
Barker, P. F, Kennett, J. P., et al., 1990 
Proceedings of the Ocean Drilling Program, Scientific Results, Vol. 113 

37. PALEOCENE TO MIDDLE EOCENE CALCAREOUS NANNOFOSSILS OF 
ODP SITES 689 AND 690, MAUD RISE, WEDDELL SEA1 

James J. Pospichal2 and Sherwood W. Wise, Jr.2 

ABSTRACT 

Cores from Sites 689 and 690 of Ocean Drilling Program Leg 113 provide the most continuous Paleocene and Eo
cene sequence yet recovered by deep sea drilling in the high latitudes of the Southern Ocean. The nannofossil-foramini
fer oozes and chalks recovered from Maud Rise at 65 CS in the Weddell Sea provide a unique opportunity for biostrati
graphic study of extremely high southern latitude carbonate sediments. 

The presence of warm water index fossils such as the discoasters and species of the Tribrachiatus plexus facilitate the 
application of commonly used low latitude calcareous nannofossil biostratigraphic zonation schemes for the upper Pa
leocene and lower Eocene intervals. In the more complete section at Site 690, Okada and Bukry Zones CP1 through 
CP10 can be identified for the most part with the possible exception of Zone CP3. Several hiatuses are present in the 
sequence at Site 689 with the most notable being at the Cretaceous/Tertiary and Paleocene/Eocene boundaries. 

Though not extremely diverse, the assemblage of discoasters in the upper Paleocene and lower Eocene calcareous 
oozes is indicative of warm, relatively equable climates during that interval. A peak in discoaster diversity in uppermost 
Paleocene sediments (Zone CP8) corresponds to a negative shift in 5180 values. Associated coccolith assemblages are 
quite characteristic of high latitudes with abundant Chiasmolithus, Prinsius, and Toweius. Climatic cooling is indicated 
for middle Eocene sediments by assemblages that contain very abundant Reticulofenestra, lack common discoasters and 
sphenoliths and are much less diverse overall. 

Two new taxa are described, Biscutum? neocoronum n. sp. and Amithalithina sigmundii n. gen., n. sp. 

INTRODUCTION 

Ocean Drilling Program Leg 113 Sites 689 and 690 are lo
cated 700 km off east Antarctica on Maud Rise at latitude 65 °S 
(Fig. 1A). The sites were cored to retrieve calcareous and sili
ceous sediments beneath the present day Antarctic water mass 
in order to study the changes in these sediments in response to 
the late Mesozoic-cenozoic evolution of climate and ocean con
ditions around Antarctica. Of particular interest is the high per
centage of nannofossil ooze and chalk recovered at this exception
ally high-latitude site, the southernmost locality to have yielded 
such sediments in the history of deep sea drilling. 

Site 689 lies nearly 116 km northeast of Site 690, which is 
downslope on the southwest flank of Maud Rise as shown in the 
bathymetric profile in Figure IB. At Site 689, siliceous and cal
careous oozes to chalks were recovered to a depth of 297 mbsf 
(meters below seafloor). Cherts are present near the top of the 
Pliocene as well as in the Maestrichtian sequence. The Neogene 
section consists mostly of radiolarian and diatom oozes with 
minor interbeds of calcareous nannofossil ooze in the Miocene. 
Foraminifer-nannofossil oozes grading to chalks comprise the 
Paleogene to Maestrichtian sequence (Fig. 2). 

Lithologies at Site 690 are similar except that there is less 
chert and a higher terrigenous component in the Paleocene and 
Maestrichtian sediments. In addition, the section has fewer hia
tuses. 

This study will consider the calcareous nannofossil biostra
tigraphy of the Paleocene to middle Eocene of Sites 689 and 
690. See Wei and Wise (this volume) for studies of nannofossils 
from the middle Eocene to Miocene of these sites, and Pospi
chal and Wise (this volume, chapters 32 and 30) for the descrip-
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Figure 1. A. Location map of Sites 689, 690, and other ODP Leg 113 
Sites, Weddell Sea off East Antarctica. SOM = South Orkney micro-
continent. Bathymetric contours are numbered every 1000 m. B. Bathy
metric profile of Maud Rise projected to the west (see A) along a sche
matic northwest-southeast transect across the Weddell Sea, showing the 
relative positions and depth distributions of the Leg 113 sites, mbsl = 
meters below sea level. 
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Figure 2. Summary of lithologies from Barker, Kennett, et al. (1988). A. Site 689. B. Site 690. 

tions of coccolith assemblages from the subjacent Cretaceous/ 
Tertiary (K/T) boundary and Maestrichtian sequences. 

Calcareous nannofossils are abundant in all samples exam
ined from the middle Eocene and Paleocene units. Nannofossils 
are generally moderately well preserved throughout the section 
at both sites with slightly better preservation at Site 690. Preser
vation and overall abundances and individual nannofossil species 
abundances are recorded in Tables 1-5. All species considered in 
this report are listed in the Appendix. Bibliographic references 
for these taxa are given in Loeblich and Tappan (1966-1973), 
van Heck (1979-1983), and Steinmetz (1984a-1989). Any taxa 
not cited therein are given in the references. 

The upper Maestrichtian-lower Paleocene interval is the first 
recovered in the South Atlantic sector of the Southern Ocean 
and offers an unprecedented opportunity for biogeographic and 
biostratigraphic studies. The work here is an extension of the 
initial southwest Atlantic studies from DSDP Leg 36 (Barker, 
Dalziel, et al., 1977) and Leg 71 (Ludwig, Krasheninnikov, et 
al., 1983) on the Falkland Plateau. Calcareous nannofossil bio
stratigraphic work from those legs was conducted by Wise and 
Wind (1977), Wise (1983), and Wind and Wise (1983). This 
present study should answer the biostratigraphic questions which 
remained unanswered due to the absence of certain intervals in 
the middle and lower Eocene and the lower Paleocene of the 

Falkland Plateau. Recently, calcareous nannofossil work on mid-
latitude Paleocene strata of Argentina was conducted by Ange-
lozzi (1988). The section described there consisted of nannofos
sil assemblages assigned to Martini's (1971) Zone NP3, and in
cludes some important taxa pertinent to our study. 

METHODS 
Smear slides of raw sediment were examined at 1000 x using 

the light microscope in order to estimate relative calcareous nan
nofossil abundance, preservation, and relative abundance of in
dividual species. The JEOL 840 scanning electron microscope 
(SEM) was employed to aid in precise identification of species 
and description of new taxa. 

Estimates of overall nannofossil abundance were given the 
following letter codes: V = very abundant (> 10 nannofossils/ 
field of view); A = abundant (1-10 nannofossils/field of view); 
C = common (1 nannofossil/2 fields of view). 

Average state of preservation of nannofossils/sample is des
ignated in the following way: G = good (little or no etching or 
overgrowth); M = moderate (some etching and/or overgrowth; 
identification of species is typically not impaired); P = poor 
(strong etching and/or overgrowth; identification of species is 
impaired but often still possible). 
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Figure 2 (Continued). 

Relative individual species abundance estimations follow the 
procedure of Hay (1970) and are indicated in the following man
ner: V = very abundant (>10 specimens/field of view); A = 
abundant (1-10 specimens/field of view); C = common (1 speci
men/2-10 fields of view); F = few (1 specimen/11-100 fields of 
view); R = rare (1 specimen/101-1000 fields of view); P = 
present (only 1 specimen observed/slide). 

ZONATION 
The number-coded coccolith zonation compiled by Okada 

and Bukry (1980) is used with some modifications in this report 
for the Paleocene and Eocene sequences (Fig. 3, Tables 1-5). Al
though this zonation was developed primarily for the low lati
tudes, the nannofossil assemblages in the Paleocene and lower 
Eocene sections at this high-latitude site are sufficiently diverse 
to allow the application of this scheme. Most zones can be rec
ognized in the Paleocene and lower Eocene, although in most 
cases, the higher biostratigraphic resolution obtained from sub
zone identifications cannot be achieved. 

Paleocene 
Diversity in the lower Paleocene is adequate to allow the 

identification of most zones and subzones except for the Ellip
solithus macellus Zone (CP3). That zone is based on the first 
occurrence (FO) of the nominate species, a low- to mid-latitude, 
relatively shallow-water form which is rare in many sections and 
is absent here. An alternate approach to approximate the CP2/ 
CP3 boundary is the use of the FO of Neochiastozygus saepes 
or Prinsius martinii (Perch-Nielsen, 1979a). This usage is ap
plied in this report to approximate the base of the zone at Site 
690. The Cretaceous/Tertiary (K/T) boundary or the base of 
the Zygodiscus sigmoides Zone (CP1) is defined here on the 
FO of Biantholithus sparsus (Pospichal and Wise, this volume, 
chapter 32). This differs from the Okada and Bukry (1980) 
scheme, which uses the last Cretaceous species to mark the base 
of CP1. At Site 690, however, the original K/T boundary sur
face has been all but obliterated by strong bioturbation and sev
eral other criteria have been used to delimit that horizon (see 
Pospichal and Wise this volume, chapter 32). 

The delineation of the upper Paleocene Discoaster mohleri 
Zone (CP6) is hampered by the sporadic occurrence of the warm-
water species, D. mohleri, the FO of which marks the base of 
the zone. Thus, the CP5/CP6 boundary cannot be determined 
with a high degree of confidence. 

Paleocene/Eocene Boundary 
The presence of the Tribrachiatus plexus here allows for an 

accurate zonation of the lower Eocene. The Paleocene/Eocene 
boundary is marked in this report by the FO of T. bramlettei, 
which marks the NP9/NP10 boundary of Martini (1971). Tradi
tionally, the Paleocene/Eocene boundary is drawn at the top of 
NP9, which roughly correlates to the top of CP8 of Okada and 
Bukry (1980), who mark the top of the zone by the FO of T. 
contortus. However, the first occurrence of this form is noted by 
most authors above the Paleocene/Eocene boundary (e.g., Hay 
and Mohler, 1967). The FO of D. diastypus is also used by 
Okada and Bukry (1980) to define this boundary, but the occur
rence of this form is too rare in this section to be used as a reli
able marker. The last occurrence (LO) of Fasciculithus was noted 
by Shackleton et al. (1984) to occur slightly below NP 10 and 
could be used to approximate the boundary, except that here, 
because of reworking, its LO is well above the CP8/CP9 bound
ary and even above the LO of T. contortus (Table 3). 

Diversity is noticeably lower in the middle Eocene, and the 
occurrence of warm-water marker species is sporadic. For this 
report it is necessary to combine the Discoaster sublodoensis 
(CP12) and Nannotetrina quadrata (CP13) Zones. Species such 
as D. sublodoensis and Nannotetrina fulgens were noted, but 
their occurrences were too inconsistent to be reliable markers. 
Usual markers for the middle Eocene, Rhabdosphaera inflata, 
R. gladius, Chiasmolithus gigas, and D. saipensis, were not 
noted in the section. Further observations on the biostratigra
phy of Sites 689 and 690 are discussed below and summarized in 
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Table 1. Distribution of calcareous nannofossils in the Eocene of ODP Hole 689B. V = very abundant, A = abundant, C = common, F = few, R 
= rare, G = good, M = moderate, P = poor. Reworked specimens are denoted by lower case letters. 

Age 

middle 
Eocene 

late 
Paleocene 

Zone or 
subzone 

Reticulofenestra 
umbilica 
(CP14) 

Nannotetrina 
quadrata/ 
Discoaster 
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(CP13)/(CP12) 

Discoaster 
multiradiatus 

(CP8) 

Core, section, 
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21H-1 
21H-2 
21H-3 
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Figure 4, and Tables 1-5. Correlation of biostratigraphy with 
magnetostratigraphy is also shown in Figure 4. 

SITE SUMMARIES 

Site 689 (64°31.01'S, 03°05.99'E; 
water depth = 2080 m; Tables 1, 2) 

Hole 689B was cored to a depth of 297 mbsf, where chert lay
ers forced drilling to be terminated in Maestrichtian chalks an es
timated 30 m above basement. Foraminifer-nannofossil oozes are 
present in the upper Eocene to upper Paleocene section, grading 
to chalk in the lower Paleocene at this site (Fig. 2A). Calcareous 
nannofossils are abundant in all samples and preservation is ei
ther poor or moderate (Tables 1, 2). As shown in Figure 4A, hia
tuses were recorded at the Cretaceous/Tertiary boundary (Pos
pichal and Wise this volume, chapter 32), in the Danian, across 
the Paleocene/Eocene boundary, and in the upper Eocene/lower 
Oligocene (Wei and Wise, this volume). 

Eocene 
Sediments in Samples 113-689B-17H-6, 131-133 cm (157.92 

mbsf), to -18H-4, 31-33 cm (163.62 cm), are placed in the Retic
ulofenestra umbilica Zone (CP14) based on the first consistent 

occurrence of R. umbilica, which is never more than few in any 
samples examined. Diversity is quite low through this zone with 
the dominant species being abundant Chiasmolithus solitus, Coc
colithus pelagicus, R. samodurovii, and Zygrhablithus bijuga
tus. Few to common C. formosus, C. expansus, and Neococco-
lithes dubius are present also. 

Samples 113-689B-18H-5, 31-33 cm (165.12 mbsf), to -22X-3, 
132-133 cm (201.82 mbsf), are assigned to the combined D. 
sublodoensis-N. quadrata Zones (CP12-CP13). The assemblage, 
as above, is dominated by Reticulofenestra spp. and C. solitus. 
Neococcolithes dubius is common to abundant throughout and 
rare D. sublodoensis are present in only a few samples near the 
base of the interval. No attempt was made here to separate 
Zones CP12 and CP13. A few specimens of the CP13 zonal 
marker, N. fulgens (= N. quadrata), were noted in Samples 
113-689B-19H-1, 30-32 cm, and -19H-2, 30-32 cm, but its oc
currence is too rare to be considered useful. Amithalithina sig
mundii n. gen., n. sp. is common near the base of this zone. 

A hiatus spanning Zones CP9 to CPU separates this zone 
from upper Paleocene sediments of Zone CP8. This occurs be
tween Samples 113-689B-22X-3, 132-133 cm, and -22X-4, 30-
32 cm, and is indicated in Figure 4A by an arrow and a dashed 
line. 
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Table 1 (continued). 
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Paleocene 

The uppermost Paleocene Discoaster multiradiatus Zone 
(CP8) is assigned to sediments of Samples 113-689B-22X-4, 30-
32 cm (202.31 mbsf), to -24X-1, 116-118 cm (218.07 mbsf), 
where the FO of D. multiradiatus is recorded. The zone is char
acterized by abundant Chiasmolithus bidens, Zyghablithus bi
jugatus, Prinsius bisulcus, Fasciculithus, Toweius, and Spheno
lithus moriformis. Hornibrookina australis is few to common as 
is a new species described in this report, Biscutum? neocoronum 
(Pl. 1, Fig. 1). 

The presence of Heliolithus riedelii in Section 113-689B-
24X, CC (216.9 mbsf), and Sample 113-689B-25X, 5-6 cm 
(216.97 mbsf), places the interval in the H. riedelii Zone (CP7). 
The interval is separated from the underlying zone by a major 
hiatus spanning Zones CP4 to CP6. 

Samples 113-689B-25X-1, 18-19 cm (217.08 mbsf), to -25X-2, 
6-7 cm (218.46 mbsf), are assigned to the combined Zones Chi
asmolithus danicus (CP2) and Ellipsolithus macellus (CP3). The 
FO of C. danicus is recorded at the base of this short interval 
and defines the CP1/CP2 boundary. As stated earlier, the FO of 
Neochiastozygus saepes or Prinsius martinii could be used to 
approximate the CP2/CP3 boundary. Neochiastozygus saepes 

was not observed in this section (although present at Site 690), 
and only a few P. martinii were identified, thereby making the 
delineation of CP3 difficult. The assemblage here of very abun
dant P. dimorphosus, abundant Zygodiscus sigmoides and Cru
ciplacolithus edwardsii, common Thoracosphaera crassa, C. pri
mus, and C. tenuis, and only few Chiasmolithus danicus 
appears to be more characteristic of CP2, especially when com
pared to the same interval at Site 690 (Table 5). 

Sediments of Samples 113-689B-25X-2, 72-73 cm (218.12 
mbsf), to -25X-5, 83-84 cm (223.73 mbsf), at the Cretaceous/ 
Tertiary boundary are placed in the Cruciplacolithus tenuis Sub
zone (CPlb), the base of which is defined by the FO of C. te
nuis. The assemblage of this zone, as shown in Table 1, con
sists of common to abundant C. tenuis, C. primus, Zygodiscus 
sigmoides, Prinsius dimorphosus, Biscutum castrorum, Horni
brookina edwardsii, and Toweius selandius. Rare to few Marka
lius inversus and Neocrepidolithus spp. are also present. 

The lowest zone of the Tertiary is the C. primus Subzone 
(CPla), which was not recognized at this site. The interval en
compassing the K/T boundary is heavily bioturbated, and it is 
possible that this initial Danian subzone could be totally ob
scured. However, the boundary marker of Site 690, Biantho-
lithus sparsus, was not observed at this site nor was there an 
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Table 2. Distribution of calcareous nannofossils in the Paleocene of ODP Hole 689B. Symbols as in Table 1. 

Age 

late 
Paleocene 

early 
Paleocene 

Zone or 
subzone 

Discoaster 
multiradiatus 

(CP8) 

Discoaster \ 
nobilis 
(CP7) 

Ellipsolithus 
macellus/ 

Chiasmolithus 
danicus / 

(CP3)/(CP2) / 

Cruciplacolithus 
tenuis 

(CPlb) 

Core, section, 
interval (cm) 

23X-1, 29-31 
23X-2, 29-31 
23X-3, 29-31 
23X-4, 29-31 
23X, CC 
24X-1, 30-32 
24X-1, 116-118 

24X, CC 
25X-1, 5-6 

25X-1, 18-19 
25X-1, 81-82 
25X-2, 6-7 

25X-2, 39-40 
25X-2, 72-73 
25X-3, 10-11 
25X-3, 67-68 
25X-4, 14-15 
25X-4, 70-71 
25X-5, 5-6 
25X-5, 40-41 
25X-5, 60-61 
25X-5, 81-82 

Depth 
(mbsf) 

207.50 
209.00 
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interval with abundant Hornibrookina preceding the FO of C. 
tenuis as at Site 690. In addition, no iridium anomaly was de
tected at this Cretaceous/Tertiary contact as was found at Site 
690 (Michel et al., this volume). Thus the preponderance of the 
evidence suggests that Subzone CPla is absent at Site 689. The 
K/T boundary is discussed in more detail in Pospichal and Wise 
(this volume, chapter 32). 

Site 690 (65°09.63'S, 01°12.30'E; 
water depth = 2914 m; Tables 3-5) 

Two holes drilled at Site 690 penetrated Paleogene sediments. 
Hole 690B was cored to a depth of 213.4 mbsf before bottoming 
out in the upper Paleocene Heliolithus kleinpellii Zone (CP5). 
Paleogene sediments consist of calcareous nannofossil ooze and 
foraminifer-nannofossil ooze. The section is much more com
plete through the Eocene and Paleocene at this site as the se
quence is continuous from the middle Paleocene through the 
middle Eocene. A possible hiatus exists in the lower Paleocene 
of Hole 690C between Zones CP2 and CP4. In addition, the 
lower Eocene at this site, although apparently complete, is quite 
condensed when compared to the underlying Paleocene unit. 

The Eocene and uppermost Paleocene sequence was washed 
through during the drilling of Hole 690C. In a successful at
tempt to overlap this hole with the basal sediments of Hole 
690B, coring commenced at 204.2 mbsf in nannofossil oozes of 
late Paleocene age. Unfortunately, the overlapping Cores 113-
690C-11X and -12X were highly disturbed and recovery was 
poor. 

Hole 690C cored through the K/T boundary and reached 
basement at 317.0 mbsf where 1.71 m of basalt was sampled be
low the Maestrichtian nannofossil chalks. The lower Paleocene 
to Maestrichtian chalks contain a high terrigenous component 
in contrast to Site 689. The much improved coccolith preserva
tion at Site 690 is most likely due, at least in part, to this added 
component. 

As discussed in Pospichal and Wise (this volume, chapter 
32), the K/T boundary at this site appears to be continuous. Al
though the interval is highly bioturbated, the identification of 
the boundary is aided by a strong color contrast between Creta
ceous and Tertiary sediments. The dark brown color of the Ter
tiary material is most likely due to an increase in clay content, 
which is also noted at Site 689. Such an increase in clay content 
is present at many deep-sea K/T boundary sections and, in gen
eral, is attributed to a drop in calcareous plankton productivity. 
The following descriptions of Holes 690B and 690C are summa
rized in Figure 4B and Tables 3-5. 

Hole 690B 

Eocene 
The combined Discoaster sublodoensis-Nannotetrina quad-

rata Zones (CP12-CP13) are present in Section 113-690B-12H, 
CC (108.5 mbsf), to Sample 113-690B-15H-3, 30-32 cm (131.41 
mbsf). The FO of D. sublodoensis defines the base of this inter
val, and the top is placed at the FO of Reticulofenestra umbil
ica. This zonal assignment is hampered by the inconsistent oc
currence of D. sublodoensis and the fact that R. umbilica has 
been observed previously within sediments of Zone CP13 (Perch-
Nielsen, 1985; Applegate and Wise, 1987). In addition, speci
mens of the CP13 marker taxon, Nannotetrina fulgens, were 
observed at Hole 689B but not at the present site. The CP12/13 
boundary is approximated by the LO of D. lodoensis in Sample 
113-690B-14H-7, 27-29 cm (127.78 mbsf) but, considering its 
rare occurrence, the zonal boundary is drawn with a minimum 
of confidence. This is indicated by a dashed line shown in 
Figure 4B and Table 3. Sediments of these zones contain abun
dant Chiasmolithus bidens, Zygrhablithus bijugatus, Coccolithus 
pelagicus, Neococcolithes dubius, and Reticulofenestra. Chias
molithus expansus, Coccolithus formosus, and Amithalithina 
sigmundii n. gen., n. sp. are common throughout this interval. 
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Table 2 (continued). 
H

. 
un

iv
er

su
s 

H
or

ni
hr

oo
ki

na
 a

us
tra

lis
 

H
. 

ed
wa

rd
sii

 

H
. 

te
ur

ie
ns

is 

La
pi

de
ac

as
sis

 s
p.

 

I 

C 
F 
F 
P 
F 
F 

: F 

C 
F 

( 

p 

p 

F 
R 

C P 
C P 
c . 
c . 
C R 
C R 
C R 
C F 
F P 

R 
F . 
F P 

; . P 

M
ar

ka
liu

s 
ap

er
tu

s 

M
. 

in
ve

rs
us

 

N
eo

ch
ia

st
oz

yg
us

 c
ea

ra
e 

N.
 d

is
te

nt
us

 

N.
 e

os
ae

pe
s 

I 
I 

F . 

R 

F 

P 

R 
F 
F 

. F \ 
F 

F 
F 
F 

F 
F 
F 
F 
F 

F 
C 
F 
F 

i 

P 

R 

N.
 j

un
ct

us
 

N
eo

ch
ia

st
oz

yg
us

 s
p.

 

N
eo

co
cc

ol
ith

es
 d

ub
iu

s 

N.
 p

ro
te

nu
s 

Ne
oc

re
pi

do
lit

hu
s 

cr
uc

ia
tu

s 

R I 
I 

P I 
C I 
P 
F 
A 

F C 
F P 

1 P 

P 

P 

F 
F 
F 
F 
R 

N
eo

cr
ep

id
ol

ith
us

 s
p.

 

Po
nt

os
ph

ae
ra

 s
p.

 

Pr
in

siu
s 

bi
su

lc
us

 

P.
 d

im
or

ph
os

us
 

P.
 m

ar
tin

ii 

. . F . A 

. . C . A 
P A P A 
R A . A 

. . A . A 
F . C . A 
F F C . A 

A . A 
A C A 

V I 
V I 
A 

V 
A 
V 
V 
A 
V 
V 
V 
F 

) 

Sp
he

no
lit

hu
s 

m
or

ifo
rm

is 

Th
or

ac
os

ph
ae

ra
 c

ra
ss

a 

Th
or

ac
os

ph
ae

ra
 

op
er

cu
la

ta
 

To
we

iu
s 

ca
llo

su
s 

T. 
cr

at
ic

ul
us

 

A . F F C 
A . F R A 
A . C F C 
A . F A . 
C . F A . 
A P F F C 
A . C C A 

C : . F 
. F 

F C 
C C 
C C 

C C 
F C 
F C 
C C 
C C 
F C 
F F 
F F 
. F 

R 

A 
C 

T. 
em

 in
en

s 

T. 
se

 la
 nd

iu
s 

T. 
to

va
e 

Zy
go

di
sc

us
 

he
rly

ni
i 

Z.
 s

ig
m

oi
de

s 

C . C 
C . A 
C . A 
C . A 
C C A 
C . C 
C P F 

R 
F 
P 
F 

A P C P P 
A C F . F 

A 
A 
V 

A 
V 
A 
C 
C 
c 
R 

A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
C 

Zy
gr

ha
bl

ith
us

 
bi

ju
ga

tu
s 

Re
w

or
ke

d 
M

es
oz

oi
c 

Ta
xa

 

Ac
ut

ur
ri

s 
sc

ot
us

 

Ah
m

ue
lle

re
lla

 o
ct

ar
ad

ia
ta

 

Ar
kh

an
ge

ls
ki

el
la

 s
pp

. 

A 
A 
A 
A 
A 
A 
C 

P 

P 

P 

P 
. f 
P c 

r 
P 

r 
r 
a 

f 

P 
f 
P 
f 
r 
f 
f 
f 

r c 

Bi
sc

ut
um

 m
ag

nu
m

 

Ch
ia

sto
zy

gu
s 

sp
. 

Cr
et

ar
ha

bd
us

 c
on

ic
us

 

Cr
ib

ro
sp

ha
er

el
la

 d
an

ia
e 

C.
 e

hr
en

be
rg

ii 

P 
f 
r r r 

r 

• P 

• P 
• P • 
■ P • 

r 
f f p 
c c f 

Ei
ffe

lli
th

us
 

tu
rr

ise
iff

eli
 

r 
f 

r 
f 
P 
P 
r 
p 
p 
f 

Samples 113-690B-15H-4, 30-32 cm (132.91 mbsf), to -15H-5, 
30-32 cm (134.41 mbsf), are placed in the combined Tribrachia
tus orthostylus-Discoaster lodoensis Zones (CP10-CP11). The 
interval ranges from the FO of D. lodoensis to the FO of D. 
sublodoensis. Another marker, D. kuepperi, is rare in the inter
val, and T. orthostylus is rare to few. The overall assemblage 
varies little from the overlying zone. 

Sediments of Samples 113-690B-15H-6, 30-32 cm (135.91 
mbsf), to -17H-2, 28-30 cm (148.29 mbsf), at the Paleocene/ 
Eocene boundary are placed in the Discoaster diastypus Zone 
(CP9) based on the FO of Tribrachiatus bramlettei. Rare to 
common specimens of this species were observed in this interval 
along with abundant Chiasmolithus bidens, Zygodiscus bijuga
tus, Toweius callosus, Sphenolithus moriformis, Prinsius marti
nii, and Coccolithus pelagicus. Discoaster multiradiatus, Neo
coccolithes dubius, and Hornihrookina australis are few to com
mon throughout this zone, and the first appearance of species 
of Reticulofenestra occurs near the top of the interval. Rare to 
few reworked specimens of Fasciculithus are consistently noted 
throughout Zone CP9 and even up through the overlying zone. 
Therefore, its LO cannot be used to approximate the Paleocene/ 
Eocene boundary here. Specimens of P. martinii noted in this 
zone are also probably reworked. 

The Discoaster binodosus Subzone (CP9b) is represented by 
the gap between the LO Tribrachiatus contortus and the FO of 
D. lodoensis, which occurs in Samples 113-690B-15H-6, 30-32 
cm (135.91 mbsf), and -15H-7, 30-32 cm (137.41 mbsf). The re
maining section, from this level down to the Paleocene/Eocene 
boundary at -17H-2, 28-30 cm (148.29 mbsf), is placed in the 
Tribrachiatus contortus Subzone (CP9a). Rare to few specimens 
of T. contortus are noted here in addition to the taxa listed 
above. 

Paleocene 

Sediments of Samples 113-690B-17H-3, 28-30 cm (150.79 
mbsf), to -22H-1, 28-30 cm (185.49 mbsf), are assigned to the 
Discoaster multiradiatus Zone (CP8). The FO of D. multiradia
tus, which is few to common throughout the zone, marks the 
CP7/CP8 boundary. Diversity is fairly high through this inter
val (Table 2) with abundant Fasciculithus, Toweius, Chiasmo
lithus bidens, Prinsius bisulcus, Zygodiscus bijugatus, and Sphe
nolithus moriformis. Common forms are Neococcolithes du
bius, Hornihrookina australis, and Neochiastozygus distentus. 
Several species of Discoaster are present including D. lenticu-
laris, D. mohleri, D. mediosus, and D. megastypus. 

The short interval from Samples 113-690B-22H-1, 130-132 cm 
(186.51 mbsf), to -22H-2, 28-30 cm (186.99 mbsf), is placed in 
the Heliolithus riedelii Zone (CP7). Only few H. riedelii were 
noted along with common H. universus. The overall assemblage 
is similar to that found in the overlying zone minus common 
discoasters. 

The sediments of Samples 113-690B-22H-3, 28-30 cm (188.49 
mbsf), to -24H-2, 29-31 cm (201.50 mbsf), are assigned to the 
Discoaster mohleri Zone (CP6). The occurrence of the marker 
species, D. mohleri, is sporadic. Several specimens were noted 
at the base of the interval where the zonal boundary is tenta
tively drawn, but none were noted again until the top of the 
zone. The CP5/CP6 boundary is indicated in Table 4 and Fig
ure 4B by a dashed line and question mark. Toweius, Prinsius, 
Sphenolithus, and Chiasmolithus are abundant along with com
mon to abundant Neochiastozygus sp. and Neococcolithes pro
tenus. 

The Heliolithus kleinpellii Zone (CP5) is assigned to Sample 
113-690B-24H-3, 29-31 cm (203.00 mbsf), through Section 113-
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Table 2 (continued). 

Age 

late 
Paleocene 

early 
Paleocene 

Zone or 
subzone 

Discoaster 
multiradiatus 

(CP8) 

Discoaster \ 
nobilis 
(CP7) 

Ellipsolithus 
macellus/ 

Chiasmolithus 
danicus f 

(CP3)/(CP2) / 

Cruciplacolithus 
tenuis 

(CPlb) 

Core, section, 
interval (cm) 

23X-1, 29-31 
23X-2, 29-31 
23X-3, 29-31 
23X-4, 29-31 
23X, CC 
24X-1, 30-32 
24X-1, 116-118 

24X, CC 
25X-1, 5-6 

25X-1, 18-19 
25X-1, 81-82 
25X-2, 6-7 

25X-2, 39-40 
25X-2, 72-73 
25X-3, 10-11 
25X-3, 67-68 
25X-4, 14-15 
25X-4, 70-71 
25X-5, 5-6 
25X-5, 40-41 
25X-5, 60-61 
25X-5, 81-82 
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690B-25H, CC (213.4 mbsf), at the base of Hole 690B. Rare 
to common H. kleinpellii, Neochiastozygus cearae, N. junctus, 
Hornibrookina australis, Biscutum? neocoronum n. sp., and 
Zygodiscus sigmoides characterize the zone, as well as those 
forms listed above. 

Hole 690C 
After washing through to the Paleocene in Hole 690C, the 

first core taken, Core 113-690C-11X, had very poor recovery. 
Poor luck continued with Core 113-690C-12X as the core liner 
was shattered and the sediments within highly disturbed. The 
presence of Discoaster multiradiatus and Heliolithus riedelii in 
Core 113-690C-11X place it in the range of Zones CP7 and 
CP8. Core 113-690C-12X can be placed in Zones CP5-CP6 based 
on the presence of Heliolithus kleinpellii and Discoaster moh-
leri. It would appear from this that overlap had occurred be
tween Holes 690B and 690C with both yielding sediments of 
Zone CP5. Unfortunately, continuous recovery across the CP4/ 
CP5 boundary was not achieved. 

Samples 113-690C-13X-1, 28-30 cm (223.89 mbsf), to -13X-4, 
129-131 cm (229.40 mbsf), are assigned to the Fasciculithus 
tympaniformis Zone (CP4). The assemblage of this zone con
sists of abundant Chiasmolithus danicus, Prinsius martinii, and 
P. dimorphosus, and few to common F. tympaniformis, Cruci
placolithus edwardsii, Thoracosphaera, and Hornibrookina teu-
riensis. Prinsius bisulcus first occurs in this zone. The original 
site reports (Shipboard Scientific Party, 1988) indicate a hiatus 
encompassing Zone CP4, but with further investigation, rare to 
few specimens of the CP4 marker species, F. tympaniformis 
were observed down to the base of the above mentioned inter
val. 

The short interval comprised of Samples 113-690C-13X-5, 
129-131 cm (230.90 mbsf), and -13X-6, 28-30 cm (231.39 mbsf), 
is tentatively placed in the Ellipsolithus macellus Zone (CP3) 

based on the presence of abundant Prinsius martinii and Neo
chiastozygus saepes. Also present in the interval are early forms 
of the genus Fasciculithus. 

Section 113-690C-13X, CC (233.20 mbsf), to Sample 113-
690C-14X-3, 28-30 cm (237.99 mbsf), are assigned to the Chias
molithus danicus Zone (CP2). The zone is marked by abundant 
C. danicus, Toweius selandius, and P. dimorphosus plus com
mon Thoracosphaera, Biscutum castrorum, C. edwardsii, and 
Z. sigmoides. Cruciplacolithus tenuis and Hornibrookina teu-
riensis are rare to few throughout the zone. 

Samples 113-690C-15X-1, 2-3 cm (242.92 mbsf), to -15X-3, 
151-152 cm (247.39 mbsf), are assigned to the Cruciplacolithus 
tenuis Subzone (CPlb). Coccolithus cavus, Toweius selandius, 
and Thoracosphaera crassa have their first occurrences in this 
interval. The zonal marker, C. tenuis, is the most abundant 
form along with Zygodiscus sigmoides and Prinsius dimorpho
sus. Hornibrookina edwardsii (Pospichal and Wise this volume, 
chapter 32) is abundant at the base of this zone. In addition, re
worked Cretaceous forms are common throughout the interval. 

Samples 113-690C-15X-4, 1-2 cm (247.41 mbsf), to the Cre
taceous/Tertiary boundary in the interval of Samples 113-690C-
15X-4, 41 cm, to -15X-4, 49-50 cm (247.81-247.89 mbsf), are 
placed in the Cruciplacolithus primus (CPla) Subzone. The zone 
is based on the interval from the FO of Biantholithus sparsus at 
the K/T boundary to the FO of C. tenuis. It should be noted 
that in this section, the FO of C. primus coincides with that of 
C. tenuis and does not precede it as reported from most other 
sections. This may be attributed to strong bioturbation or possi
bly a brief hiatus. Evidence in favor of such a hiatus is discussed 
in Pospichal and Wise (this volume, chapter 32). 

In addition to common Cretaceous forms, the assemblage of 
this subzone (CPla) is dominated by few to common opportun
istic "survivor" forms such as Zygodiscus sigmoides, Markalius 
inversus, Neocrepidolithus, Thoracosphaera, and Biscutum cas
trorum (B. Constans of some authors). However, Hornibrookina 
edwardsii, which appears in this interval, dominates the assem
blage near the top of this zone. The FO of Biantholithus sparsus 
was noted in burrowed sediments of Sample 113-690C-15X-4, 
49-50 cm, where one specimen was detected in the SEM. Several 
specimens were observed in Sample 113-690C-15X-4, 43-44 cm. 
Considering the high degree of bioturbation, the K/T boundary 
is placed at Sample 113-690C-15X-4, 41.5 cm (247.815 mbsf), at 
the top of the highest undisturbed Cretaceous sediment (see dis
cussion on bioturbation in Pospichal and Wise this volume, 
chapter 32). 

MAGNETOBIOSTRATIGRAPHY 
Figure 4 provides a correlation of the calcareous nannofossil 

biostratigraphy of Sites 689 and 690 discussed above with the 
magnetostratigraphy of Hamilton (this volume) whose data en
compass the Maestrichtian and lowermost Paleocene, and of 
Spie/3 (this volume), who analyzed the remaining Cenozoic sec
tion. Unfortunately, polarity of the sediments could not be de
termined for the Paleocene and lower middle Eocene in Hole 
689B. Likewise, in Hole 690C, polarity was not determinable 
for the crucial interval encompassing Zones CP2 to CP4. The 
standard magnetochronostratigraphy of Berggren et al. (1985) is 
used here as reference for comparison of polarity patterns. 

In Hole 689B, the CP13/14 boundary, which is based here 
on the first occurrence of Reticulofenestra umbilica, is placed 
near the top of Subchron 19R. Berggren et al. (1985) would 
place this boundary in Subchron 18R. Our data here are in close 
agreement with the data compilation by Wei and Wise (1989), 
who have shown that R. umbilica first appears no higher than 
Chron 19R in several South Atlantic sites and at the Contessa 
and Bottaccione sections. In Hole 690B, SpieB (this volume) has 
combined Chrons 19 and 20, therefore, it cannot be determined 
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exactly where the CP13/14 boundary falls. We place the bound
ary no higher than Chron 19 despite the difficulty in determin
ing the first occurrence of R. umbilica at this site. 

In Hole 690B, we estimate the CP12/13 boundary to be 
within Subchron 21R. The usual markers for this zonal bound
ary, Nannotetrina fulgens and/or Rhabdosphaera inflata, were 
not observed. Instead, we approximated this level on the disap
pearance of Discoaster lodoensis and D. kuepperi, whose last oc
currences are generally noted to fall below this boundary. Hence, 
it is understandable that our simple estimation places the 
CP12/13 boundary too low when compared with the time-scale 
of Berggren et al. (1985) and with the data of Wei and Wise 
(1989). The latter authors show that the FO of N. fulgens 
(CP12/13 boundary) consistently lies within Subchron 2IN at 
various localities. 

The FO of Discoaster sublodoensis marks the CP11/12 
boundary. This boundary falls within Subchron 22N in Hole 
690B, which is in close agreement with Berggren et al. (1985), 
who correlate the boundary to the base of this subchron. Zones 
CP10 and CPU are combined in this report, and the short sec
tion assigned to these zones spans the Subchron 22N/22R bound
ary. Berggren et al. would correlate Zone CP10 to Chron 23, 
which is below our placement here. Using the FO of D. lodoen
sis, we locate the CP9/CP10 boundary within Subchron 22R, 
which, as mentioned above, is about one chron higher than its 
position in the time scale of Berggren et al. (1985). 

The Paleocene/Eocene boundary, according to the Berggren 
et al. (1985) time scale, falls within Subchron 24R. This level 
roughly corresponds to the CP8/CP9 boundary, which in Hole 
690B, is located in Subchron 24N. The FO of Tribrachiatus 
bramlettei is used here to define this boundary, however a diach
ronous occurrence of this species, which is rare in this section, 
may contribute to the discrepancies here in correlations with 
magnetostratigraphy. The problems of using this form to mark 
this boundary are discussed in detail in Backman (1986). 

The CP7/CP8 boundary is defined by the FO of Discoaster 
multiradiatus, which is near the top of Subchron 25N in Hole 
690B. This is in agreement with data compilations of Wei and 
Wise (1989) and with the Berggren et al. (1985) scheme. As pre
viously discussed, the CP5/CP6 boundary was not easily deter
mined in Hole 690B. However, we have estimated that this hori
zon falls within Subchron 25R, which also closely agrees with 
the findings of the above-mentioned authors. 

Continuous recovery was not achieved across the CP4/CP5 
boundary as Hole 690B bottomed out in Zone CP5 (Subchron 
26N). Overlapping cores in Hole 690C were disturbed and re
covery was poor, hence magnetic data were unreliable. Polarity 
for sediments of Zones CP2-CP4 in Hole 690C also could not 
be determined. 

Hamilton (this volume) was able to determine the magnetic 
polarity for sediments of the lowermost Paleocene Zone CP1 
and of the Cretaceous/Tertiary boundary interval. The Subzone 
CPla /CPlb boundary falls within Subchron 29N in Hole 690C, 
which is in agreement with most authors' findings as well as the 
scheme of Berggren et al. (1985). The K/T boundary itself lies 
just within Subchron 29R, also in accord with results from other 
localities (Alvarez et al., 1977; Thierstein, 1982). 

DISCUSSION 

Genus Hornibrookina 
From New Zealand sections, Edwards (1973) first described 

the form, Hornibrookina teuriensis, with a known range start
ing in CP2. Perch-Nielsen (1977) later described H. edwardsii 
from DSDP Site 356 in the Southwest Atlantic, where its first 
occurrence is also placed at the base of CP2. In the Southeast 
Atlantic, Percival (1984) did not report Hornibrookina in Da

nian sediments of the Walvis Ridge. Recently, Angelozzi (1988) 
reported the presence of both H. edwardsii and H. teuriensis in 
a mid-latitude, land-based section in Argentina, which she placed 
in Zone NP3 (CP2). However, in that section, she noted the first 
occurrence of H. teuriensis below that of H. edwardsii. In de
tailed studies from the North Sea and sections in Turkey, Varol 
(1989) noted the first occurrence of H. edwardsii also near the 
base of CP2. In Maud Rise sediments, we observed the first oc
currence of H. edwardsii in CPla with H. teuriensis appearing 
shortly after that in CPlb. Overall, the genus Hornibrookina 
has been previously reported this low in the section only by 
Jiang and Gartner (1986), based on their light microscope study 
of the Brazos River section in Texas, but they identify the form 
as H. teuriensis. 

Particularly unexpected at Site 690 is the dominance of H. 
edwardsii in this assemblage at the C P l a / l b boundary, where it 
comprises 45% of the assemblage (see table 1 of Pospichal and 
Wise, this volume, chapter 32). This appears to be a highly pro
vincial phenomenon, and it would be interesting if the same 
phenomenon is noted in the austral high-latitude sections of 
ODP Legs 114, 119, and 120. For further description of Horni
brookina see Systematic Paleontology section of Pospichal and 
Wise (this volume, chapter 32). 

Genus Fasciculithus 
In regards to the placement of the CP3/CP4 boundary in 

Hole 690C, Fasciculithus tympaniformis is not the first Fascicu
lithus to appear. As mentioned above, several precursor forms 
of the species are noted in the zone below but the base of Zone 
CP4 is based here on the FO of forms positively identified as F. 
tympaniformis. This is largely a subjective determination and 
possibly a more viable method would be to draw the boundary 
at the FO of the genus Fasciculithus. This interpretation would 
drop the boundary down to the level where we have drawn the 
CP3/CP2 boundary, thus eliminating Zone CP3. In view of the 
data in Table 3, a hiatus encompassing CP3 is entirely possible. 
The sudden appearance of Prinsius martinii and Neochiastozy
gus saepes in high numbers along with the sudden disappear
ance of Toweius selandius in Sample 113-690C-13X-6, 28-30 cm, 
may be cited as partial evidence for such a hiatus, although the 
evidence is not at all conclusive. As we have no other sections 
for comparison from this high southern latitude, the sequence 
of events involving nannofossil assemblages of Zones CP3 and 
CP4 remains unclear. 

The last occurrence of Fasciculithus is likewise difficult to 
determine in this section. We have observed common reworked 
forms throughout the lower Eocene although its last occurrence is 
generally noted to coincide with the Paleocene/Eocene boundary. 

Genus Tribrachiatus 
Another unexpected finding at this high-latitude, deep-sea 

section, is the presence of Tribrachiatus bramlettei and T. con
tortus. These forms are generally thought to occur preferentially 
along continental margins. However, their presence here, al
though not in great abundance, would suggest that the forms 
did occupy open-ocean environments but were not preserved in 
deeper marine sediments. Maud Rise, which is quite remote 
from the Antarctic continental margin, apparently was shallow 
enough to allow preservation of these early forms of Tribrachia
tus. In addition, their presence at this high latitude is indicative 
of a relatively warm early Eocene ocean as discussed below. 

Discoasters, Sphenoliths, and Surface Ocean Conditions 
Discoasters and sphenoliths are reliable indicators of warm 

surface waters (Bukry, 1973; Wei and Wise, 1989), and relatively 
warm surface-water conditions at a latitude of 65 °S during the 
Paleocene and early Eocene is suggested by their presence in the 
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Table 3. Distribution of calcareous nannofossils in the Eocene of ODP Hole 690B. Symbols as in Table 1. 

Age 

middle 
Eocene 

early 
Eocene 

Zone or 
subzone 

Reticulofenestra 
umbilica 
(CP14) / 

Nannotetrina 
quadrata 
(CP13) 

Discoaster 
sublodoensis 

(CP12) 

Discoaster \ 
lodoensis/ 

Tribrachiatus 
orthostylus 

(CPll)-(CPlO)/ 

Discoaster 
diastypus 

(CP9) 

Core, section, 
interval (cm) 
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12H-7, 29-31 
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13H-1, 29-31 
13H-2, 30-32 
13H-3, 30-32 
13H-4, 28-30 
13H-5, 130-132 
13H-6, 29-31 
13H-7, 28-30 
13H, CC 
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14H-2, 130-132 
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14H-6, 130-132 
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sediments of Maud Rise. Although discoaster and sphenolith 
diversity is low, species such as D. multiradiatus and S. morifor
mis are quite abundant through much of the upper Paleocene 
sequences. Intervals of higher discoaster diversity such as in 
Samples 113-690B-17H-7, 28-30 cm, and -19H-3, 29-31 cm, 
should be indicative of the migration of this group southward 
during periods of warming. Discoaster megastypus, D. mohleri, 
and D. mediosus sporadically occur throughout the upper Pa
leocene section (usually in the same intervals) while D. lenticu
laris and D. multiradiatus are consistently present (Table 4). The 
sphenolith diversity is much less with only three species present. 
S. moriformis is quite abundant in the Paleocene and lower Eo
cene and is joined by very rare S. radians in a few samples in 
Zone CP12 of Hole 690B (Table 3). Few species of S. editus are 
also present in lower to middle Eocene samples. 

The peak in discoaster diversity in Core 113-690B-19H is co
incident with a negative shift in 5180 values and a notable 13C 
shift (Kennett and Stott, this volume; Stott et al., this volume). 
In addition, a major extinction of benthic foraminifers is noted 
in the same horizon (Thomas, this volume). 

The numbers of discoasters decline sharply in the lower to 
middle Eocene sections. Discoaster lodoensis and D. sublodo
ensis are rare to few, and a small version of D. barbadiensis is 
very rare. Nondescript forms of the D. deflandrei group are 
consistently present as well. The disappearance of D. sublodo
ensis and the absence of an assemblage with D. barbadiensis 
and D. saipanensis in middle Eocene sediments of Maud Rise 
coincides with the beginning of the well documented global cool
ing trend at this time in addition to the deterioration of Antarc
tic climate (Shackleton and Kennett, 1975; Oberhansli et al., 
1984). At the same time the percentage of sphenoliths in Maud 
Rise samples also declines. Sphenolithus moriformis is quite 
abundant in lower Eocene Zones CP9-CP11 but not nearly as 
abundant in samples above these zones (Tables 1, 3). In the mid
dle and lower latitudes, sphenoliths diversified. However, be
cause of the above-mentioned cooling trend, these diverse as
semblages apparently never had the opportunity to develop in 
the region of Maud Rise. 

Despite the presence of several forms from the discoaster 
group, the upper Paleocene and lower Eocene assemblages of 
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Table 3 (continued). 
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Maud Rise are typical of high latitudes. Chiasmolithus bidens, 
Prinsius bisulcus, P. martinii, Toweius eminens, T. tovae, T. cal
losus, and T. craticulus are quite abundant in the Paleocene sed
iments and C. solitus, C. expansus, Reticulofenestra spp. in the 
Eocene sections. The presence of abundant chiasmolith^ would 
be indicative of cooler waters as suggested by Bukry (1973). 

CONCLUSIONS 
The mid- to low-latitude zonation schemes compiled by 

Okada and Bukry (1980) and Martini (1971) were found to be 
applicable to the high latitude Paleocene and lower Eocene sedi
ments of Maud Rise. Diversity is such that nearly all markers 
employed by these schemes are present in the sections of Sites 
689 and 690. However, beginning in the middle Eocene, bio
stratigraphic resolution is greatly reduced, and accordingly these 
zonal schemes lose their precision. 

The number and diversity of discoasters declined through 
the early Eocene and by middle Eocene time, only a few species 
of discoasters remained. Furthermore, although the ubiquitous 
Sphenolithus moriformis proliferated during the Paleocene, as
semblages of warm water sphenoliths, which exhibited rapid 

speciation in the Eocene elsewhere, never fully developed during 
this time on Maud Rise. This lack of development of a diverse 
middle Eocene discoaster and sphenolith assemblage reflects 
changes in climate and cooling of the surface waters in the higher 
southern latitudes. Such changes are reflected in the oxygen iso
tope record from the South Atlantic and the Southern Ocean 
(e.g., Shackleton and Kennett, 1975). In the lower to mid-lati
tudes, the earliest Eocene is generally considered to have been 
relatively warm (Oberhansli et al., 1984). In the middle and high 
latitudes, the beginning of ocean cooling occurred in the earliest 
middle Eocene (Shackleton and Kennett, 1975; Shackleton et 
al., 1984; Oberhansli et al., 1984). Calcareous nannofossil as
semblages of Maud Rise reflect well this cooling trend as warm 
water discoasters and sphenoliths declined in number and diver
sity in concert with the downward trend in isotopic paleotem-
peratures (Kennett and Stott, this volume; Stott et al., this vol
ume). 

As opposed to the lowermost Eocene (Zone CP9) where sedi
mentation rates were relatively high on Maud Rise, the upper
most lower Eocene section (Zones CP10-12) is quite condensed 
(e.g., Table 3), perhaps due to an undetected intrazonal hiatus 
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Table 4. Distribution of calcareous nannofossils in the Paleocene of ODP Hole 690B. Symbols as in Table 1. 
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Table 4 (continued). 
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Table 5. Distribution of calcareous nannofossils in the Paleocene of ODP Hole 690C. Symbols as in Table 1. In Sample 113-690C-15X-4, 43-44 cm, 
specimens of Biantholithus sparsus, denoted by a lower case letter, are interpreted to have been displaced downward by bioturbation. 
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near the lower/middle Eocene boundary. It is interesting to note 
that on a global basis, hiatuses, disconformities, a n d / o r relative 
sea-level falls have been recorded in several continental margin 
and deep-sea sections near the lower/middle Eocene boundary 
(e.g., Barr and Berggren, 1981; Poag et al . , 1985; Olsson et al . , 
1988), and Vail et al. (1977) and H a q et al. (1987) have sug
gested that one of the most important sea-level falls occurred 
near this boundary as a result of eustatic lowering. The con
densed or truncated section near the early/middle Eocene bound
ary on Maud Rise, therefore, may be tied to a global rather than 
to a merely local sedimentation pat tern. 

SYSTEMATIC PALEONTOLOGY 
Genus AMITHALITHINA Pospichal and Wise, n. gen. 

(Pl. 5, Fig. 3) 
Type species. Amithalithina sigmundii Pospichal and Wise, n.sp. 
Diagnosis. Birefringent, elliptical to subround coccoliths comprised 

of two shields and a massive, high-standing central column nearly equal 
in width to the shields and composed of slightly inclined and imbricate 
lath-shaped elements. 

Description. See characteristics of type species. 
Remarks. Due to the high central column, specimens are frequently 

observed in side view. Due to the thick central column, specimens ex
hibit a high order (yellow) interference color in plan or side view. The 
name is from the Greek meaning "cake of stone." 

Differentiation. The overall morphology of subround specimens su
perficially resembles some species of Bomolithus Roth (1973) and Heli-
olithus Bramlette and Sullivan (1961), but differs in that the outer cycle 
of elements of the central column of Amithalithina are distinctly in
clined whereas those of the other genera rise vertically from the base. In 
addition, the shields of Bomolithus are not birefringent in plan view. In 
plan view, Amithalithina also resembles the genus Pyrocyclus Hay and 
Towe (1962), but the latter genus does not possess a very high central 
column and lacks the additional shield separating the central column 
from the proximal shield. 

Amithalithina sigmundii Pospichal and Wise, n. sp. 
(Pl. 5, Fig. 3) 

Diagnosis. Medium to small subround to elliptical species of Ami
thalithina composed of two shields surmounted by a massive, flat topped 
central column composed of two cycles of elements about a hollow cen
ter. 
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Table 5 (continued). 
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Description. The proximal and distal shield as well as the central col
umn are composed of about 60-70 dextrally imbricate elements. The 
distal shield is similar in width or only slightly wider than the proximal 
shield, and supports a cylindrical central column which is only slightly 
narrower than the shields. The outer cycle of the central column is com
posed of dextrally imbricate lath-shaped elements inclined from the ver
tical at about a 65°-70° angle. There are fewer elements in the inner cy
cle, which surrounds a hollow central area that spans about 30% of the 
width of the coccolith on the distal side, but may be closed on the proxi
mal side. The height of the coccolith is about 3A the width, and in lat
eral view (Pl. 5, Fig. 3b), it resembles a pound cake sitting on a plate. 

In the light microscope, the coccolith displays a very high order of 
birefringence in cross polarized and phase contrast light. In cross polar
ized light the inner cycle of elements form a bright circle surrounding a 
small central area which may be opened slightly or closed at the base of 
the coccolith. An X-shaped pattern is formed by very thin extinction 
lines within the central area, which is more obvious in closed specimens. 
The bright outer cycle displays an undulating extinction pattern in cross 
polarized light. In lateral view (Pl. 5, Fig. 3d) it superficially resembles 
some Paleocene helioliths. 

Remarks. The species is named after the distinguished amateur geol
ogist, Emil Sigmund, whose introduction to the wonders and beauty of 

the Rocky Mountains provided the inspiration for the first author to 
pursue a career in this exciting field. 

Size. 5-7 /xm wide; 3.5-4.0 fxm high. 
Distribution. Few to common in the early to middle Eocene Zones 

CP10-CP13 in sediments of Maud Rise, Weddell Sea, Antarctica. 
Holotype. Plate 5, Figure 3a, b. 
Isotype. Plate 5, Figure 3c, d. 
Type locality. Ocean Drilling Program Sample 113-690B-15H-1, 30-

32 cm. 

Genus BISCUTUM Black (1959) 

Biscutum? neocoronum Pospichal and Wise, n. sp. 
(Pl. 1, Fig. 1) 

Diagnosis. Species of Biscutum? with a relatively broad distal shield 
and a small central area characterized by a bright outer ring in phase 
contrast and polarized light. The inner portion of the central area is 
dark in phase contrast. 

Description. This is a large member of the genus with elements of 
the broad distal shield that show a clockwise inclination in distal view. 
The elements of the proximal shield appear to be radial. The number of 
elements of the distal shield averages 30. In cross polarized light, the 
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Table 5 (continued). 

Age 
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distal shield displays a low order of birefringence. The outer rim of the 
central area is quite bright, and the inner portion exhibits a thin extinc
tion pattern. The species is most distinct in phase contrast light. The 
broad shield is dark in contrast to the bright outer rim of the relatively 
small central area. The inner portion of the central area is dark in phase 
contrast light, similar to that of the Mesozoic form B. coronum Wind 
and Wise (1977), from which the name is derived. In the SEM, the cen
tral area is composed of an outer rim of non-imbricate, blocky elements 
which surround the inner portion of the central area to form a small 
cavity. 

Remarks. The species name is derived from that of the Campanian-
Maestrichtian form, Biscutum coronum, because of its similarities in 
size and appearance in phase contrast light. The two species are distinct 
in cross polarized light. There is, however, a considerable stratigraphic 
gap between the ranges of the two taxa encompassing the middle to up
per Maestrichtian plus the lower Paleocene Zones CP1-CP4. This spe
cies is the largest member of this genus in Paleocene and lower Eocene 
sediments of Maud Rise. 

Occurrence. The species is few to common in upper Paleocene Zones 
CP5-CP8 and few to rare in lower Eocene Zones CP9-CP12 at ODP 
Leg 113 Maud Rise Sites 689 and 690 in the Weddell Sea. If this is a true 
Bisutum, then this occurrence considerably extends the range of this ge

nus, which was formerly thought to have become extinct in the early Pa
leocene. 

Size. The taxon ranges from 6 to 10 ^m in length with the average 
around 7 or 8 /xm. The holotype is 7 pm. 

Holotype. Plate 1, Figure la. 
Isotype. Plate 1, Figure lb-d. 
Type locality. Ocean Drilling Program Sample 113-690B-17H-7, 28-

30 cm. 
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Figure 3. Paleocene-Eocene coccolith biostratigraphic scheme of Okada and Bukry (1980) and number-coded scheme of Martini (1971). Datum levels 
used in this report are shown on the right. 
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APPENDIX 
Cenozoic Calcareous Nannofossils Considered in this Report 

(In alphabetical order of generic epithets) 
Amithalithina sigmundii n. gen., n. sp. 
Biantholithus sparsus Bramlette and Martini, 1964 
Biscutum castrorum Black, 1959 
B. neocoronum n. sp. 
Biscutum sp. 
Chiasmolithus bidens (Bramlette and Sullivan) Hay and Mohler, 1967 
C. consuetus (Bramlette and Sullivan) Hay and Mohler, 1967 
C. danicus (Brotzen) Hay and Mohler, 1967 
C. eograndis Perch-Nielsen, 1971d 
C. expansus (Bramlette and Sullivan) Gartner, 1970 
C. grandis (Bramlette and Riedel) Radomski, 1968 
C. solitus (Bramlette and Sullivan) Locker, 1968 
Chiasmolithus sp. 
Coccolithus cavus (Hay and Mohler) Perch-Nielsen, 1969 
C. formosus (Kamptner) Wise, 1973 
C. pelagicus (Wallich) Schiller, 1930 
C. sp. cf. C. pelagicus 
Cruciplacolithus assymetricus van Heck and Prins, 1987 
C. edwardsii Romein, 1979 
C. intermedius van Heck and Prins, 1987 
C. primus Perch-Nielsen, 1977 
C. tenuis (Stradner) Hay and Mohler, 1967 
Cyclagelosphaera reinhardtii (Perch-Nielsen) Romein, 1977 
Cyclicargolithus sp. cf. C. luminis 
Discoaster barbadiensis Tan, 1927 
D. bifax Bukry, 1971a 
D. sp. cf. D. bifax 
D. binodosus Martini, 1958 
D. sp. cf. D. binodosus 
D. deflandrei Bramlette and Riedel, 1954 
D. sp. cf. D. deflandrei 
D. diastypus Bramlette and Sullivan, 1961 
D. sp. cf. D. diastypus 
D. elegans Bramlette and Sullivan, 1961 
D. falcatus Bramlette and Sullivan, 1961 
D. kuepperi Stradner, 1959a 
D. sp. cf. D. kuepperi 
D. lenticularis Bramlette and Sullivan, 1961 
D. lodoensis Bramlette and Riedel, 1954 
D. mediosus Bramlette and Sullivan, 1961 
D. megastypus Bramlette and Sullivan, 1961 
D. mohleri Bukry and Percival, 1971 
D. multiradiatus Bramlette and Riedel, 1954 
D. nobilis Martini, 1961a 
D. sp. cf. D. nobilis 
D. sublodoensis Bramlette and Sullivan, 1961 
Discoaster sp. 
Ellipsolithus distichus (Bramlette and Sullivan) Sullivan, 1964 
E. lajollaensis Bukry and Percival, 1971 
Ericsonia subpertusa Hay and Mohler, 1967 
Fasciculithus involutus Bramlette and Sullivan, 1961 

F. tympaniformis Hay and Mohler, 1967 
F. sp. cf. F. tympaniformis 
Heliolithus cantabriae Perch-Nielsen, 1971d 
H. kleinpellii Sullivan, 1964 
H. riedelii Bramlette and Sullivan, 1961 
H. sp. cf. H. riedelii 
H. universus Wind and Wise, 1977 
H. sp. cf. H. universus 
Heliolithus sp. 
Hornibrookina australis Edwards and Perch-Nielsen, 1975 
H. edwardsii Perch-Nielsen, 1977 
H. teuriensis Edwards, 1973a 
Lapideacassis sp. 
Markalius apertus Perch-Nielsen, 1979a 
M. inversus (Deflandre) Bramlette and Martini, 1964 
Nannotetrina cristata (Martini) Perch-Nielsen, 1971d 
TV. fulgens (Stradner) Achutan and Stradner, 1969 
Neochiastozygus cearae Perch-Nielsen, 1977 
N. distentus (Bramlette and Sullivan) Perch-Nielsen, 1971c 
N. eosaepes Perch-Nielsen, 1981a 
TV. junctus (Bramlette and Sullivan) Perch-Nielsen, 1971c 
TV. sp. cf. TV. modestus Perch-Nielsen, 1971c 
TV. perfectus Perch-Nielsen, 1971c 
TV. saepes Perch-Nielsen, 1971c 
Neochiastozygus sp. 
Neococcolithes dubius (Deflandre) Black, 1967 
TV. protenus (Bramlette and Sullivan) Black, 1967 
TV. sp. cf. TV. protenus 
Neocrepidolithus cruciatus (Perch-Nielsen) Perch-Nielsen, 1981a 
Neocrepidolithus sp. 
Pontosphaera sp. 
Prinsius bisulcus (Stradner) Hay and Mohler, 1967 
P. dimorphosus (Perch-Nielsen) Perch-Nielsen, 1977 
P. martinii (Perch-Nielsen) Haq, 1971 
P. sp. cf. P. tenuiculum (Okada and Thierstein) Perch-Nielsen, 1984a 
Reticulofenestra daviesii (Haq) Haq, 1971 
R. onustus (Perch-Nielsen) Wise, 1983 
R. reticulata (Gartner) Roth, 1973 
R. samodurovii (Hay, Mohler, and Wade) Bukry and Percival, 1971 
Reticulofenestra sp. 
Sphenolithus editus Perch-Nielsen, 1978 
S. moriformis (Bronnimann and Stradner) Bramlette and Wilcoxon, 

1967 
S. radians Deflandre, 1952 
Thoracosphaera crassa van Heck and Prins, 1987 
T. operculata Bramlette and Martini, 1964 
Thoracosphaera sp. 
Toweius callosus Perch-Nielsen, 1971d 
T. craticulus Hay and Mohler, 1967 
TI crassus (Bramlette and Sullivan) Perch-Nielsen, 1984a 
T. eminens (Bramlette and Sullivan) Perch-Nielsen, 1971b 
TI magnicrassus (Bukry) Romein, 1979 
T selandius Perch-Nielsen, 1979a 
T tovae Perch-Nielsen, 1971b 
T sp. cf. T tovae 
Tribrachiatus bramlettei (Bronnimann and Stradner) Proto Decima et 

al., 1975 
T. contortus (Stradner) Bukry, 1972 
T orthostylus Shamrai, 1963 
Zygodiscus herlynii Sullivan, 1964 
Z. sigmoides Bramlette and Sullivan, 1961 
Zygrhablithus bijugatus (Deflandre) Deflandre, 1959 
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Figure 4. Summary of calcareous nannofossil biostratigraphy correlated with magnetostratigraphy of Hamilton (this vol
ume) (Cretaceous-lowermost Paleocene) and SpieB (written comm., 1989). A. Hole 689B. B. Holes 690B and 690C. Hia
tuses are indicated by arrows for Hole 689B. black = normal polarity, white = reversed polarity, striped = polarity uncer
tain. 
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Plate 1. Note on the plates: All micrographs of coccoliths are of the distal view except where noted otherwise. Pol, Ph, Tr, and SEM denote polar
ized, phase contrast, transmitted, and scanning electron micrographs respectively. Where more than one illustration is provided of a specimen, the 
sample and magnification designation are not repeated in the caption. 1. Biscutum? neocoronum n. sp., Sample 113-690B-17H-7, 28-30 cm (a) 
SEM, Holotype, X6300; (b-d) Isotype, x3500; (b) Pol; (c) Ph; (d) Tr. 2. Chiasmolithus bidens, Section 113-690B-19H, CC (a) SEM, X4400; (b) 
Pol, x 3300; (c) Ph. 3. Chiasmolithus sp. cf. C. consuetus, Sample 113-690C-13X-1, 28-30 cm, SEM, x 6900. 4. Chiasmolithus consuetus, Sam
ple 113-690B-16H-6, 28-30 cm (a) Ph, x 3750; (b) Pol. 5. Chiasmolithus danicus, Sample 113-690C-14X-3, 28-30 cm, SEM, x 6400. 6. Chiasmo
lithus expansus, Sample 113-690B-15H-4, 30-32 cm (a) SEM, X2750; (b) Pol, X2000; (c) Ph. 
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Plate 2. 1. Chiasmolithus solitus, Sample 113-690B-16H-5, 28-30 cm, SEM, X3100. 2. Chiasmolithus sp., Sample 113-690B-16H-5, 28-30 cm, 
SEM, x 6300. 3. Discoaster sp. cf. D. deflandrei, (a) Sample 113-690B-15H-4, 30-32 cm, SEM, x 4700; (b) Sample 113-690B-15H-2, 30-32 cm, Tr, 
X4400. A.Discoaster kuepperi, Sample 113-690B-17H-1, 28-30 cm, Tr, X3400. S.Discoaster sp. cf. D. kuepperi Sample 113-690B-15H-5, 
30-32 cm (a) Pol, X2800; (b) Tr. 6. Discoaster lenticularis, Section 113-690B-19H, CC, Ph, X3000. 7. Discoaster lodoensis, Sample 113-690B-
15H-3, 30-32 cm (a) Tr, x3100; (b) Tr, different specimen, X3100. 8. Discoaster sp. cf. D. megastypus, Sample 113-690B-19H-3, 29-31 cm (a) 
SEM, x 4100; (b) SEM, x 5400. 9. Discoaster multiradiatus, Section 113-690B-19H, CC (a) SEM, x 5400; (b) Ph, x 3200. 10. Discoaster sp. cf. 
D. binodosus, Sample 113-690B-17H-1, 28-30 cm, Tr, X3100. 
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Plate 3. 1. Discoaster sp. cf. D. nobilis, Sample 113-690B-19H-3, 29-31 cm, SEM, X2500. 2. Discoaster sp., Sample 113-690B-19H-3, 29-31 cm, 
SEM, X5600. 3. Discoaster sublodoensis, Sample 113-690B-15H-3, 30-32 cm (a) Ph, x2900; (b) Tr. 4. Discoaster sp. cf. D. bifax, Sample 
113-690B-15H-1, 30-32 cm, Tr, x 2300. 5. Discoaster sp. cf. D. bifax, Section 113-690B-16H, CC, Ph, x 2900. 6. Ellipsolithus distichus, Sample 
113-690B-22H-2, 28-30 cm, SEM, x 5900. 7. Fasciculithus involutus, Sample 113-690B-22H-4, 28-30 cm, SEM, x 3500. 8. Fasciculithus tympa-
niformis, (a) Sample 113-690B-15H-4, 30-32 cm, SEM, x 4300; (b) Section 113-690B-19H, CC, Pol, x 3300. 9. Fasciculithus sp. cf. F. tympanifor-
mis (a) Sample 113-690C-13X-3, 129-131 cm, Pol, X3950; (b) Section 113-690C-13X, CC, SEM, X5600. 10. Heliolithus kleinpellii, Section 
113-690B-25H, CC (a) SEM, x 5500; (b) Pol, x 3250; (c) Ph. 11. Heliolithus riedelii, Section 113-689B-24X, CC, SEM, x 5600. 12. Heliolithus 
sp. cf. H. universus, Sample 113-690B-22H-2, 28-30 cm, SEM, x 4350. 13. Heliolithus sp. cf. H. riedelii, Sample 113-690B-22H-2, 28-30 cm, Pol, 
X2500. 14. Heliolithus sp., Sample 113-690B-22H-2, 28-30 cm, Pol, X2350. 15. Heliolithus cantabriae, Section 113-690B-25H, CC, Pol, x 1900. 
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Plate 4. 1. Hornibrookina australis (a) Sample 113-690B-22H-2, 28-30 cm, SEM, X9600 (b) Sample 113-690B-16H-5, 28-30 cm, SEM, X7200, 
proximal view; (c) Sample 113-690B-16H-6, 28-30 cm, Pol, x3750; (d) Ph. 2. Hornibrookina teuriensis, Sample 113-690C-13X-5, 129-131 cm (a) 
SEM, x 6000; (b) Pol, x 3100; (c) Ph; (d) Tr; (e) SEM, x 8000, proximal view. 3. Markalius apertus (a) Section 113-690B-15H, CC, Pol, x 2400; 
(b) Ph; (c) Section 113-690B-25H, CC, SEM, x 5800. 4. Nannotetrina fulgens, Sample 113-689B-19H-1, 30-32 cm (a) Ph, x 1700; (b) Tr, x 1800, 
different specimen. 5. Nannotetrina cristata, Sample 113-689B-19H-1, 30-32 cm (a) Tr, x 1500; (b) Ph. 6. Neochiastozygus cearae, Section 
113-690B-23H, CC, SEM, x 2600. 7. Neochiastozygus sp. cf. N. modestus, Sample 113-690B-22H-2, 28-30 cm, SEM, x 6000. 8. Neochiastozy
gus distentus, Sample 113-690B-16H-1, 28-30 cm, Pol, X3100. 9. Neochiastozygus saepes, Sample 113-690C-13X-5, 129-131 cm, Pol, X3000. 
10. Neococcolithes sp. cf. N. protenus, Section 113-690B-19H, CC, Pol, X3200. 
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Plate 5. 1. Neococcolithes dubius (a) Sample 113-690B-15H-4, 30-32 cm, SEM, X4500; (b) Sample 113-690B-22H-4, 28-30 cm, Ph, X2700. 2. 
Neococcolithesprotenus, Sample 113-690B-22H-4, 28-30 cm, SEM, x 6200. 3. Amithalithinasigmundii, n. gen., n. sp., (a) Sample 113-690B-15H-
1, 30-32 cm, SEM, X4500; (b) SEM, X4500, side view of specimen (a); (c) Sample 113-690B-15H-3, 30-32 cm, Pol, X3300; (d) Pol, X3300, side 
view. 4. Prinsius dimorphosus, Sample 113-690C-14X-3, 28-30 cm, SEM, X6400, coccosphere. 5. Prinsius martinii, Sample 113-690B-22H-4, 
28-31 cm, SEM, X9600. 6. Prinsius bisulcus, Sample 113-690B-22H-2, 28-30 cm, SEM, X6900. 7. Sphenolithus editus, Sample 113-690B-15H-5, 
30-32 cm (a) Pol, x 2500; (b) Ph. 8. Sphenolithus moriformis, Section 113-690B-19H, CC (a) Pol, x 4650; (b) Ph; (c) SEM, x 4900. 9. Toweius 
callosus, (a) Sample 113-690B-17H-7, 28-30 cm, SEM, x 4700; (b) Section 113-690B-19H, CC, Pol, x 3300; (c) Ph. 10. Toweius craticulus, Sample 
113-690B-22H-4, 28-30 cm, SEM, X4400, coccosphere. 11. Toweius eminens, Section 113-690B-19H, CC; (a) Pol, X3300; (b) Ph; (c) Tr. 
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Plate 6. 1. Toweius? crassus, Section 113-690B-15H, CC (a) Pol, x 2700; (b) Ph; (c) Tr. 2. Toweius? magnicrassus, Sample 113-690B-15H-2, 30-32 cm 
(a) Pol, X2200; (b) Ph; (c) Tr. 3. Toweius tovae, Section 113-690B-19H, CC, SEM, X4800. 4. Toweius sp. cf. T. tovae, Section 113-690B-19H, CC, 
SEM, X5000. 5. Toweius selandius, Sample 113-690C-13X-6, 28-30 cm, SEM, x7300. 6. Tribrachiatus bramlettei, Sample 113-690B-17H-1, 
28-30 cm (a) Tr, x3300; (b) Ph. 7. Tribrachiatus contortus, (a) Sample 113-690B-16H-1, 28-30 cm, Tr, x 3000; (b) Sample 113-690B-16H-1, 28-30 
cm, Ph, X3000, different specimen. 8. Tribrachiatus orthostylus, Sample 113-690B-15H-2, 30-32 cm, Tr, x 1900. 9. Zygrhablithus bijugatus, 
Section 113-690B-19H, CC, SEM, X2900. 
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