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NEWS AND GOSSIP 
Compiled and .edited by Jeremy R. Young on behalf of the INA Committee 

INA members seem to be reticent in sending us informa
tion but we do have the following bits of nanno news for 
you (sorry for the UK bias). 

RECENTLY COMPLETED PhD THESES 
-Jorun Egge- Nutrient control ofphytoplankton growth: 
Effects ofmacronutrient composition (N, P, Si) on species 
succession. University of Bergen, Norway, Oct 1993. 
Published by the Dept. of Fisheries and Marine Biology, 
Univ ofBergen, ISBN 82-7744-007-3 . 

- Maria Triantafyllou - Biostratigraphical & ecostra
tigraphica/ observations based on calcareous 
nannoplankton from Plio-Pieistocene sediments of the 
Eastern Mediterranean. Athens University. 

- Ulrike Kienel - Die Entwicklung der kalkige 
Nannofossilien und der kalkigen Dinojlagellaten-Zysten 
an der Kriede/Tertiar-Grenze in Westbrandenburg im 
Vergleich mit Profilen in Nordjatland und See/and 
(Danemark). Jan 1994 . Published in : Berliner 
Geowissenschaftliche Abhandlungen, Reihe E, Band 12. 

- Steve Starkie- Calcareous nannofossil biostratigraphy 
and depositional history of the Late Maastrichtian to 
Early Miocene sequence of Iraq. University College 
London, May 1994, Unpublished. 

RESEARCH GRANTS 
- More Emiliania research: a Dutch group including 
Peter Westbroek, Jan van Hinte, and Michael 
Knappertsbusch has been awarded a substantial NWO 
(Dutch research council) grant for sediment trap studies of 
the biogeography and carbonate production of coccoliths 
in general and Emiliania in particular. It is planned to 
include systematic study of both existing sediment trap 
samples (made available by Susumu Honjo) and newly 
collected samples. 

- More Kff boundary research: Woody Wise and Jim 
Pospichal have received a grant from the NSF for work on 
the coccolith record across the Ktrboundary. This should 
keep Jim gainfully employed for a couple more years. 

NEW JOBS 
- Jan Krhovsky has left Charles University in Prague for 
a new post at the Czech Academy of Sciences, also in 
Prague. 

- Ric Jordan was spotted at the Aberystwyth ODP meeting 
and seems to be flourishing in Japan. 

NANNOS GO MAD IN DORSET 
UK nanno workers were cajoled into the field for a 
weekend in June by their local leaders, Jackie Bumett and 
Dawn Windley (British Micropalaeontology Society 
nannofossil group Chairman and Secretary), with Paul 
Bown as geological guru. Usually the BMS nanno group 
is strikingly similar to the British contingent at INA 
Conferences but for this event we went both 
multidisciplinary with friends from other BMS groups 
and other parts of the University College Geology Depart-

ment, and multinational·with friends from Italy (Viviana 
RealeandDonataZucchi), Germany (Jiirgen Thurow) and 
the Czech Rep. - Bohumil Hamr~mid, Jan Krhovsk)i and 
Lilian Svabenicka, who were in the UK for a couple of 
weeks scientific visit. 

This mighty geo-team focused its efforts on exami
nation and sampling of the Dorset Jurassic from the Blue 
Lias to Purbeck (Hettangian to Tithonian for the interna
tionally minded), including such thrills as the famous 
White Stone Band coccolith bloomstone (which we had to 
swim through fetid algae to reach). In between we re
freshed ourselves with cream teas, beer, and fish and chips 
and enjoyed the beautiful Dorset countryside in uncharac
teristically beautiful weather. 

COMPUTING- DATABASES, EMAIL AND 
SOFlWARE 

N annofossil database - available now 
As reported in the last issue (database workshop report, 
p. l4-15) I had planned to issue my database through the 
US Geological Survey on CD-ROM. There has now been 
a slight change and by the time you read this I will have 
submitted it as a U.S.G.S. Open-File Report. It will be 
compressed onto 3 or 4, 3.5 inch floppies . I will be 
distributing the data myself to anyone outside of the 
United States. Unfortunately, as it stands right now, 
anyone within the United States will have to order a copy 
through the USGS and pay approximately $30 for it. 
Anyone outside of the United States needs only to send me 
4 formatted high density disks (I would provide them if I 
had any money left in my project, but I don ' t). 

In order to run the program, you need to have a copy 
of dBase on an JBM-compatible computer (if you have 
another database program consult your manuals for infor
mation on file compatibility). The disks that I will send you 
have complete operating instructions for the system as 
WordPerfect, and ascii-text files . There are 5 databases in 
all : 

1) Publications database: including a complete list of 
nannoplankton publications from Loeblich and Tappan, 
and the INA Newsletter. Data can be searched on by 
author, title, journal, date published, geologic period, 
geographic location, and various types of scientific data 
presented. 

2) Address database: containing addresses, phone num
bers, fax numbers, and email numbers for al}yone in the 
nannofossil field. 

3-4) Cenozoic and Mesozoic nannoplankton species 
nomenclatural data: including original name, subse
quent names, validity as presented by Loeblich and Tappan 
and in INA Newsletters, and the geologic period in which 
the species was originally described. 

5) Cenozoic nannoplankton speCies additional data: 
containing additional information compiled by myself 
from many of the publications. Including information on 
illustrated specimens, author and year of the publication, 
the species name used, type of illustration (SEM, light 
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picture, line drawing), and the age and geographic loca
tion for the specimen. 

The next step is to get this information available via the 
Internet. This will be available within a couple of months. 
Also, if there is interest, I will work with someone to 
develop a way to send periodic updates ofthe information 
(perhaps twice a year) that won't erase previous informa
tion (this way individuals can also add their own 
information). Everyone, please give me lots of feedback on 
what you think should be the future direction for this data, 
both as to content and to method of distribution. 

Anyone interested in obtaining these databases, 
should get in contact with me: 

Laurel By be/1 U. S. Geological Survey 970 Na
tional Center Reston, VA 22092 USA. Phone: 7031 
648-5281 , fax : 703/ 648-5420, e-mail: 
lbybell@_.geochange. er. usgs.gov 

Coccoliths@morgan.ucs.mun.ca. -
a new mailing list 

Finally we have set up an email mailing list specially for 
discussion on coccoliths, nannofossils, calcareous 
nannoplankton, IN A, and any related matters. Well actu
ally Helen Gillespie has- she's a nanno worker at Memorial 
University of Newfoundland, who being a touch isolated 
from centres of nanno study felt a special interest in email 
communication. 

A mailing list is a form of email discussion group. 
Messages are sent to the list 
(cocco/iths@.J1lorgan. ucs. mun. ea.) then the listserver com
puter in Newfoundland automatically sends out copies to 
everyone else on the list. Anyone who wants can offer their 
opinion via another message mailed directly to the origi
nal sender or to all subscribers of coccoliths. We encourage 
sending to all subscribers. Very simple really- and you can 
leave . the list at any time by simply sending an 
''unsubscribe'' command. 

How to join 
Send the following email message to: 
listserver@morgan. ucs. mun. ea. 

HELP 
SUBSCRIBE COCCOLITHS <first, last name> 

-Write only the two lines above- don' t include a signature, 
subject, polite hullo, explanation of your interest, etc. (its 
a computer not a person who gets the message). 
- <first, last name> put your name here, without the 
brackets<> 
- HELP will send you a file with explanation of other 
commands, more about how the system works. etc. 

You should remember that there are 3 addresses 
involved: 
- cocco/iths@morgan. ucs. mun. ea. The address of the list, 
send messages for broadcasting here. 
- listserver@.Jnorgan.ucs.mun.ca. The listserver, send 
command messages to subscribe etc. here. These mes
sages are sent as normal email messages but are commands 
to the listserver computer. You should leave the subject 
field blank and not include a " signature" (but it won ' t 
matter too much if you forget) . 
- helen@.J1lorgan.ucs.mun.ca. Helen Gillespie's address, 
she is the nanno worker who has set up the list and is 
responsible for keeping an eye on it. Contact her if you get 
confused. 

Jeremy Young, jy@fihm.ac. uk 
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Macintosh image analysis software for 
coccoliths 

As part of the EC funded project on the ecology and 
biogeochernical impact of Emiliania huxleyi I have been 
developing an image analysis application, to automate 
biometric work on E.huxleyi coccoliths, using cross
polarised light images. It consists of a set of macros for the 
program NIH-Image. This is a very respectable Image 
Analysis program produced as freeware by the National 
Institutes of Health in the USA for scientific research 
work. It is only available for Apple Macintosh computers. 
Broadly the macros I have written do two things: 

1. Create composite "mosaic" images of 30 specimens 
-these are similar to plates, but with each image the same 
size. This makes archiving and biometrics easier and 
allows the operator to identify the specimens to measure. 
The macros do this very fast and effectively, and could be 
used with any nannofossils. 

2. Go through these mosaic images automatically meas
uring several parameters on each specimen and displaying 
the results. These macros will need alteration to work on 
other coccoliths. Additional macros enable errors to be 
corrected, or the measurements to be made entirely manu
ally. 

The program NIH-Image with full documentation is avail
able via anonymous ftp from zippy.nimh.nih.gov. The 
macros I have written are also available on this site (user 
macros directory, Coccolith Biometrics). They are also 
available on the Natural History Museum ftp site 
(mailserver.nhm.ac.uk (lP number 157.140.2.2) incom
ing directory, jryoung, coccobiom). Together with the 
macro files are specimen images and text files explaining 
the macros and their use. 

Alternatively I will happily send a copy of the 
program, macros, and specimen images, if you send me a 
blank 1.4Mb formatted Macintosh disk, together with a 
stamped addressed envelope to return it to you in. 

The system was demonstrated at the recent ODP and the 
Marine Biosphere Meeting held in Aberystwyth, and a 
paper describing it has been submitted to the Proceedings 
volume. 

Jeremy Young, Palaeontology Dept., The Natural 
History Museum, London SW7 5BD, email:jy@nhm.ac. uk 

BOOKS 
Two new books dealing with modem nannoplankton liave 
recently been published, we have received review copies 
and will publish reviews in the next issue. These are; 

Coccolithophores 
edited by Amos Winter and Bill Siesser 

It is a beautiful 11 chapter multi-author review of living 
coccolithophore biology, ecology, taxonomy, biogeogra
phy and sedimentation. This should .,e ~··an invaluable 
source book for any palaeontologists interested in the 
ancestors of their beasts. An advertising flier giving INA 
members a 25% discount on this book is included with his 
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issue. Publisher; Cambridge University Press, ISBN 
0-521-38050-2. 

Marine Pbytoplankton- A Guide to Naked 
Flagellates and Coccolithopbores 

edited by Carmelo R. Tomas, 
with Coccolitbopborids chapter by Berit Heimdal. 

This is primarily intended as a manual for identification 
of marine flagellates by light microscopy. Publisher; 
Academic Press, ISBN 0-12-693010-4. 

In addition there is a third book Tbe Haptopbyte Algae 
edited by John Green and Barry Leadbeater, the proceed
ings of the Plymouth Conference which should be published 
later this year, as a Systematics Association Special 
Publication. This will review the biology of the Haptophyta, 
including of course Coccolithophores. These books do 
overlap but approach the subject from different perspec
tives and with different interests and should be 
complimentary. 

Radiolaria 14 
" Radiolaria" the ·newsletter of the International Associa
tion of Radiolarian Palaeontologists (INfERRAD) has 
been rejuvenated by Luis O 'Dogherty (who has just fi
nished a PhD with Peter Baurngartner). The new issue 
(No. 14) is a generous 122 pages of A4 incorporating 
bibliographies (with abstracts) for 1989 to 1994, an ad
dress list, news items, details of publications and some 
discussion articles. INA members with radiolarian inte
rests should find a companionable home in InterRad, 
membership, including receipt ofRadiolaria I 4 is US$15, 
send to: 

Luis 0 'Dogherty, Inst . de Geologie et 
Paleontologie, BFSH-2 Univ. de Lausanne, CH-1015 
Lausanne, Switzerland. Email/odogher@igp.unil.ch 
Or - after September I 994: 

Luis 0 'Dogherty, Depto. de Estructuras, Fac. de 
Ciencas del Mar, Aprto 40 Poligno del Rio S. Pedro, 1150 
Puerto Real, Cadiz, Spain. Emai/lodogher@czv 1. uca. es 

HAPTOPHYTES OR PRYMNESIOPHYTES-
WHAT DO WE STUDY? 

This important issue has recently been discussed by 
Jordan and Green ( 1994). From which the following is a 
brief summary. Coccolithophores are, of course, members 
of a larger group of algae, including many non-calcifying 
genera sharing common characteristics particularly the 
possession, in motile stages, of a haptonema. The group is 
generally regarded as of division/phylum status but two 
names are in use, the descriptive name Haptophyta and the 
typified (i.e. derived from a valid generic name) name 
Prymnesiophyta. The ICBN allows descriptive names for 
phyla and the name Haptophyta has been validly described 
(Prymnesiophyta has not been), by Cavalier Smith ( 1986). 
Conyersely at class level descriptive names are not valid 
under the ICBN, and the name Prymnesiophyceae has 
been validly published. So coccolithophores belong to: 

Division Haptophyta, Cavalier-Smith 1986 
Class Prymnesiophyceae Hibberd 1976. 

Following from this the informal name haptophyte is 

News and gossip, p. SO -S4. 

greatly preferable to prymnesiophyte. At lower levels 
families are becoming reasonably well established but 
there is still no clear consensus on either their phylogenetic 
relationships or their classification into orders. 

Jeremy Young. The Natural History Museum. Lon
don, UK 

REFERENCES 
Cavalier-Smith, T. , 1986: The Kingdom Chromista: Origins 

and Sytematics. Progr. Phycol. Res., 4, 309-347. 
Hibberd, D.J. , 1976: The ultrastructure and taxonomy of the 

Chrysophyceae and Prynmesiophyceae (Haptophyceae ): 
A survey with some new observations on the 
ultrastructure of the Chrysophyceae.Bot. J. Linn. Soc., 
72, 55-80. 

Jordan, R.W. & Green, J.C., 1994: A check-list of the extant 
Haptophyta of the world. J. Mar. Bioi. Assoc. U.K. ,74, 
149-174. 

LATIN EXPERTISE OFFERED 
I have noticed that Latin is not always used correctly in the 
formation of generic and specific names. Latin is not so 
easy (it is a dead language!) especially for people whose 
language has no Iatin roots. As I experienced several years 
of Iatin studies I have reasonable knowledge and should 
like to offer my help to any INA members who need 
enlightenment on the subject. · 

Si/via Gardin, BRGM SGN/ 12GIGSB. Ave. du 
Concyr B.P. 6009, Orleans Cedex 021 France. 

CONFERENCES AND WORKSHOPS 
(in chronological sequence) 

Nannosea Workshop August 16- 18, 1994, 
Kuala Lumpur 

In the previous issue of the Journal of Nannoplankton 
Research, an Asian- Pacific INA Meeting was announced, 
to be organised in Kuala Lurnpur, August 1994. This 
meeting will actually be a workshop on Neogene 
nannoplankton of South East Asia. We aim to bring 
together a small group of people (up to about 20) with a 
working knowledge ofNeogene nannoplankton in South 
East Asia. This is the area roughly limited to the eastern 
part of the Indian Ocean, the western part of the central 
Pacific, and the area i~ between, with the bordering 
onshore areas (see map). 

~ . 
Aims ~ · 

The aims of the workshop are as follows: 
I. Establish a common species concept for biostra

tigraphically useful species, or at least establish to 
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what extent species concepts differ between nanno
plankton specialists. 

2. Establish the ranges or sequence of events (like FADs 
and LADs) for as many species as possible, and the 
extent to which they vary within the area. 

3. Obtain an overview of the geographical distribution of 
assemblages per time-slice (e.g. per zone). 

Means 
We hope to achieve these aims by the following means: 
1. Restrict participation to a small number of people with 

a working knowledge of Neogene nannoplankton in 
the area. 

2. Have round-table discussions rather than formal pre
sentations, in which each participant can contribute 
from his or her experience. 

Participants are expected to bring microscope prepara
tions or photographs to serve as a basis for discussion. A 
microscope equipped with video, an overhead projector 
and slide projector will be available to facilitate multiple 
viewing, and additional microscopes will be available for 
side-discussions. 

Participants are encouraged to bring any records 
that may help to establish ranges, such as range charts, 
distribution charts or events charts. 

Time -place - costs 
The timing of the workshop is currently planned ·for 

August 16- 18, which is just before the AAPG Meeting. 
The place is Kuala Lumpur, at the premises ofPetronas. 
No costs are involved in attending this workshop other 
than travel, hotel and overnight allowances. So, in sum-

. mary: 
Time: August 16- 18, 1994 
Venue: Petronas Research Institute, Selangor (Kuala 
Lumpur), Malaysia. 
Registration Fee: none 

If you have a working knowledge of Neogene 
nannoplankton of South East Asia, and are interested in 
participating in this workshop, please write to me: 

Shirley E. van Heck, clo Sarawak Shell Berhad, 
XGS/ 1, 98100 Lutong, Sarawak, Malaysia. Tel: 06-85-
454167; Fax: 06-85-452030. 

Emiliania huxleyi and tbe oceanic carbon cycle, 
5tb-8tb April 1995, London 

An International Conference presenting results of the 
multidisciplinary EC (MAST 11) funded programme 
" Coccolithophorid Dynamics: The European Emiliania 
huxleyi Programme (EHUX) '' -ANNOUNCEMENT /IN
VITATION 

Rationale 
This conference will present results from 
" Coccolithophorid Dynamics: The European Emiliania 
huxleyi Programme (EHUX)' '. This is a multi-discipli
nary programme funded by the Marine Science and 
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Technology initiative of the European Commissions. Its 
objective is to deepen our understanding of the marine 
component of the global carbon cycle by intensive study of 
a single core-component of that cycle- the coccoli thophorid 
alga Emiliania huxleyi. The reasons for this choice were 
obvious: it is one of the most abundant planktonic species, 
is readily cultured; has an excellent fossil record, and plays 
important parts in the biogeochemical cycles of both 
sulphur and carbon. By concentrating on a single species 
we are able to investigate the interactions of a much wider 
range of processes than is normal in global cycle studies, 
and to investigate the actual non-linear responses of real 
organisms rather than treating the entire biota as a single 
biogeochemical pump. Projects within the research pro
gramme range from satellite monitoring of gigantic blooms 
to laboratory-based studies of intracellular processes. 
Disciplines involved include cell biology, molecular ge
netics, morphological taxonomy, phytoplankton ecology, 
marine biology, biochemistry, organic geochemistry. The 
studies on particular aspects of the organism and its 
interactions with the environment are complemented by a 
series of projects producing synthetic computer models 
based on them. This modelling is a key goal of the 
programme, exploring the inter-relationships of the 
diverse phenomena under study and bringing the experi
mental findings into a coherent picture. 

The work has been in progress for about 5 years, 
as the Global Emiliania Modelling initiative (GEM), with 
EC funding since Jan. 1993, and has been co-ordinated via 
a series of internal workshops held in Blagnac, France. 
This conference will provide an opportunity to present 
together the results of the numerous component projects, 
plus separately funded geological and biogeographical 
studies on Emiliania huxleyi . It will be open to any 
interested scientists and strictly relevant talks from out
side the main research group will be welcome. 

Basic details 
- Date: Weds 5th-Sat 8th April 1995 (Scientific ses

sions Thurs 6th & Friday 7th). 
- Place: The Natural History Museum, Cromwell Road, 

London, UK. Accommodation will be available in 
Imperial College halls of residence. Cost ea. £25/day 
B&B, and at local hotels for rather more. 
Registration: Full registration will about £50, with 
reduced day rates and student rates. 
Convenor: Jeremy R. Young (Palaeontology Dept. , 
The Natural History Museum, London). . 
Organising Committee: Roger Harris (Plymouth 
Marine Laboratory, UK), Peter Westbroek (Dept.of 
Chemistry, Leiden University, The Netherlands), Berit 
Heimdal (Dept. of Fisheries and Marine Biology, 
University of Bergen, Norway). 

TO BE INCLUDED IN THE CIRCULATION LIST 
PLEASE CONTACT ME: ~ 

Jeremy Young, Palaeontology Depl., The Natu
ral History Museum, . London SW7 5BD, UK. Tel. 
071-938-8996; Fax 071-938-92 77; E-Mail 
jy@.J1hm. ic. a c. uk 
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2nd International Conference on Pelagic 
Biogeography, ICoPB, 10-14th July 1995, 

The Netherlands 
A conference to discuss the results and recommendations 
of the SCOR 93 working group on Pelagic Biogeography, 
and other new developments in the field. Organizing 
Committee address: 

S. van der Spoel, Inst. for Taxonomische 
Zoologie, PO Box 94766, 1090 Gt Amsterdam, The 
Netherlands. 

6th INA Conference Copenhagen, Denmark, 
September 1995 

Convenor - David Jutson 
As you will have read in the last issue of the .JNR, the next 
INA conference will be held in Copenhagen. It is planned 
totakeplacefrom 2nd-7th September 1995. This includes 
the planned field excursions; the main scientific sessions 
and workshops will be from 4th - 6th September. The 
meeting will be held at the Danish Geological Survey 
Research Centre in northwest Copenhagen. 

Full details of the conference will be circulated 
to all (paid up) INA members by the end of July. We are 
hoping to be able to partially support travel and accom
modation costs fora limited number of potential attendees 
with low budgets. Please contact me if you think you need 
help. 

David Jutson, Danmarks Geol. Undersogelse, 
Thoravej8, Copenhagen NV, DK-2400,Denmark. Phone 
+45-3/-106600. Fax 45-13-196868. 

Future Asian INA Meeting- November 1995, 
Lucknow, India 

There are good prospects for an ASIAN International 
Nannoplankton Association Meeting being sponsored by 
the Palaeobotanical Society, Lucknow during November 
1995 (tentative dates 23-25 very pleasant weather in 
November). This timing would coincide with the Golden 
Jubilee celebrations of the Palaeobotanical Society - and 
the Birbal Sahni Institute of Palaeobotany, Lucknow. 
The meeting hall and other facilities, microscopes etc. 
and paid accommodation can be arranged by the spon
sors. It is hoped to publish the proceedings as a special 
priced issue ofGEOPHYTOLOGY. Suggestions for pos
sible Workshop themes and one field excursion are 
wannly invited. Please contact: 

Syed A . Jafar (Convenor Lucknow ASIAN INA 
Meeting) , The Palaeobotanica/ Society. 53 University 
Road,Lucknow-226007, INDJA .Fax +91-(0)522-283536/ 
381948. Tel. +91-(0)522-381948. 

News and gossip, p. 50- 54. J. Firth: ODP News, p. 54- 55. 

North American Paleontological Convention-VI, 
Washington, D. C. June 9-12, 1996 

First circulars for.this meeting are due in early 1995, to get 
on the mailing list contact: 

M A. Buzas, Dept. of Paleobiology. NMNH 
MRC-1 21, Smithsonian Institution, Washington, D. C. 
20560. EMail MNHPBOOJ@.-8IVM.si.edu. 

CONFERENCE REPORT 

ODP and the Marine Biosphere 
University of Wales, Aberystwyth, 19-21 April1994 

Convenon: Ian Doomer, Alicia Moguilevsky, and 
Robin Whatley 

This was essentially a meeting on micropalaeontology in 
the Ocean Drilling Program, it was attended by about 60 
delegates from Western Europe, Japan and the USA. These 
included a very resectable contingent of INA members
Alex Chepstow-Lusty, Elisabetta Erba, Jose-Abel Flores, 
Ric Jordan, Hisatake Okada, Viviana Rea le, Dave Rutledge, 
Giuliana Villa, Dave Watkins, Woody Wise, Anthony 
Wyatt, and myself. Most of whom presented either talks or 
posters, and Woody Wise gave a fine keynote address on 
''The Role of Calcareous Nannofossils in the ODP and 
DSDP'' showing how nannofossil research and deep sea 
drilling have eo-evolved from the initial exploratory work 
of the late seventies to the modem sophisticated studies. 
Aside from nanno workers there were substantial numbers 
of foram and ostracod workers, and a selection of 
palynologists, radiolarian, calcisphere and diatom work
ers. Aberystwyth is a relatively remote location but we were 
rewarded for our travel by some fine scenery, a very friendly 
atmosphere, and a superb Welsh male voice choir. 

The meeting had been called by the Aberystwyth 
research group in response to a perception that this type of 
marine micropalaeontology needed a discrete forum away 
from the increasingly large, impersonal, and ?disinter
ested palaeoceanographic congresses. The hope was that 
micropalaeontologists could meet relatively informally 
and share results between different microfossil groups. 
During a business session it was generally agreed that these 
objectives were worthwhile and had been largely met by the 
meeting, although predictably there was much discussion 
as to whether separatist meetings were the best response to 
perceived marginalisation. Tentative plans were made for 
a follow up meeting in 1997 to be hosted by Tom Cronin 
and Harry Dowsett of the US Geological Survey Center in 
Reston, Virginia (also home of nanno worker Laurel 
Bybell). 

Jeremy R. Young. The Natural History Museum, 
London. 

OCEAN DRILLING PROGRAM NEWS 
John Firth, Ocean Drilling Program. Texas A & M University 

ODP Leg 153 (November 29, 1993- January 24, 1994) 
drilled the mid-Atlantic ridge crest (MARK) to recover 
deep crusta! and mantle rocks in an exposed rift. They 
recovered over 100 m ofperidotites, and another 100 m 
of lower crust gabbros. 

ODP Leg 154 (January 29- MaJ~}126, 1994) drilled the 
Ceara Rise in the equatorial Atlantic to study Cenozoic 
pa1aeoceanography and bottom current (North Atlantic 
Deep Water and Antarctic Bottom Water) history. Jan 
Backman and Isabella Raffi were the nannofossil 
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paleontologists on this leg. Leg 154 recovered about 5800m 
of cores, ranging from Eocene to Quaternary, successfully 
recovering 100% of sediments from the last 10 m. y., and 
>90% recovery of the older sediments. They also recog
nized detailed orbital variation signals from physical 
properties, logs, and colour analyses, which were tied to 
biostratigraphic tie points, back through the Oligocene. 

ODP Leg 155 (March 31- May 26, 1994) drilled the 
Amazon Fan. 21 sites were drilled to study the facies 
distribution of the fan, as well as the Quaternary climate 
history of the Amazon basin. 

ODP Leg 156 (May 31- July 26, 1994) will drill the north 
Barbados Ridge accretionary prism, to study the relation
ship of fluid flow and structural deformation in a 
fine-grained siliciclastic regime. 

ODP Leg 157 (July 31 - September 25, 1994) will the 
Madeira Abyssal Plain (MAP) and the Canary Island 
volcaniclastic apron (VICAP). The MAP project will 
study turbidite deposition in the plain and its relationship 
to sea-level fluctuation, as well as basin history. The 
VICAP project will study the detailed history of volcanic 
events and evolution of Grand Canaria and Tenerife 
islands. Joanne Sblendorio-Levy and Richard Howe will 
be the nannofossil specialists for this leg. 

ODP Leg 158 (September 30- November 25, 1994) will 
drill TAG, a geothermal 'black smoker' site, to study the 
geochemistry, mineralogy, and fluid flow regime of the 
deposits. 

The 1995 drilling schedule is as follows (firm dates have 
not yet been set due to uncertainty of the time and place for 
drydock): 

Dry dock (December, 1994) is scheduled to perform main
tenance, cleaning and overhaul of the ship. The place for 
this work is not yet determined. 

Leg 159 (March-April, 1995) will drill the Eastern Equa
torial Atlantic Transform Margin in the Gulf of Guinea, 
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to study the structural development of a transform margin 
from its inception in early Cretaceous time to the present 
Sediments from the Lower Cretaceous to Quaternary are 
anticipated. Staffing is now underway for this leg. 

Leg 160 (May-June, 1995) will drill the eastern Mediter
ranean collisional margin to the west, south, and east of 
Crete, and to study sapropel development in this region. 
Staffing is now underway for this leg. 

Leg 161 (July-August, 1995) will drill the Alboran Basin 
to study the structural development of an extensional basin 
within a collisional margin area, and to study sapropel 
history in the western Mediterranean. Staffing is now 
underway for this leg. 

Leg 162 (September-October, 1995) will be the second leg 
of the North Atlantic- Arctic Gateways program (the first 
being Leg 151), and will study the gateway development 
between the Arctic, Norwegian-Greenland Sea, and At
lantic oceans from Palaeogene to Quaternary, as well as 
palaeoceanographic and palaeoclirnatic history of this 
region. Staffing is now underway for this leg. 

Leg 163 (November-December, 1995) will drill the Blake 
Ridge and Carolina Rise to study gas hydrate formation. 
Staffing is now underway for this leg. 

Leg 164 (January-February, 1996) will test the Diamond 
Coring System at the Vema Fracture Zone on the Mid
Atlantic Ridge. Anticipated lithologies are limestones and 
lower crusta} rocks (sheeted dikes and gabbros). 

For more information on Ocean Drilling and other JOIDES 
activities, write to Joint Oceanographic Institutions, Inc., 
1755 Massachusetts Ave., NW, Suite 800, Washington, 
D. C. , 20036-2102, US. A ; Phone: 202-232-3 900; Internet: 
joi@iris.edu; to request copies of the JOIDES Journal. 

To apply for participation as a shipboard scientist 
on an ODP cruise, send a letter of request and a resume to 
the Manager of Science Operations, Ocean Drilling Pro
gram, Texas A&M University Research Park, College 
Station, TX, 77845. Yo_u will receive an application form 
to fill out and return to ODP. 

THE ICBN: THINGS YOU NEED TO KNOW- 10 
Shirley E. van Heck, SSB, Lutong, Sarawak, Malaysia 

In the past few issues, we have explored the rules dealing 
with validity. The next article, nr. 37, again sends us on a 
lengthy side track, which will take several issues to follow. 

ARTICLE 37 
37.1. Publication on or after 1 Jan. 1958 of the name of 
a new taxon of the rank of genus or below is valid only 
when the holotype of the name is indicated (see Arts. 
7-10; .. ) 
Although we all know that a holotype is necessary in order 
to introduce a valid species, not everyone is aware that this 
rule is effective only from 1958 onwards. Hence, several 

of the older taxa, e.g., Zygosphaera, Z. hellenica, Z. 
wettsteinii introduced by Kamptner, 1937 had no type 
assigned to them when they were first published, but are 
nevertheless valid. This is not the case with 
Cribrosphaerella danica Brotzen 1959, for which no 
holotype was indicated and which was therefore invalid 
(but has been subsequently validated). 

As there are different sets of rules tMt.deal with the 
types of species, the types of genera, and other ranks, I 
shall try to reduce confusion and first follow up those 

references that deal with the types of species. 
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ARTICLE 7 
7. 1. The application ofnamesoftaxaofthe rank of family 
or below is determined by means-o]nomenc/atural types 
(types of names of taxa) . .. .. . 

7. 2. A nomenc/atural type (typus) is that element to which 
the name of a taxon is permanently attached, whether as 
a correct name or as a synonym. The nomenc/atural type 
is not necessarily the most typical or representative 
element of that taxon. 

Some people seem to have a problem with this last 
addition. Indeed, judged by the morphological variation of 
a species, the holotype is sometimes considered 'atypical' 
(as in Calculites ova/is). 

7. 3. A holotype is the one specimen or illustration used by 
the author or designated by him as the nomenc/atural 
type. As long as the holotype is extant, it automatically 
fixes the application of the name concerned. 

This rule is rather tricky, as it seems to indicate that 
an illustration can serve as a holotype. See, however, Art. 
9, where this problem will be further discussed. 

7. 4.lf no holotype was indicated by the author of a name, 
or when the ho/otype has been lost or destroyed, or when 
the material designated as type is found to belong to more 
than one taxon, a lectotype or, if permissible (Art. 7. 9) a 
neotype as a substitute for it may be designated. A 
lectotype always takes precedent over a neotype, except 
as provided by Art. 7. 10. An isotype, if such exists, must 
be chosen as the lectotype. If no isotype exists, the 
lectotype must be chosen from among the syntypes, if such 
exist. lfneither an isotype nor a syntype nor any of the 
original material is extant, a neotype may be selected. 

This is quite a mouth-full, with a lot of different 
types, which are defined in the next few articles: 

7.5. A lectotype is a specimen or illustration selected from 
the original material to serve as a nomenc/atural type 
when no holotype was indicated at the time of publication 
or as long as it is missing. When two or more specimens 
have been designated as types by the author of a specific 
or infraspecific name (e.g. male and female, flowering 
and fruiting, etc.), thelectotype must be chosen from 
among them. 

Again a rather tricky article, as it seems to indicate 
that more than one specimen may serve as the type. One 
may, after all, just as easily add 'proximal and distal', but 
again see Art. 9 for further discussion. 

7.6. An isotype is any duplicate of the holotype; it is 
always a specimen. 

A duplicate in terms of coccoliths might be thought 
of as another coccolith that appears to be part of the same 

coccosphere. If, however, a complete coccosphere is avail

able, it would be more logical to make the entire coccosphere 

the holotype. 

7. 7. A syntype is any one of two or more specimens cited 
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by the author when no holotype was designated, or any 
one of two or more specimens simultaneously designated 
as types. 

In practise the first applies only to cases prior to 
1958, when a holotypewas not compulsory. For the second 
case, see Art.9. 

7. 8. A paratype is a specimen or illustration cited in the 
protologue that is neither the holotype nor an isotype, nor 
one of the syntypes if two or more specimens were 
simultaneously designated as types. 

7.9. A neotype is a specimen or illustration selected to 
serve as nomenc/atural type as long as all of the material 
on which the name of a taxon was based is missing (see 
also Art. 7. 1 0). 

7. 1 0. When a holotype or a previously designated lectotype 
has been lost or destroyed and it can be shown that all the 
other original material differs taxonomically from the 
destroyed type, a neotype may be selected to preserve the 
usage established by the previous typification (see also 
Art. 8.5). 

8. 5. A neotype selected under Art. 7.10 may be superseded 
if it can be shown to differ taxonomically from the 
holotype or /ectotype it replaced. 

To summarise then: if an author indicates one 
specimen as the type, it is the holotype. He may have 
indicated a duplicate, which is the isotype. If he indicated 
more than one specimen as type, these are syntypes. 
Additional specimens indicated by the author, but from a 
different sample or locality, are paratypes. If a new type 
needs to be chosen, one takes the isotype, or if that doesn ' t 
exist the syntype, or otherwise a para type. Such a new type 
is called the ledotype. If none of the original material 
exists, one chooses a neotype. 

7.1 1. A new name published as an avowed substitute 
(nomen novum) for an older name is typified by the type 
of the older name (. . .) 

7. 12. A new name formed from a previously published 
legitimate name (slat. nov., comb. nov.) is, under all 
circumstances, typified by the type of the basionym (.). 

These last two rules state that a type is forever fixed 
for a particular species, even if it is transferred to another 
genus or another rank. For example, when Heliorthus 
tenuis was transferred to the genus Coccolithus, a nomen 
novum (C. he/is) had to be introduced to avoid a homo
nym. Thus, the holotype of C. he lis is the same as that for 
Heliorthus tenuis and Cruciplacolithus tenuis. 

7. 13. A name which was nomenc/aturally superfluous [i.e. 
an objective synonym] when published(..) is automati
cally typified by the type of the name which ought to have 
been adopted under the rule$, unless the author of the 
superfluous name has definitely indicated a different type. 

This means that if you include the holotype of 
another species in the synonymy of your newspecies, that 
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holotype automatically becomes the type of your new 
species, which is then a junior synonym of the included 
species. If you have definitely indicated another type, then 
it is still a junior synonym, but someone else (or you) may 
later decide that the other species (and its holotype) should 
not have been included, in which case the new species is 
no longer regarded as a junior synonym. An example is 
difficult to find, but the following case may serve: 

When Schwartz (1894) introduced the name 
Coccolithus oceanicus he stated that he proposed the 
name ''for all the forms hitherto described, recent and 
fossil ". Since Wallich ( 1877) had already described 
Coccosphaera pelagica and Coccosphaera carteri , 
Schwartz introduced a junior synonym, of which the 
holotype is automatically the one designated for C. pelagica 
or the one for C. carteri . 

7. 16. A name validly published by reference to a previ
ously and effectively published description or diagnosis 
(.)is to be typified by an element selected from the context 
of the validating description or diagnosis, unless the 
validating author has definitely designated a different 
type. 

It is difficult to think of a case for nannoplankton 
that an author would validate an invalid species without 
indicating a type, as (after 1957, see Art. 37.1 above) that 
in itself would be invalid. However, if the original species 
had a holotype, but were invalid for another reason (like 
belonging to an invalid genus or being a provisional 
name), the original holotype might still automatically be 
considered the type for the validation, even if the validat
ing author does not explicitly say so. 

7. 18. The type of the name of a taxon of fossil plants oft he 
rank of species or below is the specimen whose figure 
accompanies or is cited in the valid publication of the 
name (see Art. 38). Jffigures of more than one specimen 
were given or cited when the name was validly published, 
one of those specimens must be chosen as the type. 

Again, this can only apply to species published 
before 1958, or a type would have to be indicated for the 
species to be validly published. Note that it is stated that 
the type is the specimen that is illustrated, not the figure 
itself. But it is more complicated: 

ARTICLE 38 
38.1. In order to be validly published, a name of a new 
taxon of fossil plants of specific or lower rank published 
on or after 1 Jan. 1912 must be accompanied by an 
illustration or figure showing the essential characters, in 
addition to the description or diagnosis, or by a reference 
to a previously and effectively published illustration or 
figure. 

In summary: before 1912 no type and no figure was 
required, only a description (Art. 32). After 1911 (for 
recent species 1957, see below) but before 1958 a figure 
was required, but still no holotype. Only after 1957 was a 
holotype required, as well as a picture and description. 

We might as well follow up with the next article, 
which makes a similar statement for recent algae: 
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ARTICLE 39 
39.1. In order to be validly published, a name of a new 
taxon of non-fossil algae of specific or lower rank pub
lished on or after 1 Jan. 1958 must be accompanied by an 
illustration or figure showing the distinctive morphologi
cal features, in addition to the Latin description or 
diagnosis, or by a reference to a previouslyand effectively 
published illustration or figure . 

The differences with the previous article are high
lighted. The same comments are valid as made for the 
fossil taxa. Note that it is nowhere required to publish an 
illustration of the holotype, or even of an actual specimen. 
A schematic drawing showing the main characteristics is 
sufficient, and of course before 19 58 no holotype is 
required. This has occurred quite frequently in the 
nannoplankton literature, if we think of early illustrations 
of for instance Wallich, LohmannandMurray & Blackrnan, 
and it may be difficult to establish if a physical type exists. 

We will skip Art.8, which deals with lectotypes and 
neotypes, and move on to 

ARTICLE 9 
9.1. The type (holotype, lectotype, or neotype) of the name 
of a species or infraspecific taxon is a single specimen or 
illustration except in the following case: for small herba
ceous plants and for most non-vascular plants, the type 
may consist of more than one individual, which ought to 
be conserved permanently on one herbarium sheet or in 
one equivalent preparation (e.g., .. , microscope slide). 

A good example for this case is provided by, Noel 
( 1969), who described various Aspidolithus species with 
separate holotypes for the proximal and distal views. 
These would thus form syntypes, and publication is valid 
under the rules if 0e specimens are in the same prepara
tion. 

9.2. 1fit is later proved that such a type herbarium sheet 
or preparation contains parts belonging to more than one 
taxon (Art. 7.4), the name must remain attached to that 
part (lectotype) which corresponds most nearly with the 
original description. 

9.3. 1fit is impossible to preserve a specimen as the type 
of a name of a species or infraspecific taxon of non-fossil 
plants, or if such a name is without a type specimen, the 
type may be an illustration. 

This basically means that many of our fossil spe
cies are without types, as either the specimens are destroyed 
when TEM micrographs are made, or preparations for 
SEM or light microscopes have deteriorated. The writers 
ofthe code apparently felt that if something is fossilised, 
it is indestructible. This is one rule that is often ignored 
amongst nannoplankton workers, where the illustration of 
the type is normally treated as the type. Perhaps we ought 
to try to get this rule changed, if w.e are to stay within the 
law! After all, I doubt whether many of our preparations 
will last indefinitely. -~, 

3 7. 3. For the name of a new species or infraspecific taxon, 
citation of a single element is acceptable as indication of 
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the holotype (but see Art. 3 7.4). Mere citation of a locality 
without concrete.reference to a specimen does not how
ever constitute indication of a holotype. Citation of the 
collector's name and/or collecting number and/or date of 
collection and/or reference to any other detail of the type 
specimen or illustration is required. 

37.4. For the name of a new taxon published on or after 
1 Jan. 1990, indication of the holotype must include one 
of the words "typus" or "holotypus ", or its abbrevia
tion, or its equivalent in a modern language. 

37. 5. For the name of a new species or infraspecific taxon 
published on or after I Jan. 1990 whose type is a specimen 
or unpublished illustration, the herbarium or institution 
in which the type is conserved must be specified. 

In combination with Art. 37.3. this implies that it 
is not necessary to illustrate the holotype, as long as you 
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indica~e where it is. From this, and Art. 9 it can be 
concluded that the holotype is best kept in a fixed prepa
ration microscope slide that has the best chance to last 
longest, and publish light micrographs of that, and use 
other specimens for electron microscope pictures, unless 
you can preserve the specimen (and still view it) after 
scanning. 

This has been a rather long contribution, necessary 
to keep all the articles dealing with typification for species 
together. The next issue will look at typification of genera 
and higher ranks. 

REFERENCES: 
Greuter, W., 1988: International Code ofBotanica1 Nomencla

ture. Koe1tz Scientific Books, 328 pp. 
Noel, D., 1969: Arkhangelskiella ( coccolithes cretaces) et formes 

atfmes du Basin de Paris. Rev. Micropa/eont., 11, 191-
204 . 
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BERRIASIAN TO EARLY APTIAN CALCAREOUS NANNOFOSSILS 
FROM THE VOCONTIAN TROUGH (SE FRANCE) AND DEEP SEA 

DRILLING SITE 534: NEW NANNOFOSSIL TAXA AND 
A SUMMARY OF LOW-LATITUDE BIOSTRATIGRAPHIC EVENTS 

James A. Bergen, Amoco Production Company, Houston, Texas 

Abstract: Recent investigation of 17 sections in the Mesozoic Vocontian Trough (southeastern France) spanning the 
Callovian to Cenomanian has shown great potential for improving Tethyan nannofossil biostratigraphic resolution. 
Both predefined zonal taxa and newly-recognized biostratigraphic events were calibrated to the Lower Cretaceous 
ammonite biostratigraphy. Coeval strata drilled at Deep Sea Drilling Program Site .534 offered the chance to test the 
viabil ity of these new events and evaluate the calibration of the deep~ nannofossil biozonation. Reported here is 
a summary for the Berriasian to lower Aptian, with the most significant improvements being for the V alanginian and 
Hauterivian. Ten new species and two new combinations are introduced. 

Introduction 
The thick basinal sequence of the Mesozoic Vocontian 
Trough in southeastern France contains a fairly complete 
record of nannofossil evolution and now provides an 
excellent opportunity to calibrate the nannofossil record to 
the Tethyan ammonite biostratigraphy. The Vocontian 
Trough also contains several of the stage-stratotypes 
(Berriasian, Biuremian, and Aptian ; Valanginian 
hypostratotype) and has been the subject of recent se
quence stratigraphic work. The first published Lower 
Cretaceous nannofossil biozonation by Thierstein ( 1971 , 
1973) also was founded on sections in this basin. Bralower, 
Monechi, and Thierstein ( 1989) improved biostratigraphic 
resolution for the Tithonian to Berriasian and were able to 
tie the nannofossil biostratigraphy to both the Tethyan 
ammonite biostratigraphy and palaeomagnetic record. 
Deep Sea Drilling Project Site 534 is an important refer
ence section for M-sequence palaeomagnetic record. Roth 
(1983) published the original nannofossil biostratigraphy 
of this site, for which he assigned numbers his Lower 
Cretaceous zones (NCl-10). Sissingh (1977, 1978) pu~ 
lished a numbered, zonal scheme for the Cretaceous (CC 
Zones); Applegate and Bergen ( 1988) further refined this 
zonal scheme based on Lower Cretaceous sections drilled 
on the Galicia Margin during O.D.P Leg 103. 

This paper describes the new species found during 
study of the Lower Cretaceous sections in the Vocontian 
Trough and D.S.D.P Site 534. An outline of the sequence 
of nannofossil events in common between these two 
localities is provided and correlated to the ammonite 
biostratigraphy of the French sections. Comparisons also 
are made to the aforementioned nannofossil biozonations. 
The taxonomic problems encountered are beyond the 
scope of the current paper and, hopefully, will be ad
dressed in a future publication on the entire 
Callovian-Cenomanian interval. 

Methods 
Research on the Vocontian Trough sections was com
pleted during 1991 at Amoco Production Research in 
Tulsa, Oklahoma. Two factors had a significant impact on 
the results obtained during this study: centrifugation of 
samples and analysis time. These factors improved the 
continuity of stratigraphic ranges, especially for many of 
the rare taxa. 

Abbreviations used in this paper include: LM for 

light microscope; SEM for scanning electron microscope; 
LO for lowest occurrence; HO for highest occurrence; TR 
for total range; Sa for samples; T for top; B for bottom; and 
SZ for Sub zone . Two rough estimates for the 
biostratigraphy reliability of an individual species are 
cited: ( 1) percentage of samples in which the species was 
found throughout its entire documented stratigraphic 
range; or (2) the number of samples in which the species 
was found in either the top or bottom ten samples of its 
documented stratigraphic range. 
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Sections Considered 
TheprimarysectionsforthecurrentpaperincludeD.S.D.P. 
Site 534 (Biake-Bahama Plateau, NW Atlantic) and four 
outcrops in SE France (see Text-Figure 1): (1) Berriasian 
to Valanginian at Angles; (2) Hauterivian at Vergons; (3) 
Barremian stratotype at Angles; and ( 4) the lower Aptian 
stratotype at La Bedoule. Also referenced are the Speeton 
section in Great Britain, the BGS Speeton Borehole, as 
well as other sections in SE France (see Text-Figure 1): 
(A) Albian near Blieux; (B) upper Aptian at Angles; (C) 
the Berriasian stratotype; (D) Tithonian to lower Berriasian 
sections at Broyon and Le Pouzin (Route de Grads & 
Carriere de Anges); and (E) Upper Jurassic sections in SE 
France at La Melle and Lavilledieu. Relevant nannofossil 
publications include: Thierstein ( 1971 , 1973) on the 
Barremian stratotype, Berrias, and Broyon; Bralower et 
al. (l989)onBerrias, Broyon, andD.S.D.P. Site534; Roth 
(1983) on D.S.D.P. Site 534; and the most recent paper 
on the Speeton section (Crux, 1989). The; Berriasian
Barremian ammonite biostratigraphy is based on Bulot 
(1993 & 1994, pers. comm.) and the published framework 
of Hoedemaeker & Bulot (reporters) (1990) and 
Hoedemaeker & Company (1993). The lower Aptian 
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Te:rt-flcure I: Location of Vocontian Trough sections in southeast France. See text (under Sections Considered) for numbering and lettering of 
sections. 

ammonite zones were taken from Busnardo ( 1984) and a 
guide prepared for an Amoco field excursion (Busnardo et 
al., 1987). 

Biostratigraphic Summary 
A sequence of nannofossil events observed in the compo
site Vocontian Trough section and their correlation to the 
ammonite biostratigraphy are summarized in the Text
Figure 2. Only four of these events, which were very 
distinct and reliable in the French sections, were observed 
out of sequence at D.S.D.P. Site 534. Sample density 
(-1 Sa/5m) at Site 534 was a limiting factor (see Appendix 
for list of samples). The thicker Vocontian sequence was 
densely sampled (1 Sa/2 m); facies and sampling density 
were only problematic for the lower-middle Berriasian. 
The following nannofossil events supplemented ammcr 
nite correlations of the four primary Vocontian Trough 
sections (see Table in Appendix): (1) LO of Hayesites 
irregularis for the Barremianand lower Aptian stratotypes; 

(2) HOof Lithraphidites bolli i for the Barremian stratotype 
and Vergons; (3) HO of Eiffellithus windii for Vergons 
and Angles (Berriasian-Valanginian section). 

Systematics: New Species and New Combinations 

Assipetra terebrodentarius (Applegat~. Bralower, 
Covington & Wise, 1987) Rutledge & Bergen, 

new combination 

Remarks: Small specimens transitional between this 
species andAssipetra infracretacea (Thierstein) occur in 
the upper Hauterivian. 

Jlange: LO is uppermost Hailterivian in: (1) DSDP Site 
534 (100% Sa), Core 51-1 , 61-64cm; (2) SE France, 
Angles, Barremian stratotype, Bed 70, angulicostataZone 
(76% Sa); (3) Speeton (approximate), Bed LB5 . 
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Calcicalathina, species A 
(Plate 1, figures lla, b) 

Remarks: This large (9-1 0 J..lm), elliptical murolith is a 
form transitional between Rhagodiscus asper (Stradner, 
1963) Reinhardt, 1967 and Calcicalathina oblongata 
Thierstein, 1971 . It differs from the former species by its 
large size and coarsely granular (more birefringent), 
elevated central area. It differs from the latter species by 
its wider rim (more optically distinct) and lower central 
area. In cross-polarized light, Calcicalathina oblongata 
displays an irregular longitudinal extinction line and its 
poles uniform, bright birefringence (see Thierstein, 1971, 
pl. 4, figs . 6-10 for comparison). 

Range: earliest Berriasian to latest Aptian. DSDP Site 
534: LOin 90-3, 21-22cm. SE France: LOin grandis SZ 
(Route de Grads, Bed 27), 0. 5m below grandis SZ (Broyon, 
19.5m); HO at Angles, Bed 77, upper Clansayesian. 

Diloma, species A 
(Plate 1, figures 12a, b) 

Remarks: This medium-sized species of Diloma has a 
perforate central area spanned by an axial cross. Other 
Diloma species ·with axial central structures are differen
tiated by the presence of diagonal struts in the central area 
and/or inner rim margin. These accessory bars are re
stricted to the inner rim margin in Diloma prim.itiva 
(Worsley, 1971) and beautifully illustrated by Wind & 
tepek (1979; pl. 8, figs. 2, 3). However, such structures 
are not mentioned in the original description of this 
species and only barely visible in one (Worsley, 1971, pl. 
1, fig. 2) of the three photographs of the holotype. The 
original description of Diloma primitiva also mentions an 
imperforate central area. 

Range: Cosmopolitan, early Valanginian to early 
Barremian. DSDP Site 534: Sa 76-6, 94-95cm; SE France: 
LO at Angles, Bed 289, carnpylotoxum Zone; HO at 
Vergons, Bed 146, ligatus Zone; Speeton (approximate), 
Beds D2 to LB5. 

Diloma galiciense, new species 
(Plate l , figures l3a-c, l4a-c) 

1988 Vekshinella angusta (Stover) Verbeek, 1977b. Applegate& Bergen, 

p. 318, pi. 8, figs. 5, 6, 8. 

1991 Chiastozygus sp. Bralower, p. 430, fig. 6, nos. 31 ·32. 

· Derivation of name: after the Galicia Bank, offPortugal. 

Diagnosis: Eiffelithid exhibiting a bicyclic rim extinction 
pattern (outer faint/inner bright) and having in its central 
area an off-axis central cross attached to a proximal plate 
of faint birefringence. 

Description: Medium to large, elliptical murolith. The 
rim is bicyclic in distal view. The inner rim cycle is 
constructed of blocky elements and is brightly birefringent. 
The narrow outer rim cycle is faintly birefringent and its 
elements show strong dextral imbrication. A faintly 
birefringent proximal plate circumscribes the outer cen-
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tral area margin, giving the impression of a tricyclic rim 
extinction pattern. A central cross spans the central 
opening and its arms flare as they attach to the proximal 
plate. The central cross is oriented 10-30 degrees off the 
major ellipse axis and becomes brightly birefringent when 
the coccolith is oriented 45 degrees to the polarizing 
direction. A fibrous, distal projection is present at the 
centre of the cross. Size of measured specimens: 7.0-9.0 
J.lm. 

Remarks: Diloma galiciense is distinguished from other 
Diloma species by its diagonal central structure and from 
other Neocomian muroliths by its tricyclic rim extinction 
pattern. 

Range: Cosmopolitan. DSDP Site 534 (58% Sa), lower to 
uppermost Hauterivian, 63-2, 66-69cm to 52-1, 82-85cm; 
SE France (Vergons, 25% Sa), Hauterivian, Bed 42 
(radiatus Zone) to Bed 89 (sayni Zone). North Sea 
(Rutledge, written comm., 1994 ), lower Hauterivian to 
lower Barremian. 

Holotype: Applegate & Bergen (1988), plate 8, figs . 5, 6, 
8; ODP Site 638B-25R-4, 48-49cm; upper Hauterivian. 

Grantarhabdus quadratus (Worsley, 1971) 
new combination 

(Plate 1, figure 10) 

1971 Watznaueria quadrata- Worsley, p. 1315, pi. 2, figs. 20-22. 

Remarks: This species has a diago~, sigmoid cross
structure, small central area, and a thick proximal shield. 
It is assigned to the genus Grantarhabdus based on its 
central structure orientation, although its rim construc
tion is more typical of the genus Helenea (junior synonym: 
Microstaurus) . 

Range: Cosmopolitan, earliest Berriasian to late 
Hauterivian. DSDP Site 534 (88% Sa) : 91-2, 145-146cm 
to 55-3, 75-78cm. SE France: LO at Le Pouzin, Bed 27, 
grandis SZ; LO at Broyon, 19. 5m, 0.5 m below grandis SZ; 
HO at Vergons(87%Sa), Bed ll9, ligatusZone. Speeton 
(approximate): HO in Bed CS. 

Hexalithus strictus, new species 
(Plate 1, figures la-b, 2a-b) 

Derivation of name: Latin. strictus = straight. 

Diagnosis: A species of Hexa/ithuswith triangular-shaped 
elements (i.e . their peripheries are straight). 

Description (LM only): Medium-sized, nannolith con
structed of six, triangular, non-imbricated elements 
separated by radial sutures. The individual element pe
ripheries are straight, giving the nannolith a hexagonal, 
peripheral outline. Size of observed specimens: 4.8-6.0 
J.lm. ~,; 

R~marks: Hexalithus noelae Loeblich & Tappan, 1966 
has elements with lobate peripheral margins. Hexalithus 
strictus has a younger appearance and extinction. 
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Range: earliest Berriasian; DSDP Site 534 (55% Sa): 
Cores 92-4, 147-148cm to 89-4, 35-36cm; SE France: Le 
Pouzin-Route de Grads, Bed 25 <iacobi SZ) and Bed 27 
(grandis SZ); Broyon, 19.5m, (0.5m below grandis SZ). 

Holotype: Plate 1, figs. la-b; DSDP Site 534, 91-4, 131-
l32cm; lower Berriasian. 

Lucianorhabdus salomonii, new species 
(Plate 1, figures 17a-b, 18a-b) 

Derivation of name: named in honour of Ralph A. 
Salomon. 

Diagnosis: A species of Lucianorhabdus with a massive, 
truncated distal stem which displays a bright, longitudinal 
band down its central portion. 

Description (LM only): Elliptical holococcolith having 
a tall, broad distal stem which fills the entire central area. 
The stem has a thin axial canal and a truncate distal 
extremity. Its vertical outline is somewhat variable, in
cluding: (1) slight or no distal taper; and (2) a straight or 
curved shape. In cross-polarized light, the stem displays 
a characteristic, bright longitudinal band down its central 
portion, whereas the remainder of stem is faintly 
birefringent. The rim elevation is normal to high (height 
- 112 the coccolith width) and its wall diverges in the distal 
direction. The narrow rim displays a first order white 
birefringence in both plan and lateral view. In plan view, 
isolated rims without distal projections have their imper
forate central areas divided into four quadrants by diagonal 
extinction lines. Coccolith size: 4.5-6.0 !J.m; stem height 
about 10 !J.m. 

Range: DSDP Site 534: Core 45-4, 10-l3cm, upper 
Barremian; SE France (Angles): upper Barremian (Bed 
161, sartousiana Zone) to basal upper Aptian, Angles, 
Bed 46. 

Holotype: Plate 1, figs. 17a-b; Angles, upper Barremian, 
Bed 161 (top sartousiana Zone). 

Markalius vetulus, new specie~ 
(Plate 1, figures 22a-b, 23a-b) 

Derivation of name: Latin. vetulus (dim.)= somewhat 
old. 

Diagnosis: A Neocomian Markalius species having a 
steep, brightly birefringent tube cycle and shields that 
exhibit a faint, smooth birefringence. 

Description (LM only): Medium-sized, sub-circular to 
circular placolith constructed of two shields, which are 
both faintly birefringent and have indistinct sutures. The 
proximal shield size is about 3/4 that of the distal shield. 
Shield elements (-32 in number) are radial with slight 
curvature near the outer periphery. A steep tube cycle 
nearly encloses the central area ( -113 coccolith diameter) 
and exhibits a bright, 1st order white birefringence. Sharp 
extinction lines cross the tube cycle, but do not extend onto 
the shields. A very small central perforation is present. 
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Observed specimens: 6.0 to 7.5 !J.m. 

Remarks: Markalius inversus (Maastrichtian-Palaeogene) 
is very similar. However, its birefringent tube cycle is not 
steep and its shield elements appear striated (i.e. indi
vidual elements are easily distinguished with the light 
microscope). 

Range: late early Valanginian; DSDP Site 534 (57% Sa): 
Cores 79-2, 10-11cm to 76-6, 94-95cm; SE France (An
gles, 80% Sa): Beds 278 to 302 (campylotoxum Zone). 

Holotype: Plate 1, figs . 22a-b; Angles, Bed 278, upper 
lower Valanginian. 

Percivalia bulla/a, new species 
(Plate 1, figures 4a-b, 5a-b, 6a-b) 

1979Parhabdolithusjudithae Black, 1972. Wind& Cepek,p. 231 , pi. 11 , 

figs. 5-7. 

Derivation of name: Latin. bulla/us = inflated. 

Diagnosis: A species of Percivalia with a hollow, bulbous 
distal projection that fills the central area. 

Description (LM only): Medium-sized, elliptical murolith 
exhibiting a bicyclic rim extinction pattern. The narrow 
outer rim is slightly less birefringent than the inner rim 
cycle, which grades into a finely granular central area of 
equal, 1st order white birefringence. Extinction lines 
extend from the juncture of the two rim cycles into the 
central area. A hollow, bulbous distal projection nearly 
fills the central area. The rim elevation is low; the stem 
height is about two times that of the rim. Size of observed 
specimens: 6.0-8.0 !J.m. 

~emar~: Wind & Cepek (1979) illustrated a specimen 
from DSDP Hole 397 A as Parhabdoli thus judithae Black, 
1972. However, the original specimens illustrated from 
the Albian Gault Clay by Black (1972; pl. 3, figs . 5, 6; pl. 
4, fig. 4) have high rims and truncated distal projections. 

Range: DSDP Site 534 (57% Sa): late Berriasian to 
earliest Hauterivian, Cores 83-4, 96-97cm to 70-6, 27-
30cm (isolated specimen in 67-1, 80-83cm considered 
reworked); SE France (Angles, 35% Sa): lo~r Valanginian 
to basal Hauterivian, Bed 199 (base otopeta Zone) to Bed 
386 (radiatus Zone). 

Holotype: Plate 1, figs. 4a-b; Angles, Bed 3.34, upper 
Valanginian (verrucosurn Zone). 

Paratype: Plate 1, figs . 6a-b; Angles, Bed 352, (trinodosum 
Zone). 

Pickelhaube umbellatum, new species 
(Plate 1, figures 19a-c, 20a-b, 2la-b) 

Derivation of name: Latin. umbel/a= para~l, sunshade. 

Diagnosis: An irregular-shaped species of Pickelhaube 
with two faintly birefringent shields of low element num
ber; the proximal shield elements are strongly curved. 
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Description: Medium to large placolith constructed of 
two faintly birefringent shields. The larger proximal 
shield is constructed of 13-19 elements with strongly 
curved sutures. The horizontal periphery is highly irregu
lar, although the outline is basically sub-circular to circular. 
The small, narrow distal shield is about 1/3-1/4 the size of 
the proximal shield. A brightly birefringent central cross 
nearly fills the small central area and has arms that taper 
to points. A long, proximally-directed stem is present on 
some specimens and appears to have octoradiate symme
try. Size of observed specimens: 6 .4-8.8 J..lm. 

Remarks: Pickelhaube furtiva (Roth) has brightly 
birefringent shields, a smooth horizontal peripheral out
line, and radial proximal shield elements. 

Range: Rare, extremely short stratigraphic range within 
the middle lower Valanginian. DSDP Site 534: Sample 
79-5, 120-123cm; SEFrance(Angles, lOO% Sa): Bed258 
to 274 (lower campylotoxum Zone). 

Holotype: Plate 1, figs. 19a-c; DSDP Site 534, Core 
79-5, 120-123cm. 

Reinhardtites scutula, new species 
(Plate 1, figures 24a-c, 25a-b) 

1989 Zeugrhabdotus sisyphus (Gartner, 1968) nov. comb. - Crux, p. 198, 

pi. 8.7, fig . I, pi. 8.12, fig. 30. 

(?) 1991 Zeugrhabdotus sisyphus (Gartner, 1968)Crux, 1989- Mutterl<'6e, 

p. 131 , pi. 9, figs. 3, ~ . 

Derivation of name: Latin. scutula = diamond or 
lozenge-shaped figure. 

Diagnosis: A species of Reinhardtites having a smooth, 
narrow rim and a central, transverse bar supporting a 
distal boss of equal width. A bright, elongated, diamond
shaped extinction figure is observed on the central portion 
of the faintly birefringent, transverse bar. 

Description: Medium to large, normally to narrowly 
elliptical murolith. The distal shield is constructed of a 
single cycle of 32-40 elements with dextral imbrication. 
The central area is greater than 1/2 the coccolith width 
(0.53 to 0.67 relative width). An elevated, transverse bar 
spans the central area and is constructed of numerous 
fibrous elements oriented parallel the minor ellipse axis. 
A circular distal boss equal in width to the transverse bar 
is present at its centre. The rim extinction pattern is 
unicyclic and displays a first order grey birefringence; 
extinction lines spiral across the rim. The transverse bar 
exhibits same faint birefringence as the rim; when speci
mens are oriented 45 degrees to the polarizing direction, 
the bar is divided by a longitudinal extinction line. A 
brightly birefringent, elongate, diamond-shaped figure is 
observed on the central portion of the bar when specimens 
are oriented parallel to the polarizing direction. Measured 
specimens ranged from 6.5-8.5 J..lm in length and 1.3-1.6 
in ellipticity. 

Remarks: Reinhardtites scutula is the ancestral species 
of a lineage that has excellent biostratigraphic u~lity in the 
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Upper Cretaceous. It is optically distinct from younger 
taxa within this lineage, which have broader rims (with a 
pitted or a serrate inner margin) and/or transverse bars 
that exhibit a diagonal, bright birefringence band (when 
parallel to the polarizing direction). 

Range: Cosmopolitan; mid-Hauterivian to Santonian. Its 
LOin the following sections: (1) DSDP Site 534,59-3,76-
79cm (B 9/10 Sa); (2) SE France (Vergons, B 9/10 Sa), 
Bed 92, savni Zone; (3) Speeton {approximate), Bed CS. 

Holotype: Plate 1, figs . 24a-c; SpeetonBorehole, 11.01m. 

Rhagodiscus de!«Jene/ii, new species 
(Plate 1, figures 7a-c, 8a-d, 9a-b) 

1979 Parhabdolithus swinnertonii (Black, 1971) Wind & Cepek, p. 231 , 

pi. 11, figs. 8-16. 

Derivation of name: named in honour of Eric de Kaenel. 

Diagnosis: A species of Rhagodiscus with a brightly 
birefringent, solid distal stem; the stem tapers distally and 
its horizontal periphery extends to, or outside, the central 
area margin. 

Description: Medium-sized, elliptical murolith. The distal 
shield is constructed oflath-shaped, dextrally-imbricated 
elements with radial distal sutures. The proximal shield is 
narrow and thin. The thick, imperforate central area is 
composed of granular elements. A solid, tapered distal 
projection nearly fills the central area and occupies 1/2 to 
2/3 of the coccolith width (reaching to or extending 
beyond the central margin). Its height is equal to, or is 
slightly less, than the height of the rim. The stem has a 
serrate horizontal periphery and is constructed of two 
element cycles. The large, outer cycle is non-imbricate ( 10 
or more elements); a small central cycle can be observed 
on some specimens. The stem is brightly birefringent and 
is divided into quadrants by the extinction lines. Size of 
observed specimens: 4.8-6.4 J..lm. 

Remarks: The holotype of Rhagodiscus iwinnertonii 
(Black) Applegate et al., 1987 was recovered from the 
Aptian Sutterby Mar!; its stem does not extend to the 
central area margin and is constructed of numerous 
elements showing strong laevogyre curvature. Both the 
appearance and extinction of Rhagodiscus de!«Jenelii are 
excellent biostratigraphic datums in low.:latitude and 
deep-sea sections. 

Range: early Valanginian to early Hauterivian. DSDP 
Site 534 (100% Sa): 80-1, 0-3cm to 63-2, 66-69cm. SE 
France (90% Sa): base camovlotoxum Zone (Angles, Bed 
250) to base nodosoplicatum Zone (Vergons, Bed 57). 
Also reported from DSDP Site 397 A (Wind & Cepek, 
1979) and Site 603 (Covington &.:Wise, 1987), ODP Sites 
638-641 (Applegate & Bergen, 1988). 

Holotype: Plate 1, figures Sa-d, DSDP Site 534,71-1,63-
66cm, upper Valanginian. 
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Rucinolithus pinnatus, new species 
(Plate l, figures 3a-b) 

1989 Rucinolithus terebrodentarius Applegate et al., 1987. Bralower, 

Monechi, & Thierstein (partirn), p. 223, pi . 7, figs. 4-6 (non pi. 7, figs. 

1-3). 

Derivation of name: Latin. pinnatus= feathered, plumed. 

Diagnosis: A species of Rucinolithus possessing eight 
elements that broaden outwards along the sutures bet
ween adjoining elements and then taper to points once the 
elements become separate. 

Description: Medium-sized, robustnannolithconstructed 
of eight, imbricated elements with curved sutures. The 
elements are broadest at their outer peripheral contact 
and then taper outwards to form pointed terminations. A 
small element cycle surrounds a small central perforation 
or boss. Size of holotype: 6. 9J.lm. 

Remarks: Bralower et al. (1989) reported the range of 
Rucinolithus terebrodentarius as upper Hauterivian to 
Turonian, but one of their illustrated specimens was 
recovered from Berrasian section (other illustrated speci
mens from the same sample include Diadorhombus 
rectus, Umbria granulosa ssp. granulosa, andRhagodiscus 
nebulosus) and serves as the holotype for Rucinolithus 
pinnatus. Nannoconus ligius is another robust Neocomian 
nannolith with a petaloid form and eight-fold symmetry. 
It is possible that Rucinolithus pinnatus is an isolated 
distal calyx; this was demonstrated for another nannolith 
with eight-fold symmetry, Retecapsa radiata (Worsley) 
Applegate & Bergen. R. pinnatus is distinguished from 
Kokia spp. by the strong imbrication of the elements. 

Range: Very rare, composite range ofmid-Tithonian to 
latest Berriasian. DSDP Site 534 (34% samples): Cores 
96-3 , 9-12cm to83-l, 18-19cm; SE. France, Angles (55% 
Sa), upper Berriasian, Bed 158 to Bed 180. 

Holotype: Bralower, Monechi, & Thierstein ( 1989), 
plate 7, figures 4-6; DSDP Site 100, 1-1, 13cm, Berriasian. 

Vagalapilla, species A 
(Plate 1, figures 28a-b) 

1966 Coccolithus matalosus Stover, p. 139, pi. 2, fig. 2 (non pi. 2, fig. I, 

pi. 8, fig. I 0). 

Remarks: TheholotypeofVaga/api//a matalosa (Stover, 
1966) Thierstein, 1973 (see Stover, 1966, pl. 2, fig. 1) is 
a placolith belonging to the genus Broinsonia Bukry, 
1969; its lowest occurrence in the Vocontian Trough 
sections is lowermost Albian. The other photographed 
specimen in Stover ( 1966) is a murolith, which has a 
diamond-shaped central opening. Very rare specimens 
having elliptical central openings were recovered from 
the upper Hauterivian. 

Range: early Aptian to early Cenomanian. SE France: 
LO at La Bedoule (92% Sa), Bed 86. 
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GENUS Zeugrhabdotus Reinhardt, 1965 

Remarks: The large number of Cretaceous muroliths 
having transverse central bars show a great range in optical 
properties and ultrastructure. Four species cited and/or 
described herein have been retained within the Mesozoic 
genus Zeugrhabdotus, whereas four others are left within 
the Palaeogene genus Zygodiscus (see list under Other 
Species Considered). The proper classification of such 
forms cannot be made until the ultrastructure and evolution 
of this entire murolith family is better understood, espe
cially their transitions across the Cretaceous/Tertiary 
boundary. 

Zeugrhabdotus trivectis, new species 
(Plate I , figures 26a-b, 27a-c) 

Derivation of name: Latin. trinus = three. vectis = bar, 
lever. 

Diagnosis: A species of Zeugrhabdotus exhibiting a bicy
clic rim extinction pattern of contrasting birefringence 
(inner cycle is bright); optically, the transverse bar gives 
the impression of three element bundles arranged at slightly 
oblique angles to each other. 

De~cription: Medium-sized, normally elliptical murolith. 
The distal shield is constructed of a single cycle of 28-3 2 
elements with strong dextral imbrication. A thin, narrow, 
basal inner cycle observed in distal view may represent the 
inner portion of the proximal shield. The central area is 
spanned by a transverse bar constructed of fibrous ele
ments. The bar broadens slightly near the juncture with the 
inner rim margin. A circular distal projection, which is 
narrower than the bar, is present at the centre of the 
coccolith. Specimens exhibit a bicyclic rim extinction 
pattern. The inner cycle displays a 1st order white 
birefringence and the outer cycle is faintly birefringent. 
The transverse bar displays the same bright birefringence 
as the inner rim cycle when specimens are oriented parallel 
to the polarizing direction. The bar elements are optically 
grouped into three bundles oriented at slightly oblique 
angles to each other. Measured specimens: length 4. 7-6.0 
J.lm; ellipticity 1.3-1. 5; relative central area size 0. 50-0.5 7. 

Remarks: As with most Zeugrhabdotus species, the opti
cal properties of Zeugrhabdotus trivectis are more distinct 
than its ultrastructure. 

Range: Cosmopolitan, early Valanginian to middle 
Cenomanian. LOin the following sections: (1) DSDP Site 
534 (28%Sa), Core77-3, 43-44cm; (2) SEFrance(Angles, 
70% Sa), Bed 284, campylotoxum Zone. 

Holotype: Plate 1, figure 27a-c, BGS Speeton Borehole, 
14.07m. 

Zeugrhabdotus species A 
(Plate 1, figure 16a-b) 

Description (LM only): Medium-sized, normally ellipti
cal murolith. The rim exhibits a uni.~orm 1st order grey 
birefringence. An oblong, transverse bar spans the central 
area and has pointed terminations that extend into the rim. 
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The transverse bar displays a l st order white birefringence 
that strongly contrasts with the birefringence of the rim. 
A central, circular distal projection is. non-birefringent, 
interrupting the continuity of the birefringent transverse 
bar. Longitudinal extinction lines further subdivide the 
transverse bar. Size of observed specimens 4 .8-5 .8 Jlm. 

SPECIES DSDP 534 {Core-Section, cm) 
Freq. LO HO 

C. oblongata 95% 80-5, 121 50-3, 71 
C. tenuis 68% 76-6,94 ---------
C. mexicana --- --------- --------
C. geometricum T9 --------- 56-1,49 
C. silvaradion B3!f9 82-1. 132 59-3,76 
C. delicatus 87 86-3,40 ---------
C. cuvillieri 95% 91-2, 145 59-3,76 
C. brezae 80% 95-3,64 63-2,66 
C. deflandrei T9 -·-------- 78-2,85 
D . rectus 84 85-3 , 108 ---------
D. primitiva 24% 67-1, 80 51-1, 61 
E. primus T2 --------- 78-2,85 
E. striatus 43% 67-1, 80 63-2,66 
E. windii 77% 79-5, 120 70-2,50 

E. antiquus 1Sa 64-4,25 64-4,25 
E. floral is ---- --------- ---------
E. hauterivianus T5 --------- 50-3,70 
F. multicolumnalus 62% 106-1, 54 92-1, 79 
F. oblongus 1Sa 44-4, 11 ---------
H. circumradiatus 100% 86-3,40 ---------
H. ellipticus 67% 104-1 49-2,70 
H. irregularis --- --------- ---------

H. noelae --- 96-3,9 91-2, 145 
L. bollii 64% 66-3,60 52-3,72 

L.carniolensis 92% 88-4, 141 ---------
M. mecurius 1Sa . 76-2, 61 76-2, 61 
M . speetonensis ---- --------- ---------
M. conus 70% 85-4, 126 75-2,49 
N . compressus --- 97-1, 19 89-1,26 
N . ligius 75% 56-1,49 ----------
N . steiNnannii --- 91 -2,45 -·---------
P. fenestrata 100% 83-4,96 ----------
P. senmia 57% 93-2,41 89-4,35 
R. angustiforata 96% 91 -1, 80 ----------
R. radiata 33% 69-2,95 47-2,80 
R. achlyostaurion --- 45-4, 10 -----·-----
R. angustus --- --------- ----------
R. nebulosus 100% 88-2, 17 82-2,49 
R. wisei 810 83-1, 18 76-2, 61 
S . lowei --- --------- 52-3,72 
S . colligata 94% 91 -1, 80 54-2,57 
S. mutterlosei 43% 78-2,85 ---·--·--·--
S . comptus 1Sa 71-1, 63 71-1, 63 
T. gabalus 16% 80-5, 129 ---------
T. jurapelagicus 89 85-4, 126 ---------
T. verenae 89 83-2,92 67-1, 80 
U. granulosa TlO 96-3, 9 83-2,92 
V. mitcheneri 57% 68-5, 1 49-3,60 
V. parallela 83 79-2, 10 ---------
Z. erectus T8 --------- 53-2,60 
Z.[ISSUS T8 116-1 70-6,27 
Z. bicrescenticus 85 70-2,50 ---------

• Z. diplogrommv.s B8 78-3,49 ---------
Z. elegans --- 48-2, 110 -----·----
Z. xenotus 86 77-3, 111 ---------

J. A. Bergen: Beni~ian to Early Ap.ian Calcareous Nannofossils ... , p. 59- 69. 

Remarks: Specimens must be transferred from the LM to 
the SEM before this taxon can be recognized either as a 

valid or new species. It is closely related to Zeugrhabdotus 
erectus, from which it is distinguished by the optical 
properties of its central structure (see Plate I) . 

SE France (Section, Bed I#) 
Freq. LO HO 
99% Angles 1, 199 Angles 2. 116 
74% Angles 1, 275 ---------
80% ---------·------ La Bedoule, 114 
--- absent absent 

B3{f2 Angles 1, 170 Vergons, 110 
308 Angles, 126 -----·---
100% --------------·- Vergons, 110 
B8(f4 Route de Grads, 1 Vergons, 68 
T5 -----------·---·- Angles 1, 278 
86 Angles 1, 164 -------·-
2Sa Angles 1, 299 Angles 1, 306b 
T8 ---------------- Angles 1, 278 
98% Angles 1, 354 Vergons, 78 
96% Angles 1, 258 Angles 1, 397; 

Vergons, 19 
1Sa Vergons, 51 Vergons, 51 
100% La Bedoule, 169 ---------------
T2 -------·------- Angles 2, 94 
--- bimammaJum Zone Route de Grads, 25 
43% Angles 2, 147 ---------------
98% Angles 1, 102 ---------------
--- Route de Grads, 25 Angl~s 2. 90 
87 Angles 2, 199 Blieux, u. Albian 

La Bedoule, 59 
--- fallaJ,Ui Zone Route de Grads, 25 
95% Vergons,48 V ergons, 196 

Angles 2. 52 
--- Angles 1, 77 (?) ---------------
60% Angles 1, 305 Angles 328 
80 Angles 1, 250 Angles 2. 261 
2Sa Angles 1, 258 Angles 1, 264 
--- fallaJ,Ui Zone Route de Grads, 27 
89 Vergons, 141 Angles, u. Aptian 
--- Angles 1, 79 La Bedoule, 161 
100% Angles 1, 132 ---·------------

--------------- Route de Grads, 27 
B8!f9 Angles, 79 La Bedoule, 114 
B2!f9 Vergons,40 Angles 2. 134 
85 Angles 2, 165 ---------------
85% la Bedoule, 129 ---·----------·--
--- Route de Grads, 27? Angles 1, 158 · 
B8(f3 Angles 1, 167 Angles 1, 306a 
--- ---------------- Angles 2. 79 
TlO Route de Grads, 27 Vergons, 141 
13% Angles 1, 321 lower Cenomanian 
2Sa Angles 1, 306b Angles 1, 309 
9% Angles 1, 180 -·---------------
88 Angles 1, 131a lower Turonian 
B6(f6 Angles 1, 139 Vergons, 96 
T7 ---------------- Angles 1, 147 
19 Vergons,32 Vergons, 123 
85 Angles 1, 264 Blieux, Albian 
T5 --------------- Vergons, 160 
T6 la Melle, Oxfordian Angles 1, 324 
86 Angles 1, 311 -------------·--
89 Angles 1, 258 ---------------
--- Angles, u. Aptian 

~i&ii~-c;~manian 87 Angles 1. 278 

Table 1: Biostratigraphic Summary (excluding species described or recombined here). Freq. refer.; to either: (I) the percentage of samples containing 
species within its stratigraphic range (e.g. 70%); or(2) the number of samples in which a species was observed either in the top (T) or bottom (B) ten samples 
of its strati graphic range (e.g . T3 means specimens observed in 3 of I 0 samples at the to'p of its strati graphic range). Angles I refer.; to the Berriasian
Valanginian section and Angles 2 to the Barremian stratotype along Routed ' Angles. 
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Range: latest Hauterivian to early Campanian. Its LO in 
the following sections: (l)DSDP Site534, 52-1, 82-85cm; 
(2) SE France, Angles, Barrernian stratotype, Bed 60, 
angulicostata Zone; (3) Speeton (approximate), upper 
Hauterivian, Bed C2, rnarginatus Zone. 

Otber Species Considered (by Generic Epithet) 
Assipetra infracretacea (Thierstein, 1971) Roth, 1973. 
Calcicalathina oblongata (Worsley, 1971) Thierstein, 

1971. 
Chiastozygus tenuis Black, 1971. 
Corollithion geometricum (G6rka, 1957) Manivit, 1971 . 
Corollithion si/varadion (Filewicz et al., 1987) Perch-

Nielsen, 1984. 
Conusphaera mexicana Trejo, 1969. 
Cretarhabdus delicatus Applegate, Covington, and Wise, 

1987. 
Cruciellipsis cuvillieri (Manivit, 1966) Thierstein, 1971. 
Cyclagelosphaera brezae Applegate & Bergen, 1988. 
Cyclagelosphaera dejlandrei Manivit, 1966. 
Diadorhombus rectus Worsley, 1971. 
Diloma primitiva (Worsley, 1971) Wind & Cepek, 1979. 
Eiffellithus primus Applegate & Bergen, 1988. 
Eiffel/ithus stria/us (Black, 1971) Applegate & Bergen, 

1988. 
Eiffel/ithus windii Applegate & Bergen, 1988. 
Eprolithus antiquus Perch-Nielsen, 1979. 
Eprolithus flora/is (Stradner, 1963) Stover, 1966. 
Ethmorhabdus hauterivianus (Black, 1971) Applegate et 

al., 1987 in Covington & Wise, 1987. 
Faviconus multicolumnatus Bralower, 1989. 
Flabellites oblongus (Bukry, 1969) Crux, 1982. 
Haqius circumradiatus (Stover, 1966) Roth, 1978. 
Haqius el/ipticus (Griin, 1975) Bown, 1992. 
Hayesites irregularis (Thierstein, 1971) Applegate et al., 

1987 in Covington & Wise, 1987. · 
Hexa/ithus noelae Loeblich & Tappan, 1966. 
Lithraphidites bol/ii (Thierstein, 1971) Thierstein, 1973. 
Lithraphidites carniolensis Deflandre, 1963. 
Metadoga mecurius Wind & Cepek, 1979. 
Micrantholithus speetonensis Perch-Nielsen, 1979. 
Microstaurus conus Wind & Cepek, 1979. 
Nannoconus compressus Bralower & Thierstein, 1989. 
Nannoconus ligius Applegate & Bergen, 1988. 
Nannoconus steinmannii Karnptner, 1931 
Percivaliafenestrata (Wors1ey, 1971) Wise, 1983. 
Po/ycostel/a senaria Thierstein, 1971. 
Retecapsa angustiforata Black, 1971 . 
Retecapsa radiata (Worsley, 1971) Applegate & Bergen, 

1988. 
Rhagodiscus achlyostaurion (Hill, 1976) Doeven 1983. 
Rhagodiscus angustus (Stradner, 1963) Reinhardt, 1971 . 
Rhagodiscus nebulosus Bralower, 1989. 
Rucinolithus wisei Thierstein, 1971 . 
Sollasites horticus (Stradner et al., 1966) Cepek & Hay, 

1969. 
Sol/asites lowei (Bukry, 1969) Roth, 1970. 
Speetonia col/igata Black, 1971. 
Staurolithites mutter/osei Crux, 1989. 
Stradnerlithus comptus Black, 1971. 
Tranolithus gabalus Stover, 1966. 
Tubodiscusjurape/agicus (Worsley, 1971) Roth, 1973. 
Tubodiscus verenae Thierstein, 1973. 
Umbria granulosa Bralower & Thierstein, 1989. 
Vekshinella mitcheneri Applegate & Bergen, 1988. 
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Vekshinella para/le/a (Wind & Cepek, 1979) Applegate 
& Bergen, 1988. 

Zeugrhabdotus erectus (Deflandre, 1954) Manivit, 1971. 
Zeugrhabdotusfissus Griin & Zweili, 1980. 
Zygodiscus bicrescenticus (Stover, 1966) Wind & Wise; 

1976. 
Zygodiscus diplogrammus (Deflandre, 1954) Gartner, 

1968. 
Zygodiscus elegans Gartner, 1968. 
Zygodiscus xenotus (Stover, 1966) Hill, 1976. 
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APPENDIX ;.~~ 

D.S.D.P. Site 534 samples examined: 44-4, ll-14cm; 45-4, 
10-13cm; 46-1, 99-102cm; 47-2, 80-83cm; 48-2, 110-113cm; 
49-2, 70-73cm; 49-3,60-63cm; 49-4,61-64cm; 50-I, 68-71cm; 
50-3, 71-74cm; 51-1,61-64cm; 52-1, 82-85cm; 52-3, 72-75cm; 
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53-2, 60-63cm; 54-2, 57-60cm; 55-3, 75-78cm; 56-1, 49-52cm; 
58-1, 42-45cm; 59-3, 76-79cm; 60-3, 52-55cm; 61 -2, 80-83cm; 
63-2, 66-69cm; 64-2, 78-81cm; 64-4, 25-28cm; 65-3, 102-
195cm; 65-6, 69-72cm; 66-3 , 60-63cm; 67-1, 80-83cm; 68-5, 
1-4cm; 69-2, 95-98cm; 70-2, 50-53cm; 70-6, 27-30cm; 71-1 , 
63-66cm; 72-4, 12-15cm; 73-1 , 125-1 28cm; 74-6, 73-76cm; 75-
2, 49-52cm; 75-6, 103-107cm; 76-2, 61-64cm; 76-6, 94-95cm; 
77-3, 43-44cm; 77-3 , 111-114cm; 78-2, 85-86cm; 78-3, 49-
52cm; 78-5 , 7-8cm; 79-2 , 10-11cm; 79-5, 120-123cm; 80-1 , 
0-3cm; 80-2, 80-82cm; 80-5, 129-130cm; 81-3, 57-58cm; 81-4, 
48-51cm; 82-1 , 132-133cm; 82-2, 49-52cm; 83-1 , 16-18cm; 83-
2, 92-95cm; 83-4, 96-97cm; 84-1 , 89-90cm; 84-2, 129-132cm; 

84-3, 113-114cm; 84-4, 41-42cm; 84-5, 86-87cm; 85-2, 51-
54cm; 85-3, 108-109cm; 85-4, 126-127cm; 86-1, 122-125cm; 
86-3, 40-41cm; 86-5, 36-37cm; 87-2, 64-67cm; 87-4, 40-41cm; 
87-5, 122-123cm; 88-2, 17-20cm; 88-4, 141-142cm; 89-1 , 26-
27cm; 89-4, 35-36cm; 90-1, 123-124cm; 90-3, 21-23cm; 91-1, 
80-81cm; 91-2,45-46cm; 91-4, 131-132cm; 91-5, 134.-135cm; 
91-6,1 -2cm; 92-1, 79-80cm; 92-2, 131-132cm; 92-3, 109-110; 
92-4, 147-148cm; 92-5, 69-72cm; 92-5, 86-87; 92-6, 48-49cm; 
93-1 , 105-106cm; 93-2,41-44cm, 93-2,100-103cm; 93-3,122-
125cm; 94-1, 93-94cm; 94-2, 89-92cm; 94-3, 89-92cm; 94-4, 
3-4cm. 

1-2: 

3: 
4-6: 

7-9: 

10: 
11: 
12: 
13-14: 

15: 
16: 
17-18: 

19-21: 

22-23: 

24-25: 

26-27: 

28: 

PLATE 1 
All LM 2500X. XP - cross ·polarized light; Ph - Phase contrast illumination; Tr - transmitted light. 

Hexalithus strictus, n. sp.; (1) holotype, DSDP 534, 91-4, 131-132cm, (a) XP, (b) Tr; (2) DSDP 534, 89-4, 35-
36cm, (a) XP, (b) Tr. 
Rucinolithus pinnatus, n. sp., Angles, Bed 164, (a) XP, (b) Tr. 
Percivalia bullata, n. sp., Angles, (4) holotype, Bed 334, verrucosum Zone, (a) XP, (b) Tr; (5) Bed 364, 
trinodosum Zone, (a) XP, (b) Tr; (6) paratype, lateral view, Bed 352, trinodosum Zone, (a) XP, (b) Tr. 
Rhagodiscusdekaenelii, n. sp.; (7) DSDP Site 534, 71-1 , 63-66cm, u. Valanginian, (a)XP, (b) Tr, (c) proximal 
view; (8) holotype, DSDP Site 534, 71-1 , 63-66cm, u. Valanginian, (a) lateral view, (b) distal view, (c) XP, 
(d) Ph; (9) Angles, Bed 357, trinodosum Zone, (a) XP, (b) Tr. 
Grantarhabdus quadratus (Worsley) n. comb., Speeton, Bed C11A, regale Zone. 
Ca/cica/athina sp. A, Angles, Bed 245, u. Berriasian, (a) XP, (b) Tr. 
Diloma sp. A, Speeton, Bed LB5, lo. Barremian, (a) XP, (b) Tr. 
Diloma galiciense, n. sp. (13) DSDP 534, 59-3 , 76-79cm, u. Hauterivian, (a) XP, 45°, (b) XP, 0°, (c) Tr; (14) 
DSDP 534, 52-l , 82-85cm, u. Hauterivian, (a) XP, 45°, (b) XP, 0°, (c) Tr. 
Zeugrhabdotus erectus (Deflandre), Speeton, Bed Cl lA, regale Zone, (a) XP, (b) Tr. 
Zeugrhabdotus sp. A, Angles, upper Aptian, (a) XP, (b) Tr. 
Lucianorhabdus salomonii, n. sp. ( 17) holotype, lateral view, Angles, Barremian, Bed 161, sartousiana Zone, 
(a) XP, (b) Tr; (18) plan view, rim, La Bedoule, Bed 157, (a) XP, (b) Tr. 
Pickelhaube umbellatum, n. sp., lo. Valanginian; (19) holotype, DSDP 79-5, 120-123cm, (a) lateral view, (b) 
XP, (c) Tr; (20) Angles, Bed 274, campylotoxum Zone, (a) XP, (b) Tr; (21) DSDP 534,79-5, 120-123cm, (a) 
~Mh . 
Markalius vetulus, n. sp., Angles, campylotoxum Zone; (22) holotype, Bed 278, (a) XP, (b) Tr; (23) Bed 302, 
(a) XP, (b) Tr. 
Reinhardtites scutula, n. sp. (24) holotype, Speeton borehole, 11.01m, (a) distal view, (b) XP, (c) Tr ; (25) 
Speeton, Bed LB5, lo. Barremian, (a) XP, (b) Tr. 
Zeugrhabdotus trivectis, n. sp. (26) Angles,Bed 361 , trinodosum Zone, (a) XP, (b) Tr; (27) holotype, Speeton 
borehole, 14.07m, (a) distal view, (b) XP, (c) Tr. 
Vagalapilla, sp. A, La Bedoule, Bed 153, (a) XP, (b) Ph. 
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AGE CONVERSION TABLE FOR DIFFERENT TIME SCALES 
Wuchang Wei, Scripps Institution of Oceanography, University of California, San Diego, USA 

The geomagnetic polarity time scale of Berggren et al. 
( 1985) has been widely used in the last decade. The 
numerical ages ofnannofossil (or other fossil) datums or 
zonal boundaries have been given almost exclusively in 
that time scale. Cande and Kent ( 1992) recently published 
a significantly improved geomagnetic polarity time scale. 
Their study made at least four major improvements: (I) 
they generated a more reliable baseline marine magnetic 
profile by reevaluating a suite of South Atlantic profi.les 
instead of relying on the single profile of Heirtzler et al. 
( 1968) as used by Berggren et al. (1985); (2) they increased 
the resolution by stacking high-resolution profiles from 
other areas with faster spreading ridges onto the improved 
South Atlantic magnetic profile; (3) they adopted a number 
of age control points that have been well determined in 
recent studies. These include new 40Arfl9Ar and astro
nomical ages. In the previous time scale ofBerggren et al. 
(1985) several age control points have been found to be in 
large error (e. g., Prothero and Swisher, 1992; Berggren et 
al. , 1992); (4) Cande and Kent (1992) used a cubic spline 
instead of a linear interpolation to estimate the ages of 
anomalies between calibration points, avoiding introdu
cing artificial instantaneous plate accelerations at control 
points. The age differences between the time scale of 
Cande and Kent (1992) and that ofBerggren et al. (1985) 
are significant, particularly in the Palaeogene, where the 
differences are up to 3.2 Ma. Most recently, Shackleton et 
al. (1994) proposed a newtimescaleforthe last 14.8 m.y. 
(chronC1 throughchronC5AD). They improved the time 
scale for the last 6 m.y. by astronomically tuning the 
GRAPE and oxygen isotope records from ODP Leg 138 in 
the eastern equatorial Pacific. For the period between 6 Ma 
and 14.8 Ma Shackleton et al. (1994) adopted a new age 
calibration by Baksi ( 1992) for the top of C5. n I and tuned 
parts of the 6-10 Ma interval to the astronomical cycles. 
The age differences between this time scale and that of 
Cande and Kent (1992) are small, generally less than 
0.1 m.y. and never more than 0.19 m.y. Shackleton et al. 
( 1994) consider their time scale to be robust for the last 
6 m.y. and less secure for the 6-14.8 Ma interval. 

It is clear now that the time scale ofBerggren et al. 
(1985) is no longer appropriate to use. Numerical ages 
given in this old time scale need to be converted to the new 
time scales whenever and wherever accurate ages are 
desired. Wei and Peleo-Alampay (1993) provided an 
equation for converting numerical ages from Berggren et 
al. ( 1985) time scale to Cande and Kent ( 1992) time scale. 
This equation can !>e written in a general form for age 
conversion among different time scales: 

where A is the age to be converted from or to, T and Bare 
the ages for the top and bottom, respectively, of the 
magnetic chron/subchron which brackets the age to be 
converted from/to, and the subscripts "I" and "2" 
indicate time scales 1 and 2, respectively. For example, the 

top and bottom ofchron C2lnare of48.75 Ma and 50.34 
Ma, respectively, in the time scale of Berggren et al. 
(1985), and46.284 Maand47.861 Ma, respectively, in the 
time scale of Cande and Kent (1992);· an age of 49.8 Ma 
(the first occurrence of nannofossil Nannotetrina fulgens) 
in the time scale ofBerggren et a I. ( 1985) can be converted 
to the time scale of Cande and Kent ( 1992) as : 

~=(46 . 286x49 . 8 -49.8x47.861 +48.75x47.86 -
46.284x50.34)/(48.75 -50.34) 

= 47.3 Ma 

This kind of age conversion is needed frequently by 
workers who deal with numerical ages and the calculation 

· is time consuming. So I have constructect Table 1 for age 
conversion among the time scales of Berggren et al. 
(1985), Cande and Kent (1992), and Shackleton et al. 
(1994), based on the above equation. This makes age 
conversion as quick and accurate as anyone would nor
mally desire, and should be useful to nannofossil workers 
or practically any workers who are concerned with nu
merical ages for the last 84 m.y. 
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Table 1. Age (Ma) conversion among different time scales 

885 CK92 S94 885 CK92 S94 885 CK92 S94 885 CK92 S94 885 CK92 S94 885 CK92 

0.00 ·o.ooo 0.000 0.89 0.961 0.967 1.69 1.788 1.795 6.37 6.744 6.919 12.46 12.618 12.605 18.50 18.256 
0.10 0. 107 0.107 0.90 0.973 0.978 1.70 1.798 1.803 6.40 6.780 6.954 12.49 12.649 12.637 18.56 18.317 
0.11 0.118 0. 118 0.91 0.984 0.990 1.71 1.8~ 1.811 6.50 6.901 7.072 12.50 12.657 12.645 18.60 18.355 
0.12 0.128 0.128 0.92 0.993 1.001 1.72 1.819 1.819 6.60 7.073 7.239 12.58 12.718 12.705 18.70 18.449 
0.13 0.139 0.139 0.93 1.003 1.013 1.73 1.829 1.827 6.70 7.245 7.406 12.60 12.741 12:729 18.80 18.543 
0.14 0.150 0.150 0.94 1.012 1.024 1.74 1.839 1.835 6.78 7.376 7.533 12.62 12.764 12.752 18.90 18.638 
0.15 0.160 0.160 0.95 1.021 1.036 1.75 1.849 1.844 6.80 7.401 7.557 12.70 12.83 1 12.819 19.00 18 .732 
0.16 0.171 0.171 0.96 1.030 1.047 1.76 1.860 1.852 6.85 7.464 7.618 12.80 12.916 12.904 19.09 . 18.817 
0.17 0. 182 0.182 0.97 1.040 1.059 1.77 1.870 1.860 6.90 7.514 7.666 12.83 12.941 12.929 19.10 18.827 
0.18 0.192 0.192 0.98 1.049 1.070 1.78 1.880 1.868 7.00 7.613 7.761 12.90 13.001 12.989 19.20 18.930 
0.19 0.203 0.203 0.99 1.059 1.080 1.79 1.891 1.876 7.10 7.713 7.856 13.00 13.086 13.(174 19.30 19.032 
0.20 0.214 0.214 1.00 I.<Y70 1.091 1.80 1.901 1.885 7.20 7.812 7.951 13.01 13.094 13.083 19.35 19.083 
0.21 0.224 0.224 1.01 1.~0 1.101 1.81 1.911 1.893 7.28 7.892 8.027 13. 10 13.174 13. 163 19.40 19.132 
0.22 0.235 0.235 1.02 1.091 1.111 1.82 1.921 1.901 7.30 7.936 8.069 13.20 13.263 13.252 19.50 . 19.230 
0.23 0.246 0.246 1.03 1.101 1.121 1.83 1.932 1.909 7.35 8.047 8.174 13.30 13.345 13.334 19.60 19.328 
0.24 0.256 0.256 1.04 1.111 1.132 1.84 1.942 1.917 7.40 8.074 8.200 13 .40 13.427 13.417 19.70 19.426 
0.25 0.267 0.267 1.05 1.122 1.142 1.85 1.952 1.925 7.41 8.079 8.205 13.46 13.476 13.466 19.80 19.524 
0.26 0.278 0.278 1.06 1.132 1.152 1.86 1.962 1.934 7.50 8.162 8.283 13 .50 13.510 13.50 1 19.90 19.623 
0.27 0.288 0.288 1.07 1.143 1.163 1.87 1.973 1.942 7.60 8.253 8.370 13.60 13.597 13.588 20.00 19.72 1 
0.28 0.299 0.299 1.08 1.153 1.173 1.88 1.983 1.950 7.70 8.345 8.457 13.69 13.674 13.666 20.10 19.81 9 
0.29 0.310 0.310 1.09 1.164 1.183 1.89 1.993 1.961 7.80 8.437 8.544 13.70 13.684 13 .676 20.20 19.9 17 
0.30 0.321 0.321 1.10 1.174 1.194 1.90 2.004 1.972 7.90 8.529 8.631 13 .80 13.783 13 .775 20.30 20.015 
0.31 0.331 0.331 1.11 1.184 1.204 2.00 2.108 2.082 8.00 8.636 8.732 13 .90 13.881 13 .874 20.40 20. 11 3 
0.32 0.342 0.342 1.12 1.195 1.214 2.10 2.213 2.192 8.10 8.743 8.834 14.00 13.980 13.974 20.45 20.162 
0.33 0.353 0.353 1.13 1.205 1.224 2.20 2.318 2.303 8.20 8.850 8.935 U.08 1·t059 14.053 20.50 20.207 
0.34 0.363 0.363 1.14 1.216 1.235 2.30 2.422 2.413 8.21 8.861 8.9-15 1-1 .10 1-1.077 1-1 .071 20.60 20.296 
0.35 0.374 0.374 1.15 1.226 1.245 2.40 2.527 2.523 8.30 8.955 9.034 1-UO 14.164 14.159 20.70 20.385 
0.36 0.385 0.385 1.16 1.236 1.255 2.47 2.600 2.600 8.-10 9.059 9. 132 U .30 1-1.261 1-1 .256 20.80 20.-175 
0.37 0.395 0.395 1.17 1.2-17 1.266 2.50 2.630 2.629 8.41 9.069 9.142 1-1.-10 1-1.357 1-1.35-1 20.88 20.5-16 
0.38 0.-106 0.-106 1.18 1.257 1.276 2.60 2.731 2.727 8.50 9.149 9.218 1-1 .50 1-1.-15.1 1.1.-15 I 20.90 20.56 1 
0.39 0.417 0.417 1.19 1.::!68 1.286 :no 2.832 2.825 8.60 9.2112 9.3.1-1 14.60 1.1.550 1.1 .5.19 21.110 20.63 .1 
0.40 0.427 0.-127 1.20 1.278 1.296 2.80 2.933 2.923 8.70 9.415 9 . .169 1.1.66 14.608 1"-607 21.10 20.708 
0.41 0.438 0.438 1.21 1.288 1.307 2.92 3.054 3.0-10 8.71 9.428 9.-182 1-1 .70 1-1.6.15 1.1.6-1-1 21.16 20.752 
0.42 0.4-19 0.449 1.22 1.299 1.317 2.99 3.127 3.110 8.80 9.'191 9.543 14.80 1-1.736 1-1 .736 21.20 20.80 1 
0.43 0.459 0.459 1.23 1.309 1.327 3.00 3.137 3.124 8.90 9.575 9.623 14.87 14.800 1-1.800 21.30 20.923 
0.44 0.470 0.470 1.24 1.320 1.338 3.08 3.221 3.232 8.92 9.592 9.639 1-1 .90 14.830 21.38 21.021 
0.45 0.481 0.481 1.25 1.330 1.348 3.10 3.2-12 3.452 9.00 9.658 9.703 14.96 14.890 21.40 21.0-11 
0.46 0.492 0.492 1.26 1.341 1.358 3.18 3.325 4.331 9.10 9.741 9.783 15.00 1-1.925 21.50 21.138 
0.47 0.502 0.502 1.27 1.351 1.369 3.20 3.346 4.260 9.20 9.82-1 9.863 15.10 15.012 21.60 21.236 
0.48 0.513 0.513 1.28 1.361 1.379 3.30 3.449 3.907 9.30 9.907 9.9-13 15.13 15.038 21.70 21.333 
0.49 0.524 0.524 1.29 1.372 1.389 3.40 3.553 3.553 9.40 9.969 10.023 15.20 15.100 21.71 21.343 
0.50 0.534 0.534 1.30 1.382 1.399 3.50 3.653 3.688 9.50 I 0.072 I 0. 103 15.27 15.162 21.80 21.553 
0.51 0.545 0.545 1.31 1.393 1.410 3.60 3.753 3.822 9.60 10.155 10. 183 15.30 15.190 21.90 21.787 
0.52 0.556 0.556 1.32 1.403 1.420 3.70 3.853 3.957 9.70 I 0.238 10.263 15.40 15.281 22.00 21.843 
0.53 0.566 0.566 1.33 1.413 1.430 3.80 3.953 4.091 9.80 10.321 10.343 15.50 15.373 22.06 21.877 
0.54 0.577 0.577 1.34 1.424 1.441 3.88 4.033 4.199 9.90 10.403 10.-123 15.60 15.465 22. 10 21.938 
0.55 0.588 0.588 1.35 1.434 1.451 3.90 4.055 4.225 10.00 I 0.486 10.503 15.70 15.557 22.20 22.090 
0.56 0.598 0.598 1.36 1.4-15 1.461 3.97 4.134 4.316 10. 10 10.569 10.583 15.80 15.6-19 22.25 22.166 
0.57 0.609 0.609 1.37 1.455 1.471 4.00 4.164 4.354 10.20 10.652 10.663 15 .90 15.741 22.30 22.215 
0.58 0.620 0.620 1.38 1.465 1.482 4.10 4.265 4.479 10.30 10.735 10.743 16.00 15.833 22.35 22.263 
0.59 0.630 0.630 1.39 1.476 1.492 4.20 4.384 4.582 10.40 10.817 10.823 16.10 15.925 22.40 22.339 
0.60 0.6-11 0.641 1.40 1.486 1.502 4.24 4.432 4.623 10.42 10.834 10.839 16.20 16.017 22.50 22.-192 
0.61 0.652 0.652 1.41 1.497 1.513 4.30 4.499 4.682 10.50 10.905 10.908 16.22 16.035 22.57 22.599 
0.62 0.662 0.662 1.42 1.507 1.523 4.40 4.611 4.781 10.54 10.940 10.9.13 16.30 16. 110 22.60 22.635 
0.63 0.673 0.673 1.43 1.518 1.533 . 4.47 4.694 4.878 10.59 10.989 10.991 16.40 16.205 22.70 22.754 
0.64 0.684 0.684 1.44 1.528 1.544 4.50 4.729 4.908 10.60 10.998 11.000 16.50 1(>.299 22.80 22.873 
0.65 0.695 0.695 1.45 1.538 1.55-1 4.57 4.812 4.977 10.70 11.086 11.087 16.52 16.318 22.90 22.993 
0.66 0.705 0.705 1.46 1.549 1.56-1 4.60 4.8-17 5.015 10.80 11.175 11.173 16.56 16.352 22.97 23.076 
0.67 0.716 0.716 1.47 J.S59 1.57-1 4.70 4.96.1 5. 1-13 10.90 11.263 11.260 16.60 16.390 23.00 23 .10.1 
0.68 0.727 0.727 1.-18 1.570 1.585 4.77 5.0-16 5.232 11.00 11.351 11.3-17 16.70 16.-186 23. 10 23 .198 
0.69 0.737 0.737 1.49 1.580 1.595 4.80 5.080 5.:!66 11.03 11.378 11.373 16.73 16.515 23.20 23 .:!91 
0.70 0.74!1 0.7-IS 1.50 1.590 1.605 4.90 5.19-1 5.379 11.09 11.-13-1 11.4211 16.80 16.583 23.27 23.357 
0.71 0.759 0.75<) 1.51 1.601 1.616 5.00 5.307 5.-19:! 11.10 11.-1~3 11..137 16.90 16.679 23.30 23.3!19 
0.72 0.769 0.76') I.S2 1.611 1.626 5. 10 5.-1:!1 5.605 11.20 11.53-1 11.527 16.98 16.755 23.-10 23..195 
0.73 0.780 0.7110 1.53 1.6:!2 1.636 . 5.20 5.535 5.718 11.\0 11.6:!5 11.617 17.00 16.77-1 23.4-1 23.5.17 
0.74 0.791 0.792 1.54 1.632 1.6-16 5.30 5.6-18 5.831 11.-10 11.716 11.706 17 .10 16.86~ 23.50 23 .614 
0.75 0.803 0 .803 1.55 1.6.12 1.657 5.35 5.705 5.887 11.50 11.807 11.796 17 .:!0 16.96:! 2.l.55 23.678 
0.76 0.!114 0.815 1.56 1.653 1.667 5.-10 5.772 5.952 11.55 11.852 11.8-11 17 .30 17.056 23.60 23 .703 
0.77 0.825 0.827 1.57 1.663 1.677 5.50 5.906 6.083 11.60 11.893 11.882 17.40 17.150 23.70 23.754 
0.78 0.837 0.838 1.58 1.67-1 1.688 5.53 5.946 6.122 11.70 11.975 11.964 17.50 17.244 23.79 23.800 
0.79 0.848 0.850 1.59 1.684 1.698 5.60 6.0011 6. 185 11.73 12.000 11.988 17.57 17.310 23.80 23.808 
0.80 0.859 0.862 1.60 1.695 1.708 5.68 6.078 6.256 li.RO I :!.058 I :!.0-16 17 .60 17.3-11 :!3.90 23.887 
0.81 0.871 0.873 1.61 1.705 1.719 5.70 6.106 6.28-1 11.86 12.108 12.096 17.70 17.4-1-1 24.00 23.965 
0.82 0.882 0.885 1.62 1.715 1.729 5.80 6.248 6.427 11.90 12.143 12.130 17 .80 17.547 24.04 23.997 
0.83 0.893 0.897 1.63 1.726 1.739 5.89 6.376 6.555 12.00 12.229 12.217 17.90 17.650 24.10 24.039 
0.84 0.905 0.908 1.64 1.736 1.749 5.90 6.384 6.563 12. 10 12.316 12.303 18.00 17.751 24.20 24.108 
0.85 0.916 0.920 1.65 1.747 1.760 6.00 6.460 6.638 12.12 12.333 12.320 18.10 17.852 24.21 24.115 
0.86 0.927 0.932 1.66 1.757 1.770 6.10 6.537 6.714 12.20 12.400 12.387 18.20 17.953 24.30 24.157 
0.87 0.939 0.943 1.67 1.767 1.778 6.20 6.614 6.790 12.30 12..184 12.471 18.30 18.054 24.40 24.204 
0.88 0.950 0.955 1.68 1.778 1.786 6.30 6.690 6.866 12.40 12.568 I :!.555 18.4d' ql8.155 Z4.50 24.251 

885 = 8erggren et al. (1985); CK = Cande and Kent (1992); S94 = Shackleton et al. (1994) . 
Boldface indicales age of magnetic chron/subchron boundary . 
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Table 1 (continued) 

B85 CK92 B85 CK92 B85 CK92 B85 CK92 B85 CK92 B85 CK92 B85 CK92 B85 CK92 
24.60 24.299 31.40 29.499 38.80 35.986 46.10 43.811 53.88 50.646 61.10 58.712 68.60 68.830 76.30 75.485 
24.70 24.346 31.50 29.574 38.90 36.077 46.17 43.868 53.9()" 50.668 61.20 58.860 68.70 68.937 76.40 75.570 
24.80 24.393 31.58 29.633 39.00 36.167 46.20 43.896 54.00 50.779 61.30 59.007 68.80 69.043 76.50 75 .655 
24.90 24.440 31.60 29.668 39.10 36.257 46.30 43.990 54.03 50.812 61.40 59.154 68.90 69.150 76.60 75.740 
25 .00 24.487 31.64 29.737 39.20 36.347 46.40 44.083 54.09 50.913 61.50 59.302 69.00 69.257 76.70 75 .825 
25 .10 24.534 31.70 29.785 39.24 36.383 46.50 44.177 54.10 50.924 61.60 59.449 69.10 69.363 76.80 75.910 
25 .20 24.581 31.80 29.864 39.30 36.441 46.60 44.271 54 .20 51.039 61.70 59.596 69.20 69.470 76:90 75.996 
25 .30 24.628 31.90 29.944 39.40 36.539 46.70 44.364 54.30 51.153 61.80 59.743 69.30 69.576 77.00 76.081 
25.40 24.675 32.00 30.023 39.50 36:636 46.80 44.458 54.40 51.267 61.90 59.891 69.40 69.683 77.10 76.166 
25.50 24.722 32.06 30.071 39.53 36.665 46.90 44.552 54.50 51.381 62.00 60.038 69.50 69.787 77.20 76.251 
25.60 24.772 32. 10 30.109 39.60 36.733 47 .00 44.645 54.60 51.495 62.10 60.185 69.60 69.890 77.30 76.336 
25.67 24.826 32.20 30.2(» 39.70 36.829 47 .10 44.739 54.70 51.609 62.20 60.333 69.70 69.994 77.40 76.422 
25.70 24.861 32.30 30.300 39.80 36.926 47.20 44.833 54.80 51.752 62.30 60.480 69.80 70.097 77.50 76.507 
25 .80 24.976 32.40 30.395 39.90 37.022 47.30 44.926 54.90 51.895 62.40 60.627 69.90 70.201 77.60 76.592 
25 .90 25.091 32.46 30.452 40.00 37.119 47.40 45.020 55.00 52.038 62.50 60.774 70.00 70.304 77.70 76.677 
25.97 25.171 32.50 30.494 40.10 37.215 47 .50 45.113 55.10 52.181 62.60 60.922 70.10 70.408 77.80 76.762 
26.00 25.194 32.60 30.599 40.20 37.312 47 .60 45.207 55.14 52.238 62.70 61.069 70.20 70.511 77.90 76.847 
26.10 25.270 32.70 30.705 40.30 37.408 47 .70 45.301 55 .20 52.318 62.80 61.216 70.30 70.615 78.00 76.933 
26.20 25.345 32.80 30.810 40.40 37.505 47 .80 45.394 55.30 52.451 62.90 61.364 70.40 70.718 78. 10 77.018 
26.30 25.421 32.90 30.915 40A3 37.534 47.90 45.488 55.37 52.544 63.00 61.511 70.50 70.822 78.20 77.103 
26.38 25.4112 33.00 31.004 40.50 37.667 48 .00 45.582 55 .40 52.570 63.03 61.555 70.60 70.925 78.30 77.188 
26.40 25.499 33. 10 31.094 40.60 37.791 48.10 45.675 55 .50 52.655 63. 10 61.609 70.70 71.029 78.40 77.273 
26.50 25.583 33.20 31.183 40.70 37.915 48.20 45 .769 55.60 52.740 63.20 61.687 70.80 71.132 78.50 77.359 
26.56 25.633 33 .30 31.272 40.77 37.988 48.30 45 .863 55.66 52.791 63 .30 61.765 70.90 71.236 78.60 77.444 
26.60 25.656 33 .40 31.362 W.80 38.005 48.40 45 .956 55 .70 52.829 63 .40 61.842 71.00 71.339 78.70 77.529 
26.70 25.714 33 .50 31.451 40.90 38.063 48.50 46.050 55 .80 52.925 63 .50 61.920 71.10 71.443 78.80 77.614 
26.80 25.772 33 .60 31.540 41.00 38.120 48.60 46.144 55 .90 53.021 63.54 61.951 71.20 71.546 78.90 77.699 
26.86 25.807 33 .70 31.630 41.10 38.177 48.70 46.237 56.00 53.116 63.60 62.059 71.30 71.650 79.00 77.78.4 
26.90 25.880 33.80 31.719 41.11 38.183 48.75 46.284 56.10 53.212 63 .70 62.239 71.37 71.722 79.10 77.870 
26.93 25.934 33.90 31.808 41.20 38.342 48.80 46.334 56.14 53.250 63.80 62.420 71.40 71.746 79.20 77.955 
27.00 25.969 34.00 31.898 41.29 38.500 48.90 46.433 56.20 53 .316 63.90 62.600 71.50 71.825 79.30 78.040 
27.01 25.974 34.10 31.987 41.30 38.512 49.00 46.532 56.30 53 .425 64.00 62.780 71.60 71.904 79.40 78.125 
27 .10 26.043 34.20 32.076 41.40 38.633 49.10 46.631 56.40 53.534 64.10 62.960 71.65 71.943 79.50 78.210 
27 .20 26.119 34.30 32.166 41.50 38.754 49.20 46.730 56.50 53.643 64.20 63.141 71.70 71.982 79.60 78.295 
27 .30 26.1% 34.40 32.255 41.60 38.876 49.30 46.830 56.60 53.753 64.29 63.303 71.80 72.061 79.70 78.381 
27 .40 26.273 34.50 32.344 41.70 38.997 49.40 46.929 56.70 53.862 64.30 63.318 71.90 72. 139 79.80 78.466 
27 .50 26.349 34.60 32.434 41.80 39.118 49.50 47 .028 56.80 53 .971 64.40 63.467 71.91 72.147 79.90 78.551 
27 .60 26.426 34.70 32.523 41.90 39.239 49.60 47 .127 56.90 54.080 64.50 63.616 72.00 72.210 80.00 78.636 
27 .70 26.502 3"'-80 32.612 42.00 39.360 49.70 47.226 57.00 54.189 64.60 63.766 72.10 72.279 80.10 78.721 
27.74 26.533 34.90 32.702 42.10 39.481 49.80 47 .325 57.10 54.299 64.70 63.915 72.20 72.349 80.17 78.781 
27 .80 26.602 35.00 32.791 42.:!0 39.603 49.90 47.425 57.20 54.408 64.80 64.064 72.30 72.418 80.20 78.814 
27 .90 26.717 35.10 32.880 42.23 39.639 50.00 47 .524 57 .30 54.517 64.90 64.214 72.40 72.488 80.30 78.924 
28.0C 26.832 35.20 32.970 42.30 39.718 50.10 47.623 57 .40 54.626 65.00 64.363 72.50 72.557 80.40 79.034 
28.1J 26.947 35.29 33.050 42.40 39.835 50.20 47.722 57.50 54.736 65.10 64.512 72.60 72.627 80.50 79.145 
28.15 27.004 35 .30 33 .059 42.50 39.952 50.30 47 .821 57.60 54.845 65.12 64.542 72.70 72.697 80.60 79.255 
28.20 27.048 35 .40 33 .144 42.60 40.069 50.34 47.861 57.70 54.954 65 .20 64.620 72.80 72.766 80.70 79.365 
28.30 27. 137 35 .50 33 .229 42.70 40.186 50.40 47 .901 57.80 55.063 65 .30 64.717 72.90 72.836 80.80" 79.475 
28 .40 27.226 35 .60 33.314 42.73 40.221 50.50 47 .969 57 .90 55 .173 65 .40 64.814 73.00 72.905 80.90 79.585 
28.50 27.315 35.70 33 .399 42.80 40.312 50.60 48.036 58.00 55.282 65.50 64.911 73 .10 72.975 81.00 79.695 
28.60 27.404 35.80 33..484 42.90 40.442 50.70 48.104 58.10 55.391 65 .60 65.034 73.20 73.()44 81.10 79.805 
28.70 27.493 35.87 33.543 43 .00 40.572 50.80 48.171 58.20 55.500 65.70 65.156 73.30 73. 114 81.20 79.916 
28 .80 27.582 35 .90 33.568 43. 10 40.702 50.90 48.239 58.30 55 .610 65.80 65.279 73 .40 73 . 184 81.30 80.026 
28 .90 27.671 36.!Xl 33.650 43.:!0 40.833 51.00 48.306 58.40 55 .719 65.90 65.401 73 .50 73.253 81.40 80.136 
29.(K) 27.759 36. 10 33 .73:! .. 3.30 40.963 51.10 48.374 58.50 55 .828 66.00 65 .524 73.55 73.288 81.50 80.246 
29. 10 27.848 36.20 33 .814 43 .40 41.093 51.20 48 .441 58.60 55 .937 66.10 65 .646 73.60 73.316 81.60 80.356 
29.20 27.937 36.30 33 .896 43 .50 41.223 51.30 48.509 58.64 55.981 66.17 65.732 73.70 73 .372 81.70 80.466 
29.21 27.946 36.40 33.979 43.60 41.353 51.40 48.576 58.70 56.034 66.20 65.778 73.80 73.428 81.80 80.577 
29.30 27.999 36.50 34.061 43.70 41.410 51:50 48.643 58.80 56.123 66.30 65.930 73.90 73.483 81.90 80.687 
29.40 28.059 36.60 34.143 43.80 41.468 51.60 48.711 58.90 56.212 66.40 66.083 73.96 73.517 82.00 80.797 
29.50 28. 118 36.70 34.225 43 .90 41.525 51.70 48.778 59.00 56.301 66.50 66.235 74.00 73.571 82.10 80.907 
29.60 28. 178 36.80 34.307 44.00 41.583 51.80 48.846 59.10 56.390 66.60 66.388 74.01 73.584 82.20 81.017 
29.70 28.237 36.90 34.390 44.06 41.617 51.90 48.913 59.20 56.479 66.70 66.540 74.10 73 .645 82.30 81.127 
29.73 28.255 37 .00 34.472 44.10 41.684 51.95 48.947 59.24 56.515 66.74 66.601 74.20 73.713 82.40 81.237 
29.80 28.308 37. 10 34.554 44.20 41.853 52.00 48.996 59.30 56.594 66.80 66.673 74.30 73.781 82.50 81.348 
29.90 28.385 37.20 34.636 44.30 42.022 52.10 49.094 59.40 56.727 66.90 66.794 74.40 73.866 82.60 81.458 
30.00 28.461 37.24 34.669 44.40 42.190 52.20 49. 192 59.50 56.859 67.00 66.914 74.50 73.951 82.70 81.568 
30.03 28.484 37.30 34.748 44.50 42.359 52.30 49.290 59.60 56.992 67.10 67.035 74.60 74.037 82.80 81.678 
30.09 28.550 37 .40 34.880 44.60 42.528 52.40 49.388 59.70 57.124 67.20 67.155 74.70 74. 122 82.90 8r.788 
30.10 28.557 37.46 34.959 44.66 42.629 52.50 49.486 59.80 57.257 67.30 67.276 74.80 74.207 83.00 81.898 
30.20 28.626 37.50 34.985 44.70 42.662 52.60 49.583 59.90 57.389 67.40 67.396 74.90 74.292 83.10 82.009 
30.30 28.695 37.60 35.048 44.80 42.744 52.62 49.603 60.00 57.522 67.50 67.517 75.00 74.377 83.20 82.119 
30.33 28.716 37.70 15.112 44.90 42.826 52.70 49.669 60. 10 57.654 67 .60 67.637 75 .10 74.462 83.30 82.229 
30.40 28.767 37 .80 35. 176 45 .00 42.908 52.80 49.752 60.20 57.787 67.70 67.758 75.20 74.548 83.40 82.339 
30.50 28.840 37.90 35.240 45. 10 42.990 52.90 49.835 60.21 57.800 67.80 67.878 75 .30 74.633 83.50 82.449 
30.60 28.913 38.00 35.304 45.20 43.072 53.00 49.918 60.30 57.866 67.90 67.999 75.40 74.718 83.60 82.559 
30.70 28.986 38.10 35.368 45.30 43.154 53.10 50.000 60.40 57.940 68.00 68.119 75 .50 74.803 83.70 82.670 
30.80 29.059 38.20 35.446 45.40 43.236 53.20 50.0!!3 60.50 58.013 68.10 68.239 75.60 74.888 83.80 82.780 
30.90 29.132 38.30 35.523 45.50 43.3 18 53.30 50.166 60.60 58.087 68.20 68.360 75 .70 74.974 83.90 82.890 
31.00 29.205 38.34 35.554 45.60 43.400 53.40 50.249 60.70 58.160 68.30 68.480 75.80 75.059 84.00 83.000 
31.10 29.278 38.40 35.615 45.70 43.482 53.50 50.331 60.75 58.197 68.40 68.601 75 .90 75 .144 
31.20 29.351 38.50 35.716 4.5 .80 43.564 53.60 50.414 60.!!0 58.271 68.42 68.625 76JXJ 75 .229 
31.23 29.373 38.60 35.806 45.90 43.646 53.70 50.497 60.90 58.418 68 .50 68.721 76.10 75 .314 
'I 10 "9 .4"~ 'PI• '~ - ~9!,2 46.00 4~ .729 ~1 . !10 ~(1.~!10 !.li .!XI ~~ - ~~~ 611.52 611.745 7!.l"0 1~ 1<)<l 
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SCANNING ELECTRON MICROGRAPHS OF THE GENUS KOKIA 
(INCERTAE SEDIS) 

Brigitta van Nie/, Institute of Oceanographic Sciences, Brook Road, Wormley, Surrey. GU8 5UB 

Introduction 
Kokia is a genus of flat, rosette shaped Early Cretaceous 
(Ryazanian to Hauterivian) nannoliths. Specimens were 
described by Kok ( 1985), as UFO 2, and subsequently by 
Perch-Nielsen (1988), who formally described the genus 
Kokia including two new species, K. borealis, and K. 
curvata. 

During examination of Ryazanian (Berriasian) 
North Sea sediments Kokia was found to be common and 
the opportunity was taken to examine it in the LM and 
SEM using the technique developed by Gallagher ( 1988). 
This genus has previously only been illustrated in cross
polarised light (Kok, 1985, PI. I figs 11-13 and 
Perch-Nielsen, 1988, PI. 1, figs 8-14). This short note 
illustrates Kokia spp. from NW Europe in the LM and 
SEM showing detail of the construction of the plates. 
Tentative affinities for this genus are discussed. 

Observations 
Kok (1985, p. 38) noted the presence of " a narrow axial 
depression" in specimens of Kokia . In the generic 
diagnosis, Perch-Nielsen ( 1988, p. 31) stated that '' there 
is no central hole" . Observation on the central part of 
K. borealis implies that there is a small central opening 
which appears to be covered by a thin diaphragm of calcite 
which can easily be damaged (PI . 1, figs 1 c-e). This feature 
may give the appearance of no central hole in the LM. 

Most specimens observed had 8 rays although 
some specimens were constructed of 10 rays (PI. I, fig. 5). 
In the LM two apparently superimposed specimens were 
sometimes observed, however, no similar structures were 
found in the SEM, possibly due to the fragile nature of the 
structure. In the SEM the specimens are clearly shown to 
be rather flat and about l~m thick (PI. l, fig. 2c). 

When specimens are observed in crossed polars the 
individual rays show straight extinction. Use of a gypsum 
plate (cf. Moshkovitz & Osmond, 1989; Young, 1992) 
shows that this is due to them having tangential 
crystallographic orientation, in contrast to the radial 
orientation observed in most coccoliths. 

The rays appear to be constructed of a single plate 
giving a smooth appearance, with the free part of the rays 
being short or elongate, truncated or· pointed. J.solated 
paired rays show some similarities to broken segments 
from Micrantholithus (PI. 1, fig. 3). However, in the LM 
each ray can be clearly observed in Kokia specimens 
whereas in Micrantholi thus specimens the segments form 
a complete unit. A second cycle of very thin plates can be 
observed around the central opening (PI. 1, figs le & d). 
It is uncertain whether these plates form a thin diaphragm 
around the central area. 

Possible Affinities 
The biological affinity of this genus has been tentatively 
assigned to Ascidian spicules, in particular to the family 

Didemnidae, by Varol & Girgis ( 1994, in press) and Varol 
& Houghton (in prep). The taxon, K. borealis, previously 
only observed in the LM, was inferred to resemble the 
SEM illustration of Lissoc/inum argyllense in Monniot 
(1970, PI. 2). The SEM micrographs illustrated in this 
paper clearly illustrate dissimilarities between the three
dimensional Ascidian spicules and the flat genus Kokia . 
Moreover, ascidian spicules show radial crystallographic 
orientations. 

Structurally the specimens appear similar to the 
calcareous pentalith genera of the Braarudosphaeraceae. 
These genera are constructed of flat pentaliths of variable 
shape, sometimes with a central opening. In some genera 
e.g. Pen/aster the segments may bear rays. Moshkovitz 
( 1987, p. 1120) observed that in proximal view, Bulayaster 
hayi has a very thin calcitic layer beneath which lies a star
shaped body. This construction appears similar to that 
observed in plate 1, figs le & d). However, the large 
number of rays in the genus Kokia means it must still be 
considered 'incerlae sedis '.The tangential crystallographic 
orientation of the rays would support affinities with either 
the Braarudosphaeraceae or the Polycyclolithaceae, both 
of which characteristically have tangential c axes 
(Moshkovitz & Osmond, 1989). 

Taxonomic Combinations 
Kokia borea/is Perch-Nielsen (1987) 
Kokia curvata Perch-Nielsen (1987) 
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PLATE 1 

1-4: Kokia. borealis. Upper Ryazanian. Danish Central Trough, North Jens-1 , 7950 m. Figs 1 a-d, 2 a-c and 
4 a- c are same specimen photographs. 

1 a: Cross-polarised light. 
lb: Scanning electron microscope. 
le: Detail of the central area and base of ray. 
ld: Detail of the central pore which appears to be covered by a thin, damaged diaphragm. 
2a: Cross-polarised light. 
2b: Scanning electron microscope. 
2c: Oblique view illustrating the thin, flat nature of this genus. 
Ja: Pair of broken rays. 
4 a: Cross-polarised light. 
4 b: Scanning electron microscope. 
4 c: Detail of the central pore and diaphragm. 
5: Kokia sp. A 10-rayed specimen. Overgrowth of the specimen has obscured some of the structural detail. Upper 

Ryazanian. Danish Central Trough, North Jens-1 , 7950 m. 

Horizontal scale bars: 10 Jlm for the light micrographs (shown in fig. 4a) and 1 Jlm for all scanning electron micrographs . 

.. 
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A NET FOR THE CONSTRUCTION OF MODEL CALCITE 
RHOMBOHEDRA 

Jon M Didymus, School of Chemistry, University of Bath, UK 
Jeremy R. Young, The Natural History Museum, London SW7 5BD, UK 

Coccoliths, and most other nannofossils, are composed of 
calcite and in order to understand their structure it is useful 
to have an understanding of the symmetry of calcite. The 
net given here can be used to construct models of the 
rhombohedral calcite unit cell. These are useful for envi
sioning the relationships between the faces and axes of 
common calcite forms, and in particular for interpreting 
the rhombohedral faces which are often developed during 
diagenesis of coccoliths. Drawings showing the relation
ship of this cell to the atomic structure of calcite are given 
in standard mineralogy texts, and in Young (1993). 

On the net the apices through which the c-axis 
emerge are indicated by a triangle of lines. Similarly the 
points of a-axis emergence (through the middle of edges) 
are indicated by dashes. To use the net photocopy it onto 
paper or light card, cut it out, fold and glue. 

REFERENCE 
Yowtg, JR. , 1993: The description and analysis of coccolith 

structure. ln, B. Hamrsmid & JR. Ymmg (eds. ) Pro
ceedings of the 4th INA Conference, Prague 1992. 
Knihovnicka ZPN, 14a, 35-71 . 
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MILANKOVITCH VERSUS CHAOS: OPPOSING OR 
COMPLEMENTARY THEORIES? 

Mario Cachao, Geology Department, Fac. Sciences, Univ. Lisbon, Rua Escola Politecnica 58, 1294 Lisboa 
Codex, PORTUGAL 

Introduction 
The analytical phase of quantitative Palaeoecology -
Palaeoceanography started in the middle seventies with 
the development of an hypothetical-deductive model which 
seeks to interpret and explain rhythmical patterns on high 
resolution proxy time series as a linear response to a global 
mechanism known as orbital forcing. Directly related to 
the theory proposed in the thirties by the Serbian mathe
matician and astronomer Milutin Milankovitch, 
according to this ~echanism Pleistocene glacial cycles, 
were produced by variations of the solar radiation flux 
reaching our planet (Berger et al., 1984). The notion that 
these variations could be related to cyclic geometric 
changes in the earth's orbit began with J. Adhemar, in 
1842, who suggested that the main cause for the "ice 
ages'' could be variations in the direction of earth's orbital 
axis and, consequently, in insolation (Berger & Pestiaux, 
1984). 

Such theories usually assume that climate and the 
ecological systems in general have a linear response to the 
regular and periodic oscillatory behaviour of several Earth 
orbital parameters, i.e. the proxy data response from 
(palaeo )climate or (palaeo )oceanographic dynamics is 
more or less proportional to the magnitude of the orbitally 
induced periodic disturbance (lmbrie et al., 1984; Herterich 
& Sarnthein, 1984 ). This linear approach to Milankovitch 
theory will be referred to here as the ''Periodic behaviour 
model" (Cachao, 1992). 

The search for numerical solutions for the equa
tions that rule our planetary system goes back to the first 
attempts of the French mathematician Pierre Simon de 
La place to solve an important issue: the Solar System's 
stability. By making some simplifications La place showed 
that his simplified system was integrable and that there 
where long-term (tens ofth<;msands of years) periodicities 
(Murray, 1992). 

The present day values for the periodic variations 
of the maximum solar energy that reaches our planet 
correspond to one of the trigonometric solutions of the 
Lagrangean equations for the planetary movements, which 
are (Berger, 1984): 

- 400 and 100 ka, periodicities associated with 
sinusoidal variations of the earth orbit eccentricity around 
the Sun; 

- 41 ka, a period related. to variations on Earth 
rotation axis obliquity; 

- 23 and 19 ka, both periods related to variations in 
the precession of the equinoxes. 

These values are only valid for an interval of time 

that goes back to -5 Ma (earliest Pliocene) due to inherent 
limitations to the calculations involved ( op. cit.) and to the 
existence of multiple disturbance factors such as solid 
tides, solar wind, and meteoritic showers (Buys & Ghil, 
1984 ). So several corrections have been introduced and 
new values proposed (e.g. Berger et al., 1989) for other 
time intervals. 

Milankovitch frequencies result from the nonlinear 
interference of the several gravitational forces involved in 
movement of our planetary system. The importance in 
recognising these frequencies in our time series data is 
obvious: it would increase our biostratigraphic resolution 
to a degree unthinkable a few years ago. But what does it 
strictly tell us about how the natural systems (climate, 
oceanic currents - the "conveyor belt" of Broecker & 
Denton, 1990)-, upwelling and the " El Nifio" events, 
population dynamics, ecological succession) work? Not 
much. In fact the linear approach to the Milankovitch 
model assumes that the environment is ''transparent'' or 
passive to the orbital frequency signals. But our everyday 
experience suggests the opposite. 

There are no natural dynamic systems that can be 
illustrated by a straight line, or in other words, natural 
processes are all nonlinear1

• By nonlinear we mean ''with 
feedback' ' and the full consequences of this are only now 
being understood through the application of Chaos 
Theory, since the first discoveries of Eduard Lorenz, a 
meteorologist from the Massachusetts Institute of Tech
nology, in the early 1960s (Lorenz, 1963). 

The main purpose of this essay is to contribute to 
the development of an alternative model that may find 
room to explain, as a gestalt theory, not only data series 
with rhythmic patterns but also alternating processes 
without a strict periodicity. 

To discuss whether there is ''Milankovitch'' or not 
is a false problem. Orbital forcing has always been present 
as a pumping mechanism on Earth environment. Whethe.r 
its frequencies are stable or change to some degree, is 
another problem which will not be addressed here. What 
we should discuss is under what conditions should we 
expect to recognise these periodic signals in our data and 
in which conditions should we expect not to see them, and 
why? · 

An alternative approach 
The model, which is proposed as an alternative to the 
linear "Periodic behaviour model" , was designated as 
"Complex behaviour model" (Cachao, 1992). As Broecker 
& Denton wrote (1990) this "proposal is not a rejection 

1 -Although for some authors the system's response seems to behave ''nearly linearly'' in the 4 3 and 23-ka frequencie~'hnbrie ( 1992) 
• recently recognised that the I 00-ka cycle ''might either reflect an oscillation driven by non linear interactions occurring within 

the system itself [vide Self-periodic sector in Fig. 3 of this essay], or an interaction occurring between the system and the 
astronomically forced responses'' simply because the ''100,000-year cycle of radiation is much too small to be effective' ' ( op. 
cit. ). 
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Fig. 1: The ''Bifurcation diagram'': one-dimensional map of the recursive iteration of the simplified logistic equation. The ordinate X represents the size 
of a certain population which varies between 0 (extinction) and 1. X, is the initial population size. The abscissa r simulates variable reproduction rates. 
The larger r is more the iteration system deviates from "linearity". 

of the astronomical theory ... but an extension of it'' since 
it combines astronomical induced driving forces (i .e. 
Milankovitch theory) with aspects of nonlinear dynamics 
(i .e. Climate) particularly some recent developments of 
Chaos Theory. 

The proxy nature of the rnicropalaeontological 
data we gather has special characteristics since we are 
dealing with living entities with complex ecological and 
physiological responses to their surrounding environ
ment. Although calcareous nannoplankton are 
phytoplanktonic, present day studies have demonstrated 
that they are not usually light limited (Margalef, ·1991). 
So, in our model the main Milankovitch influence will be 
centred on the increase/decrease of seasonality, related to 
stronger/weaker global temperature gradients which are 
directly (although nonlinearly) related to stronger cli~te 
induced turbulence (both oceanic - upwelling, and atmo
spheric - storm disturbance). Ultimately this turbulence 
controls nutrient input in the system. We will leave for the 
moment the question of exactly how the surrounding 
palaeoceanographic environment is physically reacting to 
orbital forcing2

. 

As a paradigm of this model the Bifurcation Dia
gram of the logistic equation in its canonical (simplified) 
formwillbeused(May, 1974, 1976; May&Oster, 1976) 
(Eq. 1) as an example for the several situations that this 
model assumes as possible to occur in natural systems. 

X, = r.X,_1 • (1-X,_.) (1) 
Where X is the hypothetical population size at a 

certain time interval t, and r is a constant that simulates 
their reproduction rate per unit of time interval. However 

it there is no assumption that natural systems are fully 
described by this or any other simplified equation, only 
that their behaviour, when iterated, may foHow its basic 
features. In other words: the logistic equation is used here 
not so much as a potential model for population growth in 
an environment oflirnited resources but as a suitable (and 
common) example of how nonlinear systems work. 

Even in this simplified version the logistic equa
tion is a typical example of a nonlinear equation with a 
feedback mechanism, [the term (1 -X,) in Eq. 1], that 
prevents populations from growing indefinitely. Fig. 1 is 
a one-dimensional map of the recursive iteration of this 
simplified logistic equation which is known as the' 'Bifur
cation diagram" . The recursive iteration of this equation 
is a mathematical procedure arguably analogous to a 
natural system in which the value of a given property at one 
time interval (X) is dependant on its value in the preceding 
time interval (X,). The sequence of values produced can 
thus be analogous to any time series data set, for instance 
from sequential core samples, in which a certain sample 
is related to the previous ones by a sequence of several 
(natural) processes, repeating themselves on and on (Fig. 2). 

Let's now assume that r (referred to above as the 
reproduction rate) modulates the increase in l! population 
size, after a certain time interval, due to the availability in 
nutrients. At a first glimpse we could consider that when 
r increases the size of the population also increases, more 
or less, proportionally. Well, this is true but only for a short 
interval of r values. 

Depending on the values of the parameter r a 
certain theoretical population (X) may converge to a 

2 - It is interesting to notice how recent models of the physical behaviour of certain palaeoceanographic Thatures such as the North 
Atlantic conveyor (its thermohaline circulation) considers a " stochastic or random forcing" component (e.g. magnitude of 
freshwater flux forcing) (Weaver & Hughes, 1994) with no linear direct response to orbital fr.rcing (obviously that there is a certain 
relationship since stronger seasonality due to Milankovitch cyclicity induces a stochastic hydrological cycle with larger standard 
deviation), mainly because changes in the conveyor circulation pattern have a much higher frequency and an unpredictable nature. 
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X(t+~t+1)] 

X(t+3) = r X(t+2) [ 1- X(t+2) ] 

X(t+n) = r X(t+n+1) [ 1- X(t+n+1) ] 

recursive iteraction 

Fie. 2: Comparative diagram showing the similarity between the study of 
a sequential core sampling and the behaviour of a simple non-linear 
equation when we iterate it recursively. 

unique size value (quasi-linear sector of the diagram, 
where X is approximately proportional to r), may self
oscillate between 2, 4 ,8, 16 ... distinct size values 
(self-periodic sector, where " sudden" bifurcations arise 
after which the population size, X, " oscillates" between 
extreme lower and upper values) or may never converge 
(aperiodic or chaotic sector, where the size of the popula
tion loses predictability) (Fig. 1). By simply increasing r 
the behaviour of the population described by this simple 
equation diverges more and more from " linearity" . 

Possible palaeoecological - palaeoceanographic 
meanings of these three sectors are not yet fully under
stood but some interpretations are possible: 

i) The quasi-linear sector represents the interval where the 
system reacts almost as a " transient" linear system, i.e. 
the outputs (X) are unique and almost proportional to the 
inputs (r). In this stage the system is quite robust since even 
after strong disturbances (a significative change in the 
initial size of the population) the system reacts in order to 
converge to the same final size value (Fig. 3). By other 
words strong ' 'anomalous' ' environmental disturbances, 
by their magnitude, can induce direct unpredictable re
sponses in the organisms (e.g. abundance drops, blooms, 
para-acmes, etc.) although in this stage the system re
sponds to reach the initial stable value (something that a 
typical linear system cannot perform) and by doing that it 
better reflects the overall conditions. The model predicts 
that when the system is "working" in this way it should 
be possible to recognize in it external (orbital) signals and 
to apply Milankovitch models (Imbrie et al. , 1992). This 
behaviour is expected to occur for sites located in oceanic 
domain (more or less stable central ocean gyres) and for 
oligotrophic phytoplankton groups that have lesser needs 
for nutrients (e.g. Discoasters in sites far away from 
coastal areas, Backman, 1986; Backman et al., 1987) 
since nutrient concentrations are more dependent on 
climate and turbulent transport; 
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Fie. 3: Logistic generated time series: quasi-linear behaviour. I - initial 
state; 2- behaviour after a strong disturbance (significant change in initial 
conditions). 

ii) The self-periodic sector shows how a nonlinear system 
may disclose a rhythmic pattern without any need for 
external (cyclic or not) forcing. In this stage the system 
shows some sensitivity to disturbance as can be seen in 
Fig. 4. In some cases after a change in initial conditions 
the system may return to the same behaviour (Fig. 4A) 
while in other situations the system may respond with a 
small or a large phase shift (Figs. 48 and 4C, respectively). 
It is possible that some cases of rhythmic patterns in time 
series (e.g. limestone-mar! or any other lithological coup
let sequences) may result from this property of nonlinear 
systems. If so, instead of being a consequence of external 
orbital forcing they might correspond to an internal and 
also natural ''heart beat''. 'Tills could explain those cases 
when spectral analysis reveals non Milankovitch 's fre
quenciesor cases where we have a quasi-periodic behaviour 
(evidenced by a torus structure- doughnut shaped - in 
phase space) due to interference between distinct frequen
cies or disturbance of a spectral signal by defocus of a 
cyclic pattern (Fig. 4B and C) (see footnote) ; 

iii) in the chaotic or aperiodic sector the system is 
intransient, never converges and shows an extreme sensi
tivity to initial conditions, the " Butterfly effect" of 
(Lorenz, 1964 ). In these conditions an undetectable change 
in the initial values (e.g. a shift of 0.02 arbitrary units) 
leads to an exponentially divergent situation after only a 
few iterations (Fig. 5). The system becomes unpredictable 
and several tests may be applied to determine the 
dimensionality of its attractors (in phase space) as a way 
to distinguish this chaotic system from a noisy time series. 
Computing Lyapunov exponents or running nonlinear 
predictability tests (Sugihara et al., 1990; Sugihara & 
May, 1990) are some of the other methods that can be 
used to demonstrate the real nature of apparently random 
(chaotic) time series. 

This last situation is expected to happen in time 
series retrieved from cores near continental areas where 
climate disturbances (run off) and upwellipg are quite 
frequent. Several workers. have already shown that both 
climate and turbulence have a typical chaotic behaviour 
and characteristic fractal properties (Mandelbrot, 1983; 
Margalef, 1991 ; Mullin, 1992; Palmer, 1992; Peixoto & 
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Fie. 4: Logistic generated time series: self-periodic behaviour. A- convergent behaviour, B- small shift of phase induced by-disturbance; C- significative 
shift of phase induced by disturbance. ··' 

Oort, 1992), of the same basic nature as the chaotic sector BifurcatiGil diagram in which some portions of the dia-
of the Fig. 1. In fact the scale invariant (self-similarity) gram (as for instance a small window in the vicinity of the 
property of fractals can also be illustrated by this same limit between the self-periodic and chaotic sectors), when 
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Fie. 5: Logistic generated time series: chaotic behaviour. After an "insignificant" disturbance of0.02 (arbitrary units) the system changes completely 
after only few iterations. This is know by the " butterfly effect" oc sensitivity to initial conditions which is one of the characteristics of the chaotic dynamics. 

enlarged, reproduce the same basic features of the whole 
diagram (Fig. 6-A). 

Also other properties of the Bifurcation diagram 
such as the "universality" (or the feigenvalue, the con
stant ratio between the r values which occurs at two 
contiguous bifurcations) or the "windows of organi:za
tion" (the white strips in the chaotic sector, short moments 
at which the system starts to reconverge, Fig. 6-B) may 
also be interpreted (probably not so easily) in terms of how 
natural (palaeo )systems (population dynamics or turbu
lent motion) work (Stewart, 1990). 

So far we have discussed only a single population 
but studies made on multi-dimensional nonlinear systems 
show that the chaotic sector increases and appears 
''sooner'' than in the case shown in figure 1. 

It has been demonstrated that ' 'chaos does not rise 
because of noise in the system or. imprecision of measure
ment. Instead it is an intrinsic feature of the physical 
[natural] system" (Crilly et al. , 1991). 

The "Complex behaviour model" as presented 
above does not aim to "explain" exactly how and when 
the system shifts from the periodic orbital signal (in some 
cases, like in the "Younger Dryas"l, we may be able to 
understand why, but when we go further in the past our 
chance of pin-pointing every one of these possible '' anoma
lous'' cases is virtually impossible) but to try to understand, 
within a single framework (the nonlinear behaviour of the 
natural systems), several of the possible situations that 
might happen in the study of a time series proxy data. I 
believe Chaos theory and nonlinear dynamics applied to 
palaeoecology can help us to understand how even "sim
ple'' ecological systems may reveal a rather complex 
pattern, which quite easily could be interpreted as noisy 
and simply filtered and tuned to a predetermined 
Milankovitch frequency signal. We may miss much if we 
use this last procedure, blindly, as a routine. 

I hope that this essay may lead to a general discus
sion (perhaps in a workshop on palaeoecology -
palaeoceanography, in the next INA Conference) about 
the behaviour of natural systems, how they work and 
which are the best methods (for each possible case ) to 
study them. 
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+ Deep-Sea Res., 40(7): 1487-1508. 
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• Geologija, 14: 153-156. 
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New study of the Cretaceous nannoplankton of the southeastern Lithuania and Be1arus. 
+ 2nd Baltic Stratigraphic Conf., abstracts, Vilnius, p. 60. 
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(In French with English abstract). 
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A5042 PAULL, C.K & BALCH, W.M. 
Oxygen isotopic disequilibrium in coccolith carbonate from phytoplankton blooms. 
+ Deep-Sea Res. I, 41 (I): 223-228. 
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+ Geol. Soc. Amer. Annual Mtn., Abstracts with Programs, p. A-278. 
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+ Geology, 22: 99-102. 
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A biomarker perspective on pryrnnesiophyte productivity in the northeast Pacific Ocean. 
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A5047 PREISINGER, A., ASLANIAN, S., STOYKOV A, K, GRASS, F., MAURITSCH, ILJ., 1993 
& SCHOLGER, R 
Cretaceousffertiary boundary sections on the coast of the Black Sea near Bjala (Bulgaria). 
• Palaeogeogr., Palaeoclimatol., Palaeoecol., 104: 219-228. 

A5048 PREMOLI SILV A, l & JENKINS, D. G. 1993 
Decision on the Eocene-Oligocene boundary stratotype. 
+ Episodes, 16(3): 379-382. 

A5049 PREMOLI SUN A, L, HAGGERTY, J., RACK, F., & THE SHIPBOARD SCIENTIFIC 1993 
PARTY 
Proc. ODP, Init. Repts., v. 144 (Northwest Pacific Atolls and Guyots; Sites 871-880). 1084 pp. 
[Nannofossils by E. Erba and D.K. Watkins] 
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+ Oceanol. Acta, 16(4): 349-362. 
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Calcareous Alps (Bavaria, Austria). 
• Zitteliana, 20: 67-77. 
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• In: Wise, S.W., Schlich, R., et al. , Proc. ODP, Sci. Results, 120: 343-370. 

A5065 WATKINS, D.K, QUILTY,P.G., MOHR, B.AR, MAO, S., FRANCIS,J.E., 
GEE, C. T., & COFFIN, M. F. 
Paleontology of the Cretaceous of the central Kerguelen Plateau. 
• In: Wise, S.W., Schlich, R., et al., Proc ODP, Sci. Results, 120: 951-960. 

A5066 WEEKS, AR, FASHAM, M.J.R, AIKEN, J., HARBOUR, D.S., READ, J .F., & BEUAN, L 
North Atlantic bloom experiment, 1989. 
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A5067 WEL W. & GARTNER, S. 
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A5068 WEI, W., LRJ, L, & BUKRY, D. 

Reappraisal of three calcareous nannofossil species: Coccolithus crassus, 
Toweius magnicrassus, and Toweius callosus. 
• J. Micropalaeontol. , 12( I): 91-98. 

A5069 WIT..UAMS, J .R & BRALOWER, T.J. 
Absolute abundances of calcareous nannofossils as a paleoceanographic tool. 
• Geol. Soc. Amer. Annual Mtn., Abstracts with Programs, p. A-190 . 

A5070 WORNARDT, W. W., ZHANG, J.Z., & V AIL, P.R 
1bree component sequence stratigraphy. 
• Trans. Gulf Coast Assn. Geol. Soc., 42: 363-372. 

A507l YOUNG, J.R, FLORES, J.-A, & WEI, W. 
A summary chart ofNeogene nannofossil magnetobiostratigraphy. 
• J. Nannoplanlcton Res., 16( I): 21-27. 

A5072 ZHANG, JIE, W ATKINS, J .S., & SHYU, J.-P. 
Plio-Pieistocene sequence stratigraphy, outer shelf and upper slope, central offshore, 
Louisiana, Gulf of Mexico. 
• Trans. Gulf Coast Assn. Geol. Soc., 42: 869. 

A5073 ZHANG, JLJUN, MIT..LER, K.G., & BERGGREN, W.A 

A5074 

A5075 

A5076 

A5077 

A5078 

Neogene planktonic foraminiferal biostratigraphy of the northeastern Gulf of Mexico. 
• Micropaleontology, 39(4): 299-326. 

CALCISPHERES 

BUCUR,ll 
Calpionellids and calcispheres from the Upper Jurassic-Lower Cretaceous deposits 
in the Resita-Moldova Noua zone, southern Carpathians, Romania. 
• Cretaceous Res., 13: 565-576. 

WIT..LEMS,R 
Tetramerosphaera lacrimula, an internally loculate calcisphere from the Upper Cretaceous. 
• Senckenb. Lethaea, 66(3/5): 177-201. 
(In German with English abstract). .. 
WIT..LEMS,R 
Calcareous dinoflagellate cysts from the Upper Cretaceous white chalk facies of 
N . Germany (Coniacian to Maastrichtian). 
• Senckenb. Lethaea, 68(5/6): 433-477. 
(In German with English abstract). 

WlLLEMS,R 
Tetratropis, a new calcareous dinoflagellate genus (Pithonelloideae) from the 
Upper Cretaceous ofLaegerdorf(N. Germany). 
• Senckenb. Lethaea, 70( I /3): 239-257. 
(In German with English abstract). 

WIT..LEMS,R 
Calcareous dinoflagellates from the lower Maastrichtian of the Isle of Rogen. 
• Z. Geol. Wiss., 20(1/2): 155-178. 
(In German with English abstract). 
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A5080 HECK, S.E van, BARCENA, M.A, FRANCES, G.~ SIERRO, F.J., FLORES, J.A, 
YOUNG, J.R, et al. 
5th INA Conference, Salamanca 1993. 
• J. Nannoplankton Res. , 16( I): 9-15. 

A5081 HEIMDAL, B.R 
The 1993 Norwegian EHUX experiment. 
• J. Nannoplankton Res., 16(1): 8-9. 

A5082 HEIMDAL, B.R 
Fowth GEM workshop- global Emiliania modelling initiative. 
• J. Nannoplankton Res. , 16(1): 9. 

A5083 YOUNG, J.R 
Global Emiliania modelling initiative activities, 1993. 
• J. Nannoplankton Res., 16(1): 7. 

1994 Report 

1994 Report 

1994 Report 

1994 Report 

CORRECTIONS- TO BffiLIOGRAPHY AND TAXA OF CALCAREOUS NANNOPLANKTON- 22, 
J. NANNOPLANKTON RES. 16(1) 

GARDIN, S. 1993 (A488-8) should have been GARDIN, S. & MANIVIT, H. 1993 

YULIN, X. & JIANLI, L. 1993 (A498-13) should have been XU, Y. & Ll, J. 1993 

KLEDNE, A 1993 (A491-I) is a published volume with an ISBN; it should be considered an effective publication. The correct 
reference is: 
Morphology, Taxonomy and Distribution of Extant Coccolithophorids (Calcareous Nannoplankton). FEBO, Enschede, 

The Netherlands, 321 pp. 
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Bl79 
TAXA 

Zeugrhabdotus kerguelenensis WA TKINS 1992, p. 363, pi. 1-2. South Atlantic and Indian; 
upper Santonian-lower Campanian. 

Calcispberes 

A5064 

Bicarinellum tumulosum WILLEMS 1988, pp. 458~60 . , pi. 6, figs. 28-29. Northern A5076 
Germany, upper Campanian. 

Obliquipithonella echinosa (KEUPP 1981) WILLEMS 1988, pp. 456~57; (ex Pithonella ). A5076 
Obliquipithonella krasheninnikovi (BOLLI 1974) WILLEMS 1992, pp. 160-161 ; (ex Pithonella ). A5078 
Orthopithonella aequilamellata WILLEMS 1988, pp. 446M9, pi. 3, figs. 11-16. Northern A5076 

Germany; middle-upper Santonian. 
Orthopithonella williamsbensonii (BOLLI 1978) WILLEMS 1988, pp. 449~50; A5076 

(ex Obliquipithonella ). 
Pithonella discoidea WILLEMS 1992, pp. 165-166, pi. 6, figs. 3-7. Isle ofRilgen; A5078 

upper Maastrichtian. 
Ruegenia WILLEMS 1992, p. 157. Type species: Ruegenia inaequilamellata WILLEMS 1992. A5078 
Ruegenia inaequilamellata WILLEMS 1992, pp. 158-159, pi. 1, figs . 1-5, Isle ofRilgen; A5078 

upper Maastrichtian. 
Tetramerosphaera WILLEMS 1985, pp. 181-183, Type species: Tetromerosphaera A5075 

lacrimula WILLEMS 1985. 
Tetramerosphaera lacn·mula WILLEMS 1985, pp. 183-188, pi. 1~. Northern Germany; A5075 

upper Maastrichtian. 
Tetratropis WILLEMS 1990, pp. 242-244. Type species: Tetratropis corbula WILLEMS 1990. A5077 
Tetratropls corbula WILLEMS 1990, pp. 244-248, pi. 1, figs. 1-2. Northern Germany; A5077 

middle Coniacian. 
Tetratropis patina WILLEMS 1990, pp. 248-250, pi. 2, figs. 3-7. Northern Germany; A5077 

lower Campanian. 

Calcareous Nannoplankton Species 
kerguelenensis, Zeugrhabdotus 

Calcisphere Genera 
Ruegenia 
Tetramerosphaera 
Tetratropis 

Calcisphere Species 
aequi/amel/ata, Orthopithonella 
corbula, Tetratropis 
discoidea, Pithonella 
echinosa, Obliquipithonella 
inaequilamellata, Ruegenia 
krasheninnikovi, Ob/iquipithonella 
/acrimula, Tetramerosphaera 
patina, Tetratropis 
tumulosum, Bicarinellum 
williamsbensonii, Orthopithonella 

NEW TAXA 

.. 
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INA MEMBERSHIP CHANGES 

Gregor BischofT 
UniversitlU Hannover 
Institut ftlr Geologie & Paliiontologie 
Callinstr. 30 
D-30167 Hannover 
GERMANY 

L. Cobaj 
Instituti Gjeologjik I Natfes Dhe Gazit 
Fier 
ALBANIA 

DionFinan 
Elf Aquitaine Prod. 
M. Soullier- 26 Av. Des Lilas 64018 Pau Cedex 
FRANCE 

Prof. Dr. Dirnistris Frydas 
Section for General and Marine Geology 
Dept. of Geology 
University ofPatras 
GR-26110 Rion/Patras 
GREECE 

Johanna Ikavalko 
Hydrobiology Laboratory 
University of Helsinki 
PO Box Y (Fabianinkatu 2Y) 
Helsinki FIN-0001 Y 
FINLAND 

Dr. Akrnal Mohamed Aly Marzouk 
Geology Dept. 
Faculty of Science 
Tanta University 
Tanta 31511 
EGYPT 

Deborah L. Muggli 
Oceanography Dept. 
6270 University Blvd. 
University of British Colombia 
Vancouver BC V6T lZA 
CANADA 

Oluwaseyi Ogunjobi 
Micropalaeontology Unit 
Geology Dept. 
University College London 
London WCIE 6BT 

UK 

Alyssa Peleo-Alampay 
Mail Code 0208 
Scripps Institution of Oceanography 
University of California 
San Diego 
La Jolla CA 92093-0208 
USA 

compiled by Kevin Cooper 

NEW MEMBERS 

Camilla P. Rllddrizani 

Via Europa 28 

20097 San Donato Milanese 

Milano 

ITALY 

Janice Salinas-Straw 

Chevron Overseas Petroleum Inc. 

PO Box 5046 

San Ramon CA 94583-0946 

USA 

Dott. Ubaldo Santini 

Dipartirnento di Scienze della Terra 

via S. Maria 53 

56126 Pisa 

ITALY 

Clara Sheinman 

Chevron Nigeria Ltd. 

PO Box 5046/RM LIB 

San Ramon CA 94583-0946 

USA 

Paul C. Silva 

University of California at Berkeley 

Berkeley 

California 94720 

USA 

Felipe A L. Toledo 

rua Mata Bacelar 303!U7 

Porto Alegre RS Cep. 90540-150 

BRAZIL 

Prof. Dr. Helmut Willems 

Fachbereich 5- Geowissenschaften 

Universitllt Bremen 

Postfach 330440 

D-28334 Bremen 

GERMANY 

MUnchen Universitllts-Institut ftlr Pal!iontologie 

und hist. Geologic-Library 

Richard-Wagner-Str. 10 

D-80333 MUnchen 

GERMANY 
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CHANGES OF ADDRESS 

Dr. Karl-Heinz Bawnann 
Fachbereich Geowissenschaften 
Universitlit Bremen 
Postfach 330 440 
D-28334 Bremen 
GERMANY 

TerryDwm 
730 S 11 St Apt. C2 
Lincoln New Orleans 68508 
USA 

Claire Findlay 
Institute of Antarctic & Southern Ocean Studies 
University of Tasmania 
GPOBox252C 
Hobart 7001 Tasmania 
AUSTRALIA 

N. Honda 
United Petrolewn Development Co., Ltd. 
Kohraku 1-5-3 
Btmkyo-Ku 
Toyko 112 
JAPAN 

Mark M. Jiang 
3223 South Lake Village Drive 
Katy Texas 77450 
USA 

~chael J. Moran 
4415 Valhalla Blvd., Apt. 9 
Sioux Falls 
SD 57106 
USA 

Donald L. Olsen 
205 Somerset Dr. 
La place 
La 70068 
USA 

Stephen F. Percivaljr. 
4031 Suddith Lane 
~dlothian 

Texas 76065 
USA 

Dave Rutledge 
Institute of Oceanographic Sciences 
Deacon Laboratory, Brook Rd. 
Wormley 
Godalming 
Surrey GU8 SUB 
UK 

Rejesh KlllTlllF Saxena 
Institute of Petroleum Exploration 
Oil & Natural Gas Commission 
Kaulagarh Road 
Dehra Dun - 248195 
INDIA 

Dr. Pratap Singh 
Chief Geologist 
Dr. Ambedkar Regional Geoscience Laboratories 
ONGC 
Makarpura Road 
Baroda 390009 
INDIA 

Alison M. Merker Swift 
33 Chiltern Road 
Wendover Bucks HP22 6DA 
UK 

Yokichi Takayanagi 
Karnisugi 3-9-16 
Aoba-Ku 
Sendai980 
JAPAN 

Yuichiro Tanaka 
Marine Geology Department 
Geological Survey of Japan 
1-1-3 Higashi 
Tsukuba Ibarak.i 305 
JAPAN 

David B. Waghom 
c/o Pettrocorp Exploration Ltd. 
32-28 Moleworth St. 
Private Bag 2056 
New Plymouth 4620 
NEW ZEALAND 

Kuo-Yen Wei 
Dept. of Geology 
National Taiwan University 
245 Choushan Road 
Taipei 106 
REPUBLIC OF ClllNA 

Richard J. (Dick) White 
Amoco Production Company 
Mail Code 1098 W3 
501 Westlake Park Boulevard 
Post Office Box 3092 
Houston 
Texas 77253-3092 
USA 

Patrizia Zivieri 
Dept. of Geological Sciences 
University of South Carolina 
Colombia 29208 SC 
USA 

Mobil Exploration & Prod. Technical Centre 
Integrated Interpretation 
PO Box 650232 
Dallas 
Texas 75265-0232 
USA 
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INTERNATIONAL NANNOPLANKTON ASSOCIATION ACCOUNTS 
FOR APRIL 1993- APRIL 1994 

UKACCOUNT 
INCOME 

OPENING BALANCE 
SUBSCRIPTIONS 
SALES OF BACK ISSUES 
OONA TION FROM AMOCO 
FLORENCE PROCEEDINGS 
INTEREST 
TRANSFER FROM JEREMY YOUNGS ACCOUNT 
TRANSFER FROM USA ACCOUNT 
TOTAL 

EXPENDITURE 

POSTAGE VOLUME 14 (3) 
PRINTING & POSTAGE OF VOLUME 15 (1) & (2) 
PRINTING & POST AGE OF VOLUME 16 ( 1) 
POSTAGE 
SUPPORT FOR SALAMANCA CONFERENCE 
PHOTOCOPYING 
BANK CHARGES 
FLORENCE PROCEEDINGS 
MISCELLANEOUS (refund, stationary, conunittee lunch, treasurers expenses) 
TOTAL 

USA ACCOUNT 
INCOME 

OPENING BILANCE 
SUBSCRIPTIONS 
INTEREST 
TOTAL 

EXPENDITURE 

TRANSFER FROM USA ACCOUNT 
TRANSFER FEE 
BANK CHARGES 
TOTAL 

BALANCE 
UK account 
USA account 

Opening balance 
£2362.77 + 
$7891.34 + 

INA MEMBERSHIP 
Free 
Paid to '91 
Paid to '92 
Paid to '93 
Paid to '94 
Paid beyond '94 
TOTAL 

Income 
£5705.71 
$803 .69 

Expenditure 
£5008.29 
$4049.00 

• 

£STERLING 

2362.77 
1263.50 
176.00 
1305.88 
280.00 
2.16 
6.00 
2672.17 
8068.48 

316.00 
2207.00 
1241.09 
229.61 
271 .80 
82.70 
6.70 
565.19 
88.20 
5008.29 

7891.34 
703.50 
100.19 
8695.03 

4000.00 
45.00 
4.00 
4049.00 

Closing balance 
£3060.19 
$4646.03 

16 
29 
51 
79 
ll3 
9 
297 

~;, 

============================97========================= 
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