


FOSSILS AND STRATA 
Editor 

Stefan Bengtson, Institute of Palaeontology, Box 558, 
S-75 1 22 Uppsala, Sweden. 

Editorial and administrative board 

Stefan Bengtson (Uppsala) ,  Fredrik Bockelie (Bergen) ,  and 

Valdemar Poulsen (Copenhagen) .  

Publisher 

Universitetsforlaget, Postboks 2959, Tøyen, Oslo 6, Norway . 

Fossils and Strata is an internationally distributed series ofmonographs 
and memoirs in pal�eontology and stratigraphy. I t is issued in Numbers 
with individual pagination, listed cumulatively on the back of each 
cover; the arrangement of the numbers in volurnes for binding is left to 
the individual subscriber's discretion . 

Fossils and Strata forms part of the same structured publishing 
programme as the journals Boreas and Letkaia . These two journals are 
fully international and accept papers within their respective sectors of 

LETHAlA 

� 
Editor 

An I nternational Journal of 
Palaeontology and Stratigraphy 

Anita L6fgren, Department of Historical Geology and Palae

ontology, S61vegatan 1 3, S-223 62 Lund, Sweden. 

Letkaza publishes articles of international interest in the fields of 
palaeontology and stratigraphy. Articles on the morphology and 
anatomy of fossil plants and animals should be of general interest to 
palaeontologists, and articles on systematic palaeontology should 
deal with the high er units in systematics or key forms on which our 
concepts of classification are based. New features, new forms and 
significant changes in the known distribution offossil organisms al�o 
constitute important criteria for the acceptance of articles .  Palaeo
biology - particularly palaeoecology - and ecostratigraphy are the 
core topics of the journal .  Articles on stratigraphy should meet the 
same requirements for general interest as the palaeontological artic
les and deal with stratigraphic principles ,  correlations of at least 
continent-wide importance, stratotype areas of key character, new 
occurrences or revisions which establish major features in palaeo
geography, etc. 

Letkaia, like its sister journal Boreas, forms part of a publishing 
system with special ambitions to apply and dcvelop modern tech-

science without national limitations or preferences . Fossils and Strata, 
however, is an outlet for more comprehensive systematic and regional 
descriptions dealing with areas in the five countries of Norden, or 
written by palaeontologists and stratigraphers from these countries .  
Contributions by colleagues in other countries may also be included as 
far as this series is deemed to be the appropriate medium with regard to 
distribution and availability. Articles can normally be accepted only if 
they are heavily subsidized by the national Research Council in their 
country of origin or by other funds. All income is re-invested in 
forthcoming numbers of the series. 

Manuscripts should conform with the Instructions on p .  3 of this 
cover, which are essentially the same as for Boreas and Letkaia. If 
possible, the final text should be submitted in an electronic form for 
automatic type-setting; the editor will provide the necessary infor
mation on request .  

Articles in English, German, and French are accepted; the use of the 
English language is preferred . A card abstraet in English should always 
be provided, and non-English articles should always be provided with 
English versions of the figure captions. Abstracts or summaries in one 
or more additional languages may be added . 

Many regional or systematic descriptions and revisions contain a 
nucleus of results which are of immediate and general interest in 
international palaeontology and stratigraphy. It is expected that 
authors of such pa pers will to some extent duplicate their publication 
in the form of an article for a journal, in the first place Letkaia or Boreas. 

niques, methodology and standards in scientific publication. These 
journals are semi-specialized, intending to cover and provide infor
mation within the respective interest ranges of large groups of earth 
scientists .  They do not duplicate the functions of extant, strictly 
specialized journals in their fidd, national series, or monograph and 
memOlr sen es .  

SUBSCRIPTION TO LETHAlA 1 987  

Ordinary price (non-members of I PA, institutions, libraries, etc. ) :  
NOK 520,00 (USD 87 .00 1 987 )  

DISCOUNT ON LETHAlA AND MEMBERSHIP 
FOR 1 987  I N  THE INTERNATIONAL 
PALAEONTOLOGICAL ASSOCIATION 

Subscribing membership for individual palaeontologists in the In
ternational Palaeontological Association ( I PA, affiliated to the 
International Union of Geological Sciences, IUGS) may be 
obtained by payment of USD 45.00 to Universitetsforlaget, Box 
2959, Tøyen, Oslo 6, Norway. The applicant must sign a state
ment that he undertakes to retain his disco unt copy of Le/kaia as 
a personal copy and not deposit it  in a public or institutional 
library .  

Back volurnes ( 1- 1 9 ,  1 968- 1 986) may be ordered on  the  same 
conditions .  



Brachiopods from the Maastrichtian-Danian 

boundary sequence at Nye Kløv, Jylland, Denmark 

MARIANNE BAGGE JOHANSEN 

Contents 

Johansen, M. B. 1 987  1 0 3 1 : Brachiopods from the Maastrichtian-Danian boundary sequence 
at Nye Kløv, Jylland, Denmark. Fossils and Strata, No. 20, pp. 1 -99, Oslo. ISSN 0300-949 1 .  
I SBN 82-00-02558-6. 

The articulate brachiopod fauna from the Maastrichtian-Danian boundary sequence at Nye 
Kløv, Northern Jylland, Denmark has been studied to test terminal Cretaceous mass extinc
tion modeIs in a major marine benthic invertebrate group. Taxonomy, stratigraphy, density, 
diversity and palaeoecology of the brachiopods are examined. The results show an almost 
eomplete extinction of the brachiopod fauna at the boundary which is compatible with that 
reported for pelagic nannofossils and foraminifers . The extinction is abrupt, and there is no 
warning in the form of decreasing diversity or early extinction of specialized groups. The basal 
Danian clay bed, the Fish Clay, the base of which marks the Maastrichtian-Danian boundary, 
contains thirteen Maastrichtian brachiopod speeies . They are probably reworked from the 
uppermost Maastrichtian. The basal few metres of the Danian are devoid of brachiopods, 
probably reflecting soupy unstable substrate conditions and absenee of suitable hard substrate 
for the brachiopods.  A Danian brachiopod fauna starts almost as abruptly as the Maastrich
tian fauna disappeared . The new fauna is similar to the Maastrichtian in terms of density and 
diversity. The Danian brachiopod fauna is dominated by pedicle-attached forms with wide 
substrate tolerances . The highly specialized reclining, secondarily free-living speeies character
istic of the Maastrichtian fauna are not represented in the Lower Danian. Six speeies, one 
inarticulate and five articulate, are com mon to both faunas, and all of these are long-ranging, 
morphologically non-specialized forms. There are 27 speeies, representing 16 genera and 9 
families in the Upper Maastrichtian, and 29 speeies, representing 1 3  genera and 8 families in 
the Lower Danian. In the Danian at least 23 speeies and 2 genera are new compared to the 
Upper Maastrichtian. At least l genus and 5 speeies in the Lower Danian are hitherto 
undescribed. They are: Cryptopora perula n . sp, Terebratulina kloevensis n . sp . ,  Rugia jlabella n.sp. ,  
Rugia latronis n.sp . ,  and Gwyniella persica n .gen. et n .sp .  O Brachiopoda, taxonomy, chaik, Maastrich
tian-Danian boundary, Nye Kløv, Denmark. 

Marianne Bagge Johansen, Geological Museum, University of Copenhagen, øster Voldgade 5-7, DK-1 3S 0 
Copenhagen K, Denmark; 1 986 041 0, revised 1 987 04 06. 

Introduetion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 Cretirhynchia sp.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
The Maastrichtian-Danian boundary in Denmark 3 
The Nye Kløv locality . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

S tratigraphy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

Material and methods . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

Preservation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

Brachiopod terminology, measurements 

and morphology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

Systematie descriptions . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  

Rhynchonellidae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  

Genus indet. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  

Cryptoporidae .................................. I l  
Cryptopora perula n.sp .  ........................... I l  

Terebratulidae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

Neoliothyrina? sp.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

Cameitlryris subcardinalis . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

Cameithyris sp .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

Cancellothyrididae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

Terebratulina chrysalis . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

Terebratulina faujsaii . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

Terebratulina gracilis . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

Terebratulina longicollis .......................... . 

Terebratulina cf. longicollis ....................... . 

Terebratulina kloevensis n.sp .  

1 6  

1 8  

1 8  



Terebratulina aff. rigida . . . . .. . . . . . . . . . . . . . . . . . . . .  20 

Gisilina jasmundi ............................... 2 1  

Rugia acutirostris . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 22 

Rugia tenuicostata ............................... 22 

Rugiaflabella n.sp. ... . . . . . . . . . . . . . . . . . . . . . . . .. . 23  

Rugia latronis n.sp. . . . .. . . . . . . . . . . . . . . . . . . . . . . . .  24  

Rugia s p  . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . 25 

Meonia semiglobularis . . . . . . . . . . .. . . . . . . . . . . . . . . . . 26 

?Megathyrididae . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . 26 

Gwyniella n.gen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 

Gwyniella persiea n.sp. . . . . . . . . . .. . . . . . . . . . . .. . . . .  26 

Argyrotheca bronnii . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27  

Argyrotheca aff. bronnii ........................... 28  

Argyrotheca coniuncta . . . . . . . . . . . . . . . . . . . . . . . . . . . ..  28  

Argyrotheca daniea .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 29  

A rgyrotheca stevensis ............................. 30  

A rgyrotheca aff. stevensis . . . . . . . . . . . . . . . . . . . . . . . . . . 30  

A rgyrotheca hirundo . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .  3 3  

A rgyrotheca dorsata .............................. 3 4  

Argyrotheca vonkoeneni . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 6  

Argyrotheca cffaxensis . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 8  

Argyrotheca armbrusti . .. . . . . . . . . . . . . . . . . . . . . . . . . .  3 8  

Platidiidae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 9  

Platidia sp. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 9  

Aemula inusitata ................................ 3 9  

Scumulus inopinatus . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 40 

Scumulus? sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 1  

Dallinidae ... . . . . . .. . . . . . . . . ... . . . .. . . . . . . . . . . . .  42 

Kingena pentangulata. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 42 

Dalligas nobilis . . .. . . . .  . . . . . . . . . . . . . . . . . . . . . . . .. 42 

Dalligas sp. . . .. . . . . . . . .... . . . . . . . . . . . . . . . . . . . . 43 

Terebratellidae . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .  43 

Magas chitoniformis ............................. 43 

Family uncertain . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .  44 

Leptothyrellopsis sp. ............................. 44 

Changes in the brachiopod faunas at Nye Kløv . . . . . .  45 

The washing residue curve . . . . . . . . . . . . . . . . . . . . .. 45 

The fauna in the washing residue . . . . . . . . . .. . . . . . 45 

The benthos as a substratum for the brachiopods . . 46 

The brachiopod fauna . . . . . . . . . . . . . . . . . . . . . . . . .. 46 

Brachiopod extinctions across the Maastrichtian-

Danian boundary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 50 

Summary . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53  

References .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 53  

Plates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 



Introduction 
The brachiopods from the lowermost Paleocene Danian 

Stage have hitherto been treated only cursorily. The more 

important contributions on Danish material are by Koenen 

( 1 885) ,  Posselt ( 1 894) and Nielsen ( 1 9 1 1 ,  1 9 1 4, 1 920, 1 92 1 ,  

1 928 and 1 937 )  and, of comparatively recent date, Asgaard 

( 1 968, 1 970) and Johansen ( 1 982) .  

The uppermost Cretaceous (Maastrichtian) chalk bra

chiopods are, in contrast, well known and have been de

scribed from many localities in northwestern Europe. 

Among early workers are Davidson ( 1 854),  who studied the 

British Upper Cretaceous brachiopods, Bosquet ( 1 859) ,  who 

studied the brachiopods from the Limburg area of the N eth

erlands, Schloenbach ( 1 866) , who studied material from 

Northwest Germany, and de Morgan ( 1 883 ) ,  who studied 

material from the Normandy . Of more recent date are the 

papers by Steinich ( 1 963, 1 965, 1 967, 1 968a, 1 968b) who 

studied the brachiopods from Northwest Germany, Popiel

Barczyk ( 1 968, 1 9 73, 1 977 )  Panow ( 1 969) and Bitner & 

Pisera ( 1 979) who s tudied material from the Polish U pper 

Cretaceous, and Surlyk ( 1 969, 1 970a, 1 9 70b, 1 9 7 1 ,  1 972, 

1 973,  1 974, 1 9 79a, 1 982, 1 983) who described the brachio

pods from the Upper Campanian-Maastrichtian of North

west Germany and Denmark . In addition, Asgaard ( 1 975)  

and Owen ( 1 970, 1 977 )  have recently described the Upper 

Cretaceous brachiopods of Norfolk, England (a  manuscript 

by Johansen & Surlyk is als o in preparation), and Johansen 

(J 986) has studied the evolution of the Middle C oniacian -

Lower Maastrichtian brachiopods of Liigerdorf and Krons

moor, Northwest Germany. 

The micromorphic brachiopods are of great biostratigra
phic importance, and a biostratigraphic zonation of the 
Upper Campanian-Maastrichtian of Northwest Europe has 

been established by Steinich ( 1 965) and Surlyk (e .g .  1 9 70b, 

1 984) . 

The chief obj ectives of the present paper are to describe 
the brachiopod fauna from the chalk of the Nye Kløv sec

tion, northern Jylland, Denmark, with the main emphasis on 

the forms from the Lower Danian. In the Lower Danian of 

Nye Kløv 35 species are found, six of which are res tricted to 

the basal Danian clay bed, the Fish Clay. These six are 

common in the immediately underlying Upper Maastrich

tian chaik, are not present in the succeeding Lower Danian 

strata, and have most probably been reworked from the 

Upper Maastrichtian. Six species are common to the Maas

trichtian and the Danian and represent forms that have 

crossed the boundary . The remaining 23 speeies appear for 

the first time in the Danian, and of these, five species are 

here described as new. 

Another obj ective of the present paper is to analyse the 

extinction patterns of the brachiopod fauna at the Maas

trichtian-Danian boundary . The Nye Kløv locality has re

cently been proposed as a substitute for Stevns Klint as 

stratotype for the Cretaceous-Tertiary transition due to pos

sibly more continuous sedimentation across the boundary at 

Nye Kløv ( Surlyk 1 983 ) .  
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The Maastrichtian-Danian 
boundary in Denmark 
The boundary between the Mesozoic and Cenozoic Eras is 
placed at the Maastrichtian-Danian boundary . A number of 

outerops exposing the boundary are present in Denmark. 

The most important of these localities are Bj erre, Danian, 

Eerslev, Kjølbygård, Nye Kløv and Vokslev in Jylland, in 

addition to Karlstrup and Stevns Klint ( Kulsti Rende, Hol

tug, Højerup and Rødvig) in Sjælland (Fig. l ) .  
The Cretaceous-Tertiary boundary is traditionally bio

stratigraphically defined (e .g . ,  Forchhammer 1 825; Ravn 

1 903;  Rosenkrantz 1 924, 1 937 ,  1 940; Birkelund & Bromley 

1 979) . In the majority of localities the boundary is marked 

also by a global hiatus which, in most places, includes both 

the Upper Maastrichtian and the Danian. These stratigra-
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Fig. 1. Geological map of Denmark showing distribution of Upper 
Cretaceous, Danian and Maastrichtian-Danian boundary strata, at 
the base of the Quaternary. 

phic gaps reduce the possibility of studying the precise 

nature of extinction patterns across the boundary .  Good 

boundary sections are characterised by a number offeatures, 

including more or less continuous sedimentation and few or 

no facies changes across the boundary, accompanied by 

minimum diagenetie dissolution and transport destruetion of 

skeIetal material . In addition, high density and diversity of 

studied fossil groups are important (Surlyk & Johansen 

1 984) . 
Due to heterogeneous li thological development of the 

Maastrichtian and Danian boundary strata at different 10-
calities in Denmark (Floris el al. 1 9 7 1 ) ,  Ii thoIogicaI correla

tions have not been satisfactory, even though characteristic 
flint horizons, marly Iayers (e .g .  the Kjølbygård Marl from 
the Upper Maastrichtian) and the Fish Clay (Christensen el 

al. 1 973 )  and its equivalents, located at the boundary, have 
been shown to be useful for lithostratigraphic correlations 

(TroeIsen 1 937; Surlyk 1 9 70b, 1 9 7 1 ;  Surlyk & Birkelund 

1 977 ) . Recently, it was proposed to place the Maastrichtian

Danian boundary at the base of the Fish Clay as available 

evidence suggests the globally isochronous nature of the clay 

bed ( Surlyk 1 983) . 

Facies changes at the Maastrichtian-Danian boundary 

occur in all the Danish sections .  In north western Denmark, 

the boundary is marked by a thin mari layer, but occurs in 

an otherwise monotonous horizontally bedded sequence of 

pelagic chaIk . This boundary sequence may be somewhat 

more complete than that at Stevns Klint as suggested by 
dinoflagellate data (Hansen 1 977 ,  1 9 79b, c) . Recently, Nye 

Kløv was proposed as a substitute for Stevns Klint as strato

type for the Cretaceous-Tertiary boundary, if it can be 
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Fig. 2. Palaeogeography of the Maastrichtian sea in NW-Europe. 
The dashed line indicates the approximate extension of the chalk 
facies in the Middle Maastrichtian. The dotted areas are stable land 
masses. (After Håkansson, Perch-Nielsen & Bromley 1 9 74). 

demonstrated, that the Stevns Klint section contains a hi

atus at the boundary ( Surlyk 1 983, 1 984) . 

The Maastrichtian chalk of northwestern Europe was 

deposited in an east-west-running seaway from the Creta

ceous Atlantic to Poland (Fig. 2; Håkansson el al. 1 9 74) . 

Further eastwards it connected with the wide Russian shelf 

sea. To the north the Maastrichtian chalk sea was bordered 

by the Precambrian shield and towards the south by the 

mid-European Island. There were furthermore connections 

to the Tethyan sea in both a southeastern and a southwest

ern direction. 

The central facies for the Upper Cretaceous of Northwest 

Europe is chaik. Many different definitions on the rock term 

'chaIk' have been proposed (e .g . ,  Scholle 1 9 7 7 ;  Gealy el al. 
1 9 7 1 ;  Bromley 1 979; Bromley & Gale 1 982) depending on 
whether there is a need for a lithological or a primary 
compositional definition . For the purposes of this paper a 
field defini tion is used: chalk is a partially or completely 

unlithified white or nearly white pure calcilutite (Bromley 
1 979) . Chalk is composed primarily of calcareous nanno
and microfossils, especially coccoliths, foraminifers, dinofla

gellates and calcispheres, all of pelagic origin .  Chalk is the 

central facies and the most com mon matrix in the Maas

trichtian and Danian carbonate facies in Denmark. In  addi

tion to the chaIk, varying subordinate quantities of sand

sized skeIetal material of benthic origin are present. Where 

skeletons of a particular group dominate the fabric, the 

subfacies is named after the origin of the skeIetal elements, 

e.g. bryozoan chalk and bryozoan limestone. 

Bryozoan limestone is a common Lower Danian facies 

(e .g .  Cheetham 1 9 7 1 ;  Fig .  3 herein) . I t  contains a higher 

proportion of bryozoan skeletons than bryozoan chalk 

though the fabric is s till mud supported . Bryozoan limes tone 

is distinctly bedded and in many places deposited in large

scale mound structures such as in the eastern part of Den

mark, e .g .  Stevns Klint .  Many localities in Jylland, e.g. Nye 
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Kløv, Kjølbygård and Dania, however, exhibit horizontally 

bedded bryozoan limes tone, and these differences in bedding 

are in all probability due to differences in palaeogeographic 

position and water depth of the localities . The sequence in 

Jylland was thus deposited in the axial part of the Late 

Cretaceous Danish Basin, whereas the Stevns Klint and 

Karlstrup sections in Sjælland were deposited in shallower 

water over structural highs (Surlyk 1 979b; Figs . I, 2, 3 

herein) . 

The Nye Kløv locality 
The Nye Kløv locality is a small abandoned chalk quarry 

with average dimensions of 40 m in length and 20 m in 

height .  The quarry is situated in a raised Pleistocene cJiff 

facing the inner drained parts of the Lønnerup Fj ord in 

northern Jylland (Fig. 4) . The sequence exposes 8 m of 

Upper Maastrichtian and 1 2  m of Lower Danian chaIk. The 

sediments were initially horizontally bedded but appear to 

have suffered neotectonic movements that tilted the sedi

ments slightly (Håkansson & Hansen 1 979) . 

The sedimentological sequence at the Nye Kløv locality is 

from bottom to top: (a)  Upper Maastrichtian white pelagic 

chalk with seattered flint nodules and only few macrofossils; 

(b) 3 cm of brownish-grey marly cJay, the base of which 

marks the Maastrichtian-Danian (Cretaceous-Tertiary) 

boundary; (c) 0 .5  m of Lower Danian greyish marly chaIk; 

(d) 8 .5  m white bryozoan limestone containing as much as 

25 wt % of bryozoans; (e )  2 . 0  m of white bryozoan chalk 

which gradually passes into white pelagic chalk at the top of 

the section (Figs . 6, 7 ) .  

In  the Lower Danian the flint i s  mainly developed as 

continuous bands .  Flint layers appear to reflect the primary 

bedding in most places, although they do not represent the 

actual bedding planes, as they are forrned by early diagene

tie silicification of Thalassinoides burrow networks (e .g. Brom

ley 1 975) . 

The soft, brown boundary cJay layer is microconglomera

tie and smeared, and contains small angular as well as 

rounded chalk cJasts, reworked from the underlying and 

more competent U pper Maastrichtian chaIk. The cJay itself 

may have acted as a lubrication plane for halokinetically 
controlled post-sedimentary movements. 

The outerops in northwestern Jylland (Bjerre, Dania, 
Eerslev, Kjølbygård and Nye Kløv) are situated over salt 

diapir domes, which probably were not activated until after 
the Cretaceous-Tertiary deposition (Håkansson & Hansen 
1 979) . 

Dinoflagellate data (Hansen 1 97 7, 1 979b, c) suggest that 
there may be a hiatus or at least a lower sedimentation rate 

between the Upper Maastrichtian and the Lower Danian in 

some of the localities in eastern Denmark compared to 

northwestern Denmark. Furthermore, the hiatus, if present, 

is smaller in the Danish localities than in most other bound

ary sections reported elsewhere in the world, incJuding deep

sea cores .  
Both the uppermost Maastrichtian and the Lower Danian 

chalk of Nye Kløv is totally burrowed by Thalassinoides, 

Zoophycos, Chondrites and traces of other organisms.  In the 

Danian the ichnofabric is dominated by Thalassinoides, 
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III Bryozoan limestones 
�. : . :.:.: Areas with bryozoan 

mounds 

i���������i Pelagic chalk - - - - - --
:.-=-:-:�-:-: 

----- Coastline 
Fig. 3. Generalized Early Danian facies distribu tion (after Håkans
son & Thomsen 1 979) . 

�NYE KLOV 
* 

2km 
Fig. 4. Map showing position of Nye Kløv facing the inner, drained 
parts of Lønnerup Fjord in Northern Jylland, Denmark. 
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Fig. 5. Compilation of biozones cov
ering the Maastrichtian-Danian 
boundary interval at Nye Kløv. Coc
colith data provided by Perch-Nielsen 
( 1 979a, b ,  c) , foraminiferal data by 
Bang ( 1 979 ) ,  dinoOagellate data by 
Hansen ( 1 977, 1 979b) , and brachio
pod data by Surlyk ( 1 972, 1 984) . 
Lithological profile measured by Jo
hansen ( 1 982) . 

Coccoliths:  Zone NP I (after Mar
tini 1 97 1 ) is subdivided into the sub
zones DI and D2 (after Perch-Nielsen 
1 979c) . Marker speeies for D I :  
Biantholithus sparsus and for D2 :  Zygo
diseus sigmoides . 
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Foraminifera : ( I )  Globotruneana 
area; (2) Pseudotextularia elegans; ( 3 )  
Globotruncanella petaloides; (4) Part o f  
the  "Lønnerup Assemblage" (Bang 
1 979) ;  (5) Heterohelix spp . ,  Hedbergella 
spp . ,  "Globigerinella" aspera. (Ass em
blages 4 and 5 in the Danian are 
possibly reworked from the Maas
trichtian . )  (6)  Guembelitria spp . ;  (7) 
Chiloguembelina spp . ;  (8 ) Woodringina 
sp . ;  (9) Eoglobigerina daniea s . l . ;  ( 1 0) 
Globoeonusa daubjergensis. 
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(after Bang 1979) 

whereas Zoophycos has not been observed . The faunaUy de
pauperated lowermost Danian marly chalk is totally biotur
bated as weU, and Thalassinoides, Planolites and Chondrites-like 

trace foss ils are presen t here ( Ekdale & Bromley 1 984) . 

Stratigraphy 

The macrofauna at Nye Kløv is sparse, apart from a signifi

cant bryozo�n content in the high er part of the Lower 

Danian ( Fig. 7 and Håkansson & Thomsen 1 979) . The most 

common macrofossils are Baculites and Inoceramus from the 

U pper Maastrichtian, Echinocorys and Terebratulina chrysalis 

from the Lower Danian chalk and Tylocidaris abildgaardi in 

the Lower Danian limes tone.  

The uppermost Campanian and Maastrichtian of north

western Europe have been biostratigraphically subdivided in 

great detail on the basis of brachiopods (Bitner & Pisera 

1 979; Steinich 1 965;  Surlyk 1 969, 1 970b, 1 972 ,  1 982, 1 984) . 

Thus the uppermost Campanian is divided into two brachio

pod zones and the Maastrichtian into ten brachiopod zones . 

3 

1 2 

(after Hansen 
1977. 1979) 

(after 
Surlyk 
1984) 

DinoOagellates: ( I )  Spiniferites ramo
sus eavispinosus; (2) Palynodinium gralia
tor; ( 3 )  Thalassiphora pelagiea; (4) Chir
optheridium (5 )  Danea mutabilis and 
CarpatelIa eornuta ; (6) Xenieodinium ru
gulatum. 

Brachiopods: The stevensis-ehitoni
formis zone of Surlyk ( 1 984) , the base 
of which is defined by the appearance 
of Argyrotheea stevensis and the top by 
the disappearance of Magas ehitonifor
mis. 

The lower boundary of each zone is defined by Surlyk ( 1 983 , 
1 984) in a stratotype on the first or the last appearance of a 
speeies. The upper boundary of each zone is defined by the 
lower boundary of the succeeding zone. The Upper Maas
trichtian of Nye Kløv belongs to the topmost Maastrichtian 

stevensis-chitoniformis Zone ( Surlyk 1 9 70b,  1 982, 1 984; Fig. 5 

herein) , the top of which is defined by the disappearance of 

one of the most characteristic Maastrichtian speeies, Magas 

chitoniformis. 

The highest part of the Maastrichtian of Denmark has 

furthermore been subdivided by means of planktie foramini

ferans (Bang 1 979) , dinoflagellates (Hansen 1 97 7 ,  1 979b,  c) 

and coccoliths ( Perch-Nielsen e.g. 1 9 79a, bl . Fig . 5 shows 

the biostratigraphical zonations based on these three groups 

of micro- and nannofossil and the brachiopod zonations . 

Hansen ( 1 979b) stated that the Chiropteridium inornatum -

Palynodinium grallator dinoflagellate zone is restricted to the 

topmost 0 . 5  m of the Upper Maastrichtian and furthermore 

restricted to the localities deposited in the axial part of the 

Danish Basin (Bjerre, Dania, Kjølbygård and Nye Kløv) . In 
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Fig. 6. Diagram showing the density of skeletal fragments ( = washing residue), brachiopod density ( individuals per kilogram washing residue) 
and brachiopod diversity (species per sample) in a series of samples across the Cretaceous-Tertiary boundary at Nye Kløv (from Johansen 
1982). The diversity is shown both as  total number of inarticulate and articulate species and as number of articulate species only. 

other localities investigated ( Stevns Klint, core Copenhagen 

Tuba 1 3 ) ,  G. inornatum occurs only above the Maastrichtian

Danian boundary together with dinoflagellate species char

acteristic of the Danian, such as Dania mutabilis ( basal Dan

ian) and Garpatella cornuta (Lower Danian) . This difference 

in biostratigraphic development together with lithological 
evidence suggest a more complete sequence across the 
Maastrichtian-Danian boundary in northern than in eastern 
Denmark . It should be mentioned , however, that palaeoen

vironmentally controlled differences in the dinoflagellate flo

ra of the Danish Basin do occur, as is reflected in the relative 
abundance of certain speeies . 

For further discussion of biostratigraphic zonations across 

the Maastrichtian-Danian boundary references should be 

made to papers in Birkelund & Bromley ( 1 9 79) and in 

Christensen & Birkelund ( 1 979) . 

Material and methods 

Methods 

The present work is based on a series of 32 dosely spaced 

samples collected from the Cretaceous-Tertiary boundary 

strata from the Nye Kløv locality, northwestern Denmark. 

The samples cover the topmost 5 m of the Upper Maastrich

tian and 1 3  m of the Lower Danian (Fig. 6) . The weight of 

the samples was in most cases between 5 and 1 0  kg. A 

sample weight of 5 kg is considered to be ideal in quantifica

ti on of the micromorphic brachiopods ,  as larger samples 
seldom increase the number of speeies ( Surlyk 1969, 1972). 

Diversity is thus simply expressed as the number of speeies 
per chalk sample. A few of the samples weighed less than 5 
kg, however, and for reasons of standardisation all numbers 

of density and washing residue are recalculated to a sample 
weight of I kg. The samples were washed with a method 
involving repeated freezing and heating in a supersaturated 
Glauber-Salt solution, as described in detail by Surlyk 

( 1 972) . The proeess was repeated 1 0- 1 8  times . After tre at

ment, the chalk breaks down completely into mud and very 

dean fossils . The samples were then washed through a 0 .25  

mm sieve, the washing residue dried slowly and finally 

hand-sieved into 0 . 25-0 .50 mm, 0 .5- 1 . 0  mm and> 1 .0 mm 

fractions .  The brachiopods were picked from the 0 . 5- 1  mm 

and> I mm fractions under a binocular microscope at x6, 

X 1 2  and x25 magnification .  The number of individuals was 

estimated by adding the number of complete shells to either 

the num ber of dorsal or ventrai valves depending on the 



8 Marianne Bagge Johansen 

CRETACEOUS 
Upper Maastrichtian 
301 � W f\) O 

TERTIARY 
Lower Danian 

• • • • • •••• • • II I" " • Ill.. I • III I 

...... . . -
/\,)1 _ 
w • • Il!!' 
�. -
0'18 _ 
0). • _ 
�. -

A ()l Ol1x,<DO :::: � W AQ o; �o;iD� � ���� � � � ��� id 

.. \ • 

!! ••• 
•••• I 

.... I ... , • I 
� •• ============�.�.�.�. 

I 
<ol _ 

o· 
:::.: -
i\)-

�. -
�. . -
�. . -

�
�-

.:.� 

.. I.,. • • 
;:;� 
:;: .::JDI 
'" -===
a; .::JDI 
:;: -==:Il I 0; .... ;0"'1 �., � I 

I 
•••• I 
•••• 1 I •••• 1 

I 
•••• I 

• I 

� . 
� n=r=-. •••••• II 

� II====I===-. 
� .... • I." . • 

�. I ••• 

� •• C=�======�'UIC=========� 
�C1 
� l:1 :=I== •• ==::J 
� DIICI==�.'::= •• �.�.�.-=I-= •• 
�.... • .1 ••• 

� I���.��.�":.:.�.�. �� .. � I I'... . 
� -==-==-
�. .. . . 
�. I •••••• 
� . . .  �� 

t D=:JI 
!: ILl 

�. 
t; c:::::JII 
t DI::. 
�.I •• 

II 

� -======-:1 
�I 

& -===-

FOSSILS AND STRATA 20 ( 1 987) 

STAGES 
Sediment 

r;:; (;)3 thickness 

LlTHOLOGY 

Samples 

Cretirhynchia sp. 
'" M. chitonilormis 

G. jasmundi 

S. i nopi na tus 

'" K. pentangulata 

O> Leptothyre/lopsis sp . 
rhynchonellid sp. 
A. bronnii 

T. laujasii 

<5 D. nobilis 

::: M. semiglobularis 

� I. aft. costata 1 
;:; A. daniea 

:;: C. subcardinalis 

'" R. tenuicostata 

a; Scumulus (?) sp. 
:;: R. acutirostris 

o; T. gracilis 

iD C. aft. craniolaris 

� A. coniuncta 

� Craniscus sp. 
rT. longicoJlis/ � i,T. cf. longico/lis 

'" 
� 
'" 
<o 

� 
e.o 
" 

e.o 
e.o 

� 
e.o 
'" 
e.o 
O> 

\:l 
� 
e.o 
<o ... 
a 

A. inusitata 

T. chrysalis 

I. costa ta 

A. stevensis 

A. hirundo 

rhynchonell id sp. 
A. armbrusti 

A. aft. bronnii 

G.persica n.gen.et n.sp. 
R. lIabe/la n. sp. 
C. perula n. sp 
C. tubereulata 

PlatidJa sp. 
A. dorsata 

I. aft. costata 2 
A. vonkoeneni 

A. aft. stevensis 

Da/ligas sp 
Carneithyris sp. 
Isocrania sp. 
Cretirhynchia sp. 
R. latronis n. sp. 
T. aft. rigid a 

Neoliothyrina (?) sp. 
Rugia sp. 
A. cf. laxensis 

Crania sp. 
T. kloevensis n. sp. 

Fig. 7. Range ehart of brachiopod speeies in the Cretaeeous-Tertiary boundary sequenee at Nye Kløv (updated from Johansen 1 982) . NK7, 
NK8 and NK9 are separate samples, but as these were very closely taken, slight overlap oceurs. Sample NK7 thus eontains the topmost 
Maastrichtian chalk and is in contact with the boundary clay. Sample NK8 is a sample of the 3 cm thick Maastrichtian-Danian boundary clay 
and may contain a few centimetres of the succeeding Lower Danian marI .  Sample NK9 contains the lowermost Danian mari deposited 
immediately after the boundary clay and may contain the top of the latter. The horizontal bars between the sam pl es NK 7, NK8 and NK9 show 
the vertical extension of these sam pl es. 
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greater number. In  addition, the minimum number of indi

viduals represented by fragments was estimated. 
The figured specimens were prepared with an ultrasonic 

deaner before Scanning Electron Microscope photography 
us ing either a Stereoscan 1 80 or a Philips 5 1 5  at the Institute 
of Historical Geology and Palaeontology, Copenhagen. In 
order to describe the important internal morphological ele
ments of the brachiopods, a num ber of complete shells have 
been opened by application of the technique described by 
Surlyk ( 1 969) . 

After taxonomic determination of the fossils to species 

leve! quantitative graphs were constructed ( Figs . 6, 7, 30-

34) . 

Material 

About 3000 brachiopod specimens were s tudied from Nye 

Kløv and in addition a large number of specimens were 

examined from Coniacian-Maastrichtian strata of North

west Germany, Campanian-Maastrichtian strata in Nor

folk, England, from Upper Maas trichtian-Danian strata at 

Limburg, Holland and Belgium, and from Upper Maas

trichtian-Danian strata in Denmark. The Danish localities 

are Bjerre, Eerslev, Kjølbygaard, Dania, Rørdal and to a 

minor extent Gravlev, Nyvanggård, Skellingbro and Voks

lev, all in the western part of Denmark, and Karlstrup, 

S tevns Klint, Fakse and Møns Klint in eastern Denmark . 

All of the Danish localities except Rørdal, Fakse and Møns 

Klint expose the Maastrichtian-Danian boundary ( Fig. I ) .  

I n  addition, brachiopod collections from Natuurhistorisch 

Museum, Maastricht, the Netherlands, Geological Museum, 

University of Copenhagen, Institute of Palaeoecology, År

hus, Denmark and Sedgwick Museum, Cambridge, England 

have be en at my disposal in the course of this study. The 

type material is housed at the Geological Museum, Univer

sity of Copenhagen, and is prefixed MGUH. 

Preservation 

In general, the brachiopods from the Upper Maastrichtian 

are very well preserved . Preservation of the Lower Danian 

specimens is more variable, mainly due to a higher degree of 

calcite overgrowth. In some leveIs the brachiopods are dean 
and well preserved and in others the specimens are covered 
with a thin cemented layer of coccolith ooze .  Material from 
the Lower Danian is generally more recrystallised, and the 

degree of silicification in the Lower Danian is, at certain 
leveis, so advanced that disintegration of samples is impossi
ble. 

Brachiopod terminology, measurements and 

morphology 

The taxonomy follows the Treatise on Invertebrate Paleontology 

(H) Brachiapoda (Moore 1 965) , and the terminology follows 

that us ed by Williams & Rowell ( 1 965) . The measured and 

described characters of the brachiopods in this paper are 

shown in Figs . 8-1 1 .  

Ratios of morphological dimensions are calculated and 

plotted into scatter diagrams to show the degree of variation 
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plane of symmetry 

commissural plane 

growth line 

vent rai valve 

B 
Fig. 8. D A. Plane of symmetry and commissure on a stylized 
articulate brachiopod in oblique dorso-ventral view . D B .  A stylized 
articulate brachiopod in lateral view. 
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Fig. 9. Measured morphological characters on a typical, Terebratu
lina -like brachiopod . L: length, LD: length of dorsal valve, W: 
width, T:  thickness, d: width of foramen, WH:  width of hinge line, 
HA: heigth of area, 13: angle of area edge (0 ) , NR: number of ribs. 
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dorsal eardinalia 

dorsal valve 

A 

descending 

B 

cardinal 
proeess 

shell ears 

inner soeket ridge 

Fig. JO. D A. Morphological elements of the exterior of Terebratulina 
atT. rigida shown in dorsal view. DB. Morphological elements of the 
interior of a dorsal valve of Terebratulina longicollis showing the 
cardinalia and the brachidium. 

inner  socket 
inner 
ridge 

bracial band 

posterior face of 
median septum 

dorsal median 
septum 

Fig. Il. Morphological elements of the interior of a dorsal valve of 
A rgyrotheca hirundo . 
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within the species (Figs . 1 2-29) . Such ratios are plotted for 

selected species on published scatter diagrams of other au

thors for comparison. For this purpose scatter diagrams 

from Steinich ( 1 965, 1 968a, b l ,  Surlyk ( 1 969) , and Bitner & 

Pisera ( 1 979)  have been used. 

The following morphological dimensions are illustrated : 

length to width (L/W) ; length of dorsal valve to width (LD/ 

W) ; thickness to width (T/W) ; width of foramen to width 

(d/W) ; width of hinge line to width (WH/W) ; and number 

of ribs to width (NR/W) . Area edge angle ( beta in degrees) 

was meas ured for a single species (Scumulus inopinatus) .  

Systematie descriptions 

Order Rhynchonellida Kuhn 1 949 

Fami1y Rhynchonellidae Gray 1 848 

Genus indet .  

Material. - Three complete shells, 8 dorsal and 2 ventrai 

valves and a large number ( 1 00-1 50) of fragments .  The 

material is considered to belong to the family Rhynchonelli

dae because of the characteristic glossy fracture pattern 

reflecting the fibrous shell structure. The shells are further

more thick and impunctate, but the available specimens do 

not allow further classification. 

Occurrence. - The material occurs in the Upper Maastrichtian 

samples NK l ,  NK3, NK4, and NK9, and in the Lower 

Danian samples NK l S , NK I 8 , NK22,  NK23 and NK30.  

Subfami1y Cyclothyridinae Makridin 1 955 

Genus Cretirhynchia Pettitt 1 950 

Type speeies. - Terebratula plicatilis J. Sowerby 1816, by origi

nal designation. 

Cretirhynchia Sp . 
Pls. I: 1-2;  2: l 

Synonymy.  - D 1 984 Cretirhynchia sp.  - Surlyk & Johansen, 

Fig. l .  

Material. - The material consists of 1 4  complete shells, I S  

dorsal and 9 ventrai valves . All but one of the com pl ete 

shells are juveniles and thus the material does not allow for 

any adequate description of ontogenetic development. 

Description. - The adult shell is a few centimetres in length 

and smooth. The outline is in the juvenile s tages pointed 

oval; maximum width changes during ontogeny from about 

the midline of the shell to the anterior shell margin .  The 

shell is planoconvex in the juvenile stages ,  and the shell ears 

very indistinct. The beak is suberect to erect in the juvenile 

s tages and during ontogeny becomes slightly incurved . The 

foramen is large and triangular in juveniles .  Later the delti-
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dial plates restriet the  foramen eompletely anteriorly. Henee 
the exterior opening of the foramen is small, eireular and 
submesothyridid in adults . The deltidial plates in the juve
nil es have a eharaeteris tie growth pattern whieh results in 
two laterally direeted wing-like doublings of the deltidial 
plates. This pattern is a result of ehanges in growth direetion 

of the deltidial plates during ontogeny ( Steinieh 1 965,  p .  2 1 -

22,  Fig. 5 ) .  The eharaeteristie deltidial plates distinguish the 
rhynehonellid juveniles from other smooth-shelled forms .  
The hinge is s trong and well developed . In the j uvenile 
s tages, the inner soeket ridges are low, short and strongly 

eonverging anteriorly . The inner soeket ridges eontinue an

teriorly into the crura, which in juveniles are strong, long 

and ventrally directed . The teeth are blunt and sharp, and 

no cardinal proeess is seen . In larger forms, a low median 

furrow is seen in the floor of the dorsal valve . The shell is 

rather thick. 

Remarks. - Only two rhynchonellid speeies have been de
scribed from the Danish Maastrichtian chaik : Cretirhynchia 

retracta (Roemer 1 84 1 )  and Cretirhynchia limbata (Schlottheim 

1 8 1 3 ) (Surlyk 1 972) . 
The two speeies are very dosely related and very difficult 

to distinguish from each other, particularly in the case of 

juveniles .  The Lower Danian speeimens are also j uveniles, 

and the re seems to be no marked difference between these 

speeimens and the juveniles of the Maastrichtian speeies .  

Neither C.  retracta nor C.  limbata, however, have been pre

viously recorded from the Danian. 

Occurrence. - Most of the material oceurs in the Upper Maas

trichtian samples NK l ,  NK2, NK3, NKS, and NK6. The 

Lower Danian speeimens oceur in samples NK23 and 

NK26. 

Family Cryptoporidae Muir-Wood 1 955 

Genus Cryptopora J effreys 1 869 

Type speeies. - Atretia gnomon jeffreys 1 876, by original desig

nation ( monotypy) . 

Cryptopora perula n . sp .  
Pl. 3 : 1-7; Figs . 1 2A-D, 1 3A-C 

Synonymy. - O 1 984 Cryptopora n.sp .  - Surlyk & Johansen, 
Fig. I .  

Derivation of name. - Latin perula, pearl; referring to the drop
like shape of the shell . 

Ho lo type . - MGUH 1 6906, Pl .  3 :  l A, B; Lower Danian, Nye 

Kløv, sample NK24. Type locality: Nye Kløv, north of 

Thisted, northwestern Denmark. Type horizon : Lower Dan

Jan. 

Material. - 1 65 complete shells , 63 dorsal and 76 ventrai 

valves . The largest specimen is from the Lower Danian 

sample NK25 and has the following dimensions : Length 
2 .44 mm; dorsal valve length 2 . 00 mm; width 1 .92 mm; 
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thickness 0 .64 mm; foramen width 0 .40 mm. Measurements 

of the holotype: Length : 1 . 88 mm; dorsal valve length: 1 .48 

mm; width: 1 .40 mm; thickness :  0 .52  mm; foramen width: 

0 .28 mm. 

Diagnosis. - Shell small ,  flat biconvex, impunctate, relatively 

thin, and smooth with subtriangular outline .  Foramen large, 

hypothyridid and triangular. Deltidial plates indistinct, dis

junct. Floor of ventrai valve contains thickened area wedg

ing out towards apex. Median septum high, narrow, short 

pointed, er ura long, slender and ventrally direeted, ris ing 

from base of socket ridges .  

Description. - The shell is small with a rounded oval to 

subpentangular outline in juveniles, whilst adults are sub

triangular to pointed oval . In j uveniles the maximum width 

is at the anterior. margin of the shell, but during ontogeny 

draws backwards to around midway sheli length. The ratios 

of L/W, LD/W, T/W and d/W are shown in Fig. 1 2A-D. 

The aurides are indistinct, and the shell flattened biconvex. 

Some large speeimens are resupinate. The shell surface is  

smooth, and growth l ines are only very rarely observed . The 

hinge l ine is  very short and s traight.  The beak is relatively 

short, nearly straight in the juvenile s tages and suberect to 

erect later in ontogeny. Both the area and deltidal plates are 

indistinct, and in most speeimen the foramen is very wide, 

consequently leaving very l itt le space for deltidial plates and 

area. The deltidial plates are narrow, low ridges that limit 

the foramen laterally. The foramen is hypothyridid, large 

and broad to pointed triangular, and there is no pedide 

collar. The teeth are short and pointed; they converge dor

sally and seem to form an anterior projection of the deltidial 

plates , and there are no dental plates .  The posterior median 

area of the interior of the ventrai valve is thickened; this 

elevated area wedges out towards the apex. The inner socket 

ridges are equally low but distinet, and they converge sharp

ly posteriorly . The eardinal proeess is small but marked and 

the crura rise from the base of the socket ridges converging 

rapidly midventrally. The descending arms of the brachi

dium are long and slender. In larger forms two small dorsal

ly con verging crural proeesses oceur where the erura meet 

the deseending branehes .  The latter reach the median sep

tum level at a sheli length of 1 . 25 mm. The median septum is 
short, high, narrow and pointed . The posterior edge is al
most perpendicular to the shell  floor, and the anterior edge 
slopes steeply towards the shell margin .  The median septurn 

rises around midway shell length and retains this position 
during ontogeny. The lophophore was an early spirolophe to 
possibly a fully developed spirolophe. The spicular skeleton 
was heavily spiculated, and in severai speeimens a recrystal
lised but fully preserved skeleton can be seen. The shell is 

relatively thin. 

Remarks. - The genus Cryptopora Jeffreys has hitherto been 

reported only from the Eocene to Recent (Muir-Wood 1 965 ;  

Cooper 1 979) ; and the genus has been described and well 

illustrated by severai authors (e .g . ,  Davidson 1 874; Cooper 

1 959, 1 97 1 ,  1 973b,  1 979) . 

Bitner & Pisera ( 1 979)  established the genus Cryptoporella. 

The name refers to the dose affinity with Cryptopora. Crypto

porella occurs in Upper C ampanian-Lower Maastriehtian 
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Fig. 13. Scatter diagrams of Cryptoporella antiqua Bitner & Pisera ( e ) ,  
Upper Campanian - Lower Maastrichtian, Mielnik, Poland (from 
Bitner & Pisera 1 979,  Fig. 3a-c) , with holotype ( .a. )  and largest 
speeimen (* )  of Cryptopora perula n . sp .  inserted for comparison (cf. 
Fig. 1 2 ) .  LV : ventrai valve length (mm) , LD: dorsal valve length 
(mm) , T: thickness (mm) , W:  width (mm) . 

chalk of the Mie!nik Chalk Pit, Eastern Poland . Cryptoporella 

lacks, however, a median septurn, the crura are very short, 

and the foi-amen is much wider than in Cryptopora .  

The Cryptopora material from Nye Kløv has affinities to 

both genera. The foramen and the hinge are reminiscent of 

Cryptoporella, whereas the crura and the median sep turn are 

forrned as in Cryptopora .  As the median septurn and the crura 

appear to represent the most important taxonomic charac

ters, it is preferred to refer the material to Cryptopora rather 
than to Cryptoporella . Of known Cryptopora species, Cryptopora 

perula is most remi nis cent of Cryptopora gnomon jeffrup. The 

latter differs from other species of Cryptopora sp. in possessing 

non-alate deltidial plates (Cooper 1 979) . Fig. 1 3  shows L/W, 

LD/W and T/W ratios for holotype and largest specimen of 

Cryptopora perula for comparison with Cryptoporella antiqua 

Bitner & Pisera ( 1 979) . 

Oeeurrenee. - Cryptopora perula first appears 5 m above the 
Maastrichtian-Danian boundary and occurs in most Lower 
Danian samples above this leve! (NK I 8, NK2 1 ,  NK22 ,  

NK23,  NK24 ,  NK25 ,  NK26 ,  NK27 ,  NK29 ,  NK30) . I t  var

ies in numbers from a few to many individuals and is the 
dominating species in a few samples (NK22 ,  NK25) . This is 

the first recorded occurrence of the species in the Lower 

Danian . 

Order Terebratulida Waagen 1 883 

Family Terebratulidae Gray 1 840 

Subfamily Rectithyridinae Muir-Wood 1 965 

Genus Neoliothyrina Sahni 1 925 

Type speeies. - Terebratula obesa Davidson 1 852 ,  by original 

designation.  Neoliothyrina obesa Sahni 1 925 is considered a 

junior synonym. 
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Neoliothyrina? Sp . 
Pl .  1 :5 , 6 

Synonymy. - D 1 984 Neoliothyrina ( ? )  - Surlyk & Johansen, Fig. 

l .  

Material. - Three fragmented dorsal valves and two broken 
be aks from the Lower Danian. No measurements have be en 

obtained . 

Deseription. - The material does not allow for any adequate 

description, but judged from the broken material, the adult 

shell appears to be large, flattened biconvex, with a short, 

erect to slightly incurved and strongly wom beak. The 

reference to Neoliothyrina? is, however, based mainly on the 

characteristic shape of the inner socket ridges .  The hinge 

line is short, and the inner socket ridges are short, low, 

paralleI and laterally flattened . The posterior margins of the 

inner socket ridges constitute, with the cardinal process ,  a 

low horizontal bridge . The cardinal process is relatively 

large and bulbous . Anterior to the cardinal process ,  two 

concave, anteriorly positioned elongated plates represent the 

hinge plates .  The anterior margin of the hinge plates contin

ues into the crural bases . The shell is thin. 

Remarks. - The hinge area of the U pper Cretaceous Neolioth

yrina obesa Sahni 1 925 differs from Neoliothyrina? sp. in having 

marked ly diverging inner socket ridges and very broad hinge 

plates . The species found is reminiscent in the hinge area of 

the Upper Cretaceous Neoliothyrina fittoni (Hagenow) (As

ga ard 1 972) , but no further s tatement can be obtained. 

Oeeurrenee. - The species is found in samples NK23,  NK24 

and NK30 from the Lower Danian. A number of relatively 

large, thin-shelled, punctate and smooth fragments are 

found in sample NK I 8 .  These may belong to Neoliothyrina? 

sp .  

Subfamily C arneithyridinae Muir-Wood 

1 965 

Genus Carneithyris Sahni 1 925 

Type speeies. - Carneithyris subpentagonalis Sahni 1 925 ,  by origi
nal designation . 

Carneithyris subcardinalis ( Sahni 1 925) 
Pl .  2 :2 

Synonymy. - D 1 842 T. earnea Sow. - Hagenow, p .  539,  no. 1 3 .  

D 1 894 Terebratula earnea Sowerby - Posselt, p .  3 , no. 29 .  

D 1 909 Terebratula earnea Sowerby - Nielsen, p .  1 63 ,  PI .  2 :68-

7 7 .  D 1 925 Chatwinothyris subcardinalis sp .n .  - Sahni, Fig. 9; 

PI. 1 4:4, 4a. D 1 963a Chatwinothyris subeardinalis Sahni -

Steinich, p. 608, Fig. 9. D 1 965 Chatwinothyris subeardinalis 

Sahni - Steinich, pp. 3 7-46, Figs . 24-34, PI. 5 :4 ,  PI. 6: l a--d, 

2a-d, 3, 4, PI .  7 : l a-b, 2, PI .  1 1 : 1 ,  2a-b, 3 .  D 1 970 Carneithyris 

sp .  Sahni - Asgaard , pp. 36 1 -367 .  D 1 9 72  Carneithyris subear

dinalis ( Sahni) - Surlyk, p. 24, Figs . 5, I l , 1 6, 1 7 , 1 8 ,  PI. 5C .  

D 1 975 Carneithyris subeardinalis ( Sahni) - Asgaard , pp .  320-

232 ,  335-339,  360, PI. 8: 1 -4.  D 1 979 Chatwinothyris subeardin-
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alis Sahni - Bitner & Pisera, p .  73 ,  PI .  2 :5-6 .  D 1 982 Car
neithyris subeardinalis ( Sahni) - Surlyk, Fig. I ,  PI .  l b . D 1 984 
Carneithyris subeardinalis (Sahni) - Surlyk & Johansen, Fig. I .  

Material. ' - Fifteen complete shells and two ventrai valves .  
Al l  the identified speeimens are juveniles less  than 2 .0  mm in 
width, and no measurements have been obtained . A num ber 
of fragments most likely belonging to larger speeimens of C. 
subeardinalis are also present. 

Deseription. - The juvenile shells are smooth, thin, containing 

large punctae, and are very elongated, pointed oval in out

line. Larger speeimens are also smooth- and thin-shelled , 

broad oval to subrhombic in outline. The adult speeimens 

are of centimetre-size, as inferred from the size of fragments . 

The juvenile shell is biconvex with maximum width at the 

anterior shell margin. The anterior commissure is straight ,  

the hinge l ine is short, weakly oblique and the auricles are 

indistict. The beak is low, acute and erect to slightly in

curved, and the foramen is very small, subtriangular and 

hypothyridid in these young speeimens . The foramen is 

laterally and anteriorly delimited by two large, smooth, 

triangular, plate-like, deltidial plates .  The hinge is poorly 

developed, the inner socket ridges are low, the hinge teeth 

are small, and no cardinal process is present. 

Remarks. - The material is referred to Carneithyris subeardinalis 

based on the characteristic small foramen and large deltidial 

plates , the very thin shell and poorly developed hinge of the 

juveniles. Considerable change is taking place during 

growth, but the material does not allow any adequate de

scription of this . For more detailed descriptions of the onto

genetie developement see Steinich ( 1 965) , Surlyk ( 1 969) and 

Asgaard ( 1 970 ,  1 975) . 

Oeeurrenee. - Carneithyris subeardinalis was found in the Upper 

Maastrichtian samples NK4, NK5, and NK6. In Denmark 

the speeies becomes extinct at the top of the Maastrichtian 

and does not occur in the Lower Danian. 

Carneithyris Sp . 
Pl.  1 : 2-4 

Synonytrry .  - D 1 984 Carneithyris( ? )  sp.  - Surlyk & Johansen, 
Fig. 1 .  

Material. - Ten complete shells , 3 dorsal and 6 ventrai valves 
and a num ber of fragments . All the complete speeimens are 
juveniles, and no measurements have been obtained on 
adult forms . 

Deseription. - The outline is very elongated and pointed oval , 

and the largest complete speeimen has a shell width of 1 . 50 

mm and length of 1 .80 mm. The maximum width lies at the 

anterior shell margin ,  and the auricles are indistinct. The 

shell is biconvex, with a very convex ventrai valve, and the 

anterior commissure is s traight. The shell is smooth. There 

are a few dis tinet growth lines . The hinge line is very short 

and oblique laterally, and the beak is erect to slightly in

curved, very short and blunt. The area is indistinct and 

narrow, and the foramen is very small, triangular and hy-
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Fig. 11. Seatter diagrams of Terebratulina chrysalis (Schlottheim) from the Lower Danian, Nye Kløv (x; *: largest speeimen, sample NK30) and 
from the Lower Maastrichtian, Rugen (0, e; data from Steinich 1965, Figs. 44, 45, 47, 51), and of T. aff. rigida from the Lower Danian, Nye 
Kløv (.: largest speeimen, sample NK29). DA. Ratio shell length L (mm) to width W (mm). DB. Ratio dorsal valve length LD (mm) to width 

W (mm). De. Ratio hinge line width WH (mm) to width W (mm). D D. Ratio number of ribs NR to width W (mm). 

pothyridid, eonsiderably limited laterally by broad, tri ang u

lar deltidial plates. The deltidial plates meet posteriorly, and 

a short pedide eollar is developed. The basis of the erura 

develop as long, eonverging ridges dose to the inner surfaee 

of the dorsal valve, anterior to the short, low inner soeket 

ridges. The teeth are small and blunt, and the shell is 

relatively thiek and punetate. 

Remarks. - The speeies is referred to the genus Carneithyris, 

due to the very small foramen limited by the plate-like 

triangular deltidial plates and to the very elongated pointed 

oval outline of thejuvenile shell. The genus has already been 

reeognized from the Danian of Denmark and Sweden by 

Asgaard (1975) , but the present material does not allow for 

any statement on the adult forms. 

Occurrence. - The speeies is found III the Lower Danian 

samples NK22, NK23, NK25, NK28, and NK32. 

Family Cancellothyrididae Thomson 1926 

Subfamily Cancellothyridinae Thomson 1926 

Genus Terebratulina d 'Orbigny 1847 

Type speeies. - Anomia caputserpentis Linne 1767, by original 

designation. Anomia retusa Linne 1758 is eonsidered a junior 

synonym. 

Terebratulina chrysalis (Schlottheim 1813) 
Pl. 4:1-5; Fig. 14A-D 

Synonymy. - O 1813 Terebratulites chrysalis Sehlottheim, p. 113 

(eit. Faujas 1798, Pl. 26:7, 9) . 01828 Terebratula striatula 

Mant. - Beek, p. 581. O 1894 Terebratulina striata Wahlen

berg - Posselt, p. 32, no. 19, p. 5, footnote 3; p. 10. O 1903 

Terebratulina stria ta Wahlbg.sp. - Ravn, p. 377, no. 18, pp. 

390-391, no. 18, pp. 414-415, no. 18. 01909 Terebratulina 

stria ta Wahlenberg - Nielsen, p. 159, no. 20, Pl. 1:28-32, p. 

134, no. 20, p. 137, no. 20, pp. 138-139, no. 20, p. 141, no. 

20, p. 144. 01953 Terebratulina chrysalis (von Sehlottheim) -

Wind, p. 79. O 1965 Terebratulina chrysalis (Sehlottheim) -

Steinieh, pp. 53-66, Figs. 44-61. Pl. 8:1a-d. Pl. 9:1-5, 9a, b, 

lOa, b. O 1968 Terebratulina chrysalis (Sehlottheim) - Popiel

Barezyk, pp. 63-65, Fig. 25, Pl. 17: 1-3. O 1972 Terebratulina 

chrysalis (Sehlottheim) - Surlyk, pp. 21, 22, 23, Figs. 5, 12, 

13, 14, 15, 16, 17, 18, Pl. 4:b, h. 01977 Bisulcina chrysalis 

(Sehlottheim) - Titova, pp. 81-82, Fig. 6. Pl. 10:1. 01979 

Terebratulina chrysalis (Sehlottheim) - Bitner & Pisera, pp. 

73-74, Pl. 3:12-15. 01984 Terebratulina chrysalis (Sehlott

heim) - Surlyk & Johansen, Fig. I. 

Material. - The material is very fragmented, and the major

it y of the speeimens are juveniles that may be eonfused with 

juveniles of other speeies. However, the material indudes at 

least 50-60 eomplete speeimens, 60-70 dorsal and 60-70 

ventraI valves, and a large number of fragments. Complete 

shells arejuvenile forms, but a num ber of fragments with as 
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many as 50 ribs are found and belong to very large speei

mens . The larges t  measured speeimen is represented by a 

dorsal valve from the Lower Danian sample NK30 and has 

the following dimensions : Length 12 mm; width I I  mm; 

hinge line width 3 mm; num ber of ribs 60.  

Description. - The shell is relatively large and thin, and the 

outline changes during growth from elongated subtriangular 

to elongated subpentagonal. The maximum width lies near 

the mid-Iength of the shell. The auricles are well defined 
limited and large in j uveniles, while they are small and 

oblique in large forms . The shell is flattened biconvex, and 

the anterior commissure is rectimarginate to weakly sulcate. 

The shell surface posseses 8->60 straight ribs, and new ribs 

are forrned by intercalation . The ribs are straight, strong 

and coarsely knobbed in the j uveniles . The rib sculpture 

consists of knots placed on top of the ribs, but never forms 

transverse half-rings as are seen in T. faujasii and T. longicol

lis. The rib width does not change during growth, and the 

interspace between the ribs is very wide in large forms. In 

large forms the last forrned ribs are very narrow and on ly 

weakly sculptured, and only a few dis tinet growth lines are 

seen. The beak is short and suberect, and the area is narrow 
and dis tinet. The foramen changes from subtriangular and 

hypothyridid in j uveniles, through oval and submesothyri

did in intermediate sizes, to circular and mesothyridid in 

large forms . The deltidial plates are triangular and limit the 

foramen anteriorly. The hinge is relatively weak, with thin 

inner socket ridges and small, pointed teeth . A low cardinal 

proeess is observed in large forms . The brachidium consists 

of short, heavy and ventrally converging descending 

branches that fuse into a broad, transverse bridge . The 

crural proeesses fuse mid-ventrally into a broad, transverse 

bridge, the des cen ding branches and the crural proeesses 
together forming a closed tube-shaped brachial ring. A col

lar representing the anterior part of the spicular skeleton lies 

close to the dorsal part of the brachial ring and the crura ( Pl .  

4 :2 ) . 

Remarks. - Terebratulina chrysalis is distinguished from other 

ribbed cancellothyridid brachiopods by the characteristic rib 

pattern . The j uveniles of T. chrysalis are characterised by the 

early forrned large number of ribs, and by possessing large 
shell ears . 

The specimens from Nye Kløv are consistent with descrip
tions of T. chrysalis by, among others , Steinich ( 1 965) and 

Surlyk ( 1 972) . The fossil T. chrysalis has two very closely 
related recent relatives, T. septemtrionalis Couthoy and T. 
retusa (Linnaeus) ,  and the three speeies differ mainly in their 
spicular skeletons and only in minor differences in the rib 

patterns .  

The morphological similarities between the Maastrichtian 

and the Lower Danian forms are great, and the Lower 

Danian speeimens are als o referred to Terebratulina chrysalis. 

For comparison the Lower Danian material is shown in 

morphological seatter diagrams of T. chrysalis from the 

Maastrichtian of Ri.igen (Fig. 1 4A-D ) .  

Occurrence. - The speeies occurs i n  the Upper Maastrichtian 

samples NK l ,  NK2,  NK3, NK4, NK5, NK6, NK7,  NK8, 

NK9; and the Lower Danian samples NK I O, NK I 7 , NK I 8 , 
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NK I 9, NK2 1 ,  NK22, NK23,  NK24, NK25,  NK26, NK27,  

NK29,  NK30,  NK32 .  

Terebratulina faujasii (Roemer 1 84 1 )  
Pl. 7 : 3  

Synonymy. - 0 1 84 1  Terebratulafaujasii N .  - Roemer, p .  40 ,  no. 

24, Pl . 7 : 8 .  O 1 894 Terebratulina stria ta Wahlenberg - Posselt, 
p .  32 ,  no. 1 9 .  O 1 963a Terebratulinafaujasii (Roemer) - Stein

ich, p .  609, Fig. 7. O 1 965 Terebratulina faujasii (Roemer) -

Steinich, pp. 72-8 1 ,  Figs . 76--94, Pl. 9 :6--8 ,  Pl . 1 0 : l a-d, 2-5 . 

O 1 968 Terebratulina faujasii ( Roemer) - Popiel-Barczyk, pp. 

66--67 ,  Pl. 1 7 :4a-b, non Pl .  1 7 :5a-b . O 1 972 Terebratulina 

faujasii (Roemer) - Surlyk, pp. 1 8 , 1 9 , 34, 35 , 37 ,  Figs . 5 , 1 2 ,  

1 4, 1 5 , 1 6 , 1 8 .  Pl .  2 : c-g. 0 1 979 Terebratulina faujasii 

(Roemer) - Bitner & Pisera, pp. 74-75.  Pl. 2: 1-3 . O 1 982 

Terebratulina faujasii (Roemer) - Surlyk, Fig. I ,  Pl .  l e, d. 

O 1 984 Terebratulina faujasii ( Roemer) - Surlyk & Johansen, 

Fig. ! .  

Material. - Nineteen complete shells, 1 0  dorsal valves, I I  

ventrai valves , and a number of fragments . The largest  

speeimen is represented by a dorsal valve from the Upper 

Maastrichtian sample NK2 and has the following dimen

sions :  length 3.6 mm; width 2 . 8  mm; number of ribs 1 0 . 

Description. - The shell is relatively small; the outline changes 
from broad subtriangular in the j uveniles to elongated sub

triangular in the later stages . The maximum width always 

lies at the anterior shell margin .  The shell is biconvex with a 

highly convex ventrai valve. The auricles are large, well 

developed, and the front commissure is s traight .  The shell 

surface possesses 8-1 0 straight, coarse singular ribs .  At a 

shell width of around 0 .4 mm the final num ber of ribs is 

formed . The rib sculpture consists of very coarse transverse 

half rings on top of the ribs .  Due to the coarse rib sculpture, 

it is difficult to trace dis tinet growth lines . The hinge line is 

broad, weakly oblique and the beak is rather low, acute and 

suberect in the j uveniles through suberect to erect, and 

blunt, later on. The area is narrow, triangular and well 

defined . The foramen is large, subtriangular and hypothyri

did in j uveniles; in the adults, the foramen becomes sub

meso-mesothyridid . The foramen is laterally delimited by 
deltidial plates forming well developed triangular plates . A 
pedicle collar is well developed. The inner socket ridges are 
high and laterally concave, and the outer socket ridges are 

low but dis tinet. The cardinal proeess is relatively large and 

flat, and the hinge teeth are large, triangular and acute. The 
brachidium is composed of strong er ura developed anterior
ly to the inner socket ridges, and of descending and ascend

ing branches . The descending branches are fused dorsally 

into a narrow bridge, and the crural proeesses ventrally into 

an equally narrow bridge, thereby forming the closed bra

chial ring so characteristic for the genus Terebratulina. The 

distance between the descending branches is relatively high 

in T. faujasii. The spicular skeleton was heavy and the 

lophophore was a plectolophe. The inner surface of the shell 

is a negative relief of the outer surface and the shell rather 

thick. 

.. Remarks. - Terebratulina faujasii differs from other speeies of 



1 6  Marianne Bagge Johansen 

Terebratulina in its broad subtriangular outline, in possessing 

a rib sculpture consisting of coarse transverse half rings, in 

its singular ribs, and in its narrow brachial ring. 

The observed species is consistent with the descriptions of 

T. faujasii by Steinich ( 1 965) . 

Occurrence. - Terebratulina faujasii occurs in the U pper Maas

trichtian samples NK2, NK3, NK5, NK6, NK7,  and NK8. 

The number of individuals is always low at Nye Kløv. The 

species becomes extinct at the Maastrichtian-Danian 

boundary . 

Terebratulina gracilis ( Schlottheim 1 8 1 3 ) 
Pl.  7 : 7-9 

Synonymy. - 0 1 8 1 3  Terebratulitis graciles - Schlottheim, p. 1 1 3 ,  

PI: 3 : 3a, b .  0 1 852 Terebratula gracilis Schlottheim - David

son, Part 2 ,  p. 38, no. A, Pl. 2 : 1 4 . O 1 894 Terebratulina gracilis 

Schlottheim - Posselt, p. 33 ,  no. 20, Pl .  3 : 5-7 .  O 1 903 Tere

bratulina gracilis v. Schlottheim sp. - Ravn, p. no. 1 9 , pp. 390, 

4 1 4 . 0 1 909 Terebratulina gracilis Schlottheim - Nielsen, p. 

1 6 1 ,  no. 22 ,  p .  1 34, no. 22, p .  1 3 7 ,  no. 22. O 1 963a Terebratu

lina gracilis (Schlottheim) - Steinich, p .  605 ,  Figs . 1 -3 ,  p. 

606, Fig. 4, p .  607, Fig . ,  5. 0 1 965 Terebratulina gracilis 

(Schlottheim) - Steinich, pp. 8 1-93 ,  Figs . 95-1 1 4 . Pl .  1 1 : l a

d, Pl. 1 2 : 1 ,  2a, b, Pl . 1 3 : 1 -3 .  0 1 972 Terebratulina gracilis 

(Schlottheim) - Surlyk, pp.  24, 40, 43, 44, Figs . 5, 9, I l e, 1 3 , 

1 5b,  1 8 , 1 9 , 20, 2 1 ,  Pl .  5e . 0 1 984 Terebratulina gracilis 

(Schlottheim) - Surlyk & Johansen, Fig. I .  

Material. - Eight complete shells, 26 dorsal and I l ventral 

valves and a number of fragments . The largest specimen is 

from the Upper Maastrichtian sample NK5 and has the 

following dimensions : length 6.4 mm; dorsal valve length 5 . 6  

mm;  width 5 . 6  mm; thickness 2 . 2  mm;  fora men width 0 . 2  

mm;  num ber  of  ribs 40 . 

Description. - The material is consistent with the descriptions 

of Terebratulina gracilis ( Schlottheim 1 8 1 3 ) given by, among 
others , Steinich ( 1 965) and Surlyk ( 1 972) . Steinich ( 1 965 ,  
pp. 8 1 -82) gives a more complete l i s t  of synonyms. 

The speeies is rather large, thick-shelled. The outline is 
elongated oval to subcircular and the maximum width is 
near the mid-Iength of the shell . The auricles are very small. 
The shell is plano-convex to convavo-convex and the front 
commissure is s traight to uniplicate. In  very early growth 

stages, 8- 1 0  straight, finely knobbed, s trong radial ribs are 

present .  During ontogeny the number of ribs increases by 

intercalation to 50-60, and in larger forms the ribs are 

reflexed towards the lateral margins of the shell . Numerous 

growth lines are seen. The hinge line is very short, oblique, 

and continues gradually into the lateral shell margins . The 

beak is short, acute and changing from erect to incurved 

during growth. No area is present in large forms. The fora

men is very small, oval, submesothyridid to permesothyri

did, and restricted laterally and anteriorly by triangular 

deltidial plates . The pedicle collar is well developed and may 

in large forms constitute a hollow cylinder. The hinge is well 

developed and strong, and the brachidium consists of rather 

thin crura and a closed subtriangular brachial ring. The 

midventral part of the brachial ring is s trongly concave 
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ventrally and a posteriorly directed, ventrally arching pro

cess with two deep lateral incisions is present .  The dorsal 

part of the brachial ring is a wide, slightly arched bridge . 

The lophophore was a plectolophe . The inner surface of shell 

is smooth . 

Remarks. - Terebratulina gracilis differs from other species of 

Terebratulina in its planoconvex to convavo-convex shape, in 

the short, incurved beak, in its hinge line continuing grad u

ally into the lateral shell margins, in its very small foramen, 

in exhibiting no area, and in its high num ber of reflexed ribs . 
T. aff. rigida ( Sowerby) differs from T. gracilis in being of 

smaller size, in possesing a less incurved beak and a larger 

foramen, and in the ribs being much less reflexed . 

Occurrence. - Terebratulina gracilis occurs in the Upper Maas

trichtian samples NK4, NK5, NK6, NK7, NK8, and NK9. 

The species is mainly represented by few individuals , except 
for sample NK4 where it is among the dominating species .  

At the Maastrichtian-Danian boundary, the species be

comes extinct. 

Terebratulina longicollis S teinich 1 965 
Pl. 7 :4-6;  Fig. 1 5A-F 

Synonymy.  - O 1 909 Terebratulina locellus Roemer - Nielsen, p .  

1 60 ,  no .  2 1 .  0 1 965 Terebratulina longicollis sp .n .  - Steinich, 

pp. 66--72 .  Figs . 62-75 .  Pl . 7 : 2a-d . 0 1 972 Terebratulina longi

collis Steinich - Surlyk, p. 1 8 , Figs . 5, 1 2-1 5 ,  1 7 , 1 8 , Pl .  2 : a, 

b. 0 1 979 Terebratulina longicollis Steinich - Bitner & Piser?, 

pp. 75-76, Pl .  3 :9-1 1 .  0 1 982 Terebratulina longicollis Steinich 

- Surlyk, Fig. I ,  Pl .  l e . 0 1 984 Terebratulina longicollis Stein

ich - Surlyk & Johansen, Fig. I .  

Material. - Thirty-five complete shells , 4 1  dorsal and 3 1  

ventrai valves . Largest specimen is from the Upper Maas

trichtian sample NK5 and has following dimensions : length 

3 . 36  mm; dorsal valve length 2 . 76 mm; width 2 .08 mm; 

thickness 1 . 24 mm; foramen width 0 .28  mm; and num ber of 
ribs I l . 

Description. - The shell is small, the outline is pointed oval to 

elongated subpentagonal, and the maximum width lies near 

its mid-Iength. The auricles are well defined and oblique. 
The shell is biconvex, and the anterior commissure is recti
marginate, and in some large specimens almost uniplicate. 

The shell surface possesses 1 0-1 2 strong, singular, straight, 

heavily knobbed radial ribs; no ribs are formed by intercala

tion. The rib sculpture is s trongest  on the ventrai valve . 

Only a few dis tinct growth lines are seen . The hinge line is 

short and the beak is short and suberect. The area is small 

and distinctly delimited . The foramen is subtriangular and 

hypothyridid in juveniles . In larger forms, the foramen is 

large, mesothyridid, circular and limited anteriorly by con

verging well defined deltidial plates . The pedicle collar is 

well developed.  The inner socket ridges are high, long and 

thin, while the outer socket ridges are low. The teeth are 

acute and rather s trong. The development of the brachidium 

is consistent with the development described by Steinich 

( 1 965, pp.  68, 7 1 ) .  The brachidium is reminiscent of �hat of 

T. chrysalis, but in T. longicollis the dorsal part of the closed 
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brachial ring characteristically possesses an acute posterior
ly directed nose .  The spicular skeleton is heavy. The lopho
phore was a plectolophe. The inner shell surface is a weak 
negative relief of the outer surface, and the shell is rather 
thick. 

Remarks. - Large forms of Terebratulina longicollis are distin

guished from T. chrysalis ( Schlottheim) in possessing singular 

ribs and an elongated shell . T. longicollis possesses half ring

forrned knobs across the ribs, while T. chrysalis has tuberdes 

on the ribs . T. faujasii ( Roemer) differs from T. longicollis in 

possessing a broad subtriangular outline, a rib sculpture 

consisting of very strong half rings, and a different brachi

dium. 

Specimens from Nye Kløv are, in general, small er than 

the largest  specimens from the type locality described by 

2 - Brachiopods . .  

Steinich ( 1 96S) from the Upper Maastrichtian of Rugen. 

The largest Danish specimen is dearly smaller than most 
specimens from Rugen . However, no differences in morpho
logy and ontogenetic development are to be seen (Fig. I SA
F) . 

Occurrence. - Terebratulina longicollis is found in the U pper 

Maastrichtian samples NK2, NK3,  NK4, NKS, NK6, NK7,  

and NK8 in a constantly high number of individuals . In the 

samples NKS, NK6, NK7 and NK8 the species is dominant .  

T. longicollis is an index fossil for the uppermost Campanian 

longicollis-jasmundi Zone (Surlyk 1 982,  1 984) and is also char

acteristic for the Maastrichtian. The speeies is found in the 

Upper Maastrichtian but it is uncertain whether the speeies 

dies out at the Maastrichtian-Danian boundary . In Lower 

Danian, a new form appears which shows very dose affinity 
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to T. longicollis. The Lower Danian form of this speeies IS 
described below as T. cf. longicollis. 

Terebratulina cf. longicollis S teinich 1 965 
Pl .  4:6, 7 ;  Fig. 1 5A-F 

Synonymy. - O 1 984 Terebratulina aff. longicollis Steinich - Sur

Iyk & Johansen, Fig. I .  

Material. - Four complete shells, two dorsal and one ventrai 

valve. The largest  speeimen is from the Lower Danian sam

ple NK28 and has the following dimensions: length 3 . 80 

mm; dorsal valve length 3 . 20 mm; width 1 .40 mm; foramen 
width 0 .44 mm; number of ribs I l ; and hinge line width 1 . 32  

mm.  

Description. - The shell is small, rather thick, and the outline 

is pointed oval to elongated subpentagonal. The maximum 

width lies at the mid-Iength of the shell, and the aurides are 

well defined . The shell is biconvex, and the shell surface 

shows 9-1 1 single straight ,  s trong, heavily sculptured, radial 

ribs. There is no intercalation of the ribs . The rib sculpture 
consists of narrow transverse half rings , the ribs are relative

ly narrow, and the interspaces are as wide as the ribs . The 

beak is suberect, high and blunt, and the pedide collar is 

well developed.  The foramen is large, subtriangular, and 

mesothyridid; the deltidial plates and the area are well 
defined . The inner socket ridges are high, thin and long, and 

the teeth are acute and strong. The cardinal proeess is a 

transverse plate, and the crura are relatively short, s trong, 

and converging midventrally. The crural proeesses unite 

mid-dorsaJly in a rather wide bridge . The descending 
branches and the crural proeesses form together a ring-like 

loop, as is characteristic for the genus Terebratulina, and the 
dorsal part of the brachial ring possesses a characteristic 

posteriorly directed proeess . The spicular skeleton is strong 

and the an terior part of the skeleton lies as a collar dose to 

the anterior margin of the dorsa! part of the brachidium. 
The lophophore was probably a plectolophe. The shell  inner 
surface is negative relief of outer. 

Remarks. - Terebratulina cf. longicollis from the Lower Danian 
is very similar to the Maastrichtian form of T. longicollis 

Steinich as described by Steinich ( 1 965) and SUrlyk ( 1 969) . 

In their internal morphology the speeimens from Nye Kløv 

are similar to T. longicollis. They have, however, slightly 

lower ratios of length to width (LlW) than the speeimens 

from Rugen, and the ribs are not as wide as in the original 

diagnosis for T. longicollis. The speeies from the Lower Dan

ian may be a new speeies, but due to the sparse material 

present nothing definite can be s tated, and the material is 

here referred to as T. cf. longicollis. The material from Nye 

Kløv is for comparison shown in scatter diagrams for T. 
longicollis (Fig. I SA-F) . 

Occurrence. - Terebratulina cf. longicollis occurs only in a few 

Lower Danian samples (NK27 ,  NK28, NK30) and is repre

sented by only a few individuals .  It has its first appearance 

about 8 m above the Maastrichtian-Danian boundary . 
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Terebratulina kloevensis n . sp .  
Pls. 6 : 1 -5 ;  8 : 1 ,  4 ,  5 ;  Fig. 1 6A-H 

Synonymy. - O 1 984 Terebratulina n.sp .  - Surlyk & Johansen, 

Fig. I .  

Derivation of name. - After the name of the type locality, Nye 

Kløv . 

Holotype. - MGUH 1 6924, Pl .  6: lA ,  B; Lower Danian, Nye 

Kløv, sample NK30.  Type locality: Nye Kløv, north of 

Thisted, north western Denmark. Type horizon: Lower Dan

lan. 

Material. - Thirty-three complete shells , 33  dorsal and 3 3  

ventrai valves and a number o f  fragments . The largest  speei

men is from the Lower Danian sample NK29 and has the 

following dimensions :  length 3 .60 mrn; dorsal valve length 
2 . 88 mm; width 2 . 80 mm; thickness 1 .40 mm; foramen width 

0 .44 mm; number of ribs 28. Measurements of the holotype : 

length 2 .64 mm; dorsal valve length 2 . 1 2  mm; width 2 . 3 2  

mm;  thickness 0 . 9 2  mm;  foramen width 0 . 30 mm;  num ber of 

ribs 2 3 .  

Diagnosis. - Small shell with elongate subpentagonal outline. 

Shell surface with 20-30 finely granulated ribs . Rib sculp
ture and pattern differ from ventrai to dorsal valve. At 

ventrai valve ribs are narrow, covered with small, well 

defined granules . Ribs run here along the valve length and 

are in profile slender acute ridges .  Ribs of dorsal valve are 

wide ,  low and spread fan-like, and granulation is very faint .  

Foramen relatively large, submesothyridid and brachidium 

characteristically ring-shaped . 

Description. - The shell is small, with an outline changing 

during ontogeny from pointed subtriangular through round
ed subtriangular to elongated subpentagonal . Throughout 

ontogeny, maximum width is anterior to the mid-Iength of 

the shell . The aurides are small . The ratios LlW, LD/W, TI 

W and d/W are shown in Fig. 1 6A-D. The adult shell is 
ventri- biconvex while j uveniles are almost plano-convex. 
The anterior commissure is rectimarginate . The shell sur

face displays numerous ribs . The dorsal and ventraI valves 
have slightly different rib patterns and sculptures . At a shell 
width of 0 . 80 mm, 6-7 ribs are present, and new ribs are 
rapidly added by intercalation . The large speeimens contain 
at least 28 ribs (Fig. 1 6E ,  F ) . The rib sculpture consists of 

granules arranged across the ribs and are most distinetly 

seen on the ventraI valve . The ventraI valve ribs are narrow 

straight ,  slender, and form in profile acute ridges .  They 

become slightly wider during growth. The dorsal valve ribs 

are straight ,  low and wide, and arranged in a fan-like pat

tern . The hinge line is relatively short and straight, the beak 

is suberect to erect, and the area is narrow. The foramen is 

relatively large, subtriangular and hypothyridid in the juve

nile stages, and oval and submesothyridid in the later s tages .  

Juvenile deltidial plates are relatively high,  narrow ridges 

that are posteriorly disjunct. Later in ontogeny, the foramen 

is limited anteriorly and laterally by discrete triangular 

plates converging dorsally . Posteriorly, the foramen is con

fined by a well-developed pedide collar. The beak is often 

attrite, and the hinge is relatively strong. The teeth are 
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medium-sized and blunt. The inner soeket ridges are thin, 

high and eonverging posteriorly. They reaeh well behind the 
posterior margin of the dorsal valve . The eardinal proeess is 

medium-sized and flat. The braehidium is similar to that of 

other Terebratulina speeies . At a shell width of about 1 .00 

mm, two strong, midventrally eonverging erura are devel

oped anterior to the inner soeket ridges . The material does 
not allow any further study of the ontogenetie development 
of the braehidium, but at a shell width of 2 .80 mm, relatively 
long, thin, midventrally converging erura were observed . At 
this s tage, the erural poeesses are fused in a wide, broad 
ventrai areh, and the deseending branches are fused in a 
narrow, acute dorsal areh . Together, the crural processes 

and the descending branches form a subtriangular ring (Pl .  

6 : 2 ) . The lophophore was probably a plectolophe. The inner 

surface of the shell reflects a negative relief of the outer 

surfaee. The shell is relatively thick. 

Remarks. - Juveniles of Terebratulina chrysalis ( Schlottheim) 

dilTer from Terebratulina kloevensis n.  sp .  of the same size in 

having strongly developed shoulders and in having straight, 

strongly granulated ribs on both the ventrai and dorsal 

valves .  Furthermore, L/W and LB/W are generally lower for 

T. kloevensis than for T. chrysalis as shown in Fig. 1 6G, H. T. 

subtilis Steinieh dilTers from T. kloevensis in having a much 

larger number of ribs . At a shell width of 2 .00 mm, T. subtilis 

has about 50 ribs, whereas T. kloevensis has 25 ribs . Further

more, T. subtilis is eharaeterised by a rib sculpture, consist

ing of numerous small grains on top of the low, wide ribs . 

Occurrence. - Terebratulina kloevensis oceurs in the Lower Dan

ian samples NK27 ,  NK29, and NK30. The species is eon
fined to the Lower Danian, and is here limited to the upper 

part of the section.  T. kloevensis oeeurs only in a few samples , 

but is then abundant. 

Terebratulina afr. rigida ( Sowerby 1 82 1 )  
PIs.  5 : 1-4; 8 : 2 ;  Figs . 1 4A-D, 1 7A-F 

Synonymy. - O 1 8 2 1  Terebratulina rigida - Sowerby, p. 69, Pl .  

536 :2 .  O 1 866 Terebratulina rigida Sow.sp .  - Schloenbach, p .  
287 ,  P l .  3 7 :  1 0-1 7 .  O 1 984 Terebratulina alT. rigida ( Sowerby) -
Surlyk & Johansen, Fig. I .  

Material. - Twenty-eight complete shells , 1 5  dorsal and 1 3  

ventrai valves .  The largest speeimen is from the Lower 

Danian sample NK29 and has the following dimensions : 

length 5 . 32  mm; dorsal valve length 4 .32  mm; width 4 .40 

mm; thiekness 2 .40 mm; foramen width 0 .56  mm; number of 

ribs 40; and hinge line width 1 .60 mm. 

Description. - The shell is relatively large eompared to other 

eancellothyridid species, and the outline is subpentagonal to 

subtriangular. The maximum width lies in juveniles around 

the mid-length of the shell and moves, during ontogeny, to a 

more anterior position .  The auricles are small but well 

defined and the shell is slightly ventri-bieonvex . The anter

ior commissure is straight to uniplieate. At a shell width of 

2 .00 mm, about 10 ribs are present, and at least 40 ribs are 
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present at 4 .40 mm. New ribs are formed by intercalation . 

The ribs are straight and coarsely knobbed with slight back

ward reflexion in large specimens . The rib sculpture consists 

of prominent high , transverse half-ri ngs arranged in closely 

spaced rows along the ribs .  The ribs are always wider than 

the interspace between them, and the width of the ribs 

increases during ontogeny. Numerous distinct growth lines 

are present. The hinge line is short and laterally rather 

oblique. The beak is relatively short, erect to slightly in

curved and blunt. The area is very narrow and triangular in 

j uveniles , and in large specimens a broad palintrope limits 

the area to a very narrow ridge . The foramen is rather large, 
low, broad, subtriangular and hypothyridid in j uveniles ; 

during ontogeny, the outline of the foramen changes from 
elongated oval to oval, and the foramen changes from sub

mesothyridid to mesothyridid. The deltidial plates are high 

and triangular, limiting the foramen laterally and anteriorly, 
but they are not fused anteriorly in any of the observed 

specimens . The hinge and the brachidium are strong, and 

the inner socket ridges are short, high and mutually convex 

with a long ventraI face. The inner sockets are very deep, 

and the outer socket ridges are short, thin and relatively low. 

The cardinal process is slightly concave, and a platform is 

inserted between the inner socket ridges . The crura develop 

in front of the anterior margin of the inner socket ridges, and 

the descending branches are short, s trong and rapidly con

verging in a midventral direction. Anterior to the midline of 

the shell a rounded subtriangular brachial ring is formed . 

The descending branches unite mid-dorsally under a wide 

angle into a relatively wide transverse band . The anterior 

part of the j unction is prolonged into a characteristically 

broad, subtriangular, ventrally directed lobe. The crural 

processes unite ventrally in to a wide, slightly concave 

bridge. The spicular skeleton was heavy and the lophophore 

was a plectolophe. The spicular skeleton in the anterior body 

chamber was wide and blanket-like and placed as a broad 
collar around the anterior edge of the dorsal part of the 
brachidium. The arms of the spicular skeleton formed a 

plectolophe with wide brachial lips and short filaments (Pl .  

5 :  I C ,  C ,  E) . The inner surface of the shell is smooth, and the 

anterior margins are negative relief of outer surface . The 

shell is rather thick. 

Remarks . - Terebratulina gracilis ( Schlottheim) and Terebratu

lina rigida have often been confused in earlier literature . T. 
gracilis has been identified, quoted and described by many 
(see Steinich 1 965 ,  list of synonyms for T. graeilis) , but the 

question is how many of the quoted specimens ought to be 

referred to as T. rigida instead . Schloenbach ( 1 866) distin
guished between T. rigida and T. gracilis and mentions the 

problems of confusing the two species ( Schloenbach 1 866, 
pp. 1 7-22) . The type specimen of T. gracilis described by 

Sowerby ( 1 82 1 )  and illustrated by, among others , Schloen

bach ( 1 866, Fig. 1 8a, bl , possesses a concavo-convex shell 

and an incurved beak, but the ribs appear less reflexed than 

in other T. gracilis specimens described (e .g .  Steinich 1 965,  

Pl .  I l : l a-d) . Schloenbach ( 1 866) combines four different T. 
gracilis-like forms from Upper Cretaceous into T. rigida, and 

Steinich ( 1 965) mentions that these forms may be synonyms 

of T. gracilis ( Schloenbach 1 866, Pl. 38: 1 0- 1 7 ) .  The material 

from the Lower Danian, Nye Kløv, is, however, to be dis tin-
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guished from T. gracilis and has close affinities to the original 

T. rigida ( Schloenbach 1 866) . For present purposes it is 

preferred to retain T. rigida as a separate species . As the 

interior morphology of the holotype of T. rigida is unknown, 

the Lower Danian specimens are referred to as T. aff. rigida. 

T. gracilis from Nye Kløv is different from T. aff. rigida in 

having a subcircular outline, a planoconvex to eoneavo

eonvex shell, a very acute and incurved beak and in having a 

constant foramen width of 0 . 2-0 . 3  mm (foramen width of T. 
aff. rigida va ri es between 0.06 and 0 . 56 mm) , and in possess

ing distinetly reflexed ribs . 
T. chrysalis ( Schlottheim) differs from T. aff. rigida in the 

more elongate outline, the larger rib num ber and in having 

ribs that do not widen during growth. The largest speeimen 

of T. aff. rigida is shown is scatter diagrams for T. ehrysalis for 

comparison ( Fig. 1 4A-D) and LlW, LD/W, T/W and NR/ 

W for T. aff. rigida is shown in seatter diagrams for T. graeilis 

for comparison (Fig. 1 7A-F) . 

Occurrence. - Terebratulina aff. rigida occurs in the Lower 

Danian samples NK23,  N24, NK26, NK27,  and NK29. The 

speeies does not oeeur in the U pper Maastriehtian of Den

mark. This is the first recorded oceurrenee of the species in 
the Lower Danian. 

Subfamily Chlidonophorinae Muir-Wood 

1 959 

Genus Gisilina Steinich 1 963 

Type speeies. - Terebratula gisii Roemer 1 840, by  original desig

nation. 

Gisilinajasmundi Steinich 1 965 
Pl. 8 : 3  

Synonymy. - 0 1 965 Gisilinajasmundi sp .n .  - Steinich, pp. I l O-

1 1 5 .  Figs . 1 49- 1 6 1 ,  Pl .  1 6 : l a-d, 2 .  0 1 972 Gisilina jasmundi 

Steinich - Surlyk, p. 1 8 , Figs . 2, 5, 1 3 ,  1 5a, 1 6 , 1 8 . 0 1 982 
Gisilinajasmundi Steinieh - Surlyk, Fig. I ,  Pl . 2 : a,b ,c .  0 1 984 

Gisilina jasmundi Steinieh - Surlyk & Johansen, Fig. l .  

Material. - The material from Nye Kløv contains a large 
number of unidentified Terebratulina and probably also Gisi

lina fragments , but no eomplete large shell s .  Only a few 

valves can with certainty be referred to Gisilina jasmundi .  

Fragments with the same rib pattern and sculpture as G. 

jasmundi oecur, but because they closely resemble T. chrysalis, 

it  has not been possible to identify them with confidence. 

A dorsal valve that may eertainly be referred to G. jas

mundi is from the U pper Maastriehtian sarriple NK5 and has 

the following dimensions : length 3 . 24 mm; width 2 . 80 mm; 

foramen width 0.68 mm; number of ribs 1 6 . 

Description. - Gisilinajasmundi has been thoroughly described 

by Steinieh ( 1 965) . Charaeteristieally it possesses 1 2- 1 8  

straight, eoarsely knobbed singular radial ribs and a rela

tively flat shell . The rib seulpture varies between coarse 

knobs on top of the ribs and prominent transverse half-rings 

arranged across the ribs .  
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The present speeimen shows that the shell outline is 
subpentangular and the maximum width is posterior to the 

midline of shell . The auricles are small but distinet, and the 

hinge line is relatively short and almost s traight.  The rib 
surface possesses 1 6  straight, single and strongly sculptured 

wide ribs . The ribs in the late growth stages are much wider 

than in young s tages . 

The shell is relatively thick. 

Remarks. - Small speeimens of Gisilinajasmundi are difficult to 

distinguish from small speeimens of Gisilina gisii (Roemer) 

Gisilina gisii differs, however, in its smooth ribs and more 

biconvex shell . 

Occurrence. - Gisilinajasmundi occurs in the Upper Maastrich

tian, but with certainty on ly in sample NK5.  

·The speeies is index fossil for the lower Lower Maastrich

tian jasmundi-acutirostris Zone of Surlyk ( 1 982 ,  1 984) . G. 

jasmundi is furthermore characteristic throughout the Lower 

Maastrichtian . The speeies be com es extinct at the Maas
trichtian-Danian boundary, and does not occur in the Low

er Danian. 

Genus Rugia Steinich 1 963 

Type species. - Rugia tenuicostata Steinich 1 963,  by  original 

designation . 

Rugia acutirostris Steinich 1 965 
Pl. 7 : I A, B 

Synonymy. - O 1 965 Rugia acutiroslris sp .n .  - Steinich, pp. 1 22-

1 24, Figs . 1 75- 1 78,  Pl. 1 4 : l a-d . 0 1 972 Rugia acutirostris 

Steinich - Surlyk, p. 1 8 , Figs . 2, 5, 1 4 , 1 8 . 0 1 979 Rugia 

acutirostris Steinich - Bitner & Pisera, pp. 7 7-78, Pl. 3 : 1-3 .  

0 1 982 Rugia acutirostris Steinich - Surlyk, Fig .  I ,  Pl . l : i ,  j .  

O 1 984 Rugia acutirostris Steinich - Surlyk & Johansen , Fig. 

I .  

Material. - One complete shell, two dorsal and two ventrai 
valves . The largest speeimen is represented by a broken 
dorsal valve from the Upper Maastrichtian sample NK4 and 
has the following dimensions :  length 2 . 2  mm; width 1 . 8 mm; 
and number of ribs >30 .  

Description. - The material is referred to genus Rugia Steinich 
due to the hypothyridid foramen, the short, straight hinge 

line, and the long, tapering deltidial plates .  The speeimens 

from Nye Kløv have a very pointed oval outline, a very acute 

beak, a very small circular foramen and 20-40 finely 

knobbed ribs . The rib sculpture consists of rather prominent 

granules, new ribs are forrned by intercalation , and the ribs 

are slightly reflexed. These characters are consistent with 

those described by Steinich ( 1 965) and Surlyk ( 1 972)  for 

Rugia acutiros tris. 

Remarks. - Rugia acutirostris differs from other Rugia speeies in 

its very acute beak, very small circular foramen, and large 

number of ribs .  

Occurrence. - The speeies is represented by a low num ber of 
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individuals in the  Upper Maastrichtian samples NK4,  NK7 

and NK8.  

Rugia acutirostris is an index fossil for the lower Lower 

Maastrichtian acutirostis-spinosa Zone of Surlyk ( 1 982 ,  1 984) , 

but occurs also in the remaining part of the Maastrichtian. 

The speeies becomes extinct at the Maastrichtian-Danian 

boundary . 

Rugia tenuicostata Steinich 1 963 
P l .  7 : 2 ;  Fig. 1 8F, G 

Synonymy. - O 1 963b Rugia tenuicostata sp .n .  - Steinich, pp. 

737-739, Figs . 6-8 . O 1 965 Rugia tenuicostata Steinich - Stein

ich, pp. 1 1 6- 1 2 1 ,  Figs . 1 62- 1 74, Pl .  1 1 : 3a-d , 4. O 1 972  Rugia 

tenuicostata Steinich - Surlyk, pp. 1 8- 1 9, Figs . 2, 5, 1 2 , 1 6 . 

0 1 979 Rugia tenuicostata Steinich - Bitner & Pisera, p. 7 7 ,  Pl .  

4: 3-6, Pl .  5 : 3 .  O 1 982 Rugia tenuicostata - Surlyk, Fig. I ,  Pl .  

l f,g ,h .  0 1 984 Rugia cf. tenuicostata Steinich - Surlyk & Jo

hansen, Fig .  I .  

Material. - One complete shell, one dorsal and two ventrai 

valves . The largest speeimen is represented by a dorsal valve 

from the Upper Maastrichtian sample NK4 and has the 

following dimensions :  length 2 . 1 2  mm; width 1 . 92 mm and 

the number of ribs 28 .  

Description. - The speeies I S  referred to the genus Rugia 

Steinich due to the hypothyridid foramen, the short and 

pointed beak, the short, s traight hinge and the long, tapering 

deltidial plates . The material is consistent with the R. tenui

costata described by Steinich ( 1 963 , 1 965) and Surlyk ( 1 972 ) . 

The speeimens from Nye Kløv have the same characteristic 

rib sculpture consisting of small triangular tubercles aligned 

on top of the ribs, which gives the profile of the ribs a 

fretsaw-like appearance. 

Remarks. - Rugia acutirostris Steinich is distinguished from R. 

tenuicostata in possessing a much more acute beak, and a 

larger num ber of finely knobbed ribs .  

Rugia flabella n.sp .  is distinguished from R. tenuicostata in  

having finely knobbed ribs that are more reflexed and in 
having a lower length-to-width ratio ( LD/W) . Rugia latronis 

n.sp .  differs from R. tenuicostata in a lower rib number and in 

having crura which are not fused with the inner socket 
ridges .  

In connection with the description of R. flabella elsewhere 
in this paper, scatter diagrams of L/W and LD/W for R. 

tenuicostata from the Lower Maastrichtian of Riigen are com

pared with those of R. flabella and R. latronis (Fig. 1 8F,  G) . 

Occurrence. - The speeies occurs in the Upper Maastrichtian 

samples NK4 and NK6 in a low number of individuals . 

Rugia tenuicostata is index fossil for the Late-Iatest Cam

panian tenuicostata-longicollis Zone of Surlyk ( 1 983 ,  1 984) , 

and for the latest Early Maastrichtian tenuicostata-semiglobu

laris Zone. This is the first record of the speeies from the 

latest Maastrichtian. The speeies dies out at the Maastrich

tian-Danian boundary . 

Rugiaflabella n . sp .  
Pl. 9 : 1-7 ;  Fig. 1 8A-G 

SynoTrymy.  - O 1 984 Rugia n.sp .  1 - Surlyk & Johansen, Fig .  I .  
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Derivation of name. - Latinflabella , a little fan;  referring to the 

growth pattern of the ribs . 

Holotype. - MGUH 1 694 1 ,  PI .  9 : IA ,  B; Lower Danian, Nye 

Kløv, Sample NK I 9 . Type locality : Nye Kløv, north of 

Thisted , northwestern Denmark. Type horizon : Lower Dan

Jan . 

Material. - The material consists of 46 complete shells, 83 
dorsal and 43 ventraI valves and a num ber of fragments . 

The holotype is the largest  specimen present, and has the 

following dimensions :  length 3 .88 mm; dorsal valve length 
3 . 1 2  mm; width 3 .40 mm; thickness 1 . 60 mm; foramen width 

0 .44 mm; number of ribs 30.  

Diagnosis. - Shell  large, biconvex and relatively thick, with 
broad subtriangular outline. Beak erect to slightly incurved 

and anterior commissure rectimarginate to incipiently sul

cate. Shell surface possesses 20--30 low, finely knobbed, 

gently backward-bending ribs .  Foramen relatively large, 

limited laterally by two deltidial plates forrned as irregular 
ridges. Teeth relatively large and blunt with grooved dorsal 

face, cardinal process large and bulbous . Descending 

branches con verge dorsally and fuse mid-dorsally , forming 

an acute angle. 

Description. - Rugia flabella is comparatively large for the 
genus ( cf. Steinich 1 965,  p .  1 1 5 ) . The outline is in the 

j uveniles elongated oval to subpentangular, later pointed 

oval, and in the largest specimens pointed broad subtriangu

lar. The maximum width is anterior to mid-Iength of the 
shell throughout ontogeny . The ratios L!W, LD/W, T/W 

and d/W are shown in Fig. 1 8A-D.  The auricles are small 

and poorly defined, and the shell is slightly ventri-biconvex 

Furthermore, the j uveniles are the most biconvex. The an
terior commissure is rectimarginate to incipiently sulcate. At 

a shell width of about 0.50 mm, 5-6 ribs occur, and the 

number of ribs increases rapidly by intercalation . Large 

shells contain at least 30 ribs at the shell margin (Fig. 1 8E) . 
Laterally, the ribs are curved gently backwards , giving the 
shell surface a fan-like appearance. The ribs maintain their 
width during ontogeny . The ribs are low and sculptured by 
crowded, narrow half-ri ngs giving the rib surface a finely 

knobbed appearance. The interspace between the ribs is 
almost as wide as the ribs .  Five to six distinct growth lines 
can be seen, and these often give the shell surface a flaky 

appearance. The beak is often attrite, short, suberect to 

erect, and may be slightly incurved in large forms . The area 

is small but often recessed . The foramen is hypothyridid and 

in the juveniles oval to subcircular. During ontogeny the 

foramen becomes subtriangular. The fora men is confined 

laterally by two narrow deltidial plates forrned as irregular 

ridges which do not restrict the foramen anteriorly . The 

pedicle collar is well developed and comprises about half the 

length of the beak. A deep pedicle gro ove is present. The 

hinge is well developed . The teeth are relatively large, blunt, 

triangular and dorsally converging. The dorsally directed 

face of the teeth contains a well developed groove .  The inner 

socket ridges are high , outwardly bend ing plates, and the 

sockets are equally deep. The outer socket ridges are fused 

with the crural bases . The cardinalia reach behind the 
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posterior margin of the dorsal valve . The cardinal process i s  

relatively large and bulbous .  The crura are fused with the 

inner socket ridges and continue ventrally into long, slender 

and laterally compressed descending arms . The descending 

branches con verge in a ventrai direction at a high angle to 

the bases of the arms.  At a shell width of about 1 .50 mm, the 

lophophore was a schizolophe, and at 2 . 70 mm a zygolophe. 

The largest  forms were possibly plectolophous .  The spicular 

skeIeton is well developed, and the cirri were long. The inner 

surface of the shell shows at the margin a negative relief of 

the ribs .  The remainder of the shell interior is either smooth 

or shows up to 10 shallow furrows that run the length of the 

valve .  A low median ridge is of ten present in the dorsal 

valve. The shell is relatively thick. 

Remarks. - The species undoubtedly belongs to the genus 

Rugia Steinich ( Steinich 1 963b,  pp. 735�738) , because of the 

form of the brachidium, the hypothyridid foramen and the 

irregular deltidal plates . Rugia tenuicostata Steinich can be 

distinguished from Rugia flabella in having straighter ribs ,  

being marked ly longer than wide, having collar-Iike deltidial 
plates , and having a less bulbous cardinal process .  Rugia 

acutirostris Steinich is dis tinguished from R. flabella in having 

a much smaller foramen width and a more acute beak. Rugia 

tegulata Surlyk can be distinguished from R. flabella in having 

a rib sculpture consis ting of plate-like scales . 

Rugia latronis n.sp .  differs from R. flabella in having 
coarser-sculptured and more irregular ribs, and in being 

more elongate subtriangular in outline. 

L!W and LD/W for the holotype of Rugia flabella and the 

holotype of Rugia latronis n.sp .  are for comparison plotted in 

scatter diagrams for Rugia tenuicostata . While R. latronis falls 

within the range of variation of R. tenuicostata , R. flabella does 
not (Fig. 1 8F,  G) . 

Occurrence. - The species occurs in a relatively large number 

of Lower Danian samples (NK I 7 , NK I 8 , NK I 9, NK20, 

NK2 1 ,  NK23,  NK24, NK26, NK27 ,  NK28, NK30) and in 

very variable numbers . I t  may be represented by a few 
specimens , but more commonly it dominates the brachiopod 
assemblage, as in samples NK I 9, NK2 1 ,  NK24, and NK28.  
R. flabella is one of the first brachiopod species to  appear in 
the Lower Danian at Nye Kløv. 

Rugia latronis n . s p .  
P l .  1 0 : 1-3;  Fig. l BA-G 

Synonymy. - O 1 984 Rugia n . sp .  2 - Surlyk & Johansen, Fig. I .  

Derivation of name. - Latin latronis, a thief. The species has the 

appearance of having stolen characters randomly from other 

Rugia species . 

Holotype. - MGUM 1 6948, PI. 1 0 : IA ,  B; Lower Danian, Nye 
Kløv, Sample NK26. Type locality : Nye Kløv, north of 
Thisted, northwestern Denmark. Type horizon : Lower Dan
Jan. 

Material. - Nineteen complete shells, seven dorsal and three 

ventrai valves and a number of fragments . The largest speci

men is the holotype and has the following dimensions :  length 
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2 .92 mm; dorsal valve length 2 . 36 mm; width 2 . 1 2  mm; 

thickness 1 .04 mm; foramen width 0 .32  mm, and number of 

ribs 2 1 .  

Diagnosis. - Shell small, with elongated subtriangular out

line. Surface contains 20-22 irregular intercalated, rather 

s trongly sculptured ribs with sculpture of prominent half

rings . Characteristic alternation between strong and weak 

ribs . Foramen relatively large, hypothyridid; deltidial plates 

low, irregular ridges ; area narrow triangular. Cardinal pro

cess flat. Long, slender crura not fused with inner socket 

ridges . Crura con verge antero-ventrally, and descending 

branches dorsally . 

Description. - The shell is small with an elongated subpentan

gular outline in the j uvenile stages, becoming pointed oval to 

elongated subtriangular in larger forms . The maximum 

width is c!ose to the anterior shell margin,  and the auric!es 

are small. The anterior commissure is rectimarginate to 

broadly sulcate. The adult shells possess 6-7 dis tinet growth 

lines . At a shell width of about 0 . 80 mm, 5-6 straight radial 

ribs are formed, the number of which increases rapidly by 

intercalation. At shell widths of about 2 . 1 0  mm, 20-22 ribs 

are present. The sculpture of the ribs is rather s trong, eon

sisting of prominent half-rings , and where the ribs cross the 

growth lines, the half-rings appear almost seale-like . There 

is a characteristic alternation between strong and weak ribs, 

and the ribs are c!early wider than the interspace between 
them. The growth pattern of the ribs is rather irregular and 

gives them a discontinuous appearanee . The ribs protrude 

well beyond the anterior shell margin. The hinge line is 

short and straight ,  and the beak is short, ereet and relatively 

acute. The area is narrow and triangular, and the foramen is 

hypothyridid and relatively large . The outline of the fora

men is semi-circular in j uveniles but becomes triangular 

during ontogeny. The deltidial plates are developed as two 

low irregular ridges . A pedic!e collar is well developed and is 
transsected by a shallow pedic!e groove. The hinge is rela

tively strong. The inner socket ridges are short but strong, 

and the eardinal proeess is flat. The erura are long and 

slender and are not fused with inner soeket ridges in j uvenile 

and medium growth stages . It has not been possible to 

investigate the brachidial development in further detail, but 

through a hole in the ventrai valve of the holotype it was 
possible to observe two long, thin erura rapidly converging 
in an antero-ventral direetion . The distal en ds of the er ura 
are flattened in a dorso-ventral direction with the dorsally 

direeted part converging. The material does not allow for a 
definite statement on the adult lophophore, but it was prob
ably a subpleetolophe. The inner surface of the shell is a 
negative relief of the outer surface. 

Remarks. - Rugia tenuicostata Steinich differs from Rugia latronis 

n.sp .  in having straight ribs and a larger number of them (R. 

tenuicostata has 32  ribs at a shell iength of 2 .80 mm, while R. 

latronis has 22 at 2 .90 mm) , and in the collar-like deltidial 

plates . Furthermore, in R. tenuicoslata the er ura are fused 

with the inner socket ridges .  L!W and LD/W for R. latronis 

are for comparison plotted in the seatter diagrams for R. 

tenuicostata ( Fig. 1 8F,  G) . R. acutirostris Steinieh differs from 

R.  latronis in having a smaller foramen, a larger num ber of 
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ribs, and a much more acute beak. R. tegulata Surlyk difers 

from R. latronis in having a rib sculpture consisting of plate

like scales . 

R. flabella sp .n .  can be dis tinguished from R. latronis in its 

relative ly larger size and in having a more regular pattern of 

gently baekward-bending, finely knobbed ribs , and a 

broader triangular outline of the shell . The seatter plots for 

the ratios L!W, LD/W, T/W, d/W and NR/W for R. latronis 

are for comparison shown in scatter diagrams for R. flabella 

(Fig. 1 8A-E) . 

Occurrence. - Rugia latronis n.sp .  is found in the Lower Danian 

samples NK23,  NK24, NK25,  and NK26, and ha� its first 

apperance at the Nye Kløv locality around 6 .00 m above the 

Maastrichtian-Danian boundary. 

R. latronis is  represented only by a small number of indivi

duais in the samples in whieh it oeeurs . This is the first 

recorded occurrence of the speeies in the Lower Danian. 

Rugia Sp.  
P l .  1 0 :4, 5 ;  Fig .  1 8A-E 

Synonymy. - D 1 984 Rugia (? )  sp .  - Surlyk & Johansen, Fig. I .  

Material and occurrence. - The material , whieh consists of two 

complete shells, one dorsal and three ventrai valves , was 

found in only one sample from the Lower Danian at Nye 

Kløv, sample NK24. The dimensions of the largest speeimen 
present are : length 2 . 3 2  mm; dorsal valve length 1 .84 mm; 

width 1 .80 mm; thiekness 0 .92 mm; foramen width 0.92 mm, 

and num ber of ribs 22 .  

Description. - The shell is small and rather thick. The outline 

is elongated triangular in the j uvenile stages and triangular 

to subpentangular in the adult stages . The maximum width 

is at the anterior shell margin .  The auric!es are small and 

indistinct. The shell is biconvex to almost planoeonvex with 

the ventraI valve showing the least eonvexity. The shell 
surface possesses 20-22 straight and finely knobbed ribs, 

and new ribs are forrned by interealation . Only a few dis

tinet growth lines can be observed. Five to six ribs are 

forrned at a shell width of 0 .40 mm, and 20-22 ribs at a shell 

width of 1 .80 mm. The hinge line is short and almost 

s traight .  The beak is ereet in the j uvenile s tages and ereet to 
slightly ineurved in later stages, where it also becomes more 
aeute. The area is relatively broad and triangular, and the 

deltidial plates are two narrow straight ridges that limit the 

subtriangular, hypothyridid foramen laterally .  A pedic!e col
lar is well developed. A trace of a pedic!e groove oceurs 
anteriorly in the pedic!e collar. The hinge is well developed . 

The inner socket ridges are relatively high and the eardinal 

proeess is large but flat .  The restricted nature of the material 

prec!udes detail ed survey of the development of the brachi

dium, but at a shell iength of 1 .84 mm two slender, ventrally 

converging er ura can be seen . They are laterally compressed 

and are not fused with the inner soeket ridges .  The inner 

surface of the shell is a negative relief of the outer surface. 

Remarks. - The material is too rare to allow any confident 

generic assignment. The long and slender erura, the hypo

thyridid foramen and the similarity to other Rugia speeies 
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found in the Lower Danian of Nye Kløv suggest, however, a 

close relationship to the genus Rugia . Rugia sp .  may be a 

subspecies or a variant of Rugiaflabella n . sp . ,  but the outline 

of the latter is more broadly subtriangular, and furthermore 

the ribs are in this species bending backwards .  R. latronis 

n.sp .  differs from Rugia sp .  in possessing more irregular and 

coarsely sculptured ribs and a weaker hinge . LlW, LD/W, 

NR/W and T /W ra ti os for Rugia sp.  are for comparison 

plotted in scatter diagrams for R. flabella (Fig. 1 8A-E) . 

Subfamily Eucalathinae Muir-Wood 1 965 

Genus Meonia Steinich 1 963  

Type species. - Terebratulina semiglobularis Posselt 1 894, by 

original designation. 

Meonia semiglobularis ( Posselt 1 894) 
Pl .  2 : 3 ,  4, 5 

Synonymy.  - O 1 894 Terebratulina semiglobularis n.sp .  - Posselt, 

Pl .  3 : 1 0-- 1 3 . 0 1 909 Terebratulina semiglobularis Posselt - Niel

sen, p .  1 6 1  no. 24, Pl . 1 : 35 .  O 1 963b Meonia semiglobularis 

( Posselt) - Steinich, pp.  733-734, Pl. 1-3 .  0 1 965 Meonia 

semiglobularis ( Posselt) - Steinich, pp. 46--52 ,  Figs . 35-43,  Pl .  

7 : 3a-d, 4, 5 .  O 1 970b Meonia semiglobularis ( Posselt) - Surlyk, 

pp. 7- 1 6, Figs . 1-3 .  0 1 972  Meonia semiglobularis ( Posselt) -
Surlyk, p. 26,  Figs . 2, 5, I l , 1 3 , 1 5 ,  1 7 , Pl .  l : a-f. O 1 984 

Meonia semiglobularis ( Posselt) - Surlyk & Johansen, Fig. I .  

Material. - Forty-one complete shells, 1 68 dorsal and 1 85 

ventraI valves . The largest specimen is from the Upper 

Maastrichtian sample NK6 and has the following dimen

sions: length 3 .00 mm; dorsal valve length 2 . 76 mm; width 
2 . 3 2  mm; thickness 1 . 28 mm; foramen width 0 . 1 6  mm; and 

number of ribs 1 7 . 

Description. - The shell is small and thick, and the outline is 
elongated semicircular. The maximum width lies anterior to 
the midline of the shell . The auricles are indistinct, and the 
hinge line is broad and straight .  The shell is plano-convex 

with an almost semiglobular ventraI valve, and some large 

forms. are almost concavo-convex . The anterior commissure 
is rectimarginate to sulcate. The shell surface possesses 
about 20 strong, radial, smooth and straight singular ribs . 

The ribs are rounded in cross section in the j uvenile forms 

and later they change to almost triangular. No distinct 

growth lines are observed . The beak is low, suberect to erect 

and incurved in large forms , and the area is small and 

clearly confined . The foramen is hypothyridid in j uveniles 

but changes to mesothyridid during growth. The deltidial 

plates are small and triangular. The pedicle collar is narrow. 

The hinge is very strong with well developed inner socket 

ridges , which are incurved in a median direction. The hinge 

teeth are flat? bl unt and medially directed . The brachidium 

is well developed and consists of broad , ventrally converging 

s trong crura that continue into slender descending branches 

which fuse into a horizontal dorsal bridge . The crural pro

cess es are short and spoon-shaped. The brachidium is simi

lar to that of Rugia tenuicostata but is more strongly built 
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(S teinich 1 965 ,  p .  1 2 1 ,  Fig. 1 74) . The spicular skeleton i s  

heavy, and the  lophophore was a schizolophe. The inner 

surface of the shell is smooth . 

Occurrence. - Meonia semiglobularis is found in samples from the 

Upper Maastrichtian (NK3,  NK4, NK5,  NK6, NK7 ,  NK8 

and NK9) , where i t  dominates, and also in the 3 cm thick 

clay bed which marks the Maastrichtian-Danian boundary 

and forms the basal Danian bed . The latter occurrence may 

be due to reworking, because the shell fragments present in 

the clay bed are wom and of a tinted colour. 

M. semiglobularis is an index fossil for the lower Upper 

Maastrichtian semiglobularis-humboldtii Zone ( Surlyk 1 982 ,  

1 984) and is also characteristic in the remaining part of the 

Upper Maastrichtian . 

The species dies out at the Maastrichtian-Danian bound

ary. 

?Family Megathyrididae Dall 1 870 

Genus Gwyniella n .gen .  

Pl. 1 1 : 1-5; Fig. 1 9A-D 

Derivation of the name. - After the similarity to the genus 
Gwynia King 1 859 .  

Type and only speeies. - Gwyniella persiea n.sp .  

Diagnosis. - Micromorphic megathyridid (? )  with subcircular 

to subpentagonal outline, resupinate to biconvex shell; very 

low and recess ed beak; foramen hypothyridid . Hinge very 

weak. Brachidium poorly developed, consisting of short, 

delicate crura and short, high and pointed median septurn in 
dorsal valve . Lophophore probably schizolophous . 

Remarks. - The genus Gwyniella exhibits very few characteris

tic features apart from the delicate median septurn,  and 

therefore it is uncertain whether i t  belongs to the family 

Megathyrididae. The similarity to the genus Gwynia King is 
that both genera are extremely neotenic; they are both 
minute and smooth-shelled. Gwynia is ,  however, almost lin
guloid in outline, trocholophos and only known from the 

Pleistocene to Recent ( Fisher & Oehlert 1 89 1 ;  Hatai 1 965) . 

The genera of the family Platidiidae Thomson 1 92 7  (Plati

dia, Amphithyris, Aemula and Scumulus) differ from Gwyniella 
gen .n .  in having amphithyridid foramen and a well-devel

oped median septurn,  and in being spirolophous . 

Gwyniella persiea n . sp .  
Pl. 1 1 : 1-5; Fig. 1 9A-D 

Derivation of the name. - Latin persiea, a peach; after the 

rounded, smooth shape . 

Holotype. - MGUH No. 1 6953 ,  Pl. 1 1 : 1 ;  Lower Danian, Nye 

Kløv, Sample NK26. Type locality : Nye Kløv, north of 

Thisted , northwestem Denmark. Type horizon : Lower Dan

Jan. 

Material. - Seventy-five complete shells, 19 dorsal and 38 

ventraI valves and a num ber of fragments .  The material is 
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s trongly recrystallized . The largest speeimen is from the 

Lower Danian sample NK22 and has the following dimen

sions : length 2 . 1 2  mm; dorsal valve length 1 . 76 mm; width 
2 . 3 2  mm; thickness 0 .60 mm; width of foramen 0 .48 mm. 

Measurements of the holotype : Length 1 . 56 mm; dorsal 

valve length 1 .40 mm; width 1 .60 mm; thickness 0 .56 mm; 

width of foramen 0 .28 mm. 

Diagnosis. - Small ,  biconvex, smooth, thin shell with subcir

cular to semicircular outline. Beak very low, suberect; fora

men hypothyridid, low and broad . Hinge and brachidium 

weakly developed; brachidium consists of short crura and 

high, short and pointed dorsal median septurn. 

Description. - The shell is minute and thin; the outline is 
subcircular to subpentagonal. In  j uveniles , the outline is 
oval to subcircular; in the later s tages,  the width exceeds the 
length, and an almost semicircular outline is developed . The 

maximum width is around the mid-length of the shell, and 
the auricles are indistinct. The shell is flat biconvex to 

resupinate, and the dorsal val ve is of the highest convexity . 
The early growth s tages are always biconvex. The front 
commissure is rectimarginate to incipient uniplicate. The 

shell is smooth, and the growth lines are seldom seen, and 

then only at the shell margin .  The hinge line is broad . The 

beak is very low, recess ed to suberect. The area is narrow 

and distinetly limited, and the foramen is hypothyridid, low, 

broad and triangular to trapezoidal . The foramen is acute in 

the early growth s tages but often attrite in the later stages . 

The deltidial plates are narrow and most frequently disj unct 

posteriorly. The pedicle collar is well developed . The cardi

nal proeess is very small. The hinge is poorly developed . The 

hinge teeth are short and blunt, and dental plates are not 

seen. The inner sockets are equally low and the inner socket 
ridges are low, very short and almost paralleI . The brachi
dium consists of very short and slightly ventrally directed 

er ura anterior to the inner socket ridges, and a short, high 

and pointed median septurn placed anterior to the mid

length of the dorsal valve . The material is heavily recrystal

lized, and most of the original shell material has been re

placed by large calcite crystals .  L/W, LD/W, T/W and d/W 
for the species are shown in Fig. 1 9A-D. 

Remarks. - Gwyniella persiea n.sp .  is an example of a brachio

pod with almost no characteristica, and is highly neotenic in 

i ts character. 

Occurrence. - Gwyniella persiea n.sp .  occurs III the Danian 
samples NK I 7 , NK I8, NK I 9, NK21,  NK22,  NK24, NK25,  

NK26, NK2 7 ,  and NK28, as well as in one sample ( called 
L l 1 3 ) from 4 .50 m above the boundary .  It is typically 
represented by only a small number of individuals . In some 
of the most benthos-rich levels ( samples NK22,  NK25,  
NK26 ) ,  however, the species is abundant. 

Genus A rgyrotheca Dall 1 900 

Type speeies. - Terebratula cuneata Risso 1 826, by original 

designation . 

Argyrotheca bronnii (Roemer 1 84 1 )  

Synonymy. - O 1 84 1  Terebratulina bronnii v. Hag. - Roemer, p .  

4 1 ,  no .  3 1 .  0 1 842 Orthis buchii n.  - Hagenow, p .  544, P l .  

9 :8a--d.  0 1 894 Argiope bronnii v.  Hag. sp .  - Ravn, p .  3 7 7 ,  no. 

37; p .  390, no. 37. 0 1 909 Argiope bronnii v.  Hagenow -
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Nielsen, p. 1 7 1 ,  no. 39.  0 1 965 Argyrotheca bronnii ( Roemer) -

Steinich, pp. 1 24-- 1 34, Figs . 1 79-- 1 96, Pl. 1 7 : l a--d, 2a-d . 

O ? 1 965 Argyrotheca lacunosa sp .n .  - Steinich, pp. 1 34-- 1 37 ,  

Figs . 1 97-1 99 ,  P l .  1 8 : l a-d . 0 1 972 Argyrotheca bronnii 

(Roemer) - Surlyk, p. 20. Figs . 5, 1 2 , 1 4, 1 5 ,  1 6 ,  1 7 , 1 8 , Pl. 

4g. O 1 979 Argyrotheca bronnii (Roemer) -Bitner & Pisera, pp. 

78-79, Pl. 4 : 1-2 .  0 1 982 Argyrotheca bronnii (Roe mer) - Sur

Iyk, Fig. I ,  Pl. 3 i .j .  0 1 984 Argyrotheca bronnii (Roemer) -

Surlyk & Johansen, Fig. l .  

Material. - One complete shell, 20 dorsal and 1 8  ventrai 
valves and a number of fragments . The largest specimen is 

from the Upper Maastrichtian sample N K l  and is repre

sented by a broken dorsal valve with the following dimen

sions:  length 3 . 7  mm; width 8.0 mm; width of fora men 1 . 5 

mm; hinge line width 8 .0  mm; and number of ribs 7 .  

Description. - The material from the Upper Maastrichtian of 

Nye Kløv is consistent with the descriptions of Argyrotheca 

bronnii given by Roemer ( 1 84 1 )  and Steinich ( 1 965) . A .  

bronnii i s  characterized b y  its 6- 1 0  low, radial ribs, which are 

only slightly extended beyond the shell margin, in its semi

circular to subquadratic outline, in its low area, and in 

possessing disc-shaped, concave hinge plates and a strong 

median septurn with a distinct cleavage . 

Remarks. - In external features the Lower Danian Argyrotheca 

aff. bronnii is similar to A .  bronnii from the Upper Maastrich

tian, although the ribs of the Lower Danian speeimens are 

more arched and protrude further beyond the shell margin. 

In  internal features, the Lower Danian form differs in its 

hinge plates, and is thus referred to as A. aff. bronnii. Large 
speeimens of A. bronnii continue morhologically into A. con

iuncta Steinich, but the hinge plates of A. coniuncta differ in 

forming a coherent, dis tinet platform supported by the base 

of the septurn, and in having a median septurn which is not 

cleaved . A. hirundo ( Hagenow) is distinguished from A. bron

nii in possessing a smaller shell size, a higher area, fewer ribs 

(4--7 ) ,  and in hinge plates fused into a narrow triangular 
platform. 

Occurrence. - A .  bronnii occurs in the Upper Maastrichtian 
samples NK l ,  NK4, NK5, NK6, NK7,  NK8, and possibly 
NK9. The speeies is present in a small number of indivi

duals and does most probably become extinct at the Maas
trichtian/Danian boundary . 

Argyrotheca afr. bronnii (Roemer 1 84 1 )  
Pls.  1 1 :6, 7 ;  1 2 : 1 ;  Fig. 20A-E 

Synonymy. - O 1 984 Argyrotheca n.sp .aff. bronnii - Surlyk & 

Johansen , Fig. l .  

Material. � Two complete shells , 1 8  dorsal and two ventraI 

valves and a num ber of fragments . The largest speeimen is 

represented by a dorsal valve from the Lower Danian sam

ple NK23.  The speeimen has the following dimensions :  

length 3 . 2  mm; width 5 .4  mm; width of foramen 0 .9  mm; 

hinge line width 5 .4  mm; and number of ribs 6 .  

Description. - This speeies is characterized by i ts  often almost 
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quadrangular dorsal valve . The shell surface contains 6- 1 0  

straight and rather prominent radial ribs which may pro

trude well beyond the shell margin .  The fora men is high , 

pointed subtriangular and delimited by narrow ridge-like 

deltidial plates and a relatively wide area. The inner socket 

ridges are long and paralleI to the posterior shell margin. In 
small speeimens the hinge plates form two irregularly delim

ited plates, and in larger forms fuse into a deep and relative

ly wide concave disc. 

Remarks. - Externally the speeies is similar to Argyrotheca 

bronnii (Roemer) , although its ribs may appear more promi

nent and the shell more biconvex. Internally, however, A .  

bronnii differs i n  possessing hinge plates that are always 

form ed as two separate concave dises . It is uncertain wheth

er the Lower Danian speeimens represents a new speeies or 

a variety of A. bronnii, but because of the morphological 

similarities the speeimens are here referred to as Argyrotheca 

aff. bronnii. For comparison the Lower Danian A .  aff. bronnii 

are shown in seatter diagrams for A. bronnii from the Lower 

Maastrichtian of Rugen ( Fig. 20A-E) . 

Occurrence. - The speeies occurs in the Lower Danian sam

ples N K I 7 ,  NK I 9, NK2 1 and NK23.  

Argyrotheca coniuncta Steinich 1 965 
P l .  1 2 :5A, B 

Synonymy. - O 1 965 Argyrotheca coniuncta n.sp .  - Steinich, pp.  

1 38- 1 44, Figs . 200--206, Pl. 1 8 : 2a-d . 0 1 969 Argyrotheca con

iuncta Steinich - Surlyk, pp. 1 94-- 1 99 ,  Figs . 206-2 1 2 , Pl .  
20: 1-3 .  O 1 972 Argyrotheca coniuncta Steinich - Surlyk, p .  20, 

Figs . 5- 1 2 . 0 1 979 Argyrotheca coniuncta Steinich - Bitner & 

Pisera, p. 79,  Pl .  5 : 5-7 .  O 1 984 Argyrotheca coniuncta Steinich -

Surlyk & Johansen, Fig. I .  

Material. - Four dorsal valves and one ventraI valve. The 

largest  speeimen is represented by a ventrai valve from the 

Upper Maastrichtian Sample NK8 and has the following 
dimensions :  length 2 . 0  mm; width = width of hinge line 4.0 

mm; foramen width 1 .4 mm; number of ribs 6 .  

Description. - The speeies conforms with the  description of  
Argyrotheca coniuncta Steinich by Steinich ( 1 965) . A .  coniuncta 

has a semicircular outline, very of ten much wider than long 
with the hinge line characteristically prolonged into wing

like extensions . The anterior commissure is s traight, and 6-

I I  low ribs are present on the shell surface. The beak is erect 

and the angle between the area and the commissure is 

characteristically large . The foramen is very large, hypo

thyridid and triangular, and the hinge is well developed . 

The ante ri or margins of the inner socket ridges are mueh 

longer than the posterior margins . The eardinal proeess is 

small. The hinge plates are fused mid-dorsally into a plat

form. The dorsal median septurn is high and strong; both 

the anterior and the posterior edges of the septurn eurve in 

an are towards the dorsal valve 1100r. The septurn itself is 

not split, but the fusion of the septurn and the deseending 

branehes of the braehidium give the median septurn a ehar

aeteristieally split appearanee . The lophophore was a sehi

zolophe .  
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Remarks. - Large forms of Argyrotheca bronnii (Roemer) differ 

from A .  coniuncta in having a more rectangular outline and a 

cleaved median septurn. 

Occurrence. - Argyrotheea eoniuncta occurs III the uppermost 

Maastrichtian samples NK7 and NK8 in a low number of 

individuals .  The species becomes extinct at the Maastrich

tian-Danian boundary.  

A rgyro theca daniea (de Morgan 1 883)  
P l .  1 2 : 2-4 

Synonymy.  - O 1 833  Cistella daniea - de Morgan, p. 394, Pl. 
1 2 : 2 7-30 .  O 1 894 Argiope daniea (de Morgan) - Posselt, p .  49. 
0 1 909 Argiope daniea (de Morgan) - Nielsen, pp. 1 7 1- 1 72 ,  

Pl .  I :43-45 . O cf. 1 928 Argiope buchii v. Hag. - Nielsen, p .  
2 1 8, P l .  4 :4-6 .  0 1 965 Argyrotheca daniea (de Morgan) 

Steinich, p. 1 45 .  0 1 984 Argyrotheca daniea (de Morgan) -

Surlyk & Johansen, Fig. I .  

Material. - One complete shell, one dorsal and two ventrai 

valves.  The largest specimen is represented by a ventrai 

valve from the Upper Maastrichtian sample NK4 and has 

the following dimensions : length 1 .6 mm; dorsal valve length 

1 .5 mm; width 2 .4  mm; foramen width 0 . 5  mm; and number 

of ribs 4. 

Deseription. - Argyrotheea dan iea has characteristically four 

extended ribs,  a frontal incision of the shell margin, a flat 
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Fig. 20. Seatter diagrams of A rgyrotheca afr. bronnii, Lower Danian, 
Nye Kløv ( x ;  *: largest speeimen, sample NK23 ) ,  and A. bronnii 
(Roemer) , Lower Maastrichtian, Riigen ( O ,  e ; data from Steinich 
1 965, Figs. 1 79, 1 80, 1 82 ,  1 85,  1 92 .  D A. Ratio shell iength L (mm) 
to width W (mm) . O B .  Ratio dorsal valve length LD (mm) to width 
W (mm) . D e. Ratio hinge line width WH (mm) to width (mm) . 
O D. Ratio foramen width d (mm) to width W ( mm ) .  D E. Number 
of ribs NR. 

triangular cardinal process and hinge plates forrned as two 

concave, rounded discs anterior to the cardinal process .  The 

shell is small, the outline is subpentangular, and the shell is 

clearly wider than long. The maximum width lies at the 

hinge line, which is markedly prolonged into wing-like ex

tensions .  The shell is flat biconvex, and the anterior commis
sure is s traight .  The four ribs are wide,  flat, smooth and 

straight, and extend well beyond the shell margin. A deep, 

smooth median sinus is developed earl y in on toge ny and 

gives the shell a characteristic frontal incision . Three to four 

distinct growth lines are seen. The hinge line is very long 
and s traight ,  the beak is acute and erect, and the area is 

relatively long and narrow. The foramen is large, hypothyri
did and triangular, and the deltidial plates are narrow 

ridges, the height ofwhich diminishes towards the apex. The 

pedicle collar is well developed . The inner socket ridges are 
low and diverge strongly anteriorly, and the anterior mar
gins of the inner socket ridges are much longer than the 

posterior margins. The cardinal process is a flat, triangular 

body wedged in between the posterior margins of the inner 

socket ridges .  The hinge plates are two separate, rounded, 

concave are as anterior to the cardinal process .  The dorsal 

median septurn reaches the ventrai valve, and the septurn in 

lateral view is a tapered triangular plate with a distinct 

groove in the posterior face. The posterior face slopes s teeply 
towards the apex of the shell. The anterior face is almost 

perpendicular to the valve floor, and reaches almost to the 

incision in the shell marign . The inner surface of the shell is 

a negative relief of the outer surface. 
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Remarks. - Due to the very sparse material, it is difficult to 

establish clearly the criteria necessary to distinguish Argyr

otheca danica from A. bronnii (Roemer) . A. bronnii is dis tin

guished from A. daniea in possessing a larger num ber of ribs .  

At a shell width of 2 .40 mm, A .  bronnii possesses 6-7 ribs, 
whereas A. danica at the same size on ly has 4 ribs . But the 

shape of the hinge plates, the cardinal process and the dorsal 

septurn are similarly developed . A. obstinata Steinich is dis

tinguished from A. daniea in having a higher area and being 

more biconvex. A. hirundo (Hagenow) differs from A. dan iea 

in its shorter hinge line, in the pivot-shaped cardinal process 
and the unsplit dorsal median septurn. 

Oceurrence. - Argyrotheca daniea is found in the Upper Maas

trichtian samples NK 4 and NK5 in a low num ber of indivi

duaIs . It becomes extinct at the Maastrichtian-Danian 

boundary . 

Argyrotheca stevensis (Nielsen 1 928) 
PIs . 1 2 :6A, B ;  1 3 : 1-4; Fig. 2 I A-F 

SynoTrymy. - O 1 928 Argiope stevensis n.sp .  - Nielsen, p. 2 1 9 , PI .  

4: 1 0-1 1 .  0 1 969 Argyrotheca stevensis (Nielsen) - Surlyk, pp. 

206-2 1 0, Figs . 22 1-228, PI .  1 3 :5-7 .  O 1 972  Argyrotheea steven

sis (Nielsen) - Surlyk, p. 20, Figs . 2, 5, 1 3 .  O 1 984 Argyrotheca 

stevensis (Nielsen) - Surlyk & Johansen, Fig .  I .  

Material. - There are 762 complete shells, 1 35 dorsal and 1 64 

ventraI valves, and a number of fragments .  The largest  

specimen is from the Lower Danian sample NK 24 and has 

following dimensions :  length 2 . 7  mm; dorsal valve length 2 . 0  

mm;  width 2 . 1  mm;  thickness 1 . 1  mm;  width of foramen 0 .8  

mm;  number of  ribs 7 ;  and width of  hinge line 1 .9 mm.  

Deseription. - The shell is small, and the outline varies from 

subtriangular to subpentagonal . The lateral edges of the 

shell are of ten paralleI . The maximum width varies from 

being placed at the hinge line to being placed anterior to the 

mid-Iength of the shell. The auricles are small. The shell is 

s trongly biconvex with the ventraI valve being most convex. 
The anterior commissure is s traight.  Four strong, s traight 
and smooth radial ribs are forrned at a shell width of about 
0 .80 mm. At a shell width of 1 . 20 mm, two new ribs are 
forrned laterally to the rest ,  and the larger forms may con

tain two more ribs at each side . The ribs are straight and 
arranged in two almost paralleI bundles separated by a 

median sinus . The median sinus is shallow and as wide as a 

rib, and a weak rib may be present in it .  Four to five distinct 

growth lines are present. The hinge line is broad and 

straight and the beak is high, erect to slightly incurved and 
often attrite. The area is of ten concave, broad , and triangu

lar due to the incurved nature of the beak. The foramen is 

high, large, hypothyridid and triangular. A pedicle collar is 

well developed . Laterally , the foramen is limited by two 
distinct deltidial plates, forming narrow ridges . The hinge is 

s trong and the teeth are broad , s trong and blunt. The inner 

socket ridges are short, re1atively high, and diverge strongly 

anteriorly, and the anterior margins are somewhat pro

longed laterally . The cardinal process is small and protrud

ing, and the hinge plates are developed as two rounded, 

concave, plate-like bodies anterior to the cardinal process .  

The crura are either very small or miss ing; most frequently 
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it  seems as  if  the  descending branches unite with the  inner 

socket ridges .  The brachial bands are narrow and from a 

gentle curve approaching the dorsal valve floor, where they 

fuse with the floor around the midline of the shell. Further 

anteriorly, they are ventrally directed approaching the plate

like dorsal median septurn with which the brachial bands 

fuse.  The crural processes are short and grew in a medio

posterior direction . The dorsal median septurn is strongly 

built and almost touching the floor of the ventraI valve; the 

septurn is a long, tapered triangular plate with the anterior 

face almost perpendicular to the shell floor. The posterior 

face slopes very sharply, and the top of the septurn is anter

ior to the midline of the shell . The ventraI median septurn is 

low and long. The lophophore was probably a schizolope. 

The inner shell surface is a negative relief of the outer. 

Ratios of morphological dimensions of A. stevensis from the 

Lower Danian of Nye Kløv are shown in scatter diagrams 

(Fig. 2 I A-F) together with those of Maastrichtian speci

mens measured by Surlyk ( 1 969) . 

Remarks. - A .  stevensis from the Danish Maastrichtian is 

found to have a generally high er WH/W ratio than the 

specimens from the Lower Danian (Fig. 2 1 C ) ,  reflecting the 

more triangular outline of the Danian specimens . In other 

respects the morphology of the Maastrichtian form is similar 

to that of the Danian form. Argyrotheca hirundo (Hagenow) is 

distinguished from A. stevensis in being more flatly biconvex, 

in often having four shallow ribs which protrude distinctly 
beyond the anterior shell margin,  and in having a very high 

area. A. obstinata Steinich is distinguished from A. stevensis in 

constantly having four ribs,  in having a very high, almost 

plane area, and in being clearly e1ongated . 

Occurrence. - Argyrotheca stevensis occurs in the Upper Maas

trichtian samples NK3, NK5, NK8, and in the Lower Dan

ian samples NK 1 7 ,  NK I 8 , NK I 9 ,  NK20, NK2 1 ,  NK22,  

NK23,  NK24,  NK25,  NK26, NK28.  

A .  stevensis is an index fossil for the uppermost Maastrich

tian the stevensis-chitoniformis Zone of Surlyk ( 1 982 ,  1 984) . 
A .  stevensis is found at Nye Kløv in the majority of the 

samples and in some samples from the upper part of the 
Lower Danian (samples NK24, NK25 and NK26) it domi
nates the brachiopod assemblage. There is a close relation
ship between abundance of bryozoans and number of indivi
duals of A. stevensis. This is probably due to preference 

towards attachment to specific bryozoan species, a tendency 

which recent Argyrotheca spp. also possess ( Ulla Asgaard, 

personal communication, 1 983) . 

A .  stevensis crosses the Maastrichtian-Danian boundary . 

Argyrotheca afr. stevensis (Nielsen 1 928)  
P l .  1 3 :6 ,  7 ;  Fig. 22A-F 

Synonymy. - 0 1 984 Argyrotheca n . sp .aff. stevensis (Nielsen) -

Surlyk & Johansen, Fig. l .  

Material. - At least five complete shells. The largest speci

men is from the Lower Danian sample NK23 and has the 

following dimensions : length 1 .9 mm; dorsal valve length 1 . 3 

mm; width 2 . 2  mm; thickness 0 . 8  mm; width of foramen 0 .4  

mm;  width of  hinge line 1 .8 mm; and number of  ribs 7 .  
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Fig. 21 . Scatter diagrams of Argyrotheca stevensis (Nielsen) ,  Lower Danian, Nye Kløv ( . ; *: largest speeimen, sample NK24) and A .  stevensis, 
Maastrichtian, Denmark ( O ;  data from Surlyk 1 969, Figs . 2 2 1-224, 226-227 ) . O A. Ratio shell length L (mm) to width W (mm) . O B. Ratio 
dorsal valve length LD (mm) to width W (mm) . O G . Ratio width of hi!1ge line WH (mm) to width W (mm) . O D. Ratio thickness T (mm) to 
width W (mm) . O E. Ratio foramen width d (mm) to width W (mm) . O F. Number of ribs NR. 

Description. - The outline of the species is semicircular to 
subquadratic, and the maximum width lies around the mid

length of the shell. The auricles are indistinct, and the shell 

is biconvex with valves of equal convexity . The anterior 

commissure is s traight, and the shell surface possesses 2-3 

distinct growth lines . The shell surface shows 4-7 straight, 

smooth ribs that in the j uvenile s tages run along the length 

of the shell. Later in ontogeny the ribs are more radially 

directed . The ribs are in cross section high acute ridges, with 

narrow and deep interspaces .  The ribs are extended marked

ly beyond the anterior shell margin, and are situated in two 

bundles on each side of a deep median sinus. A deep median 

incision is typically present in the anterior shell margin. The 

hinge line is extended into two wing-like processes,  and the 
hinge line is s traight and long, but does not exceed the width 
of the shell. In addition, there is a characteristic extension of 

the shell anterior to the wing-like processes .  The beak is 

high, acute and erect, and the area is high, narrow and 

triangular. The foramen is large, hypothyridid and triangu

lar and is restricted laterally by two narrow deltidial plates . 

The pedical collar is well developed . I t  has not been possible 

to investigate the interior morphology in detail ,  but the inner 

socket ridges are strong and marked ly diverging anteriorly. 

The dorsal median septum is high and s trong, and the 

anterior face of the septum reaches almost to the anterior 

shell margin .  The posterior face reaches the mid-length of 
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Fig. 22. Seatter diagrams of Argyrotheca arr. stevensis, Lower Danian, Nye Kløv ( . ;  ... : sample NK23;  6. :  sample NK22) and A .  stevensis (Nielsen ) , 
Maastrichtian, Denmark ( O ;  data from Surlyk 1 969, Figs . 22 1-224, 226-227) . O A. Ratio shell length L (mm) to width W (mm ) .  O B. Ratio 
dorsal valve length LD (mm) to width W (mm ) .  D e . Ratio hinge line width WH (mm) to width W (mm ) .  O D. Ratio thickness T (mm) to 
width W (mm) . O E. Ratio foramen width d (mm) to width W (mm) . O F. Number of ribs NR. 

the shell . The lophophore was a schizolophe. The shell is 

relatively 
·
thin.  

Remarks. - The form is consistent in many characters with 

the Argyrotheca stevensis (Nielsen) described herein. But it 

differs in the wing-like extensions of the hinge line and the 

characteristic wing-like extension anterior to the hinge line. 

A. stevensis is, however, rather variable and the speeimens 

might be varieties of A. stevensis. Further s tudy of a larger 

collections may show the form to represent a new speeies or 

subspecies of A. stevensis. L/W, LD/W, T/W, NR/W, d/w 

and WH/W for the speeimens are shown for comparison in 

the scatter diagrams (Fig. 22A-F) for A. stevensis from the 

Maastrichtian measured by Surlyk ( 1 969) . 

Occurrence. - A .  aff. stevensis occurs in the Lower Danian 

samples NK22,  NK23,  and possibly NK25 . 
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3 - Brachiopods . 
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Argyrotheca hirundo (Hagenow 1 842 ) 
Pl .  1 4 : 1-8;  Fig. 23A-H 

Synonymy. - 0 1 842 Orthis hirundo n. - Hagenow, p. 545, Pl. 

9 :9a-d . 0 1 928 Argiope hirundo v.  Hag. - Nielsen, pp. 2 1 8-

2 1 9 ,  Pl . 4 : 7-9 . O 1 965 Argyrotheca hirundo (Hagenow) - Stein

ich, pp. 1 52- 1 59 ,  Figs . 232-249, Pl .  1 6 : 3 ,  Pl . 1 7 : 3a-d . 

?D 1 965 Argyrotheca obstinata sp .n .  - Steinich, pp. 1 45- 1 5 1 ,  

Figs . 2 1 7-23 1 ,  Pl .  1 8 : 3a-d . 0 1 969 Argyrotheca hirundo (Ha

genow) - Surlyk, pp. 200--204, Figs . 2 1 3-220, Pl .  1 3 :8- 1 0 .  

0 1 972 Argyrotheca hirundo (Hagenow) - Surlyk, p .  2 0 ,  Figs . 5 ,  
1 2 , 1 5b ,  1 7 , 1 8 . ?D 1 972  Argyrotheca obstinata (Hagenow) -

Surlyk, p. 20, Figs . 5, 1 5b .  0 1 979 Argyrotheca hirundo (Ha

genow) - Bitner & Pisera, p .  79,  Pl . 4 : 7 .  0 1 979 Argyrotheca 

hirundo (Hagenow) - Surlyk, Fig. I ,  Pl .  3f, g, h. 0 1 984 

Argyrotheca hirundolArgyrotheca aff. hirundo (Hagenow) - Surlyk 
& Johansen, Fig. I .  

Material. - Fifty-three complete shells ,  1 3  dorsal and I I  

ventraI valves, and a number of fragments . The largest 

specimen is from the Lower Danian sample NK26 and has 

the following dimensions : length 2 . 1 mm; dorsal valve length 

1 .4 mm; width 1 .9 mm; thickness 0.9 mm; width of foramen 

0 .5  mm; width of hinge line 1 . 5 mm; and num ber of ribs 5 .  

Description. - The shell i s  small, and the outline i s  longer 
than wide, subtriangular to subpentangular. The maximum 

width is at the anterior shell margin. The auricles are indis

tinct. The shell is biconvex with the ventraI valve being 

much more convex than the dorsal, and the anterior com

missure is s traight to broadly sulcate . Four to seven s trong, 
s traight, smooth ribs are arranged in two bundles on each 

side of a wide and deep median groove on the shell surface. 

The ribs are in cross section rather acute ridges . Up to at 

least 14 distinct growth lines are seen . The hinge is relatively 

long and straight, and the beak is high, acute and erect to 

slightly incurved . The area is very high, planal and triangu

lar, and the foramen is large, triangular and hypothyridid . 

The deltidial plates form narrow ridges,  and a pedicle collar 
is well developed . The hinge and the inner socket ridges are 
strongly built . The cardinal process is a small and pivot
shaped body placed between the posterior margins of the 
inner socket ridges .  The hinge plates are fused into a tri an
gular, narrow, concave platform, or may form two closely 
spaced narrow triangular areas . The brachidium is well 
developed, and the crura are very short and emerge from the 

anterior margin of the inner socket ridges . The crural pro

cess es are short and con verge mid-dorsally, and the descend

ing branches are slender bands with small teeth on their 

anterior margin. The descending branches fuse with the 

valve floor approximately at the midline of the shell . The 

brachial bands rise from the valve floor and fuse with the 

median septum anterior to the mid-Iength of the shell . The 

dorsal median septum is uncleaved and forms a high, trian

gular plate. I ts anterior edge reaches the ventrai val ve and is 

perpendicular to the valve floor. The posterior edge falls in a 

gentle concave arc towards the apex. The ventrai median 

septum is very thin posteriorly and reaches the pedicle 

collar. The ventrai septum is broader anteriorly and con

tains a shallow groove. The lophophore was a schizolophe. 

The shell is relatively thin.  
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Remarks. - Argyrotheca hirundo is a very variable species but i s  

characterized by i t s  pivot-shaped cardinal process and a 

rather constant, low rib number (4-7 ) .  The Lower Danian 

representations of this species differs from the Maastrichtian 

in possessing fewer ribs . For comparison the largest speci

men of A. hirundo from the Upper Maastrichtian and the 

largest  specimen from the Lower Danian are shown in the 

scatter diagrams for A. hirundo from the Danish Maastrich

tian Chalk (Fig. 23A-H ) .  The specimens from Nye Kløv fall 

within the area of variation of A. hirundo . 

A .  obstinata Steinich is distinguished from A. hirundo in 

having a higher area, in a more biconvex shell, in always 

possessing four ribs ,  and in lacking the pivot-shaped cardi

nal process .  There is, however, a gradual transition between 

the two species, according to Surlyk ( 1 969, p. 204) . 

A .  stevensis (Nielsen) differs from A .  hirundo in having 6-8 

ribs arranged in bundles on each side of a median sinus . 

Within the bundles the ribs are paralleI . Furthermore, the 

hinge plates in A. stevensis are developed as two rounded 

concave, disc-like bodies .  

Occurrence. - Argyrotheca hirundo occurs in the Upper Maas

trichtian samples NK4 and NK5 and in the Lower Danian 

samples NK2 1 ,  NK22,  NK23,  NK25 and NK26. It is repre

sented by a relatively high num ber of individuals .  

Argyrotheca dorsata (Nielsen 1 928)  
P l .  1 5 : 1 , 2 ;  Fig. 24A-G 

Synonymy. - 0 1 928 Argiope dorsata n.sp .  - Nielsen, p. 2 1 6-
2 1 7 , 22 1-222,  Pl. 5 : 25-2 7 .  0 1 968 Argyrotheca dorsata (Niel

sen) - Asgaard, p .  1 1 5 .  O 1 984 Argyrotheca n.sp .  I - Surlyk & 
Johansen, Fig. l .  

Material. - Nineteen complete shells, one dorsal and five 

ventraI valves . The largest specimen is represented by a 

ventraI valve from the Lower Danian sample NK26 and has 

the following dimensions : length 2 . 28 mm; width of foramen 

0.56 mm; width of hinge line 1 . 36 mm; and num ber of ribs 
I l .  

Description. - The shell is small, rather thick, subtriangular to 
subpentangular in outline. The auricles are indistinct and 
the shell is strongly biconvex. There are 7- 1 1 smooth radial 
ribs ,  arranged on each side of a deep median sinus in which 
an intercalated rib is present .  The ribs protrude well beyond 

the anterior shell margin .  The hinge line is long and 

straight ,  and the beak is high, blunt and erect to slightly 

incurved . The area is long, concave, triangular, and the 

foramen is large and hypothyridid. The deltidial plates are 

narrow, well defined ridges .  The pedicle collar and the hinge 

are both well developed.  The inner socket ridges are relative

ly high, short, diverging anteriorly , and the cardinal process 

is small and bulbous .  The hinge plates are fused into a 

concave, rectangular platform. The short and broad crura 

develop at the anterior margin of the inner socket ridges . 

The descending branches rise from the dorsal valve floor 

about two-thirds the length of the valve to fuse with the 

median septum. The dorsal median septum is a relatively 

low trapezoidal plate with a cleavage in the posterior ridge . 

The ante ri or edge of the septum plunges steeply towards the 



FOSSILS AND STRATA 20 ( 1 987 )  BRACHIOPODS FROM NYE KLØV 35 

L/W 

A LD/W 

, .31 * B 
1 .2 1 . 0  

. . • X 
1 . 1 0.9 

o . o • X o . . 
o . o 

1 .0 o o o o 0.8 o · 
o o o . . o • o o o 

o o 
00• 0 0 o 0 0 o 

o '\> .  o • • 
0 . 9  0. 7 o o ·0 o 

0.8 o • Wm m  0.6 Wm m l , l 
0.8 1 .0 1 .2 1 .4 1.6 . 1 .8 2.0 2.2 0.8 1 .0 1 .2 1 .4 1 .6 1 .8 2.0 2.2 

W H/W 

C 
1 .0 OQ o . 0 

o 
ri o 

0. 9 
o • d/W o . 

0. 8 "00 • O 
o 

• 
o. 7. • • 0.3 o 

• , • X 
• • 

o CIo o 
o o 0 0 

0. 6 • 0. 2 o o 
• " o 

o o 

0. 5 Wm m  0. 1 Wm m  
0.8 1 .0 1.2 1 .4 1 .6 1 .8 2 .0 2 .2  0.8 1 .0 1 .2 1.4 1 .6 1 .8 2.0 2.2 

T/W 
N R/W 

o X E 0.6 F o • 
o o o o 

o.  6 
o o o 

o o 5 0 . 4  o X 
'" o 

o 
4 o o 0 00 

0 . 3  0 0 o • 

0 . 2 Wm m  3 Wm m  
0.8 1 .0 1 .2 1 .4 1 .6 1 .8 2.0 2 .2 0.8 1 .0 1 .2 1 .4 1 .6 1 .8 2.0 2.2 

Fig. 24. Seatter diagrams of Argyrotheca dorsata (Nielsen ) ,  Lower 
Danian, Nye Kløv ( x :  largest speeimen, sample NK26) , and Upper 
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Middle Danian, Rej strup I, Nyborg, Fyn, Denmark ( "' : holotype, 
Geological Museum Collection, Copenhagen, registration num ber 

o G MGUH 1 6873 ) ,  and A .  stevensis (Nielsen ) ,  Upper Maastrichtian, 
o o Denmark ( O ;  data from Surlyk 1 969, Figs .  22 1-224, 226-228) and 
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valve floor, and the posterior edge rather gently towards the 

apex. The ventraI median septurn is long, thin and relatively 

high. The lophophore was a schizolophe. 

Remarks. - The holotype of Argyrotheca dorsata (Nielsen) is 
ho us ed at the Geological Museum Collection of Copenha
gen, registration number MGUH 1 6873 .  The type locality is 
the chalk quarry Rejs trup I, near Nyborg, Fyn, Denmark, 
and the holotype was found in U pper Danian bryozoan 
chalk (0dum 1 926; Nielsen 1 928,  Pl. 5 : 25-27 ) . The holotype 
has the following dimensions :  length 2 .00 mm; length of 
dorsal valve 1 . 50 mm; width 1 . 72 mm; thickness 1 .60 mm; 

width of foramen 0 .48 mm; width of hinge line 1 .40 mm; and 

number of ribs 7 .  

Although the internal morphology of the holotype i s  un

known, the speeimens from Nye Kløv are similar to A .  

dorsata i n  their exterior features .  The speeimens are thus with 

slight reservation ref er red to this speeies .  

A. dorsata is very difficult to separate from A .  stevensis 

(Nielsen) but the latter differs in a lower number of ribs, an 

often subtriangular outline, a dorsal median septurn devel

oped as a long, high tapered triangular plate, and hinge 

plates developed as two concave dises . 

For comparison, the holotype of A .  dorsata and the largest 

speeimen of A. dormta from Nye Kløv are plotted into the 

seatter diagrams of A. stevensis (Fig. 24A-G) . 

A .  hirundo (Hagenow) is distinguished from A .  dorsata in 
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Fig. 25. Seatter diagrams of A rgyrotheca vonkoeneni (Nielsen ) ,  Lower 
Danian, Nye Kløv. *: largest speeimen, sample NK29. O A. Ratio 
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having a rather constant rib number (4) , in possessing a 

much more flattened shell and in possessing a very high 

area. A. cf. jaxensis differs from A. dorsata in possessing 5--9 

well defined ribs arranged in a fan-like fashion and a dorsal 

median septurn forrned as a very high trapezoidal plate. 

Occurrence. - Argyrotheca dorsata occurs in the Lower Danian 
samples NK2 1 ,  NK22,  NK24, NK26, and NK28.  It is al
ways present in a low num ber of individuals .  This is the first 
recorded occurrence of the speeies in the Lower Danian. 

Argyrotheca vonkoeneni (Nielsen 1 928)  
PIs. 1 6 :  1-5; 1 7 : 5 ;  Fig. 25A-E 

Synonyrrry . - 0 1 928 A rgiope v .Koeneni n.sp .  - Nielsen, pp.  220-

22 1 ,  Pl .  4 :22-24. 0 1 984 Argyrotheca n.sp .  2 - Surlyk & 

Johansen, Fig. l .  

Material. - Five complete shells, 25 dorsal and 1 6  ventraI 

valves,  and a number of fragments . The largest speeimen is 

a fragmentary shell from the Lower Danian sample NK29.  

I t  has the following dimensions : dorsal valve length 5 .4  mm; 

width 4 .6 mm; thickness 1 . 2 mm; width of foramen 1 .6 mm; 

and number of ribs 20.  

Description. - The speeies is relatively large for the genus .  

The outline is subpentagonal to pointed semicircular. The 
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maximum width of the shell occurs at its mid-Iength or at 

the hinge line, which is not alate as in many other species of 

Argyrotheca. The L/W, LD/W, WH/W, d/W and NR ratios 

are shown in Fig. 25A-E. The width of the shell is always 

somewhat greater than its length . The shell is flatly biconvex 

with an almost pl ane dorsal valve, and the anterior commis

sure is sulcate. New ribs are characteristically forrned by 
intercalation, and the ribs protrude only slightly beyond the 
shell margin .  Six smooth, straight narrow radial ribs are 
present at a shell width of 1 . 50 mm, at 3 . 20  mm there are 1 5  
ribs, and larger specimens have a s  many as 2 0  ribs .  The rib 
width is almost constant throughout ontogeny . The hinge 

line is long and s traight .  The beak is suberect, long, acute 
but often attrite, and the area is broad , triangular, and 

dearly delimited . The foramen is large, hypothyridid,  sub

triangular and confined laterally by narrow, plate-like delti

dial plates . A pedide collar with an irregular anterior mar

gin is well developed . The hinge and the brachidium are 

well developed . The inner socket ridges are relatively low 

and short, and meet posteriorly at an acute angle . The 

anterior margins of the inn er socket ridges are strongly 

extended laterally, giving the shell its alate appearance . The 

cardinal process is  a small conical knob that extends slightly 

beyond the posterior shell margin .  The hinge teeth are long, 

blunt ridges . The hinge plates are developed as a deep, 
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Fig. 26. Seatter diagrams of Argyrotheca cf. faxensis ( Posselt ) , Lower 
Danian, Nye Kløv. *: largest speeimen, sample NK26. O A. Ratio 
length of shell L (mm) to width W (mm) . O B.  Ratio dorsal valve 
length LD (mm) to width W (mm) . O C. Ratio hinge line width 
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rather narrow, concave platform with a median ridge repre

senting the fusion of the two plates . The brachial bands 

develop from the anterior of the inner socket ridges , and 

crura are either lacking or very small . The brachial bands 

are broad and ring-shaped, and rise from the midline of the 

shell . The high, plate-like, dorsal median septurn is as long 

as the length of the dorsal valve and has a very short ventrai 
edge . The posterior edge of the septum slopes steeply in a 
convex arc towards the apex and forms the highest point of 
the median septurn. The anterior edge slopes more gently in 
a convex arc towards the anterior shell margin, and the 
sep turn is deaved . The high, thin, ventrai median septurn 

reaches the midline of the shell. The lophophore was prob

ably a schizolophe. The inner surface of the shell is smooth. 

Remarks. - Argyrotheca vonkoeneni is distinguished from other 

species of Argyrotheca by its large num ber of intercalated ribs .  

In  material from the Guelhem Chaik, Limburg, which is of 

Middle Danian age (Rasmussen 1 965;  Deroo 1 966; Feider 

1 975) , specimens with dose affinities to Argyrotheca vonkoeneni 

are present. The specimens from Limburg contain 1 5-20 

somewhat irregular ribs forrned by intercalation; the outline, 

hinge and cardinalia are vary similar to that of A. vonkoeneni . 

The specimens from Limburg are, however, generally larger 

than the Danish specimens .  
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Occurrence. - Argyrotheca vonkoeneni occurs in the Lower Dan

ian samples NK2 1 ,  NK22,  NK24?, NK29 and NK30 in a 

low number of individuals . In the lower Danian samples 

NK I 7 and NK 19 there are fragments of a large Argyrotheca 

with many narrow, straight ribs, only slightly protruding 

from the shell margin .  These may also belong to A. vonkoen

eni, but the material does not allow for any confident assign

ment. This is the first recorded occurrence of the species in 

the Lower Danian of Denmark . 

A rgyrotheca cf. faxensis ( Posselt 1 894) 
Pls.  1 5 : 3-6; 1 6 : 1 ;  Fig. 26A-E 

Synonymy. - O 1 894 Argiope faxensis n.sp .  - Posselt, p.  52 ,  PI .  

1 : 1 6 , 1 7 .  0 1 928 Argiope faxensis Posselt - Nielsen, pp. 2 1 6-

2 1 9 , 225,  PI . 5 :43-45 . 0 1 984 Argyrotheca n.sp .  3 - Surlyk & 

Johansen, Fig. I .  

Material. - Seven complete shells, nine dorsal and four ven

tral valves . The largest specimen is from the Lower Danian 

sample NK26 and has the following dimensions :  length 2 . 1 2  

mm; length of dorsal valve 1 . 68 mm; width 2 .68 mm; thick

ness 0 .88 mm; width of foramen 0 .40 mm; width of hinge 

line 1 . 84 mm; and number of ribs 9. 

Description. - The shell is small, with its maximum width at 

mid-Iength . The aurieles are indistinct. The shell is flat, 

biconvex, with a flat dorsal valve. The anterior commissure 

is broadly sulcate, and a wide, flat median sinus is present 

on the valves .  The ratios L/W, LD/W, WH/W, d/W and 

NR are shown in Fig. 26A-E . Five to nine straight, smooth 

and low radial ribs which extend beyond the shell margin 
are present. The ribs are in cross section low, acute ridges 

and are characteristically spread fan-like from the umbo. 

The interspaces between the ribs are wide .  A small single rib 

may be developed in the median sinus .  The hinge line is 

relatively wide and straight .  There are 4--5 distinct growth 

lines. The beak is long, acute, suberect to erect, and the area 

is long, triangular and slightly concave. The foramen is 
large, triangular, and hypothyridid, and laterally limited by 
two distinct narrow deltidial plates that may meet posterior
ly. A pediele collar is well developed and the teeth are short 
and blunt. The inner socket ridges are low and short and 
meet posteriorly at an acute angle. The anterior margins of 
the inner socket ridges are only slightly prolonged laterally . 
The cardinal process is a low triangular plate, and the hinge 
plates are fused into a narrow ridge anterior to the cardinal 

process .  The crura are short and rise elose to each other on 

the inner socket ridges . The brachial bands are broad with a 

serrate outer margin and rise from the valve floor anterior to 

the midline of the shell . The dorsal median septurn is a long, 

high, trapezoidal plate; the anterior edge of the median 

sep turn slopes steeply towards the shell margin,  and the 

posterior one in a gen tie concave arc towards the apex. The 

ventraI edge is relatively long. The dorsal median septurn is 

eleaved . The ventraI median septurn is long and low. The 

lophophore was probably a schizolophe. Inner surface of the 

shell is a negative relief of the outer. 

Remarks. - The holotype of Argyrotheca faxensis ( Posselt) has 

unfortunately not been available for study, and comparison 
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of  the  specimens from Nye Kløv and the  holotype i s  thus 

based on ly on Posselt 's very short description and blurred 

illustrations ( Posselt 1 894, p. 52, PI . I :  1 6 ,  1 7 ) .  The speci

mens from Nye Kløv are characterized by a broad subtrian

gular to broad pointed oval outline, 5-9 radial ribs arranged 

in a fan-like fashion , hinge plate forrned as a fused, narrow 

ridge, and a dorsal median septurn forrned as a long, high, 

trapezoidal plate. 

In  their external features the specimens from Nye Kløv 

appear similar to the holotype, except for a slightly lower 

number of ribs .  But as the internal morphology of the holo

type is not known, the specimens from Nye Kløv are referred 

to as Argyrotheca cf. faxensis. Nielsen ( 1 928) redescribed A .  

faxensis. His specimens are very similar t o  the ones from Nye 

Kløv (Nielsen 1 928,  pp. 2 1 6-2 19 ,  225 ,  PI . 5 :43-45 ) .  

A .  stevensis (Nielsen) differs from A .  cf. faxensis i n  having a 

subtriangular outline, often wing-like extensions of the ribs , 

ribs arr ang ed in two bundles on each side of a median sinus 

with the ribs paralleI within the bundles, and hinge plates 

developed as two rounded concave discs. 

A. dorsata (Nielsen) is distinguished from A. cf. faxensis by 

its subpentangular outline, s trongly biconvex shell and dor

sal median septurn forrned as a low trapezoidal plate. 

In  a coarse calcarenite from the Middle Danian Guelhem 

ChaIk, Limburg (Rasmussen 1 965;  Deroo 1 966; Feider 

1 975) , an Argyrotheca speeies is present which shows strong 

affinities to A. faxensis. The specimens from Limburg are 

generally of larger size, but possess the same num ber of ribs 

and the same shape of the dorsal median septurn. 

Occurrence. - Argyrotheca cf. faxensis occurs in the Lower Dan

ian samples NK26 and NK28.  The species is present in only 

a small number of individuals. This is the first recorded 

occurrence of the species in the Lower Danian . 

A rgyrotheca armbrusti (Schloen bach 1 866) 
P I .  1 7 : 2-4 

Synonymy. - O 1 866 Argiope armbrusti sp .  nov. - Schloenbach, 
pp. 48-49, Pl .  3 :4--8. O 1 984 Argyrotheca sp. 4 - Surlyk & 
Johansen, Fig. I .  

Material. - Three complete shells, four dorsal and one ven

tral val ve. The largest specimen is from the Lower Danian 
sample NK and has the following dimensions: length 2 .96 
mm; dorsal valve length 2 . 40 mm; width 4 .56 mm; thickness 
1 .48 mm; width of foramen 0.96 mm; width of hinge line 

4.56 mm; and number of ribs 1 5 .  

Description. - The shell i s  relatively large, with a broad , 

semicircular outline always wider than long. The hinge line 

is prolonged into prominant wing-Iike extensions,  and the 

maximum shell width lies at the hinge line . The shell is 

biconvex with the ventraI valve most convex, and the auri

eies are indistinct. The anterior commissure is broad and 
sulcate. There are 6-8 ribs at a shell width of 1 .40 mm; 1 2  

ribs at 3 . 20 m m  and 1 5  ribs at a shell width of 4 .5 mm. New 

ribs are forrned by intercalation . At a shell width of I .  75 

mm, an incipient median sinus is present. The medium sinus 

is wide and posseses a low, single rib .  The ribs are relatively 

narrow, smooth, acute ridges , and the interspace between 



FOSSILS AND STRATA 20 ( 1 987)  

them is often as wide as the ribs . Only a few dis tinet growth 

lines are present. The hinge line is very long and straight, 

and the area is large, triangular and somewhat reeeded . In 

the j uveniles the area is very narrow eompared to the rela
tive size of the adult area. The deltidial plates are narrow, 

disj unet ridges . The beak is very high and ereet, the foramen 

is very large, hypothyridid and triangular, and the pedicle 

eollar is broad and flat with a convex anterior margin. The 

hinge is weakly developed . The dorsal median septum is 

high and plate-like with the distal end reaehing the ventrai 

valve. The ventrai edge of the septum is rather long, and the 

anterior face possesses a shallow groove and is almost per
pendieular to the shell floor. The posterior edge slopes steep

ly towards the posterior margin of the shell. The ventrai 

median septum is low and reaehes the pedicle eollar. The 

lophophore was probably a sehizolophe, the inner surface of 

the shell is a weak negative relief of the outer surface . The 

shell is rather thiek. 

Remarks. - In their external features the speeimens from Nye 

Kløv closely resemble Argyrotheca armbrusti (Schloenbach ) ,  

espeeially in  their strongly alate shells, interealated ribs and 

very large foramen. Although on ly little is known about the 

internal features of the holotype, their external features are 
very eharaeteristie and similar. The speeimens deseribed 

here are therefore referred to as A. armbrusti, although with 

slight reservation. A. coniuncta Steinieh is distinguished from 

A. armbrusti in having fewer ribs ,  well developed hinge plates, 

and a dorsal median septum whieh does not posses a clea

vage. A. vonkoeneni (Nielsen) resembles the speeimens de
seribed here, espeeially in its large shell size and in possess

ing ribs formed by interealation . However, A. vonkoeneni 

differs from A. armbrusti in laeking wing-like extensions of the 

hinge line and in having a larger number of ribs .  

Occurrence. - The speeies is found in the Lower Danian 

samples NK I 7  and NK I 9 .  I t  oeeurs in a small num ber of 

individuals . This is the first reeorded oeeurrenee of the 

speeies in the Lower Danian. 

Family Platidiidae Thomsen 1 92 7  

Genus Platidia Costa 1 852 

Type speeies. - Orthis anomioides Seaeehi & Philippi 1 844, by 

original designation . 

Platidia Sp.  
P l .  1 9 : 1-3 

Synonymy. - O 1 984 Platidia sp .  - Surlyk & Johansen, Fig. 1 .  

Material. - One eomplete shell, three dorsal and two ventrai 

valves . The largest speeimen is represented by a dorsal val ve 

from the Lower Danian sample NK25 and has the following 

dimensions :  length 2 . 20 mm; width 2 . 40 mm; width of fora

men 0 .44 mm. 

Description. - The shell  is small ,  and the outline is irregularly 

oval and pointed . The maximum width is anterior to the 
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mid-Iength . The shell is flatly biconvex with the ventrai 

.valve slightly more convex than the dorsal . The shell surface 

is smooth, and no growth lines can be seen . The hinge line is 

short and straight, and the beak is low, aeute and subereet. 

The area is narrow and well defined, and the deltidial plates 

are two dis tinet, narrow short ridges that meet posteriorly. 

The foramen is large, irregular, amphithyridid, rounded, 

irregular or asymmetric, and reaches far into the dorsal 

valve . A short pedicle eollar is developed . The hinge is 

relatively strongly built, and the hinge teeth are feeble. The 

inner socket ridges are short, blunt parallei ridges,  and the 

inner sockets are deep. A cardinal proeess is present. Hinge 

plates are not developed . The material does not allow for a 

complete investigation of the braehidium. However, the in
ner soeket ridges follow the are of the foramen, and at the 

anterior end of the are, the inner soeket ridges rise from the 

valve floor and continue via the crura into two eylindrical, 

slender, long and ventrally converging descending branehes . 

The median septum is a low and very thin plate, with the 
anterior edge as the highest point. The anterior edge slopes 

very steeply towards the val ve floor, and the posterior edge 

slopes gently towards the foramen are. The shell is thin . In 

the present material, the shells are strongly reerystallized 

into eoarse ,  long and radially arranged ealcite erystals . 

Remarks. - The strongly amphithyridid foramen is very char

acteristic for the genera Aemula Steinieh and Platidia Costa. 

Externally, the two genera are impossible to distinguish .  But 

Aemula differs from Platidia in laeking er ura and the descend

ing branehes , and in possessing hinge plates . The genus 
Amphithyris Thomson differs from Platidia in the form of the 

median septum and in having hinge plates . Bosquet ( 1 859) 

and Schloenbach ( 1 866) classified their Morrissia Davidson 
speeies as belonging to the genus Platidia Costa, but the 

speeies illustrated by Bosquet and Schloenbach have hy

pothyridid foramen, a larger beak and a differently built 

brachidium. S teinich ( 1 968a) mentions that the majority of 

the Morrissia speeies described presumably belong to the 
genus Scumulus but, as will be diseussed below, the morpho

logieal differences between Scumulus and Morrissia are so 

great that they most likely aiso belong to different genera . 

Occurrence. - Platidia sp .  occurs in the Lower Danian samples 
NK2 1 ,  NK22 and NK25 in a low number of individuals . 

Genus Aemula Steinich 1 968 

Type speeies. - Aemula inusitata Steinieh 1 968, by original 
designation . 

Aemula inusitata Steinich 1 968 
Pl.  1 8 : 1-5 

Synorrymy. - O 1 968 Aemula inusitata sp .n .  - Steinich, pp. 1 93-

1 99,  Figs . 1-5, Pl. l :  l .  O 1 972 Aemula inusitata Steinich -

Surlyk, pp. 20,  35 ,  40, Figs . 5 ,  1 2 , 1 3 , 1 5- 1 8, PI . 3e,  f, h .  

0 1 974 Aemula inusitata Steinich - Surlyk, pp. 1 85-203,  Figs . 

l ,  3 ,  6, 7, Pl .  2A, C-F. O 1 979 Aemula inusitata Steinieh -

Bitner & Pisera, pp.  79-80, PI .  5 :4 .  0 1 984 Aemula inusitata 

Steinich - Surlyk & Johansen, Fig. l .  
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Material. - Five eomplete shells, eight dorsal and 34 ventrai 

valves. The larges t speeimen is represented by a dorsal valve 

from the Upper Maastriehtian sample N K l  and has the 

following dimensions : length 2 .88 mm; width 3 . 20 mm; 
width of foramen 0 .64 mm. 

Description. - The shell is small and thin, and the outline is  

oval to irregular subeireular; in larger speeimens the shell i s  

often wider than long. The shell is bieonvex, plano-eonvex or 

eoneavo-eonvex. The dorsal valve is smooth with dis  tinet 

growth lines, and the ventrai valve is more or less eovered 

with small tubereles . The beak is short and subereet, and the 

area is very small and distinetly delimited . The foramen is 

large, amphythyridid, irregular in outline, and limited by 
two narrow deltidial plates . The pediele eollar is short. The 
teeth are small and blunt. The hinge plates are low, dis tinet 

and ridge-formed, and erura are not present. The median 
septurn is low and triangular with the aseending branehes 

represented by two small lateral wings . 

Remarks. - Although the Lower Danian material is sparse, 

the morphologieal similarities between this and the Maas

triehtian speeimens are so great that the Lower Danian 

speeimens are referred to Aemula inusitata without reserva

tion. 

The genus Platidia Costa is reminiseent of Aemula in its 
external features, as both genera possess large, amphithyrid 

forarnina and very Iow aeute beaks . But in internal features 

Platidia differs from Aemula in possessing erura. Amphithyris 

Thomson differs from Aemula in possessing erura and de

seending branehes . 

Occurrence. - This speeies is found in the Upper Maastrieh

ti an samples NK l ,  NK2, NK3,  NK4, NK5, NK6, NK7,  
NK8 and NK I O, and in the  Low�r Danian sample NK25 . 

Aemula inusitata is represented by a small number of indivi

duais. 

Genus Scumulus Steinich 1 968 
Type speeies. - Scumulus inopinatus Steinieh, by original desig
nation . 

Scumulus inopinatus Steinich 1 968 
Pl .  1 8 :8 , 9 ;  Fig. 27A-E 

Synonymy. - O 1 968a Scumulus inopinatus n.sp .  - Steinieh, pp. 
200-206, Figs . 6-9, Pl. 1 : 2 .  0 1 969 Scumulus inopinatus Stein

ieh - Surlyk, pp. 2 1 5-2 1 8, Figs . 232-235 ,  Pl .  1 9 : 1-4 .  0 1 972 

Scumulus inopinatus Steinieh - Surlyk, p .  20, Figs . 5 ,  1 2- 1 6, 1 8 .  

O 1 984 Scumulus inopinatus Steinieh - Surlyk & Johansen, Fig. 

l .  

Material. - Thirty-five eomplete shells , four dorsal and SIX 
ventrai valves . The largest speeimen is from the Upper 

Maastriehtian sample NK l and has the following dimen

sions: length 2 . 7 2  mm; dorsal valve length 2 . 3 2  mm; width 
2 .40 mm; thiekness 0 . 72  mm; width of foramen 0 .48 mm; 

angle of area-edge � 1 20°. 
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Diagnosis. - Small, smooth, thin shell , outline subtriangular 

to elongated oval . Shell is flattened bieonvex, with short 

subereet to ereet beak. Distinet pediele eollar often forrned as 

a double are anteriorly. Large, triangular amphithyridid to 

hypothyridid foramen. Braehidium represented by deseend

ing branehes and narrow, short median septurn. ( Emended 

from Steinieh 1 968 . )  

Description. - The outline i s  subtriangular t o  elongated point

ed oval , and the maximum width is situated anterior to the 

mid-Iength of the shell or, in j uveniles, elose to the anterior 

shell margin. The outline in larger forms is broad subtrian

gular to elongated oval . Surlyk ( 1 969) mentions that outline 

of Scumulus inopinatus from Møns Klint often is irregular, but 

this is not the ease with speeimens from Nye Kløv . The 

aurieles are indistinet . The shell is flattened bieonvex to 
resupinate with the dorsal valve of highest convexity . The 
anterior eommissure is reetimarginate to ineipiently sulcate . 

The shell surfaee is smooth, and only a few dis tinet growth 

lines are observed . 

The hinge line is short and weakly oblique. The beak is 

subereet to ereet, and short and blunt. The area is broad and 

triangular. The foramen is large and in j uveniles most fre

quently amphithyridid; in adults it is hypothyridid to weakly 

amphithyridid . The shape of the foramen is elongated trian

gular to subtriangular, and the deltidial plates are narrow 

but dis tinet. A pediele eollar is well developed, and its 

anterior margin is often forrned as a double are ( Steinieh 

1 968b, Figs . 7-3) . The hinge is well developed, and the 

eardinalia reaeh far beyond the dorsal posterior shell mar

gin . The hinge teeth are small, pointed , and posteriorly 

direeted, and the inner soekets are shallow. Cardinal proe

ess, hinge plates and dental plates are not developed . The 

braehidium eonsists of short, ventrally direeted erura, short, 

blunt, median and ventrally direeted erural proeesses,  and 

heavy deseending branehes . The latter are fused with a high, 

narrow median septurn situated around the mid-Iength of 

the shell . The spieular skeleton is s trongly developed , and 

the lophophore was probably a zygolophe . 
Ratios of L/W, LD/W, T/W, and d/W are for eomparison 

plotted in seatter diagrams for S. inopinatus eonstrueted by 
Surlyk ( 1 969; Fig. 27A-D herein) . Area-edge angle is shown 
in Fig.  27E .  

Remarks. - In general , the  material from Nye Kløv has  a 
larger variation in the area-edge angle than material from 
the Lower Maastriehtian of Rugen deseribed by Steinieh 

( 1 965) . The largest speeimen from Nye Kløv is markedly 

larger than the largest speeimen in Surlyk's ( 1 969) material 

from the Upper Maastriehtian of Møn. 

The genus Scumulus shows some affinities to the Morrissia 

speeies deseribed by Bosquet ( 1 859) and Sehloenbaeh ( 1 866; 

see also S teinieh 1 968a, pp. 1 92 ,  1 93 ,  200) . I t  is ,  however, 

questionable whether the speeies deseribed by Sehloenbaeh 

are congenerie or eonspeeifie with speeimens deseribed by 

Bosquet, as Sehloenbaeh has on ly given exterior views of the 

speeimens . 

Of the Morrissia speeies deseribed by Sehloenbaeh, the 

Scumulus speeies from Nye Kløv resembles most Morrissia 

suessi Bosquet and Morrissia antigua Sehloenbaeh (Sehloen

baeh 1 866, Pl .  39 : 1 6- 1 7 ) ,  but the Danish speeimens are of 
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smaller shell Slze and do not show the fine radial ribs 

illustrated by Schloenbach . Of the Morrissia species de
scribed by Bosquet ( 1 859) , the material from Nye Kløv most 

resembles Morrissia? suessi Bosquet (Bosquet 1 859 ,  Pl .  5: 1 5-

1 8 ) ,  but the morphological differences are here so prominent 

that the two forms most likely belong to different genera. 
When analysing specimens of Morrissia suessi (Bosquet) 

from the Upper Maastrichtian and Danian of the Dutch 
Limburg area (S t .  Pietersburg) , the distinction between Scu

mulus and Morrissia becomes cJear. The specimens from Lim

burg are much larger than the specimens from Nye Kløv, 
and they possess fine but distinct radial ribs, a long, high 

median septurn, dental plates, distinct cardinal process and 

hypothyridid foramen. Opposed to this, Scumulus inopinatus is 

smooth-shelled , small, has a short median sep turn, no cardi

nal process and no dental plates, and its foramen is in 

addition often amphithyridid . 

A species that is referred to as Scumulus? sp .  from the 

uppermost Maastrichtian of Nye Kløv is described below. 

Occurrence. - The species is found in the Upper Maastrichtian 

samples NK l ,  NK3,  NK4, NKS, NK6, NK7,  and NK8. The 

species has not been found in the Danian. S. inopinatus is 

present as a low number of individuals .  
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Fig. 27. Scatter diagrams of Scumulus inopinatus Steinich, Upper 
Maastrichtian, Nye Kløv ( . ; * : largest specimen, sample NK l )  
and S. inopinatus, Maastrichtian, Denmark ( O ;  data rom Surlyk 
1 969, Fig .  232-235) . D A. Ratio shell iength L (mm) to width W 
(mm) . D B .  Ratio dorsal valve length LD (mm) to width W (mm) . 
D e . Ratio thickness T (mm) to width W (mm) . D D.  Ratio fora
men width d (mm) to width W (mm) . D E . Ratio area edge angle a 
(x ) to width W (mm) . 

Scumulus? Sp .  
P l .  1 9 :6-7 

Synonymy.  - D 1 984 ScumuluseJ sp .  - Surlyk & Johansen, Fig. 

\ .  

Material. - Ten complete shells and one ventraI valve . The 
largest specimen is from the Upper Maastrichtian sample 
NK6 and has the following dimensions : length 1 .84 mm; 
width 2 .08 mm; dorsal valve length \ .44 mm; thickness 0 .44 

mm; and foramen length 0 .40 mm. 

Description. - The shell is small and thin, and the outline 
changes from pointed wide oval inj uveniles to subpentangu

lar later in the ontogeny . The maximum width changes 

during growth from around mid-length of the shell to the 

anterior of the shell . The auricJes are indistinct. The shell is 

flat biconvex and in j uveniles almost plano-convex. The 

dorsal valve s tays rather flat throughout the ontogeny . Dur

ing growth a shallow median depression is formed, and the 

anterior commissure thus changes from straight to sulcate. 

The shell surface is smooth, and a few growth lines can be 

traced. The hinge line is long and straight .  The beak is low 

and suberect to erect, acute in j uveniles, but very truncated 
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later in ontogeny . The area is narrow and triangular, and 

the deltidial plates are two narrow low ridges that limit the 

foramen laterally . The foramen is relatively large, triangular 

in the j uveniles and trapezoidal in the later stages. The 

foramen is hypothyridid to slightly amphithyridid, and a 

pedicle collar is well developed and reaches around one

third the length of the foramen. 

Although opened, the shells do not allow for any investi

gation of their interior, and the morphology of the brachi

dium and hinge of this species is therefore unknown. If a 

median septum is present, it is but small . A strong spicular 

skeleton with long filaments is present in a recrystallized 

form. 

Remarks. - The generic assignment of these specimens IS  
uncertain as its interior is unknown . The species most close

Iy- resembles the genus Scumulus Steinich, as both forms have 

slightly amphithyridid foramens and flat, smooth, biconvex 

shells .  The outline of the species is, however, more quadratic 

than in Scumulus inopinatus, and the anterior margin of its 

pedicle collar does not exhibit a double anterior margin, nor 

is it fused with the inner surface of the shell as is characteris

tic for S. inopinatus. 

Of the Morrissia species described by Schloenbach ( 1 866, 

Pl .  39: 1 4- 1 7 )  Scumulus? sp .  is most reminiscent of his Fig. 1 6  

a-c of Morrissia suessi Bosquet, but Schloenbach's  species 
differs in having fine radial ribs on the ventrai valve . 

Occurrence. - Scumulus? sp .  is found in the U pper Maastrich

tian samples NK4, NK5, and NK6, and is not found in the 

Lower Danian. The species occurs in low numbers of indivi

duais .  

Fami1y Dallinidae Beecher 1 893 

Subfami1y Kingeninae Elliott 1 948 

Genus Kingena Davidson 1 852 

Type speeies. - Terebratula lima Defrance 1 828, by  original 

designation.  

Kingena pentangulata (Woodward 1 833 )  
Pl .  20:5 ,  6 

Synonymy.  - D 1 833  Terebratula pentangulata - Woodward, p .  

49. Pl . 6, Fig. 10 .  D 1 847 Terebratula hebertiana, d'Orbigny, p .  

1 08 ,  Pl . 5 1 4 :5- 1 0 .  D 1 852 Kingena lima Defrance - Davidson, 
p .  42, Pl . 4: 1 6 , 1 8 ,  20. D 1 96 1  Kingena lima (Defrance) -

Peake & Hancock, p. 320 .  D 1 968b Kingena sp .  - Steinich, 

pp.  342-345, Fig. 4-5 . D 1 970 Kingena pentangulata (Wood

ward) - Owen, pp. 64-67 ,  Pl .  7 :6 ,  7 ,  Pl . 8 : 2-6 . D 1 972 

Kingena pentangulata (Woodward) - Surlyk, p .  2 1 ,  Figs . 5 ,  1 7 . 

?D 1 979 Kingena sp.  - Bitner & Pisera, p. 8 1 ,  Pl . 5, Figs . 1-2 .  

D 1 984 Kingena pentangulata (Woodward) - Surlyk & Johan
sen, Fig .  I .  

Material. - Two complete shells , 1 3  dorsal and five ventrai 

valves, and 40 fragments .  The complete shells are all j uve

niles; the dorsal and ventrai valves are recognisable by their 
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internal morphology , but the  material is too fragmented to 

allow for any measurements of the largest specimen . Only a 

few measurements have been obtained . A j uvenile dorsal 

valve from the Upper Maastrichtian sample NK5 with a 

loop development at the early precampagiform stage has the 

following dimensions : length 1 .68 mm; width 1 . 60 mm. 

Description. - The shell is large, and the outline is pointed 
oval to subcircular in the j uvenile s tages . Later in the on tog

eny the outline is characteris tically pentangulate. The j uve

nile shells are plano-convex to flat biconvex and change 

during ontogeny to biconvex. The maximum width is poste

rior to the mid-Iength of the shell. The anterior commissure 

is rectimarginate in the j uveniles and later on uniplicate. 

The shell surface is characteris tically covered with regular, 

closely spaced tubercles .  The tubercles are cylindrical in the 

j uvenile stages and turn conical later on. The length of the 

tubercles is around twice their diameter. The dorsal and 

ventrai valves are not equally sculptured.  The dorsal valve is 
smooth until a shell width of about 1 .00 mm, where the first 

tubercles are formed . The ventrai valve is ,  on the contrary, 

covered with tubercles throughout ontogeny . The beak is 

acute and erect in j uveniles, and changes to slightly incurved 

and often attrite in the later stages .  The foramen is large, 

trapezoidal and submesothyridid in the j uveniles , and later 

relatively small and permesothyridid . The deltidial plates 

are distinct, narrow ridges whose anterior edges change into 
two triangular plates that limit the foramen anteriorly. 

The inner socket ridges are short and relatively low and 

paralleI . A well-developed hinge plate is present and is an 

anterio-posterior elongated concave plate anteriorly united 

with the median septum. The frontal margin of the hinge 

plate runs obliquely against the median septum from the 

inner socket ridge . At a shell width of about 1 . 60 mm, the 

brachidium is in an early precampagniform stage and con

sists of a low median septum and two short crura developed 

from the anterior margin of the inn er socket ridge . Further

more, two short antero-Iaterally directed branches are devel

oped in the anterior of the median septum ( Pl .  20 :6) . Ac
cording to Owen ( 1 970) , K. pentangulata reaches a kingeni
form stage in the adult loop development. The shell is 
relatively thin. 

Remarks. - Kingena pentagulata is dis tinguished from other 
species of Kingena in the umbonal features (Owen 1 970, p .  
42) . K. pentangulata has a dome-like umbo with a strong 
tendency to labiation of the foramen, and the interarea is 

very short . Furthermore, K. pentangulata is characterized by 

the evenly distributed tubercles on the shell surface and by 

the pentangular outline. 

Occurrence. - K. pentangulata occurs in the Upper Maastrich

tian samples NK l ,  NK3, NK4, NK5, NK6, NK7, NK8 and 

NK9. The species is represented in a low number of indivi

duais, and the species becomes extinct at the Maastrichtian

Danian boundary . 

Genus Dalligas Steinich 1 968 

Type speeies. - Dalligas nobilis Steinich 1 968, by  original desig

nation. 
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Dalligas nobilis Steinich 1 968 
Pl .  1 8 :6 ,  7 

Syn07rymy. - D 1 968 Dalligas nobilis gen. et .  sp .  nov. - Steinieh, 

pp.  336--347 ,  Figs . 1-3, Pl .  1 .  D 1 984 Dalligas sp. - Surlyk & 

Johansen, Fig. 1 .  

Material. - Fifteen dorsal valves , five ventrai valves and a 

num ber of fragments . The largest speeimen is from the 

Upper Maastriehtian sample NK5 and is represented by a 
dorsal valve with the following dimensions : length 2 .48 mm; 

width 3 .04 mm. 

Description. - The shell is small and thin with an outline 

ehanging from elongated subquadratie in the j uvenile s tages 
to broadly subquadratie in large forms. The maximum 

width is approximately at the mid-length of the shell, and 

the anterior eommissure is s traight. The shell is flatly bieon

vex with a very flat dorsal valve, and the auricles are dis

tinet. The shell surface eontains 3-4 dis tinet growth lines on 

an otherwise smooth surface. The hinge line is broad and 

s traight, the beak is ereet, and the area is narrow and clearly 

delimited . The foramen is large, hypothyridid, subtriangular 

and very attrite, laterally eonfined by two narrow, high 

deltidial plates .  Anteriorly , the foramen is rounded by pro
truding eardinalia. The pedicle eollar is well developed and 

constitutes about two-thirds of the height of the beak. The 

hinge is well developed, and the teeth are aeute and triangu

lar. The inner soeket ridges are high and short. Crura, er ural 

proeesses, and descending arms are laeking. The dorsal 

median septum is a thin, short, and pointed plate whieh 

rises around mid-length of the shell from a long low-lying 

base. The spieular skeleton was relatively strong and is often 

reerystallized; it reveals that the lophophore was probably a 

sehizolophe. 

Remarks. - The speeies is assigned to Dalligas nobilis Steinieh 

due to the large foramen, the long dis tinet pedicle collar and 

the miss ing erura, erural proeesses and descending arms . 

Aeeording to the diagnosis of D. nobilis ( S teinieh) this 

speeies has a weak rib pattern along the shell margin, but 

the material from Nye Kløv does not include speeimens 

large enough to possess this seulpture .  Dalligas nobilis is 

diffieult to separate from j uvenile forms of Magas chitonifor
mis. The latter can, however, be reeognized on its large 
punetae and well developed braehidium. 

Occurrence. - Dalligas nobilis oeeurs in the upper Maastrieh
tian samples NK3,  NK4, NK5, and NK7,  in a low num ber 

of individuals. The speeies has not been reeorded from the 
Lower Danian. 

Dalligas Sp .  S teinich 1 968 
Pl .  1 9 :4, 5 

Synonymy. - D 1 984 Dalligas ( ? )  sp .  - Surlyk & Johansen, Fig. 

l .  

Material. - Eleven eomplete shells, five dorsal and one ven

tral valve, all possibly j uveniles .  The largest speeimen (from 

the Lower Danian sample NK22) is represented by a dorsal 

val ve with a length of 1 .40 mm and a width of 1 .68 mm. 

BRA CHIOPODS FROM NYE KLØV 43 

Description. - The shell is small, smooth and relatively thiek . 

The outline is in the earliest stages broad , rounded triangu

lar with maximum width at the anterior shell margin. Later, 

the outline is subpentangular, with the maximum width 

anterior to the mid-length of the shell, and the shell is only 

slightly longer than wide .  The shell is bieonvex, and the 

dorsal valve eontains in the earliest s tages a broad median 

depression anteriorly, whieh gives a suleate front eommis

sure. A few growth lines can be traeed . The hinge line is in 

the earliest s tages relatively broad and almost s traight, and 

later beeomes very broad and straight. The beak is long, 

ereet to slightly ineurved , and the area is triangular and 

narrow. The foramen is rather small, broad , triangular and 

hypothyridid, and limited laterally by two relatively high , 

plate-like deltidial plates . A pedicle eollar is well developed. 

The hinge is somewhat feebly developed , the teeth are small 

and blunt, and the inner soeket ridges are low, short and 

paralleI. The hinge plates are developed as low ridges anter

iorly converging from the anterior margin of the inner soeket 

ridges. They reaeh the base of the median septum, where 

they fuse. A triangular concave thiekened area is developed 

between the hinge plates . 

The erura were probably short and slender. The median 

septum is thin, long and low, and is approximately half the 

length of the shell . The nature of the lophophore is un

known. 

Remarks. - The broad triangular outline and the median 

depression in the dorsal valve distinguish the j uvenile of this 

speeies from other j uveniles . The features of the hinge plates 

deseribed show affinities to the genus Dalligas Steinieh ( see 

also S teinieh 1 968b, p .  34 1 ,  Fig. 3 ) , but the material does not 

allow for any further statement, and the classifieation is 

therefore somewhat uneertain .  

Occurrence. - The speeies oeeurs in the  Lower Danian sam

ples NK22, NK23 and NK25. This is the first reeorded 

oeeurrenee of the speeies in the Lower Danian. 

Family Terebratellidae King 1 850 

Subfamily Magasinae Dall  1 8 70 

Type speeies. - Magas pumilus J .  Sowerby 1 8 1 6 , by original 
designation . 

Genus Magas Sowerby 1 8 1 6  

Magas chitoniformis ( S chlottheim 1 8 1 3 ) 

Synonymy. - D 1 8 1 3  Terebratulina chitoniformis - Schlottheim, p .  

1 33 (eit .  Faujas ,  P l .  26 :6) . D 1 82 1  Magas pumilus - Sowerby, 

J ,  p. 40, Pl .  1 1 9 : 3-5 . D 1 894 Magas pumilus - Posselt, p. 48 , 

Pl .  I :  1 0-1 1 .  D 1 909 Magas pumilus Sowerby - Nielsen, p. 1 70 ,  

P l .  2 : 1 06 .  D 1 963a Magas chitoniformis (Schlottheim) - Stein

ieh, p .  608, Fig. 8 .  D 1 965 Magas chitoniformis (Schlottheim) -

Steinieh, pp.  1 83- 1 93 ,  Figs . 280-294, Pl .  1 9 : 2 ,  Pl .  20 : l a-d . 

D 1 972  Magas chitoniformis ( Schlottheim) - Surlyk, pp.  26 ,  

40, Figs. 5 ,  I l , 1 2 , Pl .  5C . D 1 979 Magas chitoniformis 

(Schlottheim) -Bitner & Pisera, pp. 8 1-82 ,  Pl. 7 : 5-6 . D 1 984 
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Magas chitoniformis ( Schlottheim) - Surlyk & Johansen, Fig. 

l .  
For a more eomplete list of synonyms , see Steinieh ( 1 965 ,  

pp. 83- 1 85 ) . 

Material. - One eomplete shell, eight dorsal and three ventrai 
valves and a number of fragments . The maj ority of the 

material is represented by j uveniles .  It has not been possible 
to obtain any measurements of the largest  speeimen in the 

material . 

Description. - The material does not allow for any adequate 

deseription of the ontogenie development of the speeies. For 

a more detailed deseription, see S teinieh ( 1 965) . The materi

al from Nye Kløv is consistent with this deseription. 

The material shows, however, that the shell is relatively 
large, and the j uvenile outline i s  elongated oval . Larger 
speeimens are subeireular. The maximum width is around 

the mid-Iength of the shell . The auricles are in dis tinet. The 
shell is bieonvex in j uveniles, but during growth turns plano
eonvex with the ventrai valve of very high eonvexity . The 

anterior eommissure is s traight to broadly sulcate. The shell 
surface is smooth, and growth lines are dis tinet. The hinge 

line is straight and relatively long, whieh gives the posterior 

margin of the dorsal valves of the j uveniles eharaeteristic 

shoulders . The beak is relatively low, blunt and ereet but 

beeomes distinetly ineurved during growth. The area is 

small and triangular, plane in the j uvenile s tages but turns 

concave in the later stages of ontogeny. The foramen is 

subtriangular, large and hypothyridid in the j uveniles and 

later triangular and submesothyridid . The del tidial plates 

are narrow, dis tinet ridges, and because of the ineurved beak 

the deltidial plates are invisible from the outside in large 

forms .  The pedicle eollar is well developed , and the hinge is 

s trongly built. The inner socket ridges are strong, high, 

short, and reach far behind the posterior margin of the 

dorsal valves . The outer soeket ridges are low, and the 

eardinal proeess is either very small or missing. The braehi-
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Fig. 28. Scatter diagrams of Leptothyrellopsis sp . ,  U pper Maastrich
tia!), Nye Kløv, Denmark . ... : largest speeimen, sample NK4. * : 
largest two-shelled speeimen, sample NK8.  O A. Ratio shell length 
L (mm) to width (mm) . O B. Ratio dorsal valve length LD (mm) to 
width W (mm) . O C . Ratio foramen width d (mm) to width W 
(mm) . 

dium is deseribed in detail by Steinich ( 1 965) . The dorsal 

median septurn is s trong and high, and the ventrai valve 

eontains a low median ridge in the ante ri or part of the valve 

floor. The shell is thin in the j uvenile stages but is later very 

thick, especially the posterior part of the shell . 

Remarks. - The j uveniles of Magas chitoniformis resemble very 

mueh Dalligas nobilis Steinich. The latter, however, possess a 

very simple brachidium. Larger forms contain weak radial 

ribs, and the shell is flatly biconvex. Furthermore, the shell 

surface of M. chitoniformis contains large punctae, and the 

posterior margin of its dorsal valve possesses characteris tic 

shoulders . 

The speeies is index speeies for the topmost Maastriehtian 

stevensis-chitoniformis Zone (Surlyk 1 970,  1 982,  1 984) the top 

of whieh is defined by the disappearance of Magas chitonifor-
mzs. 

Occurrence. - Magas chitoniformis is found in the U pp er Maas
trichtian samples NK l ,  NK3 and NK6 in a small number of 
individuals . The species becomes extinct at the Maastrich
tian-Danian boundary .  

Family uncertain 

Genus Leptothyrellopsis Bitner & Pisera 1 979 

Type speeies. - Leptothyrellopsis polonicus Bitner & Pisera 1 979 ,  

by original designation . 

Leptothyrellopsis Sp .  
P I .  20: 1-4; Figs .  28A-C, 29A-C 

O 1 984 Leptothyrellopsis sp .  - Surlyk & Johansen, Fig. I .  

Material. - Thirteen complete shells, 35 dorsal and I l ventral 

valves and a num ber of fragments . The largest speeimen is 

from the Upper Maastrichtian sample NK8 and has the 
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following dimensions : length 2 . 24 mm;  dorsal valve length 

1 .84 mm; width 1 .60 mm; thiekness 0 .56 mm; and width of 

foramen 0 .32  mm. 

Description. - The speeies is small, smooth, and possesses an 

outline ehanging from oval to elongated oval. In j uveniles 

the maximum width lies at the anterior shell margin, and in 

larger forms around the mid-length of the shell . The ratios of 

L/W, LD/W and d/W are shown in Fig. 28A-C . The hinge 

line is short and straight. The beak is subereet in the early 

growth stages but ehanges to ereet and later to slightly 

ineurved . The area is triangular and clearly limited , and the 

beak is large, hypothyridid, subtriangular, and laterally 

limited by two high narrow deltidial plates that may fuse 

posteriorly . The foramen is often attrite .  Anteriorly the fora

men is rounded by
' 
protruding dorsal eardinalia. The pedicle 

eollar is very flat and constitutes almost the length of the 

beak. The hinge is well developed. The teeth are aeute and 

triangular with deep teeth soekets and inner soeket ridges 

whieh are high and short. The eardinal proeess is small and 

bulbous . The inner soeket ridges are laterally concave and 

converge somewhat posteriorly . The basis of the anterior 

margins of the inner soeket ridges eontinue into slender, 

ventrally converging erura. Information eoneerning the dis

tal ends of the erura is laeking. The median septurn ris es as a 

short, relatively high plate. During growth it ehanges to a 

broad triangular plate that reaehes behind the mid-length of 

the shell . In large speeimens two flat wings representing the 

ascending branehes of the braehidium oeeurs laterally on the 

posterior edge . The spieular skeleton is s trong and is of ten 

reerystallized . The lophophore develops through ontogeny 

from a troeholophe to probably a spirolophe. The shell is 
punetate and relatively thin. 

Remarks. - The deseribed species is reminiscent of Leptothyrel

lopsis polonicus Bitner & Pisera in being small, smooth

shell ed with an elongated outline, in possessing a large 

hypothyridid foramen, and in having a very long dorsal 

median septurn.  It differs , however, in possessing a pedicle 

eollar, erura and ascending branehes .  The deseription of the 

genus Leptothyrellopsis of Bitner & Pisera ( 1 979) from the 

Polish Mielnik loeality of U pper Cretaeeous age is ,  on the 
other hand, bas ed on a few individuals, and the illustrated 
material is reerystallized and fragmented. Therefore it  is 
uneertain how eomprehensive the morphologieal differenees 
between the Danish material deseribed here and the Polish 

Leptothyrellopsis polonicus aetually are . I t  is for the present thus 

preferred to ref er to the Danish material to the genus Leptoth

yrellopsis. For comparison, the speeimens from Nye Kløv is 

included on seatter diagrams of L. polonicus Bitner & Pisera 

from Mielnik (Fig. 29A-C ) .  
Leptothyrellopsis sp .  is similar to the j uvenile form of 

Sehloenbaeh's Morrissia suessi Bosquet (Schloenbach 1 866, 

Pl . 39:  1 4-- 1 5 , espeeially Fig. 1 5 ) ,  both forms being small and 

smooth- shelled with an elongated outline. Both forms also 

possess large hypothyridid foramens and a long median 

septurn. A closer comparison of the interior of the two forms 

has not been possible. 

Occurrence. - Leptothyrellopsis sp.  oeeurs in the upper Maas

triehtian samples NK l ,  NK2, NK3, NK4, NK5, NK6, 
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Fig. 29. Seatter diagrams of Leptothyrellopsis sp., U pper Maastrich
tian, Nye Kløv ( e ; * :  largest two-shelled speeimen, sample NK8 1 ) ,  
and Leptothyrellopsis poLonicus Bitner & Pisera, U pper Campanian -
Lower Maastrichtian, Mielnik, Eastern Poland ( O ;  data from Bitner 
& Pisera 1 979,  Fig. 5 .  D A. Ratio shell iength LP (mm) to width W 
(mm) . D B . Ratio dorsal valve length LB (mm) to width W (mm) . 
D C . Ratio thickness T (mm) to width W (mm) . 

NK7, and NK8. The speeies oeeurs in a small num ber of 

individuals and has not been found in the Danian. 

Changes in the brachiopod faunas 
at Nye Kløv 

The washing residue curve 

The white ehalk from the U pper Maastriehtian part of Nye 

Kløv is relatively poor in maerofossils , eontaining only about 

I wt% skeietal remains larger than 0.5 mm (Håkansson & 

Thomsen 1 9 79;  Johansen 1 982 ;  Fig. 6 herein) . Coeeoliths 

and coeeolith detritus compose the remaining part of the 

chaik . The pelagie ehalk from the lowermost  Danian is even 

less fossiliferous,  eontaining eonsiderably less than I wt% 

skeIetal material, and so is the thin clay bed and the marly 

ehalk sueeeeding the end-Maastriehtian event. From about 

2 m above the basal Danian clay bed, the con tent of skeietal 

remains inereases gradually, reaehing a maximum in a bryo

zoan limes tone around 7 m above the boundary . Here the 

skeIetal fragments constitute up to 1 0  wt% of the sediment. 

In the upper part of the seetion the content of fragments 
drops to around I wt% again in the Lower Danian peJagie 
chaik. 

The fauna in the washing residue 

The Maastriehtian ehalk of northwestern Europe is typieally 
dominated by bryozoans (Håkansson et al. 1 974; Surlyk 
1 972 ;  Surlyk & Birkelund 1 977 ) . The washing residue eurve , 

also referred to as the benthos eurve, gives an approximate 

picture of the quanti tative distribution of bryozoans and 

thus indireetly refleets the amount of hard substrate availa

ble for the braehiopods .  Besides bryozoans and braehiopods, 

fragments of eehinoids ,  bivalves, erinoids, serpulids and for

aminiferans are com mon in the washing residue (e .g .  Birke

lund & Håkansson 1 982) . The larger potential substrates , 

whieh normally are not represented in the washing residue, 

include eehinoid tests, bivalve shells ,  sponges and soft bod

ied organisms sueh as aseidians and horny worm tubes . 
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In the washing residue of the Maastrichtian chalk from 

Nye Kløv the bryozoans constitute between 50 and 80 wt% 

of the fauna ( Fig. 6) . The remaining skeietal material is 

dominated by fragments of echinoids .  

The  lowermost Danian is totally different from the Upper 

Maastrichtian in faunal composition . The washing residue 

from the basa1 2 m  of the Lower Danian is dominated by 

skeietal parts of the crinoid Bourguetierinus, and bryozoans 

are virtually absent (Håkansson & Thomsen 1 979) . Apart 

from the crinoids, only indeterminable remains of irregular 
echinoids and a few species of bryozoans and foraminiferans 

constitute the benthic fauna. Brachiopods are totally absent 

in this part of the section. 

From approximately 2 m above the Maastrichtian-Dan

ian boundary the content of bryozoans gradually increases 

and constitutes almost 90 wt% of the fauna in the bryozoan 

limes tone deposited higher in the section . Brachiopods reap

pear in the Lower Danian chalk approximately 3 m above 

the Maastrichtian-Danian boundary, where they constitute 
around I wt% of the skeietal remains. Hereafter, the brach

iopod content increases to between 5 and 10 wt% in the 

most bryozoan-rich horizons.  In the more benthos-rich hori

zons large amounts of echinoids are also present along with 

minor amounts of crinoids, bivalves , serpulids and fora mini

ferans. In  the upper part of the sequence the brachiopods 

gradually drop in frequency again. 

The benthos as a substratum for the 

brachiopods 

The brachiopod density curve (number of individuals pel 

kilogramme sample weight) and the benthos curve (amount 
of skeIetal remains larger than 0.5 mm per kilogramme 

sample weight) are almost parallei ( Fig. 6) . This feature was 

previously observed in the Maastrichtian chalk of Rugen 

( Steinich 1 965) and the Danish Maastrichtian chalk (Surlyk 

1 972 ) . 

In the Maastrichtian of Nye Kløv these two curves are 
parallel, whereas in the Lower Danian the brachiopod curve 
seems to develop subsequent to the benthos curve, most 
likely in consequence of the change in bottom conditions at 
the time of the Maastrichtian-Danian transition. The cri
noid Bourguetierinus, dominating the benthos in the Lower 
Danian, was among the first benthic organisms colonizing 
the soupy macrohabitat. The crinoid was adapted to a mode 

of life on soft bottoms using cirri at the end of the column for 

attachment (Rasmussen 1 96 1 ) .  The group of bryozoans oc

curring in the basal Danian is also dominated by free-living 

species, which were similarly specialized to a mode of life on 

the soft chalk bottom. The dominating species, Pavolunites 

n.sp . ,  lay unattached on the bottom supported by s tiff mar

ginal setae. The remaining species and their colonies were 

supported above the bottom by uncalcified rootlet s tructures 

(Håkansson & Thomsen 1 9 79) . These faun as disappear to

gether with Bourguetierinus in higher, more bryozoan-rich 

horizons . 

Both the crinoids and the free-living bryozoans were prob

ably too widely dispersed and provided toa unstable a sub

s tratum to perrnit a stable brachiopod fauna to be es tab

lished after the end-Cretaceous devastation of the fauna. 
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Rigidly erect, branching bryozoan colonies attached by a 

solid basis appear higher in the section and eventually domi

nate the fauna in the Danian bryozoan community . This 

type of community constitutes the typical Lower Danian 

bryozoan limes tone. The brachiopods did not colonize the 

chalk environment until this stable bottom fauna of bryo

zoans was established, and increased hereafter rapidly in 

both density and diversity. The same ecological succession 

for the colonization of the chalk has been described by 

Surlyk & Birkelund ( 1 9 7 7 ) . 

The brachiopod fauna 

The Maastrichtian brachiopod fauna of the chalk of north

western Europe was highly specialized . From homology and 

inferred functional morphology seven main adaptive groups 

are recognized ( Surlyk 1 972 ) : 

group la,  minute species attached with a pedicle and able to 

utilize very small hard substances as substrates ; 

group lb,  medium to very large species attached with a 

pedicle and confined to large, hard substrates; 

group Ic,  medium-sized species attached directly to the 

sediment by a rooted-type pedicle; 

group Il, medium to large free-living species with pedically 

attached j uvenile stages ; 

group I l l ,  burrowing species; 

group IVa, cementing species able to utilize very small 

substrates and essentially free-living as adults; and 

group IVb, cementing species confined to large, hard sub
strates .  

Changes in adaptive groups 
la. Minute, pedieally at!aehed forms. - This adaptive group 

overwhelmingly dominates in both stages . In the Upper 

Maastrichtian 15 species are present, and in the Lower 

Danian 1 9  species (Fig. 30) . 

Furthermore, of the five articulate species cross ing the 
Maastrichtian-Danian boundary at Nye Kløv, four belong 

to group la: Terebratulina longieollis ( T. cf. longieollis) , Argyro

thea hirundo, A .  stevensis and Aemula inusitata . 
The species diversity is virtually the same in the brachio

pod faun as from the Upper Maastrichtian and the Lower 
Danian (Figs . 6,  7 ) ,  but the species present are almost 
totally different .  At the generic and higher leveIs there is a 

marked difference in the dominance: Cancellothyridid bra

chiopods (genera related to the genus Terebratulina) domi

nate in the Maastrichtian and Argyrotheea species in the 

Danian. In  the Maastrichtian of Nye Kløv the cancellothyri

did group includes eight species :  Terebratulina ehrysalis 

(Schlottheim) , Tfaujasii (Roemer) , T. graeilis (Schlottheim) , 

T longieollis Steinich, Gisilinajasmundi Steinich, Rugia aeutiros

tris Steinich, R. tenuieostata Steinich and Meonia semiglobularis 

( Posselt) . Of these Terebratulina faujasii, T longieollis, Gisilina 

jasmundi, Rugia aeutirostris and R. tenuieostata all belong to 

group la .  

Next in importance is a more homogenous group of five 

species belonging to the genus Argyrotheea: A. bronnii 

(Roemer) , A. eoniuneta Steinich, A. daniea (de Morgan) , A .  

hirundo (Hagenow) and A .  stevensis (Nielsen) . These species 
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Fig. 30. Comparison of the adaptive groups of the Upper Maastrichtian and Lower Danian brachiopod faunas at Nye Kløv (from Johansen 
1 982) . See pp. 46--50 for comments. 

all belong to group la .  A typical Upper Maastrichtian sam

ple contains 3-6 cancellothyridid species of which 1-3 be

long to the adaptive group la,  and 1-3 Argyrotheca speeies .  

In  the Lower Danian of Nye Kløv the situation is re

versed. Here the dominant genus is Argyrotheca, which is 

represented by at least eight species :  Argyrotheca alT. bronnii 

( Roemer) , A. hirundo (Hagenow) , A. stevensis (Nielsen ) ,  A. alT. 

stevensis (Nielsen) ,  A .  dorsata (Nielsen) , A .  cf. faxensis ( Pos

selt) , A. vonkoeneni (Nielsen) and A. armbrusti (Schloenbach) . 

Here the cancellothyridid group includes seven species: Tere

bratulina chrysalis ( Schlottheim) , T. kloevensis n . sp . ,  T. cf. longi

collis Steinich, T. alT. rigida (Sowerby) , Rugiaflabella n . sp . ,  R. 

latronis n.sp .  and Rugia sp . ,  which al l ,  except T. chrysalis, 

belong to group la .  

A typical Lower Danian sample contains 1-3  cancello

thyridid species and 5--8 species of Argyrotheca. Examination 
of a large number of samples from Lower Danian bryozoan 

chalk and bryozoan limes tone, e .g .  from Stevns Klint and 
from Maastrichtian bryozoan limes tone and chalk from var

ious northwest-European localities show the same pattern 
( Surlyk 1 972 ;  Johansen 1 986, Johansen & Surlyk, unpub

lished data) 
The specific composition of the brachiopod fauna is ,  for 

the Maastrichtian, rather constant for each stratigraphic 

zone ( Surlyk 1 9 7 2 ) ,  but the abundance of each species varies 

considerably. 

In the majority of the sam pl es one to three species domi

nate in number of individuals (Figs . 3 1 ,  32, 33 ) . The domi

nance of certain species usually reflects stratigraphical dif

ferences, if the collected samples represent a sufficiently long 

span of time to smoothen out a possibly patchy distribution 

of the brachiopods .  A patchy dis tribution should be visible 

only if the collected samples cover short time spans and a 

large number of widely spaced samples from the same strati-

grahic levels are compared . Though adequate comparative 

material from contemporaneous sections of a similar sedi

mentology is largely lacking, it is here suggested that the 

observed dilTerences in density and diversity of the species of 

Argyrotheca and the group of cancellothyridid species besides 

their s tratigraphic implications also reflect dilTerences in the 

adaptability of the two groups .  
In  density and diversity the cancellothyridid species and 

Argyrotheca species are the most dominant within group la 

(Figs . 7 ,  3 1 ,  32 ) . There are, however, marked dilTerences in 

the distribution of the number of species and number of 

individuals of the two groups in Nye Kløv. The cancellothyr

idid brachiopods are represented in nearly all samples in a 

low but rather constant number of species . Compared to the 

total density of the articulate brachiopod fauna (Fig. 3 1 ) ,  

this group is low in num ber of individuals in the samples of 
highest density ( samples NK22 and NK25) . On the contrary 

they are comparatively high in number of individuals in 
samples of low density (e .g .  samples NK27 to NK30) . 

In the Upper Maastrichtian, Terebratulina longicollis is 

among the most abundant of the species present and is 
dominant in the samples NK3, NK6, NK7 and NK8 along 
with Meonia semiglobularis. In the Lower Danian, Rugia fla

beila is the most abundant of the cancellothyridid brachio

pods and is dominant in the samples NK I 8, NK I 9, NK2 1 ,  

NK23 and NK24. 

Both the living and fossil cancellothyridid species are 

characterized by relatively high beaks and relatively large 

forarnina, well-developed hinges and lack of hinge plates . 

The living forms are attached to the substratum by a rather 

long, rigid pedicle containing rootlets of varying size, shape 

and placing. They seem to possess a rich variety of mod es of 

life, varying use of the beak as a stabilizing organ and 

varying degree of substrate dependance (e .g . ,  Rudwick 1 965;  
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Fig. 31 . Abundance of cancellothyridid brachiopods in the Nye Kløv 
section (hatched area) . The dashed line shows the total number of 
brachiopod specimens per kg sample weight. In  the Upper Maas
trichtian Terebratulina longicollis Steinich (species I )  is the dominant 
species and in the Lower Danian Rugia jlabella n . sp .  ( species 2 ) . 
(From Johansen 1 982 . )  

Surlyk 1 972 ;  Richardson 1 98 1  a ,  b ;  Curry 1 982 ;  Cooper 
1 973a, b ,  1 979, 1 98 1 a, bl . 

The cancellothyridid brachiopods occur throughout the 
Maastrichtian as well as in older chalk from the Upper 

Cretaceous of northwestern Europe. They seem, however, to 

be most abundant in chalk deposited in deeper-water, off

shore environments (Johansen 1 986) . The relatively wide 

substrate tolerance of this group thus probably partly ex

plains its survival capacity. 

The abundance of the Argyrotheca group in Nye Kløv, 

III contrast to that of the cancellothyridid group, 
follows the benthos curve to a very large extent ( Fig. 32 ) . In  

the Upper Maastrichtian the group of Argyrotheca constitutes 

a very subordinate part of the brachiopod fauna. Two abun

dance maxima are seen in the Lower Danian samples NK22 

and NK25.  These maxi rna coincide with a prominent peak 

in bryozoan density (samples NK2 1 to NK2 7 ) ,  and both 

maxirnae are dominated by specimens of Argyrotheca stevensis 

and A. hirundo . 
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Fig. 32. Abundance of the A rgyrotheca group (hatched area) and the 
group of minute, smooth-shelled, pedically attached forms (dotted 
area, superimposed on the hatched area) . The dashed line shows the 
total num ber of brachiopod speeimens per kg sample weight at  Nye 
Kløv. In  the Upper Maastrichtian neither of the groups are domi
nant. In  the Lower Danian Argyrotheca stevensis (Nielsen) ( species l )  
is dominant in the Argyrotheca group. Cryptopora perula n.sp .  ( species 
2 )  is dominant in the group of smooth-shelled forms. (From Johan
sen 1 982 . )  

Both living and fossil speeies of  Argyrotheca are character
ized by their very large foramen, withdrawn beak, broad 
straight hinge line, and wide area. The living forms are 

pressed tightly against the substratum by means of a very 

short, stout and muscular pedicle, the commissure of the 

shell thus placed perpendicular to the substrate. 

Living species of Argyrotheca have a preference towards 

attachment to certain species of, e .g . ,  bryozoans, or towards 

certain types of microhabitats . This was probably also true 

for the fossil species ( Ulla Asgaard, personal communica

tion, 1 983) . Among the rich variety of substrates used by 

Recent species of Argyrotheca are the ahermatypic corals 

Lophelia and Dendrophyllia, solitary coral thecae and crusta

ceans (Atkins 1 960) , scleractinians and demosponges (As

gaard & Sten toft 1 984) , algae (Rudwick 1 962 ) ,  bryozoans 

and shell fragments . 

There is a dominance of species of Argyrotheca in Recent 

well-aereated, shallow-water environments . Recent species 

are normally not found below 200 m depth (e .g .  Cooper 
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1 973a, b ,  1 979; Logan 1 975 ,  1 979 ;  Thomson 1 927 ;  Asgaard 
& Stentoft 1 984) . Fossil species of Argyrotheca most likely 
have a similar mode of life (e .g .  Surlyk 1 972) . This group of 
brachiopods very commonly occurs in the offshore sublit
toral sediments of the Danian of Denmark and in the near
shore Maastrichtian-Danian sediments of Holland and Bel
gium, the Danian sediments characteristically always more 
rich in Argyrotheca species than com para ble Maastrichtian 

sediments (Bosquet 1 859; Asgaard 1 968; Johansen, unpub

lished data) . In  the deeper-water offshore chalk from the 

Maastrichtian of northwestem Europe, species of Argyrotheca 

are on the other hand much less common Qohansen 1 986) . 

The rich Argyrotheca fauna present in the Lower Danian 

chalk of Nye Kløv may thus have been developed from forms 

that could survive in shallow waters on other types of sub
strates than the chaIk . 

In addition to the cancellothyridid brachiopods and spe

cies of Argyrotheca, a morphologically and taxonomically he
terogenous group of small, smooth-shelled, and pedically 

attached species occurs throughout the Upper Maastrich

tian and Lower Danian of Nye Kløv (Fig. 32 ) . In  the Upper 

Maastrichtian this group consists of Scumulus inopinatus Stein

ich, Scumulus( ? )  sp . ,  Aemula inusitata Steinich, Dalligas nobilis 

Steinich and Lepto thyrellopsis sp.  In the Lower Danian Platidia 

sp . ,  Aemula inusitata, Dalligas sp. , Cryptopora perula n.sp .  and 

Gwyniella persiea n.sp .  are present. 

The very irregular shell, the large amphithyridid foramen 

and the intemal s tructure of Aemula inusitata and Platidia sp .  
suggest that these had a mode of Iife com para ble to that of 

Recent species of Platidia and Amphithyris, which press their 

dorsal valves firmly against the substrate (Thomson 1 927 ;  

Atkins 1 959; Surlyk 1 974) . 

The great variability of the amphithyridid foramen of 

Scumulus inopinatus and the large, often attrite foramen of 
Leptothyrellopsis sp. also suggest a similar mode of life to that 

of Platidia sp. 

Living species of Cryptopora, e.g. Cryptopora gnomon Qef

freys ) ,  are considered to have rested on a soft bot tom surface 

in a more or less posterior-downwards position tethered 

upstream by a long, slender pedicle with a few short distal 

rootlets (Curry 1 983) . As Cryptopora perula from the Lower 

Danian in its morphology is close to its Recent relatives, it 

may have had a similar mode of life, although this is difficult 
to prove. 

In the Upper Maastrichtian of Nye Kløv this heterogen
ous group is cummon and constant, individuals of Scumulus 

inopinatus being the most abundant. In the Lower Danian 
Gwyniella persiea and Cryptopora peru la are most frequently 
occurring in the most benthos-rich horizons (Fig. 32) . 

lb . Larger forms at!ached with a pedicle to hard substrates. - Both 

Neoliothyrina and Kingena are medium to large species pro

vided with pedicle opening suitable for a normal functional 

pedicle .  The surroundings of the foramen are furthermore 

often strongly wom, indicating that the pedicle was short 

and that the shell was pressed tightly against the substrate . 

Whereas Kingena pentangulata (Woodward) is fairly common, 

species of Neoliothyrina have not been recorded from the 

Upper Maastrichtian of Nye Kløv (Fig. 30) . Surlyk ( 1 972 )  

mentions that Neoliothyrina is very rare in the Danish chalk 

and that this is probably due to the rarity of suitable large 

4 - Brachiopods . .  
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hard substrates .  This is most  likely aIso true for Nye Kløv. 

In the Lower Danian, however, a species referred to as 

Neoliothyrina? is characterized by its large, thin shell and its 

strongly wom beak, thus being a typical member of group 

lb. The Lower Danian species of Carneithyris are, according 
to Asgaard ( 1 975) , inferred to have been attached to the 

substrate by a functional pedicle and consequently belong

ing to group lb, as opposed to the Upper Maastrichtian 

Carneithyris subcardinalis which during on toge ny closed its 

pedicle opening by secondary shell . 

le. Medium-si:;:ed speeies with pedicle rooted in sediment. - Terebratu

lina chrysalis (Schlottheim) , the most common brachiopod in 
the Danish chalk occurring in a rich variety of depositional 

environments, is present in the Upper Maastrichtian as well 

as in the Lower Danian of Nye Kløv ( Fig. 30) . The species is 

among the first brachiopods to recolonize the Lower Danian 

chalk sea bottom and is also among the last to disappear. 

Surlyk ( 1 972 )  suggest that the pedicle of this species was 
distally split into fine rootlets, thus being capable of rooting 

itself directly in the fine coccolith muds. This suggestion is 

supported by the fact that certain Recent relatives in soft 

substrates exhibit a similar mode of life ( Rudwick 1 96 1 ;  

Cooper 1 973a, b ,  c ;  S tewart 1 98 1 ;  Curry 1 982 ) .  

Il. Larger free-living speeies with attachedjuvenile stages. - A t  least 

five species belonging to this group are present in the Upper 

Maastrichtian of Nye Kløv: Cretirhynchia sp. [ C. retracta 

(Roemer) and/or C. limbata ( Schlottheim) ] ,  Carneithyris sub

cardinalis ( Sahni ) ,  Terebratulina gracilis (Schlottheim) ,  Magas 

chitoniformis (Schlottheim) and Meonia semiglobularis ( Posselt) 

(Fig. 30) . For the Danish Maastrichtian chalk as such, ten 

speeies from this group are recorded. These are, besides the 

mentioned species, one or two additional species of Cretirhyn

chia, Gemmarcula humboldtii (Hagenow) , Thecidea papillata 

(Schlottheim) and Trigonosemus pulchellus (Nilsson) . Of these, 

Trigonosemus pulchellus is s tratigraphically res tricted to the 

Upper Lower Maastrichtian ( Surlyk 1 972 ,  1 982;  Johansen 

1 986) , and severaI of the speeies are moreover restricted to 
more shallow-water facies . In the Lower Danian of Nye 

Kløv, on the other hand, only one indetermined species of 

Cretirhynchia is present from this group. 

Group Il comprises species which as adults lie unattached 
on the chalk sea floor. At the early growth stages these 
brachiopods possessed the same general terebratulinid shape 

as the brachiopods from group la, i . e .  a shell that is bicon

vex, longer than wide and provided with a normal functional 
foramen . During ontogeny, however, the pedicle opening of 
this group was either narrowed into a 'pin-hole' foramen 
(e .g .  Terebratulina graeilis, Magas chitoniformis, and Meonia se

miglobularis) , closed by secondary shell or at least hidden by 

the incurved umbo (e .g .  species of Cretirhynchia, Carneithyris 

subcardinalis, Trigonosemus pulchellus and Gemmarcula humbold

tii) . 

It is characteristic that two different soft-s tratum adapta

tions have developed within group IL The shells of the 

rhynchonellid species are laterally expanded in what of ten is 

terrned a 'snowshoe' morphology, and the remaining species 

attain as adults a gryphaete or hemisphaerical reclining 

shape characteristic of what is term ed an 'iceberg' morpho

logy (Rhoads 1 970; Thayer 1 9 75a; Carter 1 972 ;  Stenzel 
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Fig. 33. Abundance of  three species of the  secondarily free-living 
hemispherical redining brachiopods in the Nye Kløv section . The 
dashed line shows the variation in the total number of brachiopod 
specimens per kg sample weight .  Species I :  Meonia semiglobularis 
Possett ;  species 2: Magas chitoniformis (Schlottheim) ;  speeies 3: Tere
bratulina gracilis (Schlottheim) .  (From Johansen 1 982 . )  

1 97 1 ;  Jablonski & Bottj er 1 983) . 
Carneithyris subcardinalis is the only exception to these two 

morphologies in its strongly biconvex to almost sphaerical 

shell. The cardinalia of this species are secondarily thick

ened, the centre of gravity thus positioned posteriorly . The 

species is the only common large brachiopod in the chalk 

and seems morphologically to fit the ideal shape of a free

living brachiopod, e.g. a self-righting turn bier (Surlyk 1 972) . 

I t is noteworthy that only one species ( Cretirhynchia sp . )  

from group I l  is present in the  Lower Danian chalk of  Nye 

Kløv, although the sediment here texturally is equivalent to 

the Upper Maastrichtian chaik. 

Terebratulina gracilis, Meonia semiglobularis and Magas chitoni

formis are in density a dominant group in Nye Kløv (Fig. 

33 ) . Meonia semiglobularis is by far the most abundant and is 

dominant in the samples NK3, NK6, NK7,  NK8 and NK9 

together with Terebratulina longicollis. The Lower Danian 

chalk from the localities Kjølbygård , Eerslev, Bj erse, and 

Dania has been analysed for brachiopods, too, but apart 
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from undeterminable rhynchonellid fragments , this group is 

not represented. 

Ill. Burrowing forms. - In the Danish Maastrichtian chalk 

only one small, thin-shelled species of Lingula is recorded 

(Surlyk 1 972) , Lingula cretacea (Lundgreen) .  The genus is 

represented neither in the Upper Maastrichtian or Lower 

Danian samples from Nye Kløv, either due to the fragility of 

its shell (it is only rarely found in the washed samples) or 

owing to its palaeoecological restrictions to sediments of a 

more shallow-water nature ( Paine 1 970;  Thayer & Steele
Petrovic 1 975) . 

IV. Cemented forms. - Both group IVa (species cemented to 

the substratum by a minute attachment surface and essen

tially free-living as adults) and IVb (species cemented to 

and confined to large, hard substrates ) com prise inarticulate 

brachiopod species, the systematics of which are not dealt 

with in detail in the present paper. 

Group IVa is in the Upper Maastrichtian of Nye Kløv 

represented by two species of lsocrania, lsocrania costata 

(Sowerby) , and lsocrania afr. costata l ,  both of which have 

very small attachment surfaces . Isocrania costa ta crosses the 

Maastrichtian-Danian boundary and occurs in the Lower 

Danian together with lsocrania afr. costata 2 and lsocrania sp .  

Group IVb in the U pper Maastrichtian consists of Crania 

afr. craniolaris ( Linnaeus) and Craniscus sp . ,  and in the Lower 

Danian of Crania tuberculata (Nielsen) , and Crania sp. From 

the Danish Maastrichtian chalk as such at least seven spe

cies of this group are recorded (Surlyk 1 972 ) . The sparsity in 
Nye Kløv is partly due to their attachment to large, hard 

substrates which normally are not found in the washing 

residues, and partly owing to the fact that these forms 

palaeoecologicaliy are als o numerous in more shallow-water 

facies .  

. Brachiopod extinctions across the 
Maastrichtian-Danian boundary 
A range chart of all the brachiopod speeies found in Nye 
Kløv is shown in Fig. 7. The chart is an updated version of 
the scherne presented by Johansen ( 1 982)  and Surlyk & 
Johansen ( 1 984) . I t  must be emphasized that the range 
chart presents the raw data from Nye Kløv only, this being 
the most complete of the Maastrichtian-Danian boundary 

localities in higher latitudes . The range chart hence does not 

mirror a regional range pattern of the individual species .  All 

of the Maastrichtian species shown on the chart have thus 

their first appearances much earlier in the chalk ( Surlyk 

1 982; Johansen 1 986) and some of the Lower Danian species 

recorded from Nye Kløv occur likewise in younger Danian 

strata (Asgaard 1 968; Johansen, unpublished data) . The 

Maastrichtian part of the sequence contains 27  speeies, all of 

which are well known from the neighbouring localities, 

Kjølbygård and Bj erre (Surlyk 1 969, 1 982 ,  unpublished 

data) . Furthermore, severai additional speeies are known 
from the highest Maastrichtian in the more benthos-rich 

chalk at Stevns Klint ( Surlyk 1 969, 1 972) . The Danian part 

of the sequence contains 42 speeies that can be subdivided 

into three s tratigraphical groups. 
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( I )  Thirteen speeies, a l l  of which are  known from the  U pper Maas
trichtian, are restricted to the basal 3 cm thick Danian clay bed. 
These are: rhynchonellid sp., Terebratulinafaujasii, T. gracilis, Meonia 
semiglobularis, Rugia acutirostris, A rgyrotheca bronnii, A .  coniuncla, Scumu
lus inopinatus, Kingena pentangulata, Leptothyrellopsis sp . ,  Isocrania alT. 
costata I ,  and Craniscus sp . ,  and possibly also Gisilina jasmundi. They 
have never been found higher in the Danian sequence and are 
furthermore broken, whitish in colour and wom. They are almost 
certainly contained in reworked pebbles of Maastrichtian chaik, 
which commonly occur in the basal Danian clay bed . These 1 3  
speeies are treated as belonging to the Maastrichtian fauna and are 
not included in the Danian. 

(2) Six of the speeies are common to the Maastrichtian and the 
Danian, and represent forms that have crossed the boundary. They 
are: Terebratulina chrysalis, Isocrania costata, A rgyrotheca stevensis, A .  
hirundo, Terebratulina c f.  longicollis and Aemula inusitata. The specific 
assignment of T. cf. longicollis is uncertain. It may well represent a 
new Danian speeies . 

( 3 )  The remaining 23 speeies appear for the first time in the Danian. 

The true indigenous Early Danian brachiopod fauna of Nye 

Kløv is thus represented by about 29 species. A maximum of 

six of these species occur also in the Upper Maastrichtian. 

At the species level, there is an almost complete turn-over 

of the brachiopod fauna at the Maastrichtian-Danian 
boundary, where at least 75% of the Maastrichtian species 

become extinct. At the generic and higher levels the replace

ment is less prominent. In the Upper Maastrichtian of Nye 

Kløv 16 genera are present, and of these at least seven 

disappear at the top of the Maastrichtian. The Lower Dan

ian contains 1 3  genera, two of which are new Qohansen 

1 982) . This agrees well with Naidin ( 1 979) , who also con

cluded that the greatest taxonomical changes across the 

Maastrichtian-Danian boundary for the brachiopods as well 

as for other groups occurs at low taxonomical leveIs .  

For the end-Cretaceous brachiopod fauna of Nye Kløv 

three features are important :  ( I )  The disappearance is sud

den and coincides with the Maastrichtian-Danian boundary 
even on a milli metre scale for most species (Figs . 6, 7 ) ,  ( 2 )  it 

is significant that the re are no early warning signals in the 

form of a gradual decrease in species diversity, or change in 

population structure at the end of the Cretaceous ,  and ( 3 )  

the most specialized species, in particular the secondarily 

free-living, hemispherical forms, become extinct at the 

boundary. 
The diversity range of the Upper Maastrichtian brachio

pod fauna from Nye Kløv (on the average 1 5  species per 
sample) is fully comparable to diversities of other Maas
trichtian faunas from corresponding lithologies ( Surlyk 
1 972 ;  Steinich 1 965;  Johansen 1 986; Johansen & Surlyk, 

unpublished ) ,  and does not seem to be affected towards the 
boundary ( Fig. 6) . 

Surlyk & Johansen ( 1 984) carried out size-frequency stud

ies of the two most abundant species of the Upper Maas

trichtian of Nye Kløv, Meonia semiglobularis and Terebratulina 

longicollis, in order to test possible changes in the population 

structures of the brachiopod fauna in the top of the Maas

trichtian. The factors of population dynamics are the most 

important in shaping the size-frequency of the fossil brachio

pod populations, and differences in size-frequency dis tri bu

tions are often due to differences in recruitment mode of the 

individual species ( McCammon 1 970; Richards & Bambach 

1 975 ;  Noble & Logan 1 98 1 ) .  The effect of minor fluctuations 
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Fig. 34. Size-frequency distribution of Terebratulina longicollis Steinich 
from Nye Kløv superimposed on the corresponding distribu tions of 
two populations from the lowermost Upper Maastrichtian ( Lind
holm) and the uppermost Maastrichtian ( Karlstrup) respectively. 
All distributions are characterized by high j uvenile mortality. (From 
Surlyk & Johansen 1 984. ) 

eventually leading to a maj or crisis would be expected to 

appear in the population structures of the individual speeies . 

The two speeies from Nye Kløv were compared with pub

lished size-frequency his tograms for the same speeies from 

Denmark (Fig. 34) . The histograms for the individual sam

ples are remarkably uniform, and both speeies show size
frequency distributions that are strikingly similar to the 

distributions from other Maastrichtian samples studied . The 

same pattern is apparent in all other localities in Denmark 
that have been studied ( Surlyk 1 969, 1 972 ,  1 979, 1 982 ,  
unpublished data) . 

Regardless of their taxonomic afIini ties, almos t all the 

benthic inhabitants of the Upper Cretaceous muddy bot

toms exhibit morphological adaptations for soft substrata. 
This is the case for the bivalves and the gastropods ,  as well 
as for the brachiopods (Rhoads 1 970, 1 974; Carter 1 968, 
1 972 ;  Stanley 1 970; Surlyk 1 972 ,  1 973 ,  1 974; Thayer 1 975a, 

Gould 1 9 7 7 ;  Skelton 1 979; Jablonski & Lutz 1 980; Bottjer 

1 98 1 ;  Jablonski & Bottj er 1 983 ;  Sohl & Koch 1 982) . 
Among these adaptations are: ( I )  Small adult size, either 

because high surface-to-volume ratio and thin shells en

hance floatation on soft bottoms, or as a by-product of short 

generation times in response to periodically favourable bot

tom conditions or as a selection towards settlement on small 

hard substrates; (2) larval settlement on relatively large 

hard substrates securing a position above the instable sedi

ment-water interface; (3) larval settlement on relatively 

small hard substrates with secondarily free-living adults 
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assuming a broad flattened shell shape and/or readiating 

skeIetal proj ections in order to distribute the weight of the 

organism over a large surface area ( 'snowshoe morpho
Iogy ' )  ; and (4) larval settlement on small hard substrates 

with secondarily free-living adults expanded or inflated ven

trally, so that the adult organism is supported by the denser 
sediment at depth while still retaining its sediment-water 

interface contact ( ' iceberg' or hemisphaerical reclining mor

phology) . 

I t  is clear that changes in the biotic and physical environ

ment accross the Late Cretaceous-Early Tertiary were at 

least partially responsible for the decline of the soft-bottom 

assemblages in the end-Cretaceous. Increasing degree of 

bioturbation (Thayer 1 979;  Brenchley 1 98 1 )  and number of 

predators (Vermeij 1 97 7 ,  1 978 ;  Taylor 1 98 1 ;  LaBarbera 

1 98 1 )  would certainly have caused large-scale faunal re

placements . Such replacements might, however, well be ef

fected by progressive declines in rates of speciation or in

crease in rate of extinction, rather than by the abrupt shifts 

seen in, e .g . , the brachiopods (Stanley 1 979;  Surlyk & Jo

hansen 1 98 1 ,  1 984; Johansen & Surlyk 1 983 ) .  

For the brachiopods o f  the Northwest European Upper 

Cretaceous chaik, adaptation took place through the more 

than 30 million years that the chalk existed as a macrohabi

tat. The fauna reached an absolute optimum in diversity as 

well as in degree of specialization in the Lower Maastrich

tian. This was followed by a long period of equilibrium till 

the end of the Cretaceous.  The 'snowshoe' morphology ap
peared within a closely related group of rhynchonellid bra

chiopods at least as early as in the Coniacian. The hemis

phaerical reclining adaptation, which is not among Meso

zoic brachiopods, is in the chalk developed in a group of 

species that are not closely related and do not appear until 
the Upper Campanian Qohansen 1 986) . It is remarkable 

that it is the hemisphaerical recliners that became extinct at 

the Maastrichtian-Danian boundary and that the niche re

presented by these species was not exploited in the Lower 

Danian. 

In a few regions , living brachiopods apparently still colo
nize soft bottoms (Richardson 1 98 1 a, b ,  c ;  Curry 1 982) , but 
articulate brachiopods living at shelf depths today are all 
pedunculate and restricted almost exclusively to hard sub
s trates (e .g. Rudwick 1 970; Jackson et al. 1 97 1 ;  Thayer 
1 975b) . 

Although living brachiopods can function in almost any 

marine environment, their capacity of adj us ting to soft sub

strates by elimination of their functional pedicle seems to 

have vanished . In  emphasizing the surprisingly broad range 

of substratum tolerances of New Zealand brachiopods , Rich

ard son ( 1 98 1  a ,  1 986) mentions that the living species appar

ently all begin their benthic life attached to a hard object .  

Thayer ( 1 975b) and LaBarbera ( 1 98 1 )  have argued that all 

Recent brachiopods usually are dependant on lumps of 

coarse substrate for recruitment of soft bottoms . 

Specialists can be identified anatomically by various ad

aptations of the valves , pedicles and muscles that make 

movement on a particular substrate more efficient but would 

be incompatible with life on any other type of substrate. 

Generalis ts are thus defined as speeies that can maintain a 

stable feeding position on substrates of any type (sensu 

Richardson 1 986) . 
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Loss of the pedicle as a functional organ of attachment has 

the result that adj ustment of the position of the adult brach

iopod is no longer possible. The loss of the pedicle probably 

also limits the possibility of further evolution (Valen tine 
1 974) . The very specialized chalk forms may thus be more 

susceptible to extinction during unfavourable conditions 

than more conservative, less specialized forms such as, e .g . ,  

Terebratulina chrysalis. 

The species cross ing the Maastrichtian-Danian boundary 

(Isocrania costata, Terebratulina chrysalis, Terebratulina longicollis, 

Argyrotheca hirundo,  Argyrotheca slevensis and Aemula inusitata) 

were all able to use very small obj ects as substrates .  They 

represent relatively featureless forms which seem to be non
specialized and occur in large numbers as a basic stock 

throughout the Maastrichtian as well as in older chalk from 

Northwestern Europe. Moreover, they are all - except Argyr

otheca stevensis and Isocrania cos/ata, which have their first 

occurrences in the upper Upper Maastrichtian - very long

ranging species . Terebratulina chrysalis and Aemula inusitata 

thus have their first appearances in the Middle Coniacian or 

even earlier, Argyrotheca hirundo in the Lower Campanian, 

and Terebratulina longicollis in the U pper Campanian Qohan

sen 1 986) . 

This group of brachiopods formed the basis for an exploi
tation of the Lower Danian niches . The increase in numbers 

of min ute pedically attached forms in the Danian suggest 

either an increasing niche subdivision or a larger number of 

available microhabitats . As the Danian includes more di

verse sediment types , including layers richer in bryozoans 

than the more uniform Maastrichtian chaik, there is some 

evidence in support of the latter suggestion . 

The survival capacity of this basic s tock becomes even 
more remarkable in the light of the fact that very close 

relatives of Terebratulina, Aemula and Argyrotheca seem to form 
the basic stock for the Recent stock of micromorphic bra

chiopods,  too. 

Nye Kløv is generally accepted as being the best preserved 

pelagic calcareous section representing the Cretaceous-Ter

tiary boundary in high er latitudes . Both the li thology and 
the micro- and macrofossil record compares well with the 
standard sequence established in EI Kef, Tunesia, and in 
Caravaca, Spain (Romein 1 97 7 ;  Smit & Hertogen 1 980; 
Smit 1 982 ;  Smit & Romein 1 985) . 

The extinction pattern for the brachiopods is compatible 
with the results obtained from quantitative analysis of nan

noplankton (Tappan & Loeblich 1 97 1 ;  Thiers tein 1 98 1 ;  Ro

mein 1 9 7 7 )  and planktic foraminiferal assemblages ( Smit 

1 982) . The planktic foraminiferans and the brachiopods 

show similar extinction patterns ( Lutherbacher & Premoli 

Silva 1 966; Thierstein 1 982 ;  Smit 1 982 ;  Bang 1 9 79) , whereas 

the nannoplankton seem to have undergone final extinction 

later than the planktic foraminiferans ( Smit & Romein 

1 985) . Precise data are lacking for virtually all other ben thic 

invertebrate groups, partly because of the scarcity of com

plete s tratigraphic sections available and the limited strati

graphic resolution in most available sequences, and partly 

because the organisms are generally sparse and of ten poorly 

preserved . 

The synchroneity of the extinctions of the plankton, the 

brachiopods and the bryozoans thus sugges ts a common 

cause of the extinction event. 
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The discovery of an apparently world-wide iridium anom

aly at the Cretaceous-Tertiary boundary led Alvarez et al. 

( 1 980) to introduce the so-called impact theory, in which a 

major impact at this boundary caused environmental and 

biological stresses to a degree that was responsible for the 

mass extinctions previously reported on the boundary .  This 
paper and a vast number of subsequent papers led to a shift 

in emphasis from the traditional biotic to the geochemical 

and geophysical aspects of the extinctions in the end-Creta

ceous .  The substance of these papers are very well summa

rized by, e .g . ,  Alvarez et al. ( 1 982, 1 984) and Smit & Romein 

( 1 985) . 

I t  must be emphasized that the present pa per does not 

intend to throw light on the initial cause of the Cretaceous

Tertiary boundary event, but it is an important contribution 

to the scarce biotic data so far presented on the boundary . 

The brachiopod fauna was in the end-Cretaceous hit by a 

very sudden ecological crisis, which is in agreement with the 

impact or any other theoretical catastrophe theory . The 

mass extinction of the coccoliths and pe!agic foraminiferans 

at the end-Maastrichtian led to a total cessation of the chalk 

productivity ( cf. Bramlette & Martini 1 964) . The combined 

effects of productivity cessation, anoxia, and beginning clay 

deposition, caused an almost ins tantaneous destruction of 

the chalk macrohabitat. The immediate effect of this was 
extinction of faunal groups that were specialized to the chalk 

substrate, such as the brachiopods .  When chalk deposition 

resumed in the Lower Danian from remains of a whole new 

plankton flora and fauna, the habitat was rapidly restored 

by adaptive radiation within surviving groups . Species of 

these groups include forms with a wide substrate tolerance, 

that could survive in well-aerated shallow marine waters on 

other types of substrates (Surlyk & Johansen 1 984) . 

The brachiopod extinctions thus only reflect a chain of 

causality, and they shed little light on the nature of the event 

as such. 

Summary 
The micromorphic articulate brachiopod fauna from the 

chalk of the Maastrichtian-Danian boundary section at Nye 

Kløv, Denmark, is investigated in terms of taxonomy, abun
dance, diversity and stratigraphical distribution . The main 
emphasis is given to the Lower Danian forms . The transition 

takes place in an otherwise monotonous horizontally bedded 
sequence of pelagic chaik . 

The uppermost Maastrichtian of Nye Kløv contains 27  

species, while 35 species occur in  the Lower Danian. Five of 

the Lower Danian species are restricted to the basal Danian 

clay bed and are probably reworked from the Upper Maas

trichtian . They are thus considered as belonging to the 

Upper Maastrichtian fauna. 

Six species are common to the Maastrichtian and the 

Danian and may thus represent forms that have crossed the 

boundary .  The remaining 23 species appears for the firs t 

time in the Danian. Of these, five species are here described 

as new: Cryptopora perula n.sp "  Terebratulina kloevensis n.sp . ,  

Rugia flabella n . sp . ,  Rugia latronis n.sp .  and Gwyniella persiea 

n.gen. et n .sp .  The true indigenous Early Danian brachio

pod fauna is thus represented by about 29 species .  
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At the species leve!, there is an almost total turnover of the 

brachiopod fauna from the Maastrichtian to the Danian . 

The taxonomic dominance at the generic or higher leve! is 

markedly different from the Maastrichtian to the Danian 

Stage. The Maastrichtian fauna is dominated by cancelloth

yridid brachiopods ( species re!ated to the genus Terebratu

lina) . At Nye Kløv this group includes eight species of the 

genera Terebratulina, Gisilina, Rugia and Meonia. Next in im

portance is a more homogenous group of five species belong

ing to the genus Argyrotheca . In the Danian the situation is 

reversed . Here the dominant genus is Argyrotheca ( eight spe

cies ) whereas the cancellothyridid group includes seven spe

cies of the genera Terebratulina and Rugia . 

Of the main adaptive groups recognizable in the highly 

specialized Maastrichtian brachiopod fauna, the group of 

minute pedically attached species able to utilize very small 

hard substrates overwhelmingly dominates in both the 

Maastrichtian and the Danian . In the Maastrichtian, a 

group of medium to large free-living hemispherical reclining 

species with pedically attached j uvenile s tages, was also a 

very important component of the fauna. This group became 

extinct at the boundary and the niche represented by these 

species was not exploited in the Early Danian. The species 

crossing the boundary were all able to use very small parti

cles as substrates; furthermore, they represent re!atively fea
tureless ,  seemingly non-specialized forms that occur in large 

numbers throughout the Upper Cretaceous as a basic stock . 

The increase in number of pedically attached minute forms 

in the Danian suggests either an increasing niche subdivi

sion or a larger number of available microhabitats . As the 

Danian includes more diverse sediment types than the uni

form Maastrichtian chaik, particularly layers richer in bryo

zoans , there is  some evidence in support of the latter sugges

tion. 

Both the brachiopod fauna and the bryozoan fauna were 

adapted to a life on a chalky bottom composed primarily of 

coccoliths and foraminifers . A total cessation in chalk pro

duction then ultimately led to an almost ins tantaneous de

struction of a unique macrohabitat. The immediate effect of 

this was the extinction of faunal groups, such as the brachio

pods , that were specialized for and restricted to the chalk 

substrate . When chalk deposition eventually resumed in the 

Lower Danian, now composed of remains of a whole new 
flora and fauna, adaptive radiation within surviving groups 
led to a rapid restoration of the chalk macrohabitat. The 
data presented in this paper demonstrate an abrupt extinc
tion event at the Cretaceous-Tertiary boundary and are 

thus in agreement with the so-called impact theory (Alvarez 
et al. 1 980 and subsequent papers) or any other catastrophy 
theory of the end-Cretaceous extinctions . The brachiopod 
extinctions , however, mere!y represent a chain of causality 

and do not themselves shed light on the nature of the event 

as such. 
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Plate l 

Cretirhynchia sp . ,  Carneithyris sp . ,  and Neo/iothyrina? sp. 

o I .  Cretirhynchia sp. In terior of fragmented j uvenile ventraI valve. 
Sample NK 23, Lower Danian. MGUH 1 6896. 

0 2 . Carneithyris sp. Interior of j uvenile ventraI valve. Sample NK 
26, Lower Danian. MGUH 1 6897A. 

0 3 . Carneithyris sp. Interior of juvcnile dorsal valve from the same 
speeimen as in 2 showing erura . Sample NK 26, Lower Danian. 
MGUH 1 6897B.  

FOSSILS AND STRATA 20 ( 1 987 )  

0 4. Carneithyris sp .  Complete small j uvenile i n  dorsal view. Sample 
NK 25,  Lower Danian.  MGUH 1 6898. 

0 5 . Neo/iothyrina' sp. Interior of j uvenilc fragmented dorsal valvc 
showing eardinalia. Sample NK 24, Lower Danian. MGUH 1 6899. 

0 6 . Neo/iothyrina? sp. Interior of adult, fragmented dorsal valvc 
showing part of cardinalia. Sample NK 24, Lower Danian. MGUH 
1 6900. 

Seale bars 0.5 mm.  

• 
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Plate 2 

Cretirhynchia sp . ,  Carneitlryris subcardinalis Sahni 1 925 ,  and Meonia 
semiglobularis ( Posselt 1 894) . 

o l .  Cretirhynchia sp.  Posterior part of adult speeimen showing char
acteristic collar-like deltidial plates . Sample NK l ,  Upper Maas
trichtian . MGUH 1 690 1 .  

0 2 . Carneithyris subcardinalis. Complete j uvenile speeimen i n  dorsal 
view. Sample NK 4, Upper Maastrichtian. MGUH 1 6902.  

0 3 . Meonia semiglobularis. Complete adult speeimen. Sample NK 8 ,  
Maastrichtian-Danian boundary clay. MGUH 1 6903 .  D A. Dorsal 
view. D B. Oblique lateral view showing hemisphaerical shell . O C .  
Enlargement o f  beak. 

FOSSILS AND STRATA 20 ( 1 987 )  

0 4. Meonia semiglobularis. Complete medium-sized speeimen. Sam
ple NK 8,  Maastrichtian-Danian boundary clay . MGUH 1 6904. 
D A. Dorsal view. D B. Oblique lateral view. 

0 5 . Meonia semiglobularis. Complete j uvenile speeimen. Sample NK 
8 ,  Maastrichtian-Danian boundary clay. MGUH 1 6905. D A. Dor
sal view. D B. Oblique lateral view showing flattened biconvex 
shell .  

Scale bars 0.5 mm except where otherwise stated . 
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Plate 3 

Cryptopora peruLa n.sp .  Figs . 1-3 show ontogenetie development .  

o l .  Holotype. Com pl e te  adul t  speeimen. Sample NK 24 ,  Lower 
Danian. MGUH 1 6906. D A. Dorsal view. O B. Lateral view. 

0 2 . Complete j uvenile in dorsal view. Sample Nk 23, Lower Dan
ian. MGUH 1 6907 .  

0 3 . Complete small j uvenile speeimen in dorsal view. Sample NK 
23 ,  Lower Danian. MGUH 1 6908. 

0 4. Posterior part of fragmented ventrai valve showing foramen 
and hinge teeth. Sample NK 25, Lower Danian. MGUH 1 6909. 

FOSSILS AND STRATA 20 ( 1 987 )  

0 5 . Complete adult speeimen with posterior part of ventrai re
moved to show erura, erural proeesses and deseending branehes.  
Loeality 'Dania' ,  sample Dania D 1 06 B( I )  ( MBJ) from Lower the 
Danian, around 3,0 m above the Maastriehtian-Danian boundary. 
MGUH 1 69 1 0 . 

0 6 . Interior of j uveline dorsal valve showing erura and reerystal
lized sehizolophe (? ) . Sample NK 27, Lower Danian. MGUH 1 69 1 1 .  

0 7 . Interior of framented dorsal valve showing median septum .  
Sample NK 25,  Lower Danian. MGUH 1 69 1 2 .  

Scale bars 0 . 5  m m  exeept where otherwise stated . 
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Plate 4 

Terebratulina chrysalis (Schlottheim 1 8 1 3 ) ,  and Terebratulina cf. longi
eollis Steinich 1 965 .  

o I .  Terebratulina ehrysalis. lnterior of medium-sized dorsal valve 
showing ring-shaped brachidium and part of recrystallized plecto
lophe. Sample NK 30, Lower Danian. MGUH 1 69 1 3 . 

0 2 . Terebratulina ehrysalis. lnterior of large, adult dorsal valve show
ing brachidium. Sample NK 30, Lower Danian. MGUH 1 69 1 4 . 

0 3 . Terebratulina ehrysalis. lnterior of j uvenile dorsal valve showing 
brachidium and part of recrystallized plectolophe. Sample NK 30, 
Lower Danian. MGUH 1 69 1 5 . 

FOSSILS AND STRATA 20 ( 1 98 7 )  

0 4. Terebratulina chrysalis. Complete small j uvenile speeimen m 
dorsal view. Sample NK 30,  Lower Danian. MGUH 1 6 9 1 6 .  

o 5 .  Terebratuli.�a ehrysalis. Complete j uvenile speeimen m dorsal 
view. Sample NK 30, Lower Danian. MGUH 1 69 1 7 . 

0 6 . Terebratulina cf. longicollis. Sample NK 28,  Lower Danian. 
MGUH 1 69 1 8A.  D A. lnterior of adult dorsal valve showing brachi
dium. D B . lnterior of adult ventrai valve of the same speeimen. 

0 7 . Terebratulina cf. longicollis. Complete j uvenile specium in dorsal 
view. Sample NK 27, Lower Danian. MGUH 1 6 9 1 9 .  

Scale bars 0 .5  mm. 
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Plate 5 

Terebratulina afr. rigida (Sowerby 1 82 1 ) .  

o I .  Complete adult speeimen. Sample N K  26, Lower Danian. 
MGUH 1 6920. O A. Dorsal view. O B .  Lateral view. O C. Speeimen 
in A opened . Interior of dorsal valvc showing complete brachidium 
and almost complete recrystallized plectolophe .  MGUH 1 6920A. 
O D. Interior of ventral valve showing ventraI part of recrystallized 
plectolophe. MGUH 1 6920B. O E .  Speeimen in C in oblique lateral 
Vlew. 

0 2 . Complete j uvenile speeimen in dorsal view. Sample NK 26, 
Lower Danian. MGUH 1 692 1 .  

FOSSILS AND STRATA 20 ( 1 987 )  

0 3 . Interior of j uvenile dorsal valve showing fragmented brachi
dium and recrystallized spicular skeIeton. Sample NK 26, Lower 
Danian. MGUH 1 6922 .  

0 4. Complete smal l  j uvenile speeimen in dorsal view. Sample NK 
26, Lower Danian. MGUH 1 6923 .  

Scale bars 0 . 5  mm. 
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Plate 6 

Terebratulina kloevensis n . sp .  Figs 1-4 show ontogenetic development.  

o l .  Holotype . Complete adult speeimen. Sample NK 30, Lower 
Danian. MGUH 1 6924. D A. Dorsal view. O B. Lateral view. 

o 2 .  Adult speeimen in ventraI view. Shell is opened to show ring
formed brachidium. Sample NK 29, Lower Danian. MGUH 1 6925 .  

0 3 . Complete medium-sized speeimen in dorsal view.  Sample NK 
30,  Lower Danian . MGUH 1 6926. 

FOSSILS AND STRATA 20 ( 1 987 )  

0 4. Complete j uvenile speeimen In dorsal view sample NK 30, 
Lower Danian. MGUH 1 6927 .  

0 5 . Exterior of adult vental valve showing r ib  pattern and growth .  
By comparison with ,  e .g . ,  the speeimen in l A, the difference in 
sculpture on dorsal and ventraI valves is i l lustrated . Sample NK 29. 
Lower Danian. MGUH 1 6928 .  

Scale bars 0 . 5  mm. 
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Plate 7 

Rugia acutirostis Steinich 1 965,  Rugia tenuicostata Steinich 1 963,  Tere
bratulinafaujasii (Roemer 1 84 1 ) ,  Terebratulina longicoLlis Steinich 1 965 ,  
and Terebratulina gracilis (Schlottheim 1 8 1 3 ) .  Figs.  7-9 show on toge
netic development of Terebratulina graeilis. 

o I .  Rugia acutirostis. Complete medium-sized speeimen. Sample NK 
8. Maastrichtian-Danian boundary clay. MGUH 1 6929 .  O A. Dor
sal view. O B .  Enlargement of posterior part showing a very acute 
beak and a small foramen . 

0 2 . Rugia tenuicostata. Slightly damaged adult dorsal valve in exteri
or view. Sample NK 4, Upper Maastrichtian. MGUH 1 6930. 

0 3 . Terebratulina faujasii. Complete adult speeimen in dorsal view. 
Sample NK 8 .  Maastrichtian-Danian boundary clay. MGUH 
1 693 1 .  

0_4. Terebratulina longicoLlis. Complete adult speeimen i n  dorsal view. 
Sample NK 5 ,  Upper Maastrichtian . MGUH 1 6932 .  
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0 5 . Terebratulina longicollis. Complete medium-sized speeimen in  
dorsal view. Sample NK 5 ,  Upper Maastrichtian. MGUH 1 6933 .  

0 6 . Terebratulina longicoLlis. Complete j uvenile speeimen in dorsal 
view. Sample NK 5 ,  Upper Maastrichtian . MGUH 1 6934.  

0 7 . Terebratulina gracilis. Complete small j uvenile specium in dorsal 
view. Sample NK 6, Upper Maastrichtian. MGUH 1 6935 .  

0 8 . Terebratulina graeilis. Complete juvenile speeimen. Sample NK 
6,  Upper Maastrichtian. MGUH 1 6936 .  O A. Dorsal view. O B .  
Oblique lateral view showing biconvex shell .  

0 9 . Terebratulina gracilis. Fragmented adult speeimen. Sample NK 
5 ,  Upper Maastrichtian. MGUH 1 6937 .  O A.  Dorsal view. O B .  
Enlargement of posterior part showing incurved beak and perme
sothyridid forament. O C. Oblique lateral view. 

Scale bars 0.5 mm, except wherc otherwise stated. 
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Plate 8 

Terebratulina kloevensis n . sp . ,  Terebratulina atT. rigida ( Sowerby 1 82 1 ) ,  
and Gisilina jasmundi Steinich 1 965 .  

o l .  Terebratulina kloevensis. Enlargement of anterior part of vental 
valve figured on Plate 6:5 showing growth pattern and sculpture of 
ribs. Sample NK 29. Lower Danian . MGUH 1 6928.  

0 2 . Terebratulina atT. rigida . Enlargement of anterio-dextrally part of 
vental valve figured on Plate 5: lA showing growth pattern and 
sculpture of ribs. Sample NK 26, Lower Danian. MGUH 1 6920. 
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0 3 . Gisilina jasmundi. Exterior of adult dorsal valve. Sample NK 5 ,  
Upper Maastrichtian.  MGUH 1 6938.  

0 4. Terebratulina kloeuensis. Interior of adult ventrai valve . Sample 
NK 29, Lower Danian. MGUH 1 6939 .  

0 5 . Terebratulina kloeuensis. Interior of adult  dorsal valve showing 
cardinalia and base of erura. Sample NK 29, Lower Danian. 
MGUH 1 6940 . 

Scale bars 0 .5  mm. 
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Plate 9 

Rugiajlabella n . sp .  Figs .  1-4 show ontogenetic developemnt.  

o l .  Ho1otype .  Comp1ete adult speeimen. Sample NK 1 9, Lower 
Danian. MGUH 1 694 1 .  O A.  Dorsal view. O B. Lateral view. 

0 2 . Complete medium-sized speeimen in dorsal view. Sample NK 
24, Lower Danian. MGUH 1 6942. 

0 3 . Complete j uvenile speeimen in dorsal view. Sample NK 1 9 ,  
Lower Danian. M G U H  1 6943 . 

0 4. Complete small j uvenile in dorsal view. Sample NK 1 9, Lower 
Danian. MGUH 1 6944. 
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0 5 . I nterior of adult ventrai valve . Sample NK 24 ,  Lower Danian . 
MGUH 1 6945 . 

0 6 . I nterior of adult dorsal va1ve showing cardinalia and almost 
comp1ete brachidium. Sample NK 2 1 ,  Lower Danian . MGUH 
1 6946. 

0 7 . Interior of adult ventrai valve showing recrystallized zygo
lophe ( ? ) . The recrystallized filaments of the lophophore are marked 
with ink. Sample NK 27 ,  Lower Danian . MGUH 1 6947.  

Scale bars 0 .5 mm. 
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Plate 1 0  

Rugia lalronis n . sp .  and Rugia sp.  Figs. 1-3 show ontogenetic develop
ment of Rugia la/ronis. 

D l .  Rugia lalronis n . sp .  Holotype. Complete adult speeimen. Sample 
NK 26, Lower Danian. MGUH 1 6948. D A. Dorsal view. D B . 
Enlargement of anterior sinistral part, showing rib growth pattern 
and sculpture. 

D 2 .  Rugia latronis n.sp. Com pl ete medium-sized speeimen in dorsal 
view. Sample NK 23, Lower Danian. MGUH 1 6949 . 
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D 3 .  Rugia lalronis n . sp .  Complete j uvenile speeimen in  dorsal view. 
Sample NK 25,  Lower Danian. MGUH 1 6950.  

D 4.  Rugia sp. Complete medium-sized speeimen in dorsal view. 
Sample NK 24, Lower Danian. MGUH 1 695 1 .  

D 5 .  Rugia sp.  I nterior o f  medium-sized ventrai valve . Sample NK 
24 ,  Lower Danian . MGUH 1 6952 .  

Scale bars 0 . 5  mm except where otherwise stated. 
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Plate I l  
GwynielLa persiea n.sp .  and A rgyrotheca aff. bronnii (Roemer 1 84 1 ) .  
Figs. I ,  4 ,  5 show ontogenetic development o f  GwynielLa persiea. 

D I . GwynielLa persica. Holotype. Slightly damaged two-valved adult 
speeimen in dorsal view. Sample NK 26, Lower Danian. MGUH 
1 6953 .  

D 2 .  GwynielLa persiea. Interior of adul t  ventrai valve. Sample NK 26,  
Lower Danian. MGUH 1 6954. 

D 3 .  GwynieLLa persiea. Interior of adult dorsal valve showing median 
septum and cardinalia. Sample NK 19, Lower Danian. :vrGUH 
1 6955.  

FOSSILS AND STRATA 20 ( 1 987 )  

D 4.  GwynieLLa persiea. Complete medium-sized speeimen in dorsal 
view. Sample NK 26, Lower Danian. MGUH 1 6956. 

D 5 .  GwynieLLa persiea. Com pl ete j uvenile speeimen in dorsal view. 
Sample NK 26, Lower Danian. MGUH 1 6957 .  

D 6 .  Argyrotheca aff. bronnii. I nterior of  j uvenile dorsal valve. Sample 
NK 23, Lower Danian. MGUH 1 6958. 

D 7 .  Argyrotheca aff. bronnii. Complete medium-sized speeimen In 
dorsal view. Sample NK 23 ,  Lower Danian. MGUH 1 6959. 

Scale bars 0 . 5  mm except where otherwise stated. 
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Plate 1 2  

Argyrotheca alT. bronnii (Roemer 1 84 1 ) ,  Argyrotheca daniea (de Morgan 
1 883 ) ,  Argyrotheca coniuncta Steinich 1 965, and Argyrotheca stevensis 
(Nielsen 1 928) . 

o I. Argyrotheca alT. bronnii. Interior of adult dorsal valve. Sample 
NK 23, Lower Danian. MGUH 1 6960. 

0 2 . Argyrotheca danica. Complete j uvenile speeimen in dorsal view. 
Sample NK 5 ,  Upper Maastrichtian. MGUH 1 696 1 .  

0 3 . Argyrotheca danica. Interior o f  fragmented adult dorsal valve . 
Sample NK 4, Upper Maastrichtian. MGUH 1 6962. 
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0 4. Argyrotheca daniea. Interior o f  fragmented adult dorsal valve. 
Sample NK 4, Upper Maastrichtian. MGUH 1 6963 . 

0 5 . A rgyrotheca coniuncta. Adult dorsal valve. Sample NK 8, Maas
trichtian-Danian boundary clay. MGUH 1 6964. D A. In terior. 
D B . Oblique lateral view showing median septeum in profi le .  

0 6 . A rgyrotheca stevensis. Adult dorsal valve. Sample NK 28,  Lower 
Danian. MGUH 1 6965.  D A. In terior. D B . Oblique lateral view 
showing profile of median septum .  

Scale bars 0 . 5  mm except where otherwise stated. 
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Plate 1 3  

Argyrotheca stevensis (Nielsen 1 928) and Argyrotheca atT. stevensis. 

o 1 .  Argyrotheca stevensis (Nielsen 1 928) . Complete adult speeimen in 
dorsal view. Sample NK 26, Lower Danian. MGUH 1 6966. 

0 2 . Argyrotheca stevensis (Nielsen 1 928) . Interior of adult ventrai 
valve. Sample NK 24, Lower Danian. MGUH 1 6967 .  

0 3 . Argyrotheca stevensis (Nielsen 1 928) . Interior of j uvenile ventrai 
valve. Sample NK 26, Lower Danian. MGUH 1 6968. 

0 4. Argyrotheca stevensis (Nielsen 1 928) . Interior of adult dorsal 
valve. Sample NK 26, Lower Danian. MGUH 1 6969. 
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0 5 . Argyrotheca stevensis (Nielsen 1 928) . Complete medium-sized 
speeimen in dorsal view. Dorsal valve contains boring produced by 
predaceous gastropod. Sample NK 23 ,  Lower Danian . MGUH 
1 6970 .  

0 6. Argyrotheca atT. stevensis (Nielsen 1 928) . Complete j uvenile speei
men in dorsal view. Sample NK 22, Lower Danian. MGUH 1 697 1 .  

0 7 . Argyrotheca atT. stevensis (Nielsen 1 928) . Complete adult speei
men in dorsal view. Sample NK 22, Lower Danian . MGUH 1 6972 .  

Scale bars O.S  mm except where otherwise stated. 
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Plate 1 4  

Argyrotheca hirundo (Hagenow 1 842) . Figs . 1 , 3 , 4, 5 , 8  show ontoge
netic development and variation. 

o l .  Complete adult speeimen in dorsal view. Sample NK 26, 
Lower Danian.  MGUH 1 6973 .  

0 2 . Interior of  adult dorsal valve. Sample NK 4, Upper Maastrich
tian. MGUH 1 6974.  

0 3 . Complete medium-sized speeimen in dorsal view. Sample NK 
23 ,  Lower Danian. MGUH 1 6975 .  

0 4. Complete j uvenile speeimen in dorsal Vlew. Sample Nk 23 ,  
Lower Danian. MGUH 1 6976 .  
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0 5 . Complete small j uvenile speeimen in dorsal view . Sample NK 
23 ,  Lower Danian . MGUH 1 6977 .  

0 6 . Interior of j uvenile dorsal valve. Hair-like obj ect on top of the 
picture does not belong to the speeimen. Sample NK 23, Lower 
Danian. MGUH 1 6978 .  

0 7 . I nterior of medium-sized dorsal valve . Sample NK 23 ,  Lower 
Danian. MGUH 1 6979 .  

0 8 . Complete adul t  speeimen in dorsal view. Sample NK 23 ,  
Lower Danian. MGUH 1 6980. 

Scale bars 0 . 5  mm. 
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Plate 1 5  

Argyrotheca dorsata (Nielsen 1 928) and A rgyrotheca cf. faxensis (Posselt 
1 894) . 

D l .  Argyrotheca dorsata. Complete adult speeimen. Sample NK 22,  
Lower Danian.  MGHU 1 698 ! .  D A. Dorsal view. D B. Lateral 
Vlew. 

D 2. Argyrotheca dorsata. Fragmented two-valved speeimen. Sample 
NK 24, Lower Danian. MGUH 1 6982.  D A . Ventrai view revealing 
interior of dorsal valve. D B .  Lateral view showing dorsal median 
septum in profile. 

D 3 .  Argyrotheca cf. faxensis. Adult ventrai valve . Sample NK 26, 
Lower Danian. MGUH 1 6983 .  D A. Interior. D B .  Lateral view 
showing median septum in profile .  
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D 4.  Argyrotheca cf.faxensis. Slightly damaged two-valved adult speei
men in dorsal view. Sample NK 26, Lower Danian. MGUH 1 6984. 

D 5 .  Argyrotheca cf. faxensis. I nterior of adult ventrai valve. Sample 
NK 26, Lower Danian. MGUH 1 6985 .  

D 6 .  Argyrotheca cf. faxensis. Complete j uvenile speeimen in dorsal 
view. Sample NK 26, Lower Danian. MGUH 1 6986. 

Scale bars 0.5 mm. 
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Plate 1 6  

Argyrotheca uonkoeneni (Nielsen 1 928) . 

o I .  Interior of medium-sized dorsal valve. Sample NK 24, Lower 
Danian. MGUH 1 6987 .  

0 2 . Interior of medium-sized ventrai valve. Sample NK 24,  Lower 
Danian. MGUH 1 6988. 

0 3 . Fragmented adult two-valved speeimen in ventrai view show
ing cardinalia on dorsal valve. Sample NK 29, Lower Danian. 
MGUH 1 6989. 
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0 4. Complete j uvenile speeimen in  dorsal view. Sample NK 24, 
Lower Danian . MGUH 1 6990. 

o 5 .  Adult dorsal valve. Sample NK 24, Lower Danian. MGUH 
1 699 1 .  D A. I nterior. D B . Oblique lateral view showing dorsal 
median septum in profi le .  

Scale bars 0 . 5  mm. 
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Plate 1 7  

Argyrotheca aff. jaxensis (Posselt 1 894) , Argyrotheca armbrusti (Schloen
bach 1 866) , and Argyrotheca cf. uonkoeneni (Nielsen 1 928) . 

D I . Argyrotheca aff. jaxensis. Adult dorsal valve. Collected and deter
mined by M. Meyer ( 1 963 )  as Megathyris spp. The specimen is from 
an unknown locality representing the Guelhem Chalk of Middle 
Danian Age (Felder 1 975 ) , the Limbourg area, the Netherlands. 
MGUH 1 6992.  D A. Interior. D B .  Oblique lateral view. 

D 2 .  Argyrotheca armbrusti. Complete adult specimen. Sample NK 1 7 , 
Lower Danian. MGUH 1 6993 .  D A. Dorsal view. D B .  Lateral 
view. MGUH 1 6993 .  

D 3 .  Argyrotheca armbrusti. Complete j uvenile specimen In dorsal 
view. Sample NK 1 7 , Lower Danian. MGUH 1 6994. 
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D 4. Argyrotheca armbrusti. In terior of j uvenile dorsal valve . Sample 
NK 1 7 , Lower Danian . MGUH 1 6995.  

D 5 .  Argyrotheca cf. vonkoeneni .  Adult dorsal valve . Collected and 
determined as Megathyris spp. by M .  Meyer ( 1 963 ) . The specimen is 
from a hardground in the Guelhem Chalk from an unknown locality 
of the Limbourg area, the Netherlands .  The Guelhem Chalk is of 
Middle Danian Age ( Feider 1 975 ) . MGUH 1 6996. D A.  In terior. 
D B . Oblique lateral view showing median septurn in profile. 

Scale bars 0.5 mm. 
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Plate 1 8  

Aemula inusitata Steinich 1 968, Dalligas nobilis Steinich 1 968, and 
Scumulus inopinatus Steinich 1 968.  

o l .  Aemula inusitata . VentraI adult valve. Dorsal valve of this speei
men represented by 2 .  Sample NK I ,  Upper Maastrichtian. 
MGUH 1 6997 A.  D A. Exterior, showing characteristic surface 
sculpture. D B .  Enlargement of surface sculpture shown in A.  

0 2 . Aemula inusitata. Interior of adul t  dorsal valve showing recrys
tallized spicular skeIeton. VentraI valve of this speeimen represented 
in l .  Sample NK I ,  Upper Maastrichtian. MGUH 1 6997B. 

0 3 . Aemula inusitata . Interior of medium-sized ventraI valvc showing 
a very low beak and a fragment of the dorsal valve . The dorsal valve 
of this speeimen represented by 4. Sample NK 25, Lower Danian. 
MGUH 1 6998A. 

0 4 . Aemula inusitata. Interior of medium-sized dorsal valve showing 
an amphithyridid foramen and a very shallow median septum .  
VentraI valve of this speeimen represented by  3 .  Sample NK 25 ,  
Lower Danian . MGUH 1 6998B . 
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0 5 . Aemula inusitata . Two-valved adult speeimen. Sample NK 25 ,  
Lower Danian. D A. Dextral half  in ventraI view showing surface 
sculpture, amphithyridid foramen and median septum.  MGUH 
1 6999A. D B . Sinistral half  in ventrai view.  MGUH 1 6999B . 

0 6 . Dalligas nobilis. Interior of beak from adult ventraI valve. 
Sample NK 5 ,  Upper Maastrichtian. MGUH 1 7000. 

0 7 . Dalligas nobilis. I nterior of fragmented adult dorsal valve show
ing charactcristic low median septum. Sample NK I ,  Upper Maas
trichtian. MGUH 1 700 1 .  

0 8 . Scumulus inopinatus. Complete j uvenile speeimen i n  dorsal view. 
Note the characteristic amphithydirid foramen. Sample NK 3 ,  Up
per Maastrichtian. MGUH 1 7002. 

0 9 . Scumulus inopinatus. Complete adult speciment in dorsal view. 
Note the amphithydirid foramen. Sample NK I, Upper Maastrich
tian. MGUH 1 7003 . 

Scale bars 0 . 5  mm except where otherwise stated . 
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Plate 1 9  

Platidia sp . ,  Dalligas sp . ,  and Scumulus? sp. 

D I . Platidia sp. Complete adult speeimen in dorsal view. Sample 
NK 2 1 ,  Lower Danian . MGUH 1 7004. 

D 2 .  Platidia sp. Interior of fragmented adult dorsal valve showing 
broken erura, and median sep turn and amphithyridid foramen. 
Sample NK 22, Lower Danian. MGUH 1 7005 . 

D 3 .  Platidia sp. Interior of broken adult dorsal valve showing erura 
and median septurn .  Sample NK 25, Lower Danian. MGUH 1 7006. 

D 4. Dalligas sp. Interior of fragmented dorsal valve showing broken 
er ura and short median septurn .  Two shallow erests run from the 
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median septurn in a posterio-lateral direetion. Sample NK 22, 
Lower Danian. MGUH 1 7007 .  

D 5 .  Dalligas sp .  Complete j uvenile speeimen in dorsal view. Sample 
NK 25 ,  Lower Danian. MGUH 1 756 1 .  

D 6. Scumulus? sp.  Com pl ete adult speeimen. Sample N K  5 ,  U pper 
Maastriehtian. MGUH 1 7562.  D A. Dorsal view. D B . Lateral view. 

D 7 .  Scumulus? sp. Complete j uvenile speeimen in dorsal view. Sam
ple NK 6 ,  Upper Maastriehtian. MGUH 1 7563 . 

Scale bars 0 . 5  mm exeept where otherwise stated. 



FOSSILS AND STRATA 20 ( 1 987 )  BRA CHIOPODS FROM NYE KLØV 9 7  



98 Marianne Bagge Johansen 

Plate 20 

Leptothyrellopsis sp. and Kingena pentangulata (Woodward 1 833 ) . 

o l .  Leptothyrellopsis sp. Fragmented two-valved speeimen in dorsal 
view. Sample NK 8 ,  Maastrichtian-Danian boundary clay. MGUH 
1 7564. 

0 2 . Leptothyullopsis sp. Com pl ete j uvenile speeimen in dorsal view. 
Sample NK 4, Upper Maastrichtian. MGUH 1 7565 .  

0 3 . Leptothyrellopsis sp. Interior of adult dorsal valve showing re
crystallized spirolophe (? )  and median septum. Sample NK 4, Upper 
Maastrichtian. MGUH 1 7566. 

0 4. Leptothyrellopsis sp.  Juvenilc dorsal valve. Sample NK 8 ,  Maas
trichtian-Danian boundary clay. MGUH 1 7567 .  D A. Interior 
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showing median septum and broken brachidium.  D B . Oblique 
lateral view showing median septum in profile .  

0 5 . Kingena pentangulata. Complete j uvenile speeimen in dorsal view. 
Sample NK 5 ,  Upper Maastrichtian. MGUH 1 7568. 

0 6 . Kingena pentangulata. Interior of broken j uvenile dorsal valve 
showing brachidium and recrystallized lophophore in early precam
pagiform stage. Sample NK 5 ,  Upper Maastrichtian. MGUH 
1 7569. 

Scale bars 0.5 mm except where otherwise s tated . 
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If there are severai references to any one author, the name should be 
repeated in each entry. Titles of articles should be decapitalized, except 
in cases where this would violate a language convention. References in 
Russian, Ukrainian, etc., may be given with Cyrillic letters, as above, 
or transliterated according to the ISO Standard 833 ( 1 974) . Serial 
ti ties should not be abbreviated. 

Figure, plate and table captions should be self-explanatory but as 
short as possible. Ifa figure contains lettered items, list them en suite in 
the caption and insert a square symbol immediately in front of each 
entry (DA, etc. ) .  All figured speeimens should have a reference to their 
provenance and present location (museum or similar registration 
number) .  

lllustrations. - All  illustrations must be dearly marked with the 
author's name and figure num ber. Plan the figures so that they take up 
either the entire width of the type area ( 1 7 1  mm) or the width ofone 
column ( 8 1  mm). If an intermediate width has to be used, do not 
exceed 1 1 7 mm. I n  the event of a full-page illustration, try to allow 
space for the caption to come within the page depth, 253 mm. Plates 
should be constructed for an area of 1 7 1  x 253 mm, but it is usually 
preferable to arrange all illustrations as figures to be placed in their 
proper positions in the text. 

The cost of reproducing a figure is based on the smallest rectangular 
frame in which the figure can be inset. Use that frarne! Do not leave 
open corners or unnecessary space between items. Do not let text or 
lettering protrude outside the frame of the figure. 

Photographs should be printed on white paper with glossy finish. 
They must be dear and sharply contrasted, but without pronounced 
light are as and heavy shadows. If incident light is used for illumina
tion, the light should fall consistently from the upper left. I n  a 
composite figure, all items should be of similar tone and contrast. 
Composite figures should consist of rectangular units as far as 
possible. Mount the photographs on pieces of cardboard. If a dean 
background is desired, provide originals that have an even black 

background tone or submit overlays for block ing out to an either 
black or white background (sec Bengtson, S.  1 986: Preparing dean 
backgrounds in published photographic illustrations. Lethaia 19:4, 

36 1-362; available on request from the editor) . Jf a photographic 
figure consists of severai rectangular items, make sure that the 
intervening narrow strips are directly reproducible; i .e.  cut the prints 
accurately and mount them on white cardboard, alternatively edge to 
edge with white adhesive strips over the joints. 

Line drawings should have lines of even thickness and blackening. 

Do not use grey or too densely screened (more than 40 lines/cm) 
surfaces. I f the figures indude text, Do Not Monumentalize the Text 
by Capitalizing Words. For metric units, use the standard symbols 
/lm, mm, m, km - there should be no capitals (at least not for length 
units), no plural, no genitive, no hyphens, and no periods. Separate 
the symbols from the num ber by a space. Do not leave out zero before 
decimal points. 

The combination ofline drawings and half tones in the same figure 
(and this indudes even individual letters outside the screened surface) 
is always costly and should be avoided whenever possible. Place letters 
and lettering on the figure, normally on its background portions. 

Lettering ofitems in composite figures (A, B, C, etc.; not a, b, c . . .  ) 
and plates ( l ,  2, 3, etc.) should be dis tinet but not dominant, and 
placed as consistently as possible in the different items. Use transfer
lettering (simple, semi-bold typefaces) or steneils. 

If practical, supply originals of all illustrations. Photographic prints 
ofline drawings will be accepted ifthey are well focused and ofhighest 
contrast. Avoid submitting excessively large originals. 




