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The topmost Upper Maastrichtian bryozoan chalk of Stevns Klint , 
S j æl land , is  among the youngest Mesozoic strata yie lding abundant 
macrofossils . Locally , this chalk has been cemented by early Danian 
hardground processes ( He inberg , 1 9 76 , Bromley , thi s  volume ; Surlyk , 
this volume ) . 

In addition to calc itic skeletons , which are normally preserved in the 
chalk , the hardground limestone contains void moulds after originally 
aragenitic skeletons ( Bromley , this volume ) that are normally not 
preserved in the chalk . The presence of this aragenitic faunal element 
imparts a cons iderable importance to thi s  bed for comparison of 
Cretaceous and Tertiary faunas (discussion by Russel , 1 9 7 6 ) . This 
importance has been accentuated by recent studies ,  which have revealed 
1 4  aragenitic bivalve genera hitherte only known from the Cenozoic 
( He inberg , 1 9 76 , 1 9 7 9  and in prep . ) .  

The stratigraphic range of genera present in the hardground is  shown 
diagrammatically in Fig . 1 .  Three major types of time-range can be 
distingui shed : ( 1 )  gene ra ranging from Upper Cretaceous ( some appearing 
as late as the Upper Maastrichtian ) to Recent , ( 2 )  genera ranging from 
Mesozoic (or earlier ) to Cenozoic , ( 3 )  genera exc lusively known from 
pre-Cenozoic deposits . 

Genera eriginating in the Upper Cretaceous and continuing into the 
Cenozoic ( group 1 )  are of special interest . The maj ority of these 
genera originated at the very top of the Maastrichtian ( in the sediment 
beneath the hardground) within a community of extreme diversity and 
habitat divers ification . It is noteworthy that it is among these higbly 
specialized animals that we find the bulk of bivalve genera crossing 
the boundary . 

Long-ranging Me sozoic-Cenozoic genera ( group 2 )  are of limited 
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stratigraphic interest , but important in the di scussion of extinctions 
s imply because they did survive the Cretaceous /Tertiary boundary . 

Group 3 ,  cons isting o f  genera that became extinct at the Cretaceous/ 
Tertiary boundary , give s l ittle information about the nature of the 
boundary events . They simply died out . The new genera occurring 
together with them and final ly replacing them may very wel l  tel l  more 
about the nature of the se events . 

In arder to shed light on the reasons for the changes at the boundary , 
different aspects of the three groups wil l  be compared . 

When discuss ing faunal extinctions on a larger scale , so-cal led mas s  
extinctions , a t  least three aspects must b e  taken into consideration 
with regard to biological properties : 

1 )  Community structures and ecology of the faunas on both s ide s of 
the boundary . 

2 )  The age of taxa that become s extinct compared to those that survive . 

3 )  The taxonomic change across the boundary with special reference to 
the new taxa fallewing the event . 

COMMUNITY STRUCTURE AND ECOLOGY 

The community structure o f  the present Upper Maastrichtian bivalve fauna 
has been dealt with elsewhere ( Heinberg , in pre s s ) . The bivalves 
comprise a high number o f  species , many of which beleng to the same 
genera , and which were mernhers of an extremely divers ified ecosystem . 
Low internal stability i s  characteristic of such a system (May , 1 97 3 ) , 
neces s itating high environmental stability . 

The ecology of the present genera is  listed in Fig . 2 ,  where the 
individual time-range c lasses are subdivided into four ecological groups . 
The bivalves are assigned to these groups on the bas i s  of taxonomic and 
she l l  morphological criteria . The ecological groups are : 

1 )  Endofaunal , deposit feeding prosobranchs . 

2 )  Low level suspension feeders ( Turpaeva ' s  group ' filter A '  1 95 7 )  
compri s ing freely burrewing forms ( e . g .  Protocardium) ,  endobyssate 
species ( e . g .  Limopsis ) and byssate semi-infaunal species (Pinna,  
Inocercimus ) .  
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Fig . 1 .  Range of genera occurring in the Upper Maastrichtian hard
ground at Stevns Kl int . The hardground is marked by an asteri sk . 
White bars show the range according to Moore ( 1 96 9 ) , whi le black bars 
represent extens ions based on the fauna in the hardground , plus data 
from a few other sources : von Koenen , 1 893 ( 1 ) ; Ravn , 1 93 3 , 1 93 9 ( 2 , 3 ) ; 
Speden , 1 97 0 ( 4 )  and Kauffman , 1 9 76 ( 5 ) . Thin l ines indicate family 
range . 

Ten genera are entirely Me sozoic : Inoceramus , Neithea, Dimyodon , 
Placonopsis , Myoconcha , Vetericardie l Za ,  Dispari Zia , Granocardium, 
CorbuZame l la and Gyrop Zeura . Five of the se are also re stricted to the 
Mesozoic at fami ly leve l . 

The Mesozoic genera may be weighted di fferently as to the ir 
stratigraphic s ignificance . Corbulame l Za is extreme ly re stricted in 
its range , being hitherto known only from the Maastrichtian of North 
Arnerica ( Speden , 1 97 0 ) . The recorded stratigraphic ranges of 
Eriphy Zopsis and Dispari Zia (Moore , 1 96 9 )  are obviously too limited , 
owing to inadequate taxonomic knowledge , e spec ially for Tertiary 
material . Eriphy Zopsis , e . g . , i s probably represented by Astarte 
trigonuZa from the Paleecene of Capenhagen ( Ravn , 1 93 9 ) . There remain 
as s ignificant Me sozoic elements : Inoceramus , MYoconcha , Neithea , 
Granocardium and Placunopsis , all be ing Mesozoic also at family level . 

New records for the Me sozoic are : Poro leda , Acar , Bathyarca , 
Pseudogrammatodon , Arcopsis , Dacrydium, Sita , Crassine Z la,  GZossus , 
HaZenympha and Verticordia ; except for Crassine l la , all are we l l  
defined genera . Especially important are the occurrence of Acar and 
Arcopsis , two genera wide ly di stributed and re latively abundant in 
Cenozoic depo s its . It is worth mentioning that Acar already appears 
in a Lower Maastrichtian hardground in MØns Kl int . Two luc inids are 
tentatively re ferred to Loripes and Lucinoma , genera ranging from 
Ol igccene to recent time . The species referred to 'Protocardia ' is  an 
intermediate between the Mesozoic genus Protocardia and the Cenozoic 
genus Nemocardium , thus il lustrating the danger of c ircular argument by 
re ferring a spec ies to a certain genus not only because of morphology , 
but also under the impact o f  the stratigraphic distribution of the 
spec ies . 
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3 )  High leve l suspens ion feeders ( Turpaeva ' s  group ' filter B '  either 
byssate ( e . g . Limopsis ) or cemented ( e . g .  Dimyodon ) epifauna . 

4 )  Carnivores ,  exclus ive ly septibranchs . 

The individual behaviour of  the se ecological groups i s  of great 
s igni ficance to the e luc idation of the extinction proce s s . Disappearance 
o f  whole groups wi l l  indicate the operation of an extrabiological 
proce s s , whe reas extinction o f  only restricted numbers of  several groups 
would indicate that the reason lies in community evolution , involving 
succe s s ional ( evolutionary ) shi fts , where new spec ies replace old . It 
is c lear from Fig . 2 that the boundary was cros sed by repre sentative s 
o f  the who le eco logical spectrum . The faet that all the genera tnat 
became extinct were filter feeders eannot lead to the conc lusion that 
filter feeders were affected more severe ly than other ecological groups , 
s ince the maj ority of genera that crossed the boundary were filter 
feeders themse lves . 

The deposit feeding genera are the modern repre sentatives of a very old 
mode o f  l i fe among bivalve s . In contrast , the carnivores represent a 
pioneering stage in bivalve history , dating back to the Juras sic , but 
with their maj o r  radiation in the Cenozoic . 

In general , the Maastrichtian material contains representative s of  all  
the important niche s occupied by bivalves through the Cenozoic . It i s  
noteworthy that within a n  advanced group like the carnivore s a pro found 
radiation took place prior to the Cretaceous/Tertiary event as 
exemplified by the presence o f  7 coexisting species belonging to the 
genus Cuspidaria . 

AGE OF THE GENERA 

Not surpri singly it i s  seen that the genera that die out are re lative ly 
alder than many of the genera that cross  the boundary . Among the 3 4  
genera that cros s the boundary , 1 7  are new and 1 7  old . Of the 1 7  new , 
5 originated in the Upper Cretaceous and 1 2  even within the Upper 
Maastrichtian . 8 old genera as opposed to 2 new die out at the boundary . 
It  can thus be conc luded that new genera pre sent in the Upper 
Maastrichtian have a longer future than alder ane s . This conc lus ion 
supports the normal cour se of evo lution , in constrast to the 
' catastrophic ' theories that underlie many interpretations of the events 
of the boundary . 

Fig .  2 .  Distribution of genera according to eco logical groups and 
time-range c lasse s . A :  aragenitic forms , X :  genera restricted to 
the hardground in the Me sozoic part of their range . 
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FILTER A 

Bathyarca 
Dacrydiwn 
Sita XA 

XA 
XA 

Eriphy Zapsis A 
CrassateUa A 
Crassine Z Za XA 
Glossus XA 
Loripes ? A 
Lucinoma? A 

GZycymeris A 
Limapsis A 
Brachydontes 
Pinna 
Spondy Zus 
Anamia 
'Protocardia ' A 
Pho Zadomya 
Py enodon te 
Ostrea 

Inoceramus 
Neithea 
Granocardiwn A 
Dispari Zia A 

CorbuZame Z Za A 
Veteri-
cardie Z Za A 
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FILTER B 

Arca A 
Acar XA 
Pseudo-
grammatodon 
Areapsis XA 
(Chama? X) 

Barbatia A 
Limapsis A 
Pteria 
Lima 
Lopha 

Myaconcha A 
Dimyodon 
PZacunopsis 
Gyrop Zeura 

CARNIVORES 

HaZonympha XA 
Verticordia XA 

XA 

Cuspidaria A 



MINERALOG Y 

Al l 1 7  of  the new genera that cross the boundary are aragenitic 
(Fig.  2 ) . Among the 1 7  old genera that cros s , only 7 are aragonitic , 
and among 8 genera that become extinct at the boundary only 3 are 
aragenitic ( the range of one is doubtful ) .  The apparently drastic 
faunal change in bivalves at the boundary ( e . g .  Rosenkrantz , 1 966 ) may 
be explained , there fore , large ly by this mineralogical distribution 
and the different preservation potential of the minerals . 

Within the North European region aragenitic fos sils  are far better 
preserved in Tertiary rocks than in Cretaceous . This is  mainly due to 
the l ithology and diagene sis of the rocks . The Maastrichtian is 
dominated by chalk from which aragonite was lost soon after burial 
( Håkans son e t  al . , 1 9 74 ; Bromley , this vo lume ) . 

Evidence taken exclus ively from the chalk facies has led to the 
' catastrophic '  view of  the faunal change , the o ld fauna disappearing 
befare the appearance of the new . Thanks to the early diagenetic 
hardening of the last 20 cm of the Mesozoic chalk this pieture is  now 
total ly changed , showing a rich ' Tertiary ' fauna living together with 
the last representative s of ammonites , inoceramids , myoconchids and 
mosasaurs . 

In evolutionary perspective it is  important to note that all  the new 
taxa were already pre sent as important mernhers of a camplex fauna 
befare the faunal break at the Cretaceous /Tertiary boundary , occurring 
together with the taxa that were to die out at the boundary . In the 
case of the bivalve s , there fore , there i s  no need to incorporate 
drastic external selective mechani sms in order to explain the 
extinctions . Adj ustments within the ecosystem , caused by the 
deve lopment and introduetion of nove lties , were sufficient for the 
e l imination of a few o lder and apparently adaptive ly inflexible taxa . 
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