeds the
fossil assemblages of Vallonet, Mosbach I and Calatrava 1.

Finally, the interval, that we design as around =-0.75
My, may be narrowly bracketed between -0.8 My and -0.6 My.

The record of the adjacent time slices is very complete, and

the sites are abundant.
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The record is fairly good, in general,with an average
of 25 taxa and 24 genera of large Mammals per time-slice.
There are no relevant deviations in general. Only the
Sinzelles and Farneta division have a comparatively poor
record (Figure 1, I; Figure 2, XII). The number of specific
and subspecific taxa is higher than the average in the last
two divisions, not so the number of genera represented..
This is due to an active speciation of several genera, e.g.

Ursus, Dicerorhinus , Equus, Megaceros, not to bias in the

record.

A few trivial taxa are missing in the record of the
majority of the defined complexes. A trivial taxon, relate

to a particular faunal complexe, is one that exists at least
in the preceding and in the following assemblages. In two
assemblages, namely that of Saint-Vallier and related sites
(-2.25 My to -2 My) and Casa Frata, Peyrolles, Almenara
(-1.75 My to —-1.5 My), there are no such trivial taxa missing
In some cases, all or a majority of the missing taxa are
carnivores, namely in the Montopoli, Roccaneyra, Pardines
assemblage or assemblage 2 (c. -2.5 My to c.-2.25 My), and
in the assemblage 8, that of Vallonet, Mosbach I, Solihac,
Ponte Galeria and correlated (-1 My to -0.74 My). In the
Sinzelles, Farneta assemblage both, trivial Carnivora and
Ungulata are missing (Figure 1, II). The record of Ungula-
tes appears more regular than the one of Carnivores (Table
I, Figure 1, III); it is regularly increasing with a light
deviation due to trivial taxa missing in the Sinzelles, Far-
neta and in the Venta Micena assemblages. The subtotal of
Cervoidea plus Bovoidea is quite constart indeed, the range
being 9 to 12 taxa averaging 10 taxa. The slight decay of
the record in the Sinzelles, Farneta complex may reflect

an actual faunal crisis. Missing Carnivora and Primates

is a bias due to taphonomic conditions in the formation of
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sites, somewhat frequent in sites originated without

anthropic influence.

According to the evidence exposed in the precedent
Sentences the recorded osc1llatlon of the Bov1d Vs.

Cervid dominance is rellable (Table I, Flgure 1, IV)

This relationship is expressed as the percentage of Bovid

taxa to the subtotal of taxa of these two families. The
oscillation of the alternative dominance of Bovids vs.
Cervids has been mentioned as a climatic indicator (Figure
1, V). In our case this view is strengthened to some extent.
The domlnance of Cervids in early Villafranchlan assemblage‘
1 (Etoualres, Villarroya) is recovered in the Early Plelsto
cene assemblage 6 (Sinzelles); after an 050111at10n, it is
surpassed in assemblages 8,9. These are correlated with the
Early to Middle Pleistocene transition of the conventional
stratigraphic language. The predominance of Bovids 1in Late.

Pliocene is continued in Early Plelstocene, but w1th

‘tfluctuatlons and gradual decay. Major 1nflections occur ,
c. -2.5 My and near -1.5 My. These oscillations cannot be

matched w1th the oxygen isotope curves of ocean paleo—

temperatures, thelr resolution or frequency being looser;

these are more comparable to those of the classical gla01a1

interglacial cycles and to palynological divisions.

Two extinction maxima ocurred, around -2.5 My‘and
near -1.5 My. Both events are refiected taking into account‘
genere as well as the taxa of lesser rank. The fluctuatlons
are quite sharp in the first case (Table I). Over a total

of 48 genera recorded, some 21 are lost in two million
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years : . an average of slightly over 10 per million years.

Not all the extinction cases counted for (see Table I)
are true extinctions. Among the genera, Papio, Nyctereutes,

Acinonyx, Tapirus and Gazella survived either in Africa or

in other continents and are still alive. Chasmaportetes did
not survive very long in Africa (until -1.5 My,approximately),
almost the same as Megantereory Hipparion lasted in Africa

longer than in Europe in a subgenus quite peculiar and well
characterized,kStylohipparion. Therefore, with respect to

a global record, the generic extinction figures of the
intervals -2.5 My, -1.75 My, and -1.5 My should be lowered
one unit; those of the -2 My interval are nul. Not so, if

we speak here of "extinctions" meaning the disappearence
from the record at a continental, or widely regional, level.
The "regional" losts are, in our studied period, 5; the true,

total generic extinctions are 14,

In our case, one cannot speak of mass extinction of
species or subspecies. In each of the eight periods of 0.25 My
along two million yeers studied, the last quotations of
specific or subspecific taxa vary from 4 to 9 (Figure 1,
VIII). The extinction rates for intervening intervals are
distributed within a range of 11.8% to 28.1%. The last index
is the only one that could be said to approach the
qualification of a catastrophe; it occurs at the interval
of -1.5 My, the one following the faunal complexe of Casa
Frata, Peyrolles, Almenara 1.Remember that the record of the
next stage is deficient.

In fact, a general trend of specific or subspecific
replacement‘is seen all along the Early Pleistocene, with
extiﬁctioﬁ"fétes‘ébave‘6he‘aVéfagé' One can say that from
near -1.8 My to near 0.9 My there has been an almost constant

or gradual screeing of species.
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The disappearence of up to‘5 generau<barely a 20%)
occurs in one interval, that of c. -2.5 My, In two '
successive intervals the lost of N»genera is observed,
making a total of 8 disappearences in less than half a
million years. These two maxima of generic extinétions are
inmediately followed by intervals without a single generic
lost. A double rythm is here out of question: a major lost
of genera is straight followed by a shorﬁ'stage of stabiiity,
at a generic level, compatible with specific change.Then
the dissapearences of genera restart and more or less
gradually increase up to a new maximum (Figure 2, XIV).

The above referred maxima of generic extinctions are
not quite spectacular, although conspicuous. The highest,‘4
percentages observed are 18.5 at the interval near'—2.5ﬁMy
and the two figures 13.3 and l5.U obtained for the tWo
succesive intervals of -1.75 My and -1.5 My around the
Pliocene-Pleistocene Boundary{(Figure 2, XVI). May we
recall that the global figure for the end of Blancén'in
North America, near ~1.9 MY, relate to a period of aimoét
one million years, is of 11 lost over 43 (c. 25%) Mammalian
genera comparable to ours by their size. The events I am
recalling here stay very far from deserving the qualification
of catastrophic, or "mass extinction", as is the case
established on the Rancho La Brea record. Up to 33 out of
57 genera, comparable to those here considered, that is a
56% became extinct after Rancho La Brea time of deposition,
that is, in less than 20.000 years. Similar or no much
lesser figures could be obtained for the Recent extinctions
in Eurasia, South America and Madagascar. The gentle, '
birythmal mood of generic extinctions in the case we are

considering could respond to a more general, may we say

normal pattern.
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‘The overall faunal replacement and its opposite faunal
stabllity are reflected by the number and percentage of
trivial taxa (Table I; Figure VI, VII), and also by an
index, or Rate of Faunal Change (RFC) according. to either
genera or minor taxa (Table I; Figures 2, XV; 1, IX).

Faunal assemblages 3 and 9 are the most conservative,

aceording to the amount of trivial taxa, while assemblage
7, namely that of Venta Micena, is affected by a strong
instability, a turnover could be said (Figure 1, VI).

Three maximal percentages (Table I; Figure 1,VII)
of trivial taxa above 60% are recorded at the assemblages
3,6,9; and three low average rates (between 479 and 48%) at
assemblages 2,5,8, the minimum (34.5%) being that of
assemblage 7. The change index, or RFC refered to intervals
between faunal assemblages grouped into time spans of
equal duration, shows for the account of genera two maxlma
(Figure 2, XV): one around -2.5My, and other protracted
at ¢.-1.75 My and c.-1.5 My (Figure 2,X). A moderate
maximum comes near -1 My. Taking into account the specific
and subspecific taxa; the turnovers, with a RFC index above
_55%,occur near -2.5 My and near -1.0 My. Faunal remaking
has apparently been gradual and protracted along the Early
Plelstocene after a maximum of faunal stablllty around
~-2.0 My, with up to 90% of surviving genera and 73.5% of
surviving taxa. Rates of stability similar to these are
found for the begining of the Bruhnes chron, that is, the
Cromer—Early Elster complex, equ1valent to oxlgen 1sotopic
curves 19 to 15. Replacement of species and genera are -
coincideht in the first part of the time studied; a very
high rate of specific turnover occurs near -1 My, move -
than half a million years later than the precéeding.maxima

of change at generic level.
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An imput of new genera occurs inmediately after the
maximum of generic extinction of the c¢.-2.5 My interval.
The increasing figures are 3 and 4 new genera for the
faunal assemblages 2 and 3, respectively. The percentual
rates of renewal are 11.1 at the c.-2.5 My and 14.3 at the
-2.25 My intervals (Table I; Figures 2, XIII and XVII).

The curves of generic renewal are less regular and
the variations are less sharp than those of extinctions.
The renovation following the second maximum of extinction
is protracted all along the Early Pleistocene with a slight

. fluctuation. After a stop with only 1 new recorded genus

in assemblage 4, a sequence of 3,2,3,4 new recorded genera
occurs in assemblages 5 to 8, respectively. The renovation
rates at the corresponding intervals are: 10% around -1.75
My ;7.7% at the next interval; 12% c.-1.25 My, and 11.8% at
the -1 My interval. After a more or less protracted epoch
of increasing rates of genera newly introduced,a time
follows in which the imput of new genera in the faunas 1s
drastically reduced: this is the case in assemblages il
(Chilhac) and 9 (Isernia, Sussenborn, lower Atapuerca). The
renovation rates in the corresponding intervals of -2 My
and -0.75 My are equally minimal, 3.4%. A sort of a double

rythm is also conspicuous in the renewal of genera.

If we take into consideration the taxa of lesser
rank (Figure 1, IX) there is also an oscillation, but with
different degree in the increasing-decreasing slopes along
the sequence. The maxima of first recorded appearence of
species and subspecies occur in assemblage 21, (Roccaneyra,
Montopoli), with a number of 10, and succesively in
assemblages 7 and 8 with 11 and 15 respectively. Origination
of species and specialisation of subspecies -anagenetic
in some cases, splitting in others- appears as a complementary
mechanism for the renovation of faunas, which is additional

to the migration-extinction balance.
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Change and stability alternate in two complete cycles
during the time span considered. In these two cycles the
extinctions and the new faunal elements (introduced either
by immigration or by evolution) appear to compensate each
other in some way, giving the impression of a constantly
and smoothly oscillating equilibrium, within moderate rates
of change. True catastrophic breaks are not seen in this
period (Figures 1,X; 2, XV).

One can see that the maxima of change occur when

more or less higher levels of both extinction and renovation
overlap. This is the case of the interval ¢.-2.5, when a

high rate of extinction is accompanied by new appearences
above the average, and similarly that of the -1.75 My interval.
This is also the case with the high rate of overall change

at specific level near -1. My, due to an extensive event of

specliation.

Let us move now to investigate the eventual
relationships of the pattern of faunal replacement discussed

in the preceding sentences with other sequences, or cycles

of events on Earth's crust and lighter enveloppes. Matching
of these sequences has been easied thanks to the accuracy
reached in geochronometric techniques in recent years,and 1
to the increased maturity in the use of these for dating

and correlating sequences of events, that left their imprint, ' i

in rock surfaces and in sedimentary formations.
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The curves of extinction, renewal and faunal
replacemeht for large mammals in Western and Central
Europe from -2.6 My to -0.6 My have been matched: (a) to
a sequence of diastrophic events recorded both in Central
Italy and_in‘Spain; (b) to the magnetostratigraphic scale;
(c) to‘the palinostratigraphic stages established for
central-western Europe; (d) to the climatic phases
established by Emiliani and revised by Schackleton for

the oceanic paleotemperatures inferred from the fluctuations

of oxigen isotopes (see Figures 1,2).

The first maximum of faunal turnover coincides. with
or slightly preceeds the end of the paleomagnetic Gauss
chron; and the early major climatic deterioration that is
commoniy correlated with the begining of the Praetiglian
paieobotanical'unit. It follows and partially coincides
with‘the AcQuatravéfSan uncomformity of Italian authors,
likely alsovwith the suggeSted age for the Iberomanchegan 2
diaStrophic phase Our faunal event is no older than -2.7
My and no younger than -2.4 My. For the end of the Gauss
we may accept an average date between -2.5 My and -2.45 My.
Montopoli f0351ls occur in a regr6551ve facies consequent
and partly coincident to a sharp tilting. Again, -2.5 My
to -2.4 My is the age more widely recognized for a general

severe cooling, which is reflected in the Praetiglian

floral change.

The second, protracted maximum of change at generic
level, with increasing slope at specific level, starts not
earlier than -1.85 My, that is after Chilhac and Coupet,
and ends certaihly earlier than -1.4 My, that is before
Farneta} This time span includes two of the divisions
practlcally adopted in this study, both of them with equal
rate of faunal change for genera. These dates include the
Olduvai subchron, with late tiglian flora andthe span of
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the Eburonian floral assemblage; they also include a
protracted epoch with warm climate and a long phase with
dominant cold temperatures according to the oxigen curves.
In fact, signs of declining temperatures are seen éince
near -1.84/1.81 My; the general decline is accentuated
near -1.75 My, and quite sharply at -1.61, that is at the
end of the 0Olduvai subchron and quite closely to the base
of the Pleistocene. The Aullan unconformity in Central
Ttaly is dated as between -1.7 My and -1.4 My, just
following the Olivola faunal assemblage. Most 1ike1y, the
cooling recorded at Olivola is not the Eburonian, but that
of the oscillations that ocurred near -1.8 to -1.75 My.

The third faunal crisis,less severe for generic than
for specific change, and mostly consisting on speciation
events, starts with Untermassfiéld and Venta Micena, that
is not earlier than the Sinzelles minimum age (-1.3 MY);
it reaches a climax before the deposition time of Vallonet
and Mosbach I, that is no later than -1.0 My. These two
dates are just bracketing the dominantly.warm'(should say
very warm) epoch that includes the Waalian and the‘oxigen
isotope optima 25 to 37, with two significant cold to fresh
interphases: 32 between -1.2 and -1.15 My, and 26 between
approximately, ~1.05 and 1.03 My. These dates precedé the

Cassian unconformity in Italy.

We therefore should recognize that 5wo maior events
of faunal replacement are related with a trend of climatic
deterioration, and that these precisely occur during and
are pronounced at the end of a time of normal magnetié .
polarity; the thirdand the latest, on the contrary, runs
exactly with high and ameliorating temparatures, along a
time of reverse polarity almost exclusively. The sign of
the latter, nevertheless, differ from that of the forme,ones
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two, since that one is characterized for species renovation,
the other two by generic substitution. One could therefore
think on an almost generalized speciation event related

to an ecological diversification at the end of Early
Pleistocene. It is also noteworthy, that the intervals

with highest rates of faunal stability are the one around

-2. My and the other c:- 0.75 My. The first includes the
begining of the Tiglian with a very cold phase following

4 warm stage c.-2.2 My, with a sharp end at -2.1 My. The
second corresponds to several fluctuations of paleotemperatures
starting from very cold (curve 22) up to the temperate, short
warm phase of curve 19, that is, exactly the end of the
Matuyama‘dﬂon of reverse polarity. Another time interval
with high rate of stability is that from -1.4 My to maybe
-1.2 My, corresponding to a trend of improving thermal
conditions, from curve 39 to 33, temperate to warm, and

coincident with early Waalian.

Let us conclude that changes in the faunal composition
of large Mammals are apparently related in some way with
variations of climate, not following in detalil every
oscillation of temperature; but rather in correspondence
with envelopplng curves and as affected by durable trends.

A correspondence of accentuated faunal instability with
phases of crustal disequilibrium is not constant. Regression
of sea level and consequent erosion in land in this period,
can be related to increase of ice caps, at least partially;
elevation of mountain chains and of continental masses

may contribute to cooling at ieast in temperate latitudes.
In fact,'the Acquatraversa erosive phase is contemporaneous
with the Praetiglian cold phase; the Aulla unconformity
corresponds to the Eboronian and late Olduvail ., and the

Cassia may well correlate with the Menapian (curve 22).
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Lowering of seaMlerel and .relative elevation of
lowlands canfavourgmigrmﬁons and competition of species.
Isolation, on the other~side may influence local and -an

agenetic specialisation.

The long rank fluctuations, such as the classic
glacial-integlacial cycles, the floral stages and the
stability/replacement cycles in the faunal composition
-as we can estimate from the big mammals-, may be a result
of feeding-back effect and additional inputs of the
athmosphaeric and astronomic variables. This effects
respond for fluctuations in faunal composition of the
magnitudes seen ihithis case, but could also be responsible
for more critical disequilibria, like those of catastrophic

or mass extinections inother circunstances.

With regard, particularly, to the extinction events
-that is the subject of our present common concern-, the
disappearence of 5 (18.5%) genera including that of 9
(26.5) species of the large mammals of the Early Villafran-
chian faunal of Etouaires and Villarroya before the
Montopoli, Roccaneyra and Pardines, between -2.7 My and
-2.4 My, could be related to either a crustal diastrophism
or a severe climatic deterioration, or both. The
disappearence of 8 geﬁera,between Chilhac-0livola and
Sinzelles-Farneta, that is in two time slices of a quarter
of a million years, between -1.8My and -1.4 My, with an
extinction rate of 13.3% and 15.4% in each interval, is
related to progressive climatic deterioration along the
dominantly warm to temperate phase durlng the Olduvai
subchron,and to the sharp fall in oceanic paleotemperature
near -1.61 My, with 9 subsequent cold phase This
extinction event also runs contemporary to the Aullan
erosive epoch, to Eburonian cold floral stage and to a
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Vegetational'zbnal change in the Mediterranean, according
to recent investigations of SUC (1987). The extinctioh'
rates for specific taxa in the same intervals (c.=1.7 My
and ¢.- 1.5 My) are 19.4% and 28. 1% respectlvely We

cannot confirm here the model described by D. WEBB

for North America, in which the major extinctioh events
occurred at the end of glacial cycles. Extinction of species
and aﬁmpecies is protracted after the Venta Micena time
until the begining of Middle Pleistocene, with 9 and 6 last
Qubtations in these time slices, respectively, what means
extinction rates of 20.9% and 15% for their following

" ‘intervals. Generic losts in these are less significant.
'In fact, the passage from Early to Middle Pleistocene is

absolutely conservative and bears the mark of faunal
stability. It corresponds to a time slice of improving
climate after a sharp fall of temperatures from warm to
very cold that occurred at 0.82 My, just after the date

of the Solihac fossil record. A considerable amount of new
recorded genera, at the Jaramillo and late Matuyama-  times,
pdsSibly related, al least in part, withe Cassia erosional -

‘phase, can be responsible for an intrafaunal stress

influenCing specification and splitting of ecosystems.

To all appearances, both extinction events and major
faunal crises, in the case studied, are coincident with
last records of normal magnetic polarity. Wheter or not
is there any cause-effect, or deterministic relationship

can be a subject for further research.

T am sure that this story of the faunal replacements
in Late Pliocene and Early Pleistocene does not provide
for us an answer to the problem of generalized extinctions
and true critical turnovers in faunal composition that

occurred several times in the History of Life. But let
me suppose that this attempt of accurately describing a

non-catastrophic case of faunal replacement may help,as a
reference fact not empty of usable information.
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EXTINCIONES EN LA FAMILIA EQUIDAE (PERISSODACTYLA, MAMMALIA) SUBSECUENTES A LOS
CAMBIOS CLIMATICOS '

M2 Teresa ALBERDI*y Francesco-Paolo BONADONNA**

* Museo Nacional de Ciencias Naturales, CSIC; C/ José Gutiérrez Abascal, 2. 28006
Madrid, Espaia. '

*%* Dipartimento di Scienza della Terra; Universita di Pisa; V. Santa Maria, 53;
56100 Pisa. Italia.

RESUMEN: El actual conocimiento de los cambios climdticos globales nos permite
inferir su influencia en la extincidén o extinciones de asociaciones o grupos
faunisticos. En la familia Equidae podemos deducir la extincién tanto de Anchi-
therium como de Hipparion en base a cambios climidticos. El reemplazo de la aso-
ciacidén faunistica de Anchitherium por la de Hipparion en torno a 13-12 M.A. en
el Area Mediterrdnea puede relacionarse con la crisis climitica del Serravaliense
que implica un periodo menos cdlido y mds seco; e incluso podria estar ligado
a un evento tectdnico responsable de la separacidn del Tetis-Paratetis (DEMARCQ,

1985). Por otra parte la extincidén de Hipparion parece estar enlazada al primer

enfriamiento ocurrido alrededor de 3,0-2,5 M.A. (ALBERDI, 1987).

ABSTRACT: The present knowledge of global climatic changes allows the authors
to infer their influence on the extinction(s) of assemblages or faunistic groups.

In the Equidae family, the extinctions of bot Architherium and Hipparion may be

deduced on the base of climatic changes. The replacement of the Anchitherium fau-

nal assemblage by the Hipparion assemblage, about 13-12 M.A. in the Mediterranean
area, may well be related to the Serravallian climatic crisis. During this crisis
there was a less warm period and drier condictions. It may also be related to
a tectonic event, which separted the Tethys from the Paratethys (DEMARQ, 1985).
On the other hand, the extinction of Hipparion appears to coincide with the first

cold period, approximately 3.0-2.5 M.A. (ALBERDI, 1987).
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MIGRATIONS AND EXTINCTIONS OF MICROMAMMALS DURING THE OLIGOCENE AND MIOCENE. IN SPAIN

M.A. ALVAREZ SIERRA*, R. DAAMS** & J.I. LACOMBA* **
* Inst. Geologia C.S.I.C., Dpto. Paleontologia. Univ. Complutense. 28040 Madrid.
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ABSTRACT: In this paper it 1is deﬁostrated that‘migrations and extinctions of
small mammals in the Oligocene and Miocene continental faunas of Spain are tela—
ted to climatic events. In some cases tectonic events may have played a role.
During the Late Oligocene and the Oligocene/Miocene boundary interval no large
scale climatic and/or Paleoecological events took place, and consequently inmi-
gration and extinction phenomena are not frequent. In the Early Miocene a cooling
trend sets in and the entry of various taxons of northern origin is observed.
Afterwards, during a warming-up trend and large scale tectonic movementé in the

Mediterranean area {Early Aragonian, which may be correlated to the Late Burdiga-

‘lian) a massive inmigration- of modern cricetids (hamsters) and other small mam-

mals is observed. This is followed by a successive disappearance of various mi-
cromammals taxons, when temperatures reach tropical values in a relatively dry
environment. Several of these species migrate to S-Germany where they are found

in more modern faunas. During the cooling trend of the Late Aragonian (compara-

_ble to the Serravalian) again it is observed that small mammals of northern ori-

gin migrate into Spain.
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BACKGROUND AND MASS EXTINCTION OF THE MICROMORPHIC BRACHIOPODS FROM THE NORTHWEST
EUROPEAN UPPER CRETACEOUS CHALK. :

Marianne BAGGE JOHANSEN
‘Geologisk Museum, University of Copenhagen, Oster Voldgade 5-7, DK-1350 Copen-—

hagen X, Denmark.

ABSTRACT: The very detailed biostratigrapﬁy, moﬁbtonous lithology and, in general,
uniform depositional environment spanning about 23 million years, are features
characteristic of the Upper Cretaceous chalk of northwestern Europe. They make
this area an excellent frame for a study of the evolutionary patterns of a fossil
group. The micromorphic brachiopods are well preserved, presents high diversity
and density and have been transported very little, if at all. They are well docu-
mented on the speciés~level, and in each sample numerous generations of each spe-
cies are represented. Furthermore, they show high environmental tolerance and wide
biogeographic distribution. The material provides a unique possibility of follo-
wing'the brachiopod fauna from its early colonization of the chalk in the Conia-
cian, through reaching an absolute optimum in Maastrichtian, through its sudden
end—Maastrichtiap devastation and up to its Lower Danian recolonization of the
chaik. 85 species are recorded from the Coniacian-Lower Danian and of these 60
appear during the Upper Cretaceous. 30 species occur in the Lower Danian and of
these 25 are new. Thfough the Upper Cretaceous the number of species increases
gradually, the rate of speciaion being relatively low and the rate of extinction
even lower, both varying only a little. Coinciding with the Maastrichtian-Danian
boundary 70% of the species become extinct. Among these are éhe short-ranging,
highly specialized, free-~lying hemisphaerical forms. In the Lower Danian a new
fauna forms through rapid adaptive radiation within surviving long-ranging, mor-

phologically conservative forms.
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Mass extinctions - in the fossil record of late
Palaeozoic and Mesozoic tetrapods

Michael J. Benton,

“Department of Geblogy, The Queen's University of Belfast, BT7 1NN Northern Ireland

ABSTRACT. Tﬁe fossil record of tetrapods is very patchy because of the problems
of preservation in terrestrial sediments in particular, and because vertebrates
are rarely very abundant. However, the fossil record of tetrapods has the
advantages that it is easier to establish a phylogenetic taxonomy than for many
invertebrate groups, and there is the potential for more detailled ecological
analyses.

The diversity of tetfabdds‘increased during the Devonién, the Carboniferous,
and the Permian, but it remained roughly constant during the Triassic, the
Jurassic, and the Early Cretaceous. Overall diversity then began to increase in
the Late Cretaceous, and conﬁinued to do so during the Tertiary. The rapid
radiation of "modern" tetrapod groups - frogs, salamanders, lizards, snakes,
turtles, crocodiles, birds and ﬁammals - ﬁas hardly affected by the celebrated
end-Cretaceous extinction evéﬁt.

Major mass extinctions amongst tetrapods took place in the ﬁarly Permian,

Late Permian, the Early Triassic, the Late Triassic, and at the end of the

. "

Cretaceous. Many of these events appear to coincide with the major mass

extinctions amongst marine invertebrates, but the tetrapod record is largely
equivocal with regard to the recent theory of cyclicity of mass extinctions. Some
data, on the Permo-Triassic eventé, is very much against the cyclical model, since
the events are irregularly spaced in timé. However, the absence of mass
extinctions ahongst Jurassic and Cfetaceous tetrapods, apparent evidence against
cyclicity, may be explained by the relatively patchy fossil record during those

periods.
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INTRODUCTION

Most studies on mass extinctions so far have focussed on the fossil record
of marine invertebrates (e.g. Raup and Sepkoski 1982, 1984, 1986; Jablonski 1986;
McKinney 1986) A smaller number of studles have used the fossil record of
vascular plants (Niklas et al 1983) and non-marine vertebrates (Benton 1985a, b),
'and there has been an implicit assumption that these records are poorer. Indeed
the fossil record of marine invertebrates generally has the advantages of abundant
specimens, good stratigraphic control, closely spaced samples, uniform
preservation quality, broad geographic distributions, and a mature taxonomy

l The aims of thils paper are to consider the problems and the advantages of

the fossil record of tetrapods of the late Palaeozoic and Mesozoic, and to outline

what has been learnt from it about mass extinctions.

‘lhE NATURE OF THE THEFFOSSIL RECORD OF TETRAPODS
Thekfirst tetrapods, according to most recent classifications (e.g. Romer

1966'vCarroll 1977; Smithson 1985' Panchen and Smithson 1988) are the
Ichthyostegalia (Ichthyostegidae, Acanthostegidae) known first from the Famennian
Stage (c. 365 Myr ) of the Late Devonian. There are earlier_records of tetrapods
from the Devonian, based on footprints, but skeletal remains only are considered
here. The‘tetrapods radiated during the Carboniferous into nine or more major
1ineages of 1abyrinthodont amphibians which were generally bulky carnivores and
piscivores that lived near water, and lepospondyl amphibians that were often
&smaller and more varied in‘their modes of l1life. One labyrinthodont lineage 1ed to
the amniotes, the clade of tetrapods that moved away from a dependence on the
Vmater. N

| The first amniotes, and thus the first reptiles, according to most recent
classifications (e.g. Romer 1966; Carroll 1982; Heaton and Reisz 1986) are the

Protorothyrididae (= Romeriidae), known first from the Moscovian Stage (c. 300
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Myr.) of the Late Carboniferous. During the remaining 15 Myr. or so of the
Carboniferous, the early amniotes diversified into a number of additional
lineages ~ the Araeoscelidia and the "Pelycosauria", the most primitive groups of
the Diapsida and Synapsida respectively. These two amniote clades dominated
tetrapod evolution from the Late Carboniferous to the present day. The Diapsida
radiated during the Permian and Triassic, and gave rise to sphenodontians, the
ancestors of lizards and snakes, crocodilians and dinosaurs in the Triassic, and
birds in the Jurassic. The Synapsida radiated in the Permian and Triassic as the
mammal-like reptiles, and gave rise to the mammals towards the end of the
Triassic. The mammals remained at low diversity during most of the Mesozoic but
began to radiate strongly in the Late Cretaceous, well before the end-Cretaceous
event.

The labyrinthodont amphibians continued, in reduced numbers, through the -
Permian, Triassic, and Early to Middle Jurassic. The modern amphibians
(Lissamphibia) apparently arose in the Permian or Early Triassic; and gradually
increased in diversity during the Mesozolc, but they never became abundant.

The diversity and importance of the major tetrapod groups are indicated in
the phylogenetic tree in Fig. 1. This is based on recent cladistic analyses,
although these leave many doubtful relationships, and familial diversity is
indicated.

In all, there are 858 families of living and extinct non-marine tetrapods,
and 58 families of exclusively marine tetrapods (Benton 1987a, b), giving a total
of 916 families. The figures for late Palaeozoic and Mesozolc families are 338

non-marine, and 32 exclusively marine, giving a total of 370 (see Table 1).

Quality of the fossil record of tetrapods

The relative incompleteness of the fossil record of tetrapods has been
described by many authors (e.g. Pitrat 1973; Bakker 1977; Carroll 1977; Olson

1982; Padian and Clemens 1985; Benton 1985a, b, 1987a). The record of the non-
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marine tetrapods, which make up the vast bulk of all tetrapods, is particularly -
poor. Some stratigraphic stages, for example the Aalenian (Middle Jurassic), have
yielded no identifiable tetrapod fossils at all anywhere in the world, and other
stages [e.g. Gzelian (Carboniferous); Toarcian, Bajocian, Callovian, Oxfordian
(Jurassic); Berriasian - Aptian, Cenomanian - Santonian (Cretaceous)] have yielded
very few remains.

The incompleteness of the fossil record of terrestrial tetrapods has been
characterised in another way by Padian and Clemens (1985, p. 82). Most dinosaur
genera are known only froﬁ»a single stratigraphic stage which would suggest, in a
literal reading of the fossil record, that the dinosaurs experienced total generic
mass extinction 24 or 25 times during their history. However, at the family
level, there 1s only the one final K-T mass extinction event since dinosaur
families generally span more than one stage.

.It is possible to estimate the completeness of the tetrapod record in a
broad way by examining the numbers of families present per stage. The Simple
Completeness Metric (SCM, Paul 1982; Benton 1987a, b) compares the numbers of
families that are known to be present compared to the numbers that ought to be
present. The SCM is based on the fact that tetrapod families span several
stratigraphic stages. The family may be represented by fossils thoughout its
entire duration, or there may be gaps spanning one or more stratigraphic stages
where fossils are absent. . Jablonski (1986) has termed this the Lazarus Effect,
where a taxon apparently dilsappears, and then reappears higher up in the sequence.
The more incomplete the fosslil record is.for‘a particular stage, the more Lazarus
(hidden) taxa there will be. The SCM ranges from 07 (no.fossils at all, e.g.
Aalenian) to 1007 (all families represented by fosslls); e.g. Visean, Ufimian,
Scythian). Most other stages have SCM values between 50 and 1007, but values fall
below:507 in the Early-Middle Jurassic (Toarcian-Bajocian), the Late Jurassic

(Oxfordian), and the Late Cretaceous (Turonian-Santonian).
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Advantages of the fossil record of tetrapods

The fossil record of tetrapods is not as hopeless for studies of mass
extinction as has often been assumed. It has a number of advantages over the

record of marine invertebrates, and these are noted briefly below.

(1) There is a high ﬁrobability of identifying clades. Rates of evolution,
extinction, origination, and so on, should apply to monophyletic groups (ggggg
Hennig 1966; that is, holophyletic groups, sensu Asﬁlock 1971) only, and not to
paraphyletic groups (groups that ﬁad a single ancestor, but exclude some of the
descendants of that ancestor). This is because monophyletic groups (clades) have
a unique history that exists and is to be discovered, whereas paraphyletic groups
may start off with a unique history, but their boundaries are adjusted a
posteriori, and they are in part a human invention (Cracréft.1981). For example,
the well-known "Class Reptilia" is parabhyletic. That is,'all reptiles derive
from a single common ancestor (or the group ‘could be defined in that way by
juggling some early groups between "Amphibia" and "Reptilia"j. However, the group
"Reptilia" does not include all of the descendants of that ancestor (Aves and
Mammalia are excluded). The boundary line between reptiles and birds, or reptiles
and mammals is an arbitrary cut-off, and the line could be moved up and down
depending on which synapomorphy is regarded as defining. This means that the
upper limit of Reptilia is not fixed by any positive attribute, only by the
absence of a synapomorphy. The lower limit of "Reptilia", and of clades, 1s also
arbitrary in one sense, in that it can be drawn at many different levels, but it
depends on a éositive attribute, the acquisition of a synapomorphy, which defines
an evolutionary event.

The finding of clades for macroevolutionary studies depends on cladistic
analysis. Vertebrates have proved highly amenable to this technique, as have only
a few invertebrate groups (e.g. echinoderms, arthropods). This suggests that it
may be hard to define cladistic families for the bulk of the record of fossil

invertebrates. The significance of this problem has been highlighted by Patterson
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and Smith (bers. cdmm%,1987)? who find that as much as 76% of the standard data
set on féésilbeCHinoderms and fish (Sepkoski 1982), used in most recent studies of
mass extinctions, is invalid because the families are paraphyletic, polyphyetic,
monogeneric, or monospecific. A reanalysis of a cladistically-based dat& set of
marine animals would probably yield rather different patterns of extinction. A
study of this sort on "pre-cladistic" and cladistic data sets of non-marine
Fetrapods (Maxwell ;ﬁd Benton 1987) has shown considerable, but unpredictable,
changes in the patterns of extinction. This study suggested that, from 1966 to
1986,vthe major improvements in our knowledge of the past distribution of
tetrapods stemmed more from the rigorous identification of monophyletic groups
than from the discovery of new fossils. These improvements may not be possible in
most of the fossil records of marine invertebrates because of the problems of

cladistic analysis.

(2) Tetrapods offer great scope for ecological analysis. Many detailed studies of

the functional morphology and palaeoecology of single speciés (autecology) of
fossil tetrapods have been carried out, and these often allow detailed
reconstructions of their modes of life. Studies have also been made of whole"
faunas (synecology). This work offers potentially great contributions to detailed
palaeobiological interpretation of aspects of extinction events. It may be
possible, for example, to compare "extinction-prone" and "extinction-resistant"
taxa for a broad range of potential ecological correlates : size, diet; position.
in food chains, locomotory adaptations, reproductive mode, growth rate, habitat
‘preference, geographic distribution, and so on. Tetrapods may lend themselves
more readily to detailed ecological analysis than many marine invertebrates. This
work is facilitated by our knowledge of the ecology of modern terrestrial’

. ygrtebrates,,which is greater than that of modern marine invertebrates.

(3) The generic- and species-level taxonomy of tetrapods 1s a mature branch of

systematics. Because Homo sapiens 1s a non-marine tetrapod, zoologists have

devoted more attention to the systematics of mammals, birds, reptiles and
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amphibians than they have to the systematins of brachinpods,'annelids,
pogonophorans or hyolithids. dur understanding of the relafionships and the
bounds of living tetrapod species is probably more mature than that of any other
group of organisms. This should allow more confident ektrapolation of snch
concepts into the past, and thus better identification of foséil genera and
species;, better censuses of'these taxa, and better phylogenetic reconstructions,

thereby improving the usefulness of such data for macroevolutionary research.

TETRAPOD FAMILY DIVERSITY ANALYSIS

Several authors have recently plotted graphs of the diversity of tetrapod
families and orders through time (e.g. Charig 1973; Pitrat 1973; Bakker 1977;
Thompson 1977; Olson 1982; Padian and Clemens 1985; Colbert 1986). However, these
graphs have been based largely on data from Romer (1966) and Harland et al.
(1967), the classic source works. More recent studies (Benton 1985a, b, 1987b)
have been based on a new compilation of data on families of non-marine tetrapods
(Benton 1987a,b). These new compilations differ significantly from those derived
from Romer (1966) and Harland et al (1967) in several ways:

(l) New records up to the end of 1985 are included.k This has affected the
date of origination or extinction of as many as 507 of families.

| (2) The latest cladistic classifications have been incorporated, as far as
possible, and attempts have been made to test that all families afe clades. This
has caused significant rearrangements of families of late Palaeozoic and Mesozoic
reptiles in particular, by amalgamations and redistributions of genera into mono-
phyletic taxa.

3) The stratigraphic resolution of family distributions has been
improved. As far as possible, the dates of origination and extinction of each
family have been determined to the nearest stratigrapnic stage, usually by
examination of the primary literature. The stage is the smallest practicable

division of geological time for this compilation (relevant stage lengths vary from
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2-19 Myr. in length, with a mean duration of 6 Myr.). This allows more detailed
analysis than simply relying on the Lower, Middle and Upper divisions of

geological periods in Romer (1966) and elsewhere.

The new compilations of data on fossll tetrapod family diversities have been
used for a variety of graphs and calculations. A small number of families that
are based on single species orvsingle genera have been omitted.

The diversity of non-marine tetrapods has increased through time, with a
particularly rapid acceleration in the rate of increase from the Late Cretaceous
(Campanian) onwards (Fig. 2; Benton 1985a,b). Three major‘diversity assemblages
have been identified (Benton 1985b), which appeared to dominate for a time, and
then gave way to another: I (labyrinthodont amphibians, "anapsids', mammal-like
reptiles) dominated from Late Devonian to Early Triassic times; II (early
diapsids, dinosaurs, pterosaurs) dominated during the Mesozoic; and III (the
"modern" groups - frogs, salamanders, lizards, snakes, turtles, crocodiles, birds,
mammals) have dominated from Late Cretaceous times to the present day.

There appear to be six declines in diversity (Fig. 2, nos. 1-6) that are
attributable to mass extinction events, four of which fall in the late Palaeozoic
to Mesozoic interval. - The other drops (Early Jurassic,.end-Jurassic, mid-
Cretaceous) probably indicate mainly a change in the quality of the fossil record
(Benton 1985a, b), and mass extinctions cannot be assumed here. These three
episodes correspond to times when the SCM described above gives particularly low
values.

Extinction and origination rates were calculated stage by stage for non-
marine tetrapod families based on the new data set. Total extinction (Re) and
total origination (RS) rates were calculated as the number of families that

disappeared or appeared, respectively, during a stratigraphic stage, divided by

[
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the estimated duration of that stage (At):
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where E 1s the number of extinctions and S is the number of originations. Per-

taxon extinction (re) and origination (rs) rates were calculated by dividing the

total rates by the end-of-stage family diversity D (Sepkoski 1978):
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The per-taxon rates can be seen as the "probability of origin" or the "risk of
extinction". In these calculations, the recent summary geological time scéle of
Palmer (1983) was used for stage lengths in Myr. |

The graphs of total rates (Fig. 3) for amniote families show great
fluctuations in bofh origination and extinction rates. There is no clear
corfelation of high extinction rates with all mass extinction events. Of the
highest rates, those in the Artinskian, Tatarian, "Rhaetian", Maastrichtian,
Rupelian, and Late Miocene correspond to mass extinctions 2, 3, 4, 5 and 6 (Fig.
2) respectively. Equally high, or higher, total extinction rates in the Ufimlan
(Late Permian), Tithonian (Late Jurassic), Coniacian (Late Cretaceous), Thanetian
(Late Palaeocene), Ypresian (Early Eocene), Bartonian -~ Priabonian (Middle - Late
Eocene), Pliocene and Pleistocene do not match any of the drops in amniote
diversity that have been.ascribed to mass extinctions. |

The total origination rates (Fig.- 3) generally track the total extinction
rates quite closely. Peaks in both rates may be produced in part by episodes when
the fossil record is better than usual, corresponding to particular Fossil-

Lagerstatten, such as the Sakamena Group (Late Permian) and the Solnhofen.
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Limestone (Tithonlan). The improvement in the record boosts the apparent number
of family originations and extinctions (Hoffman and Ghiold 1985).

The per—~taxon rates remove this bias in part. When extinction and
origination rates are recalculated relative to the numbers of taxa available (Fig.
4), the rates do not track each other so closely, although "Lagerstﬁtten peaké"
remain in the Ufimian, Tithonian and Coniacian. There are particularly high per-
taxon extinction rates at times of mass extinctions corresponding to the
Artinskian, Tatarian, and "Rhaetian" events (nos. 1, 2, 3: Fig. 2). Per-taxon
extinction rates are barely elevated at the times of the Maastrichtian, Rupelian,
or Late Miocene mass extinctions (nos. 4, 5, 6: Fig. 2). These mass extinctions

correspond to depressed per-taxon origination rates (Fig. 4), as noted by Benton

(1985b).

MASS EXTINCTIONS

The history of non-marine tetrapods has apparently been punctuated by at
least six mass extinction events (Fig. 2; Benton 1985b), together with up to seven
other possible extinction events. These had widely differing effects, ranging from
a 587 drop in family diversity for the Early Permian event to a 27 drop for the
Late Miocene event, It has already been argued (Benton 1987b) that the fossil
record of tetrapods 1s generally not complete enough to test the hypotﬁesis of
periodicity of mass extinctions (Raup and Sepkoski, 1984, 1986), but data from the
Triassic record appear to contradict the idea (Benton 1986a, 1987b).

The four -extinction events in the late Palaeozoic to Mesozoic interval,
together with the other possible events, are summarised briefly below, with notes
on "the ‘groups ‘that became extinct, and those that survived. ~More détails of
reptile extinctions is given in Benton (1987b).

Early Carboniferous (Serpukhovian): four families of amphibians digd out at

the boundary between the Early and the Late Carboniferous:

1c
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Labyrinthodontia: Proterogyrinidae, therpetontidae;

Lepospondyli: Adelogyrinidae, Acherontiscidae.
This may correspond to the end-Namurian marine event noted by Sepkoski and Raup
(1986, p. 23), by Saunders and Ramsbottom (1986), and by others. 'The smali numbér
of tetrapod families lost (and each of them i1s of low diversity) gives lower than
normal extinction rates (Figs. 3, 4).‘ This cannot be regarded as a well-supported

tetrapod extinction event.

Late Carboniferous (Késiﬁovian—Gzelian): two families of tetrapods died
out: |

Lepospondyli: Ophiderpetontidae, Tuditanidae.

‘The suggested end-Carboniferous extinction event (Sepkoski and Raup 1986,
p. 23) is even 1esé convincing for tetrapods. Only two families of rather rare
Lepospondyli disappeared, and the extinction rates were low during both stages

(Figs. 3, 4).

Early Permian (Artinskian): fifteen families died out during.this event
(no. 1: Fig. 2):
Labyrinthodontia: Saurérpetontidae, Trematdpsidae, Archeriidae;
Lepospondyli: Urocordylidae, Hapsidopa;eionﬁidae, Ostodolepidae,
Lysorophidae; |
"Anapsida": Protoréthyrididae, Bolosauridae, Mesosauridae;
Diapsida: Araeoscelididae;
Synapsida: Eothyrididae, Edaphosauridae, Ophiacodontidae,
Sphenacodontidae.
There were six families of labyrinthodont‘amphibiaﬁs that are known to have
survived into the succeeding Kungurian Stage.(Trimerorachidae, Eryopldae,
Dissorophidae, Archegosauridae, Seymouriidae, Diadectidae) two of Lepospondyli
(Keraterpetontidae, Gymnarthridae), and only three of reptiles (Captorhinidae,

Caseidae, Varanopidae). This extinction then had its greatest effect on the

11
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reptiles, and it marked the sharpest decline in the formerly dominant pelycosaurs

(early synapsids). Artinskian extinction rates are high, but not excessively so.
Late Permian (Tatarian): twenty seven families of tetrapods died out at the

end of the Permian (event no. 2: Fig. 2).
Labyrinthodontia: Dvinosauridae, Melanosauridae, Rhinesuchidae,
| " Kotlassidae, Lanthanosuchidae, Chroniosuchidae:
"Anapsida": Captorhinidae, Millerettidae, Pareiasauridae;
Diapsida: Welgeltisauridae, Younginidae, Tangasau;idae;
Synapsida: Ictidorhinidae, Gorgonopsidae, Dromasauridae,
Endothiodontidae, Cryptodonfidae, Aulacocephalodontidae,
Dicynodontidae, Pristerodontidae, Cistecephalidae,
Diictodontidae, Moschorhinidae, Whaitsiidae, Silphestidae,
Procynosuchidae, Dviniidae.
The end-Permian event had a decisive effect on the amphibians, wiping out six
families, and leaving only three survivors £hat crossed the Permo-Triassic
boundary (Uranocentrodontidae, Benthosuchidae, Brachyopidae). It also caused the
end of many major reptilian families, and particularly a large number of formerly
kdominant mammal-like reptiles. The six or seven families that survived into the
Triassic,rapidly radiated into new forms, but the syﬁapsids had begun to lose
their dominance to the diapsids.
The extinction rates for the Tatarian are failrly high (Figs. 3, 4), but not
as high as those in the Ufimian, the first stage in the Late Permian, when there

was not a drop in tetrapod family diversity.

Early Triassic (Scythian): there was another smaller extinction event about
5 Myr. later, at the end of the Scythian Stage, when thirteen tetrapod families '

died out:

Labyrinthodontia: Lydekkerinidae, Uranocentrodontidae,
Benthosuchidae, Rhytidosteidae,

Trematosauridae, Indobrachyopidae;

12
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Diapsida: Proterosuchidae, Euparkeriidae;
Synapsida: Emydopidae, Kingoriidae, Ictidosuchidae,
Scaloposauridae, Galesauridae.
The event really affected only the amphibians, since reptilian diversity.remained
roughly constant as a result of a high origination rate at,thé time. There was a
small mass extinction of marine invertebrates at this time also (Raup and
Sepkoskl 1984, 1986).

Late Triassic (Carnian - "Rhaetian"): The three stages of the Late

Triassic, the Carnian, Norlan and "Rhaetian" (or two, if the "Rhaetian" is

included in the Norilan) span 18-25 Myr., depending upoh which of the current time

scales 1s employed. Raup and Sepksoki (1984, 1986) have argued that the Late
Triassic extinction consisted of a single event, but Bentén (1986a, b) has
identified at least two phases of extinction in the fossil record of tetrapods
(no. 3: Fig. 2), as well as in that of ammonoids and other groups.
The first, and.larger, extinction event occurred at the end of the Carnian
Stage. Ten famlliles of tetrapods died out:
Diapsida: Thalattosauridae, Trilophosauridae, Rhynchosauridae,
Proterochampsidae;
Synapsida: Kannemeyeriidae, Chiniquodontidae;
"Euryapsida'": Nothosauridae, Simosauridae, Cymatosauridae,
Henodontidae.
The second, smaller, Late Triassic extinétion_event, at the Triassic-
Jurassic boundary ("Rhaetian") was marked by the loss of eight families:
Labyrinthodontia: Capitosauridae, Plagiosauridae;
"Anapsida": Procolophonidae;
Diapsida: Phytosauridae, Aetosauridae, Rauisuchidae;
Ornithosuchidae;

"Euryapsida": Placochelyidae.

13
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These extinctions, although few in number, do seem to have some significance. The
last of the thecodontians (four families) disappeared on land, as did the last of
the placodonts in the sea. Most of the "modern" groups‘of amniotes had appeared
during the preceding 12-17 Myr. of the Norian Stage: the Testudines, the'
Crocodylia, and the Mammalia, as well as the Pterosauria, and the Dinosauria in
the Carnian. - At one time it was thought that the end of the Triassic saw the
termination of the formerly abundant labyrinthodont amphibians and the mammal-like
reptiles, but these two groups continued in greatly reduced diversity until the
Bathonian and Callovian (both Middle JuraSsic) respectively.

Both the Carnian and the "Rhaetian" events are assoclated with peaks in
total and per—taxon extinction rates of tetrapod families (Figs. 3, 4), but the
peaks are higher for the latter event. |

Jurassic - Cretaceous events: Raup and Sepkoski (1984, 1986) and Sepkoski

and Raup (1986) have identified three probable extinction events that affected
marine animals between the "Rhaetian" and the K-T events. These additional

extinction events, with dates of the ends of the stages from Palmer (1983), are:

Jurassic:  Pliensbachian . (193 Myr.)
Tithonian (144 Myr.)
Cretaceous: Cenomanian ( 91 Myr.)

The data on tetrapod families are particularly weak during parts of this
time interval (see above). There are indeed declines in family diversity in the
non-marine tetrapod data (Fig. 2) after the Pliensbachian,.Tithonian, and
Cenomanian, with the decline after the Tithonian standing out best. There are
also slight peaks in total (Fig. 3) and per-taxon (Fig. 4) extinction rates in the
Pliensbachian and Cenomanian, with a more marked peak in the Tiphonian."At
present, the tetrapod data are not good enough to decide either way about the
occurrence of these postulated extinction events.

Late Cretaceous (Maastrichtian): The Cretaceous-Tertlary boundary (K-T)

event 1s surely the best known mass extinction, and not least for its effects on
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the reptiles (dinosaurs, pterosaurs and plesiosaurs all died out then)._ However,
in relative terms at least, the percentage loss of families of tetrapods as a
whole (no. 4: Fig. 2) was less than for the two Permian events and the Late
Triassic events already described. The total extinction rate for the
Maastrichtian (Fig. 3) is higher than any before it, but the per—taxon rate for
tetrapods (Fig. 4) 1is not so impressive, being lower than the "Rhaetian",
Pliensbachian and Coniacian rates, for example. The decline in tetrapod family
diversity at the K-T boundary is caused partly by a slightly elevated extinction
rate, and partly by a low origination rate (Benton 1985 b).
Thirty-six families of tetrapods died out at the K-T boundary:
Diapsida: Crocodylia: Uruguaysuchidae, Notdsuchidae, Goniopholididae;
Pterosauria: Pteranodontidae, Azhdarchidae;
Dinosauria: Coeluridae, Ornithomimidae, Dromaeosauridae,‘
Saurornithoididae, Oviraptoridae, Elmisauridae, Megaloséuridae,
Dryptosarridae, Tyrannosauridae, Camarasauridae, Diplodocidae,
Titanosauridae, Hypsilophodontidae, Hadrosauridae,
Pachycephalosauridae, Nodosauridae,AAnkylosaufidae,
Protoceratopsidae, Ceratopsidaey
Sawr/ygy Mosasauridae;
Aves: Baptornithidae, "Enantiornithes”, Lonchodytidae, Torotigidae;
Mammalia: Marsupialia: Pediomyidae, Stagodontidae;
"Euryapsida": Plesiosauria: Elasmosauridae, Cryptocleididae, Polycotylidae.
The K~-T event was clearly taxonomically selective: certain major groups
becamé completely extinct during Maastrichtian times: the Pterosauria (2
families), the Dinosauria (19 families) and the Plesiosauria (3 families). Other
groups were 1eés affected - turtles, croéodiliang,lizards, snakes, birds and
mammals (although two out of three marsﬁpial families died out). Indeed, the
mammals continued to fadiate without any obvious pause right through the K-T

boundary.

15
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Table 1

Numbers of families of Late Palaeozoic and Mesozoic tetrapods, based on data in

Benton (1987a, b). Note: some of these families cross fyto the Tertiary.

non-marine exclusively marine total
Amphibia 85 0 85
Reptilia 205 32 237
Aves 13 0 13
Mammalia | 35 0 35
TOTAL 338 ' 32 370

Fig. l.- Phylogenetic tree of the Tetrapoda, showing relationships, stratigra-
phic duration, and diversity of each group. The major groups are indi-
cated as balloons that show the known stratigraphic range by their
height, and the relative numbers of families present by their width
(see scale in bottom right-hand corner). Relationships of the groups
are indicated by dashed lines on the basis of recent cladistic analy-
ses (e.g. Gaffney 1980; Kemp 1982; Benton 1984, 1985c; Smithson 1985;
Panchen and Smithson 1985; Gauthier 1986; Heaton and Reisz 1986). Abbre
viations: A, Ichthyostegalia; B, Pareiasauria; C, Procolophonia; D,
Captorhinidae; E, Protorothyrididae; F, Araeoscelidia.
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Fig. 2.- Standing diversity with time for families of non-marine tetrapods. The

upper curve shows total diversity with time, and six apparent mass ex-
tinctions are indicated by drops in diversity, numbered 1-6. The rela-
tive magnitude of each drop is given in terms of the percentage of fa-
milies that disappeared. The time scale is that of Palmer (1983). Three
assemblages of families suceeded each other through geological time:

I, I1, III (see text for details). Abbreviations: Carb., Carboniferous;
Dev., Devonian; Trias., Triassic. '
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calculated stage by stage for 56 stages between the Late Devonian and
the Pleistocene. The Miocene was divided into Early, Middle and Late
units only, and the Pliocene was treated as a single time unit.



48 -
PER-FAMILY EXTINCTION RATE PER-FAMILY ORIGINATION RATE

@ < < < <@ <@
N — Y ~ w
T 1 1 ! 1
= -
%lm
Z[x]
=3 .
e °\
w .
v 9hm
=2 E1
3=
Tl
z
Alg
w |8lx
S5
(=2 17
uim
me JF Q.
kK d i
£ e
UN_‘_Zr' N/
(=4 fal
-]
a =
o o~
[y Ui
(=] ola .
[#3] -
™ o
> o m
— e Jramne]
-~ ciz
— EQ_ <
e e
A h|® ]
— )
= =218
= wn &
-3 <
-
m
o
alx
Fl=<
s
= |5l
@ Im
S o -
cle
wlg
o
£ v n .
| 0] - .
[T
S-1A
X
-Eg U1 ——
E
z
et
21 * :
[~}

Fig. 4.- Per-taxon rates of origination and extinction for families of amniotes.
Conventions as in Fig. 3.




...49..-

. III JORNADAS DE PALEONTOLOGIA
PALEONTOLOGIA Y EVOLUCION: FENOMENOS DE EXTINCION

EVOLUTIONARY CRISIS WITHIN THE ORDOVICIAN ACROTRETIDS (INARTICULATE BRACHIOPODS)

s

Gertruda BIERNAT & Wieslaw BEDNARCZYK
Department of Paleobiology, Institute of Geological Sciences, Polish Academy of

Sciences, 02-089 Warszawa, Al. Zwirki i Wigury 93, Polonia.

ABSTRACT: Acrotretids (sensu Rowell, 1965) have been a dynamically developed
group during the Cambro-Ordovician times and became extinct by the end of Ordovi-
cian except the Scaphelasma line which continued up to the Silurian (Artiotreta)

and the Torynelasma line going on to the Silurian (Artiotretella) and even up

to the Devonian (Opsiconidion). In Poland, this group much diversified in the

Ordovician, 1s known to occur in the time span comprising the Middle Cambrian-
Silurian. The peak of their maximum differentiation is observed in the Lower Or-
dovician (Upper Tremadocian—Llanvirnian). This being confirmed by the folloming

genera&'Ditreta, Conotreta, Paratreta, Eurytreta, Spondylotreta, Myotreta, Pome-

raniotreta, Scaphelasma, Ephippelasma, Torynelasma. Only some forms continued

i.e. Conotreta =-to the Uppef Ordovician (Caradocian) and Opsiconidion, a member
of torynelasmatids- to the Silurian. A similar evolutionary line is to be obser-
ved outside Poland, in the Balto~Scandia (Sweden, Estonia including the Leningrad
environs) probably in Bohemia and aisd at Kazakhstan (USSR) énd Nevada (USA).
‘It seems that, basing on the palaeogeographical data, the radiation and diversity
yand‘subsequent steep extinction of acrotretids could have been caused by changes
of climate, sea-level in connection with the glaci-eustatic events during Ordovi-

cian and fluctuations in the rate of sea-floor spreading.
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FHANEROZOIC EXTIMNCTIONS: HOW SIMILAR ARE THEY TO EACH OTHERT?

1
A.J. Bowoot

Departments of Geology % Zoology, Oregon State University, Corvallis,
R 97331, U.S.A. .

ABRSTRALT

A brief account of  the major Phanerozoic extinction events
gsuggests that each one has a flavor all its own. Major  extinction
events dinvolving varied combinations of different tawonomic levels,
such as many classes, or many orders, or many families, and the varied
impacts on  community structure in varied combinations are what is
referred to here by "flavor." Most of the evidence discussed is taken
from the relatively well sampled, marine, level bottom envivonment.
Fecent evidence developed by Eauffman and a few others suggests that
extinctions take place over a geologically brief interval of time in
which more stenobtopic taxa are eliminated, followed by an abrupt
termination of the more abundant, higher biomass eurytopes, during
comminity collapse. Adaptive radiations too, appear to take place
during a geologically brief interval (up to a few million years)
rather than "instantaneously" in ecologic time (less than a  thousand
yearsd. This suggests that "instantaneous" extra tervestrial events
are not likely to have influenced the gradual phase of either
extinctions or adaptive rvadiations in any very important manner. Long
term extra-terrestrial events that potentially resulted in terrestrial
climatic gradient changes might have been significant. However, the
move instantaneous community collapse, high biomass effects, might
invalve other factors, including certain types of extra terrestrial
events. The decoupling, non-coincidence in time of the extinction
events and adaptive radiations: in  varied parts of the global
ecosystem, suth as  the marine and nonmarine envivonment, does not
sypport a concept of "instantaneoug" extraterrvestrial influences. It
iw concluded that we still have little understanding of the specifics
involved in any major extinction event or adaptive rvadiation on land
oY Sea. Many of our paleontologic cum geologic data have been
collected  dn suwch  an  inadequate manner as to make mew  sampling
mandatory if we are to attain a better uwnderstanding of fthese
problems. )

FKEY WORDS: Extinctions, adaptive radiations, community evolubion,
decoupling.




"Those who -annnt ramembear the pasb

are condemned to repeat it.
George Santayana (The Life of Reason)

INTRODUCTION

D'Orbigny  (1B43-1852, 1850-1852) compiled the original
biostratigraphic = synthesis that made him the Father of
Biostratigraphy, and provided the foundation for future studies on
extinctions and adaptive radiations. Following Cuvier, d'Orbigny

T LY

employed a catastrophist interpretation (1849-1852, v. 2, pp. 252

af  the biostratigraphic facts. We no longer subscribe to this view,
for  which many paleontologists have substituted a neccatastrophist-
evolutionary attitude. However, we are still faced with trying &o

understand what are basically the same data.

Mzst  of  the major extinction events have, of course, been
recoghnized for a century or more (see Newell, 1996, 1963, 1967, for
incisive summaries). The relabtive ease with whisch the earlier
paleontologists and biostratigraphers had recoghnized the Ma jor

extinctions was largely based on the presence of major biofacies and
bicmass (communities of modern parlance) changes across the boundaries
combined with significant tavonomic changes; there was much more Lo
this recognition process than a mere change of taxa at the boundaries
(Newell, 1367 . After mast of the Treatise an Invertaebrate
Faleontology and Osnovy Paleontologii volumes became available, it was
reasonable to compile stratigraphic range data for varied taxonomis
levels in order to test earlier uun-1u51nms about the major extinction
events. Valentine (196390 and Faup (1972) performed this compiling
service, although arriving at somewhat different conclusions about the
significance of the compilations, as might have been predicted given
the nature of the basic information. Furthermore, it was reasonable to
continue to try to refine these data with both additional information
and varied statistical techniques. The authors of these later papers
eventually were able to recognize most of the major extinctions noted
previously by biostratigraphers and paleontologists well before the

advent of the Treatise and the Dsnovy. We owe a debt of gratitude 4o
thesée: compilers  for  having called these basic palecntologic,
evolutionary problems to the attention of the biologists. But, the

recent spate of papers alleging periodicity of extinctions in  the
post-Falezzoic marine fossil record (see Sephkoski and Raup, 13986, for
a typical example), based on statistical treatments of similar basic
data, involves a large measure of defective data while at  the same

time = not agreeing with the major biostratigraphic breaks (sse
Fatterson and Smith, ms., for a critigue and summary; also, Ager, mS.;
House, 13877, Fatterson and Smith reject the alleged periodicity in
the Late Permian to present family datba. As  is discussed below,
additional to the basic criticisms provided by Fatterson and Smith, I
conclude on a paleoscologic basis that most data points compiled by
the extinction-periodicity advocates resuwlt from taphonomic "noiss" on
the wone hand, and the basic inadequacy of most fossil  samples for
recovering rvare tawva on the obher hand. Jaeger’s C1986) thought ful

review of the extinction problem raises serious doubts about bobth the
alleged "instantaneous" and "periodic" aspects of the praoblaem.
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As T have suggested before (19863, it is crucial that we now
advance our understanding of the extinction and adaptive radiation

problems involved if we are to find any real solution for  them. Tz
accomplish this, we must employ sampling methods that emphasize the
ecostratigraphic rather than Jjust the stratigraphinz. By

"ecostratigraphic," I mean the study of extinctions and adaptive
radiations from within individual community types Ccommunity  groups;
see Boucot, 1983). We need to find out whether communities as a whole
are subject to extinction and subsequent adaptive radiationg oy
whether it is only the more "sensitive" taxa in a community that are
sub jezt to these processes. Mere compilation of miscellanesus taxa
will rnot  achieve this goal if the taxwa are divorced from  their
community context.  We must analyse the system, part by part. We must
keep separate the data of the level bobttom community from those of the
reef complex of communitiss, of the pelmatozoan thickeb, the bryozoan

thicket, and the spongs forssh. In fact, we must separate all data
bearing o the shelf communities  from  those of  the bathyal,
planktonic, and pelagic communitises. Finally, we must-—obviously-——

keep nonmarine data—-—both freshwater and terrvestrial-—separate from
marine data.

HOW NOT TO REZOSNIZE EXTINZTIONS

At the outset it needs to be stated that the term "extinction®

is employed by paleontologists in a manner distinct  from the
dictiohnary definition. We refer to a statistical phenomenon in which
varying percentages of the biota, never the total biota in the
Cuvieran sense, became extinct at different times in. the pask.

Because of this situation Newell (19631 and Teichert (1985) preferrved
the term "crisis" rather than "extinction.," Some workers prefer  the
term  "extinction event." We are not, of course, rveferring to the
terminal  extinction of individual lineages, or to the name  changes
within individual, evolving lineages. :

The best way to obscure extinction events, and to be able tno
mverlook totally the lower level extinction events, is to continue to
prepare summaries featuring the "known" stratigraphic ranges of
ecologically miscellanecous taxa——families, genera, and species. It is
necessary to keep in mind that most generic and specific "extinctions"
are merely bookkeeping changes reflecting the evolubtion of one  tawon
intos  another, not true extinctions. This attitude assumes that the
"Lrown" vanges of all, or even most published taxa ars of egqual value,
a position that the experienced taxonomist finds unrealistic  (Newell,
1386, for exampled. It has been clear for many years, even during the
last century, that the published stratigraphic ranges of the presently
described fossils are of highly variable quality. For example,
Teichert (written comm., 19872 points aut that 25% of the pelmatozoan
families are monogeneric; i.e., they probably represenc a very
fortuitus  sample  for  which the "known"  strabigrapa.s  ranges  arse
obviously far  below the true ranges, because they ares also largely
endemic, relatively uncommon units whose reporbed ranges tend to be
minimal., Excluding monotypic taxa and those restricted to a single
stage cannot eliminate this praoblem. Enlarging one's sample size does

G}
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not  improve  the  reliability. One must keep in mind that the
sheletonized echinoderms have a very low preservational potential that
almost  guarantees that the known stratigraphic ranges of most  taxa

will be very minimal. It is, therefore, amazing that many compilers
make no serious  atbtempt to evaluate the reliability of the varied
components  in their samples. This approach defeats a priori  the
purpose of the study! The first rule of statistical analysis is  tno

prepare if possible, where some understanding is available, a proper
evaluation of the sample and its components, and then to consider how
best to weight these components. One should decide on Lthe basis of
this body of knowledge how best to discard certain components because
of  their statistical unreliability. This is particularly true when
dealing with natural history data of the bicstratigraphic soart, whers
we have more than a little real understanding of varied controls  over
the nature of the data. Thess samples should not be viewsd in  some
sort of statistical vacuum;  to do so would not be objective, it wowld
be to discard intentionally the superience and understanding gained by
many generations of paleontologists.

I have emphasized (1986) that the term "Background Extinction
Fate" is largely a sampling artifact. It is a combination of
taphonomic  "noise" plus the all too common small size of most  fossil
collections. The taphonomic "noise” results from the uncritical use
of  many well-skeletonized tawa that are so poorly articulated that
they are most commonly preserved as indeterminate fragments.

For example, consider the Echinodermata. The overwhelming
majority of the generic and familial stratigraphic ranges within this
phylum are ocbviously gross underestimates, because of the ease wikh

which. most taxa disaggregate into unidentifiable particles. The
compilers have made no attempt to deal with this problsem. RBecause of

this taphonomic defect, as well as related ecologic questions, most
echinoderm  taxa -probably should be eliminated from the analyses of
compilations, with the exception of a few tawa such as the numerically

abundant, cosmopolitan, infaunal, irrvegular urchins  (present  in
Mortensen’s old Subclass Irregularial.

The sampling bias part of the problem invalves the fact that
with both  living and extinct tawa the great majority belong to the

endemic category (Bowoob, 1975a2, which i3s3 characteristically
represented by relatively uncommon specimens. The compilers have

uncritically  lumped together the tawa represented by these poorly
sampled, commonly  endemiz, rare taxa, whose reported stratigraphic
ranges may be far short of what community palecscology suggests should
be their true ranges, with the far more numercous, more cosmopolitan
tara whose known ranges approximate their true ranges (Boucotb, 19832,
This uncritical procedure produces both noise and artifact.

Furthermore, the compilers make no attempt to evaluate their
data in terms of what is now known about community evolution Rz ok,

138327, This may happen becauss nost paleontologists do nobt subdivide
their data ecologically. I am also veferring here o the all  too
R prachtice of  lumping  together stratigraphic data froam

evolutionarily largely decoupled parts of the marine ecosystem such as
the reef community comples and the level botbtom  snvironments Can
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aexample af this practice is McHihney C132871). Workers who would never
think of combining stratigraphic range data from the nonmarine and
marine environments for the purpose of recognizing extinctieons  and
adaptive radiations seem to feel free to lump together the data of the

level bottom  shelf with those of the reef community  complew,  the
pelmatozoan thicket, fthe bryozoan thicket, and the sponge fovest, not
to mention the pelagic and planktonic complexes. This failwe, or

refusal, to make an effort to analyse the distinctly different parts
2f the ecosystem,  in terms of independent times of adaptive radiation
and terminal extinction, needlessly blurs the record, giving a false

sense  of  what might actually have occurread. Additional +to this
failure to consider sample reliability in  terms  of Communi by
palecsecologis understanding is the failure Lo consider the

bicgeographic reliability of the sample, i.e., whether a compleate
community  complement has been recovered from the known biocgeographic

units, as well as whether the availabls rcommunities have besn
adequately sampled. It is clear that overall diversity at  lower

tavonomic  levels, in some -ases extending up to and including the
familial, is positively correlated with numbers of provincisl units ¢
have commented on this some time ago: Boucot, 1975h).

_ It is clear that softbodied taxa should mot be considered  for
the purpose of recognizing extinction svents or adaptive radiations,
and indeed few include them in their compilations. However, rare taxa
for which stratigraphic sampling is still waxefully inadequate (Boucot,
19862, and for which it is clear that "known range" seldom even
approaches "true range," are still being included by most compilers in
their summaries (Mckinney [19871 is a typical example)’. Needless to
say, such a major sampling ervor introduces substantial noise  and
potential artifacts into the conclusions--leading in no small part o
the fallacious concept of a "Background Extinction Fate." However,
use of the ecostratigraphic concepts of community evolubion provides a
move balanced means of evaluating all taxa, whether rare or abundant,
in * both slowly evolving and rapidly evixlving lineages that have
similar stratigraphic ranges within the many coeval community groups
belonging to each ecologic—evolutionary unit tHoweot, 1383, Fig. 12.

From what we have learned about community evolution it is clear
that there will be a continuing "extinction" rate of bobh genera and
species, but particularly species, within the evolving taxa
characteristic of every community group Cthis type of "sxbtinction" is
mere name changing, not extinction in the commonly aczepted  sense
[Boucot, 1983, 19861, Within any major portion of the glaobal
ecosystem, such as the level bottom, the plankton, the reef complex of
communities, pelmatozoan thickets, and  the like, ther= is good
evidence that there is mo background extinction rate at the family and
higher lavels. New families are NOT being continually introduced and
remaved  from  extant community groups.  There are inevitably a few
families that appear later and disappear earlier than the bracketing
ecologic—evalutionary unit boundaries, but most of these are families
represented by rare gen.ca and species (this is an crbifact cansed hy
inadequats sanpling?.

The stratigraphic ranges of the bentnic non-level bk b
ecologic units are overall far less well kaown than those of the level

8
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bobtom uwnits. For example, the stratigraphic ranges of the varied
pelmatozoan thicket communities are very poorly  krown, and little
attempt  has been made to synthesize the cur?ently availabls data. If
ohe adds to bthis the rarity of the taxa within such  communities
tlargely because of the case with which most of these organisms ars
disarticulated beyond recognition?, it is little wonder that they
contribute a great deal to the artifact of "Background Extinction
Rate." ‘ ‘ '

Seplkoski 19862 suggests that genus-level compilations  through
Eime are a far more sensitive means of detecting extinctions than is
the case with familial and higher level units. I strongly disagree.
In many cases genera within a family tend to grade inta each ohher, as
anyone who has ever tried to assign a species to a genus is painfully

AWAY & . I am indebted to Sepkosgki for providing me with a copy =f his
articulate brachiopod generic data. Consideration of his data shows

that the known disappearance time for each genus is  treated as  an
"extinction, " which involves the assumption that there has been a very
low level of evolutionary change within families from one  genus bo
another. Examination of Sepkoski’s data convinces me that well over
three-quarters of these "extinctions" are merely name changes within
evalving lineages (i.e., these are not true extinctions). This is not
surprising. Sephkoski (198B6) apparently igrnored generic  changes in
evilving lineages as contrasted with terminations of generic lineages
which seriously flaws his approach. Anyone involved with the study
and description of genera and species understands that most genera are
merely convenient  "cubbyholes"  for  groups of relatively similar
species that are parts of continuously evolving groups. This basic
fact is exemplified in Simpson’s (1952) concept of Guantum Evaolution.
Quantum evolution is an apology for the almost invariable absence of
species and genera intermediate betwesn families. I (1986) have
discussed the tendency for a higher level of generic terminations at
the end of ecologic-evolutionary units rather than within them. There
is also a tendency for tawonomists to employ more generic terms  than
needed just above 'and below pericd, series, and stage boundaries.
That is, the normal human tendency for some of us o "gee" things
where they "should" be results in different names for the same genus
above  and below a boundary. Generic compilations also introduce a
biogeongraphical - artifact in that times of increasing provincialism,
themselves commonly decoupled from extinctions or adaptive radiations
CRouwcot, 1983), see a marked increase in generic  and specific
diversity CBoucot, 1378, diacladogenesis) owing to intensive
allopatric speciabion.

Finally, the stratigraphic range compilers, dsspite defective
nxisy data, have been able to recognize the major extinchion svenks
first identified in the last cantury. Attempts by them to recognize
the host  of lesser extinction svents by smploying these data fail.
This is exemplified in Sepkoski’s (1986 work, with his alleged minor
event at the FPennsylvanian—-Fermian boundary. I conclude that this is
an  evtifact produced by employving genc, ic data based on the all A
commzn tendency  to change generic and specific fterms  at  "major®

boundaries. Anyorne  familiar with the deliberations invalveo in  the
selection  of the Pennsylvanian-Fermian boundary decision made at  the
193 International Beological Congress in Moscow would be puzzled o

[
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learn that a well defined extinction event was supposed to have been
present {see Mudge and Yochelson, 1962, for a mass of  information
dealing with -fhe boundaryd. One should also note Sephkoski’s inability
o recognize  the minoe extinction event at  the Silurian~Devonian
Cboundary, or tkat within the Emsian (Boucot, 19851,

MARINE HISTORY % RECOGMITION OF EXTINCTION EVENTS

_ The marine  fossil record is by far  ocur most wompleta,
Therefore, any account of extinction, and of the companion problem of
adaptive radiation, must emphasize the marine. There is, of course, a
spectrum of both extinction events and adaptive radiations, from the
major global events, to minor events, as well as to regional events.
In this brief summary I stress the major events.

In terms of numbers of specimens,  the marine record is  largely
one of the level bottom environments. Howevasr, in terms of numbers of
tawa, many with poorly known stratigraphic ranges, the rnon-level
bottom  envivonments contribute a very significant fraction o the
taxic total (think here of the pelmatozoan and bryozoan thicket taxa
from the family to the species)., Therefore, it iz natural that most
conclusions  should be based on level bobttom data, hecause of  the
signi ficantly higher level of sample veliability, and from the more
common tava within the level bottom sample.

First, I review the major extinctions recnogrnized to date in the
level bottom marine record. I attempt to summarize their major
characteristics. I then comment on some of the potential correlations
of  these extinction events with varied geological phenomena such  as
regrassion-transgression, glaobal climatic gradisnts, intervals of
arogeny, levels of provincialism, and the like. I also emphasize the
ma jor adaptive radiations that follow some, but ot all, of the major
extinction events. Community continuwity and termination at times of
extinction are discussed. Finally, I discuss briefly some of the
minoyr extinction events affecting the level bottom envirvonment, plus
the adaptive radiations generating the reef environments de novo
during the Phanerozoic, following extensive intarvals when the reef
environment was absent (also see Newell, 1371, and Sheshan, 1983).

‘ In 1382 1 discussed brisfly fthe well khnown Fhanerozoic
extinction events that have affected the marine level bt o
environments. They arse the end of the Ediacarian, =nd of the Early

Cambrian, end of the younger Cambrian bicomeres (including that at the
end of the Cambriand, =2nd of the Early Ordovician Cabout the end of
the Arenigiand, end of the Ordovician (the "old”  Ordovician—-8ilurian
boundary point for which the Zone of Glyptograptus persculptus formed
the base of the Silurian, rather than the "new" boundary point for
which the overlying Zone of Akidograptus acuminatus forms the basel,
mid-Late Devonian (Frasnian—Famennian boundary?,  end of fthe Fermian,
end of the Triassic, _and end of the Cretaceous. . _wn the 1983 paper I
et up what were termed "Ecologic-Evolutiomary Units" that conform  in
many respects to the Etages of d'0Orbigny (1830-18%52) insofar as  bobh
reflect the points  in the stratigraphic rvecord where ma jor
geclogically abrupt changes in the level bothom snvivoament bicokta arve
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mbhvious.

END OF THE EDRIACAREIANM <Fig. 133 Thanks largely to Glaessner’s

pioneering studies (summarized in 1379 and 1984), we now have a
considerable body of information concerning the enigmatic level

bottom, softbodied fauna of the Ediacarian. There has been a great
deal of concern about the phyletic affinities of many of the puzzling
taxa. We are clearly far from resolving thése concerns today.  Yet,

nearly everyone involved is in agreement that the species, genera,
families, probably most superfamilies, and peﬁﬁibly mast orders,
appear to have no direct, post-Ediacarian continuations. Whether or
ot these extinctions were rapid or slow on a geologic time scale 18
unkhnown, owing  to the small number of localities; in fack, it may
never be kEnown. However, the magnitude of the potential event is
mhvicus. This extinction  event does not give any insight  intao the
behavior shown by varied communities and bicgeographic  units Jjust
before the exkinction event. There are still far btoo few data even to
begin  to think sericusly about Ediacarian biogeography or communities
tEl asssner, 19843 Donoavan, 1987al. The reason  for  citing this
potential event is  that it might just be the greatest nof the
Fhanerozoic extinctions.

ENMD OF THE EARLY GCAMBREIAN CFig. 137: Biotically, the Early

Cambrian is in  many ways the most distinctive Fhanerczoic  time

interval. It has yielded about three to four times as many phylum to
subclass level units as any post—Early Cambrian interval. T mention
"phylum to subclass" because of the intrinsic difficulty in deciding
how best to classify so many =f  the Cambrian higher taxa. The

archaeocyathids are a typical example, having beaen assignhned at  one
time o=r ancther to the Porifera and Coelenterata, as well as to a
unigue phylum (Hill, 1972, provides a useful accountd.  The skeletal
movphioleogy  of the Archaeocyatha is clearly too distinctive to permit
their easy placement in any post-Cambrian higher tawon, whereas total
ignorance of their soft  anatomy  and  tissues probably precludes
certainty on this point for the forsesable fubursa. Yeb, all agree
that they represent a high level taxon. Brasier (1386 has provided a
brief summary of the many taxa appearing ngar the basal Cambrian
boundary. This prominent earliest Early Cambrian, Tommotian interval

adaptive radiation is still essenbially nexplained. Whether or not
there was an  extinction event of any magnitude at the end of the
Tommeotian is still undecided because of inadequate sampling. Many of

the "unique" Tommotian smaller shelly fossil taxa are now beginning to
appear in the post-Tommotian (Brasier, 1386, Many of these "unigue”
taxa still have poorly knowan upper ranges owing to varied  sawmpling

problems, chisfly being the lack of snough acid treatment of bhe

younger rocks. The fact that the Archaeocyvatha have lingered on in a
faew very restricted locales into the lLate Cambrian does nob detract
from their essential terminal Early Cambrian exbinction nearly

everywhere. It is common to consider the Early Cambrian as a Lime of
"experimentation" insofar as highsr taxa are oz erned.

In terms of lower taxa, such as the family, synbtheses of the
Early Cambrian are inadequate for making detailed comparison  with

0
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later intervalsy; the sample also is very small., This fact is
reflected  in no small part by the overwhelming Lower Cambrian
dominance of trilobite taxa (not to mesntion specimens). The Cambrian

relative abundance of so-called "small shelly fossils" is sHill hard

to sstimabe.

In addition to the many higher taxa, chiefly represented (with
the exception of the Archasocyathal by very few genera, species, or
even specimens, most lower level taxa involved in the extinction svent

are trilobites. This may be partly a sampling artifact owing to the
fact that the abundant imnarticulate brachiopods of the Cambrian as  a

whole are still poorly known.

FPalmer (written oomm., 19872 points out that "In the Lower
Cambrian it is relatively easy to recognize olenellids, agnosteoids,
corynexochids and ptychoparicids (ordinal or superordinal groups?, or
species, Some family or supsrfamily divisions Ar & becoming
recognizable by the end of the Lower Cambrian (Zacanthoididae,
Dorypygidae?, and the ptychopariocids on the different continents are
developing their own bicogecgraphic aspects. CThe bicgeocgraphic
differentiation is there for most groups, except  for mayvbe small
shelly fossils about which we are just beginning to develop knowledge,
right from the start.) Within the regions, howsever, there are faw
very clearcut intermediate level taxa. The family, superfamily and
generic classification is thus relatively messy.

During the Middle Cambrian, genera become incrsasingly clearcut,
but many supergeneric groupings are commonly disputed.

During the Late Cambrian, Family-level taxa become increasingly
clearcub. :

In Ordovician and younger Faleozoic rocks the superfamily level

tarxa (asaphids, phacopids, calymenids) become gquite cléar,

The impression is that thraough the early Faleoszoiz
differentiation of superspecific taxa becomes increasingly bebttsr at
increasingly higher taxonomic levels with time. The sxception is the

ordinal  or  superordinal levels, which are distinct from the very
beginmingesaa." '

Most swvivors of  the Early Cambrian exbinction  event are

represented in  the shelf margin sqguivalent region by the well Enows

agrnostid and specialized polymeroid facies, commonly preserved in
black shales, Palmar®s "Oubter Debtrital Belt" (Falwmer, 197703, This
shelf margin to offshel f survival phenomenon continged  through  the
Cambrian and Early Ordovician, and even to the end of the Ordovician
insofar as these major trilobifes groups are concerned. Thers are
hints in the post-Ordovician record that this phenomnenon of selective
survival, which takes place claose to the shelf margin, continued into

the Late Devomian (Fedder, 19827, Sepkosi: (1987) also considered
this possibility. In fact, the differential survivorship of shkel f-
margin to offshelf  tawa may provide olues  abouk evolubionary

decoupling of this part of the ecosystem from the level bottom benthos
o the rest of the shelf Cin fact, wmost of the shelf). This tendency
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for greater offshelf swvivorship may be correlated with the greater
likelihood for elimination of varied shelf envivonments C(and  their
stencbtopic taxal during intervals of major regression. But, it must
be kept firmly in mind (RBowcot, 1983 that there is no corvelabion
batween widespread regression and extinction. For example, the global
regression characterizing mast of the Early Devonian occours at a time
of  great increase in generic and specific lavel diversity brought on
by greatly increased provincialism. The covrrelatbion between
regression  and extinction is selechtive, suggesting that factors
additional to regression are heavily involved here. '

T

Causations: The cause of the terminal Early Cambrian extinction event
is still unknown. At about this btime, the global climatic gradient
increased (Bowoob, 19833, with a parallel increase in the level of
provincialisnm. GHlobally, little important, well-gated orogeny, btook
place at  this time. The factor(s) invoelved in  the appearance  of

mineralized skeletons at the beginning of the Cambrian are as unbknown
as ever; they are equal in signi¥icance to the appearance of the soff
bodied metazoans in the Ediacaran, and second only to the appearance
of life itself in terms of the fossil record.

Communities: It is very clear that communities, trilobite communities
in particular, were almost completely reorganized immediately
following the Early Cambrian, except for the shelf margin agnostid and
prlymeroid facies, and that the first skeletonized communities were

crganized at the beginning of this interval.

END OF THE CAMBEIAN (Fig. 10: The Middle Cambrian—Late Cambrian
esalogic—evolutionary unit opened with a period of adaptive radiation,
at least as far as the numerically and tawonomically dominant  shelf
trilobites were concerned. Fegardless of how one views Palmer’s
(19843 four Middle and Late Cambrian biomeres, fotr major extinction
svents are clearly recognizable during this interval (Falmer, written
comm. , 1987, comments that most of the biomere boundaries have not yet
beenh recoghnized oubtside of Morth America, and that high levels of
platform provincialism during the Cambrian may be partly responsiblel,
at  least on the North American Craton (Ludvigsen and  Westrop, 1985,
regard them as stages in the traditional sensed. They seem, however,
tox be extinction events prominent mostly at the family to species
level, with few superfamilies o higher btawxa involved (Falmer, 1983,
The terminal Late Cambrian esvent also affected the newly arrived
nautiloid cephalopods (Chen and Teilchert, 19832 at the family and
lower levels:; keep in mind, however, that the Cambrian nautiloids are

Cpoorly  known at prasent outside of China. The newly diversified and

numerically move abundant articulate brachiopods saw bhe bulk of their

‘genera become extinct, as was also the case with the gastropods. (e

still have inadequate information about the lnarticulate brachiopods.)

Many other higher taxa lived during the Middle-Late Cambrian,
but their etratigraphic ranqges and overall vecord are too poorly BEnowsn
to shed much light on the extinchtion guestion. :

Causation: There are no good corvelations of the fterminal  Cambrian

extinction event with global regressicon—-transgrassion  (Ludvigsen et
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al., in press, make a good case for the absence of major vagressive
activity in the Cambrian-Ordovician boundary interval?, orogeny (an
essentially anorogenic intervald, and with changing levels of global
provincialism o climatic gradisnt. Mo evidence favoring extra-
terrastrial  "events" has been produzed at any of the Late Cambrian
biomere boundaries (Orth et al., 1984). Falmer (19812 emnphasizes that
the two important Morth American Cambrian regressions do not correlate
with any of his biomere boundaries. It is still wunclear whether the
Nooth American Cambrian biomers boundaries, and their extinctions, are
global in extent.

Communitiess The benthic communities of the latest Cambrian were
largely replaced in the earliest Early Ordovician, along with the
lower level taxa (Ludvigsen and Westrop, 193830 . Communi by

recrganization also cccuwrred with the sarlier biomeres.

END OF THE EAELY OREDOVICIAN (Fig. 132 The important extinction

event  occwring  at the end of the Early Ordovician has, strangely
enough, received very little publicity from those who seek  major

extinctions. The event is well known to the  biocstratigrapher. A
humber of families in certain groups terminate (gastropods, articulate
brachiopods, nautiloids, and trilobites being among the most
prominentd., However, the principal characteristic of this sxtinction

event was an almost total community reorganization that affected the
shelf depth level bottom benthos shoreward of the shelf margin  region

with its agnostid—-olenid type faunas. After this event, trilobite
numerical abundance became subdominant for the first time since the
post-Tommotian  appearance of the group. This was also  the event

foullowing which several nearshore envivonments praviously dominated
by gastropods and nautileoids, shared that position with other groups,
including  the first numerically abundant bivalves, as well as a fow
brachiocpaods, The abundance of stromatolites (Cryptozoon)y  of  the
Cambrian-Early Ordovician nearshore region decreased drastically at
this time, never again to assume their former dominance. In many ways
the Early Ordovician Ecologic-Evolutionary Unit III (Roucok, 19830, is
a "halfway station" between the overwhelmingly trilobite—dominated
benthos of the Cambrian and the more varied benthos of the post—Early
Ordovician, although very distinct from bobh. In fack, after Early

Ordovician  time, no one group ever dominated again, except for  the
bivalve-dominated Early Triassic interval (Ecologic-Evolubtionary Unit
IX3 (Boucaot, 198370, The Early Ordovician began with an  adaptive

radiation involving several new family level units  affecting such
groups as the trilobites, brachiopods, gastropods, and nautiloids, butb
very little above that level. A few new higher tasxa such as  the
conwlariids and  the pelagic graptoloid graptolites were involved  in
this adapfive radiation event.

worldwide regression did take place near the beginning of  the
Llanvirnian (Lindstrom and Vorbiscoh, 19832, Orogeny, provincialism,
and glaobal climatic gradients do not corvelate very well, high or low,
with the bterminal Early Ordovician ertinchion event.

Causation: The cause is difficult to pinpoint. A prominent, probably

Tl e e e e e e o oo o S

Communities: An  almost total community reorganization took place  at
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~the Early-Middle Ordovician boundary, with the appearance of far more
varied communities above, as well as the extinction of mosbt  older
community  btypes below. Massive community reorganization of  this
magnitude also took place at the beginning of both o the Early and
Middle Cambrian, fthe beginning of the Carboni ferous, the beginning of
the Middle Triassic, and the beginning of the Jurassic.

END OF THE ORDOVICIAN (Fig. 1)@ The faunal composition of
Ecologic-Evolutionary Unit IV (Bouwcob, 19832 is markedly different
from its predecessor. Within that unit were the first appearance and
subsequent adaptive radiation of the corals  (hoth  tetracorals  and
tabulates), as well as the radiaticon of the bivalves, gastropeods,
stuny  bryozoans  ostracodes, crinoids and  other major pelmatozoan
groups, and articulate brachiopods. The averall relative abundance of
the ftrilobites decreased again, as did the inarticulabe brachiopods.
Almost all the community typss arse new.

The terminal Late Ordovician sxtinction event was one of the

three most profound to affect the level bobtom envivonment. A very
large number of families, as well as many orders and superfamilies,
from  most  of  the benthic megafossil groups | were  invalved. The

plankton, including graptolites and acritarchs, also were greatly
affected., The reef community complex of the Middle and Late Ordovician

was totally extinguished. Most of the genera and species terminate.
However, during this extinction event in about the Benthic Assembl age
4-3, outer shelf to upper bathyal position, some taxa survived very

well, particularly within the Dicoelosia-Skenidicides Community Group.

The move cosmopolitan and commonly more euwrytopic taxa (as judged by
presence in  numbers of communities, and shoreline to shelf margin

‘distribution) generally survived, as is commonly the case in  most

extinctions. The tawonomic uniqueness of each major extinction event
is attested to by Teichert’s (written comm., 19870 comment that "The
end Ordovician is not a big extinction event for the cephalopods."  He
points out that many higher nautiloid taxa pass through this interval,
whereas others disappeared well before. For many other benthic  and
planktonic groups, however, it is a major event. Whether or not such
tavonomic unigueness of each of the major extinctions has a "cause or
causes"  as contrasted with being merely a chance event is currently
un known . However, there is no denying the tawonomic unigueness of
each major extinchtion event in terms of relabtive effects at  different
tavonomic levels. ‘

Caugation: In terms of cause, attention has commonly been divected o
the glacial maximum within the late Ashgillian. The cause nof the
extinction, however, is unlikely to have been glaciabion because I E=ab%
tava survived well into the glacial interval, within their appropriate
climatic  zone. Just as  with fthe Fleistocene fthere is  no 1ul

correlation between rapid extinction and rapid regression correlated
with the onsst of widespread continental glaciation that  reaches

sealevel. In fact, this Ordovician  extinoctioc.  was delayed
considerably after the onset of glaciation. However, it must  be
pointed cut that here, as with almost all extinction events, we lack a
careful, stratigraphically controlled acoodnt Ccentimaeber—-hy—

centimeter wark in many sections that include as many community types

1z
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as possible) of the timing of the varied extinctions. Moreover, the
relations  bebtween the extinctions and specific communities have not
been well documented. Evidence for extraterrestrial (Orth et al.,
1986; Wilde et al., 12926) and orogenic causes is lacking., It is true
that the global climatic gracient decreased, but not precisaly at the
Ordovician-8ilurian  boundary. Lavels of provincialism decreased at
this time (Wang Yu et al., 1984, corvect Boucot!s, 19753a, earlier
migsconception of widespread LlandHVerlqﬂ cosmopalitanism), but did ned
approach  the high level cosmopolitanism of the Lats  Devonian  or
Triassinc.

Communitiess The rich communities of the latest Ordovician were
taronomically impoverished by the extinction avent, and the reef
commtinity complex of the Middle-Late Ordovician totally «liminated.
The surviving earlier Silurian communities are fractimns  of their
formar, Ordovician, selves., Thers is widespread, although not total,
tommunity  reorganization. Im this regard, the terminal Ordovician
svent is similar to what happened in the tropical -subtropical  world
fullowing the end Cretaceous event, as well as fallowing the mid-lLate

Devonian event. It is worth commenting that at the end of Ecologic~-
Evzlutionary Unit V, within the late Llandovery, there is a marked
increase in numbers of taxa/community group cowing to the dispersal of
so many  taxa  from  the Uralian-Cordilleran Region into the Morth

Atlantic Region (Wang Yu et al., 1984).

MiID-LATE QE!QNL&N (EEASNIAN-FAMENNIANY (Fig. 1): Beginning with
Mclaren’s (1970) Presidential Address to the Faleontological Society,
and followed by his subsequent Fresidential Address to the Geological
Boziety of America (1983), great attention has been devoted to  the
mid—l.ate Devonian &Atiﬂ'ti“ﬂ event (e.g., Walliser, 19861, MzlLaran
emphasized the geologically instantaneous nature of the event. It is

now clear that this was one of the three major extinction events which

affected the level bottom  shelf benthos during  the Phanwrnznlu.‘

(However, the extinction at the end of the FPermian was the greatest.
Many units at the class to ordinal level and below wers termirated at

this time. Fecent work suggests, however, that not all aspects of
this extinction were gealogically instantanesus (Beclker, 1986; Stearmn,
19879, but rather extended over a pericod of as much as a willion
YEAYSa Copper (1386 reviews fLthes later Devonian record of  the
atrypacean brachiopods o arvive at a similar conclusion,  although
suggesting an even longer, more extended time interval. However,
Copper’s  interpretation  suffers  from the absence of the NeCessary
benthic community data that might have allowed us to decide whether
the extinctions he reportad are potential artifacts based bty
collecting failures (samples too small to recover WAcommon tawal, or
collecting . failures based on local absence of  particular communi by
types for particularly stenctopic atrypid genera. Information  about

this guestion of time interval duration during which extinction cocurs

is still very preliminary. Sorauf and Pedder 128672, following up ons

Fedder €1982), emphasize that most of ihe shelf depth rugosan corals
terminated at this time, but that many of the offshalf, shelf margin-
upper bathyal equivalant corals continued on relatively unscathed;
this is more eavidence  for decouplings their data indicates a
relatively rapid event inscfar as rugosans are concerned. It is clear

,~.—_—\
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that this particular extinction was not followed immediately by an
adaptive radiabtion affecting the level bottom benthos, a character
shared with both the 2arliest Silurian—post-Late Ordovician and
Fermian extinction events, although a few groups did radiate near the
VETY beginning of the Silurian C(inclading such  things as  the
stricklandiids and eospiviferids).

Enough is known about pelagic organisms duwring the Late Devonian
o make it clear that, although the ammonites were greatly affected by
the mid-Late Devonian extinction event, they subseguently underwent
several  Famennian (late Devonian) adaptive radiations (House, 1985;
Forn, 19863, unlike the shelf benthos. The marine fish, on the other
hand, were not btoo greatly affected by the wmid-Late Devonian
extinction event, but did undergo a major terminal exhinction event at
the end of the Famennian, in contrast o the shelf benthos (Harland et
al. 13673 Hansen, wribtbten comm., 1985,

The reef community complex and its taxa were totally  terminated
in the mid-Late Devonian extinction event (Moclaren, 19700,

Causations: A cause for the wmid-Late Devonian extinction event is
chsoure, The Late Devonian was biogeographically very cosmopolitan,
had a very low global climatic gradient, was relatively ' bubt not
completely anorogenic, and was a time of moderately high global
transgression. No good  evidence has  been  found for  an extra-
terrestrial cause (McBhee et al., 1984; McGhee et al., 1986a, b;
Donovan, 1987b; MclLaren, 1989; Geldsetzer et al., 1987).

Communities: The bulk of the Silurian-Devonian benthic, level bobttom
community groups  terminated at  this extinction  boundary. Only

remnants of some of them straggled through the Famennian, pricor to the
massive adaptive radiation affecting the level bottom benthic world at
the opening of the Carboniferous. Famennian level bobbtorn benthic

END QOF THE FEEMIAN (Fig. 13: The beginning of Ecologic-
Evaolutionary Unit VIII, the Carboniferous, was marked by a major
adaptive radiation affecting level bottom shelf benthos, and by major

community reorganization.  Within the Carboni ferous a minor extinction

event  took place at the Mississippian-Fennsylvanian (NOT  the Early
Carboni ferous—Late CTarboni ferous!) boundary (Ramsbottom et al., 1982,
but there was no event at  the Fennsylvanian—-Fermian boundary.
Sepkoskifs, 1986, generic data indicating minor extinction events at
both the Mississippian-Fennsylvanian ard Fennsylvanian—Fsarmian

boundaries I regard as coincidence in the first and artifact in  the
second case, owing to the all too common tendency for bawonomists  bo
change generic  names at FPeriod boundaries; remember  that the
"pPlacement" of the Pennsylvanian—-Fermian boundary was a difficult
question  that was finelly "decided" by a committee (see Mudge and
Yoohel son, 1362, for references, and a mass of strz.igraphic range
datal. The community evidence at the Psnnsylvanian—Fermian boundary
strongly indicates the absence of an extinction  svent, as  everyohns
knows  who has  ever collected fossils adjacent to the boundary  in
Fansas and NMNMebraska with their supremely repetitive series of
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cyclothem  community types in envirvonments ranging from the nonmarine

to the deeper shelf. The situation on the RBussian Flatform at  the
game horizon is little different for esither sbratigraphic ranges of
varied taxa or for comminity types. The absence of a similar generic
level, artifactual "extinction"  event at  the Siluwrian—-Devonian

boundary may reflect the relatively rvrecent rvedefirition of  that
boundary as contrasted with the Feansylvanian-FPermian bhoundary.

The greatest Fhanerozoic extinction event took place at the end
of  the PFermian  (Newsall, 137, 12733, Class after oclass was
eliminated, togetheyr with most orders, superfamilies, and lower tavxa.
This event was an order of magnitude greater than any other, including
the next two greatest at the end of the Ordovician and in the mid-Late
Devonian, at every tawonomic lavel from the Class on downs  This
extinction was not immediately followed by an adaptive radiation
affecting the level bottom shelf benthos; a major adaptbtive rvadiation
did take place near the beginning of the Middle Triassic. It is
fascinating evolutionarily, as well as biogeographically, to attempt
to  wunderstand where group affer group of organisms underwent the high
taxonomic  level changes during the Early Triassic that must  have
cocurved  in order o explain the presence of distinctly different
orders of the same classes in the Fermian and Middle Triassic, with no
Early Triassic representation known (Bou-ot and Sray, 1978, for a
summary?r. It is interesting to emphasize that the pelagic ammonoids,
Just as after the mid-lLate Devonian ewtinction, did radiate in the
Early Triassic (i.e., anocother example of decoupling of the pelagic
from the benthic).

However, even with this greatest of all sxtincition events, the
evidence suggests that the actuwal extinctions were not  instantaneous
ar simultanesus in all taxa (Newell, 13673 Teichert, 13968, 1385; Ager,
mMse 1, because there is good evidence for many benthic tawa lingering
ant for a very brief interval into the earliest Triassic (the Permian-—
Triassic transition in the marine environment is best  preservad in
South  Chinal. additionally, there are a few taxa, such as the
gastropods (Ratten, 198%) and nautiloids (Teichert, 19852 which are
characteritred by having many taxa that passed through  the Permian-
Triassic, only to become extinct n=ar the end of the Triassic. Newell
(1372  emphasized the apparently stepwise decline in later Fermian
diversity (this decline now nesds to be further examined in  an
ecostratigraphic . manner in order to see 1If any parts can be ascribed
to inadequate sampling?.

cauge - for  this extinction event which wiped out the reef conmunity
compler and its tawa in Eobto,  most of the level bobtbtom Lawa, and the

Causations: Feams aof paper have been devoted to trying to establish a

bull of the pelagic organisms. HMowevear, when all is said and done,
mast  of the phenomencn has not besn sxplained. A great regression,

possibly  the greatest in the Fhanerozoic, does Sorrelate very well
with the extinction event (Newell, 19,72, but alone is inadeguate to
exnlain  the avent; bacausse vasth shoreling regions and shallow depens
are always present (unlszss one wishes o ftotally eliminate  the
oneansdy it is the bullk of the epicontinental seas thalt are eliminabted
during major regressions,  nobt the conbinental shslves falthough, the
latter may be narrowed?. Not all Fhanerozolc regressions correlate by
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any means with extinctions (consider the lack of any global extinction
during the Guaternary with its many regressive events), and some
actually correlate with increases in taxic diversity (e.g., the later
Silurian and earlier Devonian). A& Fermian lowering of the glaobal
climatic gradient did take place, bub most of the lowering was
completed by the middle of the periocd, many millions of years before

the extinction event. Orogeny was moderate at the very end of  the

Feriod. A& marked changs took place from the high provincialism of the
later FPermian to the very cosmopolitan Early Triassic. That, however,
again  can explain only a part of the extinction, even combined witbth

the lower global climatic gradient. Bouwoot and  Gray (12782 have
commented  critically on some of the more exbtravagant suggestions for
causality. We nclearly still lack the ability to explain this event
satisfactorily. Clark et al. (1986) provide evidence for discounting

an iridium anomaly at the boundary.

Communitbiss: The complax and varied level bobbtom community groups of
the FPermo—Carboniferous were abruptly terminated at the end of the
Permian, together with the reef community complew, sponge complexes,
and pelmatozoan plus bryozoan complexes. The level bottom benthic
communities of the succeeding Early Triassic were the fewest in number
and tawonomically the most impoverished of the entire Phaneroczoic.

END OF THE TRIASSIC (Fig. 12z The extinction event at the end of
the Triassic has only recently begun &2 receive the attention its non-
cephalopod portion deserves, although biostratigraphers have been well
aware of this event since before the middle of the last century. The
event witnessed the end of many molluscan groups  (Hallam, 1981;
Teichert, 1986), as well as such groups as the conulariids (Rabeoslk
and Feldmann, 1986) and the conodonts (Clark et al., 13863 . The
latter two may not, however, have beéen strictly benthic, although a
demersal, epibenthic  possibility for some is  reascnable. The
bryozoans (Schafer and Fois-Erickson, 1986), ostracodes (Whatley,
198&, in press), brachiopods (Ager, ms.), cephalopods (Teichert, -
1283, bivalves (Hallam, 12810, gastropods (Batten, 1985), and many
other groups suffered massive extinctions at the ordinal, superfamily,

and family levels. Muzch of the information, unfortunately, has not
yet. been synthesized. The Upper Triassic reef community  comples

terminated at this time.

In many ways the Triassic as a whole is  distinct  from  the
Faleozoiz  and  the Mesozoic in terms of its level bottom biocta—-—it
belongs to neither, although possibly having more affinity with  the
Mesozoic than with the Faleozoic.

Causations This was a time of marked global regression, although no
more  marked than during the mid-Early Devonian, a time for which Ao
evidence of a major extinchtion event exisbts. GHlobal climabic

gradients remained low prior to and following the svent. The interval
is not notadly orogenic.

Communities: The Triassic level bottom community groups came to an
end at this time, with the later Jurassic-Cretaceous uwnits being
totally differsnt in their organization and including many new, higher
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level taxa-—this is not just a question of family and lower level
extinctions. This almost total community extinction and  subsequent
recrganization  is  comparable  in extent to the geologically abrupt
avents following the Early Ordovician and FPermian extinctions, as well
as that beginning in the earliest Carbonl ferous. End Triassic and
earliest Juwrassic communities have oot been formally described as
swchy,  bub there is a rich literature, beginning in the 139th Century,
that deals with this major biofaciss change.

END OF THE CRETACEQUS (Fig. 10 The modern marine level bottom
benthic fauna and communities really began with the Jurassic. This
was the time interval when the planktonic globigerine Foraminifera
appeared; diatoms were shortly to appear in the record, together with
post-Faleczoic  larger Foraminiferay; in addition the first prominent

reqular  and irvegular echinoids, the first modern crustacsans in
abundance (the crabs and lobsters of this woarldd), most of the modern
super families, and wmany of the fawmilies of bivalves and gastropods

were to appear, as well as some demersal fishes suwsh as the batoids.

This "modern" bhiocta was greatly affected, particularly the
tropical-subtropical part, by the end Cretaceous extinction event.

Many important groups (see  Fauffman, 1284, 1986, for incisive
summaries) terminated, but many others continued. Insofar as  the
marine level bottom benthic world was oconcerned, the terminal

Cretaceous event was much less important than the terminal  Permian,
terminal Ordovician, and terminal mid-Late Devonian events. Eauffman
emphasized that higher latitude, cooler climate, marine faunas wers
not as severely affected as the tropical-subtropical realms, where the
reef community complexes, for example, terminated totally  (Newell,
1371; Sheehan, 13895),

Causation: I will not belabor the end Cretacecus event, because so
many others contributing to this volume,  far better qualified than I,
have worked at the task. However, it is clzar from the work of others
(Walliser, 1986, for exampled that we still have no well agrsed-upon
explanation  for the end Cretacecus extinction event, although a
heightened global climatic gradient appears to be the most pleasing at
the moment (see Officer =2t al., 1287, for a persuasive peroutationg
Patrushky, 1987, for an incisive review of the overall gquestions; and
Jaeger, 1986, for a forceful, well documented evaluationl.

Communitiess The terminal Cretaceous event was not followed by a
thovough  recrganization of the level bottom, benthic communities.
However, it did see the disappearance of certain community types such

as  the outer shelf incoceramid types, lavel botbtonm rudistids, and

cartain gryphaeseid dominated types. Father it featuwred the surviving
taxa remaining in move or less the same community groups. In this

regard it was similar to the situation following the mid-Lats Devonian
extinction events; it was unlike the others.

MINOR EXTINCTION EVENTS

I have said nothing about the many minor extinction svenbs. A
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faiv amount, however, has been published on the later Mesozoic  (see
Fauffman, 1384, 1986, for examples). Rather than trying to paraphrase
any of these items, I discuss a mid-Devonian event that has recently
come to light. I refer here to the Facak or cbomari svent (Walliser,
19843  Chlupac and kukal, 1986;  House, 19833, This event was first
recognized  in Europe by means of tawonomics discontinuities affecting
mainly the pelagic and planktonic ammonites and nowakiids. An
explanation was difficult to determine. However, it had been known for
a long time that a probable contemporary change from  warm temperalbs
Eastern Americas Realm faunas  (Onondaga Sroup and  older?) in the
garlier Middle Devornian to somewhat warmer wabter in the later Middle
Devonian  (Hamilton Sroup and younger? faunas had  taken place. This
change was used to esxplain the major changs in such things as the
coavral and brachiopod faunas. Then, with the more recent discovery
that the rcool to cold climate Malvinokaffric Realm fauna became
extinct  at  just about the same time, to be replaced by a possibly
warmer wabter bhiota, event in the Farana Basin of Brazil, we suddenly
had a good basis for inferring a geologically sudden lowering of the
global climabtic gradient. That sudden event involved the extinction
of an entire high latitude, «cool to cold water, highly endemic biota,
together with the less pronounced extinction of warmer region taxa  in
a far more selective mannher. This is a low level event compared with
the major extinction events, but it is a definite extinction event.
The Facak Event is opposite in temperature sign to the North Atlantic
and Arctic Ocean late Cenoczoic, glacially moderated extinction of many
taxa, which so reduced the North Atlantic and Arctic Oceans marine
diversity that we see to the present day (Stanley, 19842, with the
first case involving warming as contrasted to cooling in the second

CASE. What is common to both is a relatively abrupt change in global
climatic gradient. Doubtless many other such low level events wait o
be better documented. Other minor events are known. Fior example, I

have reviewed (Boucot, 19850 the evidence favoring still lower level,
possibly very minor events at the Silurian-Devonian boundary, and
within the Emsian part of the later Early Devonian. These last twao
events are so minor that they are recognizable only with the aid of
the most susceptible groups of organisms Cand remain  undetected by
Sepkoski, 1986, and only after a great deal of attention to many
groups  of unrelated crganisms, to try to uncover trends having some
real significance. There was a low level of community reorganization
at the Silurian-Devonian boundary that correlates well with the minor
extinction event and subseguent adaptive radiation also  present  at
that boundary (Bouwcoot, 1985 . This minoe event is most  easily
detected by paying careful attention to the obvious changes in overall
community composition (Boucob, 1973a, Fig. 39; Bouwoot, 1982).

FEEF AND OTHER NON-LEVEL BOTTOM ZOMMUNITY COMPLEXES

Throughout this paper I have menticned briefly the occurvence of
reef community. complexes. They clszarly appeared and disappeared
through time (Mswell, 1971; Boucot, 1983; Sheshan, 1985). It should be
emphasized that the reef community complexes present in each distinct
interval of reef presence are almost totally distinct from each  other
in a Darwinian sense, presumably having besen derived independently
from distinct level bottom taxa. The archaesoccyathid-algal reefs
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(Selg, 1986) of the Early Cambrian were followed by a lengthy interval
containing no reef  community  complexes  (The bichermal  communitby
complexes  of the later Cambrian and Early Ordovician are not  thought
to have had a wave resistant organic framework. Then came the reef
community  complexses of the Middle and Late Ordovician, followed in
turn by a reef-barren interval until the early part of the labe
Silurian (late Wenlockian?. From the late Wenlockian on thers was a
coval-stromatoporoid reef  community  compleax until the end of  the
Frasnian (There may be a reef barren interval between the Fridalian,
latest Silurian, and the Pragian part of the Early Devonian, which
separates  the stromatoporoid-tabulate type reefs of the Silurian from
the stromatoporoid-colonial  tetracoral parts of  the Devonian reef
complex.). - A reef community complex was absent from  the Famennian
(some  algal complexes present), as well as the Mississippisn (the
Waulsortian mounds are  community  complexes  but not true reef
complexesd, but a new one appearsd in the FPzansylvanian and Fermian.
Reef community complexes were lacking in  the Early Triassic, but
reappeared  in the later Triassic and terminal Triassic, although the
details about timing are uncertain  (see Boucot, 1983, for brief
discussion). The Jurassic (Sheehan, 19383, Fig. 1, indicates reef
absence in the lowest Jurassic which separates the Triassic type reefs
from the younger types) and Cretaceous contained reef community
complexes,  but the Paleocene had almost none (they came back in force
with the Eocene and then persist to the present). The lesson here is
that the extinctions of the reef community complexes coincided with
the major extinctions affecting the level bottom  environments, but
that the reinitiation of the reef community complexes (i.e., the
adaptive radiations giving rise to the reef community complexes)
commornly  do onot coincide with the initiation of the level bottom

comunity groups——the reef complexss generally appear later in time.

We have no reliable summaries for the stratigraphic ranges of the
many other, important, non-level bottom community complexes.  One can
predict, however, that they follow an initiaticn and extinction
pattern similar %o that for the reef community complex  C(i.e.,
extinctions in common with the level bottom world, but initiations
commonly later than thogse of the level bobbom cmmmunity aroups?.,

ZOMMUNITY COLLAFSE

In the section dealing with the mid-Late Devonian extinction
event I mentioned evidence for an abrupt event noted by MoclLaren
(beginning with his 1970 paper)?, and of svidence for more gradual
extinction, tawon by tawon during some millions of years prior to the

event emphasized by McoclLaren. How can one reconcile these data? I
suspect that what gives rise to these apparently conflicting

observations  is  the influence of a gradually increzasing sebt  of
extinction  influences that gradually eliminate the more stenctopic,
more endemic, less abundant taxa earlier from the communities in which
they existed, followed by cltimate community collape: (Molaren’s

aventld  in which the abundant, higher biomass, surybtopic, mnore
cosmopolitan taxa are sliminated. Just why community collapse should
ozour o suddenly  in geologic time is uncertain. Fossibly there ars

certain "keystone" taxa that when finally eliminated cause the whole
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community structure to.crash.  If so, 'We have no understanding for the
dynamics of the process, nor for which taxa might most likely fill the
keystone roley’ nor - whether taxic types regarded by modern  day
ecologists as keystone are what is involved here. We clearly need to
collect  additional data adeguate for testing these possibilities nat

orily near the mid-lLate Devonian exbinction e#vent, bub also at others,

such as those within the Cretacesous discussed by Hauf fman t1384, 198E1
who has noted more gradual  sxtinction phenomena  prior to bhe
Cenomanian-Turonian and Maastrichtian—-Danian extinction events.

INITIATION OF ECOLOGIC-EVOLUTIONARY UNITS: COMMUNITY EENERATION
Sheehan (1985) suggested that each grologic~evolutionary unit is

characterised by an initial, geologically brief interval tI  have
suggested LC139831 no move than a few million vears) of adaptive

radiation. He also views units ¥V, VII, and IX (lower 2/3 Early

Silurian Famennian Suythian) as such intervals rather than as
7 ¥ 4

proper ecologic—evolutionary wnits. I am sympathetic +to his

suggestion that there were such early, geclogically brief intervals of
adaptive radiation and community group formation, but am unfamiliar
with evidence suggesting that units V, VII, and IX have this

character. We clearly need to gather data adeguate to test his
proposal. The largely NMNorth American Cambrian bicocmeres have been

described in a manner conforming to Sheshan®s suggestion.

What is really being considered here is whether the generation
af new community groups, ancestral to varied community groups, takes

place over a few million years or so. If sm, we currently lack the
information t2o properly describe and understand the pProcess,
Carefully collected samples from the many ecologic—evalutionary unit

boundaries will be nesded to answer these questions.

DECOUPLING

I have used the term "decoupling® (1983) to refer to the fact
that different parts of the glaobal ecosystem undergo massive adaptive
radiations at distinctly different times. This fact makes it unlikely
that extraterrestrial influences have had a very profound effect  in
initiating most adaptive radiations. The non-coincidence in time of
many of these major marine adaptive radiations with those ooourring at
different times in the nonmarine environment is invol ved here, as well
as distinctly separate parts of the marine (for example, shelf and
bathyal! and nonmarine environments. For example, the palsobotanical
time terms Palaecphytic, Mesophytic, and Cenophytic refer, of course,
to the beginnings of the Faleozoic~btype vascular flovra in bhe
Faleozoic, to the following flora in the later, but mrot latest,
FPermian, and to the angiosperm—dominated flora beginning in the mid-
Early Cretacesus. These three time inbtervals (Middle Ordovician—later
Fermiar; later Fermian-—earlier Cretacenus; earlier Cretacsous-preasent)
do not correspond very well with any major svents in the marine realm.
The earliest, Falasophytic phase of the higher land plants  invasions
wIzurs  in the Middle Ordovician (Gray, 19857, followed in the later
Llandoverian, by the appearance of the vascular plants CEvray, 1385,

=)
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followed in turn by woody plants near the Silurian-Devanian bowndary.
Gray (in press) emphasizes that there is no hint in the spore record
af  the higher land plants for any extinction sevent at or near  the
Orclovician—Silurian boundary, i.e.;, a fine esxample of decoupling of
the marine from the nommarine. Howsver, Richardson and Molbregor (13860
paint out that the major, late Faleozoic change in spore floras oocurs
at about the Fraspian—Famennian boundary, i.e., an excepbtion fHo the
apparent non-coincidence in time of major  fterrestrial  and marine
events., The well documented rise of the angiosperms also acoords wilbh
an  acocompanying  insect radiation,  as well as the initiation of  the
placental, presumably insectivorous mammals, but no first rank, majaor
adaptive radiation in the marine snvironment. The poor corvelation in
time between major extinctions and adaptive radiations in the marine
and nonmarine environments is what really provides the basis faor
avoiding extraterrestrial factors as  heavily involved in either

process. The adaptive radiations of the veef community complex  have
already been reviewed briefly, and as stated to nob acocord very well
with major adaptive radiations in the level botbtom realm. If we knew

move about  the obher marine community complexss in terms of  their
initial adaptive radiations we might have still more evidence of this
kind with which to emphasize large scale decoupling. There ars, of
course, any humber of lower level decoupling phenomena, such as the
probable rise of grasslands in the Ecocene of South America  as
comtrasted with their much later origins in North America. Comments
have also been made about the decoupling in time for several  elements
af  the pelagic as contrasted with the level bottom environment, such
as ammonites vas. benthos during the Famennian.

Otherg: The radiations of the marine reptiles in the Mesozaic are
notable, as is the initial radiation of marine mammals in the Eocene.
The rise to importance of the diatoms in the mid-Mesoczoic is  still

another example.
Note that the cited vertebrate sxamples are very decoupled from

the marine, level bottom story, and provide still more evidence for a
pooy correlation between extra-terrestrial events and such phanomena.

SUMMARY & RAMEINGS

Extinctions: 13 The Lower Cambrian, and possibly the Ediacarian, are
first, at the Subclass to Phylum levels, whereas the Fermian is firvst,
at the Phylum through species levels; 23 The end Ordovician and mid-

Late Devaonian are second, at the Class or Ordinal  through speciss
levels; 30 The end Triassic is third, at the Class through species
levelsy; 42 The end Cretacecus is fourth, at  the Ordinal through
species levels; 5 The end Cambrian, and earlier, post Early Cambrian
bicmeres, are fifth, together with the end Early Ordovician, at the
Family through species levels, among events reviswed here.

Adaptive  Radiaticng:-  The beginning Early Cambrian, _and. possibly
beginning Ediacarian, are first, at the Subclass to Fhylum lavaelsy &0

The beginning Middle Ordovician (larger than the others at the ordinal
level (Sepkoski and Sheehan, 1983), beginning Carboni ferous, baginning
Middle Triassic, and beginning Jurassic are second, at the Ordinal
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through Familial levels; 32 the beginning Middle Cambrian, through the
beginning Early Ordovician are third, at the Familial lsvel.

Pommunity Eeo
and Early Cambriang 2 followed by the Middle Ordovician, Early
Carboni ferous, Middle Triassic, and Jurassicy; 20 followed by the
Middle Cawmbrian through Early Ordovician Cincluding the biomeres), and
Early Silurian; %) followed by the Famennian, Early Triassic, and
Cenozoic.

i 1Y First in magrnitude are the Ediacarian

Dispersal: - A& major dispersal event ocoocurs bebtween the DZ-CF parts of

the late Llandoverian (later Early Siluriand.

CAUSATION

We have littlé understanding of the cause or causes for  either
extinctions or adaptive radiations. The gradual aspect of some
extinctions suggests that instantanecus extraterrestrial events are
unlikely to have been prime causes. However, extraterrestrial events
manifesting themselves over a lengthy time interval;, If responsible in
large part for major climatic shifts, or for the change in position of
ma jor water masses might be involved (although it would probably be
most difficult to recognize such extraterrestrial factors unless  they
happen to show undoubted periodicity over a statistically very
significant part of the Fhanerozoic. As  ouwr  wnderstanding of
pal ecgeography and paleooceanography  improves we may be able to
recoghize the coming and going of important "gateways" in the marine
world that are involved with surface curvent circulation patterns, and
possibly in turn with climatic changes. . However, the relatively
instantaneous community collapse, major biomass events, might have
involved instantaneous physical events of one type or  another, IF
unconnected with  the pricor, agradual type extinction of the more
stenctopic taxa. ’

Meyerhoff (written ocomme, 1987 points that  out the later
Ediacarian—Early CZambrian, Late Silurian-Frasnian, and later Permian-—
Carnian highs in evaporite deposition and preservation, suggesting
that these highs might be related to changes in seawater concentration
and: composition, which produced (at lszast in part) the extinctions.
Haolser (oral  oomm., 13872 suggests that the overall ochangss in
seawater concentration brought about by these evaporite highs was
probably not more  than about 21 parts per mil. Felying o the
importance of selenium as a poison in the tervestrial ecosysbem
(Trelease and Beath, 1943) Meverhoff (writben comm., 19837 suggests
that minor changes in selenium concentrations in the ooeans, since
selenium substitutes for sul fur, paralleling changss In  seawaber
concentration, might have been  the critical factor in the major
extinctions, although other elements might also have contributed.

Wilde and Rerry (19843 see aizso Rervy and Wildse, 1378 propose
destabilization of oceanic density structure as  ancother  pobential
cause of major extinctions. Their suggestion is worthy of careful,
further investigation, particularly in terms of bthe "anoxic events”
suggested for certain time intervals in the deep oceans.

(L]



RUESTIMONS.
The following basic guestions are ralsed by the dabas

1 Why do the major extinctions appear to affect the tawa of many
unrslated major groups during a geologically very brief interval Cup
tooa few million years)? Is it merely a sympbom of collapse affecting
major  parts of the ecosystem that had fairly obligate, cosvolved
relations, or is somebthing else involved, swih as the more or  less
coincidental exceeding of the physical ftolerances of varied, unr=lated
tawa, with coevolution not being involved to any sericous extent?

Why, immediabtely prior to the extinction horizon, do the morse
abundant, higher biomass taxa (those emphasized by Moclaren, this

violume) belonging to varied, wunrelated groups contemporanecusly bacoms
exbinet? Feep in mind that these abundant, higher biomass taxa are
relatively few in number.

23 Why dn the major adaptive radiations affecting tawa belonging  &o
many unrelated, major  tawa ooocur at about bhe same  fime over  a
geologically very brief interval (up to a few million yearsi? Is this
a symptom o f gecslogically almost instantansous, devel oping
coevolution, or it merely a time coincident reaction to newly
appearing physical parameters to which the taxa of  these unvrelated
ma jor groups happen to be sensitive?

237 Why do the major adaptive radiations invariably ococcur at some $ime
fxllowing major extinction events? Does this indicate the presence of
vacant niches, or are other factors involved?

4 Why after wcertain of the major extinction events (end of  the
Ordovician, end of the Frasmnian, mid-lLate Devonian, end of Gthe
Permian) are there geologically lengthy intervals during which  $here
is no evidence for extensive adaptive radiations in the level botbom
environment, as contrasted with the other major extinction svents? Is
there an environmental "lack” involved in a physical sense, or is this
mevely a stochastic phenomenon? In the same sense, why do mos

generations of the reef community complexses, presumably  from  level
bottom antecedents, occw significantly latsr in geologic fime  than
the adaptive rvadiations that affected the co-ooccurring level bothom
hicta? Is this, too, merely a stochastic phenomenchn, or ars there
unrecognized factors involved?

5 Why is there such a melange, in terms of esxtincticn magnitudes and
adaptive radiation magnitudes, immediately befors and after the major
axtinction—-adaptive radiations? Is this adeguate evidence to indicate
that sextinctions and adapbtive radiations are unrelatsed to each obher
in a causal fashion? Does this situation provide any svidesnce  about
whether or not compebition is involved in any o) bthe major exbinction
avents? ) ' '

€  Why do some ftaxonomic groups psrsis Ehvouwgh  major  extinctiaon
events, why do some community types psrsist through major exbtinchion

£d
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asvents, are there specific morphologiss that are more resistant Lo
extinction, are there certalin communities that are more resistant to

extinction, with the sawme questions being asked for adaptivs
radiations, o is oall  of  this  evidence for varied stochastic

processes?

73 Summing up, it is aobvious that the mechanismis) controlling both
extinctions and adaptive radiations are poorly understoond at this
time. Hopefully, population biclogists will eventually dirvect their
attention to this puzzling area. Until we have a suitably biological

explanation for these phenomena our understanding of organic evolubion
will be deficient insocfar as these phenomena are concerned.
CONCLUSIONS

It is clear from this brief summary that no two major  terminal
extinction events affecting the widespread level bottom  environment

are identical. By "identical" I mean: (1) whether or nob  community
structure was greatly changed, 23 which tawonomic levels were most
affected, and (3) which major taxa were most affected. In view of
this variety of extinction types, 1t seems unlikely that the cause or
causes of any twr are the same. Teichert (1968) arrived at

essentially the same conclusion.

The overall conclusions made here need to be carefully reviewed
with quantitative data obtained after the stratigraphic vange data
have been properly selected by removing thoroughly unreliable data,
and appropriately weighting the remaining data. The sel=ction  and
weighting process needs to consider the various aspects of  sampling
suczh as changing levels of global provincialism, size of -individual
fossil ocollections, and the taphonomic biases implicit in the widely
differing preservational characteristics of wvaried fossil groups.
After this has been carried out these compilations should provide a

far more realistic account of the distinctive nabture of the
extinctions and adaptive radiations inssfar as their purely numerical
characteristics are concerned. But, their community characteéristics

must also be taken into account if we are to have any real  hope  of

understanding these enigmatic events by means of paleontologic data.

Ohe could take the view that the reason  for  the apparently
differing natures shown by many of the sexbtincticon and adaptive
radiation events is due to the unique taxa involved in each one. In
other words, one would not ewpect similar veactions from trilobite—
dominated events as contrasted with brachiopod- or  coral-—-dominated
events. There is certainly a possibility that distinct taxa will
react in distinctive manners bo the same forcing  factors,  bub I
suspect that there is much move to the matbter than the mere mnature  of
the taxa involvedy; il.e., it is more likely that varying miwes of
physical factors have been responsible for the unigue flavor of  each
evei © rather  Shan that the unigue tawic compositions have baen the
dominant control.

The basic reason why both sxtinctions and adaptive radiations

are far more 2asily recoghnized on an scostratigraphic basis than by

e
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merely counting taxa, is as follows.  The ecostratigraphic method pays
careful attention to changing abundances, large biomass changes, of

individual taxa within each comownity group Chiofacies  of the
geologist, narvowly construed). The socostratigraphic method brings

ok the fact that rare gernera and their species are commonly
unrepresented in the all too common small samples on which so much  of
oy past work has been based. One must keep in mind (Bowcook, 1386
that a wvery large percentage of most families conbain anly one oy  a
few genera, and ars commonly very provincial. The scostratigraphic
method, btherefore, takes advantage of both tawxic presence and absence
(fully understanding that many, possibly the majority of  absences,
probably reflect sampling deficiencies) and relative abundances of all
taxa. The other approach pays attention only to known, reported taxic
rarges, and makes o attempt to weight the samples properly in view of
what is knowable about community svolution or changing biogesography?®s
effect o divaersity. It is little wonder bthat Lthe scostrabtigraphic
approach  has proved far more sensitive in detecting both  extinctions
arid adaptive radiations, particularly with the wminor events, just as
in an  analogous  manner attempts to sort out individual  fossil
collections by means of similarity indices are most effective whan
abundances are considered in addition to taxic preserces and absences.
Its merely a question of employing the most penetrating statistical
approach, which in this instance happens to be the ecostratigraphic.
We need to emphasize that organic evolution is not a smooth flowing
river, as Darwin’s work would suggest, but that it has been a stream
interrupted by some major waterfalls; the leading adaptive radiations
and extinctions preserved in the fossil record;, as pointed ocut for us
by d’Orbigny long ago.

It is worth noting (Boucoot, 12837 that the major Fhanerozoic
community  reorganizations on a global  scale, excluding regional
phenomena such as affected the Arctic and North Atlantic Oceans during
the GQuaternary and Flioncene, ococur either immediately following ma jor
extinction events and subsegquent adaptive radiations, immediately
following second and lower rank sxtinction events followed by adaptive
radiations of varying rank, or in a single instance (Ecologic-
Evolutionary Unit V, Boucob, 13832) following a major dispersal event
(a few other, smaller dispersal events are also immediately followed
by community rearganizations, such as that affecting the well known
later Middle Devonian Hamilton Group faunas of sastsrn Morth  America
in  which many Rhenish=-Bohemian Fegion organisms dispersed inbo  and
mived with descendents of preexisting Appohimcochi Subprovince taxal.

The dHiffering levels of community reovganization are olearly
just another facet of the guantum evolution phenomena involved in the

production of  new families and higher taxa. Note that the major
coammunity  reorganizations are invariably involved with the production
of new families and highsr taxa. In other words, fthe communities Lo
which taxza belong are just one more facst of their tawonomy, although
a statistical property rather than a morphological, cybologic,

bicchemical, ar Erhavicral character.

An ecologically meaning ful measure of extinction  and adaptive

radiation might be scompiled by making a Comp ay i sion betwesn
genera/family/conmunity group for specific escologic-evolubionary units

]
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As contrasted with the changss in the numb er s o f

genera/ family /community group  following specific extinctions  and

adaptive radiations. When compilations are prepared that bsgin to ask
specific questions having ecologic—eavolubionary significance we will
be in & much bebtbser position to takes advantage of the compiling
posgibilities.

It is also clear that we have far to go in collecting adeguate
paleontologic  cum stratigraphic data of a community and biogeographic
type adequate even to find out just what are the major problems facing

LS. This conclusion merely repeats that published recently by
Teichert (13863! It is the conclusion favored by esxperienced

paleontologists everywhere.

Undoubtedly, many surprises lie ahead!
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CHANGES IN BACKGROUND EXTINCTION RATE AS A FUNCTION OF CHANGING TAXON AGE DISTRIBUTION

George E. BOYAJIAN

Dept. of the Geophysical Sciences; University of Chicago; Chicago IL 60637. USA.
ABSTRACT: Changing taxon age distributions of fossil marine genera appear to con-
trol large-scale changes in background extinction rate through the Phanerozoic.
Taxon age is defined as the length of time from the base of the stage in which
a taxon originated to the top of the stage in question. Extinction rates are hi-
gher, on average, for genera with smaller taxon ages than for genera with larger
taxon ages. The decline in susceptibility to extinction aé a taxon becomes older
may be a consequence of increased species richness within older genera, or in-
creases in geogrphic area or adaptive space exploited by the constituent species
of a genus. Large-scale changes in background extinction rate through the Phane-
rozoic can be modelled as a function of changing taxon agé distribution. In pe-
riods where there is a large proportion of young genera, higher overall extinc-
tion rates prevail; however, as older genera increase their proportions.of the
total population, overall extinction rates decline. Differences in the taxon age
distribution between genera becoming extinct in mass and background times are
marked, but appear to be a consequence of sampling right-skewed age distribu-

tions.
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FENOMENOS DE EXTINCION Y ACONTECIMIENTOS INUSUALES EN EL LIMITE DOGGER-MALM DE
LA CORDILLERA IBERICA (ARAGON, ESPANA).

W. Brochwicz-Lewinski*, A. Gasiewicz*, G. Meléndez**, I,. Sequeiros***, §. Suffc-~
zynski*, K. Szatkowski*, R. Tarkowski**** g M, Zbik*****

* Geol. Institut. ULl. Rakowiecka, 4. 00-975 Warsaw, Polonia.

** Dpto. Paleontologia, Universidad, 50009 Zaragoza, Espafia.

*** Dpto. Geologia, Universidad de Sevilla, Espafia.

**%*%* Acad, Minning and Metalurgy, Cracow, Polonia.

***** Dept. Geology. Al. Zwirkii Wiguri 93. 02-089 Warsaw, Polonia

RCSUMEN: Los andlisis realizados recientemente muetran la alta complejidad de los procesos causantes
de la formacién de los niveles en los que se localiza el limite Dogger-Malm (G. Meléndez et al.,1982;
W. Brochwicz-lLewinski et al., 1984a,b, 1985, 1986; M. Zolenski et al., 1985). El registro de anoma-
lias en PGE y de un alto contenido en plagioclasas y en cuarzo de impacto hace posible considerar
la siguiente secuencia de fendmenos: 1) Caida de uno o varios cuerpos césmicos, causantes de una in-
tensa generacién de ondas-P, y como consecuencia, 2) una fase de movimiento de bloques; 3) grandes
olas de tipo Tsunami, que dan lugar a la formacién de "conglomerados', reconocidos en materiales de
esta edad, desde Espafia hasta el Mar Caspio; 4) actividad volcénica e hidrotermal, y desarrollo de
estromatolitos de origen hidrotermal, y 5) caida de polvo volcéinico y de material resultante de la
ablacién y desintegracién del cuerpo césmico (y del impacto). En el marco de este andlisis, el impac-
to es considerado como un mecanismo impulsor, o "accionador" de los distintos procesos. Otro posible
modelo alternativo, una fase tecténica de movimiento de bloques de gran intensidad pero de corta du-
racién, no explicaria el alto contenido registrado en productos resultantes de la ablacidén ni tampoco
el cuarzo de impacto ni las plagioclasas. Las extinciones faunisticas que han podido ser detectadas
son de menor importancia en comparacién con las registradas en los restantes limites estratigrificos
expuestos en el modelo de Raup y Sepkoski (1984). En el caso de los Ammonites se han puesto de mani-
fiesto variaciones del espectro faunistico al nivel de subfamilia, pero no en aquellos grupos consi-
derados como propios de aguas profundas (Oppeliidos; Phyllo- y Litoceritidos). Los cambios reconoci-
dos podrian ser interpretados como resultado de la extincién de las llamadas "faunas atrapadas" ("Per
ched faunas", Johnson 1974, 1984), como consecuencia de cambios ambientales relacionados con el im-
pacto antes mencionado y sus efectos posteriores (especialmente, modificaciones drésticas en la com-
posicién quimica y la turbulencia de las aguas). Es preciso tenmer en cuenta, sin embargo, que en es-
tos materiales se registran evidencias de procesos de removilizacién, con intensidad decreciente,
hasta el comienzo del Oxfordiense medio y que la estimacién de los fenémenos de extincidn ha podido
. ser_menor que la real debido a errores en las dataciones de los materiales.

ABSTRACT: There is growing evidence for a complex nature of processes responsible for depesition of
M/U Jurassic boundary beds (G. Meléndez et al., 1982, W. Brochwicz-lewinski et al., 1984a,b, 1985,
1986; M. Zolensky et al., 1985). The record of PGE anomaly and rich material of possible shock quartz
and plagioclases makes possible assuming the following sequence of events: 1) fall of large cosmic
body(ies), giving rise to very strong P-wave and, therefore, 2) a phase of block movements, 3) tsuna-
mi-like waves which formed "conglomerates" traced from Spain to Caspian Sea, &) volcanic and hydro-
thermal activity and origin of hydrotherm-related stromatolites, and 5) fall of volcanic dust as well
as material from ablation and disintegration of cosmic body(ies) and ejecta. In this approach the
impact is treated as a trigger mechanism. An alternative model -a very strong but short- lasting pha-
se of block movements and volcanic activity fails to explain the wealth of ablation products and the
possible shick quartz and plagioclases. The extinctions appear rather minor in comparison with those
traced at the remaining boundaries in the D. Raup and J. Sepkoski (1984) scheme. In the case of ammo-
nites, there are evidenced changes up to the subfamily rank but not in the fauna regarded as deep-
water (oppeliids, phyllo- and lytoceratids). The changes may be explained as extinctions of "perched
faunas" (J. Johnson, 1974, 1984) in result of environmental changes related to the impact and its
after-effects (especially drastic changes in water chemistry and turbulence). However, there is gro-
wing evidence for redeposition continuing with decreasing intensity till early Mid Oxfordian and that
the scale of extinctions was here underestimated because of errors in datings.
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DISTRIBUTION AND ECOLOGY OF BENTHIC FORAMINIFERA IN THE SANTONA ESTUARY, SPAIN

Alejandro CEARRETA
Departamento de Geologia, Universidad del Pais Vasco, Apartado 644. 48080 Bilbao.

ABSTRACT: The living and dead assemblagés'in the Santofia estuary were studied sea-

sonally in order to determine the distribution and abundance of the benthic fora-

minifera in this area. Samples were collected from winter 1983 to summer 1985 to

document the seasonal variation of the faunas and various ecological factors in
the "intertidal zone. Salinity is thought to be the main control of the living

assemblages and two different foraminiferal biofacies characterising the upper

‘and lower areas have been defined. Ammonia beccarii and Haynesina germanica are

the most dominant forms throughout the estuary, with Miliammina fusca as co-domi-

nant in the upper estuary and Quinqueloculina seminulum as co-dominant in the lo-

wer estuary. The dominant living species are also dominant in the dead assemblages
but in the latter the agglutinated indigenous component is much more abundant.
This compositional difference is thought to be caused by production rates and
change in the environmental conditions in the estuary. The living and dead assem-
blages have been analysed and compared using the Fisher a diversity index, trian-

gular plot of wall types and similarity index.
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PALEONTOLOGY OF THE CRETACEOUS~-TERTIARY BOUNDARY IN THE NORTHEASTERN APENNINES,
ITALY.

Rodolfo COCCIONI

Istituto di Geologia; Universitd degli Studi di Urbino; 61029 Urbino, Italia.
ABSTRACT: In the Umbro-marchean area (Northeastern Apennines, Italy) a 0.5-3 cm
thick clay interbed occurs at the Cretaceous-Tertiary (K/T) boundary between the
highest Cretaceous and the lowest Tertiary limestones beds. These limestones,
which are homogenized by extensive bioturbation and burrowing (prevailing Plano-

lites, Zoophycos and Chondrites), have a matrix of coccoliths and coccolith frag-

ments, and a rich assemblage of almost exclusively planktonic foraminifera. The
foraminiferal microfauna below the K/T boundary clay layer belongs to the Aba-

thomphalus mayaroensis Zone. The lowest Tertiary sediments belong to the Globi-

gerina eugubina Zone. Microfaunas from the K/T boundary clay layer are represen-

ted almost exclusively by fairly well-preserved agllutinated foraminifera. The

assemblages are dominated by Spiroplectammina spp., Ataxophragmiidae and Astro-

rhizidae. The agglutinated foraminifera are associated with fish teeth and scat-
tered bed-preserved calcareous benthic foraminifera. In the K/T clay layer, fair-
ly well-preserved uppermost Cretaceous and lowermost Tertiary planktonic forami-
nifera exceptionally occur. Their presence is related to a mild vertical mixing
resulting from bioturbation and burrowing at the K/T transition. Detailed inves-
tigations suggest an essentially not-residual origin of the K/T boundary aggluti-
nated foraminifera assemblages. No significant difference exists between the cha-
racters of such assemblages and those of the main underlying and overlying clay
interbeds. The agglutinated foraminifera appear to survive the events which took

" place at the K/T boundary.
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FOSILES EN NAVARRA

Isabel COLERA y M2 Aranzazu HUETO
Museo de Paleontologia, Seccidén de Ciencias Geoldgicas, Universidad. 50009 Zzaragoza

RESUMEN: Este cartel forma parte de las actividades diddcticas promovidas por el

Museo de Paleontologia de Zaragoza, para iniciar a los alumnos de Ensefianza Media

en el estudio de la Paleontologia y divulgar el conocimiento de los fésiles. Se

ha elaborado siguiendo los imsmos criterios diddcticos utilizados en el cartel

"Fésiles en Aragén" presentado en las II Jornadas de Paleontologia. El cartel

consta de: '

- Una columna geocronoldgica en la que se representan Eras y Periodos con datacio-
nes absolutas. Al lado aparecen fotografiados los fésiles mds significativos,
de cada periodo, en Navarra.

- Un mapa geocronoldgico de Navarra.

La columna geocronoldgica permite a los alumnos observar:

~ Que el registro £6sil en Navarra comienza a ser abundante a partir del Sllurlco,
estando bien representado en todos los demds periodos. Hay que exceptuar el Pér-
mico y el Tridsico mds dificiles de diferenciar y datados, fundamentalmente,
con fésiles vegetales.

- Que la microfauna estd muy bien representada en la regidn, existiendo incluso
un género (Navarella) dedicado a Navarra. ~

-~ Formas conocidas por ellos de fdésiles 1nvertebrados, vertebrados y vegetales.

El mapa geocronolégico les ayuda a reconocer las zonas geograficas donde se loca-
lizan estos fdsiles.

ABSTRACT: This poster is part of the scheme devised by the Museum of Paleontology
of Zaragoza addressed to the Secondary School to iniciate the students into Pa-
laeontology and to extend the study fossils. It has been designed following the
same pedagogical principles that inspired the design of the poster "Fossils in
Aragén" presented at the II Jornadas de Paleontologia. The poster includes:

- A geochronological colulmn in which Eras and Periods are shown in absolute figu-

res, plus photos of the most significant fossils for each period in Navarra.
- A geological map of Navarra.

The geochronological column allows the students to notice:

- That the fossil record in Navarra beins to be significant at the Silurian Pe-
riod, having a wide presence of all the other periods, with the exception of
the Permian and Triassic periods which are more difficult to differenciate and
are dated by means of vegetable fossils.

- That the microfauna record is very abundant in the region and there is even a

genus dedicated to Navarra (Navarella).
- Fossils of invertebrates, vertebrates and vegetables already familiar to them.

The geochronological map helps them to recognize the geographical areas where the-
se fossils can be found.
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FUNCTIONAI, MORPHOLOGY AND EXTINCTION OF SILICOFLAGELLATE GENERA

Joan Antoni CURTO

Dept. Geologia Dinamica, Geofisica i Paleontologia; Facultat de Geologia; Univer-
sitat de Barcelona; Gran Via, 585; 08007 Barcelona.

ABSTRACT: Mobility is one of characteristics of .silicoflagellates thanks to their
flagellum. Their skeletons are an adaptation to two basic neeas: resistance to
siﬁking and ability to move around. To avoid sinking they have a basal surface
as big as possible. As to the second need, their shapes enable them a horizontal
mobility (streamlined basal ring and low apical window) or a vertical mobility
(slanted basal spines and high apical window". According to their functional mor-

phology we can distinguish the following groups. planar support (Mesocena, Para-

dictyocha, Septamesocena); mixed support (Dictyocha, Distephanopsis,‘Distephanus,

Vallacerta); horizontal mobility (Naviculopsis, Deflandryocha) and vertical mobi-

lity (Cannopilus, Paracannopilus, Lyramula, Cornua). The analysis of the diffe-

rent morphologies in the Western Mediterranean since the Oligocene to the present
time has led the author to the following conclusions: Since the Upper Oligocene
to the Middle Miocene support shapes are dominant, though the other types exist
and are more or less important. In the Middle Miocene a dramatic reduction of
morphologies takes place, horizontal mobility and them vertical mobility dissa-
pear and only support shapes are left. A further major change takes place in the
transition from Messinian to Pliocene when planar support shapes dissapear and

only mixed support shapes remain to.the present time.
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INVENTARIO DE LAS COLECCIONES DE PALEONTOLOGIA DEL MUSEU DE GEOLOGIA DE BARCELONA
PARA SU INFORMATIZACION : '

Jaume GALLEMI . L
Museu de Geologia de Barcelona, Ajuntament de Barcelona. Parc de la Ciutadella

‘s/n, E-08003 Barcelona.

RESUMEN: Desde su fundaciéh en 1878 hasta la actualidad, el Museu de Geologia

de Barcelona ha ido ampliando sus grandes fondos paleontoldgicos. Aungue en su

tiempo se catalogaron diversas de las colecciones que los forman (Baron-Pisani,

"Almera, Vidal, etc.) se trata adn hoy de trabajos inéditos. La seccidén de Paleon-—

tologia del MGB inicié a fines de 1986 el inventario general de dichos fondos.
pard su posterioxr procesamiento/por medios informdticos como paso previo a la
pﬁbliCacién de catdlogos. Esta informatizacidén marcard un cambio significativo
en la'puesta al dfa de la informacién que tanto el piblico interesado como los
espécialiétas solicitan cada vez mds a menudo,,bfréciendo servicios mids eficien-

tes y rdpidos e impulsando nuevos trabajos monogrdficos de investigacidn sobre

" las colecciones como los que ya se llevan a cabo actualmente.

'ABSTRACT: Since its foundation in 1878 to our presént days, the Museu de Geologia

‘de Barcelona (MGB) has increased the number of its paleontological collections.

In spite of havidgbsome catalogued material (the Baron-Pisani, Almera and Vidal
collections, e.qg.), they still remain unpublished. The Paleontology Section of
the MGB begun at the end of 1986 the general inventory of the collections in or=

der to carry out a computer data base as a necessary step previous to the catalo-

igues pubiication. The introduction of computing facilities will result in a sig-

hifiéant change by up-dating the information that both interested public and spe-
cialists require, offering efficient and quick services and promoting monographic

research on the collections like those actually in progress.
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THE FRASNIAN-FAMENNIAN EXTINCTION EVENT IN WESTERN CANADA AND WESTERN AUSTRALIA:
SEDIMENTOLOGY AND GEOCHEMISTRY

Helmut H.J. GELDSETZER*, Wayne D. GOODFELLOW** & Digby J. McLAREN***
* Geological Survey of Canada, 3303-33 Street, N.W.; Calgary, Alberta, Canada,
T2L 2A7

** Geological Survey of Canada, 601 Booth Street, Ottawa, Ontario, Canada, K1A OES8
*** Department of Geology, University of Ottawa, Ottawa, Ontario, Canada, KIN 6N5

ABSTRACT: Abrupt sedimentological changes occur at the Frasnian-Famennian boundary
of one carbonate shelf section (N.W.T., Canada) and two basinai sections (Alberta,
Canada; Canning Basin, Australia) both of which are downslope of partly buried
reef complexes. Despite their geographic separation, all sections show a similar
Late Devonian tectono-sedimentary deﬁelopment; prominent carbonate platform envi-
ronments during the latest Frasnian were succeeded by a minor regression prior
to or during the Frasnian-Famennian event. At the carbonate platform site of Trout
River, N.W.T., a microkarst surface formed during the regressive interval. Minor

clayey material was trapped in this zone and buried by thick marine sands and
silts. Anomalously high readings of the trace elements Cu, Pb, Ni, Co, As, Sb and
vn were recorded from the clayey zone. In the Canning Basin a monotonous succes-
sion of red, nodular, siliciclastic, peloid packstone is’interrupted by an en-
vironmental change allowing temporary proliferation and preservation of stromato-
lites (Frutexites) trapping high amounts of iridium and the trace elements Cu,
Pb, Ni, Co, As, La, Ce, Th, V, Pt and Au. At the Alberta locality thick basinal,
bioturbated, calcareous shale and dolomitic siltstone are abruptly overlain by
black, laminated, argillaceous mudstone with a basal sedimentary pyrite bed that
yielaed anomalously heavy sulphur isotopes. The isotope anomaly indicates a sudden
in%iux of a euxinic water mass. The contemporaneous availability of anomalously
high amounts of trace elements and of a euxinic water mass along a faunal extinc-
tion boundary at widely separated localities suggests a global response to an ex-

traordinary triggering mechanism.
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LA COLECCION VILLALTA DEL MUSEO DE GEOLOGIA DE BARCELONA: YACIMIENTOS.

Julio GOMEZ-ALBA ‘
Museu de Geologia de Barcelona, Ajuntament de Barcelona. Parc de la Ciutadella

s/n; E-08003 Barcelona.

RESUMEN: La coleccién que el Dr. Villalta donara al Ayuntamiento de Barcelona
en Abril de 1983 ha supuesto para el Museu de Geologia de esta ciudad un enrique-
cimiento general de sus fondos. El Museu ha redistribuido la seccidén de Paleonto-
logia creando un espacio independiente donde alojarla, ordenarla, registrarla,
documentarla y ponerla a disposicién de los investigadores. Grosso modo, la parte
hoy ingresada de la col. Villalta comprende: 1) La seccidén de vertebrados del
Cuaternario depositada hasta su ingreso en el Museu en el Instituto Jaime Almera
del C.S.I.C., mds algunas piezas singulares de diferentes yacimientos, con un
monto global de 9445 ejemplares, ya siglados, fichados y registrados. 2) La co-
leccidén paleobotdnica del Nedgeno, Oligoceno y Carbonifero de Catalunya, con un
total de 1126 ejemplares, siglados, fichados y registrados. 3) Un niimero indeter-
minado de invertebrados, donde a los recogidos por el propio Dr. Villalta hay
gue sumar la antigua coleccién de la Universidad de Barcelona y materiales de
Tesis y trabajos de otros investigadores, como Royo, Solé Sabaris, Virgili, Juli-
vert, etc. En periodo de catalogacidn, se han registrado ya 860 vyacimientos de
toda Espafia, desde el Paleozoico al Pleistoceno.

- ABSTRACT: The collection donated by Dr. Villalta to the Barcelona Council in
April 1983 has supposed for the Museu de Geologia of this city a very important
acquisition. The Museu has redistributed its Palaeontological section creating
an independent space to hold, register and document this collection in order to
make it available to palaeontologists. Generally speaking, the part of the Vi-
llalta collection placed now at the Museu represent: 1) The Quaternary vertebra-
tes section formerly kept at the Instituto Jaime Almera of the C.S.I.C. plus some
singular specimens coming from different localities, with a total amount of 9445
marked, catalogued and registered specimens. 2) The paleobotanical collection
from the Neogene, Oligocene and Carboniferous of Catalunya, with an amoung of
1126 specimens also marked, catalogued and registered. 3) An indeterminated num-
ber of invertebrates, comprising those personally collected by Dr. Villalta, the
old collection of the Universitat de Barcelona and samples from Ph. D. Thesis
and works of scientists like Royo, Solé i Sabaris, Virgili, Julivert and others.
In a catalogation phase, 860 Spanish localities ranging from Paleozoic to Pleis-

tocene have been registered.



A (COMPOUND SCENARIO FOR THE END-CRETACEOUS MASS EXTINCITIONS

A. Hallam

Department of Geological Sciences
University of Birmingham
Birmingham B15 2TT
England

Abstract: Two major controversies have arisen in research on the end-
Cretaceous mass extinctions, cohcerning the extent to which they wére sudden
or gradual, and terrestrially or extraterrestriaily induced. A review of
recent work supports more or less gradual extinction for a number of
’terrestrial and marine groups such as dinosaurs and ammonites, but the
spectacular crash of the calcareous plankton and correlative ecological
disaster in land plants in' part of the northern hemisphere suggests a short-
term catastrophic event. With regard to extinction selectivity in the
marine realm, tropical gmups and suspension feedérs dependent on
phytéplankton were relatively vulnerable, while on the continents large
terrestrial reptiles were more prone to extinction than their freshwater
relatives, while plants in western North America and eastern Asia suffered

more severely than elsewhere.

. -

Che:mical and physical signatures of the Cretaceous-Tertiary boundary,
including iridium anomalies, shocked quartz, microspherules and carbon,
oxygen and strontium isotopes, are discussed and the evidence for and
against a bolide impact—induced or volcanic catastrophe is reviewed, with
the conclusion that it is not yet decisive either way. Evidence for longer-
term changes is also cited, with strontium-isotcope data supporting that from
stratigraphy in suggesting a significant fall in sea le\}el shortly before
the end of the Cretaceous. A large body of evidence also supports a latest

.Cretaceous fall in seawater and at temperature, but this has recently been

L
/rf,f‘
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disputed for western North America on the basis of leaf studies. It is

concluded that both longer term causes, intrinsic to this planet, and a
final catastrophe either involving bolide impact or volcanism on a
spectacular scale, or perhaps a combination of the two, are required to

account for the pattern of end-Cretaceous extinctions.



INTRODUCTION -

Thé.gréét interest stlmulatedby the: asteroid impact hypothesis of
Alvarez _e_zt___g}_ (1980), ‘Pased on the discovery of an anomalous enrichment of
1r:l.dlum in the Cretaceous-Tertiary boundary clay, is reflected in a huge
literature which cannot be adequately summarised here. For comprehensive
- 9“"*literature citations the reader is referred to Silver and Schulz (1982), Van
Valen (1984), Alvarez (1986), Jaeger (1986) and Officer et al. (1987). 1In
this article these will be for the most part a concentration on more recent
work; where there is no ¢itation the material is thought to be sufficiently
familiar not to require it, but in any case the above-listed references

should provide appropriate sources.

Much of the literature deals with controversial matters. An early
controversy concerned whether or not dinosaurs and calcareous plankton
suffered mass éxtinction at exactly the same time, as demanded by the
Alvarez hypothesis. It soon became established to general satisfaction that
both terrestrial and marine extinction events took place during the same
magnetic interval, 29 R, but there could still have been a difference in
timing of up to about half a million years. Recently, however, Saito et al.
(1986) claim to have recognised in Hokkaido a sudden change in pollen and
spore oomposition precisely at the base of the Cretaceous-Tertiary boundary
clay as determined by planktonic foraminifera. This is held to correspond
to the horizon of the so-called fern spike in the Western Interior of North
America, which coincides with an iridium-rich layer taken by palynologists
on the basis of floral turnover as the Cretaceous-Tertiary boundary in
terrestrial sequences (Tscﬁady et al. 1984). Acceptance of the Japanese
workers' findings would mean that the marine and continental Cretaceous—

Tertiary boundaries are indeed precisely coincident in time.
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Two other ma jor controversies pérsisiﬁ;' Many palaeontologists'have

challenged the Alvarez assumption of a geologically instantaneous mass
extinction event, and arguéd for gradual :cha‘nge‘s extending. from at least |
several thousand to as much as a few miilion years, most prbbably bound up
with changes of sea level and/or climate, the most plausible evénts causiﬁg
significant environmental change on a g‘lob'al scale over proionged periods of
time. Secondly, to aqccjunt for the iridium anomaly and other distinctive
features of the Cretaceous—Tertiary boundary layer, volcanism on a
catastrophic scale has been invoked as an alternative to bolide impact. In
the ensuing account an attempt is made to evaluate the evidence for and
against these conflicting views and a scenario is presented in outline that

invokes a multiplicity of interacting factors.
THE PATTERN OF BIOTIC CHANGE THROUGH THE LATEST CRETACEOUS

Two of the most important questions that must be addressed initially
concern (1) the extent to which the extinctions were gradual or sudden and
(2) extinction selectivity. In other words, were extinction rates for
particular groups of organisms already increasing before the final demise,
or was there no hint of change before a catastrophic event at the very end
of the period? To what extent can a differential effect be discerned in the
vulnerability to extinction of different groups? Answers to these questions
will cbviously have a critical bearing on which environmental scenario is

favoured.

Before these questions are addressed the problem of sampling quality
must be noted. Thus Signor and Lipps (1982) point out that if there is a
prbgressive decline in sampling quality approaching an extinction bounc”lary‘
then even a razorQSharp, 'instantaneous' extinction event will appear as a
progressive decline smeafed out in time. (On the other hand even va minor

erosional hiatus, if not spotted, can serve to enhance the apparent
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sharpness of the extinction event). The sampling problem becomes

particularly acute with large organisms, which are rarer than small
organisms in accordance with the so-called Biomass Law. Thus in a
terrestrial sequence without adequate palyrlological control should the
Cretaceous-Tertiary boundary be drawn at the horizon of the highest
dinosaur? Sampling considerations suggest that an error of up to several

metres of section should be incorporated in the estimate.

Another consideration that should be borne in mind is that taxon counts
alone are insufficient to give an adequate assessment of an extinction
event. Thus if a particular group has gradually been reduced from many to
merely one species before its final disappearance, a simple plot of species
number against time will suggest a progressive decline, with the extinction
of the last species being a trivial event calling for no special
explanation. But if that last species was present in huge numbers of
individuals until the last, then a phenomenon of potentially great
significance would be missed by simply recording taxon number. The fairly
recent disappearance of the Passenger Pigeon from North America might be
considered a case in point. Therefore culling of the literature for records
of the stratigraphic distribution of species or higher taxa, while
undoubtedly a valuable and necessary exercise, must be supplemented by
careful observation of the stratigraphic distribution of mumbers of

individuals.

Extinction -~ sudden or gradual?

Attention will be concentrated on some of the most discussed groups of
organisms that suffered extincticm, aﬁd on research that takes due note of
the sampling problems noted above. For many familiar groups of organisms
that became extinct by the end of the Cretaceous, such as the reptilian

piesiosaurs, ichthyosaurs, mosasaurs and pterosaurs, and various marine

o
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benthic invertebrates, there are either severe sampling problems or the

available data are insufficient to allow arny generalisation.

Calcareous plankton. Without question the most striking mass extinction

event at the Cretaceous-Tertiary boundary was that affecting the planktonic
foraminifera and coccolithophorids in the oceanic realm (Thierstein 1981,
1982). This is clearly expressed both in the drastic reduction in mmbers
of individuals and taxon diversity. Thus it is easy to locate the boundary
at a classic section such as Gubbio, Italy by the sudden disappearance of
numerous forams which are just discernible with the naked eye. Perch-
Nielsen (1986) estimates that the taxonomic turnover at the boundary of
nannoplankton (mainly coccolithophorids) is at least an order of magnitude
higher than during the preceding Cretaceous. To a considerable extent the
widespread occurrence of a boundary clay can be attributed to the sudden
loss of the calcareous component of the bottom sediment as a conseguence of

mass extinction.

Detailed examination of the unusually thick and complete section across
the boundary at El Kef, Tunisia, reveals however that the plankton
extinction event cannot be attributed to a .'geological instant'. Planktonic
forams and coccolithophorids exhibit a different extinction - recovery
pattern. Whereas both groups are considerably reduced at the level of the
iridium anomaly, the nannoplankton experienced their main extinction well
into the Tertiary, probably several thousand years later (Smit and Romein
1985). According to D'Hondt and Keller (1985) many species of planktonic
forams disappeared 20 cm below the ba'se of the boundary clay at El Kef, and
these authors argue for a progressive, stepwise extinction of this group
during the latest Maastrichtian. Lamolda (1987) reaches a similar
conclusion for sections in the Basque Country of Spain, including Zumaya.

According to Lamolda the loss of forams below the boundary cannot plausibly
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be attributed to dissolution effects, as in some deep sea cores, because the

Maastrichtian deposits are more calcareous than the O\}erlying Danian.

Marine molluses. It has long been recognised that some of the most familiar

Mesozoic groups such as ammonites, belemnites, and inoceramid and rudist
bivalves became extinct at or shortly before the end of the Cretaceous.
Because of their greater individual size, and also possible facies
restrictions, these groups pose more of a sampling problem for precise
stratigraphic analysis than the calcareous plarnkton, and the mmber of well
exposed, mollusc-bearing, biostratigraphically well controlled and complete
sections across the Maastrichtian - Damian boundary is very restricted. It
is therefore not possibie to make pronouncements with the same degree of
confidence as for the plankton but there are a mimber of clear pointers to

same general oconclusions.

The apparently complete section that has received the most attention is
that at Zumaya, northern Spain (Ward et al. 1986, Wiedmann 1986). Ammonite
diversity and numbers decreased more or less gradually through the course of
the Maastrichtian; no new groups appear in the late Maastrichtian. Despite
intensive search in suitable facies, no ammonites have been found in the top
13 m, corresponding to a time interval of approximately 130 thousand years.
Thus the ammonite might have gone extinct well before the end of the
Cretaceous. Although ammonites persist to the togp of the Cretaceous at the
well known locality of Stevns Klint, Denmark, there is a dissolution hiatus
at the level of the Fish Clay (Ekdale and Bromley 1984). At Mons Klint
nearby, where there is no such feature, the last ammonites are found a short

distance below- the boundary.. - -« o s

The other molluscan groups were apparently all in declihe before the
end of the Cretacecus (Dhondt 1986, Christensen 1976, Kauffman 1984). Thus

true inoceramids went extinct at the end of the early Maastrichtian, with
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only one related genus of doubtful affinities, Tenuiptera, persisting until
the end of the stage, while rudists underwent a drastic reduction in mmbers

and diversity early in the late Maastrichtian.

Dinosaurs. Although they attract the greatest popular interest dinosaurs

are cne of the least satisfactory groups for this kind of study, because of
the paucity of suitable stratal sections and the comparativé scarcity of
fossil material. Virtually all the conclusions that have been drawn about
the final dinosaur extinction episode derive from a few sections in western
North America. For all we know, the group Ir{ight well have gone extinct in
other parts of the world before the end of the Cretaceous, or even locally
have persisted into the Palaeocene. At any event too much has been made of
the end-Cretacecus dinosaur mass extinction as a unique event. In fact, as
Padian and Clemens (1985) point out, the dinosaur generic turhover rate was
exceptionally high throughoﬁt the group's history, and the most unusual
feature of the end-Cretaceous event was the failure of a new replacive group
of dinosaurs to emerge. The imp_lication of the high generic turnover rate
is that dinosaurs were always relatively viilnerable to extinction throughout
their long history, and that no environmehtal event Qf exceptiondl magnitude

need necessarily be invoked.

Whereas Russell (1979) maintains that the dinosaurs were cut short in
their prime, with the group exhibiting no decline from a high late
Cretaceous diversity level at the end of the period, some detailed wark
reported on recently suggests otherwise. Carpenter and Breithaupt (1986)
studied the latest occurrence of nodosaurid arﬂcyloé‘aurs in Wyoming and
Montana, using the relative abundance of teeth as a good measure of species
abundance, and inferred a real decrease in population levels during the late
Maastrichtian, with the group going extinct well before the end of the

stage. That this pattern is likely to be true of dinocsaurs in general is
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suggested by the more comprehensive wark of Sloan et al. (1986). According

to these authors, who take into account the discovery of articulated bones
to eliminate the possibility of rewarking, dinosaur extinction in Wyoming,
Montana and Alberta was a gradual affair, beginning about 7 million years
before the end of the Cretaceous and accelerating rapidly in the last 0.3
million years. This decline up the succession cannot apparently be
dismissed as an artifact; there is more outcrop available for examination in
the top 30 m of the Cretaceous in the Montana section that an equivalent
thickness of strata below, where more dinosaur remains have been found. The
rapid reduction through time of both diversity and individual abundance is
attributed to a combination of environmental deterioration and more
tentatively to competition from immigrant ungulate mammals. Sloan et al.
also make the more controversial claim (see discussion in Science 234, 1170)
that a dinosaur 'genera' (best interpreted as species) persisted into the
early Palaeocene in Montana, with only 4 disappearing at the end of the
Maastrichtian. The fossil teeth on which this claim is based occur in
doubted Palaeocene strata, above the local iridium anomaly and correlated
palynological change, but in stream channel sediments which raise the
possibility of derivation by rewarking from Maastrichtian strata. Sloan

et al. discount this on the grounds that (a) the teeth bear no signs of
abrasion and (b) dinosaurs are less common than mammals in the Maastrichtian
sediments through which the channel is cut, yet no mammals have been found

with dinosaurs in the channel deposits.

Terrestrial plants. For this group as well as the dinosaurs, one has to

depend on North American data for the type of detailed information required.
What can be called the conventional view, as reviewed by Hickey (1984), is
that, while the rate of floral turnover increased in the latest Cretaceous,
with a decline in angiosperm diversity, there was no catastrophic end-

Cretaceous extinction event. This view has recently been challenged by
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Wolfe and Upchurch (1986) on the basis of detailed leaf studies over an

extensive region in the Western Interior from New Mexico to Alberta. They
see no evidence of any major floral change through the Maaétrichtian, | but
record a sharp and dramatié change at the Creﬂtac;eous—'_lfertbia.ry'ﬁa.urﬁary, with
mesothermal evergreen végetation Sﬁffering ma jorextlnctlon in the‘ northern
High Plains region. An episode of significant ecological disruption at the
boundary, which consistently occurs coincident with an iridium anomaly, ihad
earlier been fecognised from palymiogical data, which indicated a drastic
declihe of angiosperms and gymnosperms at the expense of ferns - the so-
called fern spike (Tschudy et al. 1984). A comparable event has been
recorded for Japan by Saito et al. (1986). That this was more an ecological
disturbance than a major extinction event is indicated by the reappearance
of many taxa in the early Palaeocene, indicating that refugia must have
existed, and the disruption to plant life was only temporary (Tschudy and

Tschudy 1986).

Extinction selectivity

Within the marine plarﬂt;ton, dinoflagellates were evidently little
affected by the end-Cretaceous extinction events, in marked contrast to the
calcareous plankton, and the same applies to benthic as opposed to
plarktonic forams. Whereas, according to Thierstein (1982) the generic
extinction was 92% for planktonic forams, 85% for radiolaria and 73% for
coccoliths, it was only 23% for diatoms (Kitchell et al. 1986). Kitchell
et al. relate this low rate of extinction compared with other elements of
the plankton to a life history cycle adapted locally to surviving stress by
forming non?plarﬂ{tonic resting spores. Thé same oould well apply to the
dinoflagellates. With regard to the macrobenthos, study of the section
along the Brazos River, Texas suggests thét suspension feeders, most notably
epifaunal bivalves, were relatively vulnerable to extinction (Sheéhan and

Hansen 1986).
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Tt has been stated that on the continents animals over 25 kg in weight
were the most extinction - vulnerable (Russell 1979) but it should be noted
that some dinosaur taxa were quite small and that, although ne;arly all end-
Cretaceous mammals were small in size, the marsupials were fnuch more
severely affected than the placentals (Padian and Clemens 1985). Freshwater
vertebrates such as crocodiles, turtles and champsosaurs survived with
little change, as evidently did the birds; while of course the fossil record
of this last group is relatively poor it has improved greatly in recent
years and the inference is probably soundly based (Mr. Howgate, persocnal

communication).

Because of the existence of seeds, spores, pollen and rhizome systems,
terrestrial plants should be more resistant in the long term to severe
environmental disturbance than many animal groups (Knoll 1984) and the
pollen data reported by Tschudy and Tschudy (1986) appear to bear this out,
as indicating rapid recovery of angiosperms following a short-term
ecological disastér. Nevertheless there was a high rate of extinction in
the Aquillapollenites Province of western North America and eastern Siberia,
with angiosperms being more vulnerable than conifers in mid to high
latitudes. Floral turnover in the Narmapolles Province of eastern North
America and Europe was less pronounced and in the southern hemisphere little
or no change has been recorded across the Cretaceocus-Tertiary boundary

(Collinson 1986).

A nunber of general conclusions have been drawn on the basis of
comparison of various groups. By studying evolutionary patterns among late
Cretacéous bivaives and ’gas’tropods Jablonski (1986&) 'aﬁl:‘éues that the end
Cretaceous extinctions involfzed more than an intensification of normal
'background' extinction. Factors that erhanced survivorship during normal
| ‘ develcoments, broad gecg ¢ species

.
he RS X menes, COrGal ':,‘Cv’:,.'..&?hlz. spe
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range and high species richness, were ineffectual during the mass extinction
phase, but broad geographic range of an entire lineage, regardless of the
ranges of its constituent species, evidently correlates with reduced

vulnerability to extinction.

Stanley (1987) perceives a climatic theme, wifh f:ropical taxa in the
marine realm being relatively vulnerable to extinction (cf. Kauffman (1984)
for bivalves). Thus cool-adapted species of planktonic forams, with a
simple globigerine shape, migrated to low latitudes within the last few
thousand years of the Cretaceous, replacing warm-adapted species with ornate
skeletons that suffered extinction (Gerstel et al. 1986). Similarly,
gastropods that lived in cool northern waters in the late Cretaceous
migrated to North Africa at the end of the Cretaceous, replacing tropical
gastropods (Kollman 1979). It is of course Well known that low latitude
organisms such as reef corals and rudists have been relatively vulnerable to
extinction, but it should be borne in mind before a simple temperature
decline scenario is adopted, that tropical grmps aré generally stenotcgpic
and hence potentially vulﬁérable | to av \}ariety of environmental disturbance.
They are also more taxon-rich, and it remains to be demonstrated with
quantitative rigour that there is a significant differential effect between
low and high latitudes which involveé proportion rather than absolute

nunbers of taxa that went extinct.

Sheehan and Hansen (1986) put forward a hypothesis of great generality
embracing both marine and continental realms. They observe that the marine
phytoplankton, because of its low biomass at a given time and short life
history, is very vulnerable to environmental disturbance. A model is
generated whereby organisms dependent on living plant material are more
vulnerable than those that feed on detritus or scavenge for their food. The

fauna of the Brazos River section supports the model, because suspension



feeders dependent on plarkton were more affecfégé by t'he end ‘Cretaceocus
extinction than deposit feeders such as nuculanid bivalves, and carnivores.
As regards the continents, it is argued that the herbivorous dinosaurs
probably depended for their food on living plants, while placental mammals
were probably insectivores. Fres}matér ecosystems, however, are based
fundamentally on land-derived detritus, which would have enabled the
vertebrates to survive. The Sheehan and Hansen hypothesis is, of course,
only relevant to the short-term catastrophic type of scenario presented by
Alvarez et al. (1980) and not hh\g, any longer-term events lasting thousands

of years or more.
CHEMICAL, AND PHYSICAL SIGNATURES OF THE CRETACEOUS-TERTTARY BOUNDARY

The evidence supporting the impact hypothesis has been eloquently

reviewed recently by Alvarez pere et fils (L.W. Alvarez 1987, W. Alvarez

1986) and need not be gone into in detail here. The key discovery was made
at the end of the 1970s. A clay layer at Gulbio, Italy, identified by
micropalaeontologists as marking exactly the Cretacecus-Tertiary boundary,

| was found to be greatly enriched in the platinum-group trace element
iridium, by a factor of 30 compared to the normal background. Subsequently
an iridium anomaly, signified by a more or less pronounced 'spike', has been
found at the boundary across the globe at over 75 localities, including a
few in sections of continental sediments. The high iridium concentration,
and that of other siderophile trace elements, is much too great for crustal
rocks but matches that of chondritic meteorites. Concentration of
micrometeorite background material ét a time of exceptionally low
sedimentation rate appears: to 'be inadequate to-accournt for the size.and. . .. ..
extent of the anomaly, though without much doubt condensation factors have
played a role in ocontrolling the ievel of iridium recorded locally (e.g.

o YoV

Fkdale and Bromiey 1584). Simiiarly the fact that kerogen can
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preferentially adsorb a variety of metallic elements or their compounds may

help to explain the exceptionally high iridium level in the kerogen-rich
Fish Clay at Stewns Klint, but there is no general correlation of the
iridiﬁm anomaly with:black shales, nor havé iridium enrichments of
comparable magnitude been“recognised in organic-rich déposits of other ages.
A possible concentfation by marine organisms that were subsequently buried
by bottom sediment fails to explain the existence of iridium anomalies in

continental sections in North America.

Independent evidence supporting the Alvarez hypothesis is claimed on
the basis of two discoveries in clay layers at the Cretacecus-Tertiary
boundary. The first discovery, which seems to be impressive, is of so-
called shocked quértz, with multiple laminar features held to be uniquely
characteristic of impact events; it has been recorded at several localities
in North America and Eurasia (Bchor et al. 1984, Izett and Pillonore 1985,
Badjakov et al. 1986). The second discovery is of spherules in the general
size range 100-1000 um, composed of sanidine and other minerals, first
recorded at Caravaca, southern Spain by Smit and Klaver (1981) and
subséquently found at many oﬁher localities. These are believed by some
warkers ‘inclt.lding the above-named authors to be mineralogically altered

examples of microtektites formed by the cooling of droplets of impact melt.

Much publicity has also been given to the discovery of soot in the
organic fraction of the Fish Clay at the Cretaceous-Tertiary boundary in
Denmark (Wolbach et al. 1985). The soot content is about four times higher
than that of the clays above and below. On the assumption that the Alvarez
hypothesis is correct, and that the boundary clay was deposited in less than
a year, then the carbon flux during that year is 103 - 10% times the normal
value. This has led Wolbach et al. to propcse the occurrence of wildfires
on a spectacular scale, which would have had devastating environmental

effects globally, comparable to a nuclear winter. If, however, the
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sedimentation rate of the Fish Clay was similar to the clays above and
below, and bearing in mind that it is relatively enriched in organic matter,
there is nothing unusual about the presence of soot or charcmal, which is
commonplace in the stratigraphic record, marking the persistent occurrence
of forest fires on a modest scale. The Wolbach hypothesis depends
implicitly on the assumption that the Alvarez hypothesis is correct, that
the Cretaceous-Tertiary boundary clay is exclusively post-impact fallout of
dust, and the soot data cannot therefore be cited as independent evidence in

support (see discussion in Science 234, 261-4).

With regard to other chemical signatures at the Cretacéous—Tertiary
boundary other than the iridium anomaly, the most striking is a strong and
short—-term negative excursion of 13¢ in coccoliths and planktonic farams
in deep-sea cores (fig. la), which is best explained in terms of a reduction
in the 13c gradient between surface and deep ocean waters such as would
result from a drop in the global rate of photosynthesis over the ocean
surface (Shackleton 1986). This is of course what one could predict from a
mass extinction event in the phytgplankton. The calcareous plarnkton oxygen
isotope record reveals no such dramatic change (fig. 1b), with several
oscillations in 180 directly above and below the boundary being almost as
marked as the small rise of 0.5 immediately at the boundary (Shackleton
1986). Whether such short-term oscillations represent environmental signalé
as opposed to diagenetic noise has not yet been clearly established. The
87Sr/ 86Sr ratio increases from the late Cretacecus to the Recent in a
regular way that promises well for stratigraphic correlation, but with a
major interruption at the end of the Cretacecus, signified by a small but
distinctive sharp rise followed by a restoration to the original level (fig.

lc; Koepnick et al. 1985; Hess et al. 1986, Elderfield 1986).
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'An analysis of the Cretaceous-Tertiary boundary clay at several

localities revealed a different clay mineral composition in each, with no
exotic mineralogy; all samples were typical of normal marine Cretacecus clay

(Rampino and Reynolds 1983; cf. Preisinger et al. 1986).

COMPARISON OF THE IMPACT AND VCLCANIC HYPOTHESES FOR THE END

CRETACEOUS CATASTROPHE.

Whatever the ultimate cause, there now seems to be little doubt that
the Cretacecus period ended in a geologically short-term event or rapid
succession of events of catastrophic magﬁitude and more or less global
extent. Within the biosphere this event is recorded by mass extinction of
the marine calcareous plankton and by an ecological disaster in at least
much of the northern hemisphere among the more evolved land plants.
Contemporary extinctions in animal life most probably reflect a devastating
disturbance to primary food production and may therefore require no special
explanation. Directly following the catastrophe, marine deposits record a
sﬁort—term population explosion of the opportunistic phytcgplankton genera

Braarudosphaera and Thoracosphaera in the oceans (Thierstein 1981), and of

ferns on at least two continents, followed by the gradual restoration of
angiosperms along the lines Qf an ecological succession. The striking and
globally widespread iridium anomaly, and associated occurrence of shocked
quartz and microspherules, has not been matched at any other generally
accepted mass extinction horizon and may yet prove to be unique to the

Phanerozoic (Donovan 1987).

Given this array of evidence, there appear to be only two plausible
causes that can be invcked to account for such a catastrophe, bolide impact
or volcanicity an an exceptional scale. Rival hypotheses based on these

alternatives give rise to quite similar environmental scenarios.
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The impact scenario as first put forward by Alvarez et al. (1980) and

subsequently modified somewhat (Alvarez 1987) is that a 10 km diameter
bolide hit the earth, creating a crater about 150-200 km in diameter and
expelling a huge quantity of pulverised rock. The earth was in consequence
enveloped by an opaque blanket of dust, which for a period of months blotted
out sunlight and thereby stopped photosynthesis, leading to the mass
starvation of animal life. The dust eventually settled to form the
Cretaceous-Tertiary boundary clay, laced with iridium—-enriched material from
the bolide remnants. Significant short-term temperature changes would have
ensued, probably an initial drastic’ fall followed by a rise because of the
greerhouse effect. Perhaps the most impartant killing mechanism would
derive from the shock heating of the atmosphere by the e@anﬁng fireball.
This would give rise to the production of huge amounts of nitrogen oxides in
the atmosphere, leading to highly acidic rain. The acid rain would lower
the pH of oceanic surface waters sﬁfficient to dissolve calcareous material

such as plankton skeletons.

The volcanic scenario proposed by Officer et al. (1987) differs in that
the events in question extended over at least 10,000 years. It is known -
that flood basalt fissure eruptions that prodﬁce individual lava flows with

volumes greater than 100 km3

at very high mass eruption rates are capable of
injecting large quantities of sulphate aerosols into the lower stratosphere,
with potentially devastating atmospheric consequences (Stothers et al.
1986). Such volatile emissions on a large enough scale would lead to the

production of immense amounts of acid rain, reduction in alkalinity and pH

of the surface ocean, global atmospheric cooling and ozae layer depletion.

Tt is clear that the environmental cméecjuences- éhf/isagedv for either
the bolide impact or the volcanic scenario are essentially similar, but with
the latter being much more extended in time because no individual episode of

wlcanism could match the devastating effect of a large bolide impact. In
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deciding, therefore, which is the better supported by evidence, it is of

crucial importance to establish as precisely as possible the time spans

signified by the horizon of abnormal iridium enrichment and correlative

biotic changes. Because the time interval for either scenario falls well

within the finest resolution available by conventional means of

stratigraphic .correlation or age determination, this is not a straight-

forward matter.

I give below a personal assessment of the evidence for and against the

alternative scenarios, abbreviated to I (impact) and V (volcanic).

lﬂ

Iridium enrichment

I. The substantial enrichment of iridium (and other siderophile
elements) in the Cretaceous-Tertiary boundary clay matches the
composition of chondritic meteorites but not that of the earth's
crustal rocks. The global distribution signifies an event of major
significance and the intimate coincidence with mass extinction of the
plarkton is remarkable. Simplé calculations based on iridium
concentrations in the boundary clay lead to the inference of a bolide
10 km in diameter, whose impact with the earth would have deleteriocus
consequences of the appropriate magnitude. Althoudgh much of the
earth's mantle has a composition similar to that of chondritic

4

meteorites, it is implausible to invoke a mantle source because of (a)

the global extent and amount of iridium, (b) the iridium-enriched

aerosol erupted recently at Kilauea was a light mantle differentiate.

The iridium/platinum ratio of the Cretaceocus-Tertiary boundary clay
signifies, in contrast, no such differentiation (F. Asaro, personal

commnication).

V. The composition of the aerosol erupted at Kilauea, with an enormous

enrichment of iridium compared to normal Kilauean lavas (Zoller et al.
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1984) weakens the case for excluding a terrestrial source for the

Cretacecus-Tertiary boundary clay iridilim, especially as the ratios of

Ciridium tq__aijsénic and antimony of the boundary clay resenble those of

theKllauea eruptlon but differ significantly from those of meteorites
(Offic;er and Drake 1985). Provided the appropriate mantle source ocould
be tapped for an extended period of time, a global enrichment of
iridium of the appropriate magnitude of the Cretaceous-Tertiary

boundary could be produced.

Stratal distribution of iridium

V. A number of profiles of f;he Cretaceous-—Tertiary boundary clay
indicate that the zone of iridium enrichment often ext;ends over a
thickness of strata indicating, according to feasonabl’e estimates of
sedimentation'rate, a itime dufation of at least several thousand and
perhaps several tens of thousand years, which is inconsistent with the
prediction of the impact hypothesis. In several cases multiple iridium
enrichments have been recorded (Officer et al. 1987, Wiedg¢mann 1986).
It is implaﬁsible to invcke bioturbational smearing up and down the
section, because such disturbance would substantially diminish the
iridium anomaly. In addition, some classic sections such as Stevns

Klint do not show bioturbation at the critical horizm.

I. Careful cm by cm sampling of Cretaceous~Tertiary boundary sections
in the Gosau Basin of Austria shows a sharp rise to the maximum value
of iridium, followed by a gradual diminution over a thicker portion of

section back to normal values (Preisinger et al. 1986). Similar

patterns have been discerned at Gubbio and Caravaca and can best be

interpreted as due to iridium deposition due to impact, followed by
redeposition over a longer time interval of iridium-enriched material

from elsewhere.
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Shocked quartz

I. The shocked quartz found at thevCretaceous—-Tertiary boundarj at a
mmber of widely scattered localities in three continents hés the
highly distinctive features of impact defbrmation in the form of
multiple sets of laminae. These have not ib’een recognised in any

volcanic rocks.

V. The recognition of shock features, many of which are subtle and
present only in small grains, in volcanic rocks requires specialised
skills and the subject has not hithefto been studied intensively.
Shock features have now been re’cogniséd in plagioclase and biotite
phenocrysts erupted from the Toba caldera, Sumatra (Carter et al.
1986). Shocked features in minerals are also known to occur in the
Bishop's Tuff of California. It is admitted that, so far, no shocked
quartz grains of the distinctive type described by Bohor et al. (1984)

have been recognised, but even in the Cretaceous-Tertiary boundary clay

~only a small minority of the quartz grains fall into this category.

Discovery of shocked quartz grains at horizas other than the boundary
clay would weaken the case for associating them with an impact event
that caused mass extinction. (See discussion between Carter et al. and

Izett and Bohor, Geology 15, 90-92).

Microspherules

I. The microspherules found at the Cretaceous-Tertiary boundary in
many localities around the world are most reasonably interpreted as the

low temperature alteration products of droplets of impact melt.

V. A detailed examination of the Gubbio section reveals that, while
there is indeed a concentration of microspherules containing K-feldspar

or K-feldspar and glauconite, in the Cretaceous-Tertiary boundary clay,
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they are not unique. to this horizon, but extend over a stratigraphic
range from Turonian to Palaeocene (Naslund et al. 1986), so that they
canno£ be regarded as unique to the Cxetaceéus—Tertiary boundary.
Spherules of the appropriate sizé range of clearly volcanic origin are
known to occur, so the conceﬁﬁation in the boundary clay ocould signify
a peak of volcanism at that time. Recent Danish work (Hansen et al.
1986) suggests that the spherules have nothing to do with either impact
or volcanism, but are the result of diagenetic infill of prasinophyte

algae.

The Cretaceous-Tertiary boundary clay

I. The boundary clay first studied at Gutbio and subsequently found in
other parts of the world is direct evidence of the fallout of material
of the earth-enbracing dust cloud produced by the impact event. A
detailed mineralogical study of the boundary clay at Stevns Klint shows
the central part.to be composed of pure smectite in contrast to the
illite and mixed layer smectite/illite of the clays above and below.
An impact melt rather than volcanic glass origin is supparted by major

element chemistry (Kastner et al. 1984).

V. A Cretaceous-Tertiary boundary clay is by no means found in all
marine sections (Officer et al. 1987). Where such a clay occurs, the
most obvious explanation for it is that it makes a concentration of
nan-calcareous material following mass extinction of the plarktonic
organisms that supplied the calcareous companent of the sediment, aided
perhaps in some cases by post-sedimentation dissolution. In a mumber
of exaxrgples that have béen studied ’fhefe is nothing unusuai about the
clay mineral composition, which varies from locality to locality in a
way suggesting control by regional palaeogeographic circumstances

(Rampino and Reynolds 1983). With regard to the Stevns Klint boundary




EETER
clay, the mineral smectite is most easily formed by the alteration of
volcanic ash. A layer of pure smectite in the midst of normal detrital
clays is usually a clear indication of aA bentonite. This argument was

C
used to propose a volcanic origin for distin,l;ive fuller's earth clays

" in the Jurassic and Cretaceous of Southern England (Hallam and Sellward

1968), an interpretation confirmed by the subsequent discovery of a

diagnostic suite of minerals and relict glass shards (Jeans et al.

- 1977).

Kastner et al.'s argumént contains a flaw. According to the impact
scenario, the meteorite component would have comprised at most only 20%
of the fallout dust and may be much less (Rampino and Reynolds 1983).
Thus most of the boundary clay should be the alteration product of a
mixture of earth rocks expelled from a huc_je crater; only a small
fraction of this would have been melted on impact. Furthermore, no
convincing evidence has been put forward that smectite is the normal
product of impact melts. In the qircumstamce‘s, citation of major

element chemical data seems rather meaningless.

The site of the impact crater

I. It is disappointing rather than devastating to the impact
hypothesis that no convincing crater of the appropriate age has yet
been recognised. If the impact took place on a continent, perhaps it
has subsequently been buried by sediment or destroyed by erosion. The
buried Manson crater of Iowa seems to be of the right age to account
for the occurrence of shocked quartz of sand grade in the U.S. Western
Interiér. It is statisticélly more probable, however, that impact took

place somewhere in the oceans.
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V. The Manson crater, with an estimated diameter of about 25 km, is

far too small to be invcked for the devastating envircnmental scenario
required by the impact hypothesis. There are plenty of records of
dated craters ektending back through the Phanerozoic. A continental
crater as young as end-Cretaceous and of the large size required, is
unlikely to have been destroyed by erosion or buried without trace. If
the impact took place on the ocean floor, where did all the shocked
quartz come from? The sediment of the deep ocean is largely calcareocus
ar argillaceous, interrupted at some horizons in the Atlantic by layers
of turbiditic quartz sand. Much of this rock is incompletely
consolidated, and it is difficult to see how impact stresses could be
transmitted through such sediment to impose shock deformation features
on the quartz grains. Most of the expelled rock would in fact be
quartz-free basalt. A possible way ocut of the dilemma posed is to
invoke an impact site on the continental shelf, but this is
statistically improbable because of the small area involved. Moreover
it is highly unlikely that such a site would no longer be recognisable.
An impact anywhere in the marine realm should have generated tsunamis
an an enormous scale, which should have created significant disturbance
to the sedimentary record across the Cretaceous-Tertiary boundary.
Although slﬁnxping seems to have occurred in a few sections, this has

not been tied to a Cretaceous-Tertiary boundary event.

Appropriate volcanism

V. There is evidence from various parts of the warld of substantial
volcanism at the end of the Cretacecus, the most striking example being
the emplacement of the Deccan lavas of India. With a minimum estimated
volume of 10° km3 they are the largest continental flood basalt
eruptions of the post 200 million years and the most recent

determination of their date of eruption suggests that it all toock place
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within Tagnetic interval 20" Rw1tha dt;ratién of about 660 ﬂléusand
years and embracing the Créi;;cemls—Tertiaxy boundary (Courtillot et al.
1986). It would be an astonishing coincidence if volcanicity an such
an immense scale was totally independent of the Cretacews¥Tertia1y
boundary mass extinction event. Modelling calculations based on the
volume of lavas and the injection of mantle-derived material into the
atmosphere and stratosphere suggest that it is plausible to invoke the
Deccan Traps to account for the end—Cretacecus catastrophic disruption

to the biosphere (Officer et al. 1987).

I. It is implausible to invdke the Deccan Traps or any other localised
volcanic source to account for the global distribution of iridium, o]
the basis of the small Kilauean gas eruption, and no other iridium-
enriched volcanic rocks are known. No iridium-enriched layer has been
found in sediments associated with the Deccan Traps. The presence of
shocked quartz implies explosive volcanism if an impact origiﬁ is to be

rejected, whereas the Deccan Traps are flood basalts.

The biotic response

I. From the initial wark at Gukbio, where an intimate correlation was
first demonstrated between the iridium anomaly and mass extinction of
the calcareous plankton, a strong association of the two has been
repeatedly demonstrated. Allowing for sampling and preservational
problems it is highly likely that many animal groups went extinct at
the same time. The work of Wolfe and Upchurch (1986) on angiosperm
floras in‘ Noarth America points to a single geologically very short-
lived disturbance event coincident with an iridium anomaly, which is

more oconsistent with bolide impact than more prolonged volcanism.
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V. When sections signifying an unusually high sedimentation rate are

studied, such as El Kef, it can be demonstrated that the main
planktonic foram and doccolith extinction phases were not coincident in
time, but separated by up to a few thousand years, and the extinction
rate among the forams was alfeady increasing before the end of the
Cretaceous. The impact scenario is too drastic to account for the
selective nature of the end-Cretaceous extinctions, with many groups of

organisms surviving into the Palaeocene with little or no change.

From the foregoing evaluation it should be apparent that both scenarios
have their shortcomings as regards evidential supﬁort, and more research is
required to resolve the issue decisively. Meanwhile the possibility must
not be discounted that bolide impact triggered large-scale volcanism, though
such a circumstance could confuse attenpts to devise critical tests of
clear-cut alternative hypotheses. Moreover, the Deccan Traps volcanism

Y ,
stﬁted befare the end of the Cretaceous (Courtillot and Cizowski 1987).
EVIDENCE FOR ILONGER-TERM ENVIRCONMENTAL, CHANGES

Before the impact hypothesis was put forward it was customary to relate
the end-Mesozoic extinctions to either fall of sea-level or climatic
oooling, or a combination of the two, climate and sea-level being, with
volcanism, the only earth-bound phenomena that could influence envircnment
on a global scale. Their influence would be felt, however, over a longer
period of time than the paroxysmal effects discussed in the previous
section, ranging probably from hundreds of thousands to a few million years.
Evidence for sea-level and climatic changes of this time span is reviewed

elow.

Sea-level change. It has been widely acknowledged since the last century

that the end of the Cretaceous was marked by a significant global fall of

sea level, followed by a rise in the Palaeocene. One important conseguence
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of this is that stratigraphic sections across the Cretaceocus-Tertiary
boundary in shallow marine facies are extremely rare; hiatuses of varying
magnitude are virtually always present. However, precision about the amount
and rate of sea-level change has been lacking, though the situation has

improved in recent years.

Fig. 2 presents three different estimates of sea-level change in the

latest Cretaceous. Sliter's curve (fig. 2a) is based on the amount of |

continental area covered by sea and is therefore very approximate; it also
makes no distinction between different divisions within the stage and mereiy
indicates a progressive Maastrichtian decline correlative with sea-level
fall. Kauffman's curve (2b), though only a qualitative estimate, is more
precise stratigraphically and is based on changes in sedimentary suoccessions
as well as areal changes; it indicates a late Maastrichtian sea-level rise
followed by a fall to the end of the stage, after a mid Maastrichtian fall.
The revised curve of the Exxon group (2c), based on seismic stratigraphy,
offer even more stratigraphic precision. As with the Kauffman curve, a mid
Maastrichtian fall is followed by an early late Maastrichtian rise, after
which there is a rapid and pronounced fall immediately before the end of the
stage. Thereafter there is an equally rapid rise, which more or less ceases
across the Cretaceous-Tertiary boundary. All three curves, derived using
different methods and of a different degree of precision, agree on a notable
sea-level fall shortly before the end of the Cretaceous. The claim by Hag
et al. (1987) that the minimum sea-level was reached not at but immediately
before the end of the period is based on microfossil correlations that have
not been published, so that the evidence in support cannot be assessed. The

subject is sufficiently important to warrant independent investigation.

Stratigraphic data are sometimes criticised as being both imprecise and

difficult to quantify in an illuminating way, so it is gratifying that
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independent geochemical evidence can be cited that apparently bears on the

question of sea-level change. As noted earlier, there is a clearly
discernible positive excursion of the 87Sr/86Sr ratio across the Cretaceous-—
Tertiary boundary (fig. lc), indicating an increase in continental influence
of the sort recorded progressively through the Cenozoic’ to reach the
present-day abnormally high level of 0.709. By far the likeliest reason for
this Cenozoi‘c change is the correlative fall of sea lewvel, thereby
increasing continental area and runoff (Koepnick et al. 1985). Applying the
same reasoning to the end-Cretaceous event leads to the inference of a sea-
level fall of a magnitude greater than for many millions of years

previously, followed by a rapid rise to the earlier level.

While the strontium isotope data must record an event that lasted for a
geologically significant period of time, rather than a mere ‘instant', their
stratigraphic precision and ratio scatter are inadequate at present to allow
further inferences as regards duration. Some intriguing clay mineral data
from Gubbio perhaps point the way to greater stratigraphic resolution.
Jdmsson and Reynolds (1986) report a large influx of kaolinite over a 3 m
thick part of the section spanning the Cretaceous-Tertiary boundary,
compared with the strata above and below, suggesting an environmental event
lasting probably a few hundreds of thousands of years. The authors confess
themselves somewhat mystified by this phenomenon, but note the well known
fact that kaolinite tends to increase in abundance in nearshore facies,
probably reflecting its ocoarse-grained nature and tendency to flocculate
more readily than other clays. The simple_st and most elegant exPlanation I
can offer is that this kaolinite pulse in a pelagic facies. section reflects
the end-Cretacecus sea-level fall recorded independently by étratigraphic

and geochemical data.

Janes et al. (1987) record facies evidence of a marine regression

within the last 300,000 years of the Cretaceous, in a section near Braggs,




Alabama, and"é{' correlative rise in the strontium isotope ratio, while an

injection-¢f sand and silt turbidites into the deep Atlantic off New

“J éréey, precisely at the Cretaceocus-Tertiary boundary, is reported by Van

Hinte et al. (1985a,b). The authors relate this event to an impact-—
induced tsunami, but it could just as well signi'fy a marked fall of sea

level.

Climatic change. The best record of oceanic temperatures comes from oxygen

isotbpe data obtained from planktonic and benthic forams, principally in the
Pacific (Savin 1982). Both surface and bottom waters apparently underwent a
more or less steady post-Coniacian temperature decline which was arrested
only at the end or immediately before the end of the Maastrichtian (fig. 3).
A detailed analysis of Upper Maastrichtian carbon and oxygen isotope
stratigraphy at Zumaya, Spain, using bulk sediment derived from the
plankton, has been undertaken by Mount et al. (1986). They find that the 2
per mil negative shift in both 3¢ ana 180 at the Cretaceous-Tertiary
boundary is no greater than several preceding shifts in the Upper
Maaétrichf.iam The disappearance of ammonites and inoceramids coincides
with these earlier isotope excursions. The striking similarity of the L3¢
and 18, cﬁrves is held to imply a direct relationship between warm
surface water temperature and decrease in primary productivity. The
implication of a succession of El Nino-type warming episodes is thought to
be consistent with a wolcanic scenario, with injection of @, in the
hydrophere and atmosphere leadihg to rise of oceanic CCD and greenhocuse
warrfu‘.ng. Clearly such intrigquing .fesults need to be confirmed by comparable
analysis Qf othef stratigraphic sections, and a more positive demonstration

that true oceanographic as opposed to diagenetic signals are being recorded.

If one accepts the arguments of Kauffman (1984) and Stanley (1987)

concerning the relative extinction vulnerability of tropical marine
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organisms, then there is independent evidence of climatic cooling towards

the end of the Cretacecus.

There has also been a general mn¢ensgs about a late Cretaceous decline
of air temperatures, based on the record of terrestrial plants (Savin 1977,
Hickey 1984) but this view has been challenged for the North American
Western Interior by Wolfe and Upchurch (1986). From angiosperm leaf studies
they find no evidence of climatic oooling throudgh the late Maastrichtian
(indeed, fig. 6 of Upchurch and Wolfe (in press) suggests the reverse) but
infer a major long-term increase in precipitation starting at the
Cretacecus-Tertiary boundary, followiﬁg the brief episode of ecological
disruption discussed earlier. Because such conflictingj results have been
obtained from the analysis of leaf margins (Hickey 1980, Wolfe and Upchurch
1986) there is doubt as to how to interpret them and the matter needs

urgently to be resolwved.
QONCLUSIONS

A substantial and rapid sea-level fall would severely restrict habitat
area. Notwithstanding Stanley's (1987) reservations, and a causal
relationship that has as yet been inadequately worked out, marine regression
seems to provide the best correlation with mass extinction episodes
throaghout the Phanerozoic (Jablonski 1986b). Consider for example the
ammonites; throughout their history, diversity peaks oorrelate with sea-
level high stands and diversity troughs, leading in extreme cases to
extinction or near extinction of the whole group, with sea-—lex}el low stands.
Kennedy's graph (1977, fig. 33) suggests strongly that, regardless of any
bollde—-lnduoed catastrophe, ammonites woJld have gone extinct by the end of
the Cretaceocus. Sea-level fall would, of course, increase continental
habitat area, but seascnal temperature extremes would increase as the
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cause the extinction of large (probable) ectotherms with low population

density, such as the dinosaurs. It appears likely, however, that climate
was deteriorating towards the end of the Cretaceous, independent of
tectonically-induced sea-level change. If, indeed, temperatures fell by a
sufficient amount, small polar ice caps could have been established, that
would induce rapid sea-level fall. Subsequent early Palaeocene climatié
amelioration would cause these to disappear and the sea level to rise with
comparable rapidity. So far no evidence has been discovered thét éudl ice

caps actually formed.

It seems clear, however, that a combination of sea-level and temperature
fall is insufficient to account for the catastrophic end-Cretacecus plankton
extinctions and short-lived ecological disaster among terfestrial plants, so
that a final, paroxysmal, disturbance needs to be invdked in addition, due
eitﬁer to bolide impact or ﬁlolcanicity an a spectacular scale rare in earth
history; i Theré’has been a temptation for some supportérs of the impact
hypothesis to accept the phenomenon of stepwisé‘ extinction éxt;ending over a
period of up to a million years or more, and explain it by the collision with

the earth of a shower of comets that might leave no chemical signature

 (Alvarez 1986). It has now been arqgued, however, by a group of astronomers

(Bailey et al. in press) that comet showers are not produced with either
sufficient frequency or intensity by individual known bodies, whether stars
or molecular clouds, to account for either periodic or episodic mass
extinctions. One of the great strengths of the original Alvarez hypothesis
was its testability. The comet shower hypothesis is weak because it seems
impossible to falsify it by data from the stratigraphic record. Taking due
note of the astronomers' scepticism, it appears to be a wiser strategy to
adopt an extinction scenario derived from events intrinsic to this planet,

perhapsb with the exception of a single bolide impact coup de gré\ce to an

already wilting biosphere.
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Figure Captions

Isotopic changesl across the Cretaceous (K) - Tertiary (T) boundary,

a, carbon 1sotope data for ulk sediment in a nunber of DSDP sites.
Based on fig. 3 of Shackleton (1986).

b, oxygen 1sotope data for ulk sediment in a nunber of DSDP s:Ltes.
Based on fig. 3 of Shackleton (1986). '

¢, strontium isotope changes in seawater from the mid Cretaceous to the

present. Based on fig. 6 of Elderfield (1986).

Changes of sea-level inferred for the two last s{:ages of the‘

Cret_:aceous, | |

a, estinkita basfeci’o'n area of continent caused by sea; aftér Sliter
1976

b, high and low staﬁds of eustatic sea-level based on classic
stratigraphic methods, after Kauffman 1979.

¢, hidgh and low stands of eus,tatviqsea-—level based on seismic

stratigraphy, after Haq et al. 1987.

Estimated palaéotemperature curves for low latitude oceanic waters from
the late Cretacecus to the présent, based on oxygen isotope data from

plarnktonic and benthic foraminifera. Based on Savin 1982, fig. 18.1.
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HIGH-RESOLUTION TRACE ELEMENT CHEMISTRY ACROSS THE CRETACEOUS-TERTIARY BOUNDARY

IN DENMARK.

H.J. HANSEN ; ‘

Geological Institute, Oster Voldgde 10, DK-1350, Copenhagen. Dinamarca.
ABSTRACT: Only two localities in Den-
mark are un—affected by tectonic dis-
turbances of the X/T boundary clay-. Sample -

The one is situated on Stevns Klint level

and has earlier been reported (Hansen in mm Ir  Cr Fe Co z? As  Sb . Au
et al., 1986) to have 185 ppb Ir as ®° 4 15 5 - 7 - 3 15
, . . . . 59 7 19 & -
peak value. This is about 45 times - : S 7 3 1
i 58.5 6 20 & K 6. - 3 4
the general estimated global value - L i ,
: ’ ~ - 56.5 8 26 8 5 8, - 4 20
of around 4 b. The red bottom layer , i
pp m iay 50.5 7 26 7 4 7% - 2 10
of the Fish Clay'was pointed out as 47 a =2 7 s 64 - - »
i . ] k
being a level of 'semi-filled burrows - 43 1@ 29 5 3 6 i - 2 -
containing i.a. spherical algal re- %9 15 %9 4 6 1 - 3 6
b
. . . I . . 35.5 4 -
. mains filled with 'the mineral goethi- , 24 . 38 ;9 7 12 ¢ n
: . 32 18 36 7 I3 9 - & 9
te (Hansen et al., 1986a) earlier. . L i
— 28 19 41 & 5 7 - 3 8
reported as microtectite-like spheru-

PO ‘ P 23.5 29 46 18 15 18 -~ 19 23
les. Sampling was made in situ by 19.5 24 45 20 1% 20 26 13 12
aid of 3 mm diameter aluminum capsu~ 16.6 ~ 44 54 20 10 19 18 B 22
les, that were pressed directly into 12.5 50 58 16 11 19 - 8 18

. 9.5 X 2
the soft deposit. Selected elements ¥ 75 8 22 21 24 25 20 42
7.5 106 100 28 28 30 2\ 34 51

u
L]

93 91 24 24 25 28 27 48

1. from these values it is obvious
S i8 s8 90 76 78 82 76 39

2
w

that the elements Ir and Cr are 15 54 100 160 100 100 100 160

&

strongly correlated (actually a 7 wmaximum 185 373 14 238 ©.22 302 29.8 S5

star correlation). The remaining ele- ppb  ppm %  ppm % ppm ppm ppb

ments are correlated with Fe. These
are Co, 2Zn, As, Sb and Au. It can be concluded that the Ir-Cr peak is separated

from the Fe-Co-Zn-As-Sb-Au peak by 6 mm. The two elemental peaks are not correla-

ted but represent different events in the depositional history.

References:
Hansen, H.J., Gwozdz, R., Hansen, J.M., Bromley, R.G. & Rasmussen, K.L. 1986:

The diachronous C/T plankton extinction in the Danish Basin. Lecture Notes in
Earth Sciences, 8, 381-384. '

Hansen, H.J., Gwozdz, R., Bromley, R.G., Rasmussen, K.L., Vogensen, R. & Rasmu-
ssen, K.R. 1986a: Cretaceous-Tertiary boundary spherules from Denmark, New Zea-

land and Spain. Bull. Geol. Soc. Denmark., 35, 75-82.

Table 1. Elemental concentration in % Df'max vélue.
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THE CRETACEOUS-TERTIARY BOUNDARY ON THE BRAZOS'RIVER, TEXAS: STEPPED EXTINCTIONS
AND GIANT TSUNAMI OR STORM DEPOSITS. : k ' .

T.A. HANSEN
Dep. Geology, Western Washington University, Bellingham, WA 98225, USA.

E.G. KAUFFMAN
Dep. Geology, University or Colorado, Boulder, CO 80302, USA.

ABSTRACT: The Brazos River in East Texas has some of the most complete and well-
preserved Cretaceous-Tertiary (K/T) boundary sections in the world containing
both aragonitic and calcitic macrofossils and microfossils. The Cretaceous sedi-

ments contain the latest Maastrichtian Micula prinsii nannofossil zone, and the

Paleocene includes the typlcal nannofossil "disaster" sequence of Thoracosphaera

and Braarudosphaera bigelowii. Paleocene sediments also include a complete plank-

tonic foraminiferal sequence including Globigerina eugubina.: The K-T boundary

on the Brazos River occurs in magnetic zone 29r and it cohtaiﬁs an iridium ano-
maly. There is at least one and possibly" two abrupt molluscan extinctions that
occur below the.K T boundary as defined by planktonlc!foramlnlfera The uppermost
extinction occurs about 0.5 m below the K-T boundary and 1nvolves a:75% loss of
molluscan species within 15-20 cm of sediment. An 1mpoverlshed molluscan fauna,
dominated by deposit-feeders and carnivores, continues to the K-T boundary which
is marked by the final Cretaceous plankitonic foraminiferal extinctions, an iri-
dium anomaly and 0.3-0.6 m thick sandstone beds. These beds, characterized by
a brecciated and scoured clay base and upward-fining sandstone and clay layers
with occasional hummocky cross-stratification, are unique in the section and pro-
bably represent tsunami or massive storm deposition. Ten to fifteen centimeters
above this‘layer, there is another iridium anomaly associated with the nanno-
fossil "disaster" species. these data suggest that the K-T mass extinction in
the Brazos River region is stepwise, associated with one or more impact events
and marked by several extraordinarily large tsunami or storm events reaching

middle to outer shelf depths.
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SELECTIVE EXTINCTION OF MARINE PLANKTON AT THE END OF THE MESOZOIC ERA: THE
MANGYSHLAK RECORD

.

Yvonne HERMAN :
Dep. Geology, Washington State Univ., Pullman, Washlngton 99164-2812, USA.

S.K. BHATTACHARYA
Phy51cal Research Laboratory, Ahmedabad 380 009 India

Katharina PERCH-NIELSEN
Geol. Institut, ETH, Sonnegstrasse,5, Zurich CH-8092 Suiza.

D.P. NAIDIN
Geology Faculty, Moscow State Unlver51ty (MGU) , Moscow V-234, URSS.

ABSTRACT: Macro-micro-nanno fossils and stable isotopes were studied from a con-
tinuous sequence of latest Cretaceous and earliest Tertiary (K/T) shallow water
marine carbonate deposits located on the Mangyshlak Peninsula, NE of the Caspian
Sea. Fossil evidence indicates that the X/T boundary extinctiogs were selective,
affecting. 90% of ‘the warm water calcareous pﬁyto and zooplankton. Oxygen isotope
analyses of bulk sediments indicate a sharp positive spike at éhe boundary, pri-
maiily attributeé,to a sudden and severe cooling of t?e surfac% mixed layer, in-
mediately follow?d by warming. Benthonic fossils sh%w only éélnodest .posiﬁive
shift, suggesting a less drastic temperature decline %f the'boﬁtom water. Inde-
pendent geologic evidence indicates that the K/T temﬁerature decliné was coeval
with widespread and intense .volcanic activity which reached a peak at the end
of the Cretaceous Period. It is surmised that Qolatile emissions from volcanic
eruptions caused or amplified the severe cold event and depressed surface water
PH, inhibiting.calcareous shéll'production. The increased acidity dissolved the
calcareous shells and temporarily prohibited calcite nucleation, leading to the
mass mortality of the warm-water calcareous plankton. The dissolution of CaCO3

resulted in addition of bicarbonate to .the ocean water which ultimately buffered

its pH.
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THE PLANKTONIC FORAMINIFERA OF THE EARLIEST TERTIARY AND THEIR ECOLOGIC INTERPRETATION

Axel VON HILLEBRANDT g

Institut fir Geologie und Paldohtologie, Technische Universitdt Berlin, D-1000
Berlin 12. R.F. de Alemania

ABSTRACT: The most complete sections showing. the Cretaceous-Tertiary boundary
are found in deep sea sediments of the Tethys (Italy, Northern Alps, NW and S-
Spain, Northern Africa) and in profiles of the Deep Sea Drilling Project. The

first two biozones (G. fringa and G. eugubina Zones) of Tertiary age are charac-

ferized by very small globigerinids, but specimens with ‘well preserved surféce
structures were found in a few sections only. The surface structure of all these
tiny globigerinids is a calcite crust, independant of other morphological diffe-
rences. Specimens with the typical honeycom or reqular reticulate surface struc-

ture do not appear before the G. pseudobulloides Zone (G. edita Subzone). During

this zone an enlargement of the reticulation takes place. In recent planktonic
foraminifera the formation of a calcite crust appears in some species during on-
togeny and migration into deeper .and thus colder water. Experiments uﬁdertaken
with these species have shown a growing calcite crust when lowering the tempera-
ture during ontogeny. Species with different surface textures in early ontogeny
may have the same calcite crust in later stages. The formation of a calcite crust
on the globigerinids of the earliest Tertiary thus is probably not related with

phylogeny but indicates a change of ecology at this time.
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' ANALYSIS OF MID-PALEQZOIC EXTINCTIONS

Michael HOUSE. Dep. of Geology. University of Hull, HULL, North Humberside. HU6
7RX, Inglaterra. '

ABSTRACT: International studies encouraged by the working groups of the Commis-

sion of Stratigraphy has provided a precise scale for the analysis of mid~-Palaeo—

. zoic .extinction and diversification events. The Devonian, for example, is curren-—

tly divisable into some 55 conodont and 45 ammonoid faunal divisions. Some ways

in which this precision can be used to investigate evolutionary processes will

. be outlined and this helps to separate specific causations for events. Some gene-

~ralisations have already emerged.

1.- Despite its acclaim, the so-called Frasnian/Famennian boundary extinctions

are similar in style, if not degree, to several others in the mid-Paleozoic.

2.~ Most extinction events, when well-documented, seem to take place over a sig-

‘nificant period of time in a way unlikely to be caused by bolide events.

3.~ Many extinction events correlate with transgressive/regressive events seen

in sedimentation changes. These suggest intra-terrestrial causes.

4.~ Some extinction events show clear association with anoxia and probable times

of ocean upwelling which seems related to tectonic break-up.

5.- Ammonoid extinction events appeared to show successive stages of decline,
minimum diversity, initiation of novelty, and new diversification. This sug-

gests models for innovation in evolution.

_ The time for wild speculation is over. The time for detailed analysis

of the actual record has arrived. The fools are available. But are there dedica-

ted scientists prepared to do the work?.
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EVENT CONTROLLED EVOLUTION AND EXTINCTION OF THE PERMIAN FUSULINACEAN FAUNAS OF
THAILAND

Rucha INGAVAT-HELMCKE

Geological Survey Division, Department of Mineral Resources, Bangkok 10400, Thai-
landia.

ABSTRACT: The evolution and extinction of the Permian fusulinacean faunas of Thai~-
iand is controlled by events. The first event océured in the upper Lower Permian
and is characterized by the disappearance of the Arctic-Tethyan elements. This
event can be correlated with the closure of the Urals and a worldwide regression.
The most important event happened during the lower Upper Permian (Midian). It is
characterized by the extinction of approximately 90% of the fusulinaceans. This
bioevent is controlled by the closure of the Paleotethys in China and Thailand,
which again led to a worldwide regression and ultimatively to the greatest extinc-
tion event in the Phanerozoic history of the Earth. If the described scenario is
correct then it can be concluded that the evolution and extinction of the fusuli-
naceans during Permian times is closely related to major falls of the eustatic
sea level caused by Laﬁe Variséan orogenies which led to the final assembly of

the Permo-Triassic Pangaea.
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SHOCK-METAMORPHOSED MINERALS IN CRETACEOUS—TERTIARY BOUNDARY SEDIMENTS PROVIDE
MINERALOGIC CONSTRAINT ON BOUNDARY IMPACT SITE.

Glen A. IZETT
U.S. Geological Survey, Box 25046 Denver Federal Center, MS 913, Denver, Colorado

80225, U.S.A.

ABSTRACT The Cretaceous-Tertlary boundary 1nterval 1n western North America con-
51sts of two kaollnltlc claystone units that form a distinctive couplet. The lower
one is a 2 cm th;ck ‘bed called the "gk-T boundary claystone". The upper one is a
5 mm'thick layer called the "K~T boundary impact layer". The impact layer contains
composite grains (lithic fragments) of quartzite, metaquartzite, chert, and grani-
te-like mixtures of quartz, oligoclase,‘and microcline in addition to single opti-
cal units of quartz, oligoclase, and microcline. About 30 peréeﬁt of the grains
(except chert) contain as many as nine intersecting sets per gr%in of planar lame-
llae clearly of}shock-metamorphic origin. Moreover, primary vofcanic minerals ty-
pical of SlllClC pyroclastic rocks are not present injthe 1mpact layer. These two
observations mak? a pyroclastic origin for the shock—metamorphosed minerals highly
unlikely. The 1arger size (0.64 mm) and greater abundance of shocked mineral
grains at western North American K-T boundary sites qelatlve tq elsewhere in the
world provide compelling physical evidence that asteroid (or comet). postulated

by Alvarez et al. (Science, v. 208, p. 1095) struck quartz-rich crusﬁal rocks in

North America at the end of Cretaceous time.
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CLIMATIC OSCILATIONS AND LATE DEVONIAN EVENTS

Jiri KALVODA

Mikropaleont. odd., Moravské naftové doly, 695 30 Hodonin, Checoslovaquia
ABSTRACT: Late Devonian, especially Famennian, events and the role of the clima-
tic oscillations in the evolution of carbonate sedimentation as well as in the
evolution and extinction of calcareous foraminifera and other faunistic éroups
. are discussed. The diachronic nature of foraminiferal extinctions, the éaleogeo—
graphical‘differences and the importance of the employed time and spatial scale

‘are manifested.
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THE DYNAMICS OF MARINE STEPWISE MASS EXTINCTION :
i A
 Erle G. Kauffman ‘
Department of Geological Scleuces
University of Colorado; CB-250
Boulder, CO 80309, U.S.A.

ABSTRACT
Mass extinction is characterized by the loss of 50 — 90+ percent of geneti-
cally and ecologically diverse species within 1-3 My intervals. Three conflicting

theories exist: (1) Graded Mass Extinction; (2) Stepwise Mass Extinction; and

(3) Catastrophic Mass Extinction. These can only be adequately tested with high-

resolution (cm~scale) stratigraphic data spanning the entire mass extinction
interval and adjacent strata. Such data are presently available only for the
Eocene-0Oligocene (E-0), Cretaceous-Tertiary (K-T) and Cenomanian-Turonian (C-T)
extinctions. In general, prevalent uniformitarian stratigfaphic philosophy and
use of the modern Earth/Life system as a model for the Phanerozoic has hindered

the search for, and expectations of, high-resolution stratigraphic data critical

. to mass extinction research. The modern Earth/Life "model” predicts highly

variable, environmentally and biologically resilient systems and a dominance of
localized (autocyclic) over regional to global (allocyclic) stratigraphic response
to large-scale, predictable or perturbational forcing mechanisms. Yet, present
environmental systems are not typical of 90+ percent of Phanerozoic history, which

was characterized by more stable and delicately balanced environmental/ecological

‘systems, with no permanent polar ice, much higher sealevel, warmer and more

equable, maritime-dominated climates, little seasonality, and much broader temper-
ature and habitat gradients. Phanerozoic marine species were largely adapted to
widespread warm stable environments, and were predominantly stenotopic and steno-

thermal. Delicately perched, non-resilient Phanerozoic Earth/life systems were



- 144 -

Erle G. Kauffman 2

capable of rapid, widespread response to abrupt envirommental fluctuations,
including mass extinction. A stratigraphic and biological‘record dominated by
near—isochronous to short—term depésitional events is predicted by dominan:i
Phanerozoic environments. Testing éf tﬁe three mass extinction hypotheses with
the best high-resolution data available (C-T, K-T, E~0 boundary intervals)
demonstrates the following phenomena in common : (1) All are stepwise extinc-
tions, graded ecologically from stenotoﬁic (first) to eurytopic groupé, and
from Tropical to Temperate taxa, over 1-3.5 My intervals. Steps are abrupt
(100 Ky or less) to catastrophic; background extinction rates and patterns
separate them. (2) All steps of each mass extinction are contained within an
interval of extraordinarily large (2-5 times background), rapid fluctuations in
atmospheric/oceanic temperature and chemiétry, as depicted froﬁ geochemical
profiles. These exceeded the adaptive ranges and evolutionary response rates
of many marine taxa, causing steps of extinction at major fluctuations. (3)
Each interval has diverse evidence for one or more comet/asteroid iﬁpacts
("storms") on Earth, cluétered.around the extinction. Most well-defined impact
events are directly associated with major marine geochemical excursions and
mass extinction steps. A mass 2xtinction theory based on these case histories
suggests that initial impacts by comets/asteroids within a storm are in the
sea, causing large-scale disruption of temperatdre,Achemistry, stratification,
and circulation dynamics within the marine system, and initiating long-term
dynamic feedback processes represented by large—scale geochemical fluctuations.
Many fluctuations were too large and rapid‘for survival by narrowly adapted,
predominantly stenotopic, stenothermalimarinE”;axa;‘stepwise”extincéion resul-
ted. Additional impacts exaggerated the oceanic/climatic perturbations, and

reset the extinction clock.
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INTRODUCTION

‘Mass extinction is characterized by the loss of more than half of the
ecologically and genetically diverse species on Earth within a very short
interval of geological time (50-95% species loss in 1.0-3.5 My in well-‘
documeﬁted exampies). Rates and ecological patterns of species‘loss during.
mass extinctions are distinct from those of background extinction
(Jablonski, 1986); taxa with prediétably long species life, based on popula-
tion size, dispersal mechanisms, dispersion and breadth of adaptive range,
'commoﬁly die out at the same tiﬁe as those with predictabiy short spécies '
lifespans during mass extinction.

The fact of mass extinction lies in the more than century-old, careful
stratigraphic documentation of the fossil record by systematic paleontolo—-
gists and biostratigraphiers who have»consis;ently noted narrow strati-
graphic intervals of marked bidlogical change that exceed the predictions of
normal envirommental/habitat changes. Many.of these e;ents lie within uni-
form faciés precluding their interpretation as responses to rapid environ-
%éé#@i change. These data pﬁxg been the bases for statistical documentation
of the timing and magnitude of mass extinction events, and their relatinship
to background extinction, by Raup and Sepkoski (1984, 1986); from these ana-
lyses has evolved the hypothesis of a 26.2 My periodicity'of mass extinction
events. Subsequently, estimates by diverse authors on mass extinction
cyclicity havé ranged from 26-33 My.

Three existing hypotheses of mass extinction (Kauffman, 1986) are shown
in Figure 1; these are much debated. Historically, systematic paleontolo-

gists and ecologists have favored an hypothesis of GRADED MASS EXTIRCTION

‘ (Kauffman, 1984, 1986) - an acceleration of background rates of extinction
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reflecting acceleration of biological stress broughF on by relatively rapid
Earthbound environmental changes (i.e. rapid therma}, chemical, climatic,
oceanographic and/or sedimentologic fluctuatiohs). Rapid climate changes
associated with intervals of intense volcanism, major giaciation or
. greenhousing; eustatic sealevel fall, large-scale regression of
epicontinental seas and associated loss or rapid modification of ecospace
etc., are typical mechanisms for extinction citéd by those favoring‘the
graded mass extinction hypothesis. The great eéological range of the ﬁqdern
global biota, and the inference that ancient biépas were similarly resilient
(a uniformitarian argumént which is subject to sﬁrong criticism), is f{rther
cited as favoring graded mass extinction theory.z Ideally, extinction fs
ecologically graded in this hypothesis from (firs@) ecological specigliﬁts
(stenotopic taxa) to (finally) ecologicél generalists (eurytopic taxa},'and
from taxa in more exposed habitats to those in mof@ protected habitats.
STEPWISE MASS EXTINCTION (Kauffman, 1984a, b; 1986; Kauffman and
-Hansen, 1985; Keller, 1986) is a new hypothesis suggesting that mass
extinction proceeds through a series of discrete steps, each a near-
simultaneous ("catastrophic”) to short-term (100 Ky or less) interval of
highly accelerated extinction rates, between which extinction rates return
to background levels. Cumulatively, these steps may span up to 3.5 My or
more. Only a portion of the global biota is affected by each step, and the
steps show a general ecological gradient through time. Early steps in a
marine system mainly affect Tropical-Subtropical and/or otherwise stenotopic
shallow water taxa (e.g. reef ecosystems); intermediate steps affect warm
water plankton and shallow water, moderately stenotopié taxa; and later
‘steps mainly affect more Temperate, deeper water, and/or more eurytopic

taxa. The data presented in favor of stepwise mass extinction theory are
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the extiﬁction.pat;etns documented for the tﬁ%ee élﬁbal biotic crises with
the most. detailed stratigraphic resolution - ihe middle Cretaceous
Cenomgnian—Tutonian (C-T), the Cretaceous-Tertiary (K-T), and‘the Eocene—~
Oligocene (E-0) massvextinctions (see review in Kauffman, 1986).v ﬁechanisma
cited for stepwise mass extiﬁctioné'include multiple meteorite/comet,impacts
" and/or extraorhinarily rapid, large-scale shifts in climatic .and oceanic
parameters (téﬁperature, chemistry, circulation patterns, etc.).
CAIASTROEHIC MASS EXTINCTION theory (Aivarez,‘gg_gi, 1986) prbposés
that world-wiée extinction of ecologically and genetically diverse taxa
occurs simultaneously, within days, months, or.tens of years at the most, as
a result of some catastrophic perturbation to the global ecosystem.' No
ecological or‘eVOlutionary gradient exists; The most common cited causes
today are 1a;ge and/or multiple extfaterreStrial impacts by meteorites and
comets (Alvaéeg et al, 1980, 1984; Hut et al, 1987, in press) and deep-
seated‘éxp;osiQe §olcanism (Officer & Drake, 1985; Officer et al, 1987 and
references cited therein). Both hfpothéses have the potential for develop-
ment of deﬁse étmOSpheric debris/ash/smoke clouds, rapid global cooling
(antigreenhoﬁsing) and warming (greenhousing) pulses,-consuﬁption of the
ozone layer and the subsequent potential for increased radiation, and
chemical poisoning from fallout (acid rain, etc). The effects of very close
supernovae, close-passing stars, solar explosions, orvother extra~-terres—
trial phénbmena are more remote possible causes cited in the literafure.
The large meteorite impact(s) proposed for the K-T (Alvarez et al, 1980,

1984) and late Devonian (Frasnian-Famennian) mass extinction boundaries

(McLaren, 1985) are the most cited examples of catastrophic processes.
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THE DATA BASE: QUALITY AND CONSTRAINTS

Detailed data suitable for the testing of these three hypotheses are
lacking for nearly all mass extinction events cited by Raup and Sepkoski
(1984, 1986). Only data for the C-T, K—i, and E-0 events are partially
adequate for this purpose (Kauffman, 1986). Similar data are being
developed for several other mass extinctions (Devonian, Permo-Triassic,
mid-Jurassic, Jurassic—Cretaceous, and Miocene extinctions) but are nbt yet
available.

The problem with most published data on biotic and environmental
changes through mass .extinction intervals is’its scale of resolution. If,
on the average, fine-grained strata of distal shelf and basinal marine
facies (thoée preserving the most complete and continuous fossil record)
represent 1,000 years in 1-2 cm of rock on the average, then sampling
‘resolution to test conflicting mass extinction theories must be at the cm—
scale instead of the more normal 10 cm (5-10 Ky) to 1 m (50-100 Ky) scales
of sampling for fossil biotas across mass extinction intervals. The reasons
are obvious: (1) If catastrophic mass extinctions occur, the evidence for
them will be contained within 1-2 cm of fine-grained rock, at the most; but
in most cases we don't yet know where, if at all, such évéﬁfs occur in a
éiVeﬁ tock column; wé must test for them cm by cm; (2) the same argument as
(1) can be ﬁade for stepwise mass extinction, where indivigagi §£eps¥ in
theory, will be contained within 1 to 100 cm of strata;'(éi iﬁé %roof éf
gréded mass extinction lies in the precise documentation of the last and
‘first occurrences of taxa, again at the cm-scale; (4) our search for causes,
whether catastrophic, short-term, or graded over millions of years, ale
requires cm-scale physical and geochemical analyses of strata spanning a

mass extinciion interval. Even graded mass extinction may be driven by
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short-term events. Thus, all hypotheses for mass extinction require
cm scale collecting of data for adequate testing.

A second failing of much existing data pertaining to mass extinctions
is the-extent of stratigraphic coverage. Most available biological and
environmental extinction data are focused around the 1-2 meters on either
side of the p%leontoiogiéally designéted main extinction boundaries (usually
stage boundar?iies)° This, in effect, is a test for only a single’step or
catastrophe. | However, the Rauﬁ—Sepkoski data (1984,A1986) initially
defining masg extinction events are only resolved to the stage level (6-8 My
on the averaée) and do. not pinpdint thin stratigraphic intervals or hori-
zoﬁs, nor stage boundaries. It is further significant that most extinction
events‘carefhlly documented for the C-T and E-0 "boundaries”, and certain
important K—&'extinctions, actually took place below these explicit stage
boundaries.f ﬁxperiehce with the well~documented extinctions of the C-T,
K-T, and E-0 ﬂoundary intervals (summarized in Kauffman, 1986) all suggest
that cméscalevsampling must span 3 My to adeQuately test vafidus mass
extinction hypotheses. Significantly, Hut (in Hut;gs;gi, 1987 in press)
indeﬁendently calculated that a single comet shower‘derived from perturba—
fion of the Oort Comet Cloud (a primary candidate for impact-related mass
extinctions) would cause an increase in the rate of Earth impacts over a 3
My time span, and that crater ages clustered around mass extinction inter-
vals (Grieve, 1982; Alvarez & Mulier, 1984) also span a few million years.

Thus, new multiple impact hypotheses, as weli as new data detailing
patterns of extinction within the more broadiy defined Raup~Sepkoski mass
extinction events, all suppbrt the.concept that these biotic érlées can span
up to 3.5 My intervals. This, in turn, dictates the stratigraphic inferval

to be sampled at the cm—scale in testing mass extinction hypotheses.
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STRATIGRAPHIC AND ENVIRONMENTAL CONCEPTS

Fine-scale sampling of paleontological, chemical and physical data for
mass extinction intervals has also been seriously hampered by prevalent
stratigraphic philosophies derived from Uniformitarianism.

Uniformitarian

concepts in biology and geology, including the stratigraphic sciences, are
still largely based on the modern Earth-Life system model which, when
compared to that characterizing the bulk of geological time, is ecologically
atypical, environmentally more variable and resilient, generally cooler, and
sfill strongly influenced by the Pleistocene Ice Age and remnant polar
glaciation. Process models based on today's environmentally variable,
unstable Earth predict a dominance of localized autocyclic forcing and
response in shaping the stratigraphic and paleontologic record. They do not
predict, nor encourage the search for short-term, event—-stratigraphic/bio~
logic phenomena of regional and global extent; such short-~term phencmena
would predictably be developed in response to widespread Earthbound and
extraterrestrial allocyclic processes, to major point perturbations such as
meteorite impacts, and/or to rapid large scale shifts in Earth environwments,
all acting on an environmentally more uniform, stable, and less resilient
Earth-Life system.

Approximately 90% of the Phanerozoic was not like today's glacially
influenced Earth environment and ecosystem. Instead, it was characterized
by allack'of permanent polar ice, by signifieently higher eustatic sea level
(Haq, et al, 1987) covering up to 85% of the globe, and as a result, by
predominanfly warm, equable, widespread maritime climates, low seasonality,
more sluggish, stratified, oxygen-deficient oceans and by extensive epi-
continental seas. Such enviroumental regimes had much broader thermal

gradients and more widely distributed Tropical-Temperate climate zones, more
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extensive and continuous watermasses, and as avresult, more widespread and
temporallj stable marine and‘terréstrial environments or habitats than
today. These were prgdictably less variab1e than today's environments, and
tﬁus more delicately perched on the Earth's surface and mcre sensitiﬁe to
even small-scale cyclic changes or perturbations (e.g. Milankovitch climate
cycles, giant storm evenﬁs, exterfestrial impacts, etc).

In these typically sensitive, broadly equable Phanerozoic environmental
systems, and eépecially in shallow epicontinental anq shelf seas and the‘
uppef part of thé-oceanié water column, regional to global allocyclic forc—
ing of sedimentary and biological phenomena should have beenAmore important,
even dominant, in shapiﬁg the stratigraphic record. Through most of the
stratigraphic.record we should thus expect that short—term event deposits!
and abfuét biotic changes will be common, readily obgerved, and useful in
refined regional correlation as chronostratigraphic (isochronoﬁs to short-
term) units. The emergence of high-resolution event stratigraphy, and
detailed studies in evént stratification (e.g._Einsele & Seilacher, 1982;
Kauffman, 1986, 1987) reflect the realization that short-term deposits and
biological events are mﬁch more predominant in ancient strata than predicted
from the modern Earth system by uniformitécian philosophy.

It is thus no accident that the search for and development of cm-scale,
~high-resolution stratigraphic data within mass extinction intervals has béen
contemporaneous with the rapid rise of high-resolution event stratigraphy
as a modern tool éf regional and global correlation. Mass mortalities, mass
eitiﬁction steps and catastrophes; explosive volcanism; impact-related
deposits and their geochemical signals; and rapid, large-scale geochemical
flucfuations in the ocean-climate éystem commonly associated with mass

extinction intervals (Kauffman, 1986) are also common and important compo-
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nents of high-resolution chronostratigraphy. Regional toAglobal; punctua-
tional and allocyclically forced events were thus very common in the
Phanerozoic, and may reflect, in.part, causal mechanisms for méss extinc~
tion. High-resolution event stratigraphy has now exténsively documented
unusual chemiéal, physical and biological events associated with well-
studied mass extinction intervals (Kauffman, 1986).

It is equally important to mass extinction theory to consider probable
biological response to the maritime—dominated environments that character-
ized the Phanerozoic (i.e. broadly distributed, predominantly warm climate/
ocean zones; low, diffuse thermal gradientsvfrom equator to pole; low
seasonality; higher eustatic sea level resulting in broad marine connec~
tions between oceans and across land masses). Characteristic Phanerozoic
global biotas adapted to a world characterizéd by much more widespread,
stable habitats with relatively more predictable, narrowefAyear to year
environmental fluctuations than found today over most of the Earth. Steno~
topic, stenothermal taxa would therefore have dominated most ecosystems
after long time-stable intervéls of evolution, and these would have been
"exfinction-prone" in the face of the extraordinarily large-scale, unpredic-
ted, rapid environmental perturbations that characterized moét well-
documented mass extinction events, as determined by geochemiéal and paleo-
ecological analysis (Kauffman, 1984a, b; 198€¢). Rapid to catastrophic mass
extinctioﬁ events among ecologically diverse taxa would cleariy be much more
probéble in such a Phanerozoic world than they would be today,‘and could be
caused by relatively smaller-scale perturbations than those that would
result in widespread mortality among the modern biota. 1In other words,

catastrophic and stepwise extinction theories find logical support in the
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environments‘associated with warmer, more equable climates and higher global
sea level.

It comes as no surprise,_therefbre, to learn through_high—resolution
stratigraphic analysis of the three best—-studied extinction Soundaries (c-T,
K-T, E-O)'of the Phaperozoic? that these intervals are characterized by
short—term to near—catastrophic stepﬁise extinction events. These are,
further, ecologically graded?in a general way, with the loss of Tropical
taxa first, to Temperate, more eurytopic taxa last. In each of these mass
extinctions, individual extinction steps can be clearly related to Qide—
spread, large—scale,ﬁggpchemiQ§lly %Eg physically defined perturbations
imposed on broadly eéﬁablg,‘warm,‘maritime-dominated-global environﬁents.

No examples of graded mass extinction emerged from this research. A summary
of each of these mass extinction intervals;is given éelow, with references
to detailed data sources. Kauffman (1986) has most fecently summarized
these events. ’ |

CASE HISTORIES FOR STEPWISE MASS EXTINCTION

Cenomanian—Turonian (C~T) Mass Extimction (Fig. 2) - Raup and Sepkoski

(1984, 1936) documented the C~T boundary interval, long regarded as one of
the biologically best—defined stage boundaries of the Mesozoic, as a moder-
ate-scale mass extinction within their 26.2 My extinction cycle. Koch
(1977, 1980) and Kauffman (1984) first collated ﬁortﬁ American Interior data
for this boundary interval and noted that it consisted of a series of short-—
term extinction events‘associated with major marine biogeographic changes
and environmental perturbations of unusual magnitude and character (e.g., a
global oceanic anoxic event: rapid changes in temperature and marine .
chemistry, etc.) occurring at an unusual time - near ﬁeak eustatic

highstand, global climate amelioration, and normalization of marine
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epicontinental environments. Jefferies (1963) had documented similar biotic
patterns in England and France within thié interval.

' Subsequently Pratt (1985) and Zelt (1985) did higﬁly detailed
geochemical analyses across the bogrdary interval in North America, defining
egtraordinarily iarge, rapid (50-150 Ky) stable isotope (018, cl3)
perturbations, Corg fluctuations, and Uranium-Thorium fluctuations over a
1.5-2 My interval which also encompassed the C—T mass extinction.
Collectiveiy, these data reflect dynamic changes in temperature (2-5° C
estimated), and salinity (normalization followed by an unusual 0.2 My
freshening event crossing the C~T boundary in North America) in shallow
seas, and global changes in the marine carbon cycle associated with an
oceanic anoxic event (0AE), the Bonarelli Event.

Predictably; the magnitude.of these changes and their rapid shifts,
within 50—150 Ky intervals similar in scale to Milankovitch climate
cyclicity (possibly an independent catalyst acting on an environmentally
stressed global system), should have exceeded the adaptive ranges of many
"extinction prone” marine taxa that had become adapted to broadly equable,
widespread warm marine eﬂvironments associated with eustatic highstand.
Subsequently, high-resolution stratigraphic sampling and geochemical
anaiysis across the 2-3 My bbundaty interval by Dr. Carl Orth (Orth et al,
1987, in press) has revealéd two moderate size and possibly three minor,
thin iridium enrichment intervals just below the C-T boundary at Puéblo,
Colorado (Fig. 2); each correlates closely with one of the extihction steps
comprising the C;T mass extinction event (Elder, 1986; Elder & Kirkland,
1986; Kauffman, 1986). Thesé’sﬁggest one or more extratérreétrial iﬁpacts
associated with the stage boundary interval, as do two broadly dated'impact

craters (Grieve, 1982: Alvarez & Muller, 1984) near the boundary. Major
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regional volcanic ash layers occur within the C-T extinction and stage
boundary interval (Fig.'z) but have no correlation to either extinction
steps or iridium enrichment horizons; in fact, theée ashes yield lower than
background iridium levels (orth et al, 1987; in press). Volcanism seems to
have had no direct relationship to mass extinction or C-T boundary events in
North America. Within this well-studied, 1.5-2 My interval of extraordinary
perturbations in temperature and marine chemistry, Elder (1986; Elder &
Kirkland, 1986; and in Kauffman, 1986) has carefully documented the extinc—
tion history of Mollusca in the Western Interior of North America through
high-resolution stratigraphic analysis and event correlation of faunas from
lb widely spaced boundary sections (Fig. 2). These have subsequently been

integrated with equally detailed physical and geochemical data. Elder's

data (1986) show. 6-~7 major, abrupt mollusc extinction steps spanning the C-T

boundary interval in North America, with low background levels between
them (Fig. 2). Eicher and Diner (1985) and Leckie (1985) documented, for
North America, a major abrupt planktonic foraminifer extinction (Rotalipora
extinction) between Elder's steps la and 1b (Fig. 2). Nearly all extinction
steps lie below or at the-C—Tbstage,boundary,'within the interval of initia-—
tion and peak development of 018, cl3 and Corg fluctuations, and of |
iridium enrichment.

Integration of all physical, chemical, and biological data across the
C-T boundary interval suggests the following series of events: (1)
Initiation of major stable isotope disruption at about 94.25 My, just prior
to initial iridium enrichment and the first molluscan extinction step in the
Western Interior of North America; the cause of this perturbation is
unknown. Here or earlier in the Late Cenomanian, data on Tropical rudistid

bivalve extinction recently compiled by the author and C.C. Johnson (in



E.G. Kauffman - 156 - 14

manuscript) for all Caribbean Province species show a major extinction event
for Tropical reef communities. (2) First step of North American (mainly sub-
tropical) molluscan extinction, consisting of two discrete levels between
wiiich lies the major C-T planktonic foraminifer extinction level (Rotaligora
extinction; Eicher & Diner, 1985; Leckie, 1985). The first of two major
iridium enrichment layers and subsequeﬁt two minor Ir spikes (Orth et al,
1987, in press) are associated precisely with the lower step 1 molluscan
extinction, the Rotalipora extinction, and the upper step 1 molluscan
extinction of Elder (1986; Elder & Kirkland, 1986), as are major positive
and negative excursions of the 018 and cl13 isotope curves (Fig. 2),
respectively. This interval also initiates the main part of the Bonarelli
global oceanic anoxic event. A relationship between impact or another
mechanism for iridium enrichment, major oceanic (stable isotope) tempera-
ture/chemistry disruétions, and ecologically selective stepwise extinction
is implied. The most diverse Warm Temperate to Subtropical biotas of North
America are broadly decimated at this time.

(3) Molluscan extinction step 2 (93.48 My) (Fig. 2) is associated
precisely with a slight iridium enrichment level, barely above background
levels, initiation of a major negative excursion of 018, depicting the
start of a regional desalination event (giant storm or monsoon interval?) in
the Western Interior Seaway of North America, and the éarliest’phases of the
global ¢l3 positive excursion recording a major change in the marine
carbon cycle. (4) Molluscan extinction step 3 (93.45 My), the largest of
the sequence, is precisely correlated with the last and strongestiridium
spike of Orth et al (1987, in press), and near maximum development of the
North American desalination event and the global Bonarelli OAE;

.(5) extinction step 4 follows a series of minor steps and background
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patterns at 93.4 My and lies just below the C-T Stage boundary during peak
development of the main global Bonarelli OAE, the North American desali-
nation event, and the positive global cl3 excursion; (6) Extinction step

5, of moderate proportions, lies at the C-T boundar& (93.3 My) and is.
characterized bylfinal loss of warm water Cenomanian ecological generalists
and the last phases of the major cl3 and 018 isotopic excursions marking

the end of the main Bonarelli global OAE and‘the North American desalination
Event, respectiveiy. Peak eustatic highstand'and the final wave of immi;

gration of Subtropical molluscan taxa into the Western Interior of North

‘America folléws this step. (7) extinction step 6 (92.8 My) (Fig. 2) is the

last major sharp step, affecting mainly Subtropical and Warm Temperate
molluscs, and correlates with the last abrupt positive 0l8 excursion, and
final low-lével phases of the Bonarelli OAE before return to stable bacl-
ground levels. (8) Extinction step 7 is spread out over 91-91.2 My and
marks the last isolated stable isotope excursion éf-the C~T boundary
sequence as well as the final demise of surviving Tropical/Subtropical to
ﬁarm Temperate molluscan faunas in the Western Interior Seaway of North
America, immediately following eustatic highstand.

Major features of the C-T mass extinction, as defined by high-
resolution stratigraphic data in North America and the Caribbean, are as
follows: at least eight major, abrupt to subcatastrophié, ecologically
graded extinction steps, starting with decimation of Tropical Caribbean reef
communities and terminating witﬁ extinction of remaining Warm Temperate and
Subtropical Mollusca, comprise the mass extinction; low background rates
separate tﬁese steps. An unusual interval of extraordinarily large, rapid
temperture and marine chemistry changes encompasses at least the first seven

extinction steps (the main C-T boundary interval) including a global anoxic
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event, a positive global cl3 (carbon cycle) excursibn, and a regional
desalination-event marked by a very negative 018 excursion in the North
American Interior Seaway. -Two major iridium enrichment horizons separated
by three minor enrichment levels were discovered by Dr. Carl Orth in one
Colorado secﬁion_(Orth et _al, 1987, in press); each of the five Ir levels
precisely correlates with an extinction step (1-3 and the main plankton
extinction between molluscan steps la and lb, Fig. 2), and exaggeration of
the stable isotope disruption curves, suggesting direct cause and effect.
Two known impact crater ages roughly correlate with the C-T boundary inter—
val, as do some large, but not unusual, explbsive volcanic events in North
America (none of which bear significant iridium or are correlative with
extinction steps). The mass extinction interval spans 2.5-3 My or possibly
. more (depending upon the exact age of the Tropical reef extinction event),
with the main events spanning 1.5 My around (mainly below) the C~T boundary
in North America. The C~T boundafy mass extinction is potentia}ly the most
completely known and best preserved of all Phanerozoic biotic crises.

Cretacecus-Tertiary (K-T) Mass Extinction (Fig. 3).- The K-T biotic

crisis is the most intensively studied mass extinction. Yet the marine
record of it is very sparse, eSpecially'in regard to macrofaunas, and
_completély preéerved in only a few continﬁous boundary sections worldwide.
This reflects widespread epicontinental erosion associated with terminal
Cretaceoﬁs eustatic drawdown (Haq, et al, 1987). Reviews of existing data
and pertinent referencés have recently been provided by Kauffman (1984a,

' 1986), based dn the detailed workrof’many‘ﬁéleontologists. Figure 3
summarizes these events as folioWs; most data suggest a stepwise mass
extinction;pattern.
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benthic community elements, near Ehé Eaf1y4Late Maastrichtién boundary

(Fig;AB; 67;5—67.75 Myi. The exact timing ahd durafion of’thiéfstep world-
wide.isndifficult to definé from scattered carbonate platfofm sequences. In
Jamaica‘it liéé’in the baéal part of the'é:.mézéroensis planktonic foramini-

fer biozone and occurs ‘within a few meters of rock within a continuous

' carbonate platform sequence. (2) A second abrupt extinction step (2; Fig. 3)

occurs in the middle Late Maastrichtiah,vabout 66.5 My, and is:marked by
loss éf the last scattered paucispecific rudistid frameworks, by depletion
of diyerse mollusc—echinoderm—dominated, Tfopical—Subtropical benthic
communities, and by final extinction of major lineages of the Inoceramidae -
thé dominant Temperate Cretaceous hivalves. A major intefval'of extraordi-
naril§‘large, stéble isotope excursions réfiecting rapid marine temperature

and chemistry fluctuations begins at this point. (3) Just prior to the K-T

- boundary (* 100-150 Ky), some calcareous plankton data (e.g; Thierstein,

1981) suggest a major short-term depletion invﬁopulations, especially among
specialized Tropical-Subtropical groups, fcllowéd by recover& to near-normal
levels. Initiation of.significant species 1§sses among remainihg Tropical-
Subtropical shelf molluscs (Hansen et al, 1984; Kauffman & Hansen, in ms.)
and North Temperate brachiopods (Surlyk & Johansen, 1984), Bryozoa (Birke-—
lund & Hakansson, 1982) and Mollusca (Alvarez et al, 1984, fig. 4); (also
see papers in Birkelund & Bromley, 1979, etc.), and a giant storm/tsunami
event in the Caribbean and Gulf of Mexico (Hansen & Kauffman, 1986) general-
ly correspon& to this level (Step 3; Fig. 3), the data for which are still
being precisely correlated to determine ﬁhe duration and magnitude of this
extinction step (Hansén & Kauffman; in ms;).

(4) The K-T Soun&ary extinction (Step 4; Fig. 3) is the major catas-

trophe of this sequence, broadly decimating remaining Tropical- Subtropical
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groups of corals, larger fotaminifefa, molluscs:;nd echinﬁderms, Temperate
mollusc, brachiopod and bryozoan species, and fhe great bulk of caicareous
plankton and Radiolaria at or near a péék in their evolutionary diversifica-
tion. This extinction event affected groups of diverse evolﬁtionary and
ecbldgical character simultaneously, and with deéimation of'a 1arg§ portion
of the oceanic plankton, must have causedAa significant diéruption or tempo-
rar& collapse of the marine food chain. Of equal importance, this event
also marks extinction of the last remaining ecological generalists among
once—-dominant Cretaceous groups such as marine and.flying féptiles, ammon-
ites, belemnites, rudistids and inoceramid bivalvesv(papers in Birkelund &
Bromley, 1979; Christensen ‘& Bipkeluud, 1979; review and references in
Kauffman, 1984a, 1986; Alvarez et al, 1984). This event‘coincides with
"diverse evidence for a major bolide impact on Earth (papers in Silver &
Schultz, 1982), including large-scale iridium enrichment (Alvarez et al,
1980), shock—metamorphic minéral grains (Bohor et al, 1984), a global
smectitie boundary clay, and microtektite-sized and shaped, mineralized
spheres (Mpnfanari et al, 1983); This event is further marked by the most
profound 018 ang cl3 isotopic (temperature, carbon cycle) excursioﬁs of

the K-T extinction interval (e.g. Boeréma, 1984; Perch-Nielsen, et al,
1982), depictiﬁg rapid cooling (antigfeenhousing) followed by rapid warming
(greenhousing?) (Perch;Nielsen et al, 1982, Fig. 8).- (5) A séries of very
_ébrupt extinction steps among North Temperate bryozoans and brachiopods are
suggested by published Danish dataJ(Bitkelund & Hakansson, 1982; Surlyk &
Jﬁhansen, 1984)‘&uring’the 200—250 Ky féilowing,the K-T boundary (steps
5;13, Fig. 3) within uniform carbonate shelf facies containing abundant
bryozoan mounds. But it is not yet known to what degree these "events”

reflect sampling intervals or real extinction.
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In the Gulf Coast region of North America (Hansen and Kauffman, in
prep.) this same interval includes the final abrupt extinction of
Cretaceous—style nanﬁoplankton and eurytopic molluscan generglists, and‘
possibly 1-2 Lower !'aleocene iriiium spikes suggesting additional impacts
(Ganapathy EE_EL’ 1981; Hansen et al, 1984). Details and regional correla-
tion of these events between Denmark and the Gulf Coast are still;under
investigatién so that no definitive global sequencing is now possible. This
series of extinctions is totally contained within the last half of a global
interval of stable isotope disruption (e.g. Perch-Nielsen et al, 1982;

Fig. 8). |

In'summaryl(Fig. 3), the K-T boundary interval is characterized by 4-13
discrete steps of highly accelerated to.catastrophic extinction, ecological-
ly graded from Tropical reef ecosystems (first), through Warm Temperate-—
Subtropical plankton and benthic macrofaunas (near K-T boundary), and termi-
nates with decimation of outer shelf Temperate macrofaunas. All but the
earliest steps lie within a zone of extraordinary climatic and oceanic
perturbations as indicated by rapid, large-scale stable isotope fluctuations
and a giant storm or tsunami bed in the Caribbean Province. One or more
levels of iridium enrichment, etc, depict extraterrestrial impacting during
this mass extinction interval of 2.75 - 3 My.

Eocene—Oligocene.(E—O) Mass Extinction (Fig. 4). - Though less detailed

data are available for this boundary than for the C-T and K-T events, very
similiar relationships exist. Thor Hansen (1987, in press) has studied
molluscan extinction patterns of the Gulf Coast of North America (summary in
Kauffman, 1986, Fig. 18) and Keller (1986) provided a very detailed data for
the global record of planktonic foraminifer extinction and microtek;ite

stratigraphy. A stepwise pattern of mass extinction predominates, and is



E.Gs Kauffman - 162 - » 20

summarized on Figure 4, and in Hut et al (1987, in press) over a 3.5 My or
less interval (Keller, 1986). The species—lebel extinction consists of four
major steps; Keller (1986) has shown additional levels of severe population
depletion during the Late Eocene.

(1) step 1 (41-42 My) occurs at the top of the Middle Eocene G.
lehneri foraminifer zone; it aﬁruptly eliminates 4 of 13 ‘planktonic fora-
minifer species and causes severe population decline in others. No mollus—
can‘extinction, microtektites or stable isotope disruptions are recorded for
this level; (2) Step 2 (39 My) is a major extinction and/or population
crisis of planktonic foraminifera (Keller, 1986), eliminating 6 of 15
species, and.of molluscs; Hansen reports 89% loss of existing gastropod
species and 84% loss of bivalve species among 385 molluscan taxa; this is
coincident with the foraminifer extinction and initiation of a major posi-
tive excursion in the 018 isotope record at the Middle-Late Eocene bound-
ary. (3) Step 3 (37.75 My) is the most dramatic event of the sequence
(Fig. 4), and is marked by loss of 6 of 13 planktonic foraminifer species,
great population depletion of others (Keller, 1986), and loss of 72% and 63%
of existing gastropod ahd bivalve species (N = 273) respectively. This is
associated with the lowest widespread microtektite layer and a strong nega-
tive 018 isotope excursion. Two microtektite layers‘succeed this level |
but are not éssociated with major extinctions; they do mark major foramini-
fer population changes (Keller, 1986). (4) The final extinctioﬁ step (4)
occurs just below and/or at the E-0 boundary associated with the largest
negatiﬁe 018 excursion at the ihterval; 3 6f 15 planktonic foraminifer
species and 897% (bivalve) to 97% (gastropod) of the.86 extant Upper Eocene

molluscan species become extinct near this level over a* 100 Ky interval.
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In summary, E—0 mass extinction is comprised of four major steps, three
of which afe abrupt; one of thesg is directiy associated with a microtektite
layer reflecﬁing impact;‘ Major.populatibn decrease in surviving warm water
{oraminifer species is assoéiated with each extinction step and.with some
intervening intervals; At least the last three extinction steps’ are
contained within an interval of large-scale, rapid, stable isotope fluctua—
tions; at least threé levels of microtektites and 2-3 impact crater ageé
(Grieve, 1982; Alvarez & Muller, 1984) are contained within the interval.

In a general way, both Foraminifera and Mollusca show ecological grading in
successive éxtinctién steps, from a greater effect on stenotopic warm water
taxa early, to elimination of more Temperate or eurytopic taxa lafer in the

extinction.

CONCLUSIONS

The three best documented mass extinction events (C~T, K-T, E—O) of the
Phaﬁerozoic éhare several things in common. They are all stepwise in nature
over 3-4 My intervals. ‘Each step is characterized by highly accelerated to
catastrophic loss of diéérete, ecologically.compatible species Set;o Back-
ground rates of extinction separate these steps and are of comparatively low
level. 1In general, the steps are ecologicallf graded, initially affecting
ecological specialists (stenotypes), especially among Tropical reef and
platform comunities, and ultimately affecting more eurytopic and more
Temperate taxa through successive steps to the enﬂ of the mass extincéion
episode. An interval of exceptionally large-scale, rapid geochemical
fluctuations envelopes most or all of each mass‘extinction interval; fluctu-
ations significantly exceed background levels between mass extinctions and

larger fluctuations in 018, Cl3, Corg etc, are commonly associated with
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individual extinction steps. These fluctuations depict severe atmospheric,
climatic, and/or oceanographic perturbations that probably exceedea tﬁe
adaptive range and evolutionary rates of many taxa within very short time
intervals. In the C-T boundary interval many stable isotope fluctuations
are correlative with * 40-100 Ky Milankovitch climate cycles, which ﬁay have
acted as.an independent catalyst in driving or enhancing extraordinarj'
fluctuations within perturbed ocean systems. Evidence for one -or (commonly)
more meteorite/comet impacts are associated with and selectively clustered
around mass extinction intervalé. These shared characteristics suggest the
following hypothesis (Fig. 5) foy mass extinctiep to be tested with addi~-
tional high—~resolution stratigraphic déliﬂat thése and other extinction
intervals.

During roughly periodic (26-33 My) Phanerozoic intervals of warm,
equable, maritime—doﬁinated climateé and higher sea level, climate and oéean
systems were more delicately balanced than today, and easily driven to wide-
spread (regional to global) sedimentologic, oceanographic and biologic
response by abrupt, large-scale, predictable events/cycles and/qf by major
perturbations. Marine biotas that evolved within this environmental setting
had narrow adaptive ranges, especially for temperature fluctuations (steno~
topic, stenothermal taxa) and were thus extinction-prone. Whether by random
or periodic disturbance of the Oort Comet Cloud surrounding the solar system
(Hut EE_EL; 1987, in press), the Earth was episodically bombarded by comet
and associated méteorite,shoﬁers. Initial and most other impacts into the
ocean were pfédictable during high sea level stand. Such objects would have
sharply disrupted the atmosphere for a shqrt time during entry, and would
have rapidly disfupted:oceanic stratificaéion, thermal and cheﬁical balance

upon impact. Initial extraterrestrial disruptions of the ocean would, in
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turn, have initiated a Se;ies of rapid temperature and chemical fluctuations
that would have predictably exceeded the adaptive range of at least the most
stenotopic taxa (Trépical shéilow water speciés). Whereas rapid "héaling"
of the atmosphere within a few hundred years is predictable, modern oéean
models suggest that such large—scalg oceanic perturbations would lead té a
longer—term series’of dynamic¢ fluctuations in tempe:atpre,‘water mass
distribution and movement, density stratification and chemical cycling -
intrinsic feedback processes seeking a new oceanic equilibrium. These could
be enhancéd or even independently driven, in part, by predictable cyclic
Earthbound pﬁenomena (e.g. Milankovitch climate cycles) or additional
perturbations (e.g. subsequent impacts). FEach additional large oceanic
impact would reset the cycle of long—term oceanic feedback processes.
Whether due to individual impacts or the long—term oceanic fluctuations
following impact perturbations, each rapid change in ocean temperatufe and/
or chemical cycling exceeded the a&aptive ranges and evolutionary response
rates of diverse taxa, driving a certain portion of the global biota to
rapid extinction, and producing a stepwise pattern. Initial large rapid
fluctuations in marine temperature and chemistry, working on an extinction-
prone global biota characterized by narrow adaptive ranges, would naturally
eliminate the most sensitive stenothermal/stenotopic taxa within the first
set of perturbations. Subsequent extinction of more eurytopic Temperate
taxa aﬁd surviving ecological generalists of once-dominant forms in later
extinction steps might reflect the long—-term effect of repeated environmen-
tal perturbations that eventually would deplete the species, by successive
population crises, to numbers too low to guarantee survival under even
normal environmental conditions. Within the stepwise extinction process

(Fig. 5), large—scale impacts, and/or those producing suspended, long-term
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debris clouds in the atmosphere through terreﬁtrial impact, would logically
account for catastrophic extinction steps of exceptional magniﬁude, as at
the KQT bouﬁdary. This hypothesis best accommodates existing data on well-
studied masé extinction intervals, buat a gfeat deal more data are needed,

for different extinction events, to provide discriminating tests.
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Figure 1.~

Figure 2.-

Models of extinction patterns of taxa (vertical lines) within the
framework of the three major theories for mass extinction, EX repre-
sents the level of ‘either maximum taxonomic loss or of the extinction
level of certain characteristic taxa (e.g. biostratigraphic indices).
EX-1, EX-2, etc. define levels of stepwise extinction as components
of a single mass extinction event (Kauffman, in manucript).

Composite plot of molluscan species ranges in the Western Interior
United States having last occurrences in the Cenomanian-Turonian
boundary interval. Data are plotted against the Western Interior
standard reference 53%;ion (left) at Tgck Canyon Anticline near Pue-
blo, Colorado, and C organic and O carbonate versus PDB values
from the same section (after Pratt 1985). Species ranges are a gra-
phic composité of data from 10 widely scattered stratigraphic sec-—
tions analyzed by Elder (in progress), and from published range data
of Koch (1975, 1980), Cobban and Scott (1972) and Cobban (1985) . Bios
tratigraphic zones and subzones, in ascending order are: Vascoceras
diartianum (v.d.)" and Eaodmphaloceras.:septemseriatum (E.s.) subzones
of the Sciponoceras gracile Biozone (SCIP); the Vascoceras gamai
(V.g.), Neocardioceras juddi (N.j.), and Nigericeras scotti (N.s.)
subzones of the Neocardioceras juddi Biozone (NEOCARD.); the Pseudas-

‘pidoceras flexuosum (p.f.) and Vascoceras birchbyi (V.b.) subzones

~Ff the Watinoceras Biozone; the Mammites nodosoides Biozone; and the
Collignoniceras woollgari (C.w.) Biozone. Numbered horizontal lines

. of intervals mark the stepwise extinctions noted in the text. Appro-
ximately 14 additional, mostly infaunal taxa (not plotted) are known

Figure 3.-

to range through the entire interval; and numerous other species are
either too rare or their taxonomy is too poorly known to accurately
determine their ranges. Rx= Rotalipora extinction event among plank-

tonic foraminifera.

Summary of stepwise extinction events (steps 1-12) transecting the
Cretaceous-Tertiary mass extinction interval, with mainly Tropical-
Subtropical generic data summarized below the K-T boundary (from many
sources) and North Temperate (mainly Danish) species data summarized
above the K-T boundary for well studied Bryozoa and Brachiopoda. This
pattern reflects ecological grading and change in taxonomic magnitu-
de of extinction. events through time from more sensitive (stenotopic)
Tropical toward more adaptive (eurytopic) Temperate biotas. Width
of graphs below K-T boundary generally scaled to generic diversity
in specific data sets; species ranges shown in black lines, termina-
ting in arrows where range boundaries were not precisely defined.
Note scale change at K-T boundary; the temporal scale vs. metric
thickness of Paleocene strata is based on average rock accumulation
rate of 5 cm per thousand years for the Danish chalk.
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Figure JS: Summary model of environmental and biological dynamics

proposed for the stepwise mass extinction theory. The 1-4 Ma mass
extinction is contained within an interval of extraordinary stable
isotope disruptions, many in concert with normal Milankovitch cycles
(independent catalyst), and steps of extinction, Extraterrestrial
impacts may initiate, and enhance the level of destabilization of the
marine realm.
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PALEONTOLOGIA Y EVOLUCION: FENOMENOS DE EXTINCION

THE CRETACEOUS-TERTIARY BOUNDARY IN NORTHERN MEXICO

Erle G. KAUFFMAN* & Thor A. HANSEN**¥ -
* Department of Geological Sciences; CB-250, University of Colorado, Boulder, Co-

lorado 80309, U.S.A.
** Department of Geology; Western Washington University, Bellingham, Washington
98225, U.S.A.

ABSTRACT: Rapidly subsiding tectonic basins during the Cretaceous-Tertiary (X/T)
boundary interval in northeastern Mexico contain thick siliciclastic-dominated
boundary sequences without major disconformities. These contain westward-thinning,
algal-dominated carbonate platform deposits of both Maastrichtian and Danian age.
The K-T boundary sequence thins dramatically northward to the Texas-Mexico border.
In siliciclastic sequences of the Parras Basin initial data indicate stepwise K-T
extinctions among diverse molluscan biotas and the rise of Paleocene-style mo-
lluscs prior to the disappearance of Cretaceous vertebrates and ammonites. Extinc-
tion and origination events, from oldest to youngest, are: (1) Abrupt extinction
of Exogyra; (2) short-term extinction of many elements of the Haustator bilira
fauna, leaving a depauperate molluscan fauna dominated by, trophic generalists;
(3) abrupt extinction of most surviving Cretaceous molluscs associated with a re-
gionally persistent chaotic sedimentary breccia/conglomerate (giant storm or tsu-
nami bed?); (4) a "dead zone" with few fossils, several meters thick, contains
ammonites, small surviving Cretaceous detritus-feeding bivalves, and the first
small progenitor Paleocene-type molluscs; (5) expansion of the small Paleocene-
style fauna with gradual disappearance of surviving Cretaceous generalists through
several meters of proximal offshore/lower shoreface siliciclastics; (6) a middle
shoreface sandstone contains large Paleogene-style bivalves resembling Cucullaea
and Venericardia asociated with entire ammonites and petrosaur bone, capped by
a persistent bentonite bed, marking final extinction of Cretaceous taxa; (7) a
persistent oyster bed containing a small inflated costate n. sp. overlies the ash
and grades upsection into brackish water oyster beds and variegated fluvial depo-
sits (peak regression) containing a major volcanic ash bed; (8) the new inflated
oyster reappears in transgressive sandstones with a diverse Paleocene-style mo-
llousc fauna; (9) a disconformity cuts this new transgressive marine unit and is
overlain by algal carbonates containing typical Venericardia - Turritella - domi-
nated middle Lower Paleocene molluscan faunas, marking a major extinction step.
Eattward, in the La Popa Basin, similar siliciclastic sequences are inter-bedded
with large carbonate ramps of Maastrichtian algal limestone; rudistid bivalves
occur sparsely in the lower limestones, but disappear before the Exogyra extinc-
tion level; above this, steps of extinction and origination are similar to those
in the Parras Basin, and the giant storm? bed lies within the upper La Popa limes-
tone unit. Evolutionary hypotheses favoring derivation of new biotas from Tropical
sources during mass extinctien intervals, and stepwise extinction hypotheses, are

supported by these observations.
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BIOLOGICAL SELECTIVITY OF EXTINCTION

Jennifer A. KITCHELL
Department of Geological Sciences and Museum of Paleontology,

University of Michigan, Ann Arbor, MI 48109 U.S.A.

Abstract. - Selective survival écross major extinction event hbrizons
is both a bothersomé puzzle and an opportunity to delimit the biologically
interesting question of causality. Heritable dffferencés in characters
may have predictable consequences in terms of differential species
survival. Differences in magnitude and ihtensity of extfnction are
insufficient to distinguish background from mass extinction regimes.
Biological adaptations may establish links of causality between abnormal
times of mass extinction and normal times of background extinction. A
current hypothesis, developed from a comparisoﬁ of extinction patterns
among Late Cretaceous molluscs, is that biological adaptations of
organisms, effective during normal times of earth history, are ineffectual
during times of crisis. A counter example is provided by data from
high-latitude Taminatéd marine sediments that preserve evidence of én |
actively exploited life-history strategy among Late Cretaceous
phytoplankton. These data i]]uétrate a causal dependency between a
biological character selected for during times of background extinction

and macroevolutionary survivorship during an unusual time of crisfis.
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PROGRESS AND THE SELECTIVITY OF EXTINCTION

What is the relationship between'progress and the selectivity of mass
extinction? The question can be rephrased, are the survivors of a mass
extinction “better” than the victims of the same mass extincfion? It is
trivially true that surviving a mass extinction event prolongs the
expected time to extinction. In a review of fitness measures, Cooper
(1984) showed that expected time to extinction is the fundamental measure
of fitness, all other measures being derived from it. In this sense,
survivors are more ‘fit’ (i.e. dufabfe) than non-survivors. The 1issue,
however, revolves around the question of whether or not directional trends
in the history of 1ife are powered by the selectivity associated with mass
extinction bottlenecks. Heritable characters that enhanced survivability
to one biotic crisis would predictably enhance the probability of survival
to a recurrent perturbation.

The Darwinian theory rejects any innate’tendency toward progress.

Mass extinction has been portrayed as an extrinsic sorting process that
nullifies extrinsically generated progressive trends (e.g. Gould 1985).
It may (Gould and Calloway 1980). Or it may not. McKinney (1986) has
recently argued that the directional trend of increased diversity among
erect unilaminate bryozoan species represents not on1y an example of
‘progressive evolution’ but an example of a directional trend unaffected
(or even enhanced) by mass extinctions.

The general question, ultimately, must escape an empirical
resolution. Thé phenomenon does not fit into the mutually exclusive
categories required of strong inference hypothesis testing. Examples of
enhangement; ineffectiveness'and neutrality are all expected by the

theory. Evo]utionary trends are not simple functions of time, but
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interactive functions of time, character, and environment. As discussed

below, extinction-resistance does not accumulate merely with age.

* THE PROBLEM OF DISTINGUISHING
BACKGROUND FROM MASS EXTINCTION

In what way(s) are méss extinctions, interpretedvboth as crises in
the history of {ife and %;potential motive force in evolution,
distinguishable from bacﬁground extinctions, interpréted as the inevitably
normal fate of all species? The traditionél means of differentiating
these two extinction reéimes has relied on're1ative differences in
magnitude, but magnitude may be éssessed dsing a variety of measures. In
the mid-nineteenth century, Phillips (1860) showed that diversity declined
abruptly at tﬁe close of both-the Paleozoic and Mesozoic eras, framing the
Mesozoic “within deadly brackets of time” (McPhee 1980). Raup and
. Sepkoski (1982) similarly identified principal mass extinction events over
Phanerozoic time by relatively large and abrupt declines in standing
(familial) diversity.

Diversity decline, as a metric of mass éxtinction, however, is
ambiguous. The temporal trajectory of divekﬁity must decline whenever
extinction rate exceeds origination fate. The implication of equating
mass extinction with diversity decline is that extinction rate rises
during these intervals, but this is not the necessary case. A de¢1ine may
occur with no change in extinction rate whenever there is a sufficiently
large drop in originathn rate. The number of originations generally hés
exceeded the number of extinctions on a per stage basis, as shown in
Figure 1 which diép]ays the relative rise and fall of okiginations and

extinctions for the marine familial data of Raup and Sepkoski (1984).
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Exceptions include the Late Permian and Late Cretaceous, éonfirming
Philips’ interpretation: here there are sharp rises in the number of
extinctions, made more problematic, however, for the Late Cretaceous where
the number of origidations falls as abruptly. As a consequence of this
ambiguity, most recent analyses of mass extinction have focused directly
on the behavior of rate (or probability) of extinction.

The metric of extinction rate is also potentially equivocal as a
means of differentiating times of background from times of mass
extinction. Raup and Sepkoski (1982), Van Valen (1984) and Kitchell and
Pena (1984) showed, using different analytical methods, that the
Phanerozoic record of marine familial extinctions is characterizd by an
overall decline(s) ir rate. The observed pattern of Phanerozoic marine
familial extinctions expressed as probabilites of extinction per myr,
normalized for standing diversity, is plotted in Figure 2. The observed
(in dashed 1ine) is compared to that prediéted (in soiid line) by a
covariance analysis, such an analysis being appropriate to highly
autocorrelated data (see Kitchell and Pena 1984). As is apparent, the
absolute magnitude of some mass extinction events, such as the
well-recognized Late Cretaceous crisis, is lower than the magnitude of
some earlier background rates. The Late Cretaceous peak, however, is
significantly above the predicted curve.

More recently, Raup and Sepkoski (1984) replaced.absolute magnitude
as a measure of extinctioh intensity with the criterion of reversal from
an increase in extinction intensity to a decrease (see also Kitchell and
Estabrook 1986). . Such reversals, based on relative magnitude, define
‘peaks’ of extinction intensity. Some of the peaks have absolutely high
levels of extinction intensity as well, but this is not a necessary

criterion, as is evident in Figure 3. Peaks of local maxima vary in



- 186 -
Kitchell | 4

number depending on whether reversal is the only criterion of recognition,
or whether peaks are evaluated re]ati?e to either mean extinction rate
over:time or én a priori criterion of absolute magnitude.

Another approach has been to ask whether or not the distribution of
magnitudes of extinction rate supports a separation of rates into two
distinct regimes. Stigler (1987) found the distribution to support a
continuum of extinction rates; mass extinctions represent the tail of a
relatively smooth distribution. He reported that "we are not dealing with
- a single Tist of large catastrophes set off against a mundane background
but with a gradual spectrum of extinction rates, from the mild to the more
severe”. Raup (1986) similarly concluded that there is a continuous range
of variation. The dual classification of mass versus background
extinction is not supported to date by the evidence of magnitude and

intensity.

A PROPOSAL FOR DISTINGUISHING
BACKGROUND FROM MASS EXTINCTION

The obvious problem with both absolute and relative magnitude as
criteria that distinguish background_from mass extinction regimes is that
these criteria beg the question. Background extinction is expected to
vary in intensity with time, and it would be a mistake to label the high
-end of aggregated but independent extinctions a mass extinction. Biotic
crises in the history of life that attain mass extinction status must be
(i) absolutely and (ii) relatively large in extent and intensity and (iii)
the consequence of the same Cor cascading) causal mechanism(s). The
equivocal nature of magnitude may be better reso]ved by an additional

criterion, that of selective extinction. Differential survival to closely
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_related causal factors, in conjunctidn with magnitude, better

distinguishes mass extinction events from background extinction than any

single measure of magnitude (Kitchell et al. 1986). A biotic crisis

~Tabeled a mass extinction should be supported by evidence of differential

survival to a series of closely related causes whereaS’thehe is no such
restriction on background exﬁinction. | | |

AThe phenomenon of selective édrvival neéessarily'involves the
biological characters of organisms, expanding the study of mass extinction
beyond measures of magnitude to the more informative measure of
differential effect. Although most analyses of extinction report only a
measure of the intensity of extinction, an account of the score between

‘victim’ and surviving taxa, the more relevant query is, What decided the

score? The research focus is shifted from analyses of individuals toward

analyses of classes, namely su%viving and non-surviving taxa, the
biological properties held in common within each, and the interactive
effects of these in the context of a “survival filter-.

A current opinion, however, is that “mass extinction is probably

blind to the exquisite adaptations evolved for previous environments of

normal times” (Gould 1984). This opinion ref1écts the hypothesis that
evolutionary processes operate at levels (’tiers’ﬁ arranged in a nested
hierarchy (Gould 1985). Higher levels constrain the behavior of lower
levels in nested hierarchies. Mass extinctions are described as occupying
the highest tier status, thereby constkaining macroevolutionary trends (at
the second tiér), both of which in turn constrain processes acting ~at the
ecological moment” of the first tier. Using this view of scale-dependent

constraints, Gould (1984) has argued for “an irreducible randomness” to

‘life’s history. -The examples that follow show — contrary to the

prediction that mass extinctions are indifferent to biological adaptatiohs
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- that a biological trait may instead determine a pattern of differential
survival. These biological traits operate in the framework of the
ecological moment. Such examples shbw that biological characters (of the
first tier) may play a role in second- and third-tier level processes. As
a consequence, these biological adaptations establish links of causality
between normal times of background extinction and times of mass |

extinction.

LINKS BETWEEN NORMAL (BA&KGROUND) TIMES
AND TIMES OF MASS EXTINCTION

AgelDependency: An Example

Extinction intensity vafies over Phanerozoic time. Any hypothesis
that extinction is random with respect to absolute time is rejected by the
non-uniform pattern of extinction intensity as a function of geologic
time. This pattern is a robust feature of the history of life. A means
of examining this phenomenon is to follow the extinction-decay
trajectories of species that originate simultaneously (true cohorts) or
species that are simultaneously extant (pseudocohorts). <Some periods of
time are characterized by horizontal decay s1obes, indicating no
extinction‘wfthin these cohorts whereas other periods of time are

characterized by steep decay slopes, indicating increased extinction (e.g.

for species, Figure 9, Hoffman and Kitché11 1984; for fami1ies, Figure 3;'

Raup 1986).
The pattern becomes increasingly more continuous when species within
a taxonomic group and palecenvironment are examined. Figure 4 illustrates

the extinction-decay trajectories of species pseudocohorts for planktonic
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foraminifera of the tropical Atlantic and Pacific. The arrow marks the
time (11.3 myr BP) of a significant peak -of extinction at the level of
genus, recognized by Raup and Sepkoski (1986) from a compilation of 9250
exfinct genera; and 1nterpreted as a global disturbance. As is evident
from the lack of a significant and simultaneous break in slope across
cohorts at this time, these.species are relatively insensitive to the
perturbation. |

Another way of analyzing the contﬁnuous versus pulsed hypotheses of
background and mass extinction is to examine the pattern of first and last
appearances, arranged in order of the time of each species’ last record.
A1l (extinct) species from the same data set used to construct Figure 4,
as cohort trajectories, are shown in Figure 5 as individual cases. The
overa11 right-hand margin is not linear, its upward slope indicating an
increased probability of extinction as one approaches the Recent.

A character inherent in both survivorship and ordered data is age or
duration time. Is extiﬁction independent of the age of a taxon and, more
specifically, are times of background and mass extinction similar or
different with regard to this character? An interesting pattern of
age-dependency emerged from a recent analysis of marine familial
extinctions by Boyajian (1986). The supporting data are the differences
in frequency distributions of duration times for taxa going extinct during
mass extinctibns (Figure 6C) compared to taxa going extinﬁt during
background extinctions (Figure 6D). During times of mass extinction,
survival was more random with respeét to age distributions than during
background times. During background stages of time, the frequency
distribution shifted toward young-aged families (Figure 6D). Such a
selectivity difference was considered by Boyajian to be consistent with

distinguishing between background and mass extinction regimes on the basis
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of age;selectivity rather than magnitudé alone.

It is informative to compare these family-level data with
species-level data, on the frequency distributions of duration time.
Figure 6A shows the distributions of duration times for extinctvspecies of
Tow- to mid-latitude Pacific planktonic foraminifera during fhe past 40
myr of background extinction time. The frequgncy distributions of
duration times for extinct (stippled) and extant (open) species of
tropical Atlantic and Pacific planktonic fdraminifera over the same past
40 myr are shown in Figure 6B. Both,distributions are éimilar in that
frequency decreases with increasing duration. These distributions for
species during background times, however, more closely resemble the
familial distributions for mass extinctions.

Survival analyses of species-level extinction patterns are remarkable
in the degree to which they are age-independent (e.g. Hoffman and Kitchell
1984; Kitchell and Hoffman, in press). Such independence is interpreted
to’represent the consequences of many, unpredictable streSses (associated
‘with background extinction) such that age does not provide a margin of
safety in»the way that experience is a safeguard. One must not be misled,
however, in drawing similar inferences at the family-level. The
difference, of age-dependency within familial data and age-independency
within species data, is consistent with the two consequences of “age’. At
the species level, increased age indicates increased persistence time.

The fit of the species-level data to a Poisson process indicates a lack of
memory in the system: experience dues not accumulate. The element of
surprise sometimes associated with the Tack of a decrease in extinction
probabi]iéy among older species is tied to the expectation that longer
persistence time means, on average, greatér success in meeting an -

increasing number of challenges from a changing environment. The
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bioTogical traits of older species are more ‘tested’ and thereby more
extinction-resistant, according to this reasoning. Extinction-resisfance
associated with intreasing age of a family, however, is quite a different
expectation. Here the intermediaries are species-richness and breadth of
ecology and geographic range of constituent species; “age’ is a proxy
measure. As a consequence, tﬁe finding of age-dependency lacks the
element of surprise associated with age-independency of species. Such

age-dependency of families is an intuitive prediction.
Geographic Range: An Example

Species age or duration time is not a character that belongs to an
individual within the species; it fs an aggregate character of the species
(as individual). The same holds for geographic range of a species.
Assuming ceteris paribus, a straight-forward prediction fs that the
probability of extinction will decrease with increasing géographic ranée.
Not all environments are affected equally by the same catastrophe. |

Such a positive relationship between evolutionary longevity and
geographic range has been supported by studies of Early Tertiary volutid
gastropods (e.g. Hansen 1978, 1980). Jablonski (1986) extended the
question by asking whether geographic range was effective in aiding
surVivorship both preceding and during a mass extinction regime.

Examining the distribution frequency of species longevities, he found that
for both geographically widespread and geographicaliy restricted molluscan
species frequency decreases with increasing longevity. The modal values,
however, are significantly different with widespread species having longer
lTongevities, as predicted, during background time. During the Late

Cretaceous mass extinction, endemic generé of both gastropods and bivalves
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had a significantly higher extinction rate than widespread genera, again

as expected. At the genus level, however, survival across the Late

Cretaceous mass extinction horizon did not depend on the geographic range

of constituent species.
Life History Strategy: An Example

What of heritable characters of organisms: to what extent may a
biological, heritable trait of individual organismé’causa]]y influence a
macroevolutionary pattern of selective survival? A éurrent hypothesis,
developed from a comparison of extinction patterns among Late Crefaceous
molluscs, separated into two classes on the basis of larval development,
is that the adaptation of .larval deve]opment, effective during normal
times preceding the Late Cretaceous mass extinction, is ineffectual during
the time of crisis (Jablonski 1986). A counter example (Kitchell et al.
1986) of causal dependency between a biological character selected for
during times of background extinction and macroevolutionary survivorship
- during an unusual time of crisis is provided by data of an actively
exploited life-history strategy among.Late Cretaceous phytoplankton.

One of the best known selective features of the close Cretaceous mass
extinction is the high intensity of extinction of marine plankton groups.
Among Late Cretaceous marine organisms, plankton experienced severe levels
of extinction. But, among plankton groups, there was differential
‘extinction. For coccolithophorids, radiolaria, and foraminifera,.the
generic extinction intensities exceed 70, 80, and 90%, respectively
(Thierstein 1982). In sharp contrast, the current best estimate for
diatoms is between 20-25% (Gombos, unpubl..ms, Harwood 1986). As Tappaﬁ

(1982) noted, “of the phytoplankton, coccolithophore, diatom and
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dinoflagellate pigment complexes are similar (all have chlorophyll a and
c, and accessory photosynthetic pigments such as fucoxanthin), yet
coccolithophores were nearly completely eliminated, dinoflagellates much
less affected, and diatoms merely continued their rapid diversification
across the boundary.” This peculiarity is made even more puzzling in that
suppression of photosynthesis, as a consequence of 1arge dust Tloadings, is
suggested by several lines of evidence (Alvarez et al. 1980, 1984, Smith
and Kyte 1984, Wolbach et al. 1985) as the proximate cause of the Late
Cretaceous crisis. Yet the plankton group least susceptible to extinction
(the centric diatoms) are obligate photoautotrophs and thereby most
susceptible to the putative mechanism. One line of evidence seems to
contradict the other.

Why did diatoms fail to experience the Late Cretaceous boundary to
the same extent as other plankton groups? Kitchell et al. (1986) recently
reported that this dissimilarity may be a pfedictab]e consequence of a
dissimilarity of 1ife history strategies. A well-preserved assemblage of
Late Cretaceous diatoms was recovered from a high-]atftude site within the
Arctic Ocean. Sections of the core are laminated. Macrosampling even the
laminated sections of the core showed a high proportion of diatom resting
spores within an assemblage of planktonic diatoms (Figure 7A).
‘Microsampling individual laminae revealed, however, that alternating
layers are comprised of resting spores (without vegetative cells, Figure
7C) or vegetative cells (without resting spores, Figure 7B). The laminae
provide evidence of an actively exploited biological adaptation, that of a
meroplanktonic 1ife history of alternating planktonic stages (the
vegetative and sexual phases) and non-planktonic stages (the resting spore
phase).

Studies of the ecological and physiological aspects of diatom resting
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spores have led to an understanding of resting spofes as a
populétion—]evel ‘survival strategy’ (Fryxell 1983). The formation of
resting spores is induced by locally unfavorable environmental conditions,
including nutrient-depeletion in oceanic upwelling systems. Paleoclimate.
modeling has shown that open-ocean upwelling would have been seaédna]ly
discontinuous at these high Arctic latitudes during the Late Cretaceous
(Parrish and Curtis 1982, Barron 1985). The Tocal environménta]
conditions, of nutrient depletion and high light levels, necessary for
maintenance of a meroplanktonic 1ife history today (Hargraves and French
1983), were met seasonally in this environment during the Late Cretaceous.

A11 diatom species, however, do not form resting spores.
Consequently, both the presence of the character of spore-forming and its
absence must be explained. In particu1ar,.fémi1ies that evolved more
recently than the Miocene, an approximate time of division between
spore—fbrming and non-spore forming families (see Simonsen 1979), do not
form rest%ng spores. Instead, these.families have the characteristic of
forming a physio]ogicglly resting cell (Hargraves and French 1983). A
comparison of these alternate strategies has shown that_the.more primitive
trait entails both an increased energetic cost and a reduced number of
potential cell divisions. Retention of the primitive trait in modern
species within older genera has been given both a genetic and ecologic
explanation:.spore formation may be genetically linked to other
indispensable aspects of cell metabolism; there may be selective
advantages of retention of the strateay (Hargraves and French 1983); or
unfavorable eﬁvironmenta] conditions may be sufficiently frequent on an.
ecolagical time scale that many phytop]énkton have retained the primitive
life history strategy.

‘Equatorial upwelling, for example, is driven by the poleward
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divergence of equatorial surface‘waters, a more continuous phenomenon.
Correlative Maastrichtian diatom assemblages within the subtropics are
conspicuously devoid of resting spores (Gresham 1985),‘c0nfirming the
modern-day observation that discontinuity of the favorableness of the
photic zone is the probable causal factor linking the 1ife history trait
to the Tocal environment.

The biological property of a meroplanktonic 1life history is an
adaptation (Kitchell et al. 1986). As Sober (1984) has emphasized, the
term is meant to imply (15 an historical process of selection for
possessing this (heritable) trait and (ii) that the trait‘contributes to
survival in the local environment. Resting spores confribute to
adaptedness (Sober 1984) by providing a mechanism of survival during times
when the conditions of the planktonic environment exceed either the
physiological tolerances (Sandgren 1983) or competitive abilities
(Garrison 1980) of the vegetative cells.

This adaptation resulted in what is termed ‘effect macroevolution’,
an evolutionéry process driven by upward causation from the ecolegical
realm and the Tevel of the individual organism to the macroevo]utjonary
realm of differential survival and extinction. As Kitchell et a].A(1986)
concluded, ~“the adaptation of a meroplanktonic 1ife cycle among
populations of centric diatoms in the Late Cretaceous increased the
probability of survivorship during normal times of local environmental
deterioration, as it does today. This innovation of a merop]anktonic Tife
history may have been differentially er’ anced during the Late Cretaceous
mass-extinction regime.”

The chance interaction of this locally-adapted. 1ife-history trait and
the close Cretaceous extinction mechanism(s) turn.an otherwise enigmatic

pattern of differential survival among marine plankton to a predictable
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pattern. In so doing, the postulate that mass extinction is indifferent
to organismal attributes is qualified. There is, in this example, a
causai dependency between evolutionary survivorship during a time of
global perturbation and a biological character selectively relevant in
normal times. As a consequence, the differential selectivity of a mass
extinction event has been reduced, in terms of explanation, to the

organismal level of selection and aptation.
SUMMARY

Differential survival across major extinction boundaries is a means
of understanding causality. Data on the differential magnitude of
extinction are insufficient both to distinguish mass extinction from
background extinction and to address the context-dependent relationship of
cause and differential effect. In the case of Late Cretaceous
phytoplankton,~the interaction of a proximate ecological adaptation,
selected for in a local environment, and the postulated extinction
mechanism resulted in the fortuitous but macroevolutionary consequence of

differential survival.
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FIGURE LEGENDS

FIGURE 1. The metric of éxtinction and origination is number
occurring within each geologic stage. Originations are plotted in solid
Tine and extinctions in dashed line. Data are from Raup and Sepkoski‘s
(1984) compilation of marine family records.

FIGURE 2. The metric of extinction is the probability (i.e.
normalized for standing diversity) of extinction'per myr for the
Phanerozoic stages- of geo]ogic time. The observed series is plotted in
dashed line and the predicted series (see Kitchell and Pena 1984 for
details of the analysis) in solid 1ine. Data are from Raup and Sepkoski-‘s
(1984) compilation of marine family records.

FIGURE 3. The metric of extinction is percent extinction of marine
families within each geologic stage. The criterion of reversal from an
increase in percent extinction to a decfease in percent extinction |
identifies the peaks shown in shading. Modified from Raup and Sepkoski
(1984). . . |

FIGURE 4. The technique of plotting extinction-decay trajectories
for simultaneously extant species (pseudocohorts) as a function of
geo1dgic time is used to identify periods of time when extinction
intensity is high (slope steepens) relative to other periods of time, and
to assess the degree of synchroneity of response abross cohorts. The bold
arrow identifies the “peak’ of extinction recognized as a global
phenomenon in the analyses of Raup and Sepkoski (1984, 1986).

FIGURE 5. The pattern of'specieshdis%ppearance shewn by ordering of
species durations and times df first and last appearanées by time of last
appearance. Species are planktonic foraminifera in the tropical Pacific
and Atlant
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preéent by ﬁhe beginning of the 0ligocene or appear subsequently.
| FIGURE 6. Frequency distributions of species durations (A,B)

compared to family durations (C,D). In A and B, the species are
planktonic foraminifera; A represents the low- to mid-latitude species of
the Pacific known from 111 DSDP sites; B represents the tropical species
of the Pacific and Atlantic known from 116 DSDP sites; the shaded portions
of histograms distinguish extinct species (with known durations) from
extant (open histogram) species. C and D are the frequency distributions
of ages of marine families becoming extinct during times of mass
extinction (C) versus times of background extinction (D); redrawn from
Boyajian (1986).

FIGURE 7. Smear-slide samples of material from Arctic core F1-437.
A, from macrosampling across laminae showing mixed vegetative cells and.
resting spores of Late Cretaceous centric diatoms; B, from microscampling

laminae rich in vegetative cells; C, from microsampling laminae rich in

resting spores.
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THE K/T BOUNDARY IN THE FLYSCHOID GOSAU SECTIONS OF GOSAU (ELENDGRABEN) AND GAMS
(KNAPPENGRABEN) , AUSTRIA '

Roman LAHODYNSKY
Geologisches Institut der Universitdt Wien, A-1010 Wien, Universitdtsstrasse 7,

Osterreich.

ABSTRACT: At Gosau the author has found the é/T boundary within the Zwieselalm
Formation (turbidites, channel-fill deposits) and at Gams within the Nierental
Formation (thin bedded turbidites, slope association). In both sections. the K/T
boundary layers have been deposited above a sequence of late Maastrichtian grey
marly limestones (Gosau) or calcareous marls (Gams) with abundant:dark grey worm
tracks in the uppermost bed. The top of this bed should be defined as K/T boundary
rather than a presumed geochemical boundary in the middle of ‘a clay layer. In the
Kpappengraben the K/T boundary clay consists of a white-grey clay layer (3-7 mm)

in the lower and a light yellow clay layer with rust-brown spots (2-7 mm) in the

~upper part. A calcite layer with plates up to a thickness of 8 mm cuts through

the clay parallel to the bedding. A soft dark-grey clay layer (15-60 mm) with len-
ses of Sllt (5 mm thick, 10-30 mm above the yellow clay) and a fine gralned sands-
tone {(15-20 mm) follow further upward. In the Elendgraben a white clay layer (2-6
mm) is overlain by a yellow-light brown coloured clay (2-4 mm) with red-brown rus-
ty spots and calcite plates. The sequence continues with a soft dark-grey clay

(6 mm), a silt layer (4-8 mm), a dark sandy marl (20-30 mm) and a fine grained

sandstone (8-15 mm) .
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BIOESTRATIGRAFIA DEL CONIACIENSE Y SANTONIENSE DEL VALLE DE LOSA (BURGOS Y ALA-
VA) . FORAMINIFEROS PLANCTONICOS, INOCERAMIDOS Y AMMONITIDOS.

Marcos A. LAMOLDA*, Gregorio LOPEZ** y Ricard MARTINEZ**

* Dpto. Geologia (Paleontologia), Fac. de Ciencias. Apartado 644, 48080 Bilbao.

** Dpto. Geologia (Paleontologia), Fac. de Ciencias, Universidad Autdnoma,
08193 Bellaterra.

RESUMEN: El estudio reciente de la fauna de Inocerdmidos en las secciones de
Villaventin, Lastra de Losa, Villacidn, en la provincia de Burgos, y de Fresneda
en la de Alava, en el Valle de Losa, permite ahondar en la caracterizacidn bio-
estratigrdfica del Coniaciense y Santoniense de la Formacién Losas, hecha a raiz
de los estudios de la fauna de foraminiferos planctdnicos y de ammonites reali-
zados ya por dos de los autores (M.A.L. y R.M, proyecto de la CAICYT n2 PR-83/
2693-C2). Asi se reconocen las siguientes zonas: Zona Tridorsatum (Coniaciense
medio) caracterizada por la presencia en su parte superior de Forresteria (Har-
leites) sp. y de Inoceramus (Magadiceramus) subquadratus subsp. inc. En la Zona
Margae (parte inferior del Coniaciense superior) la presencia de Protexanites
bourgeoisi no es determinativa de ella puesto gque también se da en la Zona Se-
rratomarginatus (parte superior del Coniaciense superior). Esta uUltima viene
caracterizada por la presencia de Protexanites bontanti. La aparicidén de Texani-
tes s.s. sefiala el limite con la zona suprayacente, Zona Texanus, y por lo tanto
el limite Coniaciense-Santoniense. En ésta es caracteristica la presencia de
Texanites gallicus y de Inoceramus (Platyceramus) cycloides wegneri. Los forami-
niferos planctdnicos permiten reconocer las Zonas Concavata y Asymetrica. La
primera aparicién de Texanites s.s. parece coetdnea con la de Sigalia carphatica
sequida por la de Dicarinella asymetrica.

ABSTRACT: The recent study of the Inoceramid faunas in the Villaventin, Lastra
de Losa and Villacidn Sections (Burgos province) and in the Fresneda Section
(Alava province) within the Losa Valley, supplies additional data on the bios-
tratigraphic model for the Coniacian and Santonian of the Losas Formation, based
on the planktonic foraminifera and ammonoid faunas (M.A.L. & R.M., CAICYT pro-

ject ne2 PR-83/2693-C2). The following zones are recognised: Tridorsatum Zone
(middle Coniacian) characterised by the presence in its upper part of Forres-
teria (Harleites) sp., and Inoceramus (Magadiceramus) subguadratus subsp. inc.

Within the Margae Zone (lower part of the upper Coniacian) the presence of Pro-
texanites bourgeoisi is not exclusive and it also appears in the Serratomargina-
tus Zone (upper part of the upper Coniacian). This latter zone is characterised
by the presence of Protexanites bontanti. The appearance of Texanites s.s. marks
the limit with the upper zone, the Texanus Zone, or in other words, the Conia-
cian-Santonian boundary. This zone is characterised by the presence of Texanites
gallicus and Inoceramus (Platyceramus) cycloides wegneri. Planktonic foramini-
fers define the Concavata and Asymetrica Zones. The first apperance of Texani-
tes s.s. seems to be contemporary with that of Sigalial carphatica followed by
Dicarinella asymetrica.
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AN EARLY CRETACEOUS VOLCANIC SEQUENCE IN CENTRAL ISRAEL AND ITS SIGNIFICANCE TO
THE ABSOLUTE DATE OF THE BASE OF THE CRETACEOUS

Barbu LANG & Ya'acov MIMRAN
Geological Survey of Israel, 30 Malchei Israel St., Jerusalem 95501, Israel.

ABSTRACT: Lower Cretaceous volcanics in Samaria, Central Israel, consist of a
230 m thick'sequencé defined as Tayasir Volcanics. it is subdivided into a Lower
Basalt, a Tuff Member (a volcano-sedimentary ﬁnit),'and an Upper Basalt. Concu-
rrent, normal, faulting controlled the volcanic activity as well as the nature
of the accumulation of the entire unit. K-Ar absolute ages are 144 and 148 m.a.
for the lower flow and 133 and 134 m.a. for the upper flow. These represént Be~
rriasian-vValanginian ages and suggest a slip-rate of 0.015-0.018 mm/y along the
main fault systém. The Tayasir Volcanics are distinguished from other younger
(110-120 m.a.) Lower Cretaceous volcanic occurrences previously described both
in northern aﬁd southern Israel. Lower Cretaceous age of the volcanics is suppor-
ted by field relations. It is concluded therefore, that the absolute date of the
base of the Cretaceous in the area, is about as the determined age of the lower
basaltic flow. This conclusion is relevant to the numeric age determination of

the Jurassic-Cretaceous boundary in general.

1334 m.o

134x4m.q. 1

1445 mo.
14827 m.o.

Limestone Mass Basont

Epiciontite Shote Sandatane Unconformty

E‘EJEZ]!'SE

Fic. § —Cross-section reconstructing two stages of the deposition of the Tayasir Volcanics (modified
afier Mimran 1972). A-—Post-deposition of lower part of the Tuff Member (Lower Valanginian). B—Post-
eruption of the Upper Flow (Uppermost Valanginian). (Notice morphotectonic relief in stage A.).
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ON CRETACEOUS GEQIDAL EUSTASY AND CYCLICITY OF MAJOR. SEA-LEVEL FALLS IN LIGHT
OF TRANSGRESSIVE~REGRESSIVE CYCLES AND RELATIVE SEA-LEVEL CHANGES IN THE MIDDLE
EAST

Zeev LEWY
Geological Survey of Israel; 30, Malkhei Israel St.; Jerusalem 95501. Israel.
ABSTRACT : The Changing ‘ pos lt iQn CRETACEQUS TRANSGRESSIVE - REGRESSIVE CYCLES, RELATIVE AND “ADSOLUTE" $EA - LEVELS,
of the Cretaceous Tethyan shoreli-
ne over present-day Sinai (Egyp)
and Israel reflects of transgres-
sive-regressive cycles, from which
a curve of "absolute" sea-level
(for constant rate of subsidence)
was drawn. Relative sea-level
changes were interpreted from ex-
tensive bio~ and lithofacies chan-
ges in the shelf sediments. The
correlation between these curves
shows that some transgressions
occur during regional shallowing, Cve
as indicated by extensive dolomi-
te and brecciated chert layers.
Several regressions occur during -
relative sea-level rise resulting [.[
from progradation (sand and clay
beds extending seaward). Sea-le-
vel generally rose during the Cre-
taceous, interrupted by periods
of stillstand and short-lasting
sea~level falls. The most promi-

TECTONIC AND SEDIMENTARY PIIASES IN SINAT (EGYPT) AND ISRAEL.
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Early Maastrichtian. Regressions, probably resultlng from minor sea-level falls
occurred in the Early Cenomanian, Late Albian and latest Aptian. These regressi-
ve peaks are evident nearly every six million years. Some stratigraphic time-
scales suggest a 6+1 Ma interval between major Mesozoic unconformities (most
stage boundaries) and the decrease in duration of this interval from the Paleo-
zoic (10, 8, 7 Ma) to the Cenozoic (nearly 5 Ma). A general sea-level rise du-
ring the Cretaceous interrupted by a very few, short-lasting falls, was noticed
in North America (Hancock and Kauffman, 1979, tab. 4) and "worldwide" (Vail
et al., 1977). Therefore, existence of geoidal eustasy in Cretaceous times (MO -
ner, 1980, 1981) cannot be tested by means of relative sea-level curves.

Hancock, J.M. and Kaufmann, E.G. 1979. J. geol. Soc. London, 136: 175-186.

MSrner, N.A. 1980. Cretaceous Res., l: 329-340.

MSrner, N.A. 1981. Geology, 9: 344-346.

vail, P.R., Mitchum, R.M. Jr., Todd, R. G., Wldmler, J.M., Thompson, s. I1I, San-
gree, J.B., Bubb, J.N. and Hatelid, W.G. 1977. AAPG, Mem. 26.
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EXTINCTION OF UPPER DEVONIAN  STROMATOPOROID - CORAL REEFS; CANTABRIAN MOUNTAINS,
N SPAIN. "

G.B.S. VAN LOEVEZIJN

.ABSTRACT: The Givetian age in the Cantabrian Mquntains is dominated by massive

biohermal stromatoporoid-coral reefs, which developed in a narrow zone of fault
activity between the land are of the‘Asturian Geanticline in the North, and the
deeper sea of the West Asturian-Leonese zone in the South. Intermittent silici-
clastic supply interrupted the carbonate sedimentation several times, but each
time reef building organisms reestablished. As a result of iﬁcreasing uplift and
erosion of the hinterland, combined with block movements in the marginal seas
from the late Givetian onwards, the siliciciastic depositonal regime increased,
and the platform locally eﬁerged and hindered the carbonate depositibn and the
developmeht of organic build ups. Finally, during the late Frasnian, the silici-

clastic input prevented the return of the last isolated stromatoporoid-coral reef

_biotope. This fact emphasizes that Frasnian reef extinction in the Cantabrian

Mountains was not related to a sudden change or catastrophic event, but rather

to a grédual change of tectonic conditions in the basin.
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LOS INOCERAMIDOS (BIVALVIA) DEL SANTONIENSE Y CONIACIENSE DEL VALLE DE LOSA (BUR-
GOS Y ALAVA).

Gregorio LOPEZ
Dpto. Geologia (Paleontologia). Fac. Ciéncies. Universitat Autonoma de Barcelona.
08193 Bellaterra. Barcelona. '

RESUMEN: En este trabajo se estudia la biocestratigrafia de los inocerdmidos del
Coniaciense y Santoniense en el valle de Losa.  Completdndose los datos aportados
por M.A. Lamolda y R. Martinez (1987). sobre el limite Coniaciense-Santoniense en
esta zona, establecido en base al estudio bioestratigrdfico de los ammonoideos
y de los foraminiferos planctdénicos. En general, el Coniaciense del valle de Losa
es muy pobre por lo que respecta a la fauna de inocerdmidos. Tan sd&lc se han en-
contrado inocerdmidos en el Coniaciense medio, tratdndose tunicamente de fragmen-
tos y ejemplares incompletos de Inoderamus (Magadiceramus) subquadratus subsp.
inc. El Santoniense inferior se caracteriza por una gran abundancia de ejemplares
y poca diversidad de especies. Predominando Inoceramus (Platyceramus) cycloides
cycloides Wegner, que se encuentra asociado con I. (P.) cycloides ahsenensis
Seitz, I. (P.) cycloides wegneri BShm e I. (P.) rhomboides rhomboides Seitz. Los
ejemplares estudiados se obtuvieron durante el muestreo de las secciones estrati-
griaficas realizadas en el Cretdcico del Valle de Losa, para el proyecto PR-83/
2693-C2 de la C.A.I.C.Y.T. sobre la bioestratigrafia del Cretdcico superior del
Surco Navarrocdntabro. : '

ABSTRACT: This work on inoceramid biostratigraphy completes that of M.A. Lamolda
& R. Martinez (1987), where new data of the Coniacian-Santonian boundary from the
Losa valley were elaborated based on the ammonoid and planctonic foraminiferida
faunas. As a whole, the Coniacian from the Losa valley has supplied poor inocera-

- mid faunas. Only middle Coniacian inoceramids are represented, and all of them

are incomplete specimens of Inoceramus (Magadiceramus) subquadratus subsp. inc.
The Losa valley lower Santonian inoceramid faunas are characterized by a great
number of specimens with a low species diversity. Inoceramus (Platyceramus) cy=-
cloides cycloides Wegner is the most common one, and it is associated with I. (P.)
cycloides ahsenensis Seitz, I. (P.) cycloides wegneri Bohm and I. (P.) rhomboides
rhomboides Seitz. Inoceramid faunas were collected during the field work carried
out in the Losa Valley, as part of the PR-83/2693-C2 C.A.I.C.Y.T. project on the
Upper Cretaceous biostratigraphy of the Navarro-Cantabrian Basin.
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MAASTRICHTIAN TO PALEOCENE FACIES EVOLUTION AND THE CRETACEOUS-TERTIARY BOUNDARY
IN MIDDLE AND SOUTHERN EGYPT. :

P. LUGER
Institut fiir Geologie und Paldontologie, Technische Universitdt Berlin, D-1000

Berlin 12. R.F. de Alemania.

ABSTRACT: In Maastrichtian and Paleocene times Epen marine conditions prevailed
in most parts of southern Egypt. During the Maastrichtian to Middle Paleocene
mainly pelites, containing foraminiferal assemblages of middle to outer shelf
origin were deposited in the centres of the southwards shallowing Dakhla- (W)
and Asyut Basin (E). The synchronous marginal facies on the southern Upper Nile
Platform was formed by deltaic complexes, which repeatedly prograded into the
basinal facies. The siliciclastic input from the southern hinterland deceased
during the climax of transgressions in Late Paleocene time when all of southern
Egypt became partiof a broad shelf sea, which reached further south into the
Sudan. The Cretaceous/Tertiary boundary in southern Egypt usually is marked by
a conglomerate, marking.a hiatus of various extent (Dakhla Basin and Upper Nile
Platform). The lowermost Paleocene here is attributed the planktonic foraminife-

ral G. pseudobulloides- or G. trinidadensis~ 2zone respectively. In the Asyut

Basin around Qena the C/T conglomerate is absent. Here the earliest Paleocene
is represented by the G. eugubina- zone, the -section across the C/T boundary
therefore seems to be Complete, although the Late Maastrichtian index foramini-

fer Abathomphalus mayaroensis .could not yet be proved by the author. The use

of Plummerita hantkeninoides is proposed instead.
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EVOLUCION Y SIGNIFICADO DE LA ESTEREOTIPICIDAD DE OICHNUS BROMLEY DURANTE EL
PLIOCENO EN LA CUENCA DEL BAJO GUADALQUIVIR (S.O. ESPANA)

Eduvardo J. MAYORAL

Dpto. Geologia, Fac. Quimicas, Univ. Sevilla, E-41071 Sevilla.

RESUMEN: El estudio de la estereotipicidad de las perforaciones del tipo Oichnus
realizado sobre representantes de Bivalvia (epi e infauna) en diferentes horizon-
tes estratigrdficos del Plioceno, ha permitido evidenciar cambios en la conducta
depredadora de los organismos. Estas variaciones se detectan a nivel espacial
para intervalos cortos de tiempo -el transcurrido entre los estados juvenil y
maduro de las preésas- y a nivel temporal, para intervalos mayores -el represen-
tado de un horizonte estratigrafico a otro-. Las variabilidades a gran escala
se relacionan con la pérdida o adquisicidén de factores externos al sistema: pre-
sién selectiva ambiental (naturaleza del fondo, energia, competicidén ecoldgica).
Las de pequefia escala estdn en funcidén de factores internos: morfologia, tamafio
y ornamentacidén de las presas. Las diferencias evolutivas observadas en la este-

reotipicidad de los distintos tipos de Oichnus (0. paraboloides Bromley y O. sim-

plex Bromley) prueban que su origen y produccién se llevaron a cabo mediante mo-

delos de conducta diferentes.

ABSTRACT: The analysis of the stereotypy of the Oichnus -type borings on Bivalvia
(epi~ and infaunal) from different Pliocene stratigraphical horizons, has allowed
to evidence some changes on the predatory behaviour. These changes are detected
on two levels: fisstly an spatial variation for short intervals of time-— between
the juvenile and adult states of the preys- and secondly a temporal variation
._fof“larger épiSOdes -between different stratigraphical horizons-. The variabili-
ties. on a large scale are related with loss or addition of external factors to
the system: environmental selective pressure (type of substrate, energy, ecologi-
cal competition). On a small scale the variabilities are conected with internal
factors: morphology, size and ornamentation of the preys. Well-defined behaviour

patterns have been revealed by evolutionary differences in the stereotypy of se-

veral Oichnus- types (0. paraboloides Bromley and O. simplex Bromley) .
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ECOLOGICAL DYNAMICS OF THE LATE DEVONIAN MASS EXTINCTION

George R. MC GHEE
Department of Geological Sciences; Wright Geological Laboratory; Rutgers Universi-

ty; New Brunswick; New Jersey. 08903 U.S.A.

ABSTRACT: The Late Devonian (Frasnian/Famennian) extinction event was an ecologi-
cally complex one, in that it was not simply due to a massive and rapid elevation
of species extinction rates. On the contrary, the extiﬁction event appears more
to have been driven by species origination dynamics than extinction rates. Biolo-
gical diversity doeé appear to drop precipitously in a single sharp pulse at the
very end of the Frasnian. This event is not directly correlated with extinction
rates, however, as extinction rates are elevated above "background" rates for at
least 4 to 5 Myr before the éctual end of the Frasnian. Many marine taxa actually
show maximum extinction rates peaking long before the latest phases of the Eras-
nian, with declining rates during the period of diversity crisis. Marine ecosys-
tems often show species diversity increases even during periods of maximum extinc-
tion rate. This phenomenon is due to the fact that origination rates of new spe-
cies are even higher per time interval than the corresponding extinction rates.
This dynamic relationship of origination/extinction rates reverses during the la-
test Frasnian, as origination rates sharply plummet while extinction rates remain
relatively high. The sudden diversity drop in the terminal Frasnian is actually

triggered by the precipitous decline in species originations.
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NEW PALYNOLOGICAL DATA AND ABSENCE OF IRIDIUM ANOMALY AROUND THE NON-MARINE CRE-
TACEOUS~TERTIARY TRANSITION OF THE EASTERN SPANISH PYRENEES

J. MEDUS*, M. FEIST**, R. ROCCHIA***, F. COLOMBO****,6 D. BATTEN***** D, BO~-
CLET***, Y. TAMBAREAU**¥***% vy J,6 VILLATTE***%%%

* Université de Provence Saint-Jérdme, F-Marseille.

** Université des Sciences et Techniques du Languedoc, F-Montpellier.

*** Centre Nucléaire de Saclay, F.-Gif-sur-Yvette.

*%** Facultat de Ciéncias Geologiques, Sp-Barcelona.

**%%% Marischal College, GB—-Aberdeen.

**%*%x% Université Paul Sabatier, F-Toulouse.

ABSTRACT:VData are reported from analysis of pollen and spores, charophytes, fau-
nas and iridium of sediments in three non-marine Cretaceous-Tertiary (C/T) sec-
tions from Barcelona and Lérida Provinces. These preliminary results indicate:
1) In the Figols-Vallcebre section, a C/T transition zone based on the distribu-
tion of charophytes as well as molluscan and ostracod faunas. 2) A high spore
percentage from a Maastrichtian level of the same section as well as in samples
from continental maastrichtian series in Southern France. 3) Gradual appearance
of typical Tertiar pollen forms in Cretaceous assemblages, especially in the
Fontllonga section, where a limit cannot be detected between Maastrichtian and

Danian pollen floras. 4) No iridium anomaly has been found in the 20 samples stu-

died so far.
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DISTRIBUCION DE LA BIOMASA .Y EXTINCIONES EN COMUNIDADES DE TETRAPODOS TERRESTRES

Antonio MONCLOVA BOHORQUEZ ‘
Dpto. Ecologia, Facultad de Biologia, Unlver51dad de Sev1lla.

RESUMEN: No siempre se dispone de los restos fdésiles y datos paleoecoldgicos para
deducir el proceso ecoldgico de las extinciones. Los tetrdpodos terrestres pre-
sentan complejas relaciones ecoldgicas, adaptandose al medio con un ritmo evolu-
tivo a menudo incapaz de absorver cambios ecoldgicos drdsticos. La distribucidn
de biomasa entre las poblaciones de predadores y presas muestra la actividad eco-
légica. Comparando la fisiologia y adaptaciones de grupos fésiles y actuales de-
duciremos el reparto de biomasa en comunidades desaparecidas. En las comunidades
de dinosaurios podemos deducir la significancia del registro f£dsil partiendo de
las citas de los distintos géneros, de sus biomasas reales y rendimientos alimen-—
tarios, relaciondndolos con sus porcentajes de individuos en la comunidad, para -
obtener curvas predador-presa. Las curvas varian del Jurdsico al Cretdcico final,
permitiendo observar la estabilidad de la red trdéfica para, en relacidén a cambios
ambientales, valorar los efectos negativos sobre la comunidad, relacionados con
el reparto de biomasa. Durante el Cretdcico las presas cambian el tamafio, en re-
lacidén a cambios de vegetacidn, causando la inversién del patrén de distribucidn
de biomasa en predadores, victimas de su metabolismo y de las adaptaciones etold-
gicas de las presas; éstas tampoco re51st1eron la especializacidén de ciertos pre-
dadores y los camblos ambientales.

i

ABSTRACT: It is not always. possible to have the fossil remains and paleocecologi-
cal dates to deduce the ecological process of extinctions. The terrestrial tetra-
pods show complex ecological relationships adapting themselves to their enviro-
ment with an evolutive rythm frecuently unable to admit ecological drastic chan-

ge. The distribution  of the biomass among the populations of predators and preys

indicates the: ecological activity. Comparing the physiology and adaptation bet-
ween fossil and modern groups it can be inferred the distribution of the biomass
in disappeared communities. Among the diferent communities of dinosaurs the sig-

‘nificance of the fossil record can be deduced using the dates of the different

genera, of their real biomasses and nourishing profits, relating them to the per-
centage of individuals in every community in order, to get the predatory-prey
curve. The curves vary from the Jurassic to the Cretaceous, allowing to observe
the stability of the trophic net in order to estimate in relation to the changes
in their enviroment the negative effects on the community related to the distri-
bution of the biomass. During the Cretaceous the preys change their size, due
to changes in the vegetation, causing the inversion of the standar of distribu-
tion of the biomass in- the predators, as a consequence of their metabolism and
the etological adaptations of their preys. These, on the other hand could not
resist the specialization of certains predatories and the environmentals changes.
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THE GEOLOGY OF THE CRETACEOUS-TERTIARY BOUNDARY IN THE NORTHEASTERN APENNINES

Alessandro MONTANARI & Walter ALVAREZ :
Department of Geology and Geophysics, University of California, Berkeley, CA 97720

ABSTRACT: The Cretaceous-Tertiary {K-T) boundary in the northeastern Apennines
of TItaly is found in the middle part of the pelagic Scaglia Rossa Formation. This
unit represents a deep water basin 'of subsiding continental crust enclosed bet-
ween carbonate platforms to the north (Bagnolo plateau), east (Adriatic platform),
and south (Lazio-Abruzzi platform), and the Liguride Ocean to the west. The paleo-
basin topography was characterized by intrabasinal depocenters and structural
highs which were the result of synsedimentary, extensional tectonic movements and
reactivation of buried Jurassic normal faults. This activity generated synsedimen-
tary slumps and episodic turbidity events consisting, in the distal part of the
basin, of liquefaction and remobilization of unconsolidated pelagic muds. The K-T
boundary occurred at a time of tectonic quiescence and pelagic sedimentation. In
some localities, however, the transition from the Cretaceous to the Tertiary is
incomplete due to slumping, winnowing, and erosional events that occurred in the
early Paleogene. Wherever the transition is complete in the basin, the K-T boun-
dary is consistently represented by a thin layer of clay, usually green at the
bottom and red at the top, sandwiched between a whitish pelagic limestone (Aba-
thomphalus mayaroensis Zone, uppermost Maastrichtian), and a pink, typically por-
cellanaceocus limestone (Turborotaloides eugubinus %one, lowermost Danian). The
white Cretaceous biomicrite frequently contains numerous Zoophycos and Planolites
trace fossils filled with pink Tertiary sediment and material derived from the
boundary clay. However, the boundary clay has not been strongly affected by bio-
turbation, and mixtures of Maastrichtian and Danian planktonic foraminifers within
the clay were found only in a few sites. The contacts between the boundary clay
and the enclosing limestones are sharp and enhanced by stylolitic pressure-solu-
tion. Besides various amounts of fibrous secondary calcite formed during flexural
slip folding, the boundary clay is mostly made of silt and smectite, illite, kao-
linite and mix-layered montmorillonite. The sand-size fraction comprises less than
1% of the bulk rock and is mostly made of benthonic foraminiferal tests (Textula-
riina and minor calcareous benthics), and flattened spheroids of glauconite, sani-
dine, and titanomagnetite mixed in various. amounts. Geochemical and structural
analyses of these spheroids indicate that they are altered ejecta produced in a
large extraterrestrial impact. This is - in agreement with the anomalous concentra-
tion of siderophile elements, and rare fragments of shocked lamellae quartz and
feldspars also found in the clay layer. This impact-generated material is not
found in other rare clay layers analyzed above and below the boundary, but it is
consistently found in similar K-T boundary clay layers worldwide, supporting the
catastrophic scenario for the terminal Cretaceous mass extinction.

[~




- 223 =

ITII JORNADAS DE PALEONTOLOGIA
PALEONTOLOGIA Y EVOLUCION: FENOMENOS DE EXTINCION

ASPECTOS MICROPALEONTOLOGICOS DE LA CRISIS VENDICA EN LA PENINSULA IBERICA

Teodoro PALACIOS MEDRANO
Dpto. Biologia y Produccidén Vegetales. U.E. Paleontologia, Fac. Ciencias, Univer-

sidad de Extremadura. 06071 BADAJOZ

RESUMEN: Muy recientemente VIDAL y KNOLL (1982) dan fe de una importanteée crisis
en el plancton marino durante el Véndico medid, que originaria la desaparicidn
de aproximadamente el 70% de los taxones existentes y sustituidos por asociacio-
nes de posibles cianobacterias planctdnicas que florecieron en medios eutrdficos.
Este acontecimiento estaria relacionado con la glaciacién Varangeriense. Las con-
diciones climdticas durante esa glaciacidn y en el periodo postglaciar Valdarnien
ge favorecieron el aporte de nutrientes a los océanos originando la eutrofizacién
de los mismos. Por otra parte, las importantes variaciones climdticas y el aporte
de aguas dulces a los mismos influyeron también en la creacidén de medios restrin-
gidos (KNOLL et al., 1981), en los que las cianobacterias plancténicas predomina-
rian, al igual que ocurre en medios actuales con dichas caracteristicas. En la
peninsula Ibérica del mismo modo que en el resto del mundo, este periodo se ca-
racteriza por una gran abundancia de Bavlinella faveolata (Shepeleva, 1962; VIDAL
1976) . Pizarras del Narcea, en el norte; Formacidén Estenilla, Formacidn Cijara,
Niveles Olistostrdémicos yPizarras del Pusa en el Centro (PALACIOS, en prensa)
y Formacidén San Jerdnimo en. el Sur de Espafia (LINAN y PALACIOS, 1983). VIDAL y
KNOLL (1982) ya han indicado que B. faveolata predonina en medios marinos res-
tringidos con influencia glaciar y caracterizados por una alta productividad de~-
bido a la autrofizacidén de los mismos. La presencia de fosfatos sedimentarios
en las formaciones del centro de la Peninsula son ur. importante refuerzo a esta

hipdtesis.

ABSTRACT: VIDAL aid KNOLL (1982) testified to an important crisis in marine plank
ton during the middle Vendian that must have brought about the disappeearanc;
of about 70% of the existing taxons, substituted by means of associations of pos
sible planktonic cyanobacteria that thrived in eutrophic environments. This event
must have been related to the Varangerian Glaciation. The climatic conditions
during this glaciation and in the post-glacial Valdaian period favoured the con-

* triBution of nutriens in the oceans which gave rise to their consequent eutrophi-

cation. On the other hand, the important climatic variations and the flow of
fresh waters into the oceans, were also factors influencing the creation of limi-
ted environments (KNOLL et al., 1981) where planktonic cyanobacteria predomina-
ted, as is the case in modern environments with the above mentioned characteris-
tics. In the Iberian Peninsula, just as elsewhere in the world, this period is
characterized by a great abundance of Bavlinella faveolata (Shepeleva, 1962; VI-
DAL, 1976). Shales from Narcea, in the North; The Estenilla Formation; the Cijara
Formation; the Olistostromic Levels and Shales from Pusa in the Centre (PALACIOS,
in press) and the San Jerdnimo Formation in Southern Spain (LINAN and PALACIOS,
1983) . VIDAL and KNOLIL (1982) have already indicated that B. faveolata predomina-
tes in limited marine environments with glacial influence and characterized by
a high productivity due to their eutrophication. The presence of sedimentary
phosphates in formations eated in located in the Centre of the Peninsula are an

important back up to this hypothesis.
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EVENTS, NATURAL SYSTEMS IN THE GEOLOGIC HISTORY AND EVOLUTION

Nikola K. PANTIC* & Mileva D. SLADIC-TRIFUNOVIC** .
* Serbian Academy of Sciences, Knez Mihailova 35, 11000 Beograd. Yugoslavia.

** Geological Institute, University of Belgrade, Kamenicéka 6, 11000 Beograd. Yu-

goslavia.

ABSTRACT: A great advance in the interpretation‘of the Geological History has been
made in the last years as a result of the study on the effects of various events
(ektratellurical, geological, biological), and their intensity and frequency in
particular. Opinions about the effects of single events on the course of macro-
evolutidn are often controversial (over—- or underestimated). For a reduction of
the controversies, while studying the effects of any single event, one should re-
member the simultaneous effects of other events, that is, each time (and space)
has its specific set of events (and specific responses oflthe existing systems)
whose overall effects form the natural envifonments of a geological time (states
and processes). A comparative review of events (species, intensities, frequencies,
du;atioﬁs, coverages) throughout, the Geological History is given in this paper
and their interactions elucidated, providing a better insight of the relevant fac-
tors (extra-telluric events, geological events, cyclicity, evolution rate, isola-
tions, migrations, extinctions, etc.) of the macro-evolution and micro-evolution

("mechanism of evolution").

W\
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CAT,CAREQUS NANNOFOSSILS AROUND THE K/T AND E/O BOUNDARIES

Katharina PERCH-NIELSEN
17 Orchard Rise, Richmond, Surrey TW10 5BX. Inglaterra

ABSTRACT: A massive change in calcareous nannofossil assemblages occurs at the
K/Tk(Maastrichtian/Danian) boundary. The rich assemblages of the uppermost Maas-—
trichtian sediments are, however, usually also found just above or in the upper
parts of the so-called boundary-clay and continue, in rapidly diminishing abundan-
ce, up into the Upper Danian. Did the coccolithophorids survive the K/T boundary
events or are they reworked?. Was there a mass-mortality followed by’ extinctions
rather than a mass—extinction at the X/T boundary?. On a family level, about 1/3
disappeared around the K/T boundary, while it was about 2/3 on a genus level and
5/6 on a species level. They were replaced by different genera and species in high

and low latitudes. Survivors such as Makalius inversus, Biscutum constans, Cycla-

gelosphaera, Neocrepidolithus and Placozygus sigmoides soon dominated the assem-

blages in high latitudes, while small new forms such as Biscutum romeinii, B. par-

vulum and Toweius petalosus appeared and dominated in low latitudes. The calca-

reous dinoflagellate genus Thoracosphaera became common in all sections whereas

Braarudosphaera bigelowii floods are found only at some localities. The few extinc

tions around the E/O boundary are spread over considerable time and are only on

a species level. There is no mass-mortality and no mass—extinction near, thus also

no radiation after the E/O boundary.
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MAASTRICHTIAN EXTINCTIONS OF PLANKTONIC FORAMINIFERA IN CENTRAL AND EASTERN POLAND

Danuta PERYT ‘

Institute of Palaeobiology Polish Academy of Sciences, ul. Zwirki i Wigury 93,
02-089 Warsaw. Polonia.

ABSTRACT: Planktonic foraminifera occurring in epicontinental Maastrichtian depo-
sits (160-270 m thick) of Central Poland (Middle Vistula River Valley) and Eas-
tern Poland (vorehole Sawin) are characteristic of neritic zone of the Late Cre-

taceous Transitional Province. Of 10 genera recorded, Globotruncana, Rosita, Ru-

goglobigerina, Globigerinelloides, Globotruncanella, Heterohelix and Guembelitria

are of common occurrence and accordingly, have been used for the reconstruction
of extinction pattern. The following xegularifies in occurrence of planktonic

foraminifera have been recorded:

1. Disappearance of last representatives of Globotruncana and Rosita at the

end of Early Maastrichtian.
2. Disappearance of trochospiral forms during the Late Maastrichtian.
3. Disappearance of heterohelicids in the latest Maastrichtian.

Disappearance of globotruncanids 1is related to the evolutionary ex-
tinction of those species while the other changes in composition of the assembla-
ges of planktonic foraminifera including their final disappearance are related

to the shallowing of the basin due to terminal Cretaceous regression.




- 227 -

III JORNADAS DE PALEONTOLOGIA
PALEONTOLOGIA Y EVOLUCION: FENOMENOS DE EXTINCION

THE CRETACEOUS-TERTIARY BOUNDARY CLAYSTONE IN CONTINENTAL ROCKS, WESTERN INTERIOR
OF NORTH AMERICA. A PROBLEM OF ORIGIN.

C.L.. PILLMORE & G.A. IZETT
U.S. Geological Survey, 913, Federal Center. Denver, Colorado, U.S.A.

ABSTRACT: A thin bed of structureless kaolinitic claystone (1- to 2- centimeters
thick) marks the palynological Cretaceous-Tertiary boundary in continental sedi-
mentary rocks of western North America, in a narrow belt frém Cimarron, New Mexico
to Calgary, Alberta. Like tonsteins, which are altered volcanic ash beds, the
boundary claystone has been found preserved in sedimehtary sequences deposited
in coal-swamp environments. It is overlain in sharp contact by the boundary impact
layer, a thin 5- to 7~ millimeter~thick layer of laminated, kaolinitic claystone
that contains shock-metamorphosed mineral grains and high concentrations of iri-
dium-both signatures of asteroid impact. In contrast with the impact layer, shoc-
ked-mineral grains are extremely rare and iridium much less abundant in the clays-
tone beneath the impact layer. The few shocked grains seen in the boundary clays-
tone probably result from downward contamination, possibly along root tubes' or
burrows; the iridium may have migrated down from the impact layer durlng dlagene—
sis. Are both the boundary claystone and the impact layer the result of asteroid
The wide dlstrlbutlon of thls couplet suggests that they are. But the

1mpact?.
sharp contact between the two units and the restriction of shock-metamorphosed

" mineral grains to the impact layer on top of the boundary claystone preclude a

simpie.graded~bed fallout model.
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LAS LINGULA DEL TRIASICO: UN ASPECTO TAFONOMICO

J.L. PRATS*, C.C. EMIG**, A. MARQUEZ-ALIAGA*
* Dpto. Geologia, Universitat Valéncia, Burjassot, Valencia.
** Station Marine d4'Endoume, Marseille. Francia.

RESUMEN: Este trabajo constituye la base de un primer intento de aplicar estudios
ecoldégicos sobre braquidpodos inarticulados del. género Lingula en comunidades del
Tridsico medio. Se estudian ejemplares de Jalance (Valencia), de edad Ladiniense.
Los mismos son muy frecuentes en niveles del Muschelkalk terminal (M,) de la Cor-
dillera Ibérica, pero nunca han sido estudiados desde el punto de vista paleoeco-
légico. Se comienza aqui, considerando un aspecto tafondmico de interés: la defor-
macidén producida en las conchas de Lingula por la presidén. Para ello, se analiza
la deformacidén- de las conchas de Lingula actual producida por presién experimen-—
tal. Los ejemplares se incluyen en materiales detriticos o arcillosos y se someten
a distintas presiones controladas. Las formas obtenidas se analizan mediante se-
ries de Fourier y los datos se comparan con formas de conchas sin someter a pre-
sién y con las del Tridsico. La corrécta interpretacidén de este aspecto tafondmi-
co, puede aportar, entre otros, datos batimétricos mds precisos, de los niveles
tridsicos que contienen Lingula.

ABSTRACT: This paper constitutes the basis for a first attempt of applying ecolo-
gical studies of inarticulate brachiopoda of the Lingula genus in comunities of
the middle Triassic. Specimens from Jalance (Valencia) of Ladinian Age are studied
here. Lingula are very frequent in the uppermost levels of the Muschelkalk (M.)
of the Iberic Range of Spain, but they have never been studied from a paleoecolo-
gical point of view. The study begins considering a taphonomic aspect of special
interest: the deformation produced in the Lingula shells by the pressure. To do
so, the deformation produced on the recent Lingula shells by experimental presure
is analized. The specimens are introduced in detritic or clay materials and sub-
mitted to distinct controlled pressures. The shapes obtained are analized through
the Fourier Series and the data obtained are compared both with data on shells
that have not been submitted to this pressure and with Triassic fossil forms. The
correct ‘interpretation of this taphonomic aspect may supply us with, among other
things, more precise batimetric data of the Triassic levels containing Lingula.
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INTRODUCTION

The possibility that events in space have been
responsible for major episodes of biological extinction on
earth has been suggested frequently in the history of
paleontology. In this century, notable examples include
Schindewolf’s (1942) proposal that the mass extinction near
the end of the Permian was’due to ﬁhe effects of a nearby
exploding star (supernova) and Urey’s (1973) claim that
several of the series—level extinctions in the Tertiary were
caused by comet impacts.

Until recently, proposals for cosmic interpretations of

extinction have enjoyed = almost no - support among
paleontologists. The negative reaction has many roots, of
which the most important may be: (1) the Lyellian thesis

that it should be possible to explain events in earth history

without recourse to "extraordinary" agents, and (2) the lack

of supporting evidence for extraterrestrial influence in
specific cases of mass extinction. It has been

conventionally argued that hypotheses of extraterrestrisl

influence are fundamentally untestable and therefore not

amenable to scientific ingquiry. This argument is clearly
flawed but has nevertheless has had great weight in the
scientific community.

It is indeed true that until Urey’s 1973 wark, theré was
no gocd observational evidence available to support the
claims of cosmic influence. Urey’s main contribution was to

present empirical data on the timing of extinctions and
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large-body impacts and to analyse these dats statisticslly.

He concluded that the similaritykin'timing was close enough

to make a case for cause and effect. His analysis was based

‘on  few data and the statistical conclusions could have been

challenged. Instead, his paper went virtually unnoticed.

The climate in this field changed dramatically in 1980
with the publication by Alvarez, Alvarez, Asaros and Michel
of data on iridium anomalies at the Cretaéeous—Tertiary (K-T)
boundary with the proposal that the K-T mass extinction was a
consequence af a large metéorite impact (comet or asteroid).
This produced a storm of controversy which continues to the
present. As-a result, the scientific literatufe~devoted to
mass extinction and its causes has grown exponentially to the
point of being virtually udt of coﬁtrol. Because the probiem
is so highly interdisciplinary, involviné important elements
of paleontologys geochemistry,’geophysics, and astronomy, it
has becoﬁe difficult for any one person to Tfke independent
judgments on the merits of the maﬁy arguments and
counterarguments.

My purpose in this paper is to review some of the basic
evidence for and against the Alvarez claim of impact-induced

extinction and to try to establish a "coordinate system"” for

a general evaluation of broader questions of cosmic
influences in the history of life on earth. Because the
literature on mass exiinction has become soO vast, a

comprehensive review is impossible but I will attempt to

identify some of the salient published papers on the subject,
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THREE INDEPENDENT QUESTIONS

The current debate about the events near the end of the
Cretaceous must be separated into three component questions:
(1) Did one or more large comets or asteroids collide
with earth at or near the end of the Cretaceocus?
(2) Was there a major masg extinction near the end of
the Cretaceous?
(3) 'If the answer to the first two questions is YES,; did
the collision(s) cause the mass extinction?
There has been a tendency to confuse these questions. One
occasionally hears statements like: "There probably was no
impact at the end of the Cretaceous because impacts do not
cause extinétions." In fact, there may have been one or more

K-T impacts with no biological effects.
THE QUESTION OF IMPACT AT THE K~-T BOUNDARY

The recognition by geologists of large-body impacts on
~earth is a surprisingly recent development. Impact craters
on the moon; terrestrial planets and their satellites have
long been known ~—'a1though they have often been interpreted
as volcanic -— but until the last few decades; geologists
tended to assume that they resulted from events early in the
"history of the solar system and thus were not relevant to
"discussion of the later part ‘of earth history. Several
crater—like topographic features in Phaneroczoic terrains were
interpreted by some as impact features but very few of these

proposals were accepted by the geological community.
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This situation changed markedly in the 19460s because of.
severa} important developments, including (1) the recognition
of high-pressure forms of quartz as clear evidence of
meteorite impact, (2) the association of tektiﬁes and
microtektites with impact, (3) photography from erbiting
satellites of craters nn earth, and (4) the discovery of
large numbers of asteroids in earth-crossing orbits (Anollo

objects).

As a result of these discoveries, geologists now have a
catalog of more than one hundred we11~autnenticated impact
features and the number is increasing rapidly (eee Grieve,
1982, for list). Also, estimates of impact rates can nen be
made with considerable confidence althougn the uncerteinties
are still relatively high because craten loss by erosion and
’subduction of sea flqor is hién. The general Conclusinn is
inescapable, hqwever: tne earth continues to be bambardee
with large and small meteorites.

Under current estimates (Shoemaker, 1984),. the
Phanerozoic earth has been hit by about 3,600 objects of >1
km diameter and about 12 objects of >10 km diameter. The
uncertainties in these estimates are such that the latter
number may be as small as six or as large as 24. There is
some indication that the impact rate has inereased slighfly
during the Phanerozoic. |

Whereas impacts on eanth were once viewed by geoclogists
with great skepticism, the phenomenon is now cleérly
established as part of the basic paradign of historical

geology and is seen as an integral part of Lyellian
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uniformitarianism. For example, Wetherill and Shoemaker
(1982) commented as follows:

"Although the physical encounter with the

earth of these objects can properly be

termed "catastrophic,’ in terms of the
magnitude of the effects they produce,
they are at the. same time ’uniformitarian’
in that they represent the extension
of presently observed processes to

earlier geologic time."

It is thus not surprising that moéﬁ geologists easily
accepted the evidence presented by Alvarez et al. (1980) for
a large-body impact at the K-T boundary. The "signature" of
andmalously high iridium concentrations was novel byt totally
reasonable in view of its worldwide distribution in terminal
Cretaceous sediments and the well-established presence of
iridium  in nmeteorites and its near—absence in crustal rocks.
If the impac: Had not been iinked to mass éxtinction, it is
daubtful that (the éeologic commdnity would have .asked for
additional evidence. Without the extinction 1link, the
Alvarez group would have merely provided one more case of
large—-body imﬁact. Also, the estimate of the diameter of the
impacting body‘(lo km),“based on iridium concentrations, was
completely credible because bodies of this size were expected
to have collided with earth every 350 .millich vears (on
average’ during the Phanerdzoic;

Because of the praposed link to mass extinction,
howévér; the scientific community demanded more evidence.
Research‘ groups in several countries added the following

lines of evidence to support the impact hypothesis: (1)

microtektites (Smit and Klaver, 1981), (2) osmium isotobe
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ratios indicatiﬁg an extraterrestrial source (Luck and
Turekian, 1983), and (3) shbck—métamorphosed quartz typical
of known impacts (Bohor et al., 1984) .

At thé same<time; altérnative interpretationé of several
of the impact signatures were bresented. Rampino' (1982)
suggested that the iridium céncentrations at the K?T‘boundary
could have re5u1ted from simple changes in ocean .chemistryu

Officer 'ané Drake (1985) argued that the iridium could have

come from %antle volcanism, following the report (Olmez et
al.s 1986)é of iridium in fhe volatiles aésociated with
eruptions of Kilauea volcano. It is also argued that the
spherules called microtektites were incofrettly identified
and that ?he shocked quartz could have had a volcanic‘origin

(Officer ét al.sy 1987) . There has also been cdnsiderable

debate about the meaning of the total trace element chémistry

of the K~T‘éoundary clays: some geochemists have clgimed that
the chemist;y is clearly cbsmic while others have argued for
a crustal or mantle origin.

A major point of contention has been the absence of a
clearly identified; large crater of terminal Cretaceous age.
Some see this as a major deficiency of the impact hypothesis
while others find it quite reasonable in view of the.
possibility that the cfater would be difficult to recognize
if it were in the deep ocean and'because ma jor portiohs of
the séa floor héva béen lbsi thrnuéh subduction sincg the end
of the Cretaceous;

| At ﬁreseﬁt, the majofity of geologists, geophysicists,

and geochemists appear to accept the evidence for large-body
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impact at the end of the Cretaceous but there are a few
strong proponents of the volcanic alternative. In support of
the latter idea is the fact that a major episode of mantle
volcanism —- the Deccan traps in India -~ appeérs to coincide
with the end of the Cretaceocus (Courtillot et al., 19865 see
also Officer et al.,1987). There is the poésibility, of
course, that both points of viéw are correct: a large-body
impact mey have penetrated the crust to trigger the Deccan
volcanism. This would explain the lack of an impact crater
but there is no independent evidence for this interpretation.

In summar*, we can conclude that the hypothesized impact
at the K-T boundary is plausible and suppor ted by
considerable geochemical and geophysical eviden#e but that a
possibly viable alternative (volcanism) exists.

There is a potentially important subsidiary question:
Could there have been several large-body impacts near the end
of the Cretaceous? This becoﬁes important'if one interprets
the fossil record as indicating that the late Cretaceous
extin;tibns took place in several pulses over a cdnsiderable

period of time. It has been suggested that the osmium isotope

data are most compatible with a multiple—impact scenario

(Luck and Turekian, 1983) but this is the only direct
evidence for more than one impact. On the other hand, some
»Hastggnomgrs have argued thatisfars;passing close tp our solar
system should be expectea to produce showers of 'comets
lasting for one to two million years. ‘The quésticn of

ccte must remain open until better dated evidence

of individual impact events is available.
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THE QUESTION OF MASS EXTINCTION AT THE END OF THE CRETACEOUS

To most paleontologists and biostratigraphers, the end
of the Cretaceous was marked by one of the five most severe
mass extinctions in the history of life. Indeed; it is no .
accident that  this event marks the boundary between the
Mesozoic and Cenozoic eras: times of major faunal turnover
are imbedded throughout the geologic time scale. Still,
there are a number of highly respected paleontologists who do
not see the late Cretaceous extinctions as representing a
single, discrete event. Rather,; the argument is made that
the extinctions are spread over a congiderable interval 1in

the late Cretaceous and that some groups of‘organisms passed
through the interval unscathed.

Unfortunately; problems of geolpgic dating and of

taphonomic loss of fossil record make definitive answers to

the question of the suddenness and severity of late
Cretacecus extinctions elusive. Although there is ample
evidence that the Maestrichtian stage was a time of

significantly high extinction, when compared with most other
intervals in the Phanerozoic, it is at present impossible to
say for sure whether the extinctions took place in a matter
of a few days or years or whether they covered several
million years. Whereas it is fairly clear that some major
groups of microplankton and large reptiles suffered dramétic
extinctions within a few centimeters (or at most meters) of
the K-T boundary, a similaf case is difficult to establish

_for thé great majority of Maestrichtian extinctions. As
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noted above, a theory of extinciion caused by impact may be
compatible either with a model of a single impact event or
with one that postulafes multiple events.

For the purpdses of this discussiion, I will adopt the
view that the late Cretaceous was indeed a time of unusual
mass extinction and that the event or events were limited at
least to the final stage (Maestrichtian) of the CQLretaceous

and possibly to a much shorter interval.
THE QUESTION OF CAUSE AND EFFECT

Unfortunately, an extinction caused by large-body impact
does not leave a clear siénature comparable to the
geochemical or geobhysical signatures of impact alone.
Although all geophysicists agree that a collision between

earth and a 10 km bodys; or even a 1 km body, would have

devastating consequences in human terms -— with energy
release equivaient to many times the combined nuclear
arsenals of the present—day world —— the effects on general

biological diversity are poorly understood.

Much attention has been given in the recent literature
to the so-called "dust cloud scenario" —— the blanketing of
the earth by a dust-clogged atmosphere causing severe
temperature éhanges and reduction of sunlight (Toon et al.,
1982) -- but this is but one set of possible consequences of
a large—-body impact. Major alterations of atmospheric and/or

oceanic chemistry may be much more important environmental

Consequences of impact. Much depends on whether the impact’

occurs in the ocean or on land and whether at high or low
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latitudes. Some of the suggested consequences of impéct

would be highly selective biologiéally and would be expected

to effect some kinds or organisms of habitats and not otheré.
But not énough' is known yet to maké truiy définitiQe
predictions possible. It may turn out ultimatély that Atﬁe
fdssii record itself is the‘best guide to the kiﬁds of
environmental shock associated with impact‘-— whether af the
K-T boundary or at other times in the Phanerozoic.

We are left, therefore; with only two arguments in favor
bf the causal link between mass extinction and lérge—body
impact at the éﬁd of the Cretaceous —-- aséuming, bf cuurée,
thét‘both events occurred:

1) The tempofal coincidence of masé extinétion and
large-body impact, each of which is a relatively
rare event in the Phahernzoié record, and

2) Similar pairings of extincfion and impaét at other
times in the Phanerozoic.

Both arguménts are probabilistic and thus do not vyield

black—and—-white answers. But they are tractable arguments,

given a careful analysis of the distribution of rare events

in geological time.

T e st i S S o e o o i ", Wo—" S0, S o i oo

" Much of modern statistical analysis is based on formal
techniﬁues fuor evaluating the probability that collections of
events could héve occurred by chance alone. If the
probability is very low, one’is justified in suggesting that

the events have avcommon cause. I1f the probability is not
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low; one is naot justified in claiming cause and effect.
Louis Alvarez (1983) presented a probability argument in the
context of the similarity in timing of the extinctions and
impact at the K-T boundary in Italy and I will extend this in
'the.discuséion that follows. |
Suppose we are concerned with a span of geologic time

(such as the Phanerozoic) with a duration of D yéars and with

a small interval within the total -span  (such as the

Maestrichtian) with a duration of d years. Suppose further
that P physical events and B biological events are "dropped"
oﬁ the total span independently and at random. Depending on
the numbers of random events (P and B), the short interval
may receive one or more physical and/or biological events or
none at all. The probability of at least one physical event
and at least one biological event occurring in the same small
dnterval may be computed as:
: P B

(1 - (1 - d/D) 1 x [1 - (1 - d/D) 3
Note that this calculation does not depend on the geologic
time scale being divided into equal time itervals.

As an example, suppose we are interested .in estimating.
the probability that a rare mass extinction and a rare large—
body impact could occur in the Maestrichtian stage by chance
alane: lét the total dufation (D) of the Phanerozoic = 6400
ﬁyr and the duration (d) of the Maestrichtian‘stage = ‘7.5

myr. Now, let the number of large mass extinctions (E)‘equal

n

b
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Substituting these numbers into the expression given
earlier yields 0.009. In other words, if the dates of
extinction and impact events are known only to the stage
level (Maestrichtian in this case), there is a chance of
approximately one percent that the co-occurrence could have
happened by chance alone —- without any causal relationship
required.

If the times of mass éxtinction and large-body impact
are better known; the probabilty of chance co-occurrence
decreases. Suppose, for exaﬁple, that both are known to have
osccurred in the final two million years of the Maestrichtian.
In this case; d = 2 and the calculated probability is lowered
to 0.00l.or one-tenth of one percent.

These calculations suggest strongly that the coincidence

between large-body impact and mass extinction near the end of

—_—— —— ——— | — " —" i o> o o s - N o T — s . - — ——— o —— — -

There 4is an important related question of probability
that can be asked: Given a mass extinction somewhere in the
Maestrichtians; what 1is the probability that a large-body
impact also occurred (by chance) in the same interval -of
time? This is simply the probability of at least one impact
occurring in any given interval and can be computed as:

‘ P
1 - (1 - d/D)
Using D=600 and qé7.5, with P=12, the probability is 0.195,

Thus, if a major mass extinction has already been located and
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the question of causation by impact is raised, there is a 15%
probability that an impact would occur in the same time
interval by chance alone. If time resoclution is improved to
two million vyears,; as be%ore, this probability drops to
0,039 or about 4 percent.

The foregoing calculations merely codify and make
somewhat more rigorous the basic probability argument that
has been used in favor of an extinction—impact link in the
late Cretaceocus. It is argued that two  rare events in
geologic history are unlikely to occur together by chance.
The calculated probabilities are quite low even though the
assumed accuracy of dating is conservative (7.5 or two
million vyears in the Maestrichtian case) and this is a
powerful counterargument to the claims that the dating of
extinctions and impacts is too imprecise for a causal
analysis.

The cealculations assume, of course, that current
estimates of the number of very large impacts in the
Phanerozoic are reasonably accurate. If there were as many
as 24 impacts of bodies >10 km in diameter, as is possible
{above); then the probability of chance co-occurrence . is
increased somewhat.

A vyet more important caveat is a problem common to all
such probabilistic analyses of past events. In almest  any
history, very unusual events occur occasionally and it is

always possible to choose pairs of events, after the fact, as

P sm e s ke e X B e A b e o o r
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red Mercedes aQtomobile‘crashes into a church in England at
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precisely the same time as a»politician in an Asian country
is assassinated, one would not suggest that the two events
are causally linked even though both events are rare. In the
case of the Cretaceous extinction, the same logic could be
used to discount the significance of the probabilistic

arguments.

i1t becomes vitally important, therefore; to establish

the plausibility of the extinction-impact link and this has
not yet been done to everyone’s satisfaction. Neverthelesss
the probabilistic argument Hhas considerable force and

deserves to be taken seriously.

The obvious answer to the "Mercedes-assassinafion"
chgllengé is to find out whether the extinction-impact
hypothesis has predicti?ek power . Thét is, can other
ek#inction-impact pairs be found? If so; this would greatly

reduce the estimated probability of co—-occurrence by chance

alone.

e e 4 . o o~ —— o o A o, . o T ———_ - -~ - oot .

To date, iridium and/or microtektite evidence of large-
body impact has been reported for several other times of

ma jor biological extinction, as follows:
1) 11.7 myr BP: late Middle Miocene (Alvarez, 1987)
2) 38 myr BP: terminal Eoceng (Alvarez; W. et al.,
19823 Ganapathy, 1982)
3) 163 myr BP: terminal Middle Jurassic (Brochwicz-

Lewinski et al., 1984)
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4) 248 myr BP: Permo-Triassic boundaery (Sun et al.s
1984)
S) 367 myr BP: Frasnian-Famennian boundary (Devonian)

(Playford et al.,1984)

A few other case§ could be includea (such as the
terminal Cenomanian‘at ?1 myr BP and the Precambrian-CambEién
boundary) but evideﬁce for these is not yet even Preasonably
firm.

With the exception of the Eocene case; all reports listed
above have serious difficulties of analysis or
interpretation. The Middle Miocene iriqium anomaly is news
having been found in only recently in a single deep-sea core
and wofk is procegding at Lawrence Berkeley Laboratory to
explore comparable sequences elsewhere (Asaro, pers. comm,
1987). The Middle Jurassic and Devonian cases have clear
iridium anomalies but the iridium is found only in fossil
bacterial mats (stromatolites) agd there is the possibility
that the organisms were simply concentrating ambient iridium.
In the Permo-Triassic case; a strong iridium anomaly has been
reported but attempts to reproduce: the —analyses in other
laboratories have so far been unsuccessful.

The extinction—impact pairs just discussed have two
additional problems. First, because of the expense of
iridium analysis it has been difficult to sample the geologic
record evenly. It has been inevitable, therefore, that
geochemists have sampled horizons at which major extinctions

are known to occur and this raises the possibility that the
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finding of iridium anomalies is sample-dependent and that
such anomalies are in fact common throughout the geoiogic'
record. To counter this tendency, Kyte and Wasson (198¢)
have reported analyses throughout the latest Cretaceous and
early Tertiary records in deep-sea cores. They found only
the K-T anomaly. Kyte and Wasson did not find the late Eocene
anomaly probably because of the coarseness of their sampling
regime. Fortunately, the problem of sampling is being
eliminated because of the development and operation of the
news high-speed Iridium Coincidence Spectrometer at the
Lawrence Berkeley Laboratory.

The second problem has;té‘do with the definition and.
identification of major extinction events. The extinction at
the end of the Middle Miocene and that at ’the Middle-Upper
Jurassic boundary may not be significant enough to merit
consideration in this context. This raises the question of
the definition of a mass extinction. To some
paleontologists, the term should be reserved for the Ffive:
truly severe extinction events of the Phanerozoic (Ashgill in
the Ordovician, Frasnian-Famennian in the Devonian, Permo-
Triassic, late Triassic, and terminal Cretaceous events). To
other paleontologists, an interval of time qualifies as an
extinction event if its extinétion rate (for the biota as a
whaole) stands above the normal background rate by a
statistically significant amount.

Opinions on this question are quite polarized. My own
view is that any event of multiple extinction that can be

shown not to be a simple product of biases in fossil
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preservation or study is a candidate for interpretation and
that the array of possible causes, not limited to large—-body
impact, should be evaluated. In the context of large-body

impact, there is no reason to say that the biological
effects of impact must be global or truly devastating.

To summarize the evidence for impact as a cause for
extinctioﬁ at the K-T boundary,; -we havé the circumstantial
but rather powerful evidence from the probability
.calculaticns for the late Cretaceocus and we have some
supporting evidence for the general extinction—impact 1link
from other parts of the record. But the total evidence still

falls short of the ideal of absolute proof.
ALTERNATIVE EXPLANATIONS FOR EXTINCTION

Several non—cosmic explanations for the near-
simultaneous extinction of large numbers of species in the
Phanerozoic fossil record are available and some of these
enjoy strong support in the paleontological community.  The
principal alternatives can be classified as fqllows;

1) Intrinsic bioclogical factors, including competitive
exclusion of taxa caused by the evolution of adaptively
superior organisms,

2)  Earth-bound environmental perturbations which
develop too quickly to allow evblutionary ad justment,
including changes iﬁ global climates, major transgressions or

regressions of the world oceans, and unusual environmental

/]
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Each of these has some evidence favoring it for the K-T event
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as well as for other, selected extinction evernts but space

does not permit a8  full  and fair treatment of these
alternatives here. Suffice to say that each should be
evaluated as carefully and as rigorously as possible. This

must perforce include full statistical analysis of the
association in time between extinctions and evidence'for‘the
suspected causes. Taking the Phanerozoic record as é whole,
there are so many extinctions and so many episodes of
environmental perturbation that simple anecdotal comparisons
are not sufficient. Appliéation'of the.kind of probability

calculations discussed earlier in this paper is clearly

‘indicated.

PERIODICITY OF EXTINCTION

The proposals by several workers that major extinction
events from the late Permian onward are uniform}y spaced " in
time (Fischer and Arthur, 19773 Raup and Sepkoski, 1984,
19863 Rampino and Stothers, 19843 Sepkoski and Raup, 198&%
Foxy, in press) constitute a partially independent question
bearing on the influence of extraterrestrial phenomena on
biological extinction. Especially important in support of
periodicity is the new analysis of generic extinctions by
Sepkoski (1986).

Because similar periodicities have been found also in
the records of impact craters (Alvarez and Muller, 1984) and
magnetic reversals (Negi and Tiwari, 1983; Raup, 198535 Pal
and Creer; 19864; Stothérs, 1986); the periodicity qustiun is

germane to the question of the extinction—impact link.  The
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question of magnetic reversals is relevant because of
empirical and theoretical arguments for impact as a cause of
mégnetic reversal (Glass et al., 19793 Muller and Morris,
1986) . |

Also, if extinctions are uniformly spaced every 26-30
million years, that fact can be an important gquide to a
search for further eviaence for an association between large-

body impact and extinction.
OTHER POSSIBLE EXTRATERRESTRIAL INFLUENCES

Although the emphasis in recent years has been on large -
body impact' a5 a possible explanation for mass -extinction,
there are many other aspects of our cosmic environment which
must be considered to have evolutionary implications. The
Phanerozoic .earth has witnessed at least two complete
galactic vyears (complete revolutions of. the galaxy), a
substantial increase in the luminosity of the sun, about 20
crossings of the plane of the galaxy, a significant increase
in day length, and the gravitational effects of numerous’
passing stars,; to mention just a few of the knawn events
which may have influenced the history of life on earth.

It 1is not clear yet how many of these cosmic Tfactors
have had biological effects which are both significant and
detectable in the fossil record. Nor is i+ known whirh, if
any, could cause extinctions of species. The best candidate

so far, with the exception of large-body impact, is the

o+

regime of  Milankovich cycles produced by gravitational

interactions in the earth-moon-sun system (Imbrie and Imbrie,
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1980). From the work of Imbrie and others, Milankovich
cycles on the order of 20, 41, and 100 thousand'years have
had a significant effect on the climate of the past 700,000
vyears and were probably responsible for tﬁe ma jor advances
and retreats of continental ice sheets during the
Pleistocene. Although important,; the glaciations may or may
not have caused extinctions either through the direct effects
of climatic change or through glacially-controlled sea level
changes.

In view of the potential effects of the variety of known
cosmic' factors, it may turn out‘ that the greatest
contribution of the present debate over extinction and large-

body impact will be to encourage research in other areas of

"extraterrestrial influence on terrestrial biology. The most

important consequence of the work of the Alvarez group may
thus have been to convince ‘paleontologists that organisms

have lived in a cosmic as well as an earthly environment.
CONCLUSION

The case for ‘large-body impact as a cause of mass

extinction is very strong but more study will be needed

before the proposition can be said to be verified beyond all

reasonable doubt.
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WHAT HAPPENS AFTER EXTINCTIDN?

by Miquel De Renzi

SINTESIS DEL RESUMEN PROVISIONAL

En este trabajo se planteé la problemética evolutiva
posterior a la extincidn. Diversos autores,‘ como UValentine,
Sepkoski, etc. han tratado ya del problema} Los pfocesos
-relevantes aqui.implicadoeran a ser de naturaleza macroevolutiva
(evolucion al nivel de la especié y sus consecuenciasl). Los
procesos macpoevolutivos pueden ser reducidns a los mecanismos
neodarwinistas, o no. Una extincion masiva deja una multitud dé
nichos ecolfgicos libres; una situacitn de este tipo no sGlo se da
después de una extincibn. Precisamente, se toma un ejemplo que no
tiene que ver con extincinnes, pero siI con multitud de nichos no
ocupados: la gran radiacidn de lqs Metazpos al principio del
Cambrico, de la cual se sacan una serie de consecuencias
aplicables a situaciones pnsteridresV.a una extincidn masiva, a
partir de la intetpretaciﬁn efectuada por Stanley de aguella
radiacidn. El1 concepto de radiacign adaptativa, con espéciéciﬁn

siguiéndo pautas del tipo equilibrio interrumpido, subsiguiente a

muchas de estas situaciones, es discutido, en Oltimo t&rmino, a la
luz de los conceptos actuales de la ABib;ogia del Desarrollo
(Alberch, Gould). En otro orden de cosas, se discute tambi&n elﬂ
caso de extinciones graduales, con grupos reemplazantés siguiend@A_
modelos de cambio filético o kequilibrio interrumpido. thé.
cuestin comentada es la de aqugllos procesos macroevothivos que
originarian tendencias no resultantes en; una progfesiva.mejafa
adaptativa en el nivel’de los organismos (seleccion de especies,

de Stanley, de acusrdo con las modificaciones de Urba; hipbtesis
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del efecto, de Urba, 8tc.). Por Gltimo, se discute la cuestidn
azar versus procesos deterministas; es decir, la diversificacidn
que sigue a la extincidn des un proceso con clave determinista o
es algo resultante del pQro azar? Se comentan y critican algunas

ideas Ultimas de Hoffman sobre este buhto.

PROVISIONAL ABSTRACT

This paper aims to explore the situation subsequsnt to an
extincﬁian. This question is concernéd with macroevolutionary
events (macroevolution is understood as evolution at the species
level and its consequences). Macroevolution may or may not be
reduced to neodarwinian mechanisms (Urba and Eldradgs,'lsaﬁ; ﬁe
Ranzi, 19BB). |

An important but particular process that may be produced
after an extinction is diversification. Several authors (Sepkoski,
Valentine, etc) have dealt with it in a general manner

(diversification does not only happen after extinctions).

Valentine ﬂaais several times with the post-extinction’

processes (Valentine, 1977; 1980). He Focuses on the
diversification praoblems in termé of a game: the biosphere looks
like a great mosaic board composed of mosaic tiles or tessera
(each tile is a ralativalg uniform sst of environmental
conditions). This modai is used by Valentine to explain the
Factors that determine the diversity in higher  taxonomic

catsgoriss. He assumes punctuatsd equilibria models (see Figure 2

in Valentine, 15S80J. The extinction phenomena produce changes in-

the shape of the tessera and the model makes it possihle Ffor the
author to research the post-extinction events. Other authors, such
as Carr and Kitchell (13980) also deai with the problem of

taxonomic diversity and how it is affected by extinction events.
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The condition of evolutionary equilibrium and its perturbation 1is
the cors Edundation of  that paper.

The questions that I consider here are the fFollowing: many
ecological niches become empty after an extinction. This Fact
permits other groups of unspecialized organisms, unaFfected by the
extinction, to occupy the niches 1left. As a consequence, the
extinction rate (or rates) involved (gradual or catastrophic) must
be taken into account.

One viswpoint with which to attack the problem is the
adaptive ana. Hnmeyer, macroevolutionary theory includes
hgpothésas that neglect the improvement of adaptation at the
organism level, as in the Stanley’'selection species or the effFect
hupothesis (Urba, 1883, 13884; VUrba and Eldredge, 1984; De Renzi,

1886). Morsover, there is an alternative to the interpretation of

-classical adaptive radiation. Gould (1370) emphasizes that

adaptive radiation is a group of competitive experiments to test
the possibilities of a new construction (or svolutionary noyaltg).
Then, the degree of succass gE each experiment is different. The
survival of a littls group of these experiments is the result of
natural selection. This viswpoint will be taken, together with
modern ideas on developmental biology, to study some features of

evolutionary events after extinctions.

The situation after a mass extinrtion is similar to many
others in the geological record whicﬁ do not involve previous
extinetion but rather the origin of many new ecological niches.
One of these examples is an event which took place at the
beginning of Cambrian times—-an enrichment of the atmosphere in

oxygen and an important biomass production by the autotrophic
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unicellular grganisms should help the appearancs and
diversification of the heterotrophic multicellulars. However, why
dd aﬁimals appear so much later? Two impartant intarnal-Eactors
are relavant for Stanley (1376a) in this scenario: 1) the absence
aof an evoiuticnarg naovelty (the sexuality in eucaryotic cells) as
the very source of diversification of multicellular body plans,
and exploitation of the empty ecological niches (adaptive
radiation),'and 2) the absencenof predation, which maintains a low
divaersity in the8 ecosystems. Thae first Factor means that the
suitable physical conditions are not enough to occupy the empty
niches. Thare must be a group of organisms with possibilitiss
(their characteristics) to colonize them., It is necessary to
remark on this Ffeature, although it seems obvious. Tha‘sacnnd
factor means that the diversification may hbe hampered by the stats
of the ecnsgstem, although the physical and evolutiaonary
requisites are suitable.

Another important Ffeature in the Lower Cambrian origin of
Matazoa is its abrupt irrﬁptinn in the biosphere, as historically
referred to and recently analyzed by Stanley (1876b). This sams
author supposes that the rates of diversification of HMetazoa are
not as Ffast as those of other similar biotic events in the
geological record. The successful and Ffast irruption of an
ungpecialized group of organisms occupying empfg niches after an
impaortant extinction is also a common fact. These explosiaons are
known as adaptive radiations. Adaptive radiatiors require the
punctuated equilibria model -or rsctangular modei-, ‘acéording to
Stanley. However, it is also possible to imagine a situation of
phyletic change differsnt from the adaptive radiation. In this
last situation there may be several kinds of ideal cases: two or

more groups of organisms with the same (or different) rate of
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phyletic change, and groups of orgznisms evolving according to
phyletic change model with other groups, according to punctuated
equilibria model, with different rates of change in 2ach model.
Finally, it is possible to consider the concurrence of two groups
under punctuated equilibria hypothesis, with the same Cor
different) rate of change. Perhaps, the real cases consist
generally of a single group that occupies the empty niche. The
concufrsnca of another group may happenvlater.

The concurrence of groups of organisms Ffor one set of
ecological niches may be interpreted as competition. Competition
is actually a very discussed concept in theoretical ecology and
there are reasons to think that it is prevented in "normal”
ecological scenarios; i.e. organisms become adapted to differsnt
ecological niches in an ecosystem, and the input of a new speciss
is in such a way  that it develops characteristics, which deviate
it from exploitation of niches occupied by adaptively similar
species already present in the ecosystem. However, it is well
known = today that the mnrphological and ’ thus, adaptive,
possibilities of the brganisms are - limited. The ‘notion of
constraint underlies Seilacher’s constructional morphnlcgg, and
Gould (13882) Cin paleontology) and Alberch (1882 ((in
developmental biology) have remarked on this important featurs.
According to the latter author, a developmental system has a
limited number of trajectories. Thus, natural salectioh cannot
Fashion indefinitely tﬁe . adaptive characteristics of the
organisms. So; morphological convergences would be very Efaquent
and competition would take place iﬁ many cases, and one of the
competing groups would become extinct.

I have to discuss something here concerning _ adapﬁive

radiation. The old idea of Gould (1370) -an innovation is tested
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in competitive experiments, and natural selection removes the
unfit- must be reformulated. A suitable Formulation is the
Following: developmental pathways give rise to a certain number of
constructions that usa an evolutionary naovelty, without
intermediate forms. A part of these constructions would become
unfit when competition is eastablished. This viewpoint does not
conceive the morphospace as a primary continuous region of
possible forms but as a primary morphologicai discontinuous
region. This idea comes from Alberch (1982). In populational
terms, there would be crowds of small populationsi accupying wide
empty regions (e.g. mammals’postcretaceous diversification).
Random genetic drift would be tha principal process in action.
Different selection pressures would also be possible in new
conditions. Thus, aavalopmental systems would be straessed by
changes in their genetic Fnundétiuns, canalization ruptures wduld
taka place, and new morphological cﬁnstructions would appear in
the old nichss.

In a post-extinction situation, what is the proportion of
Free niches? Dinosaurs were replaced by mammals. Perhaps, free
niches were abundant at the beginning of Tertiary times and
competitive experiments would not take place. Compastition would
come latsr, when the saturation of niches was progressively
attained. | |

A scenariao with many free ecological niches is also
appropriate to cases of primarily non adaptive (at the organism
ieval) ﬁacruavéluéicnarg protasses to rule 'evoluticharg trends;
such as spedias selection or the effect hypothesis. Species
selection works with emergent properties at the species level
(Urba, 13884) and the effFect hypothesis explains trends as the

result of traits of the organisms or their genomes that detarmine

AN\
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a Fortiori or Ffortuitously the probabilities of extinction and

speciation, but does not as the result of adaptation at the
nrganigm level (Urba, 1383, 1384).

These considerations do not take into account the rate (or
rates) of the extinction. The extinction may be gradual or massive
(see Raup, 1887). These cases must be also analysed in relation to
the evolutionary rates of the replacing organisms and their
evolutionary tempo (phyletic change or punctuated equilibriad.
Moreover, the extinction of a small group would have less
consequencas than the sxtinction of a large group (a small group
is thought to be a taxonomic supraspecific éntitg with a very
small number of speciss, very stenotopic, and with a low rate of
speciatinn). Gradual extinction rates may be coordinated with the
slow svolutionary rats of a replacing group (this may Fit phuletic
change or punctuated equilibria models) following the mossic model
of Valantine (1980). Howsvaer, a Ffast gradual extinction rate may
be also considered. Carr and Kitchell (1980) formulate —an
aquilibrium hypothasis for it. A positive perturbation of
diversity in a saturated condition results in a rapid decrease of
diversity and it has a delayed recovery with a slower rate from an
undersaturated condition (an example would be the the invertebrate
Fauna in the transition fFrom the Permian to Triassic).

Stanley’s interpretation of the Cambrian metazoan radiation
teaches us still somsthing more about another question: there may
be scological barriers that prevent the diversification of a new
groﬁp, although the latter is potentially prepared for it.
Moreover, to be potentially prepared fmr diversification is a

situation that must be attained. However, this Fact is not always

necessarily attained. Random Factors in evolution have been

emphasized by Raup (1972, 1977), Schopf (19739), and other authors
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in the last years. As seen ahove, the achievement of sexuality was
very important for the diversification of the multicellular
organisms at the beginning of the Cambrian. It is possible to say
something similar For any novelty in a group of organisms which
becomes useful in unoccupied ecological niches. However, the
appearance of this evolutionary novelty may be something
accidental, as Raup (1372) has shown.

As a consequence aof these reasonings, it must be concluded
that the replacement of the extinct groups may not be immediate,
in spite of its possible achiasvement. Tha ecological barriers
involved in the extinction of the precedent group can continue
existing. Even though escological barriers do not take place, the
evolutionary potentialities can not yet arise in the candidate
group for replacing the extinct group, and the‘appearance of such
an innovation (or innovations) may be a random event. If the
appearance of the noveltiss does not take place, this may also be
due to random factors. A last question: the constraints imposed by
the deveslopment can not maké possible thg morphogenesis of the
necessary structures in a certain group tﬁ work succassfullg in
the empty ecological niches.

Fimally, Raup (19B1) shows the idea that extinction may be an
stochastic event (see also Schopf, 1973). There are not ecological
causés, and so, there are no barriers for the immediate occupation
of an empty ecological niche. However, the intrinsic organismic
causes Ffor ’‘ater possible or impossible occupation (new suitable
crganisﬁs for those environmental conditions) continue in action.
IFf there exist new suitable organisms Ffor _the free niche, the
mosaic - model of Valentine (1880) is again useful. For Hoffman
(138863, tﬁere is no reason to reject stochastic models of

diversification and substitute them For deterministic models, as
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with that of Sepkoski (19739). The latter reflects an underlying

logistic process. controlled by  changes. in origination and

baxtinctinn rates with changing number of taxa.

Hoffman (1886) insists on his model, which supposes
independent speciation and axtincfipnTr§tes changing at random.
The palegntclogical data‘wayailabla‘ do not provide support to
reject this stochastic model, and“-speciation, extinction,
origination and diversitg>«are ‘not dependent on global scale.
Hoffman’s idea is Minte;esting but I wish to critisize it. Raup
ClS???,sags”(rafarringhpn_gtochastic: mndalsj: ”the success of the
simulation does not prove the model; it prnves,‘nnlg‘ that the
simulation .rep;asents_’pna’mag_in which the observed ... patterns

could hava,davslcpaq.,The lcgical_naxt_stap_is to use the model to

make other kinds of predictions that can bgltastsd with real world
data. If these tests ars sqccsssful,,ﬁtha model can be elsvated to
tha‘ status of a generalization or statistical law.",, (the
underlined is mina),‘HoEEménfs statamept‘fails in the undérlined:
point: tha{pradictionwfrom;its‘ own model. As anfman (1986) tells
us, its model ragéﬁdu¢a§ ﬁthé_ pattsrn  of threa of Sépkuski’s
evolutionary Faunas fSepknski, 1551), but HoffFman does not say
angthing_about the consequences of the stochastic character aof the
thres evolutionary faunas’pattern and the possibility of testing

them from the available paleontological data.
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ECOLOGICALLY SELECTIVE EXTINCTIONS AND THE IMPACT HYPOTHESIS.

Melissa Clark RHODES & C.W. THAYER

Dept. of Geology, University of péennsylvania, Phila., Pa., 19104.

ABSTRACT: A trophic analysis‘of the bivalve and braéhiopod stratigraphic record
reveals a pattern at ﬁhe Cretaceous-Tertiary boundary consistent with predictions
based on the asteroid impact hypothesis. Impacts are expécted to interrupt photo-
synthesis, causing higher extinction rates among suspension feeding bivalves and
bivalves with gzooxanthellae than among groups such as brachiopods, which have
low metabolic rates, and deposit feeding bivalves. This péttern is supported by
an alternative analysis based on:locomotion, where active groups with higher me-
tabolic demands are expected to have greater extinction  rates than passive
groups. Analysis of a Jurassic background interval ‘does not produce the predic-
ted pattern, suggesting that factors operating at the Cretaceous-Tertiary boun-
dary were not the same as background processes. A similar treatment at the Permo-
Triassic boundary yields mi#ed results suggesting that the two mass extinctions

have different (non-cyclic) causes.
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EXTRATERRESTRIAL IMPACT AT THE CRETACEOUS/TERTIARY BOUNDARY IN SOUTHERN ISRAEL.

Amnon ROSENFELD*, Avraham HONIGSTEIN**, Akiva FLEXER**,

Ahuva ALMOGI-LABIN*** & Michael DVORACHEKY*.

* Geological Survey of Israel, Jerusalem.

*? Dept.fof‘Geophysics & Planet. Sci., Tel-Aviv Univ., Tel Aviv.

*%* Dept. of Geology, Hebrew Univ., Jerusalem.

ABSTRACT: The Cretaceous/Tertiary boundary is well exposed in Israei, best obser-—
ved in fullusequenoes in its southern part. It grossly coincides with a sharp
llthologlcal contact between the white, chalky Maastrichtian Ghareb Formation
and the green, marly shales of the Paleocene Tagiye Formatlon. This boundary in
Israel, "as in locations elsewhere, is characterized by mass extinction of plank-
tic foraminifera and nannoplankton, nodules of pyrite and ‘marcasite, and deple-
tion of 13C Extraterrestrial signatures were observed in a sectlon near Maktesh
HaGadol (southern,Israel). Three red chalky clay layers alternate with uniform
white chalks at the uppermost part of the Ghareb Fm. (Middle-Late Maastrichtian) .
The lower red layer is found about 230 cm below the C/T boundary, as deflned by
foraminifera, +the :upper one. almost at the stage boundary These clays contain
high cohcebtration of Fe particles,_abundant fish remains and very rare planktic
foraminifera. The results of: geochemical and microprobe analyses indicate anoma-
lies of trace elements (Co, Ni, Ag, W, Au: 70-150 ppb). The determination of Ir

is still under study. Green,. microtectite spherules (100-200 microns), made of

amorphous Fe-Mg- alum1n05111cates ‘and K- feldespar, are rather common in the upper

and lower layer. The occurrence of extraterrestrial evidences within a relatively
thick sectionk assuming sedimentation rate of 1-2 em/100 yr, suggests projectile

showers lasting over a period of 100000-200000 years.
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LA INDETERMINACION EN EL PROCESO EVOLUTIVO DURANTE LAS ETAPAS DE CRISIS

Antonio RUIZ BUSTOS .
Citedra de Ciencias Naturales I.B.; Egeo, 39; 28905 Getafe, Madrid, Espaia.

RESUMEN: La relacién entre morfologia y funcionalidad consiste en que la primera es soporte material
de la segunda y ésta es el efecto dindmice de la morfologia, inmersa en el contexto definido por la
interaccién entre Medio fisico-Materia viva. La Seleccién obliga a conseguir la mejor funcionalidad
posible, lo que tiende a aproximar sus valores entre los individuos .de la poblacidn. El logro de un
incremento significativo en la funcionalidad por una minoria, frente al resto, es ventajoso y supone
su difusién. Ello implica siempre cambios en la morfologia, para ser expresiin de esa mejor funciona-
lidad, causa de nuevas y distintas poblaciones. Todo ello origen de proceses evolutives. La CRISIS
es la perturbacién ripida del ecosistema, y supone una etapa de retroceso brusco (en cierto modo un
reinicio) en la Sucesién ecoldégica. En este perfodo, la persistencia de unas u otras morfologias con-
cretas, es incierta. También en la funcionalidad es posible la aparicién de objetivos "polos de orien
tacién" inéditos o diferentes a que dirigirse, adquiriendo ésta igualmente una posicidn incierta.
En estas condiciones existe: a) La posibilidad de que nuevas morfologias y poles de funcionalidad
se enlacen de manera imprevisible y surjan procesos de Megaevolucidn. b) Se incremente la extincién,
mediante las morfologfias que no logran una nueva funcionalidad o la pierden durante la crisis. c)
Ambas simulténeamente, donde el porcentaje mis elevado serd de extincifn. Unida a estas dos incerti-
dumbres, se afiade la que aporta la intensidad de la crisis, que necesita metodoldgicamente ser defi-
nida previamente, pues la vida supone un sistema de morfologia-funcidn capaz de superar alteraciones
del ecosistema, y es necesario determinar a que entidad nos referimos. Sélo crisis grandes afectan
de forma general a varios grupos, con extinciones masivas. Enunciadas estas tres incertidumbres, cons
tituyen juntas lo que denominamos: PRINCIPIO DE INDETERMINACION EVOLUTIVA. En RUIS BUSTOS, 1987, se
describen ejemplos concretos del mismo en las faunas de Roedores. La Microevolucidn es el resultado
de una funcionalidad encauzada por un ecosistema estable en las tendencias de su Sucesidn.

ABSTRACT: The relation between Morphology and Function is such that the former is the material sup-
port of the latter. Function is the dynamic result of morphology, immersed in the context defined
by the interaction between Physical Medium-Living Matter. Natural selection makes it imperative to
achieve the best Function possible and tends to approximate its values between individuals in the
population. The achievement of a significant increase in Function by a minority, as opposed to the
rest, is advantageous and it may be assumed they will diffuse. This fact always implies changes in
. Morphology, it becomes an expression of this improved Function, and it is the cause of new and diffe-
rent populations. All this originates evolutionary processes. CRISIS is the rapid disturbance of the
ecosystem, and it implies a period of abrupt recession (to a certain extent a new beginning) in the
ecological succession. During this period, the persistence of some of other concrete morphologies
is uncertain. It is also possible that within the Function certain objectives may appear, called "Po-
les of Direction", which are different or unknown and to which a course may be directed. So, Function
also acquires an uncertain possition. Under these conditions several possibilities exist: a) New mor-
phologies and poles of function become intertwined in an unforeseeable way and processes of Megaevo-
lution arise. b) Extinction increases, by means of morphologies which do not achieve a new function
or which lose it during the crisis. c) Both these cases occur and the higher percentage is that of
extinction. Besides these two uncertainties it may be also added the uncertainty caused by the inten-
sity of the crisis. Previously this should be methodologically defined, as life implies a system of
Morphology-Function capable of overcoming alterations in the ecosystem, and it is necessary to deter-
mine which entity we are referring to. Only important crises affect various ‘groups in a general way,
producing massive extinctions. These three uncertainties. or .variables constitute, as a whole, the
s0 called: PRINCIPLE OF EVOLUTIONARY INDETERMINATION. In RUIZ BUSTOS (1987) concrete examples of this
principie. are described.on.Rodent fauna. Hicroevolution is the result of Function being channeled
by an stable ecosystem in the trends of its Succession,
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THE KELLWASSER-EVENT = (UPPER DEVONIAN). REGIONAL, STRATIGRAPHICAL AND GENETIC
APPROACH

E. SCHINDLER :
Institut und Museum fir Geologie und Paldontologie, Universitdt Gottingen, Goldsch
midt-Strasse 3, D-3400 G&ttingen, F.R.G. :

ABSTRAC&: Several locaiities of the Kellwasser (KW)-Horizon were investigated in
the Rheinisches_Schiefergebige, the Hars~Monntains (both in W-Germany), the Mon-
tagne Noire (Southern France), and in SE-Morocco. The KW-Horizon is situated in
the Uppermost Palmatolepls glgas - conodont zone and is connected with black li-
mestones or black shales The K- Extlnctlon Event can be recognized at a certain
level within the KW- Horlzon Analy51s of the whole fauna was carried out with spe-
c1al respect to gonlatltes, ostracodes, homoctenids, conodonts and pelecypods.
Tne eonodont work was done mainly by Sandberg and Ziegler in close cooperation
with‘the group of Géttingen. Further investigations were based on ndcrofacies—
analy51s by acetate~peels. Palynologlcal and isotopic work is under way. Although
there are dlferences in the distinct reglons it is p0551ble to get a very high
time resolutlon, blostratlgraphlcally as well as lithostratigraphically. As an
eXample the Steinbruch Schmidt in the Kellernald area near wildungen—Braunau
(Rheinisches Schiefereebifge) is chosen. This well‘exposed 7.5 m-section of Upper
Devonian eephalopod limestones is one of the candidates of the SDS in Frasnian/
Famennian~boundary discussion. As‘tnis section:
- the extinction oceurs about at 11 cm below the top of the 40 cm thick Upper KW-

Limestone within one 31ngle layer,
~ the extinction can be detected by the following parameters:

«(I) lithological change (change to coarser grain).

(2) extinction of pelagic homoctenids (abruptly).

(3) occurrence of shallow-water pelecypods

(4) increase of shallow-water conodonts.
Looklng for 90551ble lnterpretatlons of these facts - adding the observations from
other sectlons - leads to the assumptlon that there must be more than one reason
for this extlnctlon event Among a multicausal spectrum of effects an oceanic
overturn and a remarkable shallow1ng effect represent the main causes trlggerlng

the cessatlon of a great number of faunal elements at the Kellwasser—Event.
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THREE UNUSUALLY COMPLETE SPANISH K/T BOUNDARY SECTIONS: CARAVACA, AGOST, ZUMAYA

J. SMIT, G. KLAVER & Th.M.G. VAN KEMPEN

Aardwetenschappelijk Institutt; Free University; Box 7161; 1007 MC Amsterdam
ABSTRACT: Three (hemi)pelagic sections across‘the Cretaceous-Tertiary boundary
in Spain have much in common: all three show "a 1-2 mm "ejecta" rich lamina at
the K/T boundary, which coincides with the mass-extinction level of large Creta-
ceous Planktonic foraminifera. The extinction in all three sections is within
1/2 mm of section. It is not preceded by a decline in species abundance, a de-
crease in carbonate content or a major trace element pafterh:change. This 1/2
mm translates -via (local) Cretaceous sedimentation fates— in én extinction
within 10 years. Most likely it took place as a éingle event, although some sim-
ple morphotypes continue for a while in the overlying boundary clat. The "ejecta"
lamina contains the -probably direct- aerial fall-out products of a single or
multiple impact event: all three contain about the same iridium concentration;
35+5 ppb. All three contain Aiagenetically altered microtektites of similaf size,
about 0.4-0.5 mm. All three contain Mg-Al-Cr rich quenched spinels. Such spinels
are extremely rare in terrestrial rocks. They probably originated within a mol-
ten mixture of basaltic (ocean floor) target rocks with a 10% of meteorite,
which quickly cooled off to form quenched crystals. The repopulation by the new
Paleocene forms appears more abrupt in the new KT section near Agost than pre-
viously assumed. At 6.5 cm (+ 2500 kyr) above the impact ejecta layer the repopu-
lation takes place within 0.5 cm (+ 200 yr). Almost all species known from the
Eugubina Zone appear at almost the same time, which implies that the initial
‘spgqiation from an =-as yet unknown- ancestor must have taken place elsewhere.
Magaritz et al., reported a FAD of G. eugubina well below the extinction horizon
in the Negev of Israel (HorHaHar and Ein Mor sections). This outlier of the Te-
thys could have been one of the hypothesized refugia where the (allopatric) spe-
ciation of Paleocene forms may have taken place.Unfortunately these shallow mari-
ne KT sections were bioturbated to such a degree (numerous crab .reméins and
burrows were found) that LADs.ahd FADs Qf’Cretaceous and Paleocene plankton, and
the eventually once present boundary cléy were homogenized over several decime-
ters. The LAD of Cretacéous plankton was even émeard over 1 m up section. Just
the lack of bioturbation at K/T time in ail three Spanish sections allows the
inference of an abrupt extinction followed by rapid evolution of new plankton
species. However, the latter only after the extinction of the dominant Creta-

ceous planktonics.
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SPECIES DURATION AND EXTINCTION PATTERNS IN CENOZOIC NON-MARINE OSTRACODA,
WESTERN UNITED STATES

Frederick M. SWAIN
Dep. of Geology and Geophysics, University of Minnesota, Minneapolis, Minnesota

55455, USA

ABSTRACT: About 250 species of non-marine Ost?acoda appeared and, for the most
part, became extinct during the approximately 65 million years of the Cenozoic
Era in the western United States. Lacustrine segquences containing the ostracode
faunas in the Colorado Plateau and‘Gréat Basin total as much as 10000 m. Impor-—
tant new appearances occurred in. ‘early Paleocene, Late Paleocene?-early Eocene,
late Eocene-early Oligocené?, late Oligbéene?—early'Miocene, andliate? Pliocené
Epochs. Major extinctions took place in the late Eocene, late Miocene and post-
P;iocené Epochs. Duratioh of individual speties appears to have been of the order
of one to five million years, but evidence for both shorter and much longer spe-
cies duration also exists. More highly ornamented spédiés had typically shorter
life spans than did the simpler forms. Climatically énd tectonically controlled
onsef of lacustrine conditions and the rapidity with which eutrophication develo-
ped was mainly responsible for the éppearance of new populations. Modification
of tﬁe populations and their demise seems ﬁo have been‘largely the result of vgl-
canic activity, progress towad alkaline of saline conditoﬁs, prevailing tempera-
tures, and 6ther'environmental factors. Homeomorphic series’of species‘comparable

to, but not matching in age, those of Chinese Cenozoic lake sequences can be re-

cognized.
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EL, EVENTO KACAK-OTOMARI Y SU CARACTERIZACION EN EL DOMINIO PALENTINO (ZONA CANTA-
BRICA, NO DE ESPANA)

Montse TRUYOLS-MASSONI*, Romdn MONTESINOS**, Jenaro I,.. GARCIA-ALCALDE* y Fernando
LEYVA. ‘ :

* Dpto. Geologia (Paleontologia), Fac. de Geologia, Universidad, 33005 Oviedo.
** Dpto. Biologia Animal, Fac. de Biologia, Universidad, 24071 Ledn.

RESUMEN: El estudio de eventos constituye una actividad de gran aplicacidn en co-
rrelacién y cronoestratigrafia. Faltan, empero, definiciones inequivocas de los
distintos tipos de eventos y hasta del propio concepto de "evento". La denomina-
cién de los fendmenos no contribuyé tampoco a aclarar su naturaleza. Se propone
identificarlos mediante términos litoestratigrdficos correspondientes a unidades
y localizaciones donde se manifiesten con especial claridad. Se analiza el notable
grado de ambigiiedad e imprecisidn que existe en torno al bioevento devédnico Ka¥ak-
Otomari. En el Dominio Palentino, la mejor caracterizacidn de dicho suceso seria
entre la extincidn de Pinacites, en una secuencia de pizarras negras, y la proli-
feracién de nuevos ammonoideos (especialmente Cabrieroceras spp. y Sobolewia) ,
en las calizas del Miembro Man, fendmeno desarrcllado a lo largo de un ciclo T-R.
La aparicidén del suborden Tornoceratina, que suele asociarse con el mismo fendme-
no, se registra en Palencia en una pulsacidén' transgresiva claramente diferenciada
de la anterior. Esto indicaria que debe tratarse de un bioevento distinto, con
gran potencial como limite estratigrdfico o como herramienta de correlacidn.

ABSTRACT: The study of Geological events constitutes an activity of the maximum
importance in solving correlation and chronostratigraphical problems. Neverthe-
less, accurate definitions for the various types of events and also for the
"event" concept itself are lacking. Even the way in which the various events are
denominated does not help either to clarify their nature. Identification using
lithostratigraphical terms corresponding to the settings and units where they de-
velop is proposed here. The remarkable vagueness and inaccuracy around the Kafak-
Otomari event is discussed. Within the Palentine Domain, the event is best charac-
terised between the Pinacites extinction, in a black-shale succession, and an im-
portant ammonoid radiation (mainly of Cabrieroceras spp., and Sobolewia), in the
Man Member limestones. This event corresponds there to an almost complete T-R cy-
cle. Appearance of the suborder Tornoceratina, coupled usually with the Ka&ak-
Otomari event, occurs in Palencia in a later transgressive pulse; this would indi-
cate a different bio-event with a great potential value as stratigraphic boundary
or correlation tool.
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Dec1pher1ng blologlcal catastrophes in the past:
a key for planning the future. .

WALLISER, Otto H. *

It will be given a report about the goal and activities of the IGCP
Project 216 "Global biological events in earth history". After three
years of international cooperation, the state- of-the-art is the
following: global bio-events are manifold in respect to causes and
extent. Three main patterns can be recognlzed'

(1) Innovation-events, which show a rapld spreading and dlver51f1catlom
of new constructlve achievements;

(2) Radiation-events, documenting short phases of adaptlve diversifi-
cation by an 1ncreased evolutionary rate;

(3) Extinction-events, indicating a high rate of extinctions either
stepwise within a short phase or simultaneously and sudden. The
extinctions may happen in only one ecological level or comprise
several to many ecological realms.

Probable causes for the global bio-events are

(1) Cosmic causes, such as (1a) changes caused by the revolution of
the solar's system within the galaxy or (1b) impacts of cosmic
bodies. In both cases a certaln cyc11c1ty must be assumed.

(2) Earth-born causes, such as

(2a) biological causes, as for example biological innovations; those
may have played an important role especially in the early history
of the evolution (e.g. innovation of photosynthe51s of bisexu-
ality, of mineralization, etc.)

(2b) Geological causes, of which the following are of great importance:
changes of sea- level of the ocean water chemistry, of the
oceanography, of the atmosphere chemistry and of cllmate as
well as extraordinary volcanic activities.

The phases of major or mass extinctions play an important role for
the evolution. Cau51ng ecological niches, they trigger an increase
of the evolutionary rate;, documented by also relatively short phases

with radiations.

The investigation of global bio-events leads

(1) to a high-resolution event-stratigraphy;

(2) to the recognition of regularities -- or even to natural laws ~-
in respect to long-term processes which, at the one hand, lead
to global changes or which, on the other hand, are triggered by
global events. This concerns the 1nterdependency of processes
within and between the biosphere and the geosphere. In so far,
the event-investigation is of great importance for a sensible
planning of mankind's future.

* Institut und Museum fiir Geologie und Paldontologie, Universitat
Géttingen, Goldschmidt-Str. 3, D-3400 Gottingen, F.R.G.
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The Maastrichtian molluscan fauna recovered from Zumaya,

Spain: a status report. “Mg

Wn. 98195, USA

Introduction

The asteroidal impact théory proposed by Alvaféz et al
(1980) td explain the terminal Cretaceous extinctions hés been
the target of skeptics for almost a decade. In spite of the best
research efforts of many workers, however, the idea of some sort
of extraterrestial impact as the cause of the widespread
extinctions marking the end of the Cretaceous Period remains to
be disproved, although the hypothesis has evolved somewhat, with
many scientists now favoring multiple impacts f"éomet showers"),
with resultant "step-wise" extinctions. - Three facts have kept
"non-impacters" on the defensiﬁe: 1. The geochemical signature
and associated glassy spherules found at most K-T boﬁndaries
cannot yet be expiained by terrestial causes, such as volcanism,
in spite of great efforts in this area of research. 2. There was
indeed a great mass extinction during the Maastrichtian Stage of
éhe Cretaceous, with marine plankton showing the greatest decline
very close to the boundary in the most completeAstratigraphic
éections. 3. Complete stratigraphic sections with the K-T
boundary are usually characterized by a proﬁduncedylitholpgic
change immediately above the K-T boundary.

Paleontological research continues to play a major part in
the K-T extinction controversy, and indeed the only major retreat

of the Alvarez hypothesis has been caused by paleontological

Peter D. Ward, Dept. Geology, Univeréity of Washington, Seattlef
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findings. The Alvarez hypothesis as originally formuléted
demanded that‘the:majority of latest Cretaceous extinctions were
directly caused by the impact of a single bolide, eétimated at
about iOkm diameter. Disputes concerning the final appearances
of gfoups diéappearing before the impact (the controversy
surrounding the "lést “dinosaur, for instance), were argued on
the basis of preservafion pdtential and stratigraphic
completeness. It seems logical that the larger and rarer the
organism, the less likely thét final occurrences will be found at
the boundary itself. Paleontologists have now examined many
boundary sections in minute detaillfand in my mind, the greatest
accomplishment of the impaét hypothesis has been the tremendous
increase in knowledge of latest Cretaceous biostratigraphy as a
by-product of more detailedvéampling and study).’ These studies
have shown that ektinctions during thé Maéstrichtian,were not
clustered immediately béfore the térhinal Maastrichtian event
that produced the well- known, iridiﬁm—rich clay layers.
Instead, discrete intervals’of’extinction'prior to the final
"event" have been recognized in both macro- and microfossils
(Alvarez et al, 1984, for summary). The major problem here is
stratigraphic and sedimentologic. Extinction "steps" can be
produced by the removal or non-deposition of strata in a local
section. The notorious difficulty of recognizing diastems in
sedimentary sections puts the burden of proof for "stepwise"
extinctions into the domain of thé éedimentologist.

Two avenues of research continue to be explored by

paleontologists working on the K-T extinction problem. First,
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the exact biostratigraphic levels of taxa need to be further
documented. Although this process is well-advanced for
microfossils, it is less well known for maérofossils. This type
of work can only bé doné by patient; detailed collecting.
Secondly, paléontologists will 1ook‘at‘the history of both
surving and terminating lineages with the goal of determining
whether any, or many groups "saw the extinction coming". As
extinction is the fate of all species, the nuli hypothesis to éhe
impact theory is that the terminal Cretaceous extinctions had a
terrestial, ecologically driven cause. If major players ih the K-
T drama showed recognizable trends or ecological shifts prior the
boundary, it can perhaps be argued that extraterrestial causes
for extinction need not be invoked.

In this short contribution I propose to examine information

about ammonites and their relation to the terminal Cretaceous

extinction. As my information comes from limited collecting from a

single stratigraphic section, located in Zuméya, Spain, I will
not attempt to make generalizations about the rélation of
ammonites and the K-T boundary. Rather, I will summarize'currenﬁ
information. |

The role of the ammonites in the controversy

Ammonites are perhaps the most important of the larger
macrofossils to have disappearéd at the end of the Cretaceous. In
spite of vigrous investigation of supposedly "complete" sections,
however, it is stiil unclear exactly when the ammonites did
disappear. I .ave arguéd alsewhere (Wérd, 1983, 1986) that the
ammonites, shelléd ééphalopods commonl in Paléozbic and Mesozoic

seas, showed marked shifts in morphology ( and therefore
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breSumably in ecologY), prior'to their Cretaceous demise. These
shifts included an increase in heteromorphic forms, and a
reduction in shallow water, modérately,to highly‘ornamented
species characterizing thé middle parts of the Cretaceous.
Available evidence (faciesvdiStriEutions and functional
morphology studies)‘sﬁggeéts a shift towards deepwatér habitats
for most ammonites. Among those species staying in shallow
water, an increase in‘streamlining and swimming efficiency can be
observed. In terms of the tempo of ektinctions near the end of
the Cretaceous, the most pronoﬁnced ammonite éxtinctions of the
Late Cretaceous occurred during.the Campanian, not the
Maastrichtian. |

Information abdut the last ammonite occurrences currently
comes from three areas: the panish chalk sections (Birkelﬁnd,
1979), Antarctica (Macellari, 1986) and Zumaya, Spain'(Ward et
al, 1986). Additional information will soon be forthcoming from
work in progress by‘Hansen and Kauffman at the Brazos River,
Texas, sections.

The careful collecting of Birkelund in the chalk sections at
Stevns Klint.showed that a fairly diverse ammonite fauna
(representatives of seven genera) could be collected at levels up
to within several centimeters of the fish-clay horizon that
marks the K-T boundary at Stevns Klint. Birkelund's use of
ammonite protoconchs for biostratigraphic data was a.pioneering
effort, which greatly increased the resolution of ammonite datum
surfaces. The supposed synchroneity of the final ammonite levels

with the actual K-T boundary (Birkelund, 1979) is still
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problematical, however. The Stevns klint'section was deposited
in faifly shallow water, and has discontinuities and omission
surfaces at many levels, iicluding the Cretaceous Teriary
boundary itself. Birkelund and Hakansson (1982) noted that
ammonites range up to a hardground "capping the Maastrichtian
bryozoan mounds", and that the "fish clay" unit marking the K-T
boundary is élearly erosional. The amount of Cretaceous strata
removed ié unknown. Depositional rates in this section wére
fairly slow, thus marring resolution. A more favorable area of
study in‘this depositional area would be the section at Nye Klov,
located more centrally (and deeper) in the basin. Unfortunately,
the ranges of ammonites in this section are not documented in the
literature. Based on the Stevns Klint evidence, ammonite existed
in the Danish chalk basin certainly for the last million years of
the Maastrichtian, and probably during the last 100, 000 years.
Beyond that , however, no estimate can yvet be made.

TheAammonite fauna found at Stevns klint is dominated by
baculitids and scaphitids. Other common cephalopod fossils
include belemnites. Nautiloids are either rare or absent. An
unfortunate aspect of the chalk lithofacies of Stevns klint is
the scarcity of planktonic'formainifera. These fossils are now
considered the best means for intercontinental correlation of the
Maastrichtian Stage. Unfortunately, the ammonite occurrences at
Stevns klint are not correlatéd with the internationally
recognized planktonic‘foram zoneg.

A sc¢cond areia where the ranges of ammonites immediately
beneath the K-T boundary are well - documented is Seymour Island

in Antarctica. The careful, detailed collecting of Carlos
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Macellari (1986) hes yielded a good record of Maastrichtian
ammohites. These ammonites are exqu151te1y preserved with their
orlglnal aragonitic shells unaltered by post ~death dlagenes:Ls°
The ammonltes at Seymour Island are numerlcally dominated by
members of the family Kossmaticeratidae. Very few ammonltes from
Seymour Island Ross co-occur at Stevns klint. .
Although it is clear that most of the Maastrichtian Stage is
represented on Seymour Island, it is impessible to know if the
section is complete at the K-T boundary because of a lack of
information about mlcrof05511 zones in this section. Macellari
(1986, and pers. comm.) belleves that the section is complete or
virtually so. He noted (1986) that ammonltes (of his uppermost

Pachydiscids ultimus Zone) have been collected to within several

"centimeters of the proposed K-T beundary; As at most other K~T

sections the boundary at Seymour Island co-incides with a
lithological change. Without more preciSe information about
plenktonic foram zones, hewever, the relationship of ammonite
ranges .and the K-T boundary cannot be determined at this time.

Ammonite occurrences at Zumaya, Spain

Ammonites from the seacliff exposures at Zumaya, Spain, have
been studied since the 1960's by Prof. Jost Wiedmann and his
students. In 1982 I was invited to recollect this exposure in the
company of Dr. Wiedmann. Since thet time I have made two
additional collecting trips-to Zumaya. The results of these
trips included reports on ihe limestone- mafl lithofaci~s (Mount
and Ward, 1986), the oxygen and carbon isotopic ratios of the

strata (Mount et al, 1986), and the ranges of macrofossils
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collected during the three trips (Ward et al) 1986). All three of

these contributions were offered as preliminary reports only.
The Zumaya expoSures turn out to be an excellent reference
section both for documenting late Cretacedus macrofoésil
stratigraphy as well as yielding'?aluable inférmatioh about the
patterns of extinction immediately prior to the K-T boundary.
The seacliff exposure near Zumaya contain a conformable sequence
of Upper Cretéceous and Lower Tertiary marine strata. These
strata were deposited in the Flysch Trough of the Basque-
Cantabric Basin (Lamolda et al, 1981). This baéin was one of
several forming along the boundary of the European-Iberi;g.ﬁlates
during the Late Cretaceous. Duriﬁg'the Campanian and Early
Maastrichtian ages, sediments deposited in this basin were mainly
of turbidity current origin; During the Late Maastrichtian thére
was a change in depositional patterns, caused by a both a
.reduction in siliciclastic material influx, as well as basin—wide
shallowing and regression (Lamolda et al, 1981). The result is
that Lower Maastridhtian flysch is overlain by Upper
Maastrichtian limestone-marl rhthymites (Mount and Ward, 1985),
Sedimentation rates dropped, with Lower Maastrichtian
accumulation rates estimated at 200 bubnoffs (m/m.y.,vcompacted)
compared to 60 to 80 bubnoffs (m/m.y.,compacted) for the Upper
Maastrichtian. Immediately f0110w1ng the K~T transition there was
an even more dramatic reduction in siliciclastic influx into the
basin, resulting in the deposition of pink coccolith limestbnés
durirjy the Danian | .

The measured section fof the stratigraphic.studies of Mdunt

and Ward (1986) and ward et‘al (1986) extends upward from the
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waterfall locality to the X-T boundary. The Waterfall locality
roughly corresponds with the changeover from flysch to limestone
-marl. The sectioﬁ ié 240m thick. Mount and Ward recognized two
principle liﬁhofacies groups: 1) 1light colored limestone- mari
rythymites, and 2) a dark red to purple marl. These lithofacies
are approximately equally distributed in three cycles,
culminating at the K-T boundary (Fig. 1). In general, the purple
marls are erosionally recessive compared to the limestone-marl
lithofacies. As the strike of the Zumaya beds is perpendicular
to shoreline, the geography of the region is strongly controlled
by 1lithology. |

Macrofossil biostratigraphic patterns

The Zumaya exposures are of importance in revising
Maastrichtian biostratigraphy for the following reasons. First,
there is 160% exposure of outcrop. Secondly, macrofossils, while
not abundant, can be collected from virtually any part of the
measured section of fig.l given enough effort. Third, there is a
good ﬁnderstanding Qf the ranges of microfossils from'the
section, allowing integration of planktonic foram zones (Herm,
1965), nannofossil zonés (Percival and Fischer, 1977) and
molluscan macrofossils. On the basis of their collections, Ward
et al (1986) proposed a three zone scheme for the upper 240m of
Cretaceous section at Zumaya (fig.2). One of these zones is upper
Lower Maastrichtian, while the other two are Upper Maastrichtian.
Details of this proposal are found in Ward et al, 1986.

Two findings from the Zumaya section merit discussion.

First, we showed that inoceramids disappear at he top of the
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Lower Maastrichtian. Although an inoceramid-like bivalve

(Tenuipteria) is found in the uppermost part of the Zumaya

Maastrichtian section, true inoceramids (Inoceramus, Endocostea,

Platyceramus) can be found only in the Lower Maastrichtian. All

are gone by the start of the Alxnayaroehsis foram zone. This is
not a case of collection failure. Inéceramids are cémmon in the
upper part of the Lower Maastrichtian at Zumaya: they virtually
form pavements along bedding planes. Speéimens up to a meter in
length are common. Tﬁeir disappearance coincides with a
lithological change, and their disappearance is quite sudden.
Three species are common in the Loﬁer Maastrichtian part of the
section at Zumaya; all then disappear over a stratigraphic
distance of 40m. The Zumaya paﬁtern may not be unique;.I have yet
to find any documentation oflﬁpper Maastrichtian inoceramids

(other than Tenuipteria). If step-wise extinctions are

eventually accepted for the K-T extinctions, this may be the
first, and perhaps most important "step".

The disappearance of the inoceramids coincides with faunal
turnover among the ammonites as well. The well known Lower

Maastrichtian ammonite fauna with Hauericeras and Pseodophyllites

disappears at this point, while the first of the Upper

Maastrichtian pachydiscids, including Anapachydiscus

fresvillensis, appears.

The uppermost ammonite faunule, found in‘the upper 25 m of
the Zumaya Cretaceous section, is als§ of interest. There are
two wpisodes of extinction in the upper part of the Zumaya
section, one at about 49 m below the K-T boundary, with

disappearance of five species of ammonites, and a second at about
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20m below the boundary, with'the dissapearance of three more
species which had been long- ranging in thg‘section (fig 2). It

is above this last extinction episode that thevuppermost faunal

first appears. It is composed of Pachydiscus colligatus (sensu

Seunes; Kennedy, in press, has determined that P. colligatus ss

is a Campanian form, and that P. colligatus sensu Seunes, found

only in the ubpermost part of the Maastrichtian in several parts
of the world is a different taxon. Kennedy will be revising this
nomenélature). The other ammonite found in this faunule is

Vertebrites sp., also known from uppermost Maastrichtian deposits

elsewhere.

One of the most interesting findings of the Zumaya work to
date has been the 12m gap in émmonite occurrences at the top of
the Cretaceous section. A great deal of‘effort has gone into
collecting this upper part of the section. Only a single
fragment of cephalopod has been found, within a meter of the K-T
boundary. Tﬁié specimen is tiny (about 1lcm diameter),
incomplete, and is so poorly presefved that it is impossible to
determine whether it is an ammonite or nautiloid. Other

macrofosssils can be recovered (echinoids, Tenuipteria) but other

cephalopods have eluded recovery so far. Perhaps this will
change in the light of new collecting about to start at Zumaya.
The absence, 6r at least rarity of ammohites in the
uppermést ten meters or so of the Zumaya section has created some
controversy. If this finding holds, it indicates that ammonites
diappeared in this area well before the K-T boundary. Based on

sedimentation rates, this disappearance was a minimum of 100 to

10
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200,0000years before the K-T boundary event. There are certainly

mitigating circumstances. The final 15 to 20 m of‘Cretaceous
séction occurs in a strongly recessed bay. The strata are purple
marls; their oriéntation is such that bedding planes cannot be
observed. Jan Smit (pers. comm.) has argued that the absence of
ammonites in this part of the section is due to collection
failure only, because of the different mode of stratal exposure
in this part of the section. This is certainly a possibility.
It is harder to collect from this lithofacies, and ammonites are
found much more easily on bedding planes than on exposures (such
as the final 15 to 20 m of the Cretaceous section at Zumaya)
striking perpendicular to coastline. It should be noted,
however, that an identical lithofacies and regressive coastline
lower in the section has yielded numerous ammonite specimens.
Further collecting will hopefully clear up this controversy.

One of the most curious aspects of the Zumaya ammonite fauna
is not so much what is present, but what is not. Studies on the
nearby chalk faunas of France (Kennedy, 1986,) and in the Petite
Pyrenees (Kennedy et al, 1986) show ammonite faunas dominated by

numerous baculitids and Hoploscaphites constrictus. Although

baculitids are fairly common at certain levels low in the Zumaya
section, scaphitids are rare or absent. The Zumaya fauna is

numerically dominated by tetragonitids and pachydiscids.

11
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Fi1G. | —Stratigraphic section of the uppermost Lower Maastrichtian
through lowermost Danian at Zumaya, Spain. First-order cycles, illus-
trated here, are composed of a basal half-cycle consisting predominantly
of marl which is overlain' by an upper half-cycle consisting of interbed-
ded limestone/marl (see text for explanation), Thin, calcareous sand- -
stones are interbedded throughout both half-cycles. Thickness in meters.
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3.~ Lithologies at Zumaya, Spain. A. Cretaceous-Tertiary boundary. B. 20-40

Fig.
J meters below K-T boundary. C. Stairwell access, Zumaya beach. D. Bed-

L , ding planes exposed 60 m below K-T boundary. E. Lower Maastrichtian

portion of Zumaya section. F. Typical ammonite preservation.
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THE CRETACEOUS-TERTIARY BOUNDARY EVENT OF TIBET

WAN Xiaogiao

Beijing Graduate School Wuhan College of Geology, Chengfu Road, Beijing, China.

ABSTRACT: The marine. Cretaceous-Tertiary fossils age Maestrichtian | Danian

boundary occurs over a widespread area in =
’ Fraeglobotruncana anomala Wan

southern Tibet, as well as in the Gangdis@ | yoierohelix globulosa (Ehrenberg)

Mountains in Northern Tibet. The uppermost | H. cordatus Wan
. ) . Globotruncana coronata Dc>111
Cretaceous layer is the Zongshan Formation, |g, stuartiformie Dalblier

and the Tertiary strata can. be divided 1li- grbl'mde? tissoti i)ichlumbere:er
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thologically into the Jidula Formation, |o, gpiculate Schlumberger
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Jidula Formation. Recently some new Bival-= |g  pensoni Smout
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. . . . . « Orientalis Cushman et Bermudez
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that it was deposited in the Paleocene. |R. plana Han
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are different from those in the underlying |Lockhartia altispira Smout
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is in between the zongshan Formation and Keramosphaera tergestina (Stache)
the Jidula Formation. Some stratigraphers
believed that "the Jidula sandstone" is syn-
chronic with the Pab sandstone in Pakistan.
In the author's opinion, deposits formed in transgression of regression tend to be
diachronous. It has been demonstrated that the sandstone formed in the Lower Indus
Basin during the Middle Maestrichtian, and in the Upper Indus Basin during the Late
Maestrichtian. In extends across the boundary of the Cretaceous-Tertiary in the
Zongba region, and belong to the Paleocene in Gamba and Tingri. The age of the sands
tone becomes younger and younger along the direction of regression (Fig. 1). The
"mass extinction" event at the end of the Cretaceous period is very clear, especia-
1ly in the case of Foraminifera. The history of the Tethys-Himalayan Sea during the
Late Maestrichtian is marked by a regression. The analyses of foraminifera biofa-
cies including the statistics of the number of species, and Oxygen and Carbon isoto-
pe measurements of foraminiferal tests give a picture of environmental fluctuations.
At the end of the Maestrichtian, a regression started in both the East and West,
and withdrew towards the Gamba-Tingri Basin. The regression gave rise to the deposi-
tion of sandstone of varying thickness in the entire Himalayan region. The tempera-
ture of the sea was changeable. The Cretaceous Foraminifera, especially planktonic
and larger forms extinct at this period. The regressive stage was followed by the
Danian transgression. The environment became suitable for new foraminifera groups,
which burst even more abundantly (Table 1). The conclusion of the author is that
the Foraminifera were "victims" of the late Maestrichtian regression and the tempe-
rature change, involving the near-synchronous global annihilation of numerous taxa,
which was a biological catastrophe in the marine realm.

Tertiary Boundary of Southern Tibet

Table 1, The Range Chart of Foraminifera at the Cretacoaus-
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EVENTOS INTRINSECOS VERSUS EXTRINSECOS EN LA EVOLUCION DE LOS OSTRACODOS MESOZOICOS

Robin WHATLEY

Micropalaeontology Division, Department of Geology, -

University College of Wales, Aberystwyth, Dyfed, Gran Bretafia.

RESUMEN: El registro de la distribucidn, origen y extincidén de todas las especies
de ostracodos mesozoicos permite ilustrar las fluctuaciones mds impértantes en
la evolucidn, asi como de la diversidad de las espeéies. En varios casos, hay
importantes cambios en la actividad evolutiva y/o diversidad especifica, que pa-
recen estar relacionados con limites estratigrdficos durante el Mesozoico y/0
con eventos geoldgicos globales. Ejemplos de ésto, pueden verse en los limites
entre el Tridsico y Lidsico, el Tithdénico y Neocomiense, el Neocomiense y Aptien-
se y el Albiense y Cenomaniense. En otros casos, los incrementos en la velocidad
de la evolucidén y en la diversidad especifica, parecen estar relacionados con
la adquisicidn evolutiva de caracteres mas sofisticados, en particular aquellos
relacionados con la articulacidn de‘las valvas y con la mejora de la capacidad
sensorial. El advenimiento de la éharnela entomodonta en el Jurdsico medio, el
fuerte aumento del nlmero de especies con charnela anfidonta en el Cretdcico y
del incremento en el nimero de poros radiales anteriores, que se observa en va-

rios linajes, son buenos ejemplos de lo referido.

ABSTRACT: By recording the stratigraphical distribution, origination and extinc-
tion of all ostracod species throughout the Mesozoic, it is possible to illustra-
te major fluctuations in evolutionary activity and in specific diversity. In many
instances marked changes in the level of evolutionary activity and/or species
di%érsity appears to correlate with major Mesozoic stratigraphical boundaries
and/or global geological events. Examples of these, often dramatic changes, can
be seen at the Triassic-Liassic, Tithonian-Neocomian, Neocomian-Aptian and Albian
-Cenomanian boundaries. At other times, enhanced rates of evolution and species
diversity seem to be associated with the evolutionary acquisition of more sophis-
ticated bio;characters, particularly those associated with carapace articulation
and improved sensorial ability. The advent of the entomodont hinge in the Middle
Jurassic and the dramatic increase in species with amphidont hingement in the
Cretaceous, together with the increase in many lineages in the number of anterior

radial pore canals, provide good examples.
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UNESTHD
THE BASQUE COASTAL SECTIONS OF THE CRETACEOUS-TERTIARY BOUNDARY. i

A KEY TO UNDERSTANDING MASS EXTINCTION IN THE FOSSIL RECORD

Jost WIEDMANN

Geologisch-Paldontologisches Institut, Universitdt, D-7400 Tiibin-
gen. F.R.G. '

The coastal section of Zumaya, province of Guipfizcoa (Spain);‘is

one of the best sections to study and to elucidate the K/T bound-

ary problem. It fullfills the following premisses

(1) sedimentary completeness across the boundary

(2) no facies change at the boundary

(3) predominance of pelagic and nearly complete absence of tur-
biditic sedimentation in the boundary layers

(4) sedimentation above CCD and probably also above ACD

(5) relatively high sedimentation rate, important for biostrati-
graphic resolution

(6) presence of macro- and microfossils throughout the section,and

(7) absence of tectonics in the boundary layers.

For the present purpose the macro-invertebrate, mainly ammonite
fauna of the Maastrichtian,was investigated, thereby allowing the
determination of a Maastrichtian ammonite sequence based on stra-
tigraphic evidence. The problem of "mass extinction" at the K/T
boundary was studied and found to contradict the much propagated
picture of a single cosmic catastrophy at the boundary itself.

Ammonites — as well as inoceramids - show a gradual decline through
the late Maastrichtian. Only 7/ ammonite species can be recorded
from the last ammonite-bearing level, but this level is still

12.5 m below the boundary itself. This means that the final de-
cline of ammonites occ@rred - with one exception - about 1%0.000
years before the so-called Iridium Event. Similar observations
were made on the decline of inoceramids. Only the turnover in
calcareous nannoplanktdn and planktonic foraminifera remains

fixed to the boundary level as was stated previously. But it

needs to be stressed that no boundary clay is present at Zumaya

nor iridium has been detected.
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To elucidate the importance of the Zumaya section, a short review
of the other available K/T boundary sections may be useful, espe-
cially since they are very restricted in number. A large number

of these setions is highly pelagic in nature and up to now devoid

of any macro-invertebrates (e.g., the DSDP-ODP cores in the Atlan-

tic, the Caravaca section in southern Spain, the Lattengebirge,
Northern Calcareous Alps, or the Gubbio section in which the iri-
dium anomaly was detected first, but interestingly not confirmed
later on). The nearby section of Sopelana, province of Biscay, is
unfortunately tectonized; these tectonics were the reason for the
previous record of "Tertiary" inoceramids. In the likewise nearby
Biarritz section macro-invertebrates have not been investigated so
far. If, however, macro-invertebrates are present (e.g., the Maas-
trichtian sections, the Danish boundary sections at Stevns Klint
and in northern Jylland, and even the very thick Vistula River
section in Poland) condensation and redeposition are widespread
near the boundary.

There are four possibly important sections from which macro-inver-
tebrate records are available at least from the early Maastrichti-
an. This is obviously due to incompleteness of the section in case
of the Krappfeld Gosau Beds, Carinthia, as well as the Quiriquina
Beds in Central Chile. The proposed "hypostratotype" for the K/T
boundary at El Kef, Tunisia, is complete but devoid of macro-in-
vertebrates in the upper, more interesting portion. The same can
be stated for the Agadir section, Morocco. Whether the recently
described Maastrichtian ammonite sequence of Seymour Island, Ant-
arctica, is complete towards the £0p or not, is very difficult to

decide due to the high percentage of endemic species.

From this brief review the importance of the Zumaya section is
stressed again. It can now be added to the information availlable
from the Zumaya section that also the decliné of belemnites - re-
stricted to the Temperate Maastrichtian - is found %o be gradual;
belemnites, however, seem to have persisted into the uppermost

Maastrichtian levels.
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In addition to ammonites, belemnites and inoceramids, the extinec-
tion pattern of marine and terrestric reptiles is also by no
means catastrophic but likewise gradual; most of them experienced
their final decline before the end of the Cretaceous. '

"Mass extinction" or better turnover at the K/T boundary-can
therefore drastically be restricted to the gfoups of oceanic
surface plankton (calcareous nannoplankton, foraminifera) and
maybe to some angiosperms (the Aquilapollenites Province), in

case stratigraphic correlation is correct.

There are, however, a few groups of invertebrates flourishing

at thé time of the "boundary évent". These are bryozoans and
specialized crinoids as recorded from the K/T boundary beds of
Jdylland, Denmark. Since both groups are very sensitive to changes
in salinity and oxic conditions, these two factors can now be
ruled out from having contributed to the K/T boundary event.

Peaks of increasing and decreasing temperature were recorded
from the boundary level. If their interpretation is correct,
these could be related, indeed, with the presumed impact, but
they are again unrelated with the gradual decline in most macro-
invertebrates and vertebrates.

But one of the main problems still remains: the interpretation
of the iridium concentrations. These concentrations seem to be
restricted to those sections 1n which boundary clays are deve-
lopped. In most cases this clay was deposited under starved con-
ditions. In this case, however, natural sources of iridium preci-
pitation are available and there is no need of its cosmic origin.

Since ammonite decline is not only gradual but also fluctuating
in nature - if the Cretaceous'or“the whole course of ammonite
evolution is considered - one has to lopk for other causes than
catastrophic e?ents. Periodic events paralieling the course of
ammonite diversity through time are, deever, sea level changes
which, indeed, have played a major role in the late Mesozoic.
The above-mentioned faunal decline both on the marine shelves
and on the nearby continental borders can be related with the
very pronounced late Cretaceous sea level fluctuations without
gifficulty.




Obviously, the problem of turnover ir‘'the ‘mariné surface plankton '
requires aispecial treatment. since: itseems;to be more;or-.less ...
instantaneous. Whether it was the consequence of a cosmic impact' "
and/or fluctuatlons in temperature at the boundary : 1evel iitself,

cannot be ‘decided” w1th ‘dértainty so ‘far. From the a ay
vatlons we can conclude that the faunal and florallbreak at the
K/T boundary was ‘most” probably not & monocausal’ phenomenon, “but”
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the result of a'more complex scenarlo "SF Both fluotuatlng ‘and - 1n—““’”
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These : observatlons ,are moreover. in agreement w1th the conclu51ons

we -have drawn some.time, 880, in revising ammonlte evolutlon across

TR D

the-Mesozoic, System boundaries: . . i ...; . i1

Summarizing ‘thé 'résult on all’ thése boundaries it can.be demonstrated
that there' is neithér anabriupt andrworld=wide extinction, nor.a- -
spontaneouS“répiaoément‘by‘neW“emementsiat“thesewcaesuras~a8mhad
been generally supposed “Fo''have 'occurred-at! the Triassic-Jurassic -
boundary, for exanple. Tnsteady one ‘can recognize three-distinct:
phases'in the séquence of'eventsf“(ﬂDaocontinuousMdisappearancesa~
of ‘the "antigué" faural élementsy (2)” arsimilarly continuousy gra=:: .
dual’ “and 1ldrgely ‘synchroneous appearance ofy for/substitution by, ..
qualitatively distinguishable "modern" elefients in small popula--. ...
tions, yet in various parallel lineages (mosaic evolution); (3) a
quite revolutionary, and quantitatively very sudden, diversifica-
tion of these new elements, occurring at or with some delay above
the boundary.

Thus one can demonstrate both continuous evolution of the modern
faunas ("preadaptational phase"), as well as "discontinuous" spon-
taneous revolution, which does not produce qualitatively new cha-
racters and must be explained by diversification or adaptive radi-
ation. This means that no further explanation by internal factors

cr by higher mutation rates resulting from the impact of cosmic

rays becomes necessary. It is believed that, preceded by high ex-
tinction rates, world-wide ecological factors promoting higher
niche diversity suffice to explain these adaptive radiations. The
high degree of provincialism, endemism and specialization of the
"antique" faunas and the constant survival of smooth oxycones -
regarded as inhabitants of a deep-sea environment - demonstrate

that marine regressions and transgressions were the most effective

ecological factors.
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VERTICAL ADVECTION FROM PYCNOCLINAL AND DEEPER WATERS. A MECHANISM FOR RAPID. EVO-
LUTIONAL CHANGE.

pat WILDE, William B.N. BERRY & Mary S. QUINBY-HUNT

Marine Sciences Group. Department of Paleontology. University of California. Ber-
keley, California 94720. U.S.A.

ABSTRACT: The main biomass of the ocean is in the surface wind-mixed layer (0-100
m depth), dependent on light or primary production based on photbsynthesis. Waters
from the main pycnocline (100-1000 m) or- deeper contain decay products which can
inhibit photosynthetic growth or are toxic or debilitating to respirors. Global
to regional scale vertical advection of such waters into the surface mixed layer
could create an environmental crisis for marine groups through reduction of their
food supply, direct toxicity, or chronic debilitation caused by contact wiﬁh such
waters. After long duration of cool climates with oxic dégp waters, such crises
are caused by upwelling of metals concentrated at depth andiresult in reduced pri-
mary productivity as well as.metal toxic and chronic reacti&ns. During warm clima-
tes with anoxic and potentially sulfidic waters in the pycgocline, the crisis may
be the resuﬁt of anoxic waters with a maximum ﬁffect on %espirors with minimal
to enhanced éffect on phytoplankton. The effect will be sele%tive due to the diffe
ring limits of toleration of organisms and as a function of the depth of‘toxic

water, surface mixing, duration of upwelling and ratio of upwelled area to natural

range.




- 297 -

III'JORNADAS DE PALEONTOLOGIA
PALEONTOLOGIA Y EVOLUCION: FENOMENOS DE EXTINCION

AN ASTRONOMICAL BACKGROUND TO EXPLAIN THE PERIODIC MASS EXTINCTIONS

YANG Zhengzong et al. .
Katholieke Universiteit Leuven. Astronomisch Instituut; Celestijnenlaan 200 B.

. B~3030 HEVERLEE, Belgica.

ABSTRACT: Since D.M. Raup and J.J. Sepkoski Jr. raised the question of periodici-
ty of mass extinctions, some astronomers are interested in this phenomenon. Pe-
riodic comet showers have been discussed, but what is the original cause of thése
periodic comet showers?. Some people have suggested different models. One of the-
se model is that mass extinctions are caused by a distant solar companion. But
where is the solar companion?. Here an answer will be given for the last model.
From astronomical data, in fact we already know a small star group named Multiple

Star. This will be discussed in our paper.
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EARTH'S CATASTROPHE AS A MAJOR DYNAMIC CAUSE FOR EVOLUTION OF ORGANISMS: VERIFICA-
TION AND MECHANISM

Jingzhou ZHAO

The Research Group on Paleobiological Evolution and Systematics, Xian Petroleum
Institute, Xian, Shaanxi, China.

ABSTRACT: Mass disappearances are frequently followed by mass appearances and both
are coupled to almost all of inter-Period boundaries throughout the Phanerozoic
Fon. Most of these boundaries signal some globally catastrophic events of lithos-
pheric, hydrospheric, atmospheric or even astrospheric origin. Such unique asso-
ciation of biotic events and abiotic events implies a causal relationship between
them to a great extent. Mass disappearances, particularly mass extinctions have
been largely ascribed to the abiotic catastrophes. The most significantly biosphe-
ric effect of catastrophes is, nevertheless, mass appearances, especially mass
originations or diversifications. This can be justified not only by many macrosco-
pic statistics, but also by some microscopic scrutinies of stratigraphic sections,
particularly those of K-T and P-Tr boundaries that seem to be the optimal candida-
tes for catastrophic events. The argument can be also attested theoretically, be-
cause a catastrophic event could create multitudinously different opportunities
for evolution of organisms in the catastrophic region. These opportunities come
from the undersaturated ecosystem on the one hand, but, more importantly, they
come from numerously and variously renewed habitats established directly by the
catastrophic events. Both opportunities attain the maximum in the central region,
but the abiotic stress is so high that extinctions are commonly far greater than
originations in respect of rates. Therefore, this region is predominated by mass
distappearances. In the peripheral region, however, higher abiotic stress is in
favor of evolution of organisms and all opportunities tend to be optimum. So, mass
speciations are prevailing and characterized by the Gigantoevolution. After the
event, many organisms would enter the central region where the ecosystem was ex-

traodinarily undersaturated.
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