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8:00am-4:00pm 
Pre-Conference Field Trip - Leave from the main 
entrance of the Sheraton Reston

4:00pm-6:30pm
Early Registration at the Sheraton Reston

6:30pm-8:30pm
Ice Breaker Reception at the Sheraton Reston

7:00am-8:30am - Registration Open

8:30am-9:00am - Welcome Speakers

SeSSIoN I - Taxonomy and evolution 
Chairs:  Marie-Pierre Aubry and Jeremy Young

9:00am  
Jordan, R.W., McCartney, K., and Witkowski, J., The 
Melbourne Code:  implications for nannofossil and 
silicoflagellate taxonomy

9:15am 
Young, J.R., Bown, P.R., and Lees, J.A., Nannotax-
creating a web directory of nannofossil taxonomy

9:30am 
Thomsen, H.A., Østergaard, J.B., and Heldal, M., 
Weakly calcified polar coccolithophorids:  the genus 
Pappomonas revisted

9:45am 
McCartney, K., Witkowski, J., et al., Fossil and Recent 
silicoflagellate double skeletons:  clues to evolutionary 
history, taxonomy, and the formation of skeletons

10:00am 
de Kaenel, E., A revision of reticulofenestrid 
taxonomy and biostratigraphy

10:15am-10:45pm – Morning Coffee Break

10:45am-12:00pm
Taxonomy cont’d 

10:45am
Henderiks, J., Reitan, T., et al., Phenotypic evolution 
of the “planktic superspecies” Coccolithus pelagicus

11:00am 
Bord, D.*, and Aubry, M.-P., Patterns of morpho-
logical evolution in the Tribrachiatus lineage:  a 
geometric morphometric study

11:15am 
Hagino, K., Onuma, R., et al., Relationships among 
Braarudosphaera bigelowii, Chrysochlomulina 
parkeae, and the prymnesiophyte host of the cyano-
bacterium UCYN-A

11:30am 
Aubry, M.-P., and Bord, D.*, The Order Discoaste-
rales—taxonomy and phylogenetic reconstruction

SeSSIoN II - 
Biostratigraphy and Boundary events (part I) 

Chairs:  Richard Howe and David Watkins

11:45am
Erba, E., Da-Yong, J., et al., The oldest calcareous 
nannofossils:  Middle Triassic coccoliths from China

12:00pm-1:30pm - Lunch Break

1:30pm- 3:15pm
Biostratigraphy and Boundary events (part I) cont’d 

1:30pm
Fraguas, Á., Herrle, J.O., et al., Biostratigraphy of 
Lower Jurassic calcareous nannofossils from the 
Schandelah core (NW Germany)

1:45pm
Mattioli, E., Recent advances in calcareous  
nannofossil biostratigraphy across the Pleinsbachian-
Toarcian boundary in the Peniche section, the GSSP 
candidate, and comparisons with other Tethyan 
settings

2:00pm
Ferreira, J., Mattioli, E., et al., Advances on  
calcareous nannofossil biostratigraphy based on 
Toarcian-Aalenian sections from the Lusitanian  
Basin (Portugal)

2:15pm
Rai, J., When did the Jurrassic Sea date the western 
Indian craton:  revelations by nannofossils

2:30pm
Stoykova, K., Ivanov, M., and Idakieva, V.,  
Calibration of calcareous nannofossil and ammonite 
bio-events across the Jurassic-Cretaceous boundary:   
a case study from Bulgaria

2:45pm
Russo, F.*, Erba, E., and Bottini, C., The calcareous 
nannofossil record in the Cenomanian-Turonian 
boundary interval:  implications for regional and 
global correlations

3:00pm
Corbett, M.J., Watkins, D.K., and Pospichal, J.J., 
Quantitative analysis of calcareous nannofossil 
bioevents of the Late Cretaceous (late Cenomanian-
Coniacian) Western Interior Seaway and their relative 
reliability

3:15pm-3:45pm - Afternoon Coffee Break

Sunday September 15th

Monday September 16th

INa14 Program
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3:45pm-4:30pm
Biostratigraphy and Boundary events (part II) 

Chairs:  Eric de Kaenel and Mike Styzen

3:45pm
Wagreich, M., Nannofossil biostratigraphy in the 
Campanian – a Tethyan perspective

4:00pm 
Garg, R., Rai, J., and Singh, A., Calcareous nanno-
fossils across the K-T boundary at Um Sohryngkew, 
Meghalaya, northeastern India

4:15pm 
Dunkley Jones, T., Moore, T., et al., Integrated 
microplankton records of equatorial Pacific ecosystem 
perturbations across the Eocene-Oligocene transition

4:30pm-5:15pm 
Keynote Talk:  Dr. Brian Huber, Datum chasing 
toward an improved  Cretaceous time scale

5:30pm-7:00pm
Evening Poster Session

Tuesday September 17th

8:15am-10:15am  SeSSIoN II - 
Biostratigraphy and Boundary events (part II) cont’d 

8:15am 
Alqudah, M.*, Mutterlose, J., et al., Calcareous 
nannofossil biostratigraphy of oil shales from central 
Jordan

8:30am 
Fernando, A.G.S., Fernandez, A.R.C., et al.,  
Calcareous nannofossil biostratigraphic studies in the 
Visayan Basin (central Philippines)

8:45am 
Aljahdali, M.*, Alsuwailem, A., et al., Pliocene-
Pleistocene calcareous nannofossil biostratigraphy 
of IODP Hole 1396C (adjacent to Montserrat Island 
in the Lesser Antilles) and experimentally induced 
diagenesis

9:00am 
Flores, J.-A., Balestra, B., et al., Preliminary Pleisto-
cene calcareous nannofossil biostratgraphy for IODP 
Site 1385 (Shackleton Site)

9:15am 
Barbarin, N., Beaufort, L., et al., Automated recogni-
tion of calcareous nannofossils:  an application for 
quantitative biostratigraphy

SeSSIoN III – Biogeography and ecology 
Chairs:  Barbara Balestra and Jose Abel-Flores

9:30am 
Villarosa Garcia, M. and Porter, J.J., The effect of 
coccolith shape on coccolithophore fluid dynamics

9:45am 
Agbali, A., Avery, A., et al., Reconstruction of calcar-
eous nannoplankton assemblages present along the 
Florida Continental Margin during the 2010 Macondo 
Oil Spill in the Gulf of Mexico

10:00am 
Luan, O., Sun, J., and Want, J., Composition and 
distribution of living coccolithophores in the Yellow 
Sea and East China Sea

10:15am-10:45pm - Morning Coffee Break

10:45am-12:00pm  
Biogeography and ecology cont’d 

10:45am 
Malinverno, E., Cerino, F., et al., Seasonal patterns 
of coccolithophores, silicoflagellates, and ebridians 
from a coastal time series in the Gulf of Trieste (North 
Adriatic Sea)

11:00am 
Saavedra-Pellitero, M., Baumann, K.-H., et al., 
Biogeographic distribution of living coccolithophores 
in the Pacific sector of the Southern Ocean

11:15am 
Jin, X.*, Liu, C., and Liang, D.,* Distribution and 
malformation of extant coccolithophores in the East 
China Sea in summer, 2011

11:30am 
Peleo-Alampay, A.M., Marquez-Ardiente, D.J.D.*, 
et al., Coccolithophore flux in sediment traps from 
northern South China Sea

11:45am 
Cabarcos, E.*, Flores, J.-A., and Sierro, F.J., What 
governs the productivity of coccolithophores in the 
Eastern Equatorial Pacific?

12:00pm-1:30pm - Lunch Break

1:30pm- 3:15pm
Biogeography and ecology cont’d

1:30pm 
Ausín, B., Flores, J.-A., et al., High-resolution 
analysis of coccolithophore assemblages and SST-Mg/
Ca- derived records in the western Mediterranean Sea 
during the Holocene:  productivity reconstruction in 
an upwelling region

1:45pm 
López-Otálvaro, G.-E., Flores, J.-A., et al., Patterns 
and mechanisms of calcareous nannoplankton produc-
tivity and upwelling in the western Tropical Atlantic:  
interplay between the Intertropical Convergence Zone 
and the Northern Hemisphere

2:00pm 
Liang, D.*, Chuanlian, L., and Beaufort, L., Upper 
water structure and primary productivity variations 

Tuesday September 17th
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of the central West Pacific Warm Pool in the last 
~380kyr

SeSSIoN IV – Industry and Techniques 
Chairs:  Alicia Kahn and Jamie Shamrock

2:15pm 
Kadar, A.P., Crespo, S., and Karam, K.A., Middle to 
Upper Jurassic calcareous nannofossil biostratigraphy, 
onshore North Kuwait

2:30pm 
Fuertes, M.A.*, Flores, J.-A., and Sierro, F.J., A new 
technique for observing calcareous nannofossils:  
Methodology and applications

2:45pm 
Blaj, T., Cole, S., et al., An industrial revolution:  a 
comparison of industry and research nannofossil 
quatitative counting techniques

3:00pm 
Shamrock, J.L., Munoz, E., and Carter, J.H., An 
improved sample preparation technique for calcareous 
nannofossils in organic-rich mudstones

3:15pm-3:45pm - Afternoon Coffee Break

3:45pm-5:00pm
Industry and Techniques cont’d    

3:45pm 
Weber, R.D., Febo, L., et al., Integrated geochro-
nology:  how microscopic fossils influence the design 
of deepwater production facilities

4:00pm 
Scheuth, J.*, Keller, K., et al., The Probable Datum 
Method (PDM):  a statistical technique for deter-
mining the true age of nannoplankton origination or 
extinction

4:15pm 
Sheldon, E., Ineson, J., et al., Nannofossil biostratig-
raphy and paleoecology of the Danish Lower Creta-
ceous reservoir chalks (Tuxen and Sola Formations)

4:30pm 
Cachão, M., Robust biostratigraphers’s “feeling”:  
multivariate ecostratigraphy biosteering (MEB)

4:45pm 
de Gama, R., A review of late Oligocene to mid-
Miocene sphenolithids from DSDP Leg 94, Site 608 
and DSDP Leg 25, Site 242

 
Wednesday September 18th 

WoRKSHopS ANd pleNARy TAlK AT THe US 
GeoloGIcAl SURVey

9:00am-11:30am  
Perspectives in Coccolithophore Biogeography:  From 

Coastal to Deep Sea  Organizers:  Barbara Balestra 
and José Abel-Flores (Ric Jordan = alternate)

9:00am-11:30am 
Nannoconus/Polycostella/Micrantholithus/  
Braarudosphaera Group in the Tithonian and  
Berriasian 
Organizer:  Richard Howe

11:30am-1:00pm - Lunch Break (USGS Cafeteria)

1:00pm-3:15pm 
The Collection and Interpretation of Coccolithophore-
derived Geochemical Data
Organizer:  Tom Dunkley Jones 

1:00pm-3:15pm 
Reticulofenestrid Taxonomy
Organizer:  Eric de Kaenel

3:30pm-4:15pm 
Plenary Talk:  Dr. Barney Balch, The Great Calcite 
Belt-Read My Liths!

6:30pm-10:30pm 
Conference Dinner:  Sunset Hills Winery, catered by 
Magnolia’s at the Mill  **Buses leave at 5:30pm from 
the Sheraton Hotel**

Thursday September 19th

8:15am-10:15am SeSSIoN V -  
environmental controls on coccolithophore  
Calcification
Chairs:  Tom Dunkley Jones and Baptiste Suchéras-Marx

8:15am 
Cachão, M., Coccolithophore response to cadmium – 
preliminary results from Project Cd-ToxCoN

8:30am 
Šupraha, L.*, Gerecht, A., et al., Is phosphate avail-
ability significant to the morphological diversity 
within Helicosphaera carteri?

8:45am 
Gerecht, A., Šupraha, L.*, et al., Phosphorus limita-
tion does not change the ratio of calcite to organic 
carbon in Coccolithus spp.

9:00am 
Young, J.R., and Tyrell, T., Cruise-based multi-facto-
rial investigation of the impact of ocean acidification 
on the pelagic biosphere

9:15am 
Beaufort, L., de Garidel-Thoron, T., et al., Recent 
decline in pelagic calcification offshore of the Sepik 
River in the Western Pacific Warm Pool

9:30am 
Meier, K.J.S., Bauke, C., and Kinkel, H., Coccolith 

Wednesday September 18th

Thursday September 19th



INA1466

calcification changes during glacial terminations in 
the North Atlantic Ocean

9:45am 
Bordiga, M., Cobianchi, M., et al., Calcareous nanno-
fossil contribution to carbonate export during the last 
450 ka in the NW Pacific Ocean (Shatsky Rise)

10:00am 
O’Dea, S.A., Gibbs, S.J., et al., A cellular perspective 
on coccolithophore growth and biomineralization at 
the Paleocene-Eocene Thermal Maximum

10:15am-10:45pm - Morning Coffee Break

10:45am-12:15pm
environmental controls on coccolithophore  
Calcification cont’d

10:45am 
Faucher, G.*, Erba, E., and Bottini, C., Life in 
extreme oceans:  calcareous nannoplankton adapta-
tions and strategies during Oceanic Anoxic Event 2

11:00am 
Suchéras-Marx, B., Mattioli, E., et al., History of the 
oceanic carbonate cycle based on calcareous nanno-
fossil absolute abundance and flux in the past 190 
Myr

SeSSIoN VI - enivironments, climate and oceans 
Chairs:  Mario Cachão and Karl-Heinz Baumann

11:15am 
Bottini, C., Erba, E., et al., Climatic and ecological 
changes during the Aptian traced by calcareous 
nannofossils and oxygen isotopes

11:30am 
Hassanein, W.*, Giraud, F., et al., Paleoenvironmental 
conditions during the late Aptian-early Albian in the 
Essaouira-Agadir Basin (Morocco):  evidence from 
sedimentology, calcareous nannofossils, and carbon 
and oxygen isotope records

11:45am 
Giraud, F., Reboulet, S., et al., The mid-Cenomanian 
event in a Tethyan section (Blieux, SE France):  inte-
grated stratigraphy and paleoenvironmental conditions

12:00 noon
Linnert, C., Lees, J., et al., Calcareous nannofossils 
and Late Cretaceous climate cooling:  Campanian 
through Maastrichtian assemblages from the Evans-
Shuqualak borehole (Mississippi)

12:15pm-1:30pm - Lunch Break

1:30pm-3:15pm
SeSSIoN VI - 
enivironments, climate and oceans cont’d 

1:30pm 
Singh, A., and Rai, J., A Late Cretaceous cocktail 

of cold and warm water nannoflora from Jaisalmer, 
western India and its paleobiogeographic implications

1:45pm 
Bralower, T.J., Schueth, J., and Jiang, S., Extinction 
risk of phytoplankton species to potential killing 
mechanisms at the Cretaceous-Paleogene boundary

2:00pm 
Kulhanek, D.K., Taylor, M.J.S., et al., Calcareous 
nannofossils tie organic-rich sedimentation in the SW 
Pacific to an early late Paleocene climatic event

2:15pm 
Prentice, K.*, Dunkley Jones, T., et al., The effects of 
climate change on coccolithophore productivity over 
the Eocene-Oligocene transition

2:30pm 
Martinez-Sanchez, M.*, Flores, J.-A., Sierro, F.J. 
et al., Reconstruction of surface-water dynamics at 
IODP Site U1314 during the MPT (MISs, 30-19) 
based on coccolithphore analyses

2:45pm 
Amore, F.O., Palumbo, E., et al., High-resolution 
coccolithophore analyses in the Atlantic Ocean and in 
the Tyrrhenian Sea:  paleoenvironmental and paleo-
climatic changes during the middle Pleistocene and 
Holocene

3:00pm 
Álvarez, C.M., Cros, L., and Alonso, B., Pleistocene 
and Holocene climatic events in the Alboran Sea 
(western Mediterranean Sea)

3:15pm 
Triantaphyllou, M.V., Coccolithophore assemblages 
during sapropel S1 deposition in the NE Mediter-
ranean Sea:  paleoceanographic and paleoclimatic 
implications

3:30pm-4:00pm - Afternoon Coffee Break

4:00pm-5:00pm
INA Biannual Business Meeting

Friday September 20th  

7:30am
Leave for Post-Conference Field Trip from  
Sheraton Hotel

Saturday September 21st

5:00pm
Return from Post-Conference Field Trip to  
Sheraton Hotel

* - denotes student

Friday September 20th

Saturday September 21st



INA14 7

The Cretaceous is the longest Period of the Mesozoic Era 
(ca. 80 million years) and includes 12 stages that are corre-
lated worldwide. However, only three GSSPs (Global 
Stratotypes, Sections and Points) have been ratified 
(Maastrichtian, Turonian, and Cenomanian bases), one is 
awaiting final ratification by the IUGS (Santonian base; 
Olazagutia, N. Spain), one is in review (Coniacian base; 
Salzgitter-Vistula, N. Germany-Poland), and one proposal 
was rejected (Albian base, Tartonne section, France). 
There are currently no proposals being considered for the 
remaining six stage boundaries. The main shortcomings 
of the unratified Cretaceous stage boundaries include the 
traditional use of macrofossils as key defining criteria, 
despite their frequently limited paleogeographic distribu-
tion, and emphasis of sections proposed from northern 
Europe in epicontinental sea settings. While the goal for 
correlating stratotype sections globally by integrating 
micro- and macrofossil biostratigraphies with magneto- 
and chemostratigraphic events is now widely supported, 
progress has been hampered by poor coordination of 
research efforts and the need for better quality and higher 
resolution bio- and chemostratigraphic data. 

The greatest refinements to Cretaceous chronostratig-
raphy have been achieved for the Campanian and Maas-
trichtian intervals with development of well calibrated 
age-depth curves from multiple deep-sea sites, restudy 
of planktic foraminiferal ranges in the classic magneto-
stratigraphy section at Gubbio, Italy, and orbital tuning of 
high-resolution carbon isotope records from a number of 
important pelagic chalk sections. Detailed taxonomic and 
biostratigraphic studies of exceptionally well-preserved 
foraminiferal assemblages from land-based Cenomanian-
Campanian boreholes drilled in coastal Tanzania and 
deep-sea sites on Blake Plateau (North Atlantic), Falk-
land Plateau (South Atlantic), and Shatsky Rise (North 
Pacific) have been particularly valuable for recognition 
of new Aptian-Campanian foraminiferal bioevents that 
can be globally correlated. Careful integration of planktic 
foraminiferal and calcareous nannofossil events at these 
and other Cretaceous sections, and evaluation of their 
reliability for global correlation, is essential to further 
improvements in the Cretaceous time scale and establish-
ment of a new basis for defining GSSPs for the remaining 
unratified Cretaceous stage boundaries.

Datum Chasing Toward an Improved Cretaceous  
Time Scale
brian T. Huber
Department of Paleobiology, Smithsonian Institution, Washington, DC 20013 USA

KEYNOTE aDDRESS
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We have surveyed half the region of the Southern Ocean 
known as the Great Calcite Belt (GCB) in the Atlantic 
and Indian sectors.  The GCB has been known for its 
elevated satellite-derived reflectance, but there has been 
little information about the coccolithophores that live 
in it, controls on growth, or consequences to the carbon 
cycle and biogeochemical pump.  Microscopy performed 
on water samples revealed abundant Emiliania huxleyi 
off the Patagonian shelf, with increasing numbers of other 
coccolithophore species going eastward.  GCB cocco-
lithophore features were typically associated with frontal 
boundaries, showing seawater pCO2 50-150μatm higher 

than non-GCB regions of the Southern Ocean.  GCB 
waters were usually high-nutrient-low-chlorophyll and 
coccolithophore-rich waters of the GCB had increased 
calcification rates (>10% of integrated primary produc-
tion). Three-quarters of shipboard ocean acidification 
experiments showed significant declines in coccolith 
concentration following exposure to increasing pCO2 

(up to 1200 ppm). Dilution experiments hint to a more 
complex community response to ocean acidification.  The 
implications of these results will be discussed relative to 
the greater problem of ocean acidification.

The Great Calcite belt - “Read my liths!”
William M. balch
Bigelow Laboratory for Ocean Sciences, E. Boothbay, ME 04544 USA

PlENaRY aDDRESS
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INa14 attendees are eligible for 10% discount. Sign up at registration desk.
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Calcareous nannoplankton are important protist constitu-
ents of the base of the food chain along the continental 
margin off the Florida Panhandle.  However, no quan-
titative studies have been published on their abundance 
and seasonal variability in this region. Thus, the effects 
of the BP Macondo Oil Spill on these skeletal-bearing 
phytoplankton can only be determined by after-the-fact 
measurements and comparisons with unpublished data. 
We report here preliminary results of a study in progress: 

the first step in the reconstruction of nannoplankton popu-
lations at the time of the spill. We began monthly sampling 
in January 2011, along three transects across the shelf of 
the Florida Panhandle. We have taken over 1000 samples 
through the photic zone, via Niskin-bottle rosettes, from 
which quantitative nannoplankton census data are being 
taken via scanning electron microscopy. Our goal is to use 
these data to predict the effects of any future oil spills in 
the Gulf of Mexico on calcareous nannoplankton.

Reconstruction of calcareous nannoplankton assemblages 
present along the Florida Continental Margin during the 
2010 Macondo Oil Spill in the Gulf of Mexico
aisha agbali
aa09u@my.fsu.edu
aaron avery
aja12b@my.fsu.edu
Jarrett Cruz
jwc09e@my.fsu.edu
Susan Foley
suz32155@gmail.com
Nicholas Myers
hierro75@gmail.com
Sherwood W. Wise
swise@fsu.edu
Department of Earth, Ocean & Atmospheric Sciences, Florida State University, Tallahassee, FL 32306, USA
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Pliocene-Pleistocene calcareous nannofossil  
biostratigraphy for IODP Site 1396C (adjacent to  
Montserrat Island in the lesser antilles) and  
experimentally induced diagenesis
Mohammed aljahdali* 
Department of Earth, Ocean, & Atmospheric Science, Florida State University, Tallahassee, FL 32306, USA; Marine Geology Department, 
Faculty of Marine Sciences, King Abdulaziz University, Jeddah 21589, Kingdom of Saudi Arabia; ma10u@my.fsu.edu
abdualziz alsuwailem
Coastal & Marine Resources Core Laboratory, King Abdullah University of Science & Technology, Thuwal 23955, Saudi Arabia; abdulaziz.
alsuwailem@kaust.edu.sa
Zenon batang
Coastal & Marine Resources Core Laboratory, King Abdullah University of Science & Technology, Thuwal 23955, Saudi Arabia; zenon.
batang@kaust.edu.sa
ali behzad
Advanced Nanofabrication, Imaging, & Characterization Core Laboratory, King Abdullah University of Science & Technology, Thuwal 23955, 
Saudi Arabia; ali.behzad@kaust.edu.sa 
Thomas Missimer
Water Desalination & Reuse Center, King Abdullah University of Science & Technology, Thuwal 23955, Saudi Arabia; Thomas.Missimer@
kaust.edu.sa
Sherwood Wise
Department of Earth, Ocean, & Atmospheric Science, Florida State University, Tallahassee, FL 32306, USA; swise@fsu.edu
Expedition, 340 Science Party
Integrated Ocean Drilling Program, USIO Science Services, TAMU, College Station, TX 77845, USA

Integrated Ocean Drilling Program (IODP) Site 1396C, 
adjacent to Montserrat Island in the Lesser Antilles, 
provides a lower Pliocene to Pleistocene record of calcar-
eous nannofossil assemblages (Zones CN11 to CN15). 
The nannofossil assemblages are generally common to 
abundant with moderate preservation in upper Pleistocene 
sediments, and very abundant with good preservation in 
lower Pleistocene to Pliocene sediments. The sequence 
was zoned via the Gartner (1977) scheme for the Pleis-
tocene and the Okada & Bukry (1980) zonation for the 
Pliocene, using the recent age updates from Backman et 
al. (2012). 

Nannofossil biostratigraphy suggests that there were 
low sedimentation rates in the Pleistocene and high sedi-
mentation rates during the Pliocene. This sedimenta-
tion pattern was also observed at Site 1000 from Ocean 
Drilling Program Leg 165 in the central Caribbean Sea, 
which indicates that there was a regional event caused by 
the closure of the Central American Seaway.

During the expedition (IODP 340), selected samples 
from Sites 1396A and 1396C were used to determine 

sediment water content by heating them to 105°C at room 
pressure for 24 hours. This process produced an abnormal 
"late diagenesis" effect with severe overgrowth features 
on the nannofossils. Further examination of these samples 
should provide a better understanding of the progression 
in carbonate diagenesis in cases of high temperatures.
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Total organic carbon (TOC) -rich marls of Cretaceous age 
are widespread throughout Jordan and adjoining areas. 
Based on foraminifera (Futyan, 1976; Yassini, 1979), 
these oil shales have previously been assigned a late 
Campanian-Paleocene age. A total of 214 smear slides 
from two sections in central Jordan were investigated 
for calcareous nannofossil biostratigraphy by using light 
microscopy. These new findings suggest a much more 
restricted age range for deposition of the oil shales than 
was previously thought. The oil shales that were studied 
contain abundant calcareous nannofossils of Maastrich-
tian age, but also contain taxa of Eocene age. The occur-
rence of Discoaster sublodoensis, Nannotetrina quadrata, 
and Discoaster bifax gives these strata an early to middle 
Eocene age, while the Cretaceous forms indicate major 
reworking. The Cretaceous taxa reflect either subaerial 
erosive input from the hinterland or submarine reworking 
of Cretaceous strata within the basin itself.
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of the core and could be related to earlier warm periods 
associated with deglaciation terminations.

The lowest values in total abundance occurred during 
the Pleistocene. Moreover, two other low abundance 
intervals could be identified using the abundance of O. 
fragilis. One of them was located at 11.5 ka, which coin-
cides with the Younger Dryas, and the other was at 8.2 ka 
(de Menorcal et al., 2000).
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Coccolith abundance, stratigraphy, and geophysical data 
from the ALM6 gravity core, located in the Alboran 
Sea (Almeria margin, 36.35°N 2.61°W, 1456 m), were 
analyzed in order to observe possible climate variability 
during the last 20 ka. Five turbidite events were identi-
fied in the ALM6 core. Four turbidites were located in 
the Pleistocene part of the core, and the most recent turbi-
dite was at the top of the core. No clear correlation was 
observed between coccolith abundance and the presence 
of the turbidites.

We recognized some climatic events, primarily based 
on the total abundance of the coccolith assemblage and the 
abundance of Oolithotus fragilis, which was reported as 
a warm-water and oligotrophic taxa (Okada & McIntyre, 
1979).  The most significant events were the cold Younger 
Dryas (YD) event and an additional cool event at 8.2 ka. 
Among the warm events, deglaciation terminations, the 
Holocene hypsithermal period, and the event at 3.2 ka 
were recognized.

The most significant occurrences of high coccolith 
abundances were observed at 7.5 ka and 3.2 ka. The 7.5 
ka occurrences could be related to the “Hypsithermal” 
period in the Holocene (Boudreau et al., 2001), and the 
3.2 ka occurrences could be indicative of drier and cooler 
conditions (Lee-Thorp et al., 2001). Two other periods of 
high nannofossil abundances occurred in the lower part 
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High-resolution coccolithophore analyses of sediment 
cores in the Atlantic Ocean (Amore et al., 2012; Palumbo 
et al., 2013a, b) and the Mediterranean Sea (Amore et al., 
2004) have been carried out. Comparison between these 
areas improves the knowledge of global and local climate 
change that occurred at different time scales during the 
middle Pleistocene to Holocene. Reconstructions of water 
mass variability and paleoproductivity patterns were 
performed in order to identify paleoenvironmental and 
paleoclimatic changes.  In the time interval from 535 to 
300 ka (Marine Isotope Stage (MIS) 13/14 boundary to 
MIS 9), analyses highlighted the occurrence of climatic 
and paleoceanographic variability on precessional times-
cales that are superimposed on well-known long-term 
changes. These climatic variations are related to changes 
in regional surface-water circulation patterns and to the 
migration of the Intertropical Convergence Zone and the 
Azores High Pressure System. A similar evolution was 
also observed during MIS 18/19 and in the last 24 ka. 
Furthermore, millennial-scale oscillations and changes 
in paleoproductivity were also recognized during MIS 
19, MIS 11, and MIS 1. Comparison of these interglacial 
events improved the understanding of global climatic 
dynamics, thus providing new insights on future climate 
evolution.
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incremental increase in SST, and values reached as high 
as 19.5ºC in approximately the mid 1600’s. In agreement 
with SST trends, the increased coccolithophore stratifica-
tion (S) index between ~1350-1650 AD points to increased 
development of the Deep Chlorophyll Maximum and a 
subsequent increase in Florisphaera profunda. 

After a sharp decrease in the SST at approximately 1700 
AD, the last three centuries indicate rising SST by about 
0.6ºC/100 yrs. This trend is accompanied by a prominent 
increase in warm coccolithophore species (Discosphaera 
tubifera, Rhabdosphaera clavigera, Calciosolenia spp., 
Umbellosphaera tenuis, Pontosphaera spp., and Syra-
cosphaera spp.). In the colder phase of the LIA (~1700 
AD, Maunder solar minimum), stratification decreased, 
and productivity increased due probably to enhanced 
winter mixing conditions, following SST minima. Finally, 
during the Instrumental Period (IP; 1850-2010 AD), SST 
rose significantly, drastically impacting algal productivity 
in the euphotic zone, primarily represented by Emiliania 
huxleyi and Rhabdosphaera spp.

We present the first high-resolution record of climate 
variability and ecosystem response in the sensitive area 
of the North Aegean (eastern Mediterranean Sea) for the 
last two millennia. A core that was retrieved from the 
North Aegean Sea (M2: 40º05'N 24º32'E, 1018 m) was 
sectioned at 0.5-cm intervals and dated using 210Pb and 
radiocarbon techniques. Past sea surface temperatures 
(SSTs) were reconstructed using the alkenone unsatura-
tion index (Uk'37), while water column stratification and 
net primary production were evaluated from coccolitho-
phore indices. 

During the Medieval Climate Anomaly (MCA; 
900-1250 AD), higher values of Florisphaera profunda 
and Braarudosphaera bigelowii supported the establish-
ment of low-salinity, stratified waters and the onset of a 
nutrient-rich environment in the deep photic zone. The 
onset of the MCA is characterized by a marked increase 
in SST (1.1ºC) that averages 16.3º C during this period. 
The SST record reveals significant variability with 
marked cool and warm intervals. Interestingly, the onset 
of the Little Ice Age (LIA) (~1250 AD) is marked by an 
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Coccolithophores play a determinant role in our quest 
for understanding the modes, tempo, and causes of the 
major events that have punctuated Earth history.  This 
understanding necessitates a sound documentation of 
evolutionary patterns, which can only be achieved via a 
sound approach to taxonomy.  Molecular biology has vali-
dated the morphostructural approach to coccolithophore 
taxonomy, which lends strong support to the classification 
of the Cenozoic coccolithophores into five extant and five 
extinct orders, and 46 families (including Incertae Sedis) 
(Aubry, 2013-2015). We are extending this approach 
to the Mesozoic coccolithophores, which shows that, 
contrary to current understanding, all Cenozoic orders 
originated in the early Mesozoic whereas several Meso-
zoic orders became extinct in the Late Cretaceous.  We 
discuss here the Order Discoasterales that has regrouped 
a myriad of unrelated genera since its introduction by Hay 
(1977) and despite Prins’ earlier determination (1971) of 
the Mesozoic origin of the order and his documentation 
of the Paleocene diversification of the most prominent 
genera of the order (e.g., Sphenolithus, Fasciculithus 
[s.l.], and Discoaster [s.l.]).  Biantholithus is a pivotal 
genus in the evolutionary history of the Discoasterales, 
from which the Cenozoic lineages can be seen to sequen-
tially evolve at the same time as the Mesozoic lineages 
can be reconstructed backward in time.  The term cocco-
lith has rarely been used in reference to the Discoasterales 
although it is easy to determine how a typical Mesozoic 
coccolith was transformed into a nannolith (a superfluous 
term, at least with reference to the Order Discoasterales). 
This, plus the Biantholithus coccosphere, firmly places 
the Discoasterales among the coccolithophores. Their 

coccoliths are heterococcoliths, consisting of up to three 
structural units composed of elements arranged in cycles.  
Mesozoic Discoasterales diversified along several lines, 
producing generally short-lived lineages.  In contrast, 
Cenozoic Discoasterales diversified into two long-lived 
major lineages that diverged across the early-middle 
Paleocene boundary, beginning in the latest Danian. The 
forcing mechanisms that resulted in generic and species 
diversification are explained in terms of mixotrophic 
physiology (Aubry, 2009; Aubry et al., 2012).
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North Atlantic Surface Water (NASW) entering the 
Alboran Sea (western Mediterranean Sea) promotes the 
formation of two anticyclonic gyres. On the northern 
edges of these gyres are semi-permanent areas of 
upwelling (Sarhan et al., 2000). Outside these productive 
cells, the western Mediterranean is generally character-
ized by oligotrophy.

A high-resolution analysis of the coccolithophore 
assemblages in 450 samples from the last 25 kyr was 
performed on two marine cores located at both sides (N 
and S) of the Alboran Basin. This study reconstructed the 
paleoproductivity record in two strategic locations, which 
then could be compared to well-known present produc-
tivity: core HER-GC-T1 off the coast of Malaga and core 
CEUTA10-PC8 off the coast of Ceuta. The first study 
area is currently in the productive cell associated with 
the Western Anticyclone Gyre (WAG) called the Malaga 
upwelling (Bárcena & Abrantes, 1998). The second core 
is further south, outside of this productive area.

Comparison between the nannofossil accumulation 
rates (NAR) in these two areas reveals that productivity 
was lower in Malaga than in Ceuta from 25 kyr until the 
Heinrich Event 1. This difference occurs at two intervals 
in both cores: the first one centered at 18.8 ka cal. BP, 
and the second one, which was centered at 16 ka cal. BP, 

was colder. From this time to the mid-to late-Holocene, 
both sites approached present conditions: HER-GC-T1 
core location became a semi-permanent productive cell, 
while oligotrophy affected the CEUTA10-PC8 study area. 
This general pattern was interrupted by an abrupt increase 
in the total NAR in both cores that peaked at 9.3 ka cal. 
BP in CEUTA10-PC8 and at 7.4 ka cal. BP in HER-GC-
T1, indicating periods of higher productivity. The forcing 
mechanisms for these two events remain unclear. Inter-
estingly, every taxon records these conspicuous changes 
in their NAR, independently of their paleoecological 
requirements. This fact suggests that further research is 
needed in order to unravel the mechanisms involved in 
these short-term productivity variations. 
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Gravity core HER-GC-T1 was recovered in coastal 
upwelling off Malaga, a productive cell associated with 
the Western Anticyclonic Gyre in the Alboran Sea. The 
core is located where there is a direct influence from 
North Atlantic Surface Water (NASW) entering the area, 
the Atlantic Jet (AJ), while Western Mediterranean Deep 
Waters (WMDW) flow underneath in the opposite direc-
tion. Holocene productivity at this location was recon-
structed by studying the coccolithophore assemblage in 
93 samples with a time resolution of ~130 years. From 
this record, a drastic hydrographic reorganization in the 
Alboran Sea was inferred at 7.7 ka cal BP and linked to the 
establishment of anticyclonic gyres. From that time, the 
Nannofossil Accumulation Rate (NAR) of Florisphaera 
profunda and Gephyrocapsa oceanica has been linked to 
the volume of AJ water entering the Alboran Sea.  In addi-
tion, the N ratio (relationship between the upper photic 
and lower photic zone coccolithophore taxa) and the NAR 
of the species Florisphaera profunda show an alternation 
between upwelling pulses and stratification episodes of 
hundreds of years in the mid-to late-Holocene. The rela-
tive abundance of reworked coccoliths, used here as an 
indicator of terrigenous input from exposed continental 
margins, points to more arid conditions when upwelling 
events occurred. Along with these records, the sea surface 
temperature (SST)-Mg/Ca-derived record shows a posi-
tive relationship between drops in SST and upwelling 
pulses. Finally, comparisons between these short-term 
episodes in the study area with those of WMDW forma-
tion (Frigola et al., 2007) in the Gulf of Lion are in good 
agreement. This fact shows that an increase in WMDW 
formation, which is promoted by stronger westerlies 
blowing in the Gulf of Lion, could be related to upwelling 
pulses off the coast of Malaga. An as yet unknown mecha-

nism akin to the present North Atlantic Oscillation could 
have been operating over the western Mediterranean Sea, 
influencing its past productivity on a millennial-centen-
nial time scale. Two potential climatic and oceanographic 
scenarios are proposed to explain these variations in 
productivity during the mid-to late Holocene in the study 
area:

A) A one-to-one match between increasing N index 
trends, low NAR of Florisphaera profunda, high rela-
tive abundance of reworked coccoliths, and drops in 
SST-Mg/Ca is interpreted as follows: a positive NAO-like 
index (higher pressure gradient between Icelandic-low 
and Azores-high) led to strong westerlies, increasing the 
formation of WMDW in the Gulf of Lion, which was then 
associated with shoaling of the nutricline. This, along 
with a major AJ, would favor vertical mixing and long-
term upwelling events in the study area. 

B) The positive correlation among decreasing N index 
trends, high NAR of Florisphaera profunda, low relative 
abundance of reworked coccoliths, and rises in SST-Mg/
Ca was linked to a negative NAO-like index (lower pres-
sure gradient). This would correspond to weaker wester-
lies that promoted a weakening of WMDW formation. 
This, along with a lesser and warmer AJ influx, led to a 
deepening of the nutricline and long-term stratification 
events. 
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For the first time during an IODP Expedition (Exp. 339, 
Mediterranean Outflow), water samples were collected 
to examine living coccolithophore distributions, and 
mudline samples were collected to determine coccolith 
assemblages in the underlying surface sediments. The 
idea was to provide additional information about living 
coccolithophores as potential proxies in paleoceano-
graphic studies. Expedition IODP 339 was conducted in 
the Gulf of Cadiz and coastal areas off West Iberia (North-
east Atlantic) to explore the effects of Mediterranean 
Outflow Water (MOW) on North Atlantic circulation and 
climate from November 2011 to January 2012. Fourteen 
water samples were gathered from seven cored sites at 
two depths (5 and 20 m), immediately filtered onboard 
through cellulose acetate filters, and then oven-dried and 
stored in petri dishes. Temperature and salinity data were 
simultaneously collected, as well as water samples for 
oxygen isotope analysis. Mudline samples were prepared 
onboard for both relative and absolute coccolith counts. 
Additionally, reworked coccoliths were also considered in 
order to analyze the potential relationship with deep- and 
bottom-water dynamics. Coccolithophore absolute abun-
dances ranged from 1.87x104 to 1.04x105 cell/l. Species 
richness was consistently high, and assemblages were 
dominated by Emiliania huxleyi, Gephyrocapsa small, 
and Gephyrocapsa oceanica. However, coccolithophore 
distributions showed spatial variations, as well as variable 
species diversity, in the different site locations. In partic-

ular, the assemblages that characterize the West Iberia 
Margin differ from that of the Gulf of Cadiz, showing the 
existence of oceanographic and environmental controls 
on the distribution of the communities. Comparison of the 
living assemblage with surface sediment records showed 
significant differences in the presence and abundance of 
some species, especially at sites U1390 and U1391.  In 
particular, Coccolithus pelagicus was common in the sedi-
ment at those sites but absent in all the water stations. In 
the other site locations, the fossil record matches the water 
column assemblages, suggesting more open-sea condi-
tions where inorganic input and reworked species are less 
important. Surprisingly, in one site, U1388, there were 
no coccoliths in the sediment, but abundant coccolitho-
phores in the water column. This could indicate different 
sedimentary processes, related to both the Atlantic water 
masses or the MOW, which is characterized here by a 
higher velocity current (up to 280 cm /s), and thus may 
have prevented sedimentation of the coccoliths at this 
location. However, loss of specimens during the drilling 
due to instrumental effects cannot be excluded. 

Future work will include the integration of the cocco-
lithophore results with the benthic foraminifer commu-
nities in the mudline samples, the Mg/Ca-Sr/Ca ratios, 
and the geochemical signal of the pore water. Integra-
tion of these data will lead to a better understanding of 
the surface and deep-water dynamics for the most recent 
climatic cycle in the Expedition 339 investigation area.
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Calcareous nannofossils are excellent biomarkers because 
they are well diversified through geologic time and sensi-
tive to climatic changes. Their rapid evolution and abun-
dance variations make them ideal for biostratigraphy and 
paleoceanographic reconstructions. This work is usually 
tedious, but this can be conducted in a much shorter 
period of time through the use of automated recognition 
software that can detect relevant specimens in a large 
number of non-coccolith microscopic objects. The new 
automated system SYRACO (SYstème de Reconnais-
sance Automatisée des Coccolithes) (Dollfus & Beaufort, 
1999; Beaufort & Dollfus, 2004) is now able to detect 
most of the coccoliths belonging to thousands of species 
that have evolved since the upper Eocene. The system is 
able to filter out approximately 90% of non-nannofossils 
and keep between 75-90% of the nannofossils. It is able 
to lump detected images and measurements in about 30 
classes. After showing the potential and limits of this 
method, we will present two examples of biostratigraphic 
applications to the upper Pleistocene and two covering the 
last 3 Ma: the MD052930 core from the last 800 kyr in 
the Gulf of Papua, the GOLODRILL core from the last 
500 kyr in the Mediterranean Sea east of Corsica, and the 
MD972125 and MD962066 cores from the last 3 Ma in 
the Tasmanian Sea and the Mozambique Channel, respec-
tively. The results give a good estimation of abundances 
of the main taxonomic groups that are used to highlight 
evolution and paleoecologic and climatic events. They 
quickly produce a biozonation and datums that constrain 
the temporal resolution of the cores.
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At present, the stratigraphic correlation of middle 
Miocene regional Central Paratethys chronostratigraphic 
stages with standard chronostratigraphic stages, magneto-
stratigraphic polarity units, and biostratigraphic zonations 
is imprecise and needs to be refined. Here, we present the 
preliminary results of an integrated stratigraphic study 
(calcareous nannoplankton, planktonic and benthic fora-
minifera, and magnetostratigraphy) of middle Miocene 
sediments that crop out in four land sections in the Getic 
Depression in Romania. Specifically, we are aiming to 
determine the biostratigraphic and magnetostratigraphic 
events at the boundary between the regional chronostrati-
graphic stages of the Badenian and Sarmatian (early 
Serravallian).  Combining micropaleontological anal-
yses of foraminifera and nannoplankton will refine the 
biostratigraphic resolution. It will also allow us to asso-
ciate the changes observed in nannoplankton assemblages 
with definite environmental changes, which will improve 
our understanding of the paleoecological preferences of 
individual taxa. 

The four land sections considered (Tisei, Salcia, 
Morilor, and Cosmina Valleys) are successions of 
primarily marlstones with lesser amounts of claystones 
and siltstones and a few intercalated tuff layers that allow 
lithostratigraphic correlation. The foraminiferal associa-
tions indicate a deep-water environment with short periods 
of restricted water circulation in the late Badenian, signif-
icant environmental changes at the Badenian-Sarmatian 
boundary, and anoxic conditions in the early Sarmatian. 
The nannoplankton assemblages underwent considerable 
changes at the Badenian-Sarmatian boundary, particularly 

in terms of abundances of individual taxa. A transitional 
increase in the proportion of redeposited coccoliths can 
be detected at the boundary level, and slightly above 
this there is a distinct peak in abundance of Calcidiscus 
pataecus, which increases from being less than 1% to 
about 10% of the assemblage.

The species composition of the studied nannoplankton 
assemblages is similar to that reported for the same 
time period by Mărunţeanu (1999) and Galović (2009). 
However, the biostratigraphic ranges of certain species 
appear to be somewhat different. 

In the current state of our research, it appears that 
the most reliable nannoplankton event at the base of 
the Sarmatian is the peak in abundance of Calcidiscus 
pataecus. The shifts in abundance of other coccolith 
species observed in the study material and reported in 
literature (Galović, 2009) are consistent with significant 
environmental changes taking place during this time 
interval, so they appear to be linked to particular environ-
ments and probably cannot be used as reliable biostrati-
graphic markers over long distances.
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Research based on genetic divergences, life cycles, and 
morphometrics (Sáez et al., 2003; Geisen et al., 2004; 
Quinn et al., 2004) has indicated that some coccolithophore 
species with apparent global distribution are composed of 
two or more discrete species with subtle morphological 
differences. However, their discrete ecological adapta-
tions and distributions are still only partly known. We 
present here the biogeographic distribution patterns and 
ecological information for five coccolithophorid species 
(Calcidiscus leptoporus, C. leptoporus small, C. quadrip-
erforatus, Umbilicosphaera foliosa, and U. sibogae). The 
mapping is entirely based on surface sediments from the 
South Atlantic, and sediment trap data from this region 
are added for morphometric evaluation of the species. 

The three Calcidiscus species can easily be distin-
guished by a combination of size and qualitative char-
acters of the distal shield. Primarily encountered in the 
temperate to sub-polar regions, Calcidiscus leptoporus 
exhibited a negative correlation to temperature and to 
salinity. However, a positive response to nitrate and phos-
phate concentrations was detected. Its strong preference 
for highly dynamic environments is therefore empha-
sized by the canonical correspondence analysis (CCA). In 
contrast, both C. leptoporus small and large C. quadrip-
erforatus were mainly found in warm, more oligotrophic 
South Atlantic waters.

Two round Umbilicosphaera species were distin-
guished, largely based on coccosphere characters. 
However, the two species do exhibit significant differ-
ences in coccolith morphology and show only little 

overlap in size. The highest numbers in the South Atlantic 
were encountered mainly in subtropical latitudes and were 
due primarily to U. sibogae. In contrast, abundances of 
U. foliosa were only significant in the cold and nutrient-
enriched Benguela upwelling. The distribution pattern of 
U. foliosa confirms the results of earlier studies that show 
a weak trend towards higher proportions in environments 
with greater availability of nutrients. In contrast, the more 
common U. sibogae primarily occurs under rather oligo-
trophic conditions.
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The Eastern Boundary Current region off NW Africa is 
characterized by southward transport of comparatively 
cold surface water within the Canary Current. In addition, 
coastal upwelling of cold and nutrient-enriched central 
water occurred seasonally. High production of biogenic 
particles off the capes, in combination with a huge supply 
of terrestrial particles (dust due to present arid condi-
tions), resulted in rapid sediment accumulation on the 
upper continental slope, which makes these sites suitable 
for high resolution climate reconstructions. We present 
the coccolithophore data from an 8.5-m long piston core 
(GeoB 5546) that was recovered off Cape Yubi (27.5ºN, 
1072 m). Correlation of the coccolithophore records with 
other proxy records (total organic carbon, carbonate, 
isotopes, and alkenones) from the same site were carried 
out in order to assess the sensitivity of coccolithophores 
to short-term climatic changes.

The study has produced a high-resolution record for the 
last 45,000 years with a sampling resolution of less than 
500 years and where short-term climatic events (Hein-
rich Events (HE) and Dansgaard-Oeschger Cycles) were 
identified. In general, absolute coccolith numbers were 
relatively constant throughout most of the time interval 

investigated. Surprisingly, the numbers of total coccoliths 
did not increase significantly before the middle Holocene. 
Emiliania huxleyi and Gephyrocapsa species were the 
main contributors to the coccolith assemblage. Whereas 
E. huxleyi was abundant throughout the studied interval, 
a considerable change in dominance of G. muellerae to 
G. oceanica occurred near the last glacial maximum, and 
G. oceanica was dominant in the Holocene. Glacial sea-
surface temperatures showed marked millennial oscil-
lations around a mean of 15-17ºC. These phases were 
characterized by the circulation of fresh and turbulent 
surface-water masses as indicated by high abundances 
of E. huxleyi, G. muellerae, Calcidiscus leptoporus, and 
reworked coccoliths. The coldest events off Cape Yubi 
occurred abruptly during the last glacial, which is coin-
cident with large iceberg transports in the North Atlantic 
Heinrich Events and the Younger Dryas cooling. These 
events were characterized by peaks in the abundance of 
the deep-dwelling Florisphaera profunda (especially 
during HE1 and HE3), which, in concordance with the 
general Atlantic signal, indicate water column stratifi-
cation and possibly a stabilized water column with no 
upwelling influence.
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Because of their minute size, we can use the degree of 
calcification of coccolithophores as an early marker of 
acidification. Thus, from a previous extensive survey of 
diverse chemical conditions in the present and past oceans, 
we can show that the mass of coccolithophores in the class 
of the Isochrysidales increases with carbonate ion concen-
tration except in the most acidic conditions (Beaufort et 
al., 2011). Using new technical developments to measure 
coccolith thickness, we have produced a 400-year record 
of coccolith mass from the western Pacific north of Papua 
(25 km from the mouth of the Sepik River) with a one-
year resolution. The chronology, based on Pb210 and 14C 
dates, indicates a regular sedimentation rate in the order 
of 6 mm/1000 years. We sampled the top 6 m of the core 
at one-centimeter spacing. 

The high sedimentation rates in this core imply impor-
tant dilution of coccoliths in the sediments, but with the 
help of an automated technique it was possible to get a 
sufficient number of coccoliths to obtain robust statistics. 
The mass of Emiliania huxleyi remained constant between 
1580 and 1940 AD and since then has decreased by half. 
The flux of coccoliths also has decreased dramatically in 
recent years. However, the flux of alkenone has increased 
in recent years, and this is indicative of increased produc-
tion of Isochrysidales since 1950. We sampled the surface 
water at the site location in February 2012, for chemistry 
and morphologic analysis. We observed an absence of 
coccoliths of E. huxleyi and the rare presence of cocco-
spheres of Gephyrocapsa oceanica.  The absence of E. 
huxleyi coccoliths could be the result of its actual absence 

at that time or the fact that it was naked (not producing 
coccoliths). The pH was measured at about 7.97. We esti-
mate that pH was above 8 before the industrial revolu-
tion based on changes in pCO2 recorded in Antarctic ice 
cores (Etheridge et al., 1996). Coral records of tempera-
ture and salinity determined near the coring site indicate 
no recent changes in those parameters (Tudhope et al., 
1995). These measurements and observations point to an 
important ecological impact of acidification in this coastal 
environment.
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A variety of techniques are being utilized to examine 
calcareous nannofossils. In terms of sample prepara-
tion, various specialized techniques are used by research, 
but preparing simple smear slides is the most popular 
technique. These smear slides have been the basis of 
most nannofossil research over the past decades. Smear 
slide preparation is quick and easy and ideal for indus-
trial applications, particularly well-site biostratigraphy. 
Counting methods for quantitative nannofossil data 
vary considerably, but broadly speaking there are two 
distinct schools of thought: (1) industrial where every-
thing is counted along a fixed traverse length, and (2) 
research where a fixed number of specimens (e.g., 300) 
is counted. Comparison of quantitative data generated 
by the different methods is difficult and often limits the 
utility of published data. The purpose of this presentation 
is to promote an understanding of well-proven industrial 
methods among researchers, in the hope that counting 
methods can eventually be standardized.

Based on a review of nannofossil articles published over 
the last 60 years, there is no single and consistent counting 
method adopted by researchers. For the researchers who 
counted a fixed number of individual nannofossil speci-
mens per slide, various numbers were counted, although 
300 specimens were frequently regarded as statistically 
significant in micropaleontological research (Phleger, 
1960; Fatela & Taborda, 2002). Other inconsistencies 
may hamper the utility of this technique.  For example, 
(1) fixed count data can be presented as % abundance or 
specimens per square mm, (2) counts may be conducted 
in either XPL or PPL, the latter excluding identifica-
tion of many species, (3) counts may be conducted at 
various magnifications, (4) some research projects focus 
on a particular group and ‘lump’ or do not record any 
secondary species such as small placoliths and (5) some 
authors employ semi-quantitative approaches and esti-
mate the abundance of individual species.

Industrial nannofossil analyses generally involve 
counting all specimens within a standard traverse (e.g., 
60 fields of view [FOV] or 10 mm at x1,000 magnifica-
tion), then  scanning of the remainder of the slide for rare 
species. In richly nannofossiliferous samples, a ‘cascading 
count’ procedure similar to that proposed by Styzen (1997) 

can be applied.  With this method, abundant species are 
quickly eliminated from the count because their abun-
dance is factored up to equate with a full 60 FOV traverse. 
In this way, these slides can be counted in a reason-
able amount of time, which is industrially practical. We 
propose that this industrial method of counting is a more 
robust method that could be adopted as a standard by the 
research community. It is favored over counting a fixed 
number of specimens (e.g., 300) for a variety of reasons. 
First, in poor material it can be impossible to find 300 
specimens. Second, and most importantly, in rich material 
300 specimens might be counted in only two or three fields 
of view.  In a typical Cretaceous-Paleogene sample, 95% 
of counted specimens will be long-ranging placoliths and 
counting will cease before many useful species have been 
found. The 300-count technique precludes identification 
of certain important nannofossil acme events (e.g., Epro-
lithus eptapetalus in the early-middle Turonian), which 
are easily detected via counting 60 FOV. In comparison, 
a 60 FOV traverse can yield counts from zero (barren) 
to >5,000 specimens, enabling accurate quantification of 
the abundance of non-dominant (but important) marker 
species. This method also provides a good indication 
of variation in total nannofossil abundance without any 
calculation.

Having re-examined a variety of well sections, we are 
able to present comparisons between “industrial” and 
“research” datasets. We hope this demonstrates that the 
industrial method produces more realistic and reproduc-
ible diversity and abundance figures, facilitating compar-
ison and correlation of wells or outcrops. Counting a fixed 
number of specimens may be useful for foraminiferal 
research, but we consider this methodology inappropriate 
for nannofossil analyses.
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A detailed morphometric analysis was conducted on 
the early Eocene Tribrachiatus linage to characterize 
morphological evolution of shape and form during specia-
tion. This study incorporated outline-based and land-
mark-based geometric morphometric analyses, as well 
as traditional morphometrics. This lineage is one of the 
only undeniable and uninterrupted lineages in coccolitho-
phores. It consists of three morphologically successive 
species that have evolved through rotation of two stacked 
equilateral triplets.  The radially symmetrical hexaradiate 
form, T. bramlettei (the stem species) evolves into an 
asymmetric form (T. contortus), which itself evolves into 
a triradiate form (T. orthostylus). This is well expressed 
at North Atlantic DSDP Site 550 where the lineage 
occurs over a 12-m interval (from the upper range of T. 
bramlettei, through the range of T. contortus, and up to 
the lower range of T. orthostylus). The transition from 
T. bramlettei to T. contortus is well documented at this 
site where it occurs over a thin stratigraphic interval (0.5 
m), representing a few thousand years. Previously docu-
mented transitional forms suggest that this lineage is a 
prime example of gradual (anagenesis) evolution.

Eigenshape outline analysis and partial Procrustes 
superimpositions were conducted to complement the 
traditional approach of measuring the angles between 
triplet arms for a full analysis of shape and form. 
Geometric morphometrics decompose measurements to a 
minimum set of dimensions for analysis of shape within 
and between samples. The geometric morphometric anal-
ysis during the speciation between T. bramlettei and T. 
contortus shows, unexpectedly, morphologic stasis within 

each species.  Additionally, an abrupt morphologic shift 
during speciation indicates rapid evolution of an inter-
mediate morphotype.  This intermediate form disappears 
once T. contortus is established (i.e., once fixation of the 
latter morphology has occurred).  The abruptness in this 
transition might be best described as punctuated equilib-
rium, though the duration does not meet the criteria (<1% 
of the total duration) arbitrarily set by Gould (1982).  This 
pattern is best described as punctuated anagenesis, similar 
to the speciation pattern described by Malmgren et al. 
(1983) in the Globorotalia tumida lineage.  However, and 
of particular interest, morphotypes similar to T. bramlettei 
co-occur with T. contortus morphotypes throughout most 
of the range of T. contortus, albeit decreasing in abun-
dance. This does not fully agree with Malmgren’s concept. 
This suggests there was more than the straightforward 
replacement of an ancestral morphotype by a descendant 
morphotype. The patterns in this uninterrupted lineage 
grant us access to the tempo and direction of morphologic 
evolution during coccolithophore speciation.
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Many processes influence the ocean-atmosphere CO2 
exchange, including physical, biological, and carbonate 
pumps. Coccolithophores are able to export carbonate 
to the deep sea and contribute to the biological pump 
through photosynthesis. They have been the major pelagic 
carbonate producers in the NW Pacific over the last 
450 ka, possibly playing a significant role in regulating 
the ocean CO2 chemistry on timescales >1-100 ka. We 
present micropaleontological and geochemical analyses 
from the Pleistocene succession in ODP core 198-1209B 
(Shatsky Rise, NW Pacific) and evaluate the calcareous 
nannoplankton contribution to the organic and inorganic 
carbon pumps.

Calcareous nannofossil assemblages were analyzed in 
59 samples to determine total coccolith carbonate accu-
mulation rates (CAR), nannofossil preservation (NDI), 
and paleoproductivity indices (N). Stable isotopic compo-
sition (δ18O and δ13C) and Sr/Ca in the 2-20 µm carbonate 
fraction (coccolith-derived component), as well CaCO3 
content (wt%) on bulk and the <20 µm fraction, were 
measured. Spectral and wavelet analyses were applied to 
the time series to evaluate periodicities, particularly Mila-
nkovitch-type frequencies.

On the basis of coccolithophore paleoecology and 
coccolith (N and Sr/Ca) and foraminiferal geochemical 
(Δδ13Cp-b) proxies, high paleoproductivity from MIS 12 to 
MIS 8 was derived. From MIS 6 upwards, Sr/Ca-derived 
coccolithophore productivity shows low values during 
glacials. This contrasts with the high primary productivity 
recorded during glacials by N and Δδ13Cp-b. A possible 
explanation is a dominance of siliceous organisms during 
these periods due to the presence of eolian dust rich in 
iron from Asia, also documented by Zhang et al. (2007).

Coccolith preservation and CAR can be used to discuss 
the dynamics of carbonate production and export to the 
deep sea. Good preservation during glacials and intense 
dissolution episodes at glacial onsets were recorded and 
CAR showed major coccolith-carbonate fluxes during 
deglaciations. Our data show that nannofossils have 
been the major pelagic carbonate producers, constituting 

50-80% of the total carbonate buried in the sediments 
at this site.  Speculating about the coccolithophore role 
in the CO2atm balance, we conclude that nannoplankton 
contributed to the CO2atm regulation through the biological 
pump, particularly during interglacials. High carbonate 
burial fluxes during deglaciations may point to a different 
balance towards minimum efficiency of CO2atm uptake. 
Conversely, increased coccolith-carbonate accumulation 
in deep-sea sediments would favor CO2 buffering during 
high carbonate dissolution episodes.

At site 1209B, the physical pump was primarily driven 
by shallow circulation and vertical mixing from the Kuro-
shio Current. We assume that climate and oceanographic 
forcing (local currents, oceanic fronts, monsoons, and 
orbital reorganization) could influence the nannofossil 
assemblages, and thus carbonate dynamics over the last 
450 ka.

This study demonstrates how coccolithophore 
carbonate export and sedimentation strongly interact 
with ocean and atmosphere chemistry for more than time 
scales >100 ka. At a glacial-interglacial scale, changes in 
coccolith production were able to influence the satura-
tion of deep waters, as demonstrated also by spectral and 
wavelet analyses.

Although based only on one site, our study suggests 
that calcareous nannoplankton pumps and sedimenta-
tion can influence the ocean carbon inventory and that its 
dynamics operate at different time scales. Changes in the 
strength of the pumps can lead to shifts in vertical distri-
bution of the ocean CO2 and alkalinity, while not affecting 
their inventories. This process is possibly important 
to understand changes in surface-ocean chemistry and 
CO2atm on glacial-interglacial time scales.

Reference
Zhang, J., Wang, P., Li, Q., Cheng, X., Jin, H. & Zhang, 

S. 2007. Western equatorial Pacific productivity and 
carbonate dissolution over the last 550 kyr: foraminif-
eral and nannofossil evidence from ODP Hole 807A. 
Marine Micropaleontology, 64: 121-140.

Calcareous nannofossil contribution to carbonate export 
during the last 450 ka in the NW Pacific Ocean (Shatsky 
Rise)
Manuela bordiga
Uppsala University, Uppsala, Sweden;  University of Pavia, Pavia, Italy; manuela.bordiga@geo.uu.se
Miriam Cobianchi
University of Pavia, Pavia, Italy; miriam@unipv.it
Claudia lupi
University of Pavia, Pavia, Italy; claudia.lupi@unipv.it
Jorijntje Henderiks
Uppsala University, Uppsala, Sweden; jorijntje.henderiks@geo.uu.se
Patrizia Ziveri
Universitat Autònoma de Barcelona, Barcelona, Spain; Patrizia.Ziveri@uab.cat



INA1428

This work investigated Pleistocene sediments from ODP 
Site 1209B, located on the Shatsky Rise (NW Pacific). 
Calcareous nannofossil assemblages, a nannofossil-
derived paleoproductivity index (N ratio), and a Warm 
Water Taxa (WWT) proxy were employed to investigate 
the paleoceanographic changes in the NW Pacific mid-
latitudes over the last 450 ka, i.e., Marine Isotope Stages 
(MIS) 1-12. Multivariate statistical analyses on our quan-
titative micropaleontological data clarified the relation-
ships between coccolith distribution and paleoenviron-
mental variables. We analyzed the calcareous nannofossil 
content of 59 samples, and all data were processed using 
the software PAST (Paleontological Statistics of Hammer 
et al., 2001) to perform Principal Component Analysis 
(PCA) and Cluster Analysis.

At Site 1209B, calcareous nannofossils were abun-
dant and well diversified. The PCA retained two principal 
components, accounting for 66.8% and 11.8% of the 
variance, respectively. Principal component 1 (PC1) was 
negatively loaded by Gephyrocapsa caribbeanica and 
G. ericsonii and positively loaded by G. aperta, species 
driven mainly by temperature. In addition, PC1 had a 
high correlation value with the WWT proxy (r = 0.83).  
Thus, PC1 is linked to temperature variations and records 
a warming SST trend over 450 ka. Principal component 
2 (PC2) was positively loaded by G. caribbeanica, a 
cosmopolitan species, and negatively loaded by G. aperta 
and G. ericsonii, species typical of subtropical and trop-
ical regions. Thus, PC2 could be related to the proximity 
of a subtropical front at the site. Cluster analysis allowed 
for identification of five different clusters, and their distri-
butions confirmed the interpretation of PC1 and PC2.

A number of paleoceanographic and paleoclimatic 
interpretations were derived from our multivariate statis-
tical analyses for the last 450 ka, and four time intervals, 
characterized by different paleoceanographic scenarios, 
are proposed here.  From MIS 12 to MIS 8, eutrophic/
mesotrophic conditions (high N ratio values), cold-

temperate SST, and a minor influence of the subtropical 
waters on the site, recorded both by calcareous nannofossil 
assemblages and by PCA, may be linked to a southern 
position of the oceanic front and to a major influence of 
the cold-eutrophic Oyashio Current. This configuration 
could also be related to the El Niño-Southern Oscillation 
(ENSO) - like events, which were able to influence both 
currents and paleoclimate in the western Pacific region. 
During MIS 7, decreasing productivity and warming docu-
mented a major influence of the warm-oligotrophic Kuro-
shio Extension and the onset of El Niño-like conditions. 
At the beginning of MIS 6, the increased abundance of 
subtropical species and PC2 confirmed a northward shift 
of the oceanic front due to the end of the Mid-Brunhes 
Event (MBE).  Moreover, the recorded high productivity 
may reflect a Kuroshio Extension in a contracted state and 
a major dust input linked to boreal monsoon dynamics 
(Zhang et al., 2007). Finally, from MIS 5 to MIS 1, higher 
temperature and a slightly decreasing trend in paleopro-
ductivity could be linked to the influence of the prevalent 
and more intense Kuroshio Extension, which probably 
reflects more frequent El Niño-like events.

Through a statistical approach, we have documented 
that the main changes in nannofossil distribution were 
driven by ENSO patterns and boreal monsoons associated 
with local currents and oceanic front position.
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The Lower Cretaceous was marked by the emplacement 
of large igneous provinces (LIPs) that formed gigantic 
oceanic plateaus, thus affecting ecosystems at a global 
scale. Biota were forced to face excess CO2 and climatic 
and global perturbations in the ocean-atmosphere system. 
In particular, Ontong Java Plateau (OJP) volcanism was 
coeval with an episode of oxygen depletion in the oceans 
that resulted in burial of massive amounts of organic 
matter, coinciding with the early Aptian Oceanic Anoxic 
Event (OAE)1a. 

Several studies have been conducted to reconstruct 
temperature variations across the Aptian, especially 
during OAE1a. There is a general consensus that a major 
warming characterized OAE1a, although some authors 
have provided evidence for transient cooling intervals. In 
contrast, the climatic conditions in the late Aptian are less 
constrained, and a complete record is not yet available. 

We present a reconstruction of surface-water paleo-
temperature and fertility based on calcareous nannofossil 
records from the Tethys and Pacific Oceans. The data, 
integrated with oxygen-isotope records and datasets from 
other latitudes, provide a detailed picture of climatic and 
ecological changes during the Aptian, showing variations 
never highlighted before. 

The collected dataset indicates that maximum warming 
characterized the early phase of anoxia under the intense 
volcanic activity of the OJP. A short-lived (~35ky) 
cooling, following a rapid increase in weathering, inter-

rupted the major warming. A generally warm and humid 
climate was probably the promoter of continental runoff 
and consequent nutrient supply to the oceans. Peaks in 
trace metal concentrations suggest that biolimiting metals 
may have additionally fertilized the oceans. Nannofos-
sils suggest meso- to eutrophic conditions were reached 
under the highest temperatures and during the maximum 
amount of OJP volcanism. The rest of OAE1a was charac-
terized by subsequent cooling events, probably promoted 
by CO2 sequestration during burial of organic matter. In 
this phase, high productivity was probably maintained by 
N2-fixing cyanobacteria, while nannofossil indicators of 
high fertility were rare. The end of anoxia coincides with 
the end of volcanism and a pronounced cooling. The mid 
Aptian was characterized by high surface-water fertility 
and progressively decreasing temperatures, probably 
suggestive of intense continental weathering that supplied 
nutrients to the oceans and maintained low pCO2. The 
lowest temperatures, combined with low fertility, were 
reached in the late Aptian across the interval characterized 
by blooming of Nannoconus truittii. A stasis in volcanism 
and less humid climate are proposed for this interval. 

Our data indicate that OJP activity played a direct role 
in inducing global warming during the early Aptian, and 
while other mechanisms acted as feedback processes that 
favored temporary cold interludes, persisting volcanism 
eventually led to the end of anoxia.
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The abundance of Biscutum spp. is frequently used as 
a paleoceanographic proxy for surface-water fertility. 
Examination of relative abundance fluctuations, coupled 
with timing of evolutionary events, provides insight into 
wider paleoceanographic and evolutionary patterns. This 
study presents a detailed record of the relative abundance 
of Biscutum spp. with respect to major evolutionary 
and paleoceanographic events from a composite section 
of mid- to Late Cretaceous sites from North America, 
encompassing OAE1d, OAE2, OAE3, and the Mid-Maas-
trichtian Event. During OAE1d, a pattern of increasingly 
higher minima and maxima is recorded, leading up to the 
event where values rapidly decrease. After the rapid drop 
in relative abundance, values quickly recover to pre-event 
levels. These data suggest that the period of time leading 
up to OAE1d was associated with increasingly fertile, and 
perhaps increasingly unstable, surface-water conditions. 
The origin of a new, relatively short-ranging species of 
Biscutum is also recorded during OAE1d. During OAE2, 
a rapid decrease in the abundance of Biscutum spp. was 
observed as values dropped from approximately 30% of 
the assemblage to <15%. These data indicate that OAE2 
was likely associated with decreasing surface-water 
fertility leading into the event in the WIS (Western Inte-
rior Seaway) from where the OAE2 data are derived. 

Although only one extinction and one origination were 
documented with Biscutum near OAE2, the origin of three 
new species was recorded during the mid Cenomanian 
leading up to the event. The appearance of these forms 
is concomitant with high relative abundance values of 
Biscutum spp. (>40%), suggesting that increased surface 
water fertility may have been conducive to diversification. 
Abundance patterns during OAE3 vary between the GOM 
(Gulf of Mexico) and the WIS. The average relative abun-
dance of Biscutum spp. was 10% higher in the WIS than 
in the GOM during this interval. The total range of a new 
species of Biscutum, which has only been observed in the 
GOM, is documented during the Santonian/Campanian. 
No further evolutionary first occurrences were recorded 
for the remainder of the Cretaceous. Two distinct trends 
were visible in the Maastrichtian. First, no species turn-
over occurred in Biscutum subsequent to the Campanian in 
mid-latitudes, and all evolutionary activity appeared to be 
concentrated at high latitudes. Second, the interval of time 
in the Maastrichtian in which five high-latitude species 
undergo extinction coincides with a drop in Biscutum 
abundance in mid-latitudes. Changes in ocean circulation 
at this time (e.g., the Mid-Maastrichtian Event) may have 
disrupted evolution of this lineage.

North american Middle and late Cretaceous paleoceano-
graphic trends evidenced by biscutum
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The impact at Chicxulub caused catastrophic changes 
in marine habitats, including extended darkness, ocean 
acidification, and eutrophication.  These changes were 
devastating to some groups of phytoplankton at the base 
of the marine food chain while others escaped virtually 
unscathed.  For example, diatoms had ~85% survival 
across the boundary, and dinoflagellates actually increased 
in diversity. These non-calcareous plankton most likely 
survived due to their adaptation to high-stress environ-
ments and their ability to form spores and resting cysts. 
The calcareous nannoplankton, however, were decimated, 
and approximately 85% of genera and 93% of species 
went extinct.  Nannoplankton generally lack the ability 
to encyst and thus, as a group, would have been suscep-
tible to darkness, ocean acidification, and eutrophication.  
However, we still do not fully understand why certain 
nannofossil taxa survived while others went extinct.  
Extinction risk, the projected susceptibility of a taxon 
to extinction based on its ecology and ability to adapt, 
is a concept that is widely applied to extant species and 
higher order fossil groups, but not to phytoplankton.  This 
concept is useful for probing the selectivity of ancient 
species to mass extinction.  Determining the extinction 
risk of late Maastrichtian nannoplankton species would be 

a step towards understanding the selection of survivors. 
The deep-sea record contains a remarkable archive of 

nannoplankton extinction and recovery across the Creta-
ceous-Paleogene boundary.  The recovery was geologi-
cally extended, enabling detailed comparisons among the 
ocean basins. A large global database of assemblages has 
led to the discovery that the Northern Hemisphere oceans 
suffered higher nannoplankton extinction rates than the 
Southern Hemisphere with an ecological “crisis” that 
lasted for approximately 350 thousand years after the 
impact.  In addition, incumbency played a major role in 
the origination of new species.   Since extinction almost 
certainly occurred over durations far shorter than can be 
resolved in the stratigraphic record, determining their ulti-
mate causes is challenging and far more speculative.  In 
our presentation, we discuss the extinction risk of latest 
Maastrichtian nannoplankton species by comparing 
our understanding of their ecology with the biological 
effects of each potential killing mechanism.  Our results 
show that no one mechanism can explain the extinction 
of nannoplankton as a group, while also explaining the 
selection of survivors.  We show how acidification and 
eutrophication amplified extinction risk of species, as did 
the cessation of photosynthesis caused by darkness.
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The modern configuration of the earth’s crust is the result 
of continuous tectonic modifications through geologic 
time. These processes control the shape of the ocean 
basins and influence the distribution, weakening, or rein-
forcement of the oceanic currents. The last known global 
events were the closure of the Indonesian Gateway and 
the emersion of Central America. The closure of the 
Central American Seaway was a stepwise tectonic event 
that began at ~16.1-15.1 Ma (Duque-Caro, 1990), and 
its final phase lasted from 4.6 to 1.9 Ma (Keigwin, 1982; 
Lundelius, 1987; Keller et al., 1989; Coates et al., 1992; 
Haug et al., 2001; among others). The main aim of this 
work was to (1) evaluate how the calcareous nannofos-
sils (CN) responded to the appearance of this land barrier 
and the intensification of Northern Hemisphere glacia-
tions (NHG)(~2.75 Ma), and (2) elucidate how these 
events affected the surface ocean dynamics of the Equa-
torial Eastern Pacific Ocean (EEPO) and the Caribbean 
Sea (western Atlantic Ocean). We selected samples from 
the early Pliocene to early Pleistocene (~4.0 to ~1.9 Ma) 
that were recovered during the ODP Leg 138 (Site 846: 
3°5.802'S 90°49.074'W; 849: 0°10.993'N 110°31.167'W; 
852: 5°17.550'N 110°4.537'W)(Mayer et al., 1992) 
and Leg 165 (Site 999: 12°44.639'N, 78°44.360'W)
(Sigurdsson et al., 1997). With an opened gateway, we 
observed slight fluctuations and very low abundances 
(e.g., Pseudoemiliania lacunosa) of almost every species, 
except for the <5µm reticulofenestrids.  This suggests 
that there was intensification of the California Current, 
the North Equatorial Countercurrent, and the Equatorial 
Undercurrent. After the emergence of Central America, 
and as a response to the intensification of the NHG, there 
were high amplitude fluctuations in every species, and the 
extinction process of the genus Discoaster was acceler-

ated, indicating that the South Equatorial Current (SEC) 
and the Peru Current (PC) were strengthened.
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Coccolithophores were studied from ODP Site 1240 
(0º01.31'N, 86º27.76'W at 2921 m) in the Eastern Equa-
torial Pacific (EEP) and from the SK-17 core (15º5'N, 
72º58'E at 840 m) in the Eastern Arabian Sea (EAS). The 
Pacific and Indian Oceans are connected by the Indo-
nesian Passageway, with flow generally moving from 
the Pacific into the Indian Ocean and passing through 
the Indonesian Archipelago. Productivity in the EEP is 
primarily determined by variations in the trade winds and 
El Niño-Southern Oscillation (ENSO) dynamics. Produc-
tivity in the EAS is controlled mainly by changes in the 
Asian monsoon intensity. Productivity in both regions 
was greater during Termination 1 in the Holocene. This 
suggests the presence of La Niña-like conditions over the 
EEP and intensified winter monsoon winds over the EAS 
during Termination 1. Under these conditions, upwelling 
occurs in the EEP and in the EAS due to the divergence, 
which is the result of intense dominant trade winds in both 
areas. A significant decline in the productivity of both 

areas occurred in the early Holocene, and productivity 
was relatively low during the middle and late Holocene, 
suggesting a weakening of the dominant Trade Winds. 
EEP productivity showed large fluctuations during the 
middle and late Holocene, suggesting an alternation of La 
Niña-like and El Niño-like conditions. To a lesser extent, 
EAS productivity showed continued significant fluctua-
tions during the middle and late Holocene, likely related to 
changes in the wind intensity during the winter monsoon. 
Antarctic waters (e.g., Subantarctic Mode Water) played 
a crucial role in productivity in the entire Southern Hemi-
sphere because these waters are the main source of nutri-
ents for the thermocline. Our data suggest that thermo-
haline circulation and Southern Ocean dynamics had a 
major influence on the productivity of tropical areas of 
the Pacific and Indian Oceans. Furthermore, we observed 
a strong parallelism between the productivity of the EEP 
and the EAS, which suggests a connection between the 
Pacific and Indian Oceans at this time.

Are Indian Ocean dynamics controlled by the Pacific 
Ocean or vice versa: ENSO versus monsoon dynamics at a 
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We provide high-resolution paleoproductivity data for the 
Holocene in the Eastern Equatorial Pacific and describe 
the coccolithophore assemblages at Ocean Drilling Project 
(ODP) Site 1240 in the Panama Basin. Coccolithophores 
are proposed as a proxy for estimating paleoproductivity 
and nutricline position in the tropical Pacific Ocean. Our 
proxies can be used as an indirect tool to reconstruct the 
El Niño-Southern Oscillation (ENSO), the main factor 
controlling the climate variability in the Eastern Equato-
rial Pacific. Equatorial upwelling intensity and the influ-
ence of waters with a subantarctic origin controlled the 
productivity and the phytoplankton composition during the 
Holocene, and this has been strongly controlled by ENSO 
dynamics and, as our data suggest, by Southern Hemi-
sphere dynamics. Our results reveal a clear prevalence of 
dominant La Niña conditions during the early Holocene, 
with intense upwelling and high primary productivity in 

the Eastern Equatorial Pacific. La Niña conditions also 
prevailed during the middle Holocene, although impor-
tant fluctuations were observed in paleoproductivity, and 
some intervals with a low primary productivity were 
recognizable (between 8.2 and 8 ka and around 7 and 
6.5 ka), which indicates a weakened upwelling pulse, as 
occurs during El Niño events. A strong decrease in paleo-
productivity occurred between 5 and 4.3 ka, suggesting 
an increase in stratification of the water column as a result 
of a shift towards dominant El Niño conditions. Alterna-
tions between El Niño- and La Niña-dominant conditions 
occurred during the late Holocene, with El Niño condi-
tions and low primary productivity clearly prevailing. In 
addition, we suggest that solar forcing over the Eastern 
Equatorial Pacific influenced productivity during the 
Holocene, which generated decadal variability.

What governs the productivity of coccolithophores in the 
eastern Equatorial Pacific?
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Certain coccolithophores are reported to have some of 
the highest Cd:P (cadmium to phosphorus) ratios among 
phytoplankton (Emiliania huxleyi: 0.36; Gephyrocapsa 
oceanica: 0.31 mmol:mol) (Finkel et al., 2007) and the 
highest cellular concentration of Cd (E. huxleyi: 48; G. 
oceanica: 43 µmol/L of cell volume) (Ho et al., 2003). 
The question remains whether these high Cd ratios and 
concentrations also reflect a high tolerance to Cd-enrich-
ment conditions with possible implications for toxicity 
amplification along the trophic food web.

In the present work, controlled laboratory experiments, 
using a Cd-enriched seawater medium, were performed 
with coccolithophore strains isolated from Portuguese 
offshore waters during opportunity cruises. Several 
species of coccolithophores were isolated and cultured 
(Coccolithus pelagicus, Calcidiscus leptoporus, E. 
huxleyi, G. oceanica, and Umbilicosphaera hulburtiana), 
but only E. huxleyi and G. oceanica were able to attain 
high cell densities during scale-up culture implementa-
tion, a necessary step to obtain enough coccolith-driven 
calcium carbonate to allow Cd analysis. 

Two parameters were investigated: (1) Cd partition in 
the cell (intracellular versus exoskeleton coccosphere) 
and (2) the effect of increasing Cd concentrations in the 
physiology of E. huxleyi and G. oceanica.

The following four Cd concentration thresholds were 
postulated and examined:

TL1 – above which there is a drop in photosynthetic 
efficiency

TL2 – above which there is coccolith malformation
TL3 – above which a change into the haploid stage is 

induced
TL4 – above which cell lysis occurs

Even at the highest Cd concentration tested (8.9 x 
10-8 M), no evident negative physiological effects were 
observed. Cells remained viable, photosynthetic effi-
ciency remained high, no gross malformations were 
observed, and life cycle transitions were not induced. 
Higher Cd concentrations in the medium led to higher Cd 
uptake, which was preferentially located inside the cells. 
Cadmium concentrations higher than present day ocean 
concentrations seem to favor calcium incorporation into 
coccospheres. 

The very high Cd uptake capacity of the studied ubiq-
uitous coccolithophores raises questions regarding the 
consequences of these high ratios to marine plankton 
toxicity.
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Biosteering uses microfossils to help “guide well trajec-
tory back into a reservoir, boosting access to reserves...
particularly when features like sub-seismic faults can 
throw a well way out of the reservoir package” (Payne in 
Shirley, 2002). 

Biosteering normally operates inside a single biostrati-
graphic unit, i.e., essentially within the same micro-
fossil assemblage. This prevents the use of traditional 
approaches like FAD/LAD, and the biostratigrapher 
must use his/her experience based only on subtle assem-
blage variations across the reservoir. This experience or 
“feeling” is normally not tabulated and so is very diffi-
cult to support statistically or to plot, as compared to 
geophysical profiling.  It can be useful, however, when a 
decision is necessary to prevent a well from overshooting 
the upper/lower boundaries of the reservoir in real-time 
drilling or to immediately detect if you’re on a fault’s 
footwall or hanging wall and determine in which direction 
to drill back to the reservoir.  It is especially useful in sedi-
ments confined by similar monotonous lithofacies. This 
technique is possible when the formations have similar 
facies, and thus similar geophysical properties, but do not 
have assemblages with the exact same microfossil propor-
tions. 

Multivariate ecostratigraphy biosteering (MEB) 
provides a statistically robust technique, using subtle 
paleoecological variations across a reservoir’s unit(s), 
that helps support a biostratigrapher’s “feeling” in ultra-
high-resolution analyses. Specifically, MEB’s output can 
be plotted together with and directly compared to other 
geophysical profiling data.

MEB provides a case-specific solution for each reser-
voir, i.e., a certain assemblage function is valid only for a 
specific and confined sequence of formation(s) because it 

is sensitive to lateral variation of biofacies. The solution 
is interpreted and refined from previous characterizations 
of assemblages across the entire reservoir in question and 
adjacent formations.

MEB can be applied to any time interval, i.e., to any 
calcareous nannofossil assemblage. Because it normally 
uses the most abundant taxa, it allows rapid counts per 
sample and fast results, and thus is suitable for real-time 
drilling decisions.

MEB doesn’t need the biostratigrapher to change any 
of his/her taxonomic concepts because it feeds on his/her 
own everyday experience, namely which species are more 
pertinent for characterizing reservoir boundaries, and thus 
its application is specifically designed for each biostratig-
rapher’s needs. Fast assemblage counts can be performed 
in a quantitative, semi-quantitative, or qualitative scale, 
as long as there is enough pertinent information. This can 
be tested and a solution validated during the assemblage 
characterization of a reservoir’s bottom-to-top polariza-
tion. 

Data from a theoretical scenario will be presented to 
illustrate MEB capabilities. Everyone is welcome to bring 
actual encoded and unspecified data and put MEB to the 
test.
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Few nannoplankton research studies deal with coccolitho-
phore assemblages found in inland seas, such as the Medi-
terranean and Black Seas in southern Europe and the Seto 
Sea in Japan. The Philippine archipelago encompasses 
several inland seas and, therefore, presents an interesting 
site for studying and identifying morphological differ-
ences between species found at higher and lower latitudes. 
The study was made possible through the PhilEx 2007-
2008 Oceanographic Cruise in the Bohol, Sibuyan, and 
Sulu Seas onboard R/V Melville and the Sonne 228 Cruise 
in the Philippine Sea in 2013 onboard R/V Sonne. The 
surface-water samples collected during these cruises were 

filtered onboard using a 0.45 µm Millipore filter. Although 
several of the samples have already been observed with 
a polarizing microscope, the present study will involve 
documentation of coccolithophores through scanning 
electron microscopy. In this project, photomicrographs of 
coccolithophores from Philippine surface waters will be 
provided, along with detailed morphological descriptions. 
This study represents one of the first attempts to docu-
ment extant coccolithophores in Philippine inland seas, 
hence, contributing to baseline data on coccolithophore 
assemblages in a low-latitude tropical setting.

Coccolithophore assemblages in Philippine inland seas
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The calcareous nannofossil biostratigraphy of northwest 
Leyte Island (central Philippines) was investigated for 
the present study. Northwest Leyte is part of the Visayan 
Basin, which has been the focus of several sedimento-
logical and biostratigraphic studies in the past few years. 
Similar to Negros Island, northwest Leyte is comprised of 
fossiliferous sedimentary units, most notable of which are 
the chemosynthetic, mollusk-bearing Pliocene mudstones.  
Based on the calcareous nannofossil assemblages, the 
sections were dated at Pliocene to Pleistocene in age. The 
Pliocene (Zones NN12-NN15) was recognized based on 
an assemblage consisting of Amaurolithus tricornicu-
latus, Ceratolithus armatus, Discoaster blackstockae, D. 

brouweri, D. pentaradiatus, D. surculus, D. tamalis, D. 
variabilis, Reticulofenestra pseudoumbilicus, and Sphe-
nolithus abies. The Pleistocene (NN19) was recognized 
on the basis of Calcidiscus macintyrei, Gephyrocapsa 
spp. (> 4 µm), Helicosphaera sellii, and Pseudoemiliania 
lacunosa. Based on the established nannofossil biostra-
tigraphy, an unconformity was recognized within the 
Pliocene-Pleistocene interval. A diverse assemblage of 
the genus Scyphosphaera was also present in the Pliocene 
mudstones of the investigated sections (Zones NN13-15). 
This probably corresponds to the abundance acme of the 
genus that has been reported from the late Miocene to late 
Pliocene elsewhere.
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The North Atlantic is the primary deep ventilator of the 
oceans, playing a key role in thermohaline circulation 
through the Atlantic meridional overturning circulation, 
whose strength can be affected by regional or global 
climatic changes. During abrupt climate change events 
(e.g., Heinrich Events), the southward migration of the 
Polar Front,  induced by iceberg discharge and melt-water 
pulses, led to abrupt decreases in sea-surface temperatures 
and salinity, which then affected primary productivity. 
Paleoproductivity signals in the North Atlantic are contro-
versial. Primary productivity is believed to contribute to 
a CO2 decrease during glacial periods through the uptake 
of atmospheric CO2. As primary producers and the most 
important calcifying organisms in the ocean, coccolitho-
phores play a key role, not only in the ocean ecosystem but 
also in the global carbon cycle, through their combined 
effects on both the biological and carbonate pumps. The 
coccolith Sr/Ca ratio is linked to productivity with a 
higher ratio indicating faster growth rates and thus higher 

coccolith productivity.
This study aims to determine paleoproductivity vari-

ability based on coccolith Sr/Ca ratios at IODP Site U1313 
(41°N, 33°W) between 676 and 355 ka ago, encompassing 
three glacial/interglacial cycles. MIS 12 is considered to 
be the most extreme glacial event of the last 500 ka, expe-
riencing Heinrich-type ice-rafting events, while MIS 14 
was a relatively mild glacial. For the MIS 12-10 interval, 
for which data corrections and interpretation have already 
been completed, the Sr/Ca data clearly show that cocco-
lithophore productivity was substantially higher during 
glacial than interglacial or interstadial periods. Heinrich 
EVENTS, on the other hand, greatly diminished paleo-
productivity. Analyses that are underway for the older 
stages will determine whether similar patterns exist in 
these intervals and how productivity varied in the rela-
tively colder interglacials MIS 13 and MIS 15 in compar-
ison to MIS 11.

North atlantic paleo-productivity changes during  
Marine Isotope Stages (MIS) 10 to 16 – coccolithophore 
Sr/Ca evidence
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For this research, calcareous nannofossils were identified 
and percentages counted for 1411 samples from ODP Site 
1143. In addition, 500 of these samples were analyzed 
with SYRACO (Système de Reconnaissance Automatique 
de Coccolithes). The results reveal changes in predomi-
nant coccolith species, the depth of the nutricline, and the 
primary productivity of surface waters, as well as their 
response to paleoceanographic events. The Mid-Brunhes 
Event (MBE) is used as an example to explain a possible 
mechanism for the eccentricity-triggered blooming of 
the coccoliths and the relationship between the coccolith 
community and the δ13Cmax event, as well as changes in 
the long-term cycle of the ocean carbon reservoir.  

The dominant Quaternary species in the South China 
Sea, Florisphaera profunda, Gephyrocapsa oceanica, 
Emiliania huxleyi, and Gephyrocapsa caribbeanica, 
all experienced significant changes during paleoceano-
graphic events at 0~0.05, 0.26~0.48, 0.9, and 1.4~1.6 Ma. 
Coinciding with the four δ13Cmax events, the primary 
productivity increased, which suggests that coccolith 
productivity has been an important influence on the ocean 
carbon reservoir. 

There are four stages in changes in the nutricline 
depth at ODP site 1143. Comparing the monsoon record, 
SST, and other results, the change in the nutricline depth 
is primarily influenced by the monsoons and by expan-
sion of the Arctic ice sheet. The structure of the upper 
water varied before and after 0.9 Ma reflecting changing 
monsoonal patterns. Before 0.9 Ma (Marine Isotope Stage 
22), as the summer monsoon intensified during an inter-

glacial, the depth of the nutricline shallowed. After 0.9 
Ma, as the winter monsoon intensified during a glacial, 
the depth of the nutricline shallowed.

Spectral analysis of the primary coccolith species 
shows a 100ka eccentricity cycle, a 40-ka obliquity cycle, 
and a 20-ka precession cycle, which indicate that orbital 
cycles are the main motivator for the coccolith commu-
nity’s change.    

In the mid-Brunhes interval (0.26~0.48 Ma), the 
percentage of F. profunda declined, while Gephyrocapsa 
(Gephyrocapsa caribbeanica) was blooming. Meanwhile, 
the structure of the sea water changed, the nutricline depth 
decreased, and primary productivity increased. Studies 
show that during the mid-Brunhes interval the eccen-
tricity was at a low level, and we conclude three possible 
mechanisms to explain this situation: (1) eccentricity can 
influence the Si supply via weathering, which changes 
the diatom/coccolith ratio and the carbon reservoirs, (2) 
periods of low eccentricity are optimal for the growth of 
coccoliths, and (3) eccentricity can influence the produc-
tivity of the Southern Ocean and, via “Si leakage,” control 
coccolith productivity.  

Spectral analysis of F. profunda percentages shows a 
500-ky cycle at 0~1.6 Ma and 400-ky cycles at 1.6~5 Ma, 
which means that at this time the coccolith community 
was primarily influenced by eccentricity forcing. The F. 
profunda percentage is primarily controlled by the change 
in the structure of the Southern Ocean and “Si leakage”. 
Therefore, with intensified fluctuations, the coccolith 
community can change the ocean carbon reservoirs.

5 Ma coccolith records and their paleoceanographic  
significance in the south of the South China Sea
liu Chuanlian
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Calcareous nannofossil assemblages from eight localities 
in the upper Cenomanian-Coniacian of the central (Colo-
rado and Kansas) and southern (Texas) Western Interior 
Seaway were analyzed to produce a new high-resolution 
biostratigraphic framework for the Greenhorn Formation, 
Eagle Ford Formation, and basal Austin Chalk. Eighteen 
datasets from coeval successions, including the Global 
Stratotype Section and Point (GSSP) at Pueblo, CO, and 
proposed reference sections for the base of the Turonian 
and candidate GSSPs for the base of the Coniacian in 
Germany, Poland, and New Mexico, were incorporated 
from literature sources. Ranking and scaling (RASC) of 
48 selected bio-events produced a quantitatively-derived 
optimum sequence of biostratigraphic events. Scaling of 
the events along a relative time scale revealed an 8-9% 
evolutionary turnover during OAE2 and net speciation at 
the basal Coniacian boundary. Comparison with the qual-
itatively developed CC (Perch-Nielsen, 1985) and UC 
(Burnett, 1998) nannofossil zonations revealed inconsis-
tencies, largely due to the recognition of new/amended 
species concepts.  Discrepancies near the Turonian/
Coniacian boundary reflect changes to its placement in 
recent revisions to the geologic time scale.  A sequence of 
bioevents documented by Lees (2008) provided an accu-
rate proxy for the Turonian/Coniacian boundary in the 
absence of the inoceramid index fossil Cremnoceramus 
deformis erectus (Meek).  
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There are a number of hypotheses that provide a multi-
tude of mechanisms for investigating the shifting patterns 
in annual water-property characteristics of the Gulf 
of Mexico. Most of the available data rely heavily on 
numerical experimentation and long-term, acoustic-based 
ship-board analysis. However, calcareous nannoplankton, 
a large component of the base of the food chain along 
the continental margin off the Florida panhandle, can 
also be utilized as a biostratigraphic and geomorphologic 
tool.  Specific species, such as Gladiolithus flabellatus 
and Florisphaera profunda, which are normally found 
deep in the photic zone, can be used to signal circula-
tion abnormalities. These species can bloom in unusual 
places under the proper conditions, such as those initiated 
by warm-core eddies. For example, in the summer-fall 

Presence of specific calcareous nannoplankton  
assemblages along the NE Florida continental margin: 
a look at loop Current shedding and the Desoto Canyon 
funnel effect
Jarrett Cruz
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months, warm-core eddy spin-off events are evident in 
the numerical data.  However, these species can also be 
used to trace Loop Current shedding events back to their 
origin. We began monthly sampling between August and 
September from 2011 to the present along three transects 
across the Florida Panhandle shelf. We have collected over 
500 samples through the photic zone via Niskin-bottle 
rosettes, and their quantitative nannoplankton census data 
are being taken via scanning electron microscopy. Our 
goal is to use these data to link specific nannoplankton 
species to annual eddy shedding events and to investigate 
the DeSoto Canyon funnel effect during the months of our 
study interval. We also plan to compare our data with all 
available twelve-month data for our four-year sampling 
interval.
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A high-resolution biostratigraphic study of late Oligo-
cene to early-mid Miocene calcareous nannofossils from 
core samples at Deep Sea Drilling Project (DSDP) Leg 
25, Site 242 and Leg 94, Site 608 allowed the verification 
and refinement of taxonomic concepts, and introduced 
new combinations and several new variations with poten-
tial speciation value. In addition, the stratigraphic distri-
bution of sphenolithids from both legs was compared 
and suggests globally synchronous events. This study 
emphasizes the generic usefulness of providing high-
resolution mid-Miocene to late Oligocene stratigraphic 
subdivisions. The age ranges are described in reference 
to Martini (1971) and provide alternative means of subdi-
viding Zones NP24 to NN5.

In addition, the problems of species concepts and 
variations on the following groups are emphasized: (1) 
S. predistentus, S. distentus, and S. ciperoensis; (2) S. 
aubryae, S. disbelemnos, and S. dissimilis; (3) S. cf. abies 

and S. aubryae (wide); (4) S. cf. spiniger, S. cf. delphix, 
S. delphix,  and S. tintinabulum; (5) S. delphix, S. calyc-
ulus, S. cf. calyculus,  and S. cometa; (6) S. cf. proceros 
and S. proceros; (7) S. grandis, S. cf. abies (large), S. 
conicus, and S. arthurii. Finally, the similarity between 
broken Sphenolithus spines and Triquetrorhabdulus cari-
natus and the problems associated with Helicosphaera 
ampliaperta/scissura and ?Helicosphaera  granulata for 
assigning Zones NN2 and NN4 respectively is discussed.
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Based on exhaustive taxonomic research, a revision of the 
Eocene-Holocene reticulofenestrids, including the genera 
Dictyococcites and Reticulofenestra, is proposed. A 
special attempt has been undertaken to find all published 
species of this group in the worldwide literature from 
the middle of the 20th century to today. The first Reticu-
lofenestra micrographs were published by Deflandre & 
Fert (1954) as Discolithus dictyodus, by Black (1962) 
as Coccolithus celticus, and by Hay & Towe (1962) as 
Cyathosphaera martinii. The first Dictyococcites species 
was published by Hay & Towe (1962) as Heliolithus heli-
anthus. A total of 106 species and subspecies have now 
been described in the literature with 27 of them placed in 
the genus Dictyococcites and 48 in the genus Reticulofe-
nestra. The other 31 species are either invalid, a junior 
synonym, or more properly belong in another genus.

The generic name Reticulofenestra was introduced by 
Hay, Mohler & Wade (1966) and Dictyococcites by Black 
(1967). Both have been emended several times since then. 
A large controversy exists in the use of the genus Dictyo-
coccites since the emendation of Stradner & Edwards 
(1968). In general, the reticulofenestrids are classified by 

their rim structure (Emiliania, Salisia ex Pseudoemili-
ania), but also by the central area structure as in Gephy-
rocapsa (presence of a bridge) or in Noelaerhabdus (pres-
ence of an apical and/or antapical distal process). 

Some authors consider the genus Dictyococcites to be 
synonymous with Reticulofenestra and do not consider 
the variations in the central-area structure to be of generic 
value. The central area structure of Dictyococcites 
species is complex and can show important variations, 
but in general, two layers (proximal and distal) of coarse 
elements close the central-area.  In Reticulofenestra, the 
central area structure is composed of only one proximal 
layer and is made of very thin/delicate elements. Because 
of these differences, the birefringence in cross-polarized 
light of the central area differs in each genus: Dictyococ-
cites has a bright central area, and Reticulofenestra has 
a non-birefringent central area. Important differences 
in their biostratigraphic ranges also would also indicate 
value in keeping these two genera.

With precise measurements of all holotypes and para-
types completed, it is proposed to reclassify the two 
genera based on key indicators: length and width of 

a revision of reticulofenestrid taxonomy and  
biostratigraphy
Eric de Kaenel
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Table 1. Classification of the genus Reticulofenestra (Neogene) de Kaenel, 2013 (INA 14th, Reston, 2013)
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coccoliths (axial ratio: ar), rim length, central area length, 
central area structure, and central area surface (ca). Four 
tables summarize this proposed classification and facili-
tate a method for rapid determination of a species (one 
table is shown as an example). These four working tables 
will allow all nannofossil paleontologists to be consistent 
in the use of this group for ecological or biostratigraphic 
studies. Because coccolith size and shape are two of the 
key characteristics for biostratigraphy, some species have 
been split based on those two criteria.

Coccolith shape is not retained as the primary char-
acteristic to separate genera. Both Reticulofenestra and 
Dictyococcites include large variations in shape from 
circular to elliptical. Reticulofenestra rotaria (circular) and 
Reticulofenestra pectinata (normally elliptical) belong to 
the same genus. The same variation is observed in Dictyo-
coccites with Dictyococcites reticulatus (circular) and 
Dictyococcites productellus (normally elliptical). Four 
new Reticulofenestra species are described. In addition, 
two new replacement names and eighteen new combina-
tions are also proposed.
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The Eocene-Oligocene transition (E-OT) witnessed the 
most significant climatic change in the Cenozoic with a 
fundamental reordering of the planet’s oceanic and atmo-
spheric circulation, the cooling of deep and high-latitude 
waters, and the formation of continental-scale ice sheets 
on Antarctica. Records from the equatorial Pacific show 
rapid and highly correlated increases in deep-ocean 
oxygen and carbon isotopes and a drop in the calcite 
compensation depth (CCD) of over a kilometer (Coxall 
et al., 2005). The role of surface ocean productivity 
changed, especially at low latitudes, and carbon cycle 
perturbations remain open to question, as do the imme-
diate causes of significant extinction events in both the 
coccolithophore algae and planktic foraminifera through 
the E-OT (Pearson et al., 2008). 

Here, we present new, detailed and integrated micropa-
leontologic analyses of radiolaria, diatoms, planktic fora-
minifera, and coccolithophores from IODP Site U1334 
in the eastern equatorial Pacific. These clearly show a 
series of significant biotic events, including enhanced 
extinction of the radiolaria and the loss of the multi-rayed 
discoasters, prior to the onset of the major phases of 
Antarctic glaciation. Three characteristic phytoplankton 
assemblages were identified in the shift from the late 
Eocene to the early Oligocene: a late Eocene coccolitho-

phore-dominated assemblage (multi-rayed Discoasters, 
Coccolithus formosus, and Reticulofenestra dictyoda), a 
transitional coccolithophore assemblage (increased abun-
dances of R. bisecta), and an earliest Oligocene mixed 
coccolithophore-diatom assemblage. The timing and 
nature of these changes support progressive cooling in the 
latest Eocene that is associated with enhanced upwelling 
in the equatorial Pacific, and which occurred prior to the 
major phase of Antarctic ice-sheet growth. Rapid expan-
sion of continental ice sheets is likely a threshold response 
to this gradual cooling trend but in turn had a significant 
impact on nutrient cycling between the Southern Ocean 
and zones of tropical upwelling. 
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Calcareous nannofossil investigations were carried out on 
a few samples from the late Ladinian Zhuganpo Member 
of the Falang Formation in an outcrop near the village of 
Nimaigu (Wusha District, Xingyi City, Guizhou Province, 
southern China). Since August 2011, a scientific excava-
tion has made a bed-by-bed collection that has produced 
rich reptilian, fish, and ammonite faunas, including find-
ings of the oldest “flying” fish to date.

 A few samples contained relatively frequent and diver-
sified coccoliths and nannoliths. Some of the observed taxa 
resemble previously established species, but others have 

not been previously documented. It must be emphasized 
that the oldest reliable nannofossils are Carnian in age, so 
the findings in the Wusha samples presumably document 
the oldest calcareous nannofossils to date. These results 
are relevant for dating and understanding coccolithophore 
calcification. The relatively diversified assemblages imply 
an even older origination for coccolith/nannolith-bearing 
phytoplankton. Further analyses are planned in order to 
expand the data and characterize the origin, distribution, 
and evolution of calcareous nannoplankton. 
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At the present time, about one third of the carbon dioxide 
(CO2) released in the atmosphere from fossil fuel burning 
is absorbed by the oceans. The invasion of anthropo-
genic CO2 into the oceans increases seawater acidity 
and decreases carbonate ion concentration and carbonate 
saturation. This dramatic change in the carbonate system 
can have a huge impact on the marine ecosystem and, in 
particular, can seriously impair marine calcifiers (e.g., 
corals, foraminifera, and coccolithophores). Coccolitho-
phorid algae are sensitive to ocean acidification, and most 
studies show a strong decline in growth and/or reduction 
in calcification rate and/or increase in coccolith malfor-
mation with increasing CO2 concentration.

During the Cretaceous, the Earth had already expe-
rienced extreme environmental change through the 
construction of Large Igneous Provinces (LIPs) that 
formed gigantic oceanic plateaus, which affected 
ecosystems on a global scale. Volcanism on these prov-
inces probably triggered global warming and enhanced 
primary productivity with consequent increased oxygen 
consumption and burial of massive amounts of organic 
matter at a global scale.  These episodes are known as 
Oceanic Anoxic Events (OAEs). We investigated calcar-
eous nannoplankton morphological variation through one 
of the most interesting anoxic events of the Cretaceous, 
the latest Cenomanian OAE2. This episode of global 
anoxia is associated with the formation of the Caribbean 
Plateau (CP) that triggered a massive release of excess 
CO2, causing general global warming. Recent studies 
of the OAE2 episode have demonstrated the existence 
of climatic variability and fluctuations in the atmCO2 
concentration. In fact, a cooling episode and CO2 drop in 
the early phase of OAE2 is connected with a weathering 
spike, followed by a new increase in CO2 and warming.

We investigated OAE2 sections from Sicily, southern 
France, England, and Colorado. The major result that we 
observed was a change to tiny/dwarf coccoliths, although 

of differing amplitudes, through OAE2. Calcareous 
nannofossil size variations followed the pCO2 fluctua-
tions and recorded an increase in size when pCO2 started 
to decrease, while dwarf coccoliths were coeval with a 
strong increase in CO2. The record of paleofertility during 
OAE2 was not straightforward, and mid-latitude locali-
ties seem to have been affected by a decrease in nutrient 
availability, whereas, in the Atlantic tropical waters, the 
nutrient content increased. Comparing these data with 
our morphometric results, we noticed a lack of repetitive 
pattern. Therefore, it seems unlikely that nutrient content 
controlled coccolith dwarfism during OAE2.

Another selected case history is the Aptian OAE1a, 
which was associated with the submarine construction 
of the Ontong Java Plateau (OJP) that triggered a disrup-
tion of the oceanic carbonate system. At the onset of 
the carbon isotopic anomaly, during the most profound 
paleoenvironmental perturbation, excess CO2 caused 
ocean acidification, which resulted in a temporary failure 
of the rock-forming nannoconids and the formation of 
dwarf and malformed coccoliths.

The inferred warmer conditions and excess CO2 during 
intervals of LIPs’ volcanism suggest a potential influence 
on nannoplankton calcification. Hydrothermal plumes 
during construction of both the OJP and the CP intro-
duced biolimiting metals that fertilized the global ocean. 
However, some toxic metals may have disturbed the 
functioning or hampered calcification of some intolerant 
coccolithophorid species. 

Different patterns and degrees of dwarfism and 
malformation during OAE1a and OAE2 suggest unequal 
volcanic CO2 emissions (rates, pulses, and amount) and/
or variable combinations of CO2, climate, and fertility.  
LIPs’ emplacement through geologic time, therefore, only 
resulted in limited similarities in their effect on cocco-
lithophorid species.
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The Visayan Basin is a northeast-southwest trending 
sedimentary basin located in the central part of the Phil-
ippines. The basin consists of Cretaceous volcanic flows 
and intrusives, and folded and slightly metamorphosed 
Cretaceous sediments that are overlain by Eocene and 
younger sedimentary formations, including the marine 
sediments that were deposited from late Oligocene to 
Pleistocene (Porth et al., 1989). This study in the Visayan 
Basin began in 2003, as part of the research program on 
the “Cenozoic molluscan faunal study and refinement of 
Cenozoic formations in the Philippines”. As part of this 
program, samples for calcareous nannofossil analysis 
were collected on Bohol Island, southeast Negros, and 
northwest Leyte where the fossil mollusks had been 
collected in order to establish the age of the mollusk-
bearing units and, at the same time, refine the stratigraphy 
and age of the sedimentary formations.

On Bohol Island, nannofossil analysis of the samples 
resulted in the recognition of a late Miocene sedimen-
tary unit in an area that was previously mapped as part 
of a middle Miocene formation.  Zone NN11 (CN9) was 
established based on the occurrence of Discoaster quin-
queramus and Discoaster berggrenii. Several sections 
were investigated on Negros Island, and the results 
include: (1) the recognition of a late Oligocene sedimen-
tary unit in an area previously mapped as late Miocene 
to early Pliocene and (2) confirmation of the late Oligo-

cene to earliest Miocene age of the Escalante Formation 
(assigned to Zones NP24 - NN1) based on the occurrence 
of marker taxa Cyclicargolithus abisectus, C. floridanus, 
Reticulofenestra bisecta, R. daviesii, Discoaster deflan-
drei, Helicosphaera recta, Sphenolithus ciperoensis, 
S. distentus, S. predistentus, and S. delphix. The south-
eastern part of Negros Island is one of the few localities 
in the Philippines where the fossil mollusk Vicarya can 
be found. The Oligocene age obtained from nannofossils, 
therefore, suggests that the study area includes the oldest 
fossil record of Vicarya in the Philippines and probably 
in Asia.

Northwest Leyte is located in the northeastern part of 
the Visayan Basin. The area is known as one of the very 
few localities in the world with well-preserved fossils 
of chemosynthetic mollusks that represent cold-seep 
assemblages (Majima et al., 2007, 2010). Investigation of 
several sections revealed a diverse assemblage of Pliocene 
to Pleistocene calcareous nannofossils. The nannofossil 
assemblage confirms that the chemosynthetic mollusk 
assemblages are Pliocene in age, corresponding to Zones 
NN12-NN15. The Pliocene was recognized based on the 
occurrence of Amaurolithus tricorniculatus, Ceratolithus 
armatus, Discoaster tamalis, Discoaster blackstockae, 
Reticulofenestra pseudoumbilicus, and Sphenolithus 
abies. The Pleistocene, on the other hand, was recognized 
based on the occurrence of large (>5um) Gephyrocapsa 
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spp., large circular forms of Pseudoemiliania lacunosa, 
and the LO of Calcidiscus macintyrei. Based on estab-
lished nannofossil biostratigraphy, there was a consider-
able gap within the investigated sections, corresponding 
to Zones NN16-NN18, suggesting that there was an 
erosional and/or non-depositional event that spanned at 
least 1.8 million years during the late Pliocene. This may 
correspond to a basin-wide unconformity during the late 
Pliocene-Pleistocene interval in the Visayan Basin (Porth 
et al., 1989). A diverse assemblage of scyphosphaerids 
also was present in the Pliocene mudstones of the investi-
gated sections within Zones NN13-NN15. This probably 
corresponds to the abundance acme of the genus reported 
by Siesser (1998) from the late Miocene to late Pliocene 
interval (Zones NN9-NN15), which is now recognized for 
the first time in the Visayan Basin.
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Negros Island (central Philippines) occupies the south-
western part of the Visayan Basin, which has been the 
object of petroleum exploration for the past 100 years. 
Despite this, very few sedimentological and calcareous 
nannofossil studies have been done in the area. In order 
to refine the ages of the sedimentary formations and the 
stratigraphy of the island, the calcareous nannofossil 
biostratigraphy of several sections on Negros Island was 
investigated.

The present study focused on the south-central part of 
the island where late Oligocene to early Pliocene sedi-
mentary units are exposed. The oldest sedimentary unit 
is represented by the Escalante Formation, which was 

assigned to nannofossil Zones NP24 to NN1. The zones 
were established using the occurrence of Cyclicargolithus 
abisectus, Cyclicargolithus floridanus, Reticulofenestra 
bisecta, Reticulofenestra daviesii, Discoaster deflandrei, 
Helicosphaera recta, Sphenolithus ciperoensis, Spheno-
lithus distentus, Sphenolithus predistentus, and Spheno-
lithus delphix. The data suggest a late Oligocene age for 
the mollusk Vicarya spp., which was collected from the 
same formation. The present study also reports the pres-
ence of previously unrecognized early to middle Miocene 
sedimentary units in the study area, which will change 
the current understanding of the stratigraphy of Negros 
Island.
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Two sections from the Jurassic Lusitanian Basin (LB) 
were studied for calcareous nannofossil content. This 
basin lay along the western margin of the Iberian Meseta 
and was bounded on the west by the Berlengas-Farilhões 
igneous and metamorphic basement horst. This narrow 
basin had an approximate N-S orientation and was located 
at a paleolatitude of 25-30ºN (Dercourt et al., 2000). 
Lower Jurassic carbonate sediments were deposited on a 
homoclinal low-angle ramp that dipped NW (Duarte & 
Soares, 2002; Duarte, 2004).

The lower to middle Toarcian section from Rabaçal 
represents the most proximal marine setting of the LB, 
and the upper Toarcian to middle Aalenian section from 
Cabo Mondego is the most distal location. Both sections 
are characterized by limestone-marl alternation with 
common ammonites, belemnites, gastropods, bivalves, 
and brachiopods. In the 42 m of the Rabaçal section that 
span the Polymorphum, Levisoni, and Bifrons ammonite 
Zones (AZ), 138 samples were examined. In the 85 m of 
the Cabo Mondego section that span the Maneghinii (?), 
Aalensis, and Opalinun AZ, 72 samples were examined. 
All samples were prepared using the random settling 
technique described by Geisen et al. (1999) and studied 
under an optical polarized microscope with x1000 magni-
fication. Whenever possible, at least 300 coccoliths were 
counted, thus species making up more than 1.7% of the 
total assemblage were recorded with a confidence level 
of 99.5%, and species with more than 0.9% of the assem-
blage at a confidence level of 95% (Fatela & Taborda, 
2002).

The calcareous nannofossil assemblage was fairly 
diverse throughout the Rabaçal section, although some-
times scarce and badly preserved. The transition from the 
Levisoni to the Bifrons AZ (lower to middle Toarcian) was 
marked by the last occurrence (LO) of Mitrolithus jansae 
and the first occurrence (FO) of Watznaueria fossacincta 
in the Levisoni AZ, followed almost immediately by the 
FO of Watznaueria colacicchii in the lowermost Bifrons 
AZ. Although Mattioli & Erba (1999) recorded W. colac-
cichii FO in the uppermost lower Toarcian, poor pres-
ervation may explain its absence in the Levisoni AZ. 
The FO of Discorhabdus striatus in the Levisoni AZ is 
an indicator for the uppermost part of the Levisoni AZ, 

according to the Bown & Cooper (1998) and Mattioli & 
Erba (1999) biozonation scheme for this interval. Mattioli 
& Erba (1999) recorded the FO of Carinolithus superbus 
in the Polymorphum AZ, but this taxon’s FO was only 
observed in the Levisoni AZ at Rabaçal. This species’ 
delayed appearance may be due to environmental condi-
tions.

The Cabo Mondego section contained more pristine, 
diverse, and abundant calcareous nannofossils. Although 
an ammonite biozone calibration has not yet been made 
for this location, and the Toarcian-Aalenian boundary 
cannot be identified due to the lack of robust FO/LO 
bioevents, the Cabo Mondego section did contain the LO 
of Crepidolithus cavus and the FO of Retecapsa incompta 
in the upper Toarcian stage, indicating the top of the Toar-
cian (Mattioli & Erba, 1999). Another bioevent, the FO 
of Watznaueria contracta in the uppermost Toarcian, is 
likely to be a close indicator for the Toarcian-Aalenian 
boundary.  A calibration of calcareous nannofossils with 
the AZ and a detailed biometric study are in progress, and 
they may soon shed some light on the evolutionary tran-
sition from Lotharingius to Watznaueria where interme-
diate morphologies make species identification difficult. 
Nevertheless, at Cabo Mondego, the Toarcian-Aalenian 
boundary was identified by the LO of C. cavus, the FO of 
R. incompta and W. contracta in the upper Toarcian, and 
the FO of Hexalithus magharensis and the LO of Busso-
nius prinsii and B. leufuensis in the Opalinum AZ (lower 
Aalenian), the latter ones following the de Kaenel et al. 
(1996) zonation scheme for Portugal. In this work, the LO 
of Carinolithus poulnabronei occurred in the upper Toar-
cian, probably in the Aalensis AZ, earlier than reported by 
Mattioli & Erba (1999).
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Quantitative nannofossil assemblage analysis was 
conducted on middle Eocene- lower Oligocene sediments 
from Ocean Drilling Program (ODP) Site 711, located in 
the western equatorial Indian Ocean. The aim of this work 
was primarily to increase the biostratigraphic resolution 
for this time interval, comparing the reliability of the 
results with recently proposed additional bioevents (e.g., 
Bown & Dunkley Jones, 2012; Toffanin et al., in press). 
A high-resolution quantitative study across a ~12 myr 
time interval allowed the recognition of 29 nannofossil 
bioevents. Recent magnetostratigraphic data obtained for 
this site (Savian et al., 2013) made it possible to date the 
bioevents, compare them with other sites from low to high 
latitudes, and evaluate their reproducibility within and 
outside the equatorial region. 

Precise dating through the use of biomagnetostratig-
raphy allows the identification of variations in the nanno-
fossil assemblage in response to global climatic and 
paleoceanographic events, such as the Middle Eocene 
Climatic Optimum (MECO) and the earliest Oligocene 

Oi-1.  In the equatorial Indian Ocean, this confirms influ-
ences due to the transition of the Earth's climate from the 
early Paleogene "Greenhouse" into the late Paleogene 
"Icehouse”.
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One of the objectives expressed for IODP Expedition 
339 (Mediterranean Outflow) was “producing a marine 
reference section of Pleistocene millennial-scale climate 
variability and changes in surface and deep-water circu-
lation. Climate signals from this reference section will 
constrain the temporal relationships of abrupt climate 
change recorded in the northeast Atlantic Ocean, the polar 
ice cores, and European terrestrial records” (Stow et al., 
2011). To carry out this objective, IODP Site U1385 was 
selected and drilled on the Portuguese margin at a loca-
tion close to the Shackleton Site MD95-2042 (in honor of 
the late Sir Nick Shackleton; 37°48'N 10°10'W, 3146 m). 
The Site U1385 core has preserved a high-fidelity record 
of millennial-scale climate variability for the last glacial 
cycle that can be correlated precisely to polar ice cores 
in both hemispheres.  For this glacial, surface waters at 
the site have a Northern Hemisphere signal, while bottom 
waters have a Southern Hemisphere influence (Shack-
leton et al., 2000). The peculiar position of this site also 
offers the possibility for a comparison with terrestrial 
records from the Iberian Peninsula, which is an excep-
tional opportunity for combining and correlating paleo-

climatic signals.
IODP Site U1385 was recovered using a triple APC 

technique, ensuring a continuous record that covers the 
last 1.2 Ma. We present preliminary results on the succes-
sion of standard and alternative calcareous nannofossil 
events. At this time, we offer a preliminary calibration 
with the paleomagnetic and astronomical signal that was 
estimated by comparing geophysical and logging param-
eters.  In the future, the availability of a refined isotope 
curve will permit a more accurate calibration in a section 
that can be referenced for mid-latitudes in the Atlantic 
Ocean.
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A comprehensive calcareous nannofossil zonation scheme 
for the Lower Jurassic in low- to mid-latitude sequences 
from NW Europe was proposed by Bown & Cooper 
(1998), and it has been successfully applied in Italy and 
southern France (Mattioli & Erba, 1999) and northern 
Spain (Perilli et al., 2010). However, a detailed nanno-
fossil zonation is currently not available for the Lower 
Jurassic of NW Germany.

The Schandelah core comprises a 338-meter thick 
succession of Toarcian to Rhaetian sediments. A total 
of 110 samples were taken every 1 to 3 m and prepared 
for semiquantitative analyses. Calcareous nannofossils 
were rare to common and moderately to well preserved. 
Calcareous nannofossil biostratigraphy was mainly based 
upon the first and last occurrences (FO and LO) of age 
diagnostic species. All calcareous nannofossil zones 
and subzones (CNZ and CNSz), as well as the main and 
secondary calcareous nannofossil events defined by Bown 
& Cooper (1998), were identified. 

Schizosphaerella punctulata was found in the lower 
part of the Hettangian. The FO of S. punctulata defines 
the base of the NJ1 S. punctulata CNZ. This species is 
continuously present and rare to common throughout 
the Schandelah core. A sharp decrease of S. punctulata 
was observed slightly above the Toarcian-Pliensbachian 
boundary, which represents the Schizosphaerella crisis 
described in different European basins (Mattioli et al., 
2008; Fraguas et al., 2012). The species Parhabdolithus 
liasicus first occurred below the Hettangian-Sinemurian 
boundary. This main event defines the base of the NJ2 
P. liasicus CNZ. The first appearances of Crepidolithus 
pliensbachensis and Mitrolithus elegans were found 
slightly above this, further supporting the position of the 
Hettangian-Sinemurian boundary in the Schandelah core. 
The NJ2 P. liasicus CNZ is divided into two subzones, 
NJ2a Parhabdolithus marthae and NJ2b M. elegans, 
based on the LO of P. marthae. This event occurs within 
the upper Sinemurian obtusum Zone. The most impor-
tant biostratigraphic marker for the Sinemurian stage is 
Crepidolithus crassus, which first occurred at the upper 
Sinemurian oxynotum-raricostatum Zone boundary. This 
event defines the base of the NJ3 Crepidolithus crassus 
CNZ. 

The FO of Similiscutum cruciulus is located near 
the lower Pliensbachian jamesoni-ibex Zone boundary, 
marking the base of the NJ4 S. cruciulus CNZ. This zone 
is subdivided into two subzones, NJ4a C. pliensbachensis 
and NJ4b Crepidolithus granulatus, on the basis of the 

LO of P. robustus. In the Schandelah core, this event 
occurred at the lower Pliensbachian ibex-davoei Zone 
boundary. The FO of the index species Lotharingius 
hauffii occurred in the lowermost part of the upper Pliens-
bachian margaritatus Zone. This event defines the base of 
the NJ5 Lotharingius hauffii CNZ. The FO of Biscutum 
finchii was located in the same place. Lotharingius sigil-
latus first occurs within the margaritatus Zone. The FO of 
L. sigillatus in the Schandelah core was earlier compared 
to NW Europe (Bown & Cooper, 1998) and northern 
Spain (Perilli et al., 2010), where this event lies within 
the spinatum Zone. The NJ5 Lotharingius hauffii CNZ 
is divided into two subzones, NJ5a B. finchii and NJ5b 
Crepidolithus impontus, based on the FO of C. impontus. 
In the Schandelah core, C. impontus appeared within the 
margaritatus Zone. 

The first biostratigraphic marker found in the Toarcian 
stage was Carinolithus superbus, which first occurred 
within the serpentinum Zone. This event defines the 
base of the NJ6 Carinolithus superbus CNZ. The FO of 
Discorhabdus striatus is located within the bifrons Zone, 
and it marks the beginning of the NJ7 Discorhabdus stri-
atus CNZ. 
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A new technique for observing calcareous nannofossils 
is presented. It will have a wide range of applications in 
nannofossil biometry and identification and for measuring 
the calcite quantity produced by coccolithophores.  When 
observed with this technique, the shape of the coccolith is 
closer to its real shape than when linear polarized light is 
used. This results in more accurate measurements because 
the boundaries of the coccoliths are clearly defined.

Although descriptions of the taxa have previously been 
done observing coccoliths with linear polarization, the 
new technique is useful because there is no need to rotate 
the stage in order to identify all the parts, such as the 
bridge, or to detect all the coccoliths that are in the sample.  
The use of this technique can also overcome some of the 
problems that currently exist in automated systems for 

identifying and counting taxa in a sample because there 
is no need to compare several images from the same field 
of view from different angles.  All the coccoliths can be 
seen at once, and the shape of the coccoliths is always the 
same.

The new technique was developed because calculation 
of the amount of calcite produced by coccolithophores 
is a very important application.  Images taken with the 
new technique allow the user to determine the volume 
of tiny calcite platelets because a single coccolith can be 
selected and measured. The method can also be applied to 
a complete field of view so that the amount of calcite in 
a sample can be automatically measured, which  makes 
it possible to calculate the effect of coccoliths on the 
carbonate flux.
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The coccolithophore community was analyzed from a 
highly productive zone adjacent to Magdalena Bay on the 
west coast of the Baja California Peninsula from October 
2009 to June 2010. Fifty-four water samples from 0 
to 60 m were collected monthly at an oceanographic 
station located at 24°31.85'N 112°06.431'W. Approxi-
mately two liters of seawater were filtered on polycar-
bonate membranes. Subsequently, 1500 images of each 
membrane were taken with a Zeiss Supra VP55 scanning 
electron microscope. The digitized samples were analyzed 
offline on a PC with the AnalySIS®-pro 5.0 imaging 
program. The oceanographic characterization was done 
using CTD data collected on a monthly basis, as well as 
using online data from NOAA, NASA, and Oregon State 

University. Of the 94 taxa identified, Emiliania huxleyi, 
Gephyrocapsa oceanica, Syracosphaera orbiculus, and 
Florisphaera profunda var. elongata (median) were the 
most abundant species in a sample (>30%). The species 
richness and diversity (Shannon-Weaver, H) showed 
high values (43 species and 2.7 H) prior to maximum 
upwelling (March to June). These values then decreased 
to 29 species (2.26 H), and assemblages were dominated 
by generalist species (e.g., E. huxleyi). However, total 
cell density did not change significantly prior to (65x103 

cells/l at 10 m in January) or during the maximum period 
of upwelling (67x103 cells/l at 0 m in April). Temperature 
appeared to be the main factor driving coccolithophore 
cell density and succession in the studied area.
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The Um Sohryngkew section in Meghalaya, northeast 
India, exposes one of the most complete, shallow-marine, 
Cretaceous-Paleogene boundary (K-Pg) sequences in the 
world.  It contains an Iridium (Ir) anomaly, a δ13C shift, 
and a thin red K-Pg layer. The section provides an excel-
lent record of the abrupt mass extinction of Cretaceous 
calcareous nannofossils below the Ir-spike-bearing red 
layer and the first appearance of typical Danian markers 
in the immediately overlying sediments. Investiga-
tions of the distribution of moderately to well-preserved 
nannofossils across the K-Pg transition reveal a succes-
sion of well-established global datum events within the 
late Maastrichtian-early Danian interval (Micula murus, 
Micula prinsii, Biantholithus sparsus, Neobiscutum 
romeinii, Neobiscutum parvulum, and Cruciplacolithus 
primus). Five zones, including CC26a, CC26b, and three 
subzones within Zone NP1/CP1 (Neobiscutum romeinii, 
Neobiscutum parvulum, and Cruciplacolithus primus) 
are identified.  These zones correlated with nannofossil 
zonations known from the Tethyan and low-mid latitude 
sections from different parts of the world and the planktic 
foraminiferal zonation of this section. 

Quantitative analysis of the nannofossils in the studied 
interval demonstrates a nannofossil succession pattern 
comprising “Cretaceous”, “Paleogene”, and “survivor” 
species similar to that observed at several stratigraphi-

cally complete sections across the globe. Latest Maas-
trichtian assemblages were abundant and diverse with 
Cretaceous species richness showing minor fluctuating 
trends. Micula decussata and Watznaueria barnesae 
were the most abundant species, and Arkhangelskiella 
cymbiformis, Eiffellithus turriseifelli, Prediscosphaera 
cretacea, and Cribrosphaerella ehrenbergii were the 
next most common species.  Their percentages fluctuated 
before extinction occurred for all Cretaceous species at 
the K-Pg. The predominance of dissolution-resistant M. 
decussata reflects a sustained period of high environ-
mental stress. However, the common occurrence of disso-
lution-prone species (P. cretacea, C. ehrenbergii, and M. 
prinsii) precludes a major effect from dissolution. 

Only very minor reworking of Cretaceous species was 
noted in the basal Danian. No Thoracosphaera blooms at 
the K-Pg boundary were recorded in the present section. 
The first appearance of the incoming Paleogene species 
Neobiscutum romeinii was noted just above the Ir-rich red 
layer, followed by Biantholithus sparsus, Neobiscutum 
parvulum, and Cruciplacolithus primus, in ascending 
order. The Um Sohryngkew Section is considered to be 
a rare, low-latitude K-Pg section lying close to the paleo-
equator with a complete biostratigraphic record provided 
by nannofossils, planktonic foraminifera, and dinoflagel-
late cysts. 
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The ratio of calcite (PIC) to organic carbon (POC) in 
coccolithophores is an important variable in ocean-
atmosphere-CO2-exchange. Photosynthesis binds CO2 
into organic matter, whereas calcification releases it, so 
that the PIC/POC-ratio determines whether a coccolitho-
phore bloom acts as a source or a sink of CO2. Numerous 
studies have shown that this ratio can be modified by 
environmental parameters such as ocean pH, temperature, 
salinity, and nutrients, and yet most studies have focused 
on the cosmopolitan species, Emiliania huxleyi. Although 
abundant in the modern ocean, E. huxleyi may not be the 
best representative of coccolithophores’ general response 
towards changing environmental parameters because 
species-specific responses towards ocean acidification 
that have been described for it. We therefore studied two 
species of the genus Coccolithus, C. pelagicus and C. 
braarudii, which produce heavily calcified coccoliths and 
contribute substantially to marine carbonate production, 
with PIC/POC-ratios generally above unity. We examined 
the effect of phosphorus limitation, a parameter predicted 
to change with a warming climate, on growth and calci-
fication in these species by growing triplicate batch 
cultures under phosphate limiting and nutrient replete 
conditions. Organic carbon production in the cultures was 
examined by means of growth rate, cellular POC quota, 

and cell size. Inorganic carbon production was evaluated 
by cellular PIC quota and coccosphere and coccolith size, 
as well as coccolith malformations.

Phosphorus limitation did not influence exponential 
growth rates but led to lower cell densities in the stationary 
phase and a significantly lower cellular phosphorus quota. 
Phosphorus-limited cultures had increased cell and 
coccosphere sizes compared to nutrient replete cultures. 
However, mean coccolith size was the same under both 
nutrient regimes, and larger cells were covered by more, 
rather than larger, coccoliths. Although the percentage of 
malformed coccoliths increased slightly under phosphorus 
limitation, there was no overall change in PIC/POC-ratios 
between phosphorus-limited and nutrient-replete cultures. 
It appears that C. pelagicus, in contrast to E. huxleyi, has 
limited plasticity to increase its cellular calcite quota. A 
primary reason for this may be that this species produces 
a single coccolith layer, whereas E. huxleyi has a high 
capacity for increasing PIC quota by forming multiple 
coccolith layers. This fundamental difference between 
lineages needs to be taken into consideration when 
modeling climate feedback of coccolithophore blooms as 
changing nutrient availability will presumably not change 
PIC/POC ratios in single-coccolith-layer species, such as 
C. pelagicus and C. braarudii.
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to organic carbon in Coccolithus spp.
andrea Gerecht
CEES, Department of Biosciences, University of Oslo, 0316 Oslo, Norway; a.c.gerecht@ibv.uio.no
luka Šupraha*
Palaeobiology, Department of Earth Sciences, Uppsala University, 75236 Uppsala, Sweden; luka.supraha@geo.uu.se
bente Edvardsen
Marine Biology, Department of Biosciences, University of Oslo, 0316 Oslo, Norway; bente.edvardsen@ibv.uio.no
Ian Probert
Biological Station Roscoff, 29680 Roscoff, France; probert@sb-roscoff.fr
Jorijntje Henderiks
CEES, Department of Biosciences, University of Oslo, 0316 Oslo, Norway; Palaeobiology, Department of Earth Sciences, 75236 Uppsala, 
Sweden; jorijntje.henderiks@geo.uu.se



INA14 63

A detailed integrated stratigraphic analysis was carried 
out on lower-middle Cenomanian hemipelagic deposits 
from the Blieux section (SE France) in order to identify 
the Middle Cenomanian Event I (MCE I) in the Vocontian 
Basin (Reboulet et al., 2013). These deposits are repre-
sented by three calcareous bundles that are composed of 
limestone-marl alternations, which are separated by thick 
marly intervals. A sequence stratigraphic analysis recog-
nized two orders of depositional sequences (medium-scale: 
400 ky and large-scale: third order). The MCE Ia was iden-
tified just above the lower-middle Cenomanian boundary, 
based on the first appearance of the ammonite Cunning-
toniceras cunningtoni, and lying within the nannofossil 
Subzone UC2C of Burnett et al. (1998).  This interval 
also corresponds to a positive excursion of δ13C (+ 0.6‰; 
lowermost part of the ammonite Acanthoceras rhotoma-
gense Zone), while a second increase (+ 1.1‰), which 
corresponds to a plateau rather than a peak, is interpreted 
as the MCE Ib. Based on sequence stratigraphic analysis, 
the duration of the MCE I was estimated to be less than 
400 ky. Quantitative analyses of calcareous nannofossil, 
ammonoid, and clay mineral assemblages were conducted 
on material from around the MCE I and compared to the 
carbon cycle perturbation and sea-level changes. The 
nannofossil primary productivity, as recorded by nanno-
fossil fluxes and relative abundances of meso-eutrophic 
taxa, is low before and during the MCE Ia, then slightly 
increases in the interval including the MCE Ib. Very oligo-
trophic levels at the sea surface that were recorded during 
the MCE Ia are related to both arid climatic conditions 

(strong decrease in the percent of kaolinite within the 
clay assemblages) and major sea-level fall (both 3rd order 
and medium-scale, low-stand deposits). The ammonoid 
assemblages are characterized by a significant change 
during the MCE I: planispirals (mainly Schloenbachia) 
are dominant until the MCE Ia, whereas heteromorphs 
(mainly Sciponoceras) become dominant from the MCE 
Ib onward. A decrease in bathymetry could partly explain 
the decrease in the relative abundance of Schloenbachia. 
Nannofossil primary productivity and occurrences of 
Sciponoceras have been observed in the Cenomanian in 
different settings. Comparing these locations shows that 
(1) sea-surface fertility is reduced in both the MCE I and 
Ocean Anoxic Event 2 (OAE 2) and (2) iterative occur-
rences of Sciponoceras seem to be mainly restricted to 
the third order transgressive system tracts, and their first 
occurrences take place during positive shifts of δ13C.
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Braarudosphaera bigelowii (Prymnesiophyceae) is a 
living coccolithophore with a long fossil record extending 
back to the Late Cretaceous. Living and fossil B. bigelowii 
have significant variation in the size of their pentaliths. 
A morphological and molecular phylogenetic study of 
living B. bigelowii revealed that morphotypes of living B. 
bigelowii, which are classified based on the size of penta-
liths, can be related to the 18S rDNA genotypes. Therefore, 
it is thought that living B. bigelowii is a species complex 
that consists of at least four discrete species, which can be 
differentiated from each other based on size of pentaliths 
and 18S rDNA sequences (Hagino et al., 2009). A recent 
study revealed close phylogenetic relationships among 
B. bigelowii sensu stricto (morphotype Intermediate 
form B, 18S rDNA Genotype III), Chrysochlomulina 
parkeae (Prymnesiophyceae), and a prymnesiophyte cell 
that has a symbiotic association with the nitrogen-fixing 
cyanobacterium UCYN-A. The prymnesiophyte host cell 
receives nitrogen from the cyanobacterium in exchange 
for fixed carbon (Thompson et al., 2012). This was an 
unexpected relationship because B. bigelowii is dissimilar 
to C. parkeae in general morphology, and B. bigelowii 
differs from UCYN-A in geographic distribution.  Living 
B. bigelowii is a notable coastal-neritic dweller, while 
the UCYN-A occur abundantly in the oligotrophic open 
ocean (Moisander et al., 2010). 

In order to examine these relationships, we have 
conducted transmission electron microscopic and molec-
ular phylogenetic studies of B. bigelowii sensu stricto 
(Intermediate form-B, 18S rDNA genotype III) and 
C. parkeae. In this talk, we will show the relationships 
among B. bigelowii, C. parkeae, and the prymnesiophyte 
host of the UCYN-A that is based on new evidence from 
our morphological and molecular phylogenetic studies.
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In the southern Tethyan margin, the late Aptian-early 
Albian interval, which is characterized by organic-rich 
matter and thus potential energy resources, is poorly 
understood because the sedimentary successions are 
frequently incomplete, and dating is difficult to perform. 
The Essaouira-Agadir Basin (Morocco) has many good 
late Aptian-early Albian outcrops that are easy to access. 
The aim of this work is to (1) establish an accurate time 
framework based on a high-resolution biostratigraphy 
(ammonite and calcareous nannofossil zonations) and 
sequence- and chemo-stratigraphy (carbon and oxygen 
stable isotopes) and (2) understand the role of paleo-
ecological factors on carbonate production and develop-
ment of black shales through qualitative and quantitative 
calcareous nannofossil analyses. 

Two sections were selected along a proximal-distal 
transect in the southern part of the basin. In the eastern 
part (Tinfoul section), the thickness of Aptian-Albian 
deposits is reduced, and the sedimentary facies are indica-
tive of very shallow-water environments. The section at 
Anzate is located in the middle part of the basin where 
the sediments are thicker. A sedimentary facies anal-
ysis recognized a deepening upwards in both sections. 
Twenty-three and twenty-six samples were collected 
from the distal Anzate section (early Albian) and from 
the more proximal Tinfoul section, respectively. The δ13C 
records were used to place the Aptian/Albian boundary. 
The δ13C increased in the latest Aptian and decreased 

during the early Albian, which is consistent with other 
Tethyan and Atlantic settings. The calcium carbonate 
content decreased upward through early Albian time in 
both sections, with values being lower in the western 
distal Anzate than the eastern proximal Tinfoul section. 
Calcareous nannofossil preservation varied from good to 
moderate and moderate to poor in the Anzate and Tinfoul 
sections, respectively. The nannofossil total abundance 
and species richness were higher in the distal section at 
Anzate than in the proximal section of Tinfoul, and total 
absolute abundance decreased in the upper part of the 
section at both locations. Calcareous nannofossil assem-
blages were characterized by 93 identified species, but 
only 15 taxa comprised approximately 90% of the total 
assemblage. The nannofossil cold-water taxa increased 
upward through time, while the warm taxa showed an 
opposite trend. Both nannofossil absolute abundance and 
carbonate content decreased upward with progressively 
colder sea-surface conditions, indicating a decrease in 
the carbonate production in the early Albian. Meso-eutro-
phic taxa fluctuated but had a general decrease upward 
through the early Albian, which could be the result of a 
reduced nutrient influx. A drop in carbonate production, 
associated with deepening of the paleoenvironment and 
cooler climatic conditions, and a sharp decrease in the 
δ13C values characterize the Aptian-Albian transition in 
the Essaouira-Agadir Basin.
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Marine microfossils have the most detailed record of 
plankton evolution, and time series studies of their pheno-
typic (size, shape) variability are perhaps the most direct 
way of observing evolutionary change. We investigated 
a time series of coccolith size (mean size and its varia-
tion), using models based on linear stochastic differential 
equations (SDEs) with hierarchical structure (Reitan et 
al., 2012) to test what processes have driven phenotypic 
evolution in the fossil lineage of Coccolithus pelagicus 
(Wallich 1877) Schiller 1930 over the past 57 million 
years. Fossil time series data from six different DSDP/
ODP sites revealed site-specific dynamics, as well as 
correlations among sites. We found no detectable influ-
ence of long-term (>100 ky) climatic change on the 
phenotypic evolution of C. pelagicus (sensu lato). Long-
term phenotypic variations appear to have been driven 
primarily by the speciation and extinction of (cryptic) 
sibling species within this "planktic superspecies" (cf. de 
Vargas et al., 2004). 

Speciation is defined by genetic isolation, which unfor-
tunately cannot be directly tested in the fossil record. By 
constraining the phenotypic variability of single extant 
genotypes in the laboratory, however, we can obtain a 

better estimate of how many genotypes are represented 
by fossil phenotypes. Short-term experiments with two 
strains of the sibling species, C. pelagicus and C. braa-
rudii, revealed no significant plasticity in coccolith size 
(mean and variation) despite extreme experimental growth 
conditions. This confirms that the coccolith size vari-
ability observed in the fossil record is unlikely to repre-
sent a plasticity response to environmental change in one 
cosmopolitan species. Rather, an increase (or decrease) in 
size variation in fossil populations points to a changing 
number of closely related (cryptic) sibling species with 
different local adaptations and shifts in their abundances 
due to changing biotic and/or abiotic selection pressures.
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Using the astronomically calibrated dates from the 
Mediterranean area (di Stefano et al., 2008), the lower 
boundary of the study interval can be dated at 14.9 Ma 
(the last occurrence of Helicosphaera ampliaperta), 
the upper boundary at 13.92 Ma (the first occurrence of 
Globorotalia praemenardii), and can be divided into two 
parts by the last occurrence of Helicosphaera waltrans 
(14.357 Ma). The interval correlates well with the early 
stage of the Middle Miocene Climatic Transition (Flower 
& Kennett, 1994). 

In addition to global climatic changes, the interval is 
locally influenced by a large transgression into the Para-
tethyan area and strong tectonic and volcanic activity. The 
local climate, which was interpreted from the terrigenous 
palynomorphs and generally was subtropical, can be char-
acterized by (1) aridification connected with decrease of 
terrigenous input, (2) increase of seasonality, principally 
expressed in seasonality of precipitation, (3) catastrophic 
climatic events (i.e., intensive rainfall; Harzhauser et al., 
2010), (4) cyclicity (oscillations of cold + dry and wet + 
warm periods), and (5) cooling.

Calcareous nannoplankton assemblages were domi-
nated by small-sized Reticulofenestra spp. (R. minuta 
and R. haqii) and occasionally by Coccolithus pelagicus. 
Abundances, which varied from very rare to massive 
occurrences, were higher in the marginal part of basins 
where the massive occurrences are represented by blooms 
of R. minuta. This indicates a prevailing continental 
nutrient source. Cyclical changes in calcareous nanno-
plankton assemblages are not as pronounced as in the 
planktonic foraminifera. Using multivariate statistical 
techniques, the following assemblages can be distin-
guished:

(1) The Reticulofestra minuta assemblage is indica-
tive of environmental stress and characterized by quick 
changes within that environment, including oscillation of 
salinity and nutrient content. The assemblage is accompa-
nied by 5-chambered small globigerinids typical of cold, 
non-stratified water masses, which respond rapidly to 

changes in nutrient supply. Its marked dominance agrees 
with an expected increase in seasonality of precipitations.

(2) The Reticulofestra haqii assemblage has oscilla-
tions between abundances of Reticulofenestra minuta and 
R. haqii that are characteristic of the middle and upper 
part of study interval and reflect orbitally-forced climatic 
changes. Higher abundances of R. haqii are accompanied 
by occurrences of Orbulina and Globigerinoides spp., 
which indicate warmer oligotrophic conditions. Marked 
differences between oxygen and carbon isotopic compo-
sitions of benthic and planktonic foraminifera indicate 
stratification of the water column. 

(3) The Coccolithus pelagicus-assemblage was 
recorded mainly in volcanic influenced deposits and in the 
lower part of the study interval. Coccolithus pelagicus is 
a traditional indicator of cold and nutrient-rich water, but 
the species was recorded in waters up to 18°C. Its disap-
pearance in the upper part of interval indicates a decrease 
in nutrients due to aridification associated with a decrease 
in decisive terrigenous input of nutrients.
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The distribution of extant coccolithophores, collected in 
June 2011, from surface waters (0-2 m) of the East China 
Sea (ECS) was determined using a scanning electron 
microscope. Of the 64 stations, only nine water samples 
yielded coccolithophores, most of which were located 
over the Changjiang River plume area. The abundance of 
coccolithophores in most of the nine samples ranged from 
2,500 to 7,500 cells/l. Gephyrocapsa oceanica Kamptner 
(1943) dominated the coccolithophore community and 
developed a bloom that has not been reported before in 
the ECS. The cell density reached as many as 620,000 
cells/l, which was at the station located near the center of 
the East China Sea Cold Eddy. The cyclonic eddy induced 
an upwelling system that brought nutrients to the surface 
waters, and this may have facilitated the G. oceanica 
bloom.

Coccolithophores with various degrees of deformity 
were identified in the surface waters of the ECS, which 
we attribute to malformation and stunted growth of the 
coccolith elements. The distribution of malformed living 
coccolithophores has been previously investigated in the 
East China Sea (Okada and Honjo, 1975; Yang et al., 
2004), in Indonesian marginal seas (Kleijne, 1990), and 
off Namibia (Giraudeau et al., 1993). Most of the authors 
attributed the malformation to nutrient deficiency. In our 
investigation, a high rate and severity of malformation 
was found in shelf waters of the ECS, while only normal 
cells occurred around the Changjiang River estuary area. 
In the ECS, river inputs of total alkalinity (TA) can reach 
~2200+3340 (from particle inorganic carbon) ×109 mol 

year-1, suggesting a great amount of TA (Chen &Wang, 
1999). Hence, there is a higher amount of CO3

2- and 
Ω(CaCO3) adjacent to the Changjiang River estuary 
than on the shelf with its more constant pH value. It is 
suggested that the occurrence and distribution of malfor-
mation in the ECS may have been caused by the carbonate 
chemistry in its ambient water.
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The latest edition of the International Code of Nomen-
clature (ICN) for algae, fungi, and plants (formerly the 
International Code of Botanical Nomenclature; ICBN) 
was adopted in 2011 and published in 2012. The new 
code (known as the Melbourne Code) has implications for 
certain fossil groups, particularly nannofossils and silico-
flagellates. In particular, Article 11.8 states that a non-
fossil genus (based on an extant type species) has priority 
over a fossil genus (based on a fossil type species), regard-
less of the publication date. At present, only diatoms are 
exempt from this ruling.

To continue the use of a long-standing fossil generic 
name with extant representatives, it is strongly recom-
mended that its name be conserved against any future 
generic names based on one or more of the extant taxa. 
This problem is limited to only a few genera, but includes 
Cruciplacolithus and Reticulofenestra among calcar-
eous nannofossils and Dictyocha among silicoflagellates.  
Furthermore, if a chance for discussion arises, it would 
be advisable to propose that nannofossils and silicofla-
gellates be treated in the same manner as diatoms. This 
would allow the names of fossil genera to compete with 

those of non-fossil genera, thus protecting older names 
via publication date and negating the rulings of Articles 
11.7 and 11.8.

An additional concern arises when extant taxa are 
assigned as subspecific taxa of a fossil species, because 
the elevation of an extant subspecific taxon to species 
level could result in the renaming of the fossil species. 
An example is Dictyocha fibula, the type species of the 
genus, which was originally described from the Miocene, 
and now has many subspecific taxa. While it is uncertain 
whether D. fibula occurs in the Recent, the generic name is 
widely used by both paleontologists and biologists. Thus, 
conservation of the specific epithet fibula may be neces-
sary to avoid the undesirable scenario of it becoming a 
senior synonym.

Unfortunately, there is no guarantee that either conser-
vation or exemption will be accepted by the committee 
members of the ICN, and even if the proposal were 
accepted, ratification would take place at the next Botan-
ical Congress in 2017. In the meantime, nannofossil and 
silicoflagellate taxonomy will be in a state of limbo.
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The Middle to Late Jurassic in Kuwait consists predomi-
nantly of carbonates, calcareous shales, and evaporites that 
comprise five formations, in ascending order: Dhruma, 
Sargelu, Najmah, Gotnia, and Hith (Yousif et al., 1997). 
The calcareous shale of the Dhruma Formation gradually 
grades upwards into limestones of the Sargelu Formation 
(Neog et al., 2010). The Sargelu is unconformably over-
lain by the Najmah Formation (Al-Husseini, 2008), which 
is comprised of the Najmah Kerogene and the Najmah 
Limestone. The Najmah Kerogene consists of three 
members:  Najmah-Sargelu Transition, Lower Najmah 
Kerogene, and Upper Najmah Kerogene. The Najmah 
Limestone is unconformably overlain by the calcareous 
shale of the non-evaporitic Gotnia Formation (Neog et al., 
2010) and is capped by a succession of evaporites of the 
Gotnia and Hith Formations.

Biostratigraphic analyses were performed on a total 373 
core samples from 12 wells from onshore North Kuwait. 
Forty-six species were identified, and the results were 
summarized using nannofossil Jurassic Zones (Bown & 
Cooper, 1998; Mattioli & Erba, 1999) and Kuwait Nanno-
fossil Events (Packer et al., 2012, 2013), as well as the 
Jurassic Time Scale (Ogg et al., 2008). Six intervals, the 
NJT10a Subzone, NJT10b Subzone, combined NJT12 - 
lower NJT13 Zones, NJT14 - NJT15 Zones, and sparse 
assemblage intervals, were established in the studied 
sections. Calcareous nannofossils were abundant in the 
Dhruma and Sargelu-Dhruma Transition with moder-
ately diverse assemblages. Abundance decreased in the 
Sargelu, Najmah Kerogene, Najmah Limestone, and non-
evaporitic Gotnia Formation. 

The Dhruma Formation was placed in the NJT10a 
Subzone, based on the presence of W. manivitiae, C. 
superbus, S. punctulata, and W. contracta, which suggests 
an early-late Bajocian age. The top of the late Bajocian 
was picked at the top of the NJT10b Subzone, identified 
near to the top of the Dhruma-Sargelu Transition, based on 
the last occurrence of C. magharensis. The Sargelu Lime-
stone was barren of nannofossils. The age of the overlying 
Najmah Kerogene is Callovian to early Oxfordian (Zones 
NJT12 - lower NJT13), based on nannofossil assemblages 
dominated by Watznaueria barnesae, W. britannica, W. 

fossacinta, and W. manivitiae. The Najmah Limestone was 
virtually barren of nannofossils. However, the occurrence 
of the index palynomorph species Systematophora spp. 
suggests an age no older than Oxfordian (Watson, 2005). 
The unconformity that separates the Najmah Limestone 
from the Gotnia Formation, therefore, appears to occur 
within the Oxfordian-Kimmeridgian interval. The assem-
blages in the overlying non-evaporitic Gotnia Formation 
were characterized by a dominance of Watznaueria spp. 
with P. beckmanii observed in one well, which indicates 
placement in the Kimmeridgian-Tithonian NJT14-NJT15 
Zones. 
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The mid-Cretaceous sediments of the Wasia Group, 
onshore Kuwait, comprise a range of lithologies from 
clastic at the base to carbonate at the top, and consist of 
six formations and one member: Burgan, Mauddud, Wara, 
Ahmadi, Rumaila, and Mishrif Formations and the Tuba 
Member (Al-Fares et al., 1998). The lower and upper 
boundaries of the group consist of unconformities of early 
Aptian and early Turonian age respectively (Al-Husseini, 
2008). This interval can be subdivided into five zones and 
six sub-zones based on a combination of global markers 
and local Kuwait calcareous nannofossil events (Thier-
stein, 1976; Sissingh, 1977; Perch-Nielsen, 1985; Bown 
et al., 1998; Al-Fares et al., 1998; Packer et al., 2011, 
2012; Kadar et al., 2012). In stratigraphic ascending order, 
these subdivisions are KN32, KN31, KN30, KN29c, b, a, 
KN28c, b, and a.

On the basis of lithology and nannofossil and micro-
paleontological data in Packer et al. (2011, 2012) and 
from the current study, the depositional environment 
of the interval can be determined.  The upper Albian 
Burgan Formation has a sparse microfauna and is barren 
of nannofossils, indicating that the formation was depos-
ited in nonmarine to transitional and partially inner 
neritic environments. The upper Albian Mauddud Forma-
tion contains a large amount of microfossils, especially 
foraminifera and ostracods, but only rare nannofossils, 
probably indicating inner- to middle-neritic conditions. 
The lithology and depositional environment of the upper 
Albian-lower Cenomanian Wara Formation are similar 
to the Burgan Formation, comprising nonmarine to inner 
neritic with a thin fossiliferous outer- to middle-neritic 
interval, which is interpreted as a maximum flooding 
surface within this unit. The depositional environment of 
the Ahmadi, Rumaila, and lower Mishrif Formations, as 
well as the Tuba Member, was determined to be middle 
to outer neritic. The micropaleontological data from the 
upper Mishrif Formation indicate a nonmarine to inner-
neritic environment. The Burgan Sand, Mauddud Lime-
stone, and Wara Sand form the main hydrocarbon reser-

voir in the Greater Burgan Field (Brennan, 1990). The 
Tuba Limestone is a reservoir in the Bahrah Field, and the 
Mishrif Limestone is in the Minagish Field. 
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Coccolith fluxes from sediment traps moored off Cape 
Blanc (21°08.7'N 20°41.2'W) over three years (March 
1989 to November 1991) were examined to reveal inter-
annual and seasonal changes in species composition, 
and factors influencing these fluxes and changes in the 
assemblage. Based on this long-term record, a detailed 
species composition and seasonal patterns for the region 
were identified. Within the winter season, most of the 
yearly exported coccolith flux settled, whereas during the 
summer and fall, the proportion of the yearly coccolith flux 
was reduced. The species composition revealed at least 
74 coccolithophore species with Emiliania huxleyi, Flori-
sphaera profunda, and Gephyrocapsa spp. dominating the 
assemblage. The changes in fluxes, as well as in species 
composition, document and sensitively reflect the highly 
variable water characteristics off the Cape Blanc region. 
In particular, significant changes in coccolith fluxes coin-
cide with changes in sea-surface temperature, which may 
be related to shifts in near-coast upwelling pulses. 

In general, three different intervals could be distin-
guished, each characterized by a distinct species compo-

sition and associated changing environmental parameters.  
The first interval covers the period from March 1988 to 
the winter of 1990-1991. The assemblage during this 
interval was dominated by E. huxleyi, F. profunda, G. 
flabellatus, G. oceanica, and G. ericsonii fluxes, while 
other species contributed consistently but in low fluxes 
to this assemblage. Distinct changes within this assem-
blage point to the occurrence of changing surface waters 
from influences such as offshore meandering filaments. A 
second interval (winter 1990-1991) reveals a significant 
change in fluxes and species composition. It appears to 
be the result of a significant high occurrence of Ophiaster 
spp., Acanthoica spp., Calciosolenia spp., Calciopappus 
spp., and Syracosphaera spp. in the surface water, accom-
panied with enhanced transport into deep water. The third 
interval, covering the time from spring to fall of 1991, is 
characterized by significantly reduced fluxes of all cocco-
lithophore species. The species composition is similar to 
that of the first interval, thus the assemblage seemingly 
returns to the “original” state (the first interval).
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Lord Howe Rise is located within a series of basins and 
ridges in the southwest Pacific Ocean that formed during 
the Cretaceous breakup of Gondwana and is today located 
east of Australia and northwest of New Zealand. Coring 
on Lord Howe Rise during Deep Sea Drilling Project 
(DSDP) Legs 21 and 90 recovered Upper Cretaceous 
rhyolitic volcanics overlain by pelagic sediments of 
Late Cretaceous to Cenozoic age. Neogene sequences in 
the region contain few hiatuses, whereas the Paleogene 
interval records an Eocene-Oligocene unconformity of 
varying duration that is interpreted to reflect major ocean-
ographic circulation changes resulting from the devel-
opment of the Antarctic Circumpolar Current. Recent 
work, based primarily on stratal geometries and seismic 
reflection facies, suggests that the unconformity may be 
related to uplift of the rise to or near sea level as a result 
of subduction processes in the New Zealand region. To 
test this hypothesis, we collected high-resolution samples 

across the unconformity at four sites that were cored on 
or around Lord Howe Rise (DSDP Sites 206, 207, 208, 
and 592) to refine the age of the hiatus and to examine 
changes in paleoenvironment. Biostratigraphic results, 
based on calcareous nannofossils and planktonic foramin-
ifera, indicate that the unconformity is of different ages in 
different locations. At Sites 206, 207, and 208, the Eocene-
Oligocene boundary is missing, with sediments below 
the unconformity of middle Eocene age and sediments 
above the unconformity of early Oligocene to Miocene 
age. In contrast, Site 592 records a complete Eocene-
Oligocene boundary sequence, with the hiatus spanning 
the early Oligocene to early Miocene. Paleodepths based 
on benthic foraminiferal assemblages suggest some shal-
lowing across the unconformity at all sites. These results 
have implications for the paleoceanographic and tectonic 
setting of Lord How Rise during the late Paleogene.
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A distinctive, organic-rich (total organic carbon = 
1-12 wt%) marine mudstone occurs in many loca-
tions throughout the New Zealand region. First identi-
fied as the Waipawa Formation in the East Coast Basin, 
it is correlative to the Tartan Formation described from 
Canterbury and Great South Basins, and grades later-
ally into facies equivalents throughout New Zealand and 
other regions of the southwest Pacific. The high organic 
content makes this mudstone a potential source rock for 
oil and gas, and it is therefore of keen interest to the petro-
leum industry. The organic-rich facies typically consist 
of non-calcareous to weakly calcareous, bioturbated dark 
mudstone.  The paucity of calcareous microfossils has 
made constraining the age of the unit difficult. Lateral 
facies equivalents include a siliceous mudstone (Mead 
Stream, New Zealand), siliceous chalk (Ocean Drilling 
Program [ODP] Site 1121 on the Campbell Plateau), 
and greensand (Tawanui, New Zealand). Calcareous 
nannofossil assemblages from calcareous intervals of the 

Waipawa Formation and its equivalents are reasonably 
diverse with variable preservation. The first appearance 
of Heliolithus kleinpellii occurs just below or near the 
base of the organic-rich sediment, with the first appear-
ance of Discoaster mohleri at or near the top of the forma-
tion, indicating deposition during nannofossil Zone NP6. 
These results, combined with results from other micro-
fossil groups and paleomagnetics from ODP Site 1172 on 
the Tasman Plateau, indicate that this organic-rich sedi-
ment was deposited in the late Paleocene between ~58.7 
and 58.2 Ma, and may correlate with the Early Late Paleo-
cene Event (ELPE) reported from the central Pacific. 
Geochemical analyses for sea-surface and bottom-water 
temperatures, based on Mg/Ca, TEX86, and δ18O, indicate 
cooling of 2–4°C over a short period of time. There is 
also evidence from benthic foraminifera and palynofacies 
for a drop in sea level associated with this interval. Taken 
together, these results support the presence of short-lived 
ice sheets on Antarctica during the early late Paleocene.
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Coccoliths from two cores, KX21-2 and KX12-1, in the 
central West Pacific Warm Pool (WPWP) from the last 
~380 kyr were analyzed with SYRACO (Système de 
Reconnaissance Automatique de Coccolithes) (Beau-
fort & Dollfus, 2004). Emiliania huxleyi, Gephyrocapsa 
oceanica, and Florisphaera profunda were the most 
abundant species. Upper water structure and primary 
productivity (PP) variations were reconstructed with the 
relative abundance of Florisphaera profunda (Molfino & 
Mclntyre, 1990; Beaufort et al., 1997). Primary produc-
tivity from coccoliths correlated well with other paleo-
productivity proxies (e.g., Ca concentration, ln(Ca/Ti), 
and ln(Ba/Ti)) (Zhou et al., 2011), which suggests that 
coccoliths are a reliable paleoproductivity proxy. PP 
records in the two cores present patterns similar to other 
published records in this area (Beaufort et al., 2001). A 
time series analysis indicates that the Earth’s precession 
has been an important factor controlling the long-term 
variability of coccolithophore production in the equatorial 
Indo-Pacific Ocean. The most remarkable characteristic 
of these cores is the presence of a significant increase of 
PP spikes during the last four deglacials. We presume that 
ocean stratification, combined with nutricline oscillation, 

changed nutrient supply to the photic zone, which caused 
short-term PP variation in glacial terminations. 
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In comparison to the mid-Cretaceous (Albian-Turonian) 
super greenhouse world, the latest Cretaceous (late 
Campanian-Maastrichtian) is thought to be an interval of 
relatively cool climate (Huber et al., 2002; Miller et al., 
2005). The late Campanian-early Maastrichtian cooling 
particularly affected calcareous nannofossil assemblages, 
as recorded by the expansion of putative cool-water taxa 
(Ahmuellerella octoradiata, Gartnerago segmentatum, 
Kampnerius magnificus, and Nephrolithus frequens) 
towards low latitudes (Lees, 2002; Thibault & Gardin, 
2006) and the retreat of supposed warm-water taxa, such 
as Watznaueria barnesiae, from high latitudes (Watkins et 
al., 1996). The rate and structure of Late Cretaceous sea 
surface temperature (SST) changes are, however, gener-
ally poorly known because of the lack of stratigraphically 
complete sections that contain well-preserved microfos-
sils. In order to fill this gap, we studied a Campanian 
through Maastrichtian section (~83.3 – 65.5Ma) from 
Shuqualak, Mississippi, USA (Evans-Shuqualak bore-
hole, 32°58'49"N 88°34'8"W), which has excellent preser-
vation of calcareous microfossils and organic biomarkers. 
The paleoclimatic trends have been studied using TEX86 
estimates of SST (Kim et al., 2010), supported by inte-
grated calcareous nannofossil and planktonic foraminifer 
biostratigraphy, abundance counts on calcareous nanno-
fossil assemblages, nannofossil biometry on Watznau-
eria, Arkhangelskiella, and Broinsonia, and geochemical 
studies (Sr/Ca) on coccolith calcite of particular nanno-
fossil species.

TEX86-measurements show that the Campanian repre-
sented a transitional interval from the warm mid-Creta-
ceous towards a relatively cool Maastrichtian climate. 
Using the TEX86

H calibration with SST (Kim et al., 
2010), we suggest that early Campanian subtropical SSTs 
(~35°N) were a maximum of 35°C, similar to Santonian 
tropical SSTs (Forster et al., 2007). SSTs cooled towards 
~28°C across the Campanian-Maastrichtian boundary, 
with slightly higher values (~30°C) in the Maastrichtian. 
Calcareous nannofossil abundance trends show no striking 
correspondence with SSTs, but W. barnesiae declines 
from 10% to 3% across the Campanian-Maastrichtian 
boundary and increases again in the latest Maastrichtian. 
No clear correspondence to the cooling is seen within taxa 
previously identified as having cooler water affinities (A. 
octoradiata, G. segmentatum, and K. magnificus) as their 

abundances were mostly below 3%. There seems to be a 
link between the coccolith-size history of the Broinsonia/
Arkhangelskiella group and Campanian-Maastrichtian 
boundary cooling. Prior to this cooling, the group is 
dominated by large specimens of Broinsonia parca and 
medium-sized Arkangelskiella cymbiformis, resulting in a 
mean size >10µm. As cooling occurred, the large Broin-
sonia parca disappeared, specimens of A. cymbiformis 
became smaller, and the mean size dropped below 8µm. 
The mean size of Arkhangelskiella gradually recovered in 
the Maastrichtian towards values of >10µm. Larger spec-
imens of Arkhangelskiella maastrichtiana subsequently 
replaced small specimens of A. cymbiformis. 
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We analyzed new high-resolution records (~ 120 to ~700 
yr.) for the calcareous nannoplankton assemblage from 
the Western Tropical Atlantic (WTA) over the last climatic 
cycle (the last 150,000 yr.). The aim was to reconstruct the 
patterns of coccolithophore production and its relationship 
with the surface ocean conditions in the Guyana Basin. 
For this purpose, we used Core MD03-2616 retrieved 
from the Demerara Rise (7º48.75'N, 53º00.80'W at 1233 
m) during the PICASSO Cruise of IMAGES (Shipboard 
Scientific Party, 2003).

Calcareous nannoplankton slides were prepared 
following the decantation technique outlined by Flores 
& Sierro (1997), and quantitative measurements were 
obtained for 380 samples. More than 500 coccoliths were 
counted using a light microscope under cross-polarized 
light at ×1000 magnification. In order to examine produc-
tivity and surface-water conditions, we used the N index 
and Nannofossil Accumulation Rates (NAR). The N 
index shows the ratio between the relative proportion 

of taxa usually living in the upper photic zone (small 
Noelaerhabdaceae, Emiliania huxleyi, and Gephyrocapsa 
oceanica) and taxa usually inhabiting the lower photic 
zone (Florisphaera profunda) to track coccolithophore 
production and the nutri-thermocline depth (Flores et 
al., 2000; López-Otálvaro et al., 2009). Thus, a high N 
index (close to 1) denotes episodes of high productivity 
and a shallow nutri-thermocline due to the strengthening 
of upwelling conditions. In contrast, a low N ratio (close 
to 0) indicates episodes of low productivity and the deep-
ening of the nutri-thermocline caused by the weakening 
of the upwelling cells.

Our data illustrate long-term variations in paleopro-
ductivity during the past climatic cycle. The N index and 
the NAR values are higher during interglacial substages, 
pointing to episodes of high productivity, a shallow 
nutri-thermocline, and upwelling linked to the northward 
migration of the Intertropical Convergence Zone (ITCZ). 
In contrast, lower N index and NAR values during glacial 
substages illustrate scenarios of low productivity, a deep 
nutri-thermocline, and the collapse of the upwelling 
cell in the Guyana Basin. This latter scenario is associ-
ated with the southern migration of the ITCZ. In addi-
tion, high productivity and a shallow nutri-thermocline 
in the Guyana Basin coincide with times of maximum 
summer insolation in the Northern Hemisphere. Our 
results directly link paleoproductivity of calcareous 
nannoplankton to the latitudinal migration of the ITCZ 
and the Northern Hemisphere insolation cycles. Together, 
they confirm that the combination of these mechanisms 
determines the temporal structure of the surface ocean 
waters and the production of calcareous nannoplankton 
at the WTA.
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Species composition, cell abundance, and estimated 
fluxes of living coccolithophores were studied along the 
continental shelf of the Yellow Sea and the East China 
Sea. Samples were collected by filtration of one liter of 
seawater onto 0.45 μm polycarbonate filters from discrete 
depths at each site. The cells (coccospheres) and detached 
coccoliths were counted with a polarizing microscope 
(Motic BA300Pol), and species identification was 
performed with a Tabletop Microscope (TM3000) using 
morphological differences (Winter & Siesser, 1994; Cros 
& Fortuño, 2002; Young et al., 2003).

A total of 27 species of marine living coccolithophores 
were recorded. They were classified into ten families and 
four orders, and most of these species were heterococco-
lithophores. Six species were recorded for the first time 
from the coastal waters of the China seas: Cyrtosphaera 
lecaliae, Syracosphaera histrica, S. marginaporata, 
Pappomonas cf. sp. type 3, Calyptrolithophora papil-
lifera, and Corisphaera strigilis. Three types of Emiliania 
huxleyi, type A, type B/C, and type C, were recorded. 
Species of the genus Syracosphaera, in addition to E. 
huxleyi and Gephyrocapsa oceanica, frequently occurred 
at the surveyed sites. The cell abundance of total cocco-
lithophores in spring was significantly higher than that 
in the winter (p<0.01), with means of 15,387 and 2,470 
cells l-1, respectively. On average, E. huxleyi accounted 
for 58.3% of the total coccolithophores, while the average 
proportion of G. oceanica abundance in the total assem-
blage was only 16.1%.

Of note, the coccolithophore assemblages in offshore 
waters of the East China Sea were characterized by 
high species richness—fourteen species in one sample. 
This finding indicates that the shelf waters adjacent to 

the Kuroshio path were ideal habitats for living cocco-
lithophores. The variation in taxonomic composition 
of these calcifiers could be associated with differences 
in their preferred habitats. We also found habitat selec-
tion of coccolithophores in the southeastern Yellow Sea 
(32~35°N, 123~125°E). This habitat was characterized 
by sharp temperature gradients during spring and winter 
seasons as the result of water exchange between the shelf 
waters and the Yellow Sea Warm Current. Moreover, the 
cell abundance, standing crops, and estimated fluxes of 
coccolithophores were abnormally high in contrast with 
other areas. The habitat preference of coccolithophores 
in the Yellow Sea was directly related to hydrodynamic 
conditions. Unfavorable light conditions due to intense 
convective mixing were responsible for the low biomass 
of coccolithophores during winter. However, increasing 
temperatures from the warm current, in combination 
with the good water stability, triggered a spring bloom of 
coccolithophores in the southern Yellow Sea.
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This study aims to find the most accurate way of deter-
mining the relative abundance of Florisphaera profunda. 
This species is involved in the paleoproductivity indices 
“N ratio” (Flores et al., 2000) and “%Fp” (Beaufort et al., 
2010) because it is one of the most important deep-water 
dwellers. Therefore, an accurate assessment of its relative 
abundance is key to monitoring variations in nutricline 
depth.  This species consists of low birefringent nanno-
liths with a flat polygonal shape (mainly 1.5-4µm), each 
consisting of a single calcite crystal. As a consequence 
of its particular morphology, F. profunda may be inac-
curately counted during analyses because it is poorly 
visible in the light microscope, and because its numbers 
vary with the different methods of sample preparation.  
To determine the most accurate abundance counting tech-
nique for F. profunda, we studied 59 samples from ODP 
Site 1209B (Shatsky Rise, NW Pacific) from the last 450 
ka. Each sample was prepared using three different stan-
dard techniques (settling, filtration, and smear slide) and 
analyzed with a light microscope. Samples prepared with 
the smear slide method were also analyzed with the auto-
mated recognition system SYRACO (Système de Recon-
naissance Automatique de Coccolithes). 

Of the three techniques, settling resulted in the lowest 
abundance counts for F. profunda. The different F. 
profunda abundances may result from (1) elimination of 
very small and tabular shaped particles with the settling 
technique, (2) entrapment of the species on the filter as 
indistinct aggregates with the filtering technique, prob-
ably leading to an abundance underestimation, and (3) 
absence of size selection with the smear slide technique, 
thus providing the highest percentages.  

When comparing abundances of F. profunda obtained 
with a light microscope to those using SYRACO, 
SYRACO counts are consistently higher.  This finding 
would imply that SYRACO somehow overestimates 
the abundance of F. profunda. The program reads and 

discriminates images based on morphology and bire-
fringence, and the shape of F. profunda is very similar to 
that of kaolinite or mica. To verify the presence of these 
minerals in our samples, and thus to confirm the accuracy 
of the SYRACO method, we performed a diffraction anal-
ysis (XRD) on three samples.  The first had comparable 
relative abundances, the second had SYRACO and smear 
slide abundances higher than filtration and settling ones, 
and in the third, SYRACO abundances were strongly 
higher than abundances performed with the other tech-
niques.  In each sample, we found the same moderate 
percentage of clay minerals (up to 20%), excluding the 
possibility of an overestimation made by the SYRACO 
method.   However, clear differences between the counts 
are apparent and deserve further study.

Finally, for each set of data, we correlated an inde-
pendent paleoproductivity index, the Δδ13Cp-b, with 
the nannofossil indices ‘N’ and Fp%. All the data show 
good correlation between nannofossil and geochemical 
indices, although the settling technique provided the best 
correlated N index (r= 0.68). This probably is because 
the technique produces more homogeneous preparations 
where not only specimens of F. profunda, but also other 
small coccoliths that are involved in the N formula, are 
dispersed evenly in the fields of view, and thus are more 
visible for counting.
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Calcareous nannofossil biostratigraphy across the Ceno-
manian-Turonian (C-T) boundary in the Budden Canyon 
Formation was reinvestigated using samples collected at 
closely spaced intervals. The C-T boundary was previ-
ously recognized within the Gas Point Member using the 
first occurrence (FO) of Eprolithus octopetalus, a supple-
mentary event in the UC zonation scheme (Burnett et al., 
1998) that occurs prior to the FO of Quadrum gartneri 
and the last occurrence (LO) of Helenea chiastia, which 
have been used as C-T boundary markers in several 
studies. Preliminary investigation of the samples revealed 
the occurrence of additional marker taxa and nannofossil 
events that can further refine the biostratigraphy across 
the C-T boundary in the Budden Canyon Formation. 
Although black shales have not been reported within the 
formation, the occurrence of a distinct TOC (total organic 
carbon) excursion between the UC3e to UC6a Zones 
probably does correspond to an organic carbon excursion 
during the oceanic anoxic event 2 (OAE2). This makes the 
Budden Canyon Formation one of the few sections in the 
northeast Pacific Region where the global C-T boundary 
OAE2 event can be observed.
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High-resolution calcareous nannofossil biostratigraphy 
was carried out across the K/Pg boundary interval in the 
Tange-Pabdeh section in southwest Iran (Zagros Basin, 
part of the Neo-Tethys).  There is a stratigraphically 
continuous Cretaceous-Paleogene boundary sequence 
here, and this section has been investigated with several 
micropaleontology groups (foraminifera, dinoflagellates, 
and calcareous nannofossils). The calcareous nanno-
fossil assemblages are abundant, and their preservation is 
moderate to good, making is possible to obtain a precise 
bio-event sequence across the K/Pg boundary. The studied 
interval extends from the Nephrolithus frequens Zone 
(CC26) to the Fasciculithus tympaniformis Zone (NP5). 
In this section, calcareous nannofossil events across the 
K/Pg boundary are similar to those recorded elsewhere 
in the Tethyan Realm (Aguado, 1993; Pospichal, 1995; 
Gardin, 2002; Tantawy, 2003, et al.). 

Latest Maastrichtian assemblages are abundant 
and diverse, and no significant decrease was observed 
approaching the boundary. At the K/Pg boundary, there 
is a decrease in the Cretaceous calcareous nannofossil 
abundances and diversity, along with an increase in dino-
flagellate cysts and Thoracosphaera operculata, and 
the appearance of new Paleocene taxa (e.g., Futyania 
petalosa, Cruciplacolithus primus, etc.). Blooms of 
Thoracosphaera operculata at the K/Pg boundary have 
been reported from several middle- to lower latitude 
sites (Jiang & Gartner, 1986; Gardin & Monechi, 1998; 
Tantawy, 2003; Bernaola & Monechi, 2007). In other 
parts of the Tethyan Realm, a bloom of Braarudosphaera 
bigelowii (e.g., Egypt: Tantawy, 2003; SE Spain: Lamolda 
et al., 2005) has been observed after the Thoracosphaera 
operculata acme, but this was not observed in the studied 
section. Above the K/Pg boundary, Cretaceous calcareous 
nannofossils were observed together with new Paleocene 
species.

The major problem at the K/Pg boundary interval is 
whether the Cretaceous species found in the Danian 
should be considered to be totally or partially reworked. 
Some authors state that most Cretaceous species found 
in the Danian sediments are reworked (Gartner, 1996). 
Nevertheless, a few authors consider that several Creta-
ceous species did survive the catastrophe and then disap-
peared a short time after this (Gardin, 2002; Bernaola & 
Monechi, 2007). In the studied section, some of the Creta-

ceous calcareous nannofossils passed the K/Pg boundary 
with good preservation and continued above the boundary 
and are considered to be survivors.  Some Cretaceous 
species, however, had moderate to poor preservation 
above the boundary and were only sporadically present, 
and these are regarded as reworked.
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Since March 1986, there has been a monthly time series 
collected through water sampling in the Gulf of Trieste. 
The sampling station (C1-LTER, 45º42'30"N 13º42'36"E) 
is located 200 m from the coastline with a water depth of 
18 m. Water-column samples (0.5, 5, 10, and 15 m) were 
analyzed from the 1986-2010 time series (Cabrini et al., 
2012) in order to identify phytoplankton seasonal evolu-
tion and community structure. The analysis of total phyto-
plankton composition showed a clear seasonal cycle with 
peak concentration values in late winter to early spring 
due to monospecific diatom blooms, and low values in 
late spring to summer when the phytoplankton is domi-
nated by small flagellates.  There is a second smaller peak 
in the fall that is dominated by diatoms, and low values 
occur in early winter, when nanoflagellates dominate. 
In addition, Cabrini et al. (2012) detected an important 
regime shift within the analyzed time series: a period from 
1986 to 1994 that is characterized by high phytoplankton 
abundance values and dominated by phytoflagellates, and 
a second period from 1995 to 2007 with low cell concen-
trations that is dominated by diatoms.

In this work, we analyzed the time series from August 
2011 to July 2012, specifically addressing the vertical and 
seasonal distribution of selected phytoplankton groups – 
those possessing a mineralized skeleton and thus poten-
tially preserved in the sediments and able to leave a fossil 
record. Coccolithophores are a major group in the oligo-
trophic eastern Mediterranean, and Cabrini et al. (2012) 
showed that they also can be seasonally important in the 
shallow areas of the Gulf of Trieste. In the present dataset, 
coccolithophores showed a primary abundance peak (up to 
3.2x105 coccospheres/liter) from November to February 
and a second smaller peak (up to 1x105 coccospheres/
liter) in May to June. Emiliania huxleyi was the most 
abundant species throughout the analyzed time series, but 
Acanthoica quattrospina also made an important contri-
bution in January, while holococcolithophores (A. quat-

trospina HOL, Corisphaera gracilis, C. strigilis, and C. 
mediterranea HOL) and small Syracosphaera species 
were the most important group within the May to June 
peak. In addition, there was a widespread occurrence, 
especially in the subsurface layer, of species inhabiting 
the intermediate photic zone during the late summer to 
fall period (Algirosphaera robusta, Calciopappus rigidus, 
Ophiaster hydroideus, and Calciosolenia spp.), while 
Rhabdosphaera clavigera and Syracosphaera pulchra 
were most important during the summer months.

Among the flagellate groups, Cabrini et al. (2012) 
reported silicoflagellates and ebridians from the Gulf of 
Trieste.  Worldwide, these silicifying groups make a minor 
contribution to phytoplankton, and little is known about 
their specific vertical and seasonal distribution because 
only a few studies have dealt with their occurrence in 
water samples. An improved knowledge of their ecolog-
ical characteristics would be of great value, considering 
their potential use in paleoecological reconstructions. 
In the present dataset, the occurrence of silicoflagellates 
was restricted to the fall-winter-spring period. Octactis 
pulchra was the dominant species, occurring throughout 
the water column from September to March, with peak 
values (8x104 cells/liter) in January.  Dictyocha species 
were present from September to January, primarily in the 
subsurface layers, while Distephanus speculum occurred 
only sporadically at different times and depths. Ebridians 
also showed a very clear seasonality, with Ebria tripar-
tita occurring from January to March in the sub-surface 
layers and Hermesinum adriaticum occurring throughout 
the water column from June to August.
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A total of eight sediment traps (June 2005-May 2006) 
were deployed along six moorings at the southwestern 
Cretan margin to obtain time series results. The conti-
nental slope here (between Crete and Gavdos islands) is 
cut by major submarine canyon systems that drain into 
the deep Gortys-Gavdos Troughs. From west to east, four 
moorings were deployed at different depths along the 
axis of the Samaria Canyon and on the Gavdos rise, one 
mooring along the axis of the Paximades Channel, and 
one mooring on the northern side of the eastern South 
Cretan Trough.

The major canyon systems coincide with subaerial 
canyons onshore, pointing to a strong tectonic control. 
Geophysical analyses of the area (Alvez et al., 2007) 
revealed a Pliocene-Holocene sedimentation pattern that 
coincides with the modern canyons’ locations, showing 
a greater thickness in regions coinciding with modern 
depocenters. The Pliocene-Holocene sedimentary unit is 
represented by alternations of fine-grained turbidites and 
coarse-grained mass-wasting deposits, which are typical 
of confined deep-water basins.

The majority of the sediment traps were located in 
close proximity to the bottom (15 m above the sea floor) 
in order to detect activity in the canyon systems.

At these mooring sites, coccolithophore fluxes were 
analyzed as part of the sediment-forming material. Cocco-
lithophores are a major phytoplankton group in the eastern 
Mediterranean and contribute significantly to carbonate 
sedimentation in pelagic and hemipelagic settings. 

In this study, we analyzed the combined flux of intact 
coccospheres and single coccoliths. The coccosphere/
coccolith ratio is an important ecological indicator in 
water samples (Cachão et al., 2000), and in sediment 
traps, fluxes of coccospheres represent the primary signal 
of export production, while fluxes of single coccoliths 
may indicate that there also was lateral transport. 

A detailed analysis of coccolithophore export produc-

tion (Malinverno et al., 2009) from the eight sediment traps 
by means of intact coccosphere flux revealed a consistent 
pattern of seasonal variation in species’ distribution and 
total coccolithophore export. A major export peak in late 
spring to early summer, decreasing flux during summer-
fall, and an overall low flux in winter correspond to the 
seasonal variations in sea-surface temperature, surface-
mixed layer depth, and precipitation that are associated 
with varying total surface primary production, as detected 
through remote sensing in the surface waters.

In our dataset, the coccosphere/coccolith ratio 
decreases with the collection depth as a function of cocco-
sphere disruption. Malinverno et al. (2009) also showed 
that robust coccospheres (Emiliania huxleyi), which are 
more easily preserved, increase in relative abundance 
in the coccosphere assemblage at increasing collection 
depths. In addition, minimum values of the coccosphere/
coccolith ratio occur at distinct intervals at some mooring 
sites. These intervals coincide with peak mass fluxes and 
likely represent events of redeposition of material mobi-
lized from the bottom at the margins of the canyon system.
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Sediment traps facilitate measurement of the settling of 
calcium carbonate particles, such as coccolithophores, 
through the water column. These calcareous organisms 
play an essential role in the sequestration of carbon from 
the atmosphere into the oceans. This study investigates 
coccolithophore flux from sediment traps collected in the 
eastern and central parts of the Sulu Sea from January 
2008 to February 2009. The eastern Sulu site (8°23.009'N 
121°08.220'E) had traps at 1089 and 3317 m, and the 
central Sulu site (8°55.014'N 121°57.443'E) had traps at 
1127 and 3459 m. In all the traps, Gephyrocapsa oceanica 
dominated the assemblage, followed by Florisphaera 
profunda. Other species include Reticulofenestra parvula, 
Umbilicosphaera foliosa, U. sibogae, Calcidiscus lepto-
porus, Emiliania huxleyi, and Gladiolithus sp. An inverse 
correlation between G. oceanica and F. profunda abun-
dances is evident in the results from all the traps. Cocco-
lith flux is higher in the central Sulu traps than in the 
eastern Sulu traps. However, coccosphere flux is higher in 
the deep-water eastern Sulu trap. Coccolith flux is highest 
during the winter monsoon (NE monsoon), which affects 
the Philippines from November to early April. In the 

shallower water central trap, coccosphere flux maxima 
occur in January, March-April, and June, traversing the 
latter part of the NE (winter) monsoon and the beginning 
of the SW (summer) monsoon. Most of the variability 
in the coccolithophore abundances may be attributed to 
upwelling off the coast of Zamboanga and probably farther 
east along Negros Island. The stronger NE monsoon 
winds may be the main driving force for the upwelling 
events during the winter months. However, for the deeper 
traps, the coccosphere flux is highest in July to August, 
well into the summer monsoon. This may indicate that the 
upwelling extended into the summer monsoon months, 
during which time the winds are usually weaker than in 
the winter. Gephyrocapsa oceanica comprises most of 
the total coccolith and coccosphere flux except for a few 
months in the winter monsoon (especially in December 
2008) when F. profunda dominated the assemblage. This 
may mean that during these months, monsoon-driven 
upwelling may not have been strong enough to raise the 
nutricline to shallower depths, making it more advanta-
geous for F. profunda production.
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Changes in surface-water dynamics were reconstructed in 
the North Atlantic Ocean using coccolithophore assem-
blages from IODP Site U1314 (56°21'N 27°53'W, 2800 
m) in the interval of Marine Isotope Stages (MIS) 30-19 
(1050-780 ka) at orbital resolution. This study includes 
the mid-Pleistocene transition (MPT) when the domi-
nant periodicity of climate cycles changed from obliq-
uity to eccentricity in the absence of substantial change 
in orbital forcing. In the North Atlantic, the general trend 
of paleoproductivity showed an increase during intergla-
cials and a decrease during glacials. Paleoproductivity is 
consistently low during glacials but shows more rapid 
fluctuations during interglacials. North Atlantic produc-
tivity is controlled by the oscillations of cold and produc-
tive Arctic waters or by the warm and oligotrophic North 
Atlantic Current (NAC) (Naafs et al., 2010).  This balance 
generates oscillations in the position of the Irminger 
Current (IC) (Ólafsdóttir et al., 2010). This pattern has 
been primarily observed for the intervals MISs 30-25 and 
MISs 21-19. An influence of subtropical water occurred 
during MIS 23 and persisted through the glacial MISs 
24 and 22. These stages are considered to be the coldest 
of the entire studied time interval (Heslop et al., 2002; 
Hernández-Almeida et al., 2012) Comparison of insola-
tion in June at 60°N with the nannofossil accumulation 
rate of eutrophic species allows one to observe good 
correlation of paleoproductivity fluctuations with insola-
tion cycles. Variations in insolation controlled the contin-
uous displacement of the sub-polar gyre with the arrival 
at the site of sub-polar surface waters or IC and caused 

fluctuations in paleoproductivity.  The insolation curve 
in October at 60°N shows an interesting pattern during 
MIS 23, when it does not show the decrease in ampli-
tude that was observed for the insolation curve in June at 
60°N. During MIS 23, therefore, the possible influence 
of subtropical waters at the site can be related to more 
insolation during the fall season, causing a weakening of 
summer insolation influence on the sub-polar gyre system. 
The result of this study concludes that the North Atlantic 
system is highly sensitive to even extremely weak pertur-
bations in insolation at millennial time scales. 
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The main candidate for the Global Boundary Stratotype 
Section and Point (GSSP) for the base of the Toarcian 
Stage is the Peniche section (Lusitanian Basin, Portugal), 
which satisfies most of the requirements recommended 
by the International Commission on Stratigraphy (ICS). 
The Pliensbachian-Toarcian boundary at Peniche is part 
of a continuous section that encompasses over 450 m of 
carbonate-rich sediments. At the Pliensbachian-Toarcian 
boundary, observed in an alternating marl-limestone 
unit, no significant vertical facies changes, stratigraphic 
gaps, or hiatuses have been recorded.  The paleontolog-
ical record shows abundant, diverse, and well-preserved 
macro- and microfossil assemblages.

The excellent record of Toarcian sediments allows the 
identification of calcareous nannofossil events (primarily 
first occurrences) that were previously attributed to 
younger strata because of a combined effect of (1) conden-

sation or hiatuses in many classical areas of the western 
Tethys previously studied for nannofossil biostratigraphy, 
and (2) a Lazarus effect that controlled the distribution of 
species routinely used in biostratigraphy. In fact, a tempo-
rary disappearance of some coccolith species is recorded 
during the early Toarcian anoxic event.  These re-occur 
consistently in strata younger than the event. Recently 
acquired nannofossil data, and a re-evaluation of nanno-
fossil biostratigraphy in previously studied sections, indi-
cate that a similar pattern is recorded in expanded sections 
from Morocco, central Italy, and Spain.

A very tight correlation of the Peniche section to the 
magnetostratigraphy of Almonacid de la Cuba (Iberian 
Range, Spain) allows us to discuss the magnetic record 
and to correlate it to the Karoo volcanic reversed/normal 
polarity succession.  This provides the ability to project 
Karoo ages onto the Toarcian boundary interval.
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boundary in the Peniche section, the GSSP candidate,  
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An intriguing and largely overlooked aspect of silico-
flagellate biology and paleontology is the occurrence of 
double skeletons (also termed doublets or paired skele-
tons).  As few as 50 double skeletons have been illustrated 
to date in the reviewed scientific literature.  The two skel-
etons making up a doublet are generally understood to be 
connected along the surfaces of the elements and spines 
that compose the basal structure, with the pikes reaching 
into the cellular domain of the sibling skeleton to help 
hold the pair together.  Basal rings of a double skeleton 
were understood to have in all cases the basal corners 
aligned with sibling basal spines against one another 
along the abbasal surfaces.  

Fossils from several Upper Cretaceous localities in 
the Arctic regions of Canada and Russia show a dramati-
cally different double skeleton configuration in which the 
basal corners are aligned with the mid-basal sides of the 
sibling skeleton in a “star-of David” design.  This general 
configuration was observed for three Cretaceous genera 
and on very rare double skeletons of three- and four-sided 
specimens from the Paleogene.  This presents interesting 
possible alternative interpretations for early silicoflagel-
late evolution and taxonomy.  

The double skeleton design has also been interpreted 
for some of the oldest known silicoflagellates (Early 

Cretaceous of Antarctica), which do not have basal 
rings.  The sibling skeletons were connected along limbs 
composed of several skeletal components.  Both the 
general and double skeleton morphologies were inter-
preted through the construction of physical models, which 
show that, despite obvious differences, radial spines and 
pikes are largely similar to modern skeletons.  The limb 
terminations are connected and aligned with what appear 
to be apical, but can be interpreted as basal, spines of the 
sibling skeleton.

  A study of modern double skeletons of 
Distephanus speculum and Dictyocha messanensis 
suggests that the skeletal morphology is transposed from 
the mother to the daughter skeleton through the center of 
the cell.  This produces a copy of the mother skeleton that 
preserves the sinistral rotation of the strut attachments 
and apical rings on both skeletons.  This transposition of 
skeletal morphology across the cell is generally consis-
tent with observations of the interpreted double skeletons 
from the Early Cretaceous.  This suggests that the two 
silicoflagellate lineages that produce double skeletons in 
contrasting patterns share a common ancestor. Further-
more, some of the well-established fossil taxa (e.g., 
Corbisema) may require taxonomic reevaluation in the 
light of their mode of double skeleton formation.
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Glacial to interglacial environmental changes have a 
strong impact on coccolithophore assemblage composi-
tion, as do glacial terminations, which are characterized by 
a relatively strong increase in atmospheric CO2 concentra-
tion. In order to determine how these two processes influ-
ence calcite production of coccolithophores, we compared 
coccolith weight estimates obtained with the automated 
coccolith recognition system SYRACO (Système de 
Reconnaissance Automatique de Coccolithes) with scan-
ning electron microscope (SEM) assemblage counts for 
the last two glacial terminations (T1 and T2). Samples 
were obtained from sediment cores in the North Atlantic 

(MD3180, Azores; ODP Site 980, Rockall Plateau; 
SO164-17-2, Florida Strait). The most common observa-
tion was an increase in the average weight of Noelaer-
habdaceae coccoliths at times of increasing atmospheric 
CO2, which contradicts previous findings. This effect is 
strongest during termination T2 in the Florida Strait. An 
assemblage shift towards heavier calcifying morphotypes 
can only partially explain the observed coccolith weight 
increase, which appears to be partly due to an increase 
in coccolithophore calcification. Therefore, carbonate 
system variability is only a minor component for driving 
coccolithophore calcification at the observed sites.

Coccolith calcification changes during glacial terminations 
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Although one of the first detailed investigations of living 
coccolithophores was conducted in the Kiel Bay at the 
beginning of the 20th Century (Lohmann, 1908), little is 
known about their distribution in the Baltic Sea. Lohm-
ann’s centrifuge sampling technique revealed that Emili-
ania huxleyi (at that time called Pontosphaera huxleyi) 
occurred in the bay between November and August of 
1905/1906. In contrast, a century later, Tyrrell et al. (2008) 
assumed that the absence of coccolithophores from the 
Baltic proper could be due to undersaturation with respect 
to CaCO3 during the winter. 

We present plankton sampling counts from the inner-
most Kiel Fjord near the Tirpitz Harbor in Kiel and from 
several short cruises aboard the RV Polarfuchs, the RV 
Littorina, and the RV Alkor from the years 2009 to 2012, 
which show that coccolithophores are a common member 
of the autumn phytoplankton bloom in Kiel Bay. Usually 
only a few isolated liths or single cells were detected on 
the filters throughout the year. However, depending on 
the year, cell numbers of E. huxleyi started increasing 
between the end of August and the end of September. This 
time of the year is characterized by decreasing tempera-
ture (from maximum values of about 20°C in August to 
about 8°C in December), the highest salinity values of 
around 18 to 22 psu, and a nutrient increase following the 
nutrient depletion during the summer. Cells became unde-
tectable between mid-October and late December. Timing 
and average cell numbers were similar to 100 years ago 
(about 105 cells/l; Lohmann, 1908), but during excep-
tional years, coccolithophore cell numbers reached bloom 
strength (>106 cells/l in September 2009). Morphometric 
analyses showed that only E. huxleyi Type A is present in 
the Kiel Bay. The liths were rather small (mostly below 
3µm on average) but calcified normally. In addition to 
E. huxleyi, several other coccolithophore species were 
observed. The species Algirosphaera robusta and Acan-
thoica quattrospina (both heterococcoliths and holococ-
coliths) were the most abundant, while Syracosphaera 
borealis and Alisphaera extenta were only minor compo-

nents. Furthermore, a previously undescribed calcifying 
nannoplankton species was found. These species are also 
commonly found in North Sea and Skagerrak coccolitho-
phore communities. Taking into account the sporadic 
occurrence of E. huxleyi throughout the year, it seems 
likely that coccolithophores are a permanent constituent 
of the Baltic Sea plankton community, but only reach 
detectable levels during the autumn phytoplankton bloom.

Blooms of Emiliania huxleyi in the surface layer 
co-occurred with CaCO3 undersaturation in bottom waters 
(~18 m water depth). In order to test if carbonate system 
parameters are limiting the growth of E. huxleyi, a batch 
of sea water was collected at the end of the growth season 
in late November 2012, and was incubated at constant 
temperature (9°C) and light conditions (light-dark cycle 
9/15 hours, 50 µmol m-2 s-1). Whereas cell numbers in the 
field continued to decrease, E. huxleyi started growing 
exponentially (0.24 divisions per day) in the incubated 
water until it was outgrown by co-occurring diatoms 
after 15 days of incubation. This demonstrates that the 
carbonate system is most likely not limiting growth, 
but rather decreasing temperature, low light levels, and 
increasing turbidity are responsible for the decline of 
coccolithophores in winter. To investigate whether the 
Baltic Sea E. huxleyi population is morphologically and 
genetically different from the North Sea and Skagerrak 
populations, and possibly shows an adaptation to low 
CaCO3 saturation levels, remains an interesting task for 
the future.
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A section from the Keresta borehole in the Ergeny area 
(Georgia) (42°21'51"N 43°24'52"E) penetrated the upper-
most part of the Kuberla Formation, the Keresta Forma-
tion, and the lower part of the Solonka Formation.  The 
uppermost part of the Kuberla Formation is composed of 
glauconitic quartz sands, grading into sandy carbonate 
clays (6 m) upwards in the section. The nannoplankton 
complex contains Nannotetrina fulgens, N. cristata, N. 
pappii, N. nitida, D. prebifax, Chiasmolithus gigas, and 
Discoaster martini, placing it in Subzone CP13b.

The white and greenish coccolith limestones of the 
Keresta Formation (8.5 m) are separated from the under-
lying Kuberla Formation by a distinct sedimentation break.  
Discoaster bifax appears at the base of the formation. 
Zygrhablithus bijugatus increases and becomes domi-
nant. Pontosphaera spp., Transversopontis spp., Pemma 
basquensis, and Braarudosphaera bigelowii become 
numerous, and rare Scyphosphaera expansa appear. 
Substantial numbers of Nannotetrina fulgens, N. cristata, 
N. pappii, and solitary Discoaster martini still occur. All 
coccoliths increase in size and are often encrusted with 
secondary calcite, and warm-water species increase. 
Discoaster bifax places this interval in the lowermost 
part of Subzone CP14a. The warm-water nannoplankton 
complex, high CaCO3 content, and substantial reduction 
of Corg suggest that the Keresta Formation was formed in 
normal oxic conditions with high water temperatures, and 
may correspond to the Middle Eocene Climatic Optimum 
(MECO).

The overlying Solonka Formation bears signs of a 
break at its base, and its lower part consists of brown 
marls (1.5 m) that are rich in dispersed organic matter 
and contain numerous fish scales and bones. Up section, 
the marls grade into greenish, slightly calcareous clays (4 
m) with abundant radiolarians. The lower marl member 
corresponds to the upper part of Subzone CP14a based on 
the occurrence of numerous large (>14µm) specimens of 
Reticulofenestra umbilicus, Cribrocentrum reticulatum, 
Clathrolithus spinosus, and Corannulus germanicus, 
while Nannotetrina  spp. almost disappear, and only soli-
tary specimens of N. cristata occur.

The greenish clays of the upper part of the Solonka 
Formation have a depleted nannofossil assemblage, and 

Chiasmolithus solitus and Rhabdosphaera gladius disap-
pear almost completely with only solitary specimens 
and fragments observed. Only R. umbilicus, Coccolithus 
pelagicus, C. eopelagicus, and small Reticulofenestra 
spp. are still numerous. These clays are tentatively placed 
in Subzone CP14b.  Similar successive appearances of 
the above species were observed in the middle Eocene 
section along the Kheu River (northern Caucasus), and 
D. bifax first occurrence (FO) was recorded in the base of 
the first basal interlayer of the brown marls of the Kuma 
Formation that were formed in anoxic near-bottom water 
conditions.  Large specimens of Reticulofenestra umbi-
licus (>14µm) appear higher, near the middle of the lower 
half of the formation. 

The Keresta-1 section is represented by rich and 
diverse complexes of dinocysts and green algae.  The 
Kuberla and the Keresta Formations are in the Enne-
adocysta arcuata Zone of the middle Eocene Lutetian 
Stage.  The Solonka Formation is described from layers 
with Wilsonidium intermedium. A series of successive 
biotic dinocyst events, such as FO of Wisonidium echi-
nosuturatum, FO, acme, and last occurrence (LO) of 
Phthanoperidinium cornutum, FO of W. tabulatum, FO 
of P. distinctum, FO of Enneadocysta multicornuta, and 
FO and acme of Wisonidium intermedium may be used 
for intraregional correlations through that stratigraphic 
interval.   The Keresta Formation dinocyst association is 
represented by thermophilic taxa inclusive of Wisonidium 
echinosuturatum and most probably corresponds to the 
MECO event.

The following conclusions can be made for the Keresta 
borehole: (1) the upper part of the Kuberly Formation 
corresponds to Subzone CP13b, (2) the white coccolith-
rich limestones of the Keresta Formation of Subzone 
CP14a were deposited in normal oxic conditions and 
correspond to the lower part of the Kuma Formation, 
which formed in a deeper water part of the basin with 
anoxic conditions near its base, (3) the Keresta Formation 
corresponds to the MECO episode, and (4) the Solonka 
Formation (Subzone CP14a and probably Subzone 
CP14b) probably corresponds to the upper half of the 
northern Caucasus Kuma Formation.

The Middle Eocene Climatic Optimum (MECO) event in  
the Keresta borehole in the southern Russian Platform 
and changes in nannofossil and dinoflagellate cyst  
assemblages
vladmir Musatov
Lower Volga Scientific Research Institute for Geology and Geophysics, Saratov, Russia; dr.musatov@yandex.ru 
Оlga Vasilyeva
Geology & Geochemistry Institute at the RAS Ural Branch, Ekaterinburg, Russia; vasilyeva@igg.uran.ru



INA14 91

The Paleogene greenhouse-icehouse transition was an 
interval of profound long-term climatic change that was 
accompanied by significant biotic change and, in partic-
ular, turnover and diversity loss in the calcareous nanno-
plankton. The middle Eocene through early Oligocene 
experienced climatic deterioration from a greenhouse 
into an icehouse world, culminating in a sharp cooling 
at the Eocene-Oligocene transition (EOT). The interval 
includes key climatic events such as the Middle Eocene 
Climatic Optimum (MECO) and the Eocene-Oligocene 
boundary (EOB). The EOB, which lies within the EOT, 
is defined by a biotic marker, the extinction of the Hant-
kenindae family of planktonic foraminifera. A range of 
global environmental disruptions occurred during the 
EOT, including extreme cooling, continental ice sheet 
growth on Antarctica, sea-level fall, >1 km deepening of 
the calcite compensation depth (CCD), increased ocean 
alkalinity, and a marine biotic disturbance with elevated 
levels of plankton extinction and turnover. Calcareous 
nannoplankton appear to have been the dominant oceanic 
phytoplankton group in the early Paleogene until the EOT, 

at which time they declined in diversity, although we still 
know little of the structure and timing of this diversity 
decline through the late Eocene. 

Here we will present calcareous nannofossil data from 
a stratigraphically expanded EOT succession at IODP 
Site 1411 that yields exceptionally well-preserved calcar-
eous microfossils. The section was recovered in the NW 
Atlantic Ocean during IODP Expedition 342 (June-July 
2012). Semi-quantitative data and simple abundance 
counts highlight high-resolution species extinction 
events, originations, and acmes, as well as major shifts in 
abundance patterns across the EOT transition. The demise 
of Discoaster barbadiensis, Discoaster saipanensis, 
Reticulofenestra reticulata, and Coccolithus formosus, 
and an increase in Reticulofenestra daviesii clearly indi-
cate that the paleoclimatic/paleoceanographic conditions 
changed to a cooler environment. Determining the precise 
timing of these events allows us to examine the relation-
ship between plankton evolution and the strongly shifting 
paleoclimatic/paleoceanographic conditions in the North 
Atlantic and elsewhere at this time. 
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The Western Pacific Warm Pool (WPWP) is characterized 
by some of the warmest sea waters of the global ocean, 
with sea surface temperatures (SST) exceeding 28°C. The 
WPWP is a major source of heat to the atmosphere, as 
well as a site of deep atmospheric convection and heavy 
rainfall. It has been the subject of many studies in recent 
years because of its significant role in the Earth’s climate 
system. This study investigates the distribution of living 
coccolithophores from surface and subsurface (deep chlo-
rophyll maximum – DCM) water samples that were taken 
during the MR13-01 cruise of R/V Mirai in March 2-17, 
2013, in the West Caroline Basin and the West Philippine 
Basin-Southern Sub Basin (WPB-SSB), located in the 
WPWP. The abundance and species diversity of surface-

water coccolithophores were very low to zero. Cocco-
lithophores in the subsurface water (40–100 m) were 
more abundant. A total of 27 living species were recorded. 
Coccolithophore abundance in the WPWP increased with 
a decline in the amounts of dissolved oxygen. Umbellos-
phaera irregularis was the dominant species in oligotro-
phic surface waters, while Florisphaera profunda char-
acterized the oligotrophic subsurface assemblage. The 
eutrophic surface and subsurface waters were marked by 
an abundance of Gephyrocapsa oceanica, while at deeper 
depths Oolithotus antillarum was much more abundant. 
Floral composition shows that the productivity levels in 
the waters of the West Caroline Basin increase northward, 
while waters in the WPB-SSB are generally eutrophic.
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The geological record provides a valuable archive of 
coccolithophore responses to past climate change and 
ocean acidification (OA) that are of relevance for predic-
tions of coccolithophore responses to modern environ-
mental perturbation.  Here, we apply morphometric 
methods to quantify the skeletal thickness of fossil cocco-
liths and combine this with new data from fossil cocco-
spheres across an interval of past climate warming and 
OA at the Paleocene Eocene Thermal Maximum (PETM, 
~56 Ma). Applying the results of experiments with 
modern coccolithophore species (Gibbs et al., 2013) to 
our PETM fossil data, we provide unprecedented insights 
into species-specific calcification responses during the 
PETM at a cellular level. Specifically, we use the recently 
identified relation between coccosphere geometry and 
cellular growth rate (Gibbs et al., 2013) to estimate rates 
of calcification in fossil coccolithophore populations for 
the first time.

 Our data reveal transient thinning of Coccolithus pelag-
icus coccoliths immediately prior to the PETM, which 
represents a hypothesized biomineralization response to 
surface OA. In addition, we observe a decrease in growth 
and calcification rates of C. pelagicus populations during 
the interval of maximum warmth, which contrasts with 

the consistent growth and calcite production of popula-
tions of Toweius pertusus, an ancestral species of modern 
Emiliania huxleyi. Our analyses indicate that the net effect 
of changing coccolith thickness on whole-cell calcite 
production is modest during the PETM. We determine, 
however, that due to the typically larger size of modern 
C. pelagicus coccoliths and the increased difference in 
morphotypic calcite mass of E. huxleyi (Young & Ziveri, 
2000), ongoing environmental change will likely have 
greater implications for modern and near-future global 
coccolithophore calcite production than that observed 
during the PETM.
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Based on a calcareous nannofossils study of cuttings 
and core samples from wells here named A, B, C, and 
D, a biostratigraphic correlation of the upper Oligo-
cene to lower Paleocene sediments was carried out in 
the Tampico-Misantla Basin.  The age of the sediments 
in Well A extends from the middle Eocene (Lutetian) to 
the lower Paleocene (Selandian). The biozones include 
NP16-NP12, NP10-NP9, NP6, and NP4. In Well B, the 
upper Oligocene (Chattian) to upper Paleocene (Thane-
tian) was identified, and the following biozones were 
recognized: NP24-NP19, NP17-NP14, NP12-NP11, and 
NP9.  Sediments from the middle Eocene (Lutetian) to the 
upper Paleocene (Thanetian) were documented in Well 
C, and the biozones include NP14-NP9. In well D, the 
middle Eocene (Lutetian) to lower Eocene (Ypresian) was 
recognized, and the following biozones were identified in 
this well: NP15, NP13-NP11.

A biostratigraphic analysis of the wells allowed chro-
nostratigraphic correlation of biozones from the upper 
Paleocene (Thanetian) to the middle Eocene (Lutetian). 
Biozone NP9, which occurs in A, B, and C wells, is over-
lain by biozone NP10 only in wells A and C. The NP11 
biozone can be recognized in wells B, C, and D. Biozone 
NP12 is the only biozone found in all four wells. NP13 
occurs in wells A, C, and D, always overlying biozone 12. 

Biozone NP14 was documented in wells A, B, and C. In 
wells A, B, and D, biozone NP15 is present. This biozone 
underlies biozone NP16 in wells A and B. A continuous 
sequence from biozone NP19 to biozone NP24 was 
recognized only in borehole B. From this biostratigraphic 
analysis, it can be concluded that several discontinuities 
are present. In well A, discontinuities for nannofossil 
biozones NP11, NP8, NP7, and NP5 occur. In Well B, the 
discontinuities detected are for NP18, NP13, and NP10. 
In well D, a discontinuity for NP14 was observed. These 
discontinuities are interpreted either to be hiatuses related 
to erosion or may represent nondepositional events asso-
ciated with sea-level fluctuations. In the later scenario, 
the sea-level changes might have stimulated nannoflora 
migration.
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Annually, the South China Sea is greatly affected by strong 
monsoons, which make it sensitive to climate change and 
results in a strong seasonal signal in primary produc-
tion. Thus, it is particularly ideal for seasonal variability 
studies. It is located between two major weather regimes 
of the world: the Indian Ocean monsoon area and the vast 
Pacific and Australian and Asian monsoon systems. It is 
essential to gain an understanding of the effect of these 
atmospheric events on the productivity of the waters and 
on the sediments falling to the sea floor. Sediment traps 

provide the opportunity for collection of settling partic-
ulate matter in the water column over a fixed period of 
time. This study investigates the flux of coccolithophores 
in sediment trap samples collected in the northern South 
China Sea from May 2011 to April 2012. Three sediment 
traps were recovered at different depths (1003, 2158, and 
3196 m). The influence of the monsoons on variations in 
coccolithophore abundance and species assemblage will 
be analyzed in each of the trap depths.
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Archaeological discoveries of prehistoric pottery occur 
frequently in northern Italy (Bernabò Brea et al., 1997). It 
is uncommon, however, to discover calcareous nannofos-
sils in prehistoric pottery. Two different cases of prove-
nance reconstruction of prehistoric artifacts are presented 
here that resolved with the use of calcareous nannofossils.  
This confirms the importance of an integrated archaeo-
logical/paleontological method of investigation (Quinn et 
al., 2007).

Case 1 - Some specimens of macroforaminifers 
(Nummulites spp.) were observed in an isolated fragment 
of prehistoric vase bottom recovered from the Po River 
(Cremona Province, Italy). This finding led us to look for 
calcareous nannofossils in the vase in order to date the 
calcareous sediment that was used as a degreaser in the 
vase’s construction. Calcareous nannofossils were recov-
ered from inside some carbonate clasts, and together with 
the Paleogene macroforaminifers, as well as a heteroge-
neous lithological assemblage recognized in other clasts, 
it is probable that the sediments came from geological 
formations east of Garda Lake (Luciani, 1987; Zamp-
ieri et al., 1994).  This location is likely to be the origin 
for the vase’s material and where it was manufactured. 
Since the vase was found in a region far from this loca-
tion, this information can be used to reconstruct migration 
paths and/or commercial trade routes in protohistory (de 
Marinis, 1997).

Case 2 - Ten smear slides were prepared for calcar-
eous nannofossil study from carbonate clasts in four 
different fragments of pottery from a prehistoric site in 
Vicofertile, near the Baganza River (northern Italy). The 
micropaleontological investigation showed a calcareous 
nannofossil assemblage characteristic of the early Eocene. 
This biostratigraphic result allowed correlation of the 
calcareous sediments with the “Monte Sporno Forma-
tion” that crops out in the Northern Apennines (Italy) and 
in particular with the Armorano Member (APAT-Regione 
Emilia Romagna, 1990, 2002).  These results suggest 

that prehistoric men from the Vicofertile site collected 
calcareous pebbles from the nearby Baganza River that 
had been eroded out of and transported away from the 
Monte Sporno Formation and then used them for making 
ceramics.
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The Eocene-Oligocene transition (E-OT)(~34 to 33.5 Ma) 
is the most extreme period of climate change in the Ceno-
zoic: from a “greenhouse” to an “ice house” world with 
permanent ice forming at the Antarctic within ~400 ky. 
The environmental changes are accompanied by extinc-
tions among tropical oligotrophic microplankton and a 
shift from coccolithophore domination to mixed cocco-
lithophore-diatom primary productivity. This shift may be 
associated with changes in nutrient cycling and/or ocean 
thermal structure due to changes in ocean circulation, 
such as the onset of the Antarctic Circumpolar Current. 

This project aims to produce direct records of cocco-

lithophore growth rates in the equatorial Pacific (IODP 
U1334) across the E-OT using coccolith Sr/Ca ratios. 
Sr/Ca has been analyzed in individual coccoliths using 
SIMS (secondary ion mass spectrometry) and on mixed 
coccolith fractions using ICP-AES (inductively coupled 
plasma-atomic emission spectrometry). The mixed frac-
tions were also analyzed for oxygen and carbon isotopes 
using a DI-IRMS (dual-inlet isotope ratio mass spectrom-
eter). The data reveal a significant shift in coccolithophore 
growth rates over the E-OT that is linked with changes in 
both ∂12C and ∂18O. 
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Due to their small size, coccoliths are often perceived 
to preserve poorly compared with the much larger fora-
minifera, and coupled with this until recently, it has been 
difficult to obtain species-specific geochemical data for 
individual specimens of coccolith species. Historically, 
this has proved a limiting factor in the use and interpreta-
tion of coccolithophore geochemical proxies. 

Here, we demonstrate the preservation of primary 
coccolithophore calcite, which is suitable for geochemical 
analysis, in deep ocean sediments that lack planktic fora-
minifera. This supports the further use and interpretation 

of both coccolith trace elements and stable isotope data as 
proxies for past environmental change. Using TOF-SIMS 
and SIMS (time of flight-secondary ion mass spectrom-
etry), it is possible to demonstrate that the Sr/Ca values 
from fossil coccoliths are comparable to those collected 
from their modern counterparts. It has also been possible 
to examine the distribution of different ions within indi-
vidual coccoliths, demonstrating the presence of primary 
biogenic calcite and identifying that the effects of diagen-
esis can often be overcome. 
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Jurassic rocks are present in the Kachchh Basin of India in 
two belts: a NW-SE series of domes on the mainland and 
the E-W trending series of uplifts “islands”) in the Raan 
of Kachchh known as the Island Belt. The Island Belt 
is separated into five hillocks: Patcham, Khadir, Bela, 
Chorar, and Wagad. The domes and uplifts are bounded 
by faults, and some domes are faulted anticlines. The 
Mesozoic rocks of Kuar Bet, an isolated uplift, are situ-
ated NW of Patcham Island and expose the oldest strata 
in the Kachchh Basin. The timing of the earliest epeiric 
transgressive event in the Kachchh Basin was recorded 
using calcareous nannofossils as other datable parameters 
are absent.

The extension of the Ethiopian Gulf as an arm of 
the Tethys Sea after the breakup of Gondwanaland left 
imprints in western India during the Jurassic. The oldest 
ages in the Kachchh Basin are provided by the ammo-
nite Leptosphinctes sp., indicating a latest Bajocian  age 
(~167.7 Ma) and by the coral Amphiastraea-Isastraea 
sp., indicating early? Bajocian (~171.6Ma). The diverse 
and moderately preserved calcareous nannofossil marker 
species, represented by Biscutum finchii, Bussonius 
prinsii, Crepidolithus pliensbachiansis, Crucirhabdus 
primulus, Discorhabdus criotus, and D. striatus, from the 
Dingi Hill Member of the Kaladongar Formation exposed 
at Kuar Bet assign an age of from Zones NJ4a to NJ7 of 
Bown et al. (1988) of lower Pliensbachian (Tethyan ammo-
nite Jamesoni Zone) to middle Toarcian age (Variabilis 
Zone). The presence of Lotharinguis sp. and Triscutum 
sullivanii within the assemblage suggests extension up to 
the middle Aalenian (~177Ma). The coarse-grained sandy 
facies with monospecific abundance of small bivalves at 
limited levels was deposited as a storm event.  This was 
followed by the deposit feeding ichnofossils Rhizocoral-
lium, Paleophycus, and Skolithos, and this post storm 
activity suggests that there was rapid facies variation in 
a coastal marine environment that lacked ammonites. 
The Early Jurassic sediments of Pliensbachian age were 
probably laid down in the Kachchh Basin in response to a 
short episode of epeiric transgression due to the cumula-
tive effect of the breakup of Gondwanaland, eustatic sea-
level rise, and local tectonics. 

Several domes on the Kachchh mainland and the 
Wagad highland have Early Jurassic calcareous nanno-
fossils reworked into Middle-Late Jurassic sequences. 
The Mesozoic lithostratigraphy of Kachchh provided 
by Biswas (1977) is followed herein. The formations in 

ascending order are the Jhurio (Bajocian-lower Callo-
vian?), Jumara (Callovian-Oxfordian), Jhuran (Kimmer-
idgian-Valanginian), and Bhuj (Aptian-Albian). The 
oldest part of the Jhurio Formation is exposed on Pach-
chham Island (Kuar Bet) and here is called the Kaladongar 
Formation. In the Mainland domes, the Jumara Formation 
is capped by condensed Dhosa Oolite beds containing 
mixed Oxfordian ammonites from several zones, whereas 
in Wagad, the Oxfordian-Kimmeridgian is exposed and 
contains ammonites (in hard beds), calcareous nanno-
fossils, and organic walled dinoflagellate cysts (in asso-
ciated shales). The Callovian nanno assemblage from 
the Jumara Formation of the Jara Dome, situated on the 
westernmost extremity of Kachchh Mainland, contains 
reworked Early Jurassic Crepidolithus pliensbachiansis 
and Triscutum sullivanii.  The nanno assemblage from the 
lower part of the type Jumara Formation (Callovian age) 
of the Jumara Dome in the vicinity of Jara contains Early 
Jurassic reworked specimens: Biscutum finchii, Diductius 
constans, Mazaganella protensa, Mitrolithus elegans, and 
Parhabdolithus liasicus.  In contrast, the lower Jhuran 
Formation of the Habo Dome, situated on the easternmost 
extremity of Kachchh Mainland, contains reworked Early 
Jurassic Triscutum sullivanii. In the Wagad Highland, the 
Oxfordian age Patasar Shale member contains the Early 
Jurassic reworked nannofossils: Crucirhabdus primulus, 
Diductius constans, Mazaganella protensa, and Parhab-
dolithus liasicus.

These findings clearly demonstrate that an Early 
Jurassic (Pliensbachian-Toarcian) shallow transgressive 
event occurred as a consequence of eustatic sea-level 
rise coupled with local tectonics that encroached on the 
western Indian craton and was possibly eroded during 
a successive transgression in Bajocian time? Small 
bivalves, dominated by one or two species and restricted 
to a few horizons, later were accumulated and cemented 
in a clay matrix, and finally were deposited in the Kuar 
Bet area of Pachchham Island. 
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As part of a multidisciplinary research project, we 
analyzed the coccolithophore assemblages (unicellular 
autotrophic marine organisms) and associated carbonate 
flux at CATS (Cuenca Alfonso Time-series Station, Bay 
of La Paz, B.C.S., 24º39'N 110º36'W) from summer 2006 
to winter 2008. The overall goal of the research project 
was to determine the composition and vertical fluxes 
of various components of particulate matter, including 
coccolithophores. Coccolithophores are an important part 
of the biogeochemical carbon cycle, and coccoliths are a 
major component of marine sediment.

Sinking material was collected with a Technicap sedi-
ment trap (model PPS-3 with an opening of 0.125 m2, 6-15 
day opening interval) that was installed at a water depth of 
350 m. Individual samples were split into 1/4500, filtered 
on a nucleopore membrane of 0.8 micron, and 1500 
images were taken using a scanning electron microscope 
(Zeiss Supra VP55). All analyses were done offline on a 
computer.

In total, 46 species of coccolithophores were identified 
in 41 samples. Emiliania huxleyi, Gephyrocapsa oceanica, 
Florisphaera profunda var. elongata, and Umbellosphaera 

irregularis were the most abundant taxa and constituted 
about 90% of all assemblages. The total flux of coccoliths 
varied considerably with time. However, there was a clear 
seasonal pattern, and minimum fluxes (256.6x106 cocco-
liths m-2 d-1) occurred in spring to summer, and maximum 
fluxes (12,800x106 coccoliths m-2 d-1) were in autumn to 
winter. The highest fluxes of coccoliths were associated 
with wind gusts greater than 4ms-1, low surface tempera-
tures, a maximum flux of large fecal pellets, low nutrient 
concentration, and a maximum flux of lithogenic mate-
rial. In 2006, the highest flux (5,672x106 coccoliths m-2 
d-1) was dominated by G. oceanica, while in 2007, the 
highest flux (12,800x106 coccoliths m-2 d-1) was domi-
nated by E. huxleyi. Florisphaera profunda had its highest 
flux (508x106 coccoliths m-2 d-1) during autumn to winter. 
In contrast, U. irregularis had its highest flux (758x106 

coccoliths m-2 d-1) during the spring to summer period. 
The main contributor to the coccolithophore carbonate 
flux is G. oceanica at 40%, followed by E. huxleyi at 14%. 
This represents about 30% of the total CaCO3 flux. The 
coccolith fluxes documented in this work are the highest 
reported to date from the Gulf of California. 
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The presence of the genus Gephyrocapsa and its domi-
nance in some areas of Philippine waters makes it ideal 
for morphological studies. Species in this genus are differ-
entiated using the measurements of their placolith length 
and bridge angle. The morphology of Gephyrocapsa in 
Holocene sediments has been extensively studied over the 
years, and there now exists a useful informal nomencla-
ture. Bollmann (1997) categorized the morphologies of 
gephyrocapsids in Holocene sediments into six catego-
ries: equatorial, oligotrophic, transitional, cold, larger, 
and minute. These categories are based primarily on 
variations in size (i.e., coccolith length) and bridge angle. 
Each morphotype is interpreted to have distinct ecological 
preferences.  Preliminary results from measurements of 

Gephyrocapsa in surface sediments from offshore western 
Luzon (eastern South China Sea) and semi-enclosed 
bays in the Philippines (Lingayen Gulf, Subic Bay, Boac 
Bay, and Calancan Bay) show the presence of equatorial 
and larger Gephyrocapsa morphotypes. The equatorial 
morphotype prevails in the majority of the water bodies 
studied. The larger Gephyrocapsa morphotype manifests 
itself primarily in warmer waters.
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The Cenomanian-Turonian boundary (CTB) interval was 
studied in several sections in different settings for detailed 
nannofossil biostratigraphy:  France, Western Interior, 
Morocco, Italy, and the Indian and Pacific Oceans. Section 
selection was based on availability of stratigraphic data 
(e.g., isotopic stratigraphy and planktonic foraminifera 
biostratigraphy) or where these data are currently in prog-
ress. 

Nannofossil biostratigraphic investigations were 
performed on smear slides prepared from the same 
samples used for planktonic foraminifera or isotopic 
investigations. Smear slides were analyzed using stan-
dard light microscope techniques under cross polarizers 

and transmitted light, at 1250X magnification, and semi-
quantitative analyses were conducted. Results highlight 
the reproducibility of eight biostratigraphic events: last 
occurrences of Corollithion kennedyi, Lithraphidites 
acutus, Axopodorhabdus albianus, and Helenea chiastia; 
first occurrences of Eprolithus octopetalus, Quadrum 
intermedium, Eprolithus eptapetalus, and Quadrum gart-
neri. Some discrepancies were noticed in the sequence of 
events in the various sections. Some additional events of 
regional or global value are suggested to refine the accu-
racy of nannofossil events in the CTB interval. Particular 
attention was paid to taxonomic aspects of the Polycyclo-
lithaceae.
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The distribution of living coccolithophores in the upper 
water column of the Pacific sector of the Southern Ocean 
(SO) is poorly known. We investigated plankton samples 
collected during the RV Polarstern cruise ANT-XXVI/2 
along a broad E-W transect in the SO during the austral 
summer. One hundred and fifty samples from twenty-nine 
stations were collected from the upper 150 m of the water 
column. Coccoliths and coccospheres per sample were 
counted separately using a scanning electron microscope 
(SEM).

Maximum numbers of 640·103 coccospheres/l were 
reached close to the Subtropical Front (STF), and 
increases in the numbers of coccospheres and coccoliths 
were recorded both at the Subantarctic Front (SAF) and 
the Polar Front (PF). However, numbers decreased south-
ward until there was almost a monospecific and sporadic 
record of Emiliania huxleyi (types B/C and C) south of 
the PF. Thirty-three coccolithophore species, including 
sixteen species found as isolated coccoliths, were identi-
fied, and Emiliania huxleyi was clearly the most dominant 
coccolithophore taxa in the studied samples. Two primary 
coccolithophore assemblages were established that 
coincided with areas bounded by the Polar Front Zone 
(PFZ) and the Subantarctic Zone (SAZ). In the upper 

photic zone of the SAZ, Acanthoica quattrospina, Calci-
discus leptoporus, Coccolithus braarudii HOL, Emili-
ania huxleyi type A, Ophiaster spp., and Syracosphaera 
spp., among others, were found. The PFZ was character-
ized by a reduced number of species, i.e., Calciopappus 
caudatus and E. huxleyi types B, B/C, and C, as well as 
Pappomonas spp. and Papposphaera spp. The sea-surface 
temperature measured in situ was the most prominent 
factor influencing coccolithophore diversity, distribu-
tion, and assemblage compositions in the Pacific sector of 
the SO. Coccolithophore biogeography in the study area 
showed marked differences from that in the northern high 
latitudes, such as the absence of the cold water species 
Coccolithus pelagicus, which is abundant in the (sub) 
Arctic region, and the dominance of E. huxleyi type B/C 
and C in the SO, which contrasts with the dominance of E. 
huxleyi types A and B in the North Atlantic. Findings such 
as these fill in existing gaps in an unexplored area of the 
SO, as well as supporting previous research performed in 
neighboring areas. Living coccolithophore numbers and 
assemblage distribution in relation to the frontal dynamics 
of the SO provide valuable information for potential 
future paleoceanographic reconstructions.
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Pelagic carbonates constitute the majority of ocean sedi-
ments, particularly since the Jurassic, and they record 
climatic and oceanic changes. Cenozoic sediments record 
glacial and interglacial periods, as well as thermal maxi-
mums, such as the PETM (Paleocene-Eocene Thermal 
Maximum) and the MECO (Middle Eocene Climatic 
Optimum). The MECO, dated at about 40 Ma, occurred 
during a period of climate transition in the middle Eocene. 
This geological period shows variations in temperature 
and atmospheric CO2, as well as in the carbonate compen-
sation depth (CCD).

This study aims to highlight the actions and feedbacks 
among climate (regulated by temperature, atmospheric 
CO2, etc.), CCD fluctuations, and calcareous nannofos-
sils through the study of fluxes and assemblages between 
48 and 39 Ma. Calcareous nannofossils were studied in 
57 samples taken approximately every 50 cm from ODP 
(Ocean Drilling Project) Leg 198 Site 1209A on the 
Shatsky Rise in the North Pacific. This site was previously 
studied by Bralower et al. (2002) and Bralower (2005). 
The samples have been prepared with the Geisen et al. 
(1999) technique for absolute quantification of nannofos-
sils. 

The age model proposed by Bralower et al. (2002) has 
been slightly modified based on new data for nannofossil 
biostratigraphy and recalibrated according to the Geologic 
Time Scale 2012 (Gradstein et al., 2012). Nannofossil 
assemblages and sizes show long-term changes during 
the middle Eocene.  For example, Discoaster spp. show 
a decrease in size and relative abundance from 48 to 39 
Ma. At 40 Ma, during the MECO, proportions of Dictyo-
coccites spp. and Reticulofenestra pseudoumbilicus (>14 
µm) increase. 

Nannofossil fluxes show a significant increase during 
the CAEs 1 to 4 (Carbonate Accumulation Event; Lyle 
et al., 2005), but they are low during the MECO. Fluxes 
appear not to be related to atmospheric CO2 (pCO2) changes 
(see compilation in Pälike et al., 2012). Conversely, the 
nannofossil flux seems to have had an important impact 
on the oceanic carbon cycle by creating a carbonate flux 
into the deep ocean that was able to deepen the CCD.
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High-resolution coccolith studies on the Dababiya 
Quarry core (DBQc), which was drilled in the Dababiya 
Quarry (Egypt) near the GSSP for the Paleocene-Eocene 
boundary, revealed an almost complete sedimentary 
record across the Cretaceous-Paleogene (C-P) boundary. 
Thirty samples (over ~70 m of section) were taken across 
the boundary interval.  These samples were analyzed in 
order to identify the calcareous nannoplankton biozones 
using the zonal schemes of Martini (1971) for the Paleo-
gene and Sissingh (1977) and Perch-Nielsen (1979) for 
the upper Maastrichtian. They yielded abundant and 
diverse assemblages, although, due to variable preserva-
tion, we only could identify four lower Paleocene zones 
(NP1 to NP4) and three Maastrichtian subzones: Micula 
murus, Nephrolithus frequens, and Micula prinsii. The 
C-P boundary is located within the Dakhla Formation 
and was delineated between the highest occurrence of M. 
prinsii and the lowest occurrence of Biantholithus sparsus. 

The thinness of the M. prinsii Subzone (~0.6 m) and the 
absence of the acmes of Thoracosphaera operculata and 
Braarudosphaera bigelowii suggest a possible minor gap 
at the C-P boundary in the core. This is in agreement with 
planktonic foraminiferal stratigraphy.
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The accurate interpretation of origination and extinc-
tion in the fossil record is crucial in paleontology. Fossil 
datums, the observed age of first or last occurrences, are 
subject to bias and error as a result of preservation and 
low abundances. Several techniques have been devel-
oped to assess the effects of these biases on macrofossil 
datums. However, due to the discrete sampling most 
commonly used in microfossil data, these methods cannot 
be applied to nannofossils.  Here we develop a new tech-
nique, the Probable Datum Method (PDM) that can be 
used with nannoplankton and other microfossils.  The 
PDM determines the original abundance of a taxon and 
the probable true age of its first or last occurrence. It 
uses a model in which original abundance is related to 
count abundance through preservation and the counting 
process. This model is parameterized, simulated, and then 
inverted to determine likely original abundance and true 
datum age from count abundance data. The true age of a 

first or last occurrence can be correlated globally to deter-
mine if originations or extinctions were truly synchro-
nous or diachronous. The results of the PDM can be used 
to make inferences about the true nature of origination 
and extinction. For example, if after using the PDM, an 
extinction event is clearly diachronous, there is gained 
confidence that this global extinction trend was true and 
did not relate simply to differences in preservation.  The 
method was applied to the origination of nannoplankton 
after the Cretaceous-Paleogene boundary to determine 
whether observed diachrony was real or merely a result of 
variable fossil preservation. The statistical nature of the 
PDM, its experimentally derived parameters, and its lack 
of many assumptions make it easily applicable to other 
fossil groups.  In particular, the new technique can be used 
in a wide array of paleontological problems to increase 
the confidence in interpretations made from global corre-
lations of fossil datums.
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It has been documented that rapid post-sampling dissolu-
tion of calcareous nannofossils has occurred in organic- 
and/or pyrite-rich Atlantic Coastal Plain sediments 
(Self-Trail & Seefelt, 2005), while only minor amounts 
of dissolution have been recorded from carbonate-rich 
deep-sea sediments (Dunkley Jones & Bown, 2007).  In 
an attempt to halt or slow down dissolution of calcareous 
nannofossils in organic- and/or pyrite-rich sediments, 
three different methods of short-term storage were tested.  
Three cores were chosen because of their diverse sedi-
ment types: siliciclastic marine clays and silts from the 
Cambridge-Dorchester core, glauconitic, pyritic, and 
siliciclastic sediments from the Dixon core, and carbonate-
rich packstones and wackestones from the Pineora core. 

All three cores were systematically sampled on the day 
that coring occurred, and an on-site control smear slide 
was immediately prepared (a). Each sample was then split 
in two, and one split was used to prepare control slides at 
one-month (b1) and six-month (c1) intervals. The second 
split was used to test storage preservation methods. Each 
control sample was stored in a separate sample bag. Each 
test split was placed in either a vacuum-packed bag, a vial 
filled with argon gas, or a vial filled with buffered water 
in order to neutralize pH.  They were sampled at one-
month (b2) and six-month (c2) intervals for comparison 
with the control slides (b1 and c1).  All slides were exam-
ined using a Zeiss Axioplan 2 light microscope at 1250x 
magnification. Abundance counts of total calcareous 

nannofossils per 150 fields of view (FOV) were tallied 
for each slide. The decrease in calcareous nannofossil 
percent abundance was calculated over six months, and 
the control slides were directly compared to the storage 
preservation test slides. Counts showed that none of the 
three test methods was consistently effective in reducing 
loss due to dissolution.  In most cases, the control onsite 
slides (a) had better retention of calcareous nannofos-
sils.  Although there were a few positive results from the 
vacuum packed, argon gas, and buffered water samples, 
the overall decrease of nannofossil abundances suggests 
that the new preservation techniques did not work. Even 
the carbonate-rich sediments of the Pineora core experi-
enced significant loss of calcareous nannofossils, possibly 
due to the presence of disseminated, micron-sized pyrite 
in bryozoan pore spaces.
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For many decades, calcareous nannofossils have been 
routinely applied as a biostratigraphic tool in the oil 
industry. The traditional double-slurry method for nanno-
fossil slide preparation has been favored because it is rela-
tively fast, simple, and uses few chemicals. A relatively 
recent increase in unconventional resource plays within 
the oil industry has resulted in a significant number of 
nannofossil biostratigraphy projects derived from assets 
such as shale gas.  While the double-slurry method has 
been satisfactory for nannofossil samples in most litholo-
gies, this preparation has proved insufficient for some 
organic-rich mudstones. Shale-gas source rocks are 
often rich in clays, silts, opaque minerals, and significant 
organic components.  In addition, amorphous organic 
material within the sediment can bond the grains together, 
trapping the nannofossil specimens and impeding iden-
tification.  We propose a modified method of sample 
preparation for calcareous nannofossils that minimizes 
these issues, while increasing the number of identifiable 
specimens. 

This relatively simple method is modeled after forami-
niferal cleaning techniques for paleothermometry, which 

focus on minimizing the adulteration of fossil specimens. 
The proposed technique for calcareous nannofossils uses 
sodium hypochlorite (NaClO) to lighten the organic 
matter and to aid in the dissociation of organic matter 
and clays from nannofossil specimens. Several itera-
tions of the method have been tested, with variations in 
pH, duration and number of washing cycles, and use of 
an ultrasonic bath for further disaggregation of clays. A 
preliminary semi-quantitative analysis shows significant 
reduction in organic matter and increases in relative abun-
dance and diversity of nannofossil assemblages. In addi-
tion, there is no visible damage to specimens in the light 
microscope at 1000x magnification. The technique has 
been applied to samples from the Upper Cretaceous Eagl-
eford and La Luna Formations and the Upper Jurassic-
Lower Cretaceous Haynesville Formation. All intervals 
show significant improvement with the proposed cleaning 
technique. Overall, the method is relatively quick, and the 
minor increase in cost associated with sample prepara-
tion is well-balanced by the improvement in data quality 
and the potential for higher resolution biostratigraphy in 
unconventional resource plays.
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Chalk accumulation in northern Europe began in the 
Hauterivian in the center of the North Sea Basin and 
formed (1) the chalks of the Tuxen Formation (Hauteriv-
ian-Barremian), including the organic-rich Munk Marl 
Bed, and (2) the marls and subordinate chalks of the 
Sola Formation (Barremian-early Albian), including the 
organic-rich marlstones of the lower Aptian Fischscheifer 
Member (OAE 1a of Ineson, 1993). In the Danish sector 
of the North Sea, recent exploration and production devel-
opments have resulted in renewed interest in these early 
chalks, and future exploration and appraisal of existing 
hydrocarbon fields will rely on the ability to refine 
existing local and regional Early Cretaceous depositional 
and paleoceanographic models. 

Calcareous nannofossils are a valuable proxy for 
recording paleoecological changes during chalk and marl 
deposition, and they can shed light on temperature and 
salinity variations and nutrient flux during the Hauteriv-
ian-Aptian in the restricted North Sea Basin. A nannofossil 
study of the Lower Cretaceous (BC6 – BC17 of Bown et 
al., 1998) carbonate package of the North Jens-1, Adda-2, 
and SE Adda-1 wells (distal to proximal), reveals fluc-
tuations in important paleoecological indicator species, 
which contribute to the understanding of the depositional 
environment of the boreal chalks and marls.

Micrantholithus spp. are inferred to tolerate low-
salinity levels and thereby proximity to the coast. High 
abundances of M. obtusus, M.brevis, and M. hoschulzii 
in the Hauterivian are therefore suggestive of increased 
freshwater input. Coincident with increases in Micran-
tholithus, high levels of Biscutum constans, Biscutum 
constans cavum, Discorhabdus ignotus, and Zeugrhab-
dotus spp. (inferring elevated nutrient influx) further 

support increased continental runoff. High relative abun-
dance of Rhagodiscus asper and the presence of the 
Tethyan taxon Micrantholithus stellatus indicate that there 
was an incursion of warm water in the late Barremian, 
(Jeremiah, 2001). Nannoconus spp., which are thought to 
have favored clear-water oligotrophic conditions, became 
a significant part of assemblages in the upper Hauterivian 
and constituted up to 83% of the assemblage during part 
of the Barremian. The endemic species N. borealis, N. 
abundans, and N. inornatus are of stratigraphic signifi-
cance and also support the idea that the North Sea Basin 
was restricted during the Barremian. A decline in the 
proportion of nannoconids corresponded to increasing 
clay content in the lowermost Sola Formation (Barre-
mian-Aptian boundary level), and the ‘nannoconid crisis’ 
was recorded immediately prior to the onset of deposition 
of the Fischschiefer Member, coincident with increasing 
evidence of direct Tethyan links.  
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A biostratigraphic and isotopic study was carried out on 
late Campanian-Maastrichtian chalks that were penetrated 
during geological investigations in preparation for the 
construction of a tunnel between Denmark and Germany 
under the Femern Bælt. Chalk from the 09.A.006 and 
09.A.008 wells was analyzed for nannofossil and foramin-
ifera content and for oxygen and carbon stable isotopes. 

The two wells contain sediments from the late Campa-
nian nannofossil subzone UC15dBP to the latest Maas-
trichtian subzone UC20dBP (using the zonation of Burnett, 
1998). The study enabled further testing of the rigidity of 
the UC zonation scheme and its marker species for the 
Boreal Province, following recent biostratigraphic inves-
tigations on Danish chalk boreholes. The first occurrence 
of Arkhangelskiella maastrichtiana as a marker for the 
base of UC20c is considered unreliable, as is the subdivi-
sion of UC16 using the last occurrences of Heteromar-
ginatus bugensis, Tortolithus caistorensis, and Mono-
marginatus quaternarius. In addition, the use of recently 
proposed ‘new’ markers, such as Zeugrhabdotus prae-
sigmoides (syn. Zeugrhabdotus meudinii and Tranolithus 
stemmerikii of some authors), Prediscosphaera mgayae, 
and Helicolithus trabeculatus, is also tested.

For foraminifera, the FCS zonation, relevant for the 
chalk facies of the North Sea (King et al., 1989) was 
applied with some success to the 09.A.008 well, which 
spanned subzones FCS21b–FCS23a. Useful markers 
included the occurrence of Gavelinella monterelensis in 
the late Campanian, the last occurrence of Angulogav-
elinella bettenstaedti in the early Maastrichtian, and the 
occurrence of Bolivinoides draco and Reussella szajno-
chae in the late Maastrichtian. However, in some inter-
vals the foraminiferal assemblages were more compa-
rable with those recently described from southeast Poland 
(Dubicka & Peryt, 2012), in particular regarding Rugo-
globigerina spp. and Globigerinelloides spp. fluctuations. 
The present study outlines the need for local adaptations 

of existing zonations.
As for other sites in Denmark and northern Germany, 

the large negative δC13 isotope excursion at the Campa-
nian-Maastrichtian boundary was seen in both cores. 
Despite the isotopic study being of lower resolution than 
for previous Danish cores, some of the short-lived excur-
sions defined by Thibault et al. (2012) were identified, 
allowing for correlation of the Femern Bælt sites to the 
astronomically calibrated Indian Ocean site 762C. Subse-
quently, an age model is proposed for the Femern Bælt 
cores. 

This study allows, for the first time, correlation of 
boreal late Campanian-Maastrichtian foraminifer zones 
with the calcareous nannofossil zonation and C isotope 
stratigraphy. Integration of these data with recent results 
from several Danish Basin boreholes allows for the 
proposal of a multidisciplinary stratigraphic scheme for 
the Late Cretaceous of the boreal realm.
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Since 2002, a multidisciplinary research project has been 
carried out in the Alfonso Basin, Bahia de La Paz, in order 
to understand better the coastal ecosystem of the Gulf of 
California. The Alfonso Basin is of particular interest 
because long-term environmental changes are preserved 
in the underlying laminated sediments. In this study, we 
present the vertical distribution of coccolithophores in the 
water column from February 2007 to January 2008. Data 
on the coccolith fluxes for the same period are presented 
elsewhere. 

Monthly seawater samples were collected at depths 
from 0 to 60 m, and in situ conductivity, temperature, and 
depth (CTD) data were collected. Coccolithophore cell 
densities and species composition where determined from 
the filtered samples at Universidad Autónoma de Baja 
California Sur (UABCS) using a Hitachi S-2300 scanning 
electron microscope.

A total of 61 coccolithophore species were identified: 
49 heterococcoliths, 21 holococcoliths, and 4 incertae 
sedis species. The most abundant species (> 50%) were 
Emiliania huxleyi, Calciopappus rigidus, Gephyrocapsa 
oceanica, G. ericsonii, E. huxleyi type B/C, Florisphaera 
profunda, Pappomonas sp. type 3, and Solisphaera blag-
nacensis. Fourteen species of the Syracosphaera genus 
were identified, and although always present they were 
never abundant. The species richness (SR) varies season-
ally with high values in late winter to early spring (SR= 
17, April, 10 m) and late summer to early fall (SR=19, 
September, 45 m). The Shannon diversity index showed 
high values (H’>2) in late winter to early spring (H’max= 
2.6, April, 10 m) and in late summer and early fall 

(H’max=3.5, September, 75 m). Coccolithophores were 
commonly observed down to a depth of 75 m, with 
different assemblage composition above and below 30 m. 

Cell densities also varied seasonally with a maximum 
in early spring (128 x103 cel l-1, March, 0 m) and in early 
winter (41.7 x103 cel l-1, December, 0 m).  Emiliania 
huxleyi was the species with the highest cell density in 
March (51.46 x103 cel l-1, 0 m). Calciopappus rigidus 
was observed mainly in the upper photic zone (0-30 m) 
with a maximum in March (41.3 x103 cel l-1, 0 m). Gephy-
rocapsa oceanica was present throughout the year with 
the highest values in November (19.3 x103 cel l-1, 15 m). 
Emiliania huxleyi type B/C was present only in May with 
cell density values of up to 15.3 x103 cel l-1 (0 m). Gephy-
rocapsa ericsonii was present all year in low cell densities 
and showed a maximum cell density in March (12.6 x103 
cel l-1, 0 m). Florisphaera profunda was common between 
30-75 m with a maximum cell density in October (5 x103 

cel-1, 60 m).
The dominance of E. huxleyi and G. oceanica is related 

to mixing conditions during winter. Emiliania huxleyi, 
holococcoliths, F. profunda, and Rhabdosphaera spp. 
were present during a period of water stratification in late 
winter to early spring. Emiliania huxleyi, holococcoliths, 
Syracosphaera spp., and Papposphaera spp. were present 
during an upwelling event in summer. Gephyrocapsa 
oceanica, Syracosphaera spp., holococcoliths, A. Quat-
trospina, F. profunda, and Solisphaera blagnacensis were 
characteristic of the late summer to early fall stratification 
period.
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The Cretaceous is known for its extensive global marine 
transgressions, including the western part of the Indian 
subcontinent. We report here on highly diversified (over 
200 species) and well-preserved calcareous nanno-
fossil assemblages from outcrops and the subsurface 
(Tanot bore well #1) of late Albian-early Maastrichtian 
sequences in the Jaisalmer Basin, western India. The 
presence of Nannoconus species and Rhagodiscus asper 
suggests warm conditions and moderate productivity.  
However, Watznaueria barnesae dominates the assem-
blage throughout the late Albian-early Maastrichtian. 
The abundance of nannoconids and braarudosphaerids 
throughout the succession indicates shallow, neritic 
conditions that were prone to dissolution. Nannoconus 
truitii with its several subspecies is typical of a Tethyan 
environment, and its distribution is said to be controlled 
by the paleogeographic setting and warm tropical climate 
of the Indian subcontinent during the Cretaceous. 

Provincialism was prevalent in Early Cretaceous 
calcareous nannoplankton assemblages, and this forms 
the basis for delineating the Boreal and Tethyan realms. 
Mutterlose & Kessels (2000) recognized a bipolar, high-
latitude assemblage, a mid- to low-latitude, cool-water 
assemblage, and a low-latitude warm-water assem-
blage. Distinguishing among these realms became more 
difficult during Aptian-Albian time, as evidenced in the 
present material. The Late Cretaceous witnessed a time of 
nannofloral change. Seribiscutum primitivium, a bipolar 
high-latitude form restricted to 40º to 50º N and 35º to 
60º S (Mutterlose, 1992), has been documented from 
Albian-Campanian sediments in Tanot #1.  This species 
is recorded from a 15° to 35°S paleogeographic posi-
tion in India during the late Albian (Kale & Phansalkar, 
1992) to early Maastrichtian with other cold-water forms 

(Angulofenestrellithus snyderi, Broinsonia matalosa, 
Bukrylithus ambiguous, Eiffellithus monechiae, Eiffelli-
thus pospichalii, Nephrolithus corystus, Nephrolithus 
frequens, Octolithus multiplus, Radiolithus hollandicus, 
Retecapsa ficula, Stoverius achylosus, and Tortolithus 
hallii.). Along with these cold-water forms, there were 
significant numbers of some typical warm-water forms 
(Ceratolithoides pricei, Ceratolithoides ultimus, Micula 
murus, Micula praemurus, Nannoconus truitii frequens, 
and Prolatipatella multicarinata), which indicates that 
there was mixing of warm and cold water currents from 
the western part of India during the Late Albian (Rai et 
al., 2013) onwards, which is more pronounced during the 
Campanian to early Maastrichtian.  Therefore, the possi-
bility of an African-Australian/Australian-Antarctic sea 
route cannot be ruled out.
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An integrated high-resolution nannofossil biostratig-
raphy and cyclo-magnetostratigraphy was developed for 
the upper Maastrichtian interval of two distant sections: 
Bjala (Bulgaria, Black Sea coast) and Sopelana (Basque 
Country, Atlantic coast). Both sections display similar 
rhythmic sedimentary successions due to astronomical 
climate forcing (Milankovitch cyclicity). The calcar-
eous nannofossil biozonation for the upper Maastrichtian 
interval is primarily based on the low-latitude UC "TP" 
scheme of Burnett (1998). 

The calcareous nannofossils are abundant throughout 
the studied sections. They are represented by highly 
diverse associations (> 144 species were identified), 
showing good to very good preservation. In order to 
distinguish the main bio-events, a semi-quantitative 
analysis was performed. The cyclo-magnetostratigraphic 
framework has been extended from the K-Pg boundary, 
uppermost Maastrichtian C29r, down to the lower/upper 
Maastrichtian boundary, C31n-C31r. It encompasses a 
total of ~60 m in the Sopelana and ~45 m in the Bjala 
sections and provides accurate ages for the bio-events.

The succession of nannofossil datums is similar to, or 
comparable with, other records from low-latitude sites, 
e.g., Zumaia, Contessa highway and Bottaccione sections 
(Gardin et al., 2012; Pérez-Rodrígez et al., 2012; Dinarès-
Turell et al., 2013). The main documented nannofossil 
bio-horizons include: (1) FO of Lithraphidites quadratus, 
(2) FO of Micula murus, and (3) FO of Micula prinsii. 

The FO of Lithraphidites quadratus, an important low-
latitude bio-horizon, is recorded well down in the section, 
close to the C31r/C31n magnetic reversal. Its position in 
Sopelana can be correlated to the previously reported bio-
event in the Umbria-Marche sections (Gardin et al., 2012) 
and in Zumaia (Pérez-Rodrígez et al., 2012). The species 
is reported to have wide geographic distribution in low-
latitude sections and thus can be used as a reliable correla-
tion bio-horizon there. 

The FO of Micula murus is documented at Bjala and 
Sopelana just a few meters below the FO of M. prinsii. It 
is found within the upper part of chron C30n. The acme of 
M. murus is observed stratigraphically up section, within 
the prinsii Zone. Our observations are in line with those of 

Gardin et al. (2012) that the base of M. murus acme can be 
used as a proxy for UC20dTP subzone.

The occurrence of Ceratolithoides kamptneri is not 
recorded in either of the studied sections, making it 
impossible to distinguish the UC 20cTP subzone. The FO 
of Micula prinsii is a sound bio-horizon in the studied 
sections. It is recorded relatively low in the succession, 
within C30n. It is a primary biostratigraphic marker 
for the uppermost part of the Maastrichtian, identifying 
subzone UC 20dTP in low-latitude sites. Here, it is usually 
reported near the base of C29r. However, some studies 
have recorded it at the upper part of chron C30n (Self-
Trail, 2001), which is in agreement with the data from 
Bjala and Sopelana.
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In the last few years, there has been renewed interest in 
the definition of the Jurassic-Cretaceous (J-K) boundary. 
Progress is mainly related to the activity of the inter-
national stratigraphy community, collaborating within 
the framework of the Berriasian Working Group of the 
International Subcommission on Cretaceous Stratigraphy 
(ISCS) (Casellato, 2010; Channell et al., 2010; Wimbledon 
et al., 2011). Because the original definition of the Berri-
asian is based exclusively on ammonites, integration of 
calcareous nannofossil and ammonite data (at least in the 
Tethyan area) is of crucial importance when considering a 
new workable definition for the J-K boundary. 

We present a comprehensive integrated biostrati-
graphic study of calcareous nannofossils and ammonites 
across the J-K boundary interval in three sections from 
West Bulgaria (Kopanitsa, Berende, and Burlya). Ivanov 
et al. (2010) were the first to recognize the Durangites spp. 
Zone in Bulgaria and correlate nannofossil and ammonite 
markers in the Tithonian-Berriasian interval.  The sedi-
mentary successions in this region consist of siliciclastic 
turbidites (Kopanitsa and Berende) and hemipelagic lime-
stones (Burlya). A total of 293 nannofossil samples from 
the upper Tithonian-Berriasian interval were processed 
and fixed on smear-slides. The sampling resolution varied 
between 1 to 2 m. Preservation of the calcareous nanno-
fossils throughout the boundary interval was generally 
good to moderate. There were several ammonite-bearing 
levels, and more than 300 ammonite specimens are found, 
>120 of them could be identified and used for the present 
work.

In the J-K boundary interval, all previously known 
calcareous nannofossil zones and subzones were clearly 
recognized (Bralower et al., 1989; Casellato, 2010). The 
Tethyan ammonite zonation for the upper Tithonian and 
lower Berriasian was applied, consisting of the microcan-
thum, Durangites spp., jacobi, and occitanica ammonite 
Zones and their subzones.  Correlation of nannofossil 
events to the ammonite zones was consistent among 
the sections studied, and four distinct biohorizons were 
recognized: 

1) The first successive occurrences of Nannoconus 
infans, N. compressus, N. puer, and N. globulus minor, in 
the lower part of Durangites Zone, co-occur with Duran-

gites singularis, D. vulgaris, D. astillerensis, and Prot-
acanthodiscus andreaei.

2) The first occurrence (FO) of Nannoconus wintereri 
and the beginning of the local acme of Polycostella 
senaria are remarkably synchronous events with the FO 
of Berriasella jacobi, which marks the J-K boundary in 
an ammonite sense.

3) The FO of Nannoconus steinmanni minor and N. 
kamptneri minor are clearly Berriasian events (in terms of 
ammonites) and occur in the middle of the jacobi ammo-
nite Zone.

4) The FO of the large nannoconids species N. stein-
manni steinmanni and N. kamptneri kamptneri was 
recorded in the former “grandis” ammonite Zone, i.e., 
close to the boundary between the jacobi and occitanica 
ammonite Zones.

References
Bralower, T.J., Monechi, S. & Thierstein, H.R. 1989. 

Calcareous nannofossil zonation of the Jurassic-Cre-
taceous boundary interval and correlations with the 
Geomagnetic Polarity Timescale.  Marine Micropale-
ontology, 14: 153-235.

Casellato, C.E. 2010. Calcareous nannofossil biostratigra-
phy of Upper Callovian-Lower Berriasian successions 
from Southern Alps, North Italy. Rivista Italiana di 
Paleontologia e Stratigrafia, 116: 357-404.

Channell, J.E.T., Casellato, C.E., Muttoni, G. & Erba, E. 
2010. Magnetostratigraphy, nannofossil stratigraphy 
and apparent polar wander for Adria-Africa in the 
Jurassic-Cretaceous boundary interval. Palaeogeog-
raphy, Palaeoclimatology, Palaeoecology, 293: 51-75. 

Ivanov, M., Stoykova, K. & Idakieva, V. 2010. New bio-
stratigraphic data on the Upper Tithonian and Lower 
Berriasian in the Krayshte area (SW Bulgaria).  Annals 
University of Sofia, Faculty of Geology and Geogra-
phy, 102(1): 21-41.

Wimbledon, W.A.P., Casellato, C.E., Reháková, D., Bulot, 
L.G., Erba, E., Gardin, S., Verreussel, R.M.C.H., Mun-
sterman, D.K. & Hunt, C.  2011. Fixing a basal Berria-
sian and Jurassic-Cretaceous (J-K) boundary – perhaps 
there is some light at the end of the tunnel?  Rivista 
Italiana di Paleontologia e Stratigrafia, 117: 295-307.

Calibration of calcareous nannofossils and ammonites 
bio-events across the Jurassic-Cretaceous boundary:  
a case study from bulgaria
Kristalina Stoykova
Geology Institute Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria; stoykova@geology.bas.bg
Marin Ivanov
Sofia University "St. Kliment Ohridsky", 1000 Sofia, Bulgaria; mivanov@gea.uni-sofia.bg
vyara Idakieva
Sofia University "St. Kliment Ohridsky", 1000 Sofia, Bulgaria, mivanov@gea.uni-sofia.bg, idakieva@gea.uni-sofia.bg



INA14 115

Coccolithophore algae produce micrometric calcite plate-
lets called coccoliths. The geological record for cocco-
liths is continuous from their appearance 220 Ma ago 
until today, and they have been abundant in the marine 
environment during this time interval. Hence, coccoliths 
have a huge potential for geochemical reconstruction 
of the Earth’s paleoclimate and paleoceanography. We 
performed a nanometric X-ray fluorescence analysis of 
three species of early Bajocian (Middle Jurassic) cocco-
liths using the beamline ID22NI at the European Synchro-
tron Radiation Facility (ESRF) in Grenoble, France. 
Based on this analysis, we have a better understanding 
of the chemical composition of coccoliths and thus of 
the marine waters where they were precipitated. Samples 
were collected at Cabo Mondego, Portugal, the interna-
tional reference section (GSSP) for the early Bajocian 
interval, and they were selected based on their preserva-
tion. Coccoliths were separated from the matrix using a 
picking technique and deposited on 500 nm-thick silicon 
nitride membranes. With an excitation beam at 17 KeV 

and a resolution of 100 µm, we mapped 14 elements in 
the coccoliths: S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Cu, Zn, 
Br, Rb, and Sr. The mapping allowed the recognition 
of elements that were biologically incorporated in the 
coccoliths and those that are due to a diagenetic over-
print. Calcium, strontium, and manganese are biologically 
organized in coccoliths. Sulfur, chlorine, chromium, and 
bromine were also homogenously incorporated with no 
relation to the crystallographic organization of the cocco-
lith. Conversely, potassium, iron, copper, zinc, titanium, 
and rubidium are related to diagenetic processes and clay 
contamination. 

These results (1) improve the understanding of the 
chemical incorporation of elements, (2) recognize diage-
netic effects on coccolith chemistry, and (3) make it 
possible to develop new paleoceanographic proxies, e.g., 
the chlorine and bromine incorporation in coccoliths for 
salinity reconstructions. Further analysis, especially on 
living species, will greatly help in the calibration of these 
proxies.
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Calcareous nannoplankton produce half of the calcium 
carbonate found in the deep ocean, so they are a main 
actor in the modern carbonate cycle.  In today’s ocean, the 
carbonate cycle relies extensively on pelagic production 
(Cretan ocean of Zeebe & Westbroek, 2003). Calcareous 
nannofossils first appeared at the end of the Triassic, and 
prior to this major oceanic event, carbonate production 
was restricted to epicontinental platforms (Neritan ocean 
of Zeebe & Westbroek, 2003). The transition from neritic-
supported to pelagic-supported carbonate production was 
influenced by the evolution of calcareous nannofossils. 
Unfortunately, this transition has poor time constraints, 
which limits the ability to understand the processes and 
their forcing (climatic, evolutionary, and chemical) that 
occurred.  Here, we present a compilation of calcareous 
nannofossil absolute abundances and fluxes from the 
Early Jurassic (~190 Ma) to the end of the Pleistocene 
(~0.12 Ma). Absolute abundance quantification was made 
using random settling methods, and the sedimentation 
rates are based on cyclostratigraphy or biostratigraphy 
from Gradstein et al. (2012).

The calcareous nannofossil absolute abundance and 
flux records show an increase from the Early Jurassic 

to the Early Cretaceous followed by stable values until 
the Pleistocene, which is interrupted by some short-term 
decreases. Apparently, the transition from Neritan to 
Cretan oceans was a slow transitional event throughout 
the Jurassic, whereas effective pelagic production only 
began in the Early Cretaceous. The evolution of calcar-
eous nannofossil production in the Mesozoic-Cenozoic 
interval is a complex interplay between nannofossil 
evolution and environmental conditions, such as sea level, 
temperature, nutrients concentration, and ocean chem-
istry. Nevertheless, on a long-term perspective, there is 
an intriguing inverse relationship between atmospheric 
CO2 concentrations and calcareous nannofossil fluxes that 
merits further study.
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Helicosphaera carteri (Wallich) Kamptner is the most 
common modern representative of the genus Helico-
sphaera Kamptner. Since its first occurrence in the late 
Oligocene, the species has exhibited remarkable pheno-
typic variation, which has resulted in a number of described 
variants both in the fossil record (Theodoridis, 1984) and 
in modern assemblages (Geisen et al., 2004). While the 
general morphology of the coccoliths (size, shape, blanket 
elements, and flange structure) is maintained throughout 
the fossil record and within modern variants, the key 
morphological characters used for distinguishing among 
the variants are the ultrastructural features of the central 
area. A detailed morphological analysis of two cultured 
strains of H. carteri var. carteri revealed that almost all 
of the coccolith types described in the fossil and modern 
H. carteri variants can be produced by a single genotype. 
These findings suggest that H. carteri var. carteri, as the 
oldest and phenotypically most plastic variant, may have 
acted as a source of phenotypic and genotypic diversity 
from which other less plastic variants (e.g., H. carteri var. 
wallichii) and species (e.g., H. hyalina) diverged.  This 
is supported by the molecular data of Sáez et al. (2003). 
The contribution of various coccolith types and varieties 
to total H. carteri coccolith counts varies significantly in 
the fossil record. This plasticity and subsequent evolution 
of the group may be driven by changing environmental 
conditions, such as nutrient availability. This hypothesis 
was tested with batch culture experiments that investi-
gated the effects of phosphate limitation on the physiology 
and morphology of two H. carteri var. carteri strains.

Both strains, obtained from the Roscoff culture collec-
tion, were isolated at sites with different nutrient regimes: 
strain RCC1323 in the South Atlantic (high availability 
of phosphate) and strain RCC1334 in the western Medi-
terranean (area limited in phosphate). Batch cultures 
were grown in triplicate in K/2 medium with phosphate 
concentrations modified to induce P-limitation. Stable 
temperature (17ºC), light (150 µE m-2 s-1), and light/dark 
(14h:10h) conditions were ensured by keeping cultures 
in a culture chamber. Cells were harvested as soon as 
the P-limited batch cultures reached stationary growth 
phase due to phosphate limitation. Control cultures were 
sampled at the same cell concentration to be comparable 
with phosphate limited batch cultures. Besides various 

measurements of cell physiology, and cellular organic and 
inorganic quotas, detailed morphological analysis was 
performed using scanning electron microscopy.

Under replete phosphate conditions, the most common 
coccolith type (with the bridge dividing the central area 
into two small pores) accounted for on average 75% 
of coccoliths in strain RCC1323, and 63% in strain 
RCC1334. A morphotype without the bridge, and with one 
large pore in the middle of the central area, was second 
most abundant with 19% contribution in strain RCC1323 
and 31% in strain RCC1334. Three less abundant cocco-
lith types accounted for 6% of the coccoliths in RCC1323 
and 5% in strain RCC1334, with the coccoliths with only 
one small pore being dominant in RCC1323, and a more 
diverse composition of rare coccoliths being observed 
in RCC1334. Under phosphate limitation, no significant 
change in coccolith composition was observed in strain 
RCC1323, while in strain RCC1334 a shift was observed 
in the ratio between the two most common coccolith 
types. This observation may indicate a strain specific 
response to phosphate limitation. Overall, however, our 
results suggest that phosphate limitation does not have 
a strong effect on coccolith plasticity in H. carteri var. 
carteri, and we therefore conclude that selection pressure 
of phosphate availability may be of minor importance to 
the phenotypic evolution of this species.
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Research core Běchary Bch-1 was chosen as a key refer-
ence section to reconstruct mid-Cretaceous sea-level 
changes, paleoceanography, and paleoclimate. The core is 
located in the offshore sediments of the Bohemian Creta-
ceous Basin, east-central Czech Republic and reached 
404.6 m in depth. The depocentre was part of a seaway 
developed along the reactivated Elbe Fault System (Uličný 
et al., 2009) during the latest Cenomanian-Coniacian and 
connected the epicontinental basins of the NW European 
Platform to the deep-sea basins of the NW Tethys (now 
the Western Carpathians). 

The nannofossil study is a part of multidisciplinary 
research that has focused on nannofossil distribution, 
abundance and preservation, first (FO) and last (LO) 
occurrences of marker species, and semiquantitative 
counting. Attention was paid to fluctuating numbers of 
species (Biscutum spp., Braarudosphaera ssp., Luci-
anorhabdus sp., Marthasterites furcatus, etc.) that may 
reflect sea-level changes and other paleoenvironmental 
conditions, and contribute significantly to the under-
standing of the depocenter’s architecture.  Altogether, 
96 samples were analyzed. Nannofossil events were first 
correlated with inoceramids. 

The upper Cenomanian strata contained poorly 
preserved nannofossils in the UC4b Zone (Burnett, 1998) 
with higher numbers of Biscutum ellipticum, Broinsonia 
signata, and Watznaueria barnesiae. The co-occurrence 
of Lithraphidites acutus and Axopodorhabdus albianus 
was suddenly interrupted by a short interval with poor 
nannofossil content. A Turonian age is indicated by 
the FO of Eprolithus octopetalus, Zone UC5c–UC6a, 
followed quickly by the FO of E. moratus (Zone UC6b).  
The uppermost Cenomanian, the Cenomanian-Turonian 
boundary, and the lowermost Turonian were marked by 
an omission surface, associated with a distinct hiatus that 
probably spanned the UC5a–b Zone interval. 

The next succession of FOs of nannofossil markers 
came during the lower-middle Turonian:  Lucianorhabdus 
sp., Eiffellithus perch-nielseniae, Octolithus multi-
plus, Quadrum gartneri, Eiffellithus eximius, Kampt-
nerius magnificus, Lithastrinus septenarius, Liliasterites 

angularis, and Marthasterites furcatus. Above the first 
discovery of inoceramid species Inoceramus perplexus, 
the base of the upper Turonian has the FOs of Ottavianus 
giannus, Zeugrhabdotus biperforatus, and Broinsonia 
parca expansa. The base of the acme of M. furcatus 
approximately coincides with a decrease in CaCO3 content 
and an increase in SiO2 content in the sediments, and with 
the Didymotis Event I. Some of the above mentioned 
nannofossil events are of local stratigraphic importance 
(Švábenická, 2012).

The Coniacian stage was recognized by the FO of 
Cremnoceramus deformis erectus. Above this, the FOs of 
Micula adumbrata and the top of the acme of M. furcatus 
were recorded.  The species H. turonicus and O. giannus 
were already absent. The short interval of the inoceramid 
Cremnoceramus deformis crassus Zone marked the 
uppermost early Coniacian. The FOs of M. staurophora 
and Uniplanarius gothicus in the overlying strata suggest 
a middle Coniacian age.

Research is financially supported by the Grant Agency 
of the Czech Republic, Project No. P210/10/1991, “A 
new European reference section to study mid-Cretaceous 
sea-level changes, paleoceanography and paleoclimate: a 
research borehole in the Bohemian Cretaceous Basin”.
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A morphological analysis of the coccolithophore species 
Calcidiscus leptoporus in the Sulu Sea from the late Pleis-
tocene to the Holocene shows a significant correlation 
between coccolith diameter size and the number of radial 
elements. Results of this study also show that C. lepto-
porus responded to changes in temperature and nutrient 
contents in the study area. Variations in the abundances 
of the small (<5µm), intermediate (5-8.5µm), and large 
(>8.5µm) C. leptoporus specimens are associated with 
global climatic shifts, such as the timing of the Older 

Dryas, the Bølling-Allerød, and the Younger Dryas during 
the late Pleistocene-Holocene transition in the Sulu Sea. 
During the Older and Younger Dryas in the Sulu Sea, 
greater numbers of the large forms (“winter-type”) of C. 
leptoporus are recorded. Surface-water enrichment from 
coastal upwelling off the Zamboanga Peninsula during 
the interstadials led to an increase in and/or dominance of 
the small forms of C. leptoporus.  The intermediate forms 
dominated in most of the warm episodes where they 
comprised almost 90% of the C. leptoporus assemblage.
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In order to reconstruct the paleoceanography in the Gulf of 
California, a Reineck core was obtained in 670 m of water 
from the Carmen Basin (25°53.311'N 110°52.267'W). 
Core C53B is 26 cm long, and 25 samples were collected 
and observed under a cross-polarizing light microscope 
(1000x) by counting 300 coccoliths per slide (Fatela & 
Taborda, 2002). Samples were prepared using the decan-
tation technique described by Flores & Sierro (1977).

The coccolithophore assemblage was dominated 
by Gephyrocapsa (> 3µm) with an average of 43.1%, 
followed by Emiliania huxleyi with 26.9%, while a signif-
icantly lower abundance was seen for Helicosphaera 
spp. (9.2%), Calcidiscus spp. (5.5%), Gephyrocapsa 
<3μm (3.4%), and Acanthoica spp. (3%). The following 
minority abundance taxa were also considered: Umbilico-
sphaera spp. (1.4%), Oolithotus fragilis (0.7%), Ponto-
sphaera spp. (0.5%), and Syracosphaera spp. (0.4%).

Relative abundances and environmental affinities 
suggest the following paleoceanographic scenarios for 
the Carmen Basin. In the basal core section (26-14 cm), 
the presence of Gephyrocapsa > 3μm and E. huxleyi indi-
cated waters with high productivity and the influence of 
upwelling. The presence of Helicosphaera spp., Calci-

discus spp., Acanthoica spp., Oolithotus fragilis, and 
Syracosphaera spp. indicated waters of low productivity 
and little upwelling. According to the conditions and 
abundance peaks of the minority taxa, we suggest a eutro-
phic environment with varying intensities of upwelling. 
In the middle of the core (14-8 cm), the dominant taxa 
showed constant values exceeding abundance averages, 
and Gephyrocapsa (> 3μm) exhibited a linear abundance 
trend, while the abundance of E. huxleyi increased slightly. 
We thus infer that during times of upwelling, conditions 
were fairly stable. In the upper core section (8-0 cm), the 
abundance of taxa showed fluctuating trends, and Gephy-
rocapsa <3μm increased in a manner very similar to what 
is at the top of the core. We deduce a mesotrophic envi-
ronment with alternating intensities of upwelling.
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An assemblage of weakly calcified coccolithophorid 
genera and species were described from Polar Regions 
almost 40 years ago. In the interim period, a few addi-
tional findings have been reported that expand the known 
habitat of some of the species. The genus Pappomonas 
is revisited here with the purpose of providing, based on 
additional sampling from both the Arctic and Antarctic 
regions, an update on species morphology, life history 
events, and biogeography that can serve as a reference 
for the future. The examination of a substantial number 
of cells unequivocally supports the identification of a 
new species of Pappomonas (previously referred to as P. 
flabellifera var. borealis) as a separate taxon because it 
differs from P. flabellifera in a number of critical morpho-

logical features. Additional evidence in favor of linking P. 
virgulosa and Balaniger balticus in a shared life history, 
in combination with profound differences in coccolith 
morphology between the Pappomonas type species (P. 
flabellifera) and P. virgulosa, has prompted us to recom-
mend that P. virgulosa be removed from Pappomonas and 
in the future be referred to as Balaniger balticus HET. A 
new Pappomonas species is described to accommodate 
Antarctic material from the Weddell Sea. While fitting 
convincingly into the Pappomonas generic concept, this 
species adds new dimensions to the overall appearance of 
the coccolith armor of the cell and emphasizes the close 
relationship between species of Pappomonas and Pappo-
sphaera.
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The Mediterranean Sea, a semi-closed basin, is a small-
scale ocean with high environmental variability and steep 
physicochemical gradients, and it is influenced by both 
tropical and mid-latitude climatic processes. The climatic 
changes imprinted on the sedimentary archive of the 
Mediterranean Sea are closely dependent upon (1) orbital, 
suborbital, and solar cyclicities, (2) global atmospheric 
teleconnection patterns, and (3) shifts in the Intertropical 
Convergence Zone (ITCZ) over Africa. The Aegean Sea 
is a crucial area in the Mediterranean due to its rapid 
response to atmospheric forcing, thus making it an ideal 
case study for the analysis of deep-water formation and its 
relationship to climate change. The Aegean Sea, located at 
the NE edge of the eastern Mediterranean, is not directly 
affected by Atlantic oceanic circulation and is unique 
in terms of (1) sea-bottom geomorphology (i.e., several 
sub-basins with diverse bathymetries) and (2) produc-
tivity levels in the individual sub-basins. As opposed to 
present-day oceanographic conditions, the quasi-periodic 
occurrence of organic-rich layers, so-called sapropels, 
throughout the last 13.5 million years indicates inter-
vals of dramatically different oceanographic and trophic 
conditions. Recent paleoceanographic findings suggest 
that during the Holocene, the northeastern Mediterranean 
climate was less stable than previously thought. Indeed, 
several recently generated Aegean paleoceanographic 
records of sapropel S1 suggest that during the Holocene, 
there were short-term potentially global cooling episodes, 
which resulted from North Atlantic climatic fluctuations 
and possibly were related to solar variability.  These 
episodes were superimposed on the underlying regional 
subtropical/tropical influences on the hydrography and 
ecosystems.

The present study compares several paleoceanographic 
records from the northeastern Mediterranean in order to 
(1) identify sensitivities and response-modes to tempera-

ture and hydrological change during the sapropel S1 times 
through the use of coccolithophores and (2) determine 
paleoceanographic exchanges between the northeastern 
Mediterranean and the Black Sea, given the influence of 
the latter on deep-water formation, lower salinity influx, 
and the supply of nutrients to the Aegean Sea/NE Medi-
terranean.

Detailed quantitative analyses of coccolithophores were 
performed on the deep-sea deposits of the northeastern 
Mediterranean Sea from five gravity cores from the North 
Aegean Sea (SL 152), the SE Aegean (NS-14, NS-18), 
the SW Aegean (SK-3), and the south Cretan continental 
margin (HCMR 2/22).  The focus of the study was on the 
regional expression of sapropel S1 deposition. At all sites, 
higher values of Florisphaera profunda, Helicosphaera 
spp., and Braarudosphaera bigelowii, and the concomi-
tant increase of stratification S index in the sapropel inter-
vals, can be interpreted to result from elevated marine 
production and enhanced inflow of fresh water during 
the S1 period. A series of cooling events were discov-
ered in the S1 depositional interval that may be linked to 
outbursts of cold northerly air masses and related pulses 
in the deep-intermediate water ventilation, which caused 
a temporary cessation of S1 at ~8 ka. During this interval, 
the peak of Emiliania huxleyi, the decrease in abundance 
of F. profunda, Helicosphaera spp., and Rhabdosphaera 
spp., and a general increase in net primary production 
(NPP), are related to shoaling of the nutricline and higher 
production in the surface layer. The stratification S index 
is significantly higher in the north Aegean with respect to 
the south Cretan margin, reflecting higher productivity in 
the deep photic zone during S1 deposition. The concomi-
tant increased presence of B. bigelowii is linked to prom-
inent riverine input in the north Aegean basins and the 
influx of Black Sea waters after 8 ka.
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Coccolithophore species exhibit a variety of cocco-
lith morphologies. Although the exact function of these 
structures is as yet unclear, it is possible to posit and test 
specific consequences for an individual cell. In this study, 
we carried out sinking experiments using scaled-up cocco-
lithophore models in order to test the effect that cocco-
lith shape has on whole-organism sinking dynamics. We 
constructed models of three of Young's (1994) proposed 
coccosphere types – placolith-bearing, umbelliform, 
and floriform – which correlate to different environ-
ments. When we compared placolith-bearing forms with 
different coccolith sizes, we found that the model with 
the largest coccoliths had a slower terminal velocity than 
the other size classes. The floriform model preferentially 
oriented itself when sinking so that the concave side faced 
upwards; it fell with a speed similar to that of the large 
placolith model. The umbelliform model sank at a slower 
speed than all the other models, despite being signifi-
cantly heavier. (All other models had identical masses.) 
This is likely a result of the stalked coccoliths increasing 

the effective radius of the model, thus increasing its drag 
without increasing its mass (which would be the case if 
it were a solid sphere). A sphere of equal mass with a 
radius equal to that of the inner radius of the umbelliform 
model sank with a greater terminal velocity; the Stokes 
radii of the umbelliform model and the equal-mass sphere 
differed by an order of magnitude. To test the effect of 
coccolith arrangement in a coccosphere, we systemati-
cally removed coccoliths from the umbelliform model, 
thus changing the packing density of the structures. We 
found that terminal velocity decreased in a linear fashion, 
though the magnitude of decrease cannot be explained 
by the decrease in mass alone. Our experiments demon-
strated that coccolith shape influences the overall fluid 
dynamics of coccolithophores. 
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The Santonian-Campanian boundary and the upper 
Campanian were investigated from Tethyan sections in 
Austria, Hungary, Spain, and Turkey.  Sections in the 
Austrian part (Northern Calcareous Alps and Ultrahelvetic 
units) of the northwestern Tethys recorded Late Creta-
ceous nannofossil biostratigraphic events within neritic to 
bathyal environments. It was possible to correlate calcar-
eous nannoplankton and planktonic foraminiferal bio-
events with macrofossils and isotope chemostratigraphy. 

The Santonian-Campanian boundary interval was 
investigated in several sections. The crinoid Marsupites 
laevigatus (uppermost Santonian with last occurrence 
proposed as a marker event for the base of the Campanian 
by Gale et al., 1995) was found, along with ammonites 
and inoceramids (Wagreich et al., 2009). Globotrunca-
nita elevata with its first (local) appearance indicated 
the asymetrica–elevata planktonic foraminiferal Concur-
rent Range Zone, which straddles the boundary interval. 
Nannofossils in our sections placed the boundary within 
standard Zone CC17 (Sissingh, 1977; Perch-Nielsen, 
1985) and Zones UC12-13 (Burnett, 1998), with Arkhan-
gelskiella cf. cymbiformis already present in the upper 
Santonian sediments. The first occurrence of the nanno-
fossil Broinsonia parca parca, which defines the base of 
standard Zones CC18/UC14, was found in early Campa-
nian sediments. The nannofossil event closest to the 
inferred boundary in the Tethyan sections was the first 
common occurrence of curved Lucianorhabdus cayeuxii. 
The base of Chron 33r, the first reversal after the Long 
Cretaceous Normal and another candidate marker event 
for the base of the Campanian (Ogg & Hinnov in Grad-
stein et al., 2012: 83.6 Ma), was within Subzone CC17b.

In the late Campanian, the base of Zone CC22 - 
UC15dTP, defined by the first occurrence of Uniplanarius 
trifidus, correlated to the first occurrence of Radotrun-
cana calcarata (base of the calcarata planktonic fora-

minifera Zone; Wagreich et al., 2012). This combined 
nannofossil and planktonic foraminiferal event is situated 
above a mid-Campanian carbon isotope event and below 
the late Campanian event, a significant negative carbon 
isotope excursion in the upper part of nannofossil Zone 
CC22-23a.
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Geological hazard assessments are vital to the success of 
deepwater production facility design.  We investigated the 
geochronology of 14 geophysical horizons to understand 
better the timing of fault displacement and subsequent 
submarine mass wasting as part of a geohazard assess-
ment for a field located in the deep waters of the Gulf of 
Mexico. To calculate the ages for these geophysical hori-
zons in the supra- and extra-salt sections near the field 
area, radiocarbon, stable oxygen isotopes, and biostra-
tigraphy were evaluated in 420 samples from a series of 
geotechnical bore holes and cores collected from sedi-
ments shallower than 500' below mudline.  The stable 
oxygen isotope record was utilized to help reduce uncer-
tainty in the age of sediments between biostratigraphi-
cally constrained events.  These events are crucial to 
interpreting the stable isotope record, due to geological 
and sampling gaps.

Late Pleistocene published nannofossil datums were 
utilized to constrain the geochronology of cored sedi-
ments (Martini, 1971; Gartner, 1977; Okada & Bukry, 
1980; de Kaenel et al., 1999). The first stratigraphic event 
beyond the limits of radiocarbon utility is the highest 
common occurrence of Gephyrocapsa spp. at 70 ka, when 
it becomes significantly more abundant than Emiliania 
huxleyi.  Likewise, a nannofossil assemblage dominated 
by Gephyrocapsa oceanica (base of CN14) was recog-
nized at ~161 ka. The lowest occurrence of E. huxleyi 
(base of NN21/CN15) is a well-established event occur-
ring between 248 ka and 270 ka (de Kaenel et al., 1999; 
de Kaenel, 2000). We adopted the age for this horizon 
at 270 ka as it is constrained by oxygen isotope stratig-
raphy in the Mediterranean (datum 3 of de Kaenel et al., 
1999).  The Highest Occurrence (HO) of circular Pseudo-
emiliania lacunosa lacunosa (=Salisia kamptneri; base of 
NN20/CN14b) is a significant, widely used nannofossil 
event that occurs at 439 ka (datum 4 of de Kaenel et al., 
1999).

Assigned depositional ages of mapped horizons were 
derived from the integrated assessment of all the geochro-
nological data from samples above and below mapped 
horizons in all sampled boreholes.  Several sources 
of error will be discussed when considering the depths 
and assigned ages of mapped horizons.  For example, 
geophysical mapping uncertainty, velocity-depth conver-
sion, borehole sampling relative to seismic acquisition 
lines, and under sampled horizons introduce larger uncer-
tainties.  Estimates in age uncertainty are discussed and 
assigned for each horizon.

Comparing these horizons with global sea-level curves 
and marine isotope stages, the hypothesis is that recent 
activity of principle geohazards are tied to drops in sea 
level and increases in sediment mass accumulation rate.  
Therefore, a predicted larger magnitude and higher rate of 
fault displacement and mass wasting in the area are then 
linked to sea-level lowstands or glacial maxima. 
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The World Wide Web (WWW) has revolutionized access 
to information, enabling anyone to search for and hope-
fully find information on virtually anything. Conversely, 
it means that there is an increasing need to deliver reli-
able taxonomic data through the WWW. Students, non-
specialist researchers, and indeed even expert taxonomists, 
working outside their areas of specialization, increasingly 
expect to find answers via the Web rather than from tradi-
tional monographs and may even trust answers found via 
the Internet more than from printed publications. So, there 
is a general need to deliver authoritative taxonomic data 
via the Web, and this certainly applies to micropaleon-
tology. 

Nannotax is an online database of nannofossil 
taxonomy and images that we have been developing over 

the past five years, and while progress has not been as 
speedy as we had hoped, it still has been considerable. 
The system now contains high-quality images of nearly 
all nannofossil species with concise diagnostic notes on 
most species and longer descriptions of some. The Meso-
zoic module in particular has been vastly improved over 
the past couple of years.

There has also been a major software upgrade to the 
underlying “scratchpads” Content Management System 
(see http://scratchpads.eu/). The Nannotax site has 
migrated into this new system, and by the time of the 
INA14 meeting, the new version should be fully online, 
incorporating various suggestions made by end users.  We 
will demonstrate the changed system and outline future 
plans.

Nannotax - creating a web directory of nannofossil  
taxonomy
Jeremy R. Young
jeremy.young@ucl.ac.uk
Paul R. bown
p.bown@ucl.ac.uk
Jackie a. lees
j.lees@ucl.ac.uk
Department of Earth Sciences, University College London, London WC1E 6BT, UK
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The pelagic ecosystem is a critical component of the 
earth's biosphere and biogeochemistry. It is also, however, 
a complex and in many respects poorly understood 
system. As a consequence, predicting the likely impact of 
ocean acidification on the pelagic realm is problematic, 
and predicting the possible secondary biogeochemical 
effects of these impacts is "challenging". Nonetheless 
there is a major societal need to predict these impacts and 
outcomes.

Within the UK Ocean Acidification Programme, our 
consortium is tasked with "improving the understanding of 
the impact of ocean acidification on surface ocean biology, 
community structure, biogeochemistry, and on feedbacks 
to the climate" (http://www.surfaceoa.org.uk).  To ensure 
that we are complementary with other programmes, we 
have adopted a cruise-based approach. Three cruises have 
been undertaken: Cruise D366 in the summer of 2011, 
around the northwest European shelf, Cruise JR271 in the 
summer of 2012, to the Arctic Ocean, and a final cruise to 
the Antarctic in January/February 2013. On each cruise, 
we combined extensive environmental observations with 
deck-board incubation experiments. The environmental 
observations were made with both continuous sampling 
techniques and CTD (conductivity, temperature, and 
depth) sampling. The cruise tracks were designed to cross 
environmental gradients in ocean chemistry and espe-

cially in carbonate chemistry. The objective is to produce 
a high quality matrix of multiple environmental param-
eters, including fully characterized carbonate chemistry 
(pH, CO2, DIC, and alkalinity were measured), nutrient 
chemistry, trace elements, climatically active gases, TEP 
(triethyl-phosphate), phytoplankton and zooplankton 
composition, and biocalcification. The biocalcification 
studies include a microfabric study of pteropods, in situ 
calcification rates, and integrated morphometric and 
assemblage composition analyses of coccolithophores.

The incubation experiments were conducted with the 
use of a dedicated culture facility that was constructed in 
a shipping-container laboratory. This allows large-scale 
well-controlled experiments to be carried out that produce 
samples for analysis using the same range of techniques 
as the environmental sampling. On each cruise, six 4-day 
incubation experiments were carried out in diverse ocean-
ographic settings with four CO2 levels.

Overall, the project was specifically designed to create 
a dataset that allows testing of a wide range of hypotheses 
on the possible direct impacts and secondary effects of 
ocean acidification. This talk will include an overview of 
results to date on coccolithophores, a key group of biocal-
cifying organisms, and the degree to which they support 
these diverse hypotheses.

Cruise-based multi-factorial investigation of the impact of 
ocean acidification on the pelagic biosphere 
Jeremy R. Young
Earth Sciences, University College London, London, UK; jeremy.young@ucl.ac.uk
Toby Tyrell
National Oceanography Centre, University of Southampton, Southampton, UK; Toby.Tyrrell@soton.ac.uk
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SP-1:  Garcia Romero, F.*, Cortés, M.M.Y., et al., Cocco-
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suborbital scale?
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calcareous nannoplankton assemblages along the NE 
Florida continental margin:  a look at loop current 
shedding and the DeSoto Canyon funnel effect

SP-11:  Ausín, B., Flores, J.-A., et al., High resolution 
reconstruction of productivity using coccolithophores 
in two sites in the Alboran Sea (Western Mediterra-
nean Sea) during the last 25 kyr

SP-12:  Castro, A.*, Fernando, A.G.S., et al., Nannofos-
sil biostratigraphy of northwest Leyte (Visayan Basin)

SP-13:  Newsam, C.*, and Bown, P., Calcareous nanno-
plankton response across the Eocene-Oligocene transi-
tion in the North Atlantic Ocean

SP-14:  Salaviale, C.*, and Mattioli, E., Climate, CCD 
, and calcareous nannofossils:  actions and feedback 
during the middle Eocene

SP-15:  Salem, R.*, and Aubry, M.-P.  Coccolith biostra-
tigraphy across the Cretaceous-Paleogene Boundary 
of the Dababiya Quarry Core, Egypt

SP-16:  Brace, B.*, and Watkins, D.K., North American 
Middle and Late Cretaceous paleoceanographic trends 
evidenced by Biscutum

SP-17:  Magtoto, C.Y.*, Fernando, A.G.S., et al., Calcar-
eous nannofossil biostratigraphy across the Cenoma-
nian-Turonian boundary of the Great Valley Group, 
California
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versus downward coccolith flux in a canyon setting 
at the southwestern Cretan margin (eastern Mediter-
ranean Sea)

P-2:  Meier, K.J.S., and Kinkel, H., Living on the edge 
of CaCO3 undersaturation:  a recurring autumn coc-
colithophore bloom in Kiel Bay (SW Baltic Sea)
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nannoplankton off NW Africa (Cape Blanc) – seasonal 
and inter-annual dynamics of coccolithophore fluxes
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sil coccolithophore communitites in the West Iberia 
Margin and Gulf of Cadiz (IODP Exp. 339):  oceano-
graphic and environmental controls

P-5:  Baumann, K-H., Böckel, B., et al., Biogeography 
and ecology of Calcidiscus and Umbilicosphaera in 
the South Atlantic

P-6:  Baumann, K.-H., and Meggers, H., Coccolitho-
phores in the Eastern Boundary Current System off 
NW Africa:  response to abrupt climate events during 
the last 45,000 years

P-7:  Temazatzi, A., Carmen Álvarez, M., et al., The last 
150 years of coccoliths in the Carmen Basin, Gulf of 
California

P-8:  Athanasiou, M., Dimiza, M.D., et al., Climate vari-
ability at the North Aegean Sea (eastern Mediterranean 
Sea) during the last two millennia:  coccolithophore 
evidence
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P-9:  Bordiga,  M., Cobianchi, M., and Lupi, C., Pale-
oceanographic changes in the NW Pacific Ocean over 
the last 450 ka:  evidence from statistical analysis of 
calcareous nannofossil assemblages

P-10:  Cavaleiro, C., Voelker, A., et al., North Atlantic 
paleo-productivity changes during Marien Isotope 
Stages (MIS) 10 to 16 – coccolithophore Sr/Ca evi-
dence

P-11:  Buitrago Reina, Y.M., Flores, J.-A., and Sierro, F. 
J., Calcareous nannofossils and water dynamics in the 
eastern Pacific and Caribbean (western Atlantic) dur-
ing the final phase of the emersion of Central America

P-12:  Chuanlian, L., 5 Ma coccolith records and their 
paleoceanographic significance in the south of the 
South China Sea

P-13:  Holcová, K., and Doláková, N., Response of cal-
careous nannoplankton assemblages to the Middle 
Miocene Climatic Transition in the epicontinental sea 
(Carpathian Foredeep, Central Paratethys)

P-14:  Musatov, V., and Vasilyeva, O., The Middle Eocene 
Climatic Optimum (MECO) event in the Keresta bore-
hole in southern Russian Platform and changes in the 
nannofossil and dinoflagellate cysts assemblages

P-15:  Bartol, M., Tulbure, M., et al., The Badenian-Sar-
matian boundary in the Getic Depression:  preliminary 
results of integrating biostratigraphy and magneto-
stratigraphy

P-16:  Fernando, A.G.S., Magtoto, C.Y.*, et al., Calcare-
ous nannofossil biostratigraphy of selected sedimen-
tary formations on Negros Island (Visayan Basin, Cen-
tral Philippines)

P-17:  Fioroni, C., Persico, D., et al., Middle Eocene – 
lower Oligocene nannofossil biostratigraphy and pale-
oceanography from ODP Site 711 (Equatorial Indian 
Ocean)

P-18:  Kulhanek, D.K., Morgans, H.E.G., et al., Age 
and paleoenvironmental constraints based on calcar-
eous nannofossil and foraminifera assemblages from 
the Eocene-Miocene of Lord Howe Rise, southwest 
Pacific Ocean

P-19:  Padilla, P.E., Reyes, A., et al., Biostratigraphic cor-
relation of Paleogene sediments, based on calcareous 
nannofossils in four wells from the Tampico-Misantla 
Basin, Gulf of Mexico

P-20:  Mahanipour, A., Parandavar, M., and Aghanabati, 
A., Late Maastrichtian-early Paleocene calcareous 
nannofossil biostratigraphy in southwest Iran

P-21:  Stoykova, K., Dinares-Turell, J., et al., Integrated 
high-resolution nannofossil biostratigraphy and cyclo-
magnetostratigraphy of the upper Maastrichtian:  cor-
relation between the Bjala (Bulgaria) and Sopelana 
(Spain) sections

P-22:  Sheldon, E., Morigi, C., et al., Stratigraphy of the 
late Campanian-Maastrichtian boreal chalk based on 
foraminifera, calcareous nannofossils, and carbon 
stable isotopes:  new results from the Femern Baelt, 
Denmark and Germany

P-23:  Sheldon, E., Ineson, J., et al., Nannofossil biostra-
tigraphy and paleoecology of the Danish Lower Cre-
taceous reservoir chalks (Tuxen and Sola Formations)

P-24:  Švábenická, L., Čech, S., and Uličný, D., Nanno-
fossils across the late Cenomanian to middle Conia-
cian interval, Bechary section, Bohemian Cretaceous 
Basin:  state of the art

P-25:  Karam,  K.A., and Kadar, A.P., Mid-Cretaceous cal-
careous nannoplankton biostratigraphy and paleoenvi-
ronment of Wasia Group, onshore Kuwait

P-26:  Seefelt, E.L., Self-Trail, J.M., and Schultz, A.P., 
How to slow dissolution of calcareous nannofossils:  a 
comparison of three preservation techniques

P-27:  Blaj, T., Cole, S., et al., An industrial revolution:  a 
comparison of industry and research nannofossil quan-
titative counting techniques

P-28:  Barbarin, N., Beaufort,  L., et al.,  Automated rec-
ognition of calcareous nannofossils:  an application for 
quantitative biostratigraphy

P-29:  Lupi, C., Bordiga, M., et al., Can sample prepara-
tion techniques affect data on the relative abundance of 
Florisphaera profunda?

P-30:  Persico, D., Cogliati, C., et al., Micropaleontol-
ogy in archaeology:  reconstruction of provenance of 
ancient ceramics through calcareous nannofossils
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