13. CALCAREOUS NANNOFOSSILS FROM THE SOUTHERN SOUTHWEST PACIFIC,

DEEP SEA DRILLING PROJECT, LEG 29

Anthony R. Edwards, New Zealand Geological Survey, Lower Hutt, New Zealand

and

Katharina Perch-Nielsen, Institute for Historical Geology and Palaeontology,

@stervoldgade 10, 1350 Copenhagen K, Denmark’

ABSTRACT

Calcareous nannofossils were obtained from all sites drilled in the
southern southwest Pacific on Leg 29 (Figure 1). They occur in mid
Paleocene to late Pleistocene sediments and show highly variable
states of preservation. Diversity is generally low, as might be ex-
pected from the high southern latitudes of the sites drilled. Conse-
quently the biostratigraphic resolution is much lower than that in
subtropical and tropical areas, especially the mid Oligocene to early
Pliocene part of the column. Great similarity was found between the
high southern and high northern latitude assemblages of the same
age, although a number of species seem to occur only in the north
whereas only very few seem to be restricted to the south. Obser-
vations on the fine structure of coccoliths and nannoliths, and com-
parison with their northern high latitude equivalents, showed a sur-
prisingly high degree of morphological agreement. Three new
species, Ericsonia tasmaniae, Helicopontosphaera? subantarctica, and

Hornibrookina australis are described.

INTRODUCTION

The calcareous nannofossils (coccoliths and nanno-
liths) of DSDP Leg 29 were studied from several points
of view for this report:

1) Age determinations were deduced from the
biostratigraphic studies and the results of these studies
are summarized in the appropriate site report chapter.

2) Species distribution of most species observed (us-
ing the light microscope) is listed in tables with an out-
line of the biostratigraphic framework employed in this
high latitude region (Tables 1-12).

3) Some paleoecological observations have been
made.

4) Nannofossil structure is discussed emphasizing the
fine structure of some of the nannofossils in order to
compare them with the structure of the same species in
the equivalent northern hemisphere environment (Plates
1-21).

Calcareous Nannofossil Biostratigraphy

The low-diversity nannofloras found in the Neogene
and Oligocene do not allow a high-resolution biostratig-
raphy to be used in this subantarctic region. However,
somewhat more diverse assemblages do occur in parts of
the Eocene and Paleocene. The biostratigraphic events
used for age assignment on Leg 29 are summarized in

'Present address: Department of Geology, Swiss Federal Institute
of Technology, Zurich, Switzerland.
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Figure 1. DSDP Leg 29 site locations.

Table 1. Table 2 includes the definition of the cal-
careous nannofossil biostratigraphic units used on Leg
29, their correlation with New Zealand stages, and their
adopted age. The age distribution of the cores and sec-
tions, according to their coccolith and nannolith con-
tent, is summarized in Table 3. In Tables 4 to 12, the
species distribution in all samples studied is given.
Species identification in many samples was often dif-
ficult due to heavy overgrowth on the coccoliths and
nannoliths. Also the authors each having their own
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TABLE 1

Biostratigraphic Events Used for Age Assignment in DSDP Leg 29 Sites”

Foraminifera and Radiolarians

Series

Epoch

Calcareous Nannofossils

Saturnalus circularis
(Site 278, subantarctic)

Globorotalia truncatulinoides
(Site 284, temperate)
Eucyrtidium calvertense
(Site 278, subantarctic)

Globorotalia puncticulata
(temperate)

Triceraspyris sp. (Site 278,
subantarctic)

Globorotalia mayeri mayeri

Praeorbulina glomerosa curva

Globigerapsis index

Late Pleistocene

Early Pleistocene
1.8 m.y.

Late Pliocene

Early Pliocene

4.3 m.y.
Late Miocene
Mid Miocene

Early Miocene
22.5 m.y.

;ﬁ;c} Oligocene

Early Oligocene
Late Eocene

Mid E

Early acene
Late Paleocene
Mid Paleocene

Early Paleocene

Pseudoemiliania lacunosa (not Site 278)

Reticulofenestra pseudoumbilica

Discoaster deflandrei

Reticulofenestra bisecta

Reticulofenestra placomorpha

Reticulofenestra bisecta

Discoaster multiradiatus
Discoaster multiradiatus

Hornibrookina teuriensis

Late Cretaceous

Note: B = first occurrence of a species; T = last occurrence.

Different events define the Plio/Pleistocene and Miocene/Pliocene boundaries in temperate and subantarctic
sites. Late Cenozonic radiometric ages based on paleomagnetic dating of New Zealand marine sediments
(Kennett et al., 1972; Kennett and Watkins, 1972). Older ages according to Berggren (1972).

“tradition” and opinion about species names and
generic assignments often had to adopt a mutual com-
promise on the names to be used in this report. Selected
species are illustrated on Plates 1-21.

PALEOECOLOGY

Several paleoenvironmental factors can be
reconstructed with reasonable confidence if well-
preserved nannofloras from samples dated by at least
one other fossil group are available. In the material ex-
amined here, coccoliths older than late Pleistocene are
usually only moderately or poorly preserved. Further-
more, coccoliths were often the main basis for deter-
mining the age. Thus conditions for paleoecological
studies were far from ideal,

The factors influencing a coccolith assemblage from
its living state to the sample which is studied are
numerous and include:

1) Solution during sinking. This is documented by the
fact that only about one third of the living species are
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found in Recent sediments. Solution at this stage
evidently affects different species differently.

2) Sorting of the assemblage according to size by
currents (winnowing), both during sinking and in the
young sediment.

3) Solution of some species and overgrowth on others
as a result of diagenesis. Solution removes part of the
assemblage, while overgrowth renders another part
nearly or wholly indeterminable. Generally small species
are dissolved so the resulting assemblage might be taken
for a residual assemblage after winnowing, if the state of
preservation of the remaining assemblage is not taken
into consideration. Diagenesis, however, affects coc-
coliths differently at comparable depths (i.e., in a 9-m
core) depending on the lithology of the sample (i.e., the
presence of clay, zeolites, siliceous organisms, and
organic material). Thus, in interbedded lithologies, the
presence of different coccolith assemblages or
differences in diversity need not indicate major
differences in climate, but might result from different



TABLE 2

CALCAREQUS NANNOFOSSILS

Calcareous Nannofossil Biostratigraphic Events and Zones, DSDP Leg 29

Biostratigraphic Events

Adopted Age New Zealand Stages Nannofossil Zones (Regional reliability in brackets)
Late Coccolithus pelagicus
Plei Castlecliffian T. Pseudoemiliania lacunosa (high)
eistocene L i i
Early Nukumaruan P. lacunosa| P. lacunosa B. Gejph_\ rocapsa orem.m‘a (maderate 1o jow)
- T. Discoaster brouweri (low to very low)
. D. brouweri -
Late Waitotaran D siirentie T. Discoaster surculus (low to very low)
Plioceng —m——f— — —— ——— RLLES T. Reticulofenestra psendoumbilica (high)
Early Opoitian
=B. Ceratolithus amplificus (very low)
Kapitean
Reticulofenestra
~~~~~~~~~ —T. Triguetrorhabdulus rugosus (low to very low)
Late pseudoumbilica
Tongaporutuan
; Waiauan
Mid | Lillburnian T, - T. Cvelicargolithus neogammation (high)
Miocene @~ ———— — —— — — — & T. Discoaster deflandrei (moderate)
Altonian
Farly o Discoaster
deflandrei
Waitakian T. "Reticulofenestra’ bisecta (high)
Late Duntroonian
“Reticulofenestra”
bisecta
Oligocene Late
Mid
Whaingaroan ——
T. Reticulofenestra placomorpha (moderate)
Early R. placomorpha
Eatly | = — e e —T. Isthmolithus recurvus (moderate to low)
Blackites rectus
—B. Discoaster deflandrei (low)
e e e —T. Discoaster saipanensis (low to very low)
R. oamaruensis
Runangan B. Reticulofenestra oamaruensis (moderate)
,D I'Xt.’OES‘I'L’!‘ —T. Cyclicargolithus reticulatus (high)
saipanensis and ; ;
Late iy T, Zygolithus (low?)
: TECUTIUS B. Isthmolithus recurvus (high)
C oamarlmnsis
Kaiatan B. Chiasmolithus oamaruensis (high)
“R." bisecta
Eocene B. "Reticulofenestra” bisecta (high?)
D. tant nodifer B. Cyclicargolithus reticulatus (high)
. L D:diincris &R, haprpldeensiy | Reticulofenestra hampdenensis (moderate)
M C. cristatus and
Porangan Defagans \—B. Reticulofenestra placomorpha (moderate)
T. Discoasteroides kuepperi (moderate)
Herehmngan Reticulofenestra
dictyods B. Reticulofenestra dictyoda (high)
Mangaorapan D. lodoensis
Early —— = T e e - — o —B. Discoaster lodoensis (low-very?)
Late C. grandis and —B. Discoasteroides kuepperi (high)
Waipaw. i M. tribrachiatus
ApA mEaxly R cuspis, D T. Discoaster multiradiatus (moderate)
g L D i st igh?
N o mediosus and (also base Discoaster diastypus) (high?)
D. multiradiatus
Paleocene Teurian B. Discoaster multiradiatus (high)
Mid Mid Unnamed
(part) (part) T. Heliolithus kleinpelli (high?)

H. kleinpelli

Note: B = first occurrence of a species; T = last occurrence.
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Calcareous Nannofossil Correlations DSDP Leg 29

TABLE 3

Site Hole
Adopted Age 275 276 277 278 278A 279 279A 280
- Late [*1-2 to 2,CC" 1-1to 1-2 1-1to 144 [1,CCand2,CC 1-1 1-1to 1-3_| 1-1
* {downhole) & e i-1,100 cm_| 1-3,110cm
Earl 1,€C 1-2,110cm | 21to 7'777’7‘77
L to /
Late / | |13,110¢em | 8,CC (top) “Barren”
Pliocene -
- 7 T
8,.cc s 14
Late to E to
15,CC E 1,CC
) 1-1t01,CC| 13014 l
e 16-1 to 14, 110 cm
to
Miocene | 253 | 3-6, 30 cm
254 36, 110 cm
Early to to
30,CC 11,€C
BASALT
Late - %
& |2
B [& 14, 10em| 3141
21E 1o to
g
Oligocene — < |§ 154 | 3acc
o
% =
Mid -
|
|
15-5 BASALT
Early to
212
213t |
21,CC
22-1 to 22-3
" 22,CC to
ate 26'3
I~ 410 |
1 _28,¢cC_ |
| 29-1 to
Eotene — =g 30,¢C
|
31-11035CC
Mid 1111136110372
| 37-31035,CC
381 ta
J 40,CC
a1-11042,CC
Euly 431 1043.CC]
44-1 to 44-2
44-2,120 cm
Late ;:..' to
Paleocene g 45.CC
i “ | a6-210464
/ A [g.cc

Note: Crosshatched areas indicate unconformities. B = first occurrence of a species; T = last occurrence.
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CALCAREOUS NANNOFOSSILS

TABLE 3 — Continued

280A 281 281A 282 283 283A 284 284A Nannofossil Events
1,CC to 22 1-1 1-1to 14 V, I1101,CC[ 1-1and 12|
1, CC 1, CC T TCand 31 T-5101.CC B i
23 to 1-2 to e S ICLE E P o T. D. brouweri
¥ | icc Tisoem LT D ourouter
2, 0C Y T.R. p ilica
36 to R Barren Barren 9-1 to
5,CC 3,CC
s o ] —B. C. amplificus
21,CC
22-11022,CC = ey
6-2
to 1-5, tIoB cm
9.CC 1CC
? 10-3 to T. C. neogammation
f % 12-3 / |_T.D. deflandrei
/ 2 7 /
/ 5% /) /]
7 %v 124 / /
/ 8 % to / /]
/ -] g o /l
/ gg 13-3, 106 ecm 2 CC E’B
/ = ' to =5
/i 8 &
/ 5-1, 136 cm QE
YR ETE Y | s
33 30 om E % T. “R." bisecta
l to 13 CC 8
28
<]
) /
&3-2, 30 em
34-5, 30 cm 5-1, 148 em
E / /]
é _ to
13-5, 110 cm
Barren

—T. R. placomorpha

—T. I recurvus

15-1 and 15-2| \—B. D. deflandrei
+—T. D. saipanensis

13,CC0 18,0C l

B
N

4-5, 110 em
to
9-1, 127 em

15-2 and 15-3 —B. R. oamaruensis

—T. C. reticulatus

L7
-
g
-]
8

Unconformity
or highly

—T. Zygolithus

15-3, 20 cm 1
—B. I recurvus

to
15, CC

9,CCto 16-1 to —B. C. camaruensis

11,€C | 181, 115 cm
‘ BASALT

—B. “R." bisecta
—B. C reticulatus
—B. R. hampdenensis
l?t,OCC | —B. R. placomorpha
20, CC —T. D. kuepperi

\—B. R.dictyoda

+—B. D. lodoensis
—B. D. kuepperi
\—T. D. multiradiatus
(= B. D. dlastypus)

—— Maximum Range ——

BASALT SCHIST BASALT —B. D. multiradiatus

—T. H. kleinpelli
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TABLE 4A
Calcareous Nannofossil Distribution, Site 277

Adopted Age Late Pleistocene :ilcll_:::lg':?;:elre’ Late to Mid Oligocene
Zone C. pelagicus P. lacunosa Reticulofenestra bisecta
Foram- Foram-
. rich rich : :
Lithology Pocaii| Naaio: | Feram! Nenmo Foram-rich Nanno ooze
ooze | ooze | ooze | ooze
Depth Below Sea Floor (m) 0.0-7.0 7.0-16.5 16.5-26.0 26.0-35.5 35.545.0 45.0-54.5
—t (=T =] = = (=} o o o o [ I == ] oo = (=] = (=]
- ;g:sa::em:ea::guaaaaaauz?::::U::E%::U:§:§:§8§§:§§§U
ample B N B R I L R i s V.V €] PR SVl © | [ e S P - & [F-'S St LSl | (S V- & Jf P e .
(lntervalpincm) —'--—".—'.EE(EZ}EEEEEEEE—”NE:N:ENv‘:::z?\ﬁﬁvzzig33'052:‘5;22&:{\5331332’
Overall Abundance A A AAACAIC ACIAAAIAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
Overall Preservation MMMGGP MIP MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
Chiasmolithus altus R f XRR|FRRF? FCCcCcCcC|lcCccCccCccoccCccc|ccecceccecceccccccecceccecclFcccecceoccec
C. eopelagicus f F R R R F R R R R R R|R R R R R| R RRRRR R
“Coccolithus "' minutulus F X
C. pelagicus cCcclccCA cCCX C
Cyclicargolithus neogammation c A AlIACCICCFFFFFICCCCCFF|CCCCcCcCCIlcCCFCCCcClcececccceccedco
Cyclococcolithina leptopora FFF|FRF RCF X 1
C. macintyrei R C C|x F
Discoaster deflandrei s.1. r X X|X R R | R R R|1 F 1 R 1 1
Discoaster brouweri s.1. R
Emiliania huxleyi R F F
Ericsonia alternans
E. ovalis s.I. c A gilaAaclcg rceCglc e cFoCe FICCcc o eeCEFCE €EEeQEC
E. fenestrata s.d.
Gephyrocapsa operta F C
G. caribbeanica [ S A
Helicopontosphaera kamptneri | R F F [X R X X X
Helicopontosphaera sp.
Isthmolithus recurvus X r :
Neococcolithes dubius 1 1 1 R 1
Pontosphaera sp. X XCX R X 1 R[R R 1 1)1 R R 1 R 1 1
Prinsiaceae, small AAAIAAC AACIA A A[A
Pseudoemiliania lacunosa R R R A F
Reticulofenestra bisecta X f F FleCc FIFQCCCECCQIcCcCCcCCoecCclcccCcCcC F|CECeCcCcCcoecececcCcceCcceeEr
R. placomorpha X X F R|1 1
Reticulofenestra sp. T CFIFFFFFFFIFFFFFFF|FFFFF?FFFFFFFFRRRRFTFFTF
Rhabdothorax regale 1 R X R R 1 1
Sphenolithus moriformis T X RIR F RIR R RRRRRRRTF R RR|RRRF RIR R R R R RIR RRRRRR
Syracosphaera hystrica R 1 R|F R X R X R
Thoracosphaera sp. R R R R R R R
Zygrhablithus bijugatus f R R FIRFR|FFFRRCC|FFRRRFT FIRRRFREFIZRRRRFRRFRRRRRTFR R
Note: A=abundant; C=common; F=few; R=rare; X=1-5 speci ; 1=1 specimen; +=present trace: and —absent. These symbols are in lower case when specimens are thought to be reworked or contaminated.

G=good; M=moderate; and P=poor preservation.
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TABLE 4A — Continued

Adopted Age Late to Mid Oligocene
Zone Reticulofenestra bisecta
Lithology Foram-rich Nanno ooze
Depth Below Sea Floor (m) 54.5-64.0 64.0-73.5 73.5-83.0 83.0-92.5 92.5-102.0 102.0-111.5 115.5-121.0
coeee loveses lemsese |SSE2S89 |2gzgss |gessgs |2ssssE
— o = - e e =] P e B =1 L i R I e e B L TR T & Y R B I B i e ]
Sample nieSeleiod-l eheRetolututc] Ietelote el | e R R |
arenimey  |LEXTERTEI LS ERd i qaccndsianasadfaddaddiadngdd
Overall Abundance AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
Overall Preservation MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM‘MMMMMMM
Chiasmolithus altus CCFCceoccclececCccceecee|ccCcCCCC|CFE FCCOCFICCCCOFCCECCCCFQEQgeecceccecC
C. eopelagicus R R R RRRR RRERERRR R R R R R R R R R R R RRR
“Coccolithus" minutulus
C. pelagicus
Cyclicargolithus neog tion |C C CC AAICFCAAAAICCCCCCCICFCFCCAICCCFCFPRCCCCCCCIFCCCCFC
Cyclococcolithing leptopora
C. macintyrei
Discoaster deflandrei 5.1, 1
Discoaster brouweri s.1.
Emiliania huxleyi
Ericsonia alternans 1 1
E. ovalis s.1. FeececeleccceocCeCclFCcCecCcecCcejCcFEeCcececcclcccecceccjeceecececcieceeccecececc
E. fenestrata s.1,
Gephyrocapsa operta
G. caribbeanica
Helicopontosphaera kampineri
Helicopontosphaera sp. 1 1 R 1
Isthmolithus recurvus 1 1
Neococcolithes dubius 1 1 1
Pontosphaera sp. 1 1 1 1 1
Prinsiaceae, small
Pseudoemiliania lacunosa
Reticulofenestra bisecta cgececeoegjgeceocegcicccocceceejerFrcFeCCIcCC P CFCERECCCCCFP FRICCECLCFEFRCE
R. placomorpha 1 1
Reticulofenestra sp. FFFRFFIFFFFFFF|FFFFRRFIFRRFFRFIFFFRFFRFFFRRFTFFFFFFEFF
Rhabdothorax regale 1 1
Sphenolithus moriformis RRFRRR[FRR FRRIFRRRRFFIRRRRFTFIRRFIRRR R RIR R R R RRRRRRRRRR
Syracosphaera hystrica
Thoracosphaera sp. R R R R R
Zygrhablithus bifugatus RRRRRRIRRRRFFF|IFFFFRRF|FRRFFRF|FFFREFTFTERRR R RRRRRRRRR

STISSOAONNVYN SNOTIAVITVD
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TABLE 4B
Calcareous Nannofossil Distribution, Site 277

Adopted Age Late to Mid Oligocene

- T
Early Oligocene Late Eocene =

Zone

Reticulofenestra bisecta

top Reticulofenestra placomorpha to base Reticulofenestra oamaruensis

Lithology

Nanno ooze

Depth Below Sea Floor (m) 121.0-130.5 130.5-140.0

140.0-149.5

187.5-

178.0-187.5 197.0

149.5-159.0 159.0-168.5

15,CC

16-1, 110
16-2, 110

Sample
(Interval in cm)

15-3, 110

14-2, 114
14-3, 110
144,110
14-5, 110
146, 110
14, CC

152,110
154,110
15-5,110

16-3, 124
164,110

16-5, 110
18-1, 1335
18-2, 110
183,110
18, CC

19-2. 111
20-3, 110
204, 144
20-5, 143
206,110
20,CC

21-2, 110
21-3, 110
21 CC

>

Overall Abundance
Overall Preservation

o= >
oz >
oz »
0olx »
Oz »
nlz >
lelF4r g
0= >
0z >
Q= >
alz »
N= >
Az >
Nz >

nE»
n=Z =
Qe
o=z >
olz =
= >
2>
=z >
= >
= >
= >
Zz >
z >

nl=

Chiasmolithus altus
C. expansus

C. grandis

C. oamaruensis
Chiasmolithus sp.

[ Cyclicargolithus neagammation
C reticulatus |
Cyclococcolithina leptopora
Discoaster barbadiensis 1
D, deflandrei 1
D, saipanensis

D, tani s.d.
Discoaster sp.
Ericsonia eopelagica
E. fenestrata s.l.

R

=

olm = -
R =
-

lg]b--R--]
o1k~

E. ovalis

Helicopontosphaera salebrasa
Isthmaolithus rectrvus 1
Markalius inversus
Neococeolithes dubius

=

N =
lelt-B--]
[2l-B]
Alm =
(]b-8--]
Ox =
anx
(2] lp k-
lollol--]
nis =
(21 -]
A= =
alE =
e R I E ]
[
afx w
nlE =

m
=
o
m
ke » |
o
=

=M
i

Pontosphaera ? sp.

Reticulofenestra bisecta
R. hampdenensis F
R. oamaruensis
R. placomorpha 1

E!

c

an
ol -Rols
ol--Holls
R =N
nRTN
aR =N

R. cf. R. hisecta

R. cf. R. dictyoda
Rhabdolithus sp.
Rhabdothorax regale

Sphenolithus moriformis R F

m
he 7

5. radians
Thoracosphaera sp.
Zygrhablithus bijugatus

R
R

™ ®

CCF

=

Note: See Table 4A for explanation of symbols.

is then
for the

lithologically controlled diagenetic effects. It
necessary to attempt to determine the reason
deposition of different lithologies.

4) Drilling and coring, especially in the usually soupy
or very soft uppermost layers, can produce mixed cocco-
lith assemblages. These are sometimes not recognized as
such, resulting in incorrect conclusions,

5) The preparation of smear slides varies from scien-
tist to scientist. A certain amount of sorting during dry-
ing of the sample often cannot be avoided. Thus a slide
may have a “residual’” winnowed assemblage with main-
ly large forms in the central part, surrounded by a more
or less normal, “‘true” assemblage, with an assemblage
consisting mainly of smaller forms towards the edges of
the slide.

Some of the ecological factors which affect the ver-
tical and horizontal distribution of living calcareous
nannoplankton are well known. Certainly others are still
unknown. However, most species occurring in
sediments older than Pliocene are extinct. Qur con-
clusions about the paleoecological significance of these
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species are, of necessity, based on analogy with the
results of previous investigations in areas where certain
ecological conditions were assumed to be present.

The presence of more or less common Zygrhablithus
bijugatus is considered to indicate deposition in water
depths well above the lysocline, as this species seems to
dissolve easily. Edwards (1973c) came to similar con-
clusions regarding DSDP Leg 21 material. However, the
writers cannot yet explain why the possibly related Late
Cretaceous species Lucianorhabdus cayeuxi is among the
species most resistant to diagenesis in the Baltic chalk.
Z. bijugatus was found to be consistently present and
often common in the late Paleocene to Oligocene
sediments of Site 277 on the Campbell Plateau (present
depth, 1222 m). It is very rare in a very few Eocene-
Oligocene samples at Site 280 south of Tasmania (pre-
sent depth, 4181 m), and rare to few Z. bijugatus occur in
the Oligocene of Site 281, just north of Site 280 (present
depth, 1591 m). The presence of few to common Z. bi-

Jjugatus in selected samples only of Oligocene and

Eocene age at Site 282 (present depth, 4207 m) is at-



TABLE 4B — Continued

CALCAREOUS NANNOFOSSILS

Adopted Age Late Eocene Mid Eocene
base R.0. top Cvelicargolithus reticulatus to base base R. bisecta to base C. oamaruensis to base | base C. reticulata to
Zaone to top c.r. Reticulofenestra bisecta base C. oamaruensis C. reticulata base R. hampdenensis|
Lithology Nanno ooze Nanno chalk
216.0- | 225.5- 244.5-| 254.0- 282.5- | 292.0-
Depth Below Sea Floor (m) 197.0-206.5 | 206.5-216.0| 225.5 235.0 235.0-244.5 [(254.0| 2634 |263.5-273.0]| 273.0-281.5 292.0 301.5
EERCEENCEREER  EEER B CEREEEN EEEEREEREE
o o i AT e T SIS B a2 o e e o o Son A =S ylm2
Sample R Rl AR e R A T EE A A
(Interval in cm) NNSS20 R IILLRR SRS NRRRAAR AR IR RcRAS
Overall Abundance AAAAAACAIAAAIAAAIAAAAAIAAIAAAAAAAAMACTCAIAAAIAAC
Overall Preservation MMMMMMP MMMMMMMMP MPMMMMMMMMMMMMPE MMMMMMMM
Chigsmolithus altus
C. expansus F RIRRIFFFRRFTF F RF RIRRRI|RFR
C. grandis R
C. oamaruensis I FFRFFFIFFFIFCFIFFCCFIFFI|FFF
Chiasmolithus sp. R RFR RIF RIRRR|JFFFRIRFFTFTF|FFRI|FFR
Cyelicargolithus neogammation
C reticulatus RIRFFCICCCIFFC|ICCCCCIFCKCCF|ICCCCICCCTEFEF
Cvelococeolithinag leprapora
Discoaster barbadiensis R R R R R R R R
D. deflandrei
D. saipanensis R R 1 R R 1 1| R RRR 1
D. tani 5.l R R |R R R R R R R R R
Discoaster sp. 1 R R R R F RIR F
Ericsonia eopelagica R F F RIF RFIFFF|FFFIRRRFR|FRFFR|FRRRRRRFTFRRTRIRRRE R
E. fenestrata s.1. R R R F R |R RRIRRIRRFRRRERIR F R R|F F R R
E. ovalis coceclcececclccclceclFecececleckeclccoccice € ccelee et
Helicopontosphaera salebrasa | 1 R R R R|R R R R R
Isthmolithus recurvus RRRFI|FRRRRERTER 1 R
Markalius inversus R R|R R R R R |R R R R R R R R R R R RIR R R R
Neococcolithes dubius R R RRRIRFRR RRIFFFFFFFIRRFEFEF|FFRIFFR
Pontosphaera ? sp. ] R R R R R R RRIR
Reticulofenestra bisecta cccCceoclcegcecccecloceelc CRr |
R. hampdenensis FFF|IFFFF F F|F RFR[CCcCLCECLE FC|CC I
R. oamaruensis X
R. placomorpha .IF_F CCF FFRIFCCICCCIFCCCEIFCICCC |(‘ ccCccC cccceclccciccc
R. cf. R. bisecra |
R. cf. R. dictyoda cclcceocicceccKgceccoccoccccocjcocrc
Rhabdolithus sp. R R RIRFFRIRFC|IFFF|IFFRFF|FFFFFIFFFTFIFFTFTFF|FFFIFR
Rhabdothorax regale
Sphenolithus moriformis R RR F RRR R RIRRRIRR R R R R RIR RRR F F I"ll" F FIR F F
8. radians 1 1 l
Thoracosphaera sp. RFFFIRFFR ¥ FFRIFFFCRIFFIFFFI|IFFFF|FFFTFTF|FF FRR
lZ_\'ngmbﬁrhm hijugatus F F F F|F F F F F fF F FIFFRFC|IFCICCF|FFCCI|UFTEFF ("'I—' F C|F F C

tributed to occasional rapid transport and burial of coc-
coliths and nannoliths from the nearby shelf of
Tasmania and southern Australia. Z. bijugatus is miss-
ing at Site 283 (4746 m, present depth), although
coccolith-bearing Eocene sediments were found.

At most sites of Leg 29, representatives of the Ponto-
sphaeraceae (except Helicopontosphaera) are rare or ab-
sent. This is also true of the Braarudosphaeraceae. Both
are well known for their preference for nearshore en-
vironments. These conclusions are consistent with New
Zealand and DSDP Leg 21 experience (Edwards, 1968;
1973b). Pontosphaerids often occur as few to common
in samples containing common Braarudosphaeraceae,
as well as when the latter are rare.

The ratio between discoasters, considered to be warm
water forms because of their abundance in sediments
deposited in tropical seas, and Chiasmolithus, repre-
sentative of cooler conditions, has been used as an in-
dication of changing climates (Bukry, 1973). Chiasmo-
lithus occurs from the Paleocene through to the Oligo-
cene whereas discoasters last until the end of the
Pliocene (by definition) in warm areas, but are absent
earlier in cool water areas. No counts were made of dis-
coasters and Chiasmolithus in Leg 29 samples. Some

trends, however, can be extracted from the observations
made so far and are tabulated in Tables 4-12.

In the late Paleocene of Site 277, discoasters are in-
itially more frequent than Chiasmolithus but a reversal
occurs near the top. Above this Chiasmolithus
dominates over discoasters until both groups reach
similar frequencies in the late early Eocene to early mid
Eocene interval. Discoasters are rare or usually absent
throughout the remainder of the Eocene and the Oligo-
cene, whereas various species of Chiasmolithus flourish.
This pattern is considered to indicate a temporary cool-
ing of the climate across the late Paleocene-early Eocene
boundary, relatively warmer conditions again in the late
early Eocene and early mid Eocene, and finally cooler
conditions for the remainder of the Eocene and most of
the Oligocene. These conclusions are consistent with the
distribution of warm water nannoliths excluding disco-
asters and the cosmopolitan Sphenolithus moriformis
group. In the entire Paleogene sequence of Site 277 these
nannoliths are only represented by Fasciculithus tym-
paniformis (common in the late mid Paleocene to mid
late Paleocene interval), and Sphenolithus radians (rare
in the early to mid early Eocene and rare to few in the
late early Eocene and early mid Eocene). A similar
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TABLE 4C
Calcareous Nannofossil Distribution, Site 277

- — =
Adopted Age Mid Eocene i Early Eocene Late Paleocene
base
P Y base R. hamp- : . base [,
I:;.l\:t.; erk,u;‘am ::1;“ i A mR.tpo.p TDPD,;L;%?;:{JLO base bamﬁbffrtii:(;:rio base hzepp::q‘ to top Discoaster multiradians
Zone . R. placomorpha| p, x D. mult
Lithology Nanno chalk
311.0- | 330.0- | 349.0- 368.0- 377.5- 387.0- 396.5- | 406.0-| 415.5- | 425.0-

Depth Below Sea Floor (m) 320.5 3395 | 3583 3775 387.0 396.5 406.0 | 4155 | 4250 | 4345 |434.04440 444.0-453.5 453.5-463.0 463.0472.5
S8 8 g% 58z sz |g29¢ |8 25 |88 22 19488 Soco%ﬁﬁ%mgﬁ g258cz-8 |22Z
et o) wane od PR Lptialale J{iatiall ) I Bel it ] [0l o ol | mia 1 et o] ol | il B iistel inSeloRsda | ielodeRolholol | RetioBost

Sumple —."‘.“'.T':‘.T“.‘.T"‘."‘.".":'".".‘."'.“"“.".':""."."."".‘.1":'."2"'1‘.':'"."'.".T'?'S‘X“?'f’ﬂ@'?'?’?.?'?':ﬁ?'?zv;gz?.

(Interval in cm) Ao S A dR s SR SRRt sl TSPt e T IITIITIIIT oG eerYebey
Overall Abundance A A AJA A AIAAAIAAAAIAC A[A A AAIC AAIAA ACAAAAAAAACCAACCCCCCCACCCCCCQCcCCOC
| Overall Preservation MMP/IPMMMMMIP MMPIPPPMMMMPMMMMMMMPMMPIP MMPMMMMPMMMMMMP MMMMP MPIPPPP
Biscutum panis | 1 1 R|R R R|R R RRRRC | i
Chiasmolithus vograndis | f r RFF|FFFIFCCRCFCCFFFRCCCEFFRRERR Rl R
. expansus ' R RIRF FIFFR|FFRRIR R R
O grandis R R R R[R FIR RRR|RRRIR F
C. solitus + C sp. CCFrIFCCljcccCls ccc|lceC|CCF F|FFC|CFF|FFEF|FFF |
Conococcolithus? sp. RIF RRRRRIRRR
Cruciplacolithus staurion R R |R 1 1
Criciplacolithus sp. 1 1 R R R R
Discoaster barbadiensis 2 1 R R 111 F C|F C F|F F R
D, diastypus RIR R RR
D. kuepperi 1 I RRFRIRRF[FRTF F FIF R RIR R R F
D lodoensis R C FIR 1 RIR R F|R R R|I R
0. wultiradiatus R R R RRR RIFCCFFRE
D. sublodoensis-! R 1 F? ? ? 21
D. wemmelensis R F F 111 R 1 1
Discoaster sp. R R|F FIR F R R F RIFCFF|FFF|FFCCF R 1
Ellipsolithus macellus R 11 1 1 RRRRRER R R 1 R R
Ericsonia alternaniis R R|{R R R|F R R R R R R|IRF F F|F FFIRRR|FR
E, eopelagica RFRIRFFIRRRIRRRR
£, fenestrata 5.1, F R R RRIFRF F R R|R R F R|F F F|F FIR R R|F F F R
E. ovalis C /¢ ee Cle ¢C |CC ChEle o cccecceciccccijccccjccccicccjcccolccccccccicccccciC FFFFFREF R C
Fascieulithus rympaniformis 1 1 1 11 RRIFCCCccCcCCccCccC
Heliolithus kleinpellii 1 1 1 1 11 Sp. sp. sp. sp. sp. F
Hornibrookiana australis R F R FFCFRFCRK 1 1
Markalius astroporus R R R [R R R R R R|R R 1|R RRIR R RIRF F|IF FRRRREFF RIR R F RRRFFF R| R R
Neachiastozygus concinnus R RIF R R
N. distentus 1 R R R F F R R|
Neococcolithes dubius s.1. FRRIRFFIFFF|ICCCFIFCcC|CCCC|FFTF|FFF|FRFRFTF|FFR R R R R FFRFFC
P phaera sp. 1 R R R R R
'Marﬂmﬂmffﬂ' rribrachiatus R 1 1
Rerviculofenestra of, R. hisecra F FFIFRRIFFRIRFFFIFF FIF
R, cf. R. dictyoda ACFICCFAAC AAAACCCICCCC|CCC|C C
R. hampdenensis RRRIRRFI|FFR
R. placomorpha K CCICFF|FFFIRFRRIR
Rhabdolith i F R RFRIRRRRRRR
phenolithus moriformis F FIRRFI|FR RRRFIRRRIFFRRFFTF|FFF|RFRCFF|FRFFFFFFFFFFFCCCCFFFRFFF
. radians RRRRFFRRFF|FRF|RRRRFF|IRRRERRIXER
Thoracosphaera sp. R|IR F F R R R|R RRRR|CFF|FFF|FFF|FFF|FFR RRRRRRRFRFFCCFFFRTF R
Toweius? sp,, large 1 1 1|t F RIR R R RCCFFCRCCCC|C RCCFF|FR
\Zvgrhablithus bijugatus s.1. F RIFFFRFC|IFFRF|IFFF|ICCCC|CCC|CCA|ACA|ICCA|ICAAAACCCAFCFFFCCCCI

Note: See Table 4A for explanation of symbaols.
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CALCAREOUS NANNOFOSSILS

TABLE 5A
Calcareous Nannofossil Distribution, Site 278
Adopted Age Late Pleistocene — Mid Pleistocene to Late Pliocene
Lone Coceolithus pelagicus Pseudoemiliania lactiosa
Lithology Diatom ooze
120.0-

Depth Below Sea Floor (m) 0.0-6.0 ~17| ~31 101.0-110.5 110.5-120.0 129.0 129.5-139.0 139.0
o = o vweool,, . = = o o = o coocoeo c o cococoao =
gmeacs gl ol | ¥[808R oRT 2389w 2a 28E 0yld G288 2S5 gl 8

Sample -__::'\;N.:"._:"’. u‘:’7:::5”1#?‘1'_:":—:“"8:&«{‘6'8Jdg—'eif€'-ﬁ'8—‘ri
(Interval in cm) RO s A 8 (. S - A o s B i i il i - ] s i - St b bl i M’ i i

Overall Abundance RRCCCFRRIR R |[¢ce0 e FREFECOCFF|IFCEFECLCCC|CCPF|CFEOCFEFFF RCC

Overall Preservation P MMMMMMP|M M|IMPMMMPPPPPPMP|IPPPPPPPMPPIPPPPPPPIMM

Coccolithus minutuflus RFCFCRRRR R R R|R R R R R X

C pelagieus F XXFXFXC|R CCCCFRCFCFCRRIFFRREFEFTF|FFR|IFFFTFREF F F

Cruciplacolithus cf. C. neohelis X R R

Cvelococcolithina lepropora FRACACIXEF]I|EF FCCFCFFCFCFCCICCFFCCC|ICCF|CFCFFRIXI|FF

C. maciniyrel R R R I o R

’mmna friexlevi * FFACFTFTF

Geplivrocapsa spp.. small X R R X X X | X X c X F I R

G, ¢f. G, oceanica AF X:F X X R

Helicopontosphacra kamptneri XRFFEF X X X X X X R X R R|IF R R

Pontosphacra spp. R b R

Prinsiaceae, small F €C C C|R [F|[RFAAACCCACACTF|ICCCCACC|CCC|CCACCCC|AA

Pseudoemifiania lacunosa CCAFRFRCXFXCR|FFCCCFC|[CCFI|FRRFZRRER F ¥

Note: See Table 4 A for explanation of symbols,

pattern has been observed in New Zealand and southern
DSDP Leg 21 samples.

At Site 278, Chiasmolithus is common to abundant in
the mid and late Oligocene; discoasters are usually ab-
sent. Very rare specimens (visitors) occur in a few
samples in the latter part of the Oligocene. This site at
present underlies the Antarctic Convergence.

In the poorly dated Oligocene and Eocene at Site 280,
Chiasmolithus is absent or occasionally rare to common.
Discoasters are absent. Here, the absence of Chiasmo-
lithus is probably due to deposition just above the cal-
cite compensation depth. As discoasters are known to be
more resistant to dissolution than coccoliths, it can
reasonably be concluded that the absence of discoasters
is a primary feature, probably resulting from adverse
climatic conditions.

At Site 281, Chiasmolithus is common in the early late
Eocene, early Oligocene, and late Oligocene whereas
discoasters only occur in low numbers in a short late
Oligocene interval which follows a hiatus.

At Site 282, Chiasmolithus is as rare as the discoasters
in the late Eocene but they become more frequent
through the Oligocene where chiasmoliths dominate
over the discoasters which are rare or, more usually, ab-
sent.

Where Paleogene calcareous nannofossils are present
in reasonable numbers at Site 283 (early late Eocene)
Chiasmolithus dominates over the very rare discoasters.

These observations on the frequency relationships of
discoasters and Chiasmolithus strongly support the use
of this ratio as a tool to detect changes in paleo-
conditions, possibly in terms of paleotemperatures.

Observations on the Neogene Leg 29 occurrences of
discoasters show the following. (1) Discoasters are con-
spicuously common in the early Miocene sediments of
Sites 279, 281, and 282, but much rarer in the underlying

and overlying assemblages (see Site Reports, Chapters 6,
8, and 9, this volume). This pattern is so pronounced at
these sites that the simple observation that a sample of
unknown age contains common discoasters is sufficient
to date it as early Miocene! A similar but less pro-
nounced pattern occurs in equivalent age sediments in
New Zealand, and at the southern DSDP Leg 21 sites.
This pattern coincides with the strongest indications for
warm climate in New Zealand (Hornibrook, 1971). (2)
This pattern does not extend as far south as Site 278. At
this site, which at present underlies the Antarctic
Convergence, discoasters are very rare and sporadic
throughout the entire sequence. Even the cosmopolitan
Sphenolithus moriformis group s.I. is rare and sporadic in
its Neogene occurrences. At this site it would seem ad-
visable to consider all discoasters as “‘visitors.” (3) In
Leg 29 sediments the last appearance of discoasters,
which in warm water areas is considered to coincide
with the Plio-Pleistocene boundary, is clearly climatical-
ly controlled. For example, at Site 284 (40°S) their last
appearance appears to approximate their extinction in
warm water areas, but at Site 281 (48°S) their last oc-
currence (more than one specimen observed) occurs in
the basal Pliocene, and at Site 278 (56°S) their last oc-
currence probably occurs in the early mid Miocene. A
similar but less extreme pattern has been observed in
both the North Atlantic (Perch-Nielsen, 1972), and New
Zealand.

Southern and Northern High-Latitude Calcareous Nanno-
fossils in the Cenozoic

Calcareous nannofossils are currently widely used for
intercontinental and interoceanic correlations of marine
sediments. Several zonal schemes have been proposed
for different areas and a *‘standard Tertiary and Qua-
ternary calcareous nannoplankton zonation' was
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TABLE 5B
Calcareous Nannofossil Distribution, Site 278
Adopted Age Mid Pleistocene to Late Pliocene
Zone Pseudoemiliania lacunosa
Lithology Diatom coze |
Depth Below Sea Floor (m) 139.0-148.5 148.5-158.0 158.0-167.5 167.5-177.0 177.0-186.5
8 oo ocoo
WA RRBEGEEE22E8E 2288880 Eegees 348388
Sample "1"1"1'“."2:'“."1'1'?."1".8T"Tff“ﬁgB‘::n;;f:."lB-;rﬁ«_{{u_{
(Interval in cm) CCICLSeREILEcZi3 s uwadadididsRacen
Overall Abundance CCFRFF|IFFFFFFR|--R--CRC|AAAAAAAAIAAAAA
Overall Preservation MMMEP PP PPP|--P- - PP PP P P P P PP i
Coccolithus eopelagicus s.1. R R R
C. pelagicus group F FFRFRFFTFRR R C RC|IRFCRRFRCIR F R R
Cyclicargolithus neogammation
Cyclococcolithina leptopora RFFRRRIRR R R R R R R
C. macintyrei R R R X RRFRFRRRIR
Discoaster pentaradiatus X X
Discoaster sp. R X X R X
Prinsiaceae, small AACFCC|ICcCCCCEF F R RCIA A AAAAAAIAAAAA
Pseudoemiliania lacunosa R RRREFF
Reticulofenestra pseudoumbilica X C|A A A AAAAAIAAAAA
Sphenolithus abies
§. neoabies R R X
Thoracosphaera sp. R R R R

Note: See Table 4 A for explanation of symbols.

suggested by Martini (1971). The degree of biostrati-
graphic resolution obtainable using calcareous nanno-
fossils is highest in the lower latitudes where diversity is
high, and gradually decreases to the north and south
with the decrease in diversity. The association of two
authors having different experiences with southern and
northern high-latitude calcareous nannofossils provided
a valuable opportunity to consider the following:

I) How far south and north can the *“‘tropical”
zonations be used? It was noted by Perch-Nielsen (1972)
that in the north Atlantic, the “tropical” zones were
generally useful to almost 60°N in the Paleogene, while
similar correlations in the Neogene became increasingly
more difficult as the sediments became younger. Al-
though the index species were usually present, they were
often extremely rare. Biostratigraphy could be based
mainly on nannoliths such as discoasters, spheno-
liths, and ceratoliths. In the southern high-latitude sites
drilled on Leg 29, the “tropical’ zones could hardly be
used in the Paleocene and early Eocene. By mid Eocene
the marker species of families other than Cocco-
lithaceae and Prinsiaceae began to disappear south of
about 50°S. Only a few low-ranging discoasters are pre-
sent, and the Prinsiaceae (Reticulofenestra, Dictyo-
coccites, Cyclicargolithus, Pseudoemiliania, Gephyro-
capsa, and finally Emiliania) constitute the greatest part
of the assemblage. This assemblage also includes Cocco-
lithus pelagicus s.., and occasional occurrences of
warmer species as “‘visitors.”” Thus the “tropical™ zones
can be recognized farther north than south. This situa-
tion is easily explained by the effect of the warm Gulf
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Stream on that portion of the northern Atlantic in which
the sequences studied have been recovered.

2) Is there a difference in the relative levels of the first
and/or last occurrences of different species in northern
and southern high latitudes? Some examples of reversed
events were observed. For example, the first occur-
rences of Reticulofenestra bisecta and Chiasmolithus
oamaruensis change their relationship to each other. In
Denmark and at Site 277, C. ocamaruensis occurs before
R. bisecta whereas in New Zealand R. bisecta appears
before C. oamaruensis (Edwards, 1971). Details of this
and eventual other “‘reversed” first occurrences will,
however, have to await further, more detailed, investiga-
tion before they are understood. It is well known that,
for example, Isthmolithus recurvus is not a “reliable”
taxon in low latitudes. Also, Discoaster saipanensis, the
last occurrence of which marks the Eocene-Oligocene
boundary in low latitudes, is unreliable in high southern
and northern latitudes. Such examples illustrate the un-
certainties involved in the age assignments. They also
demonstrate the idealistic nature of the assumption that
first and last occurrences occur at the same time all over
the world. Diachronous first and last appearances are
far more frequent in the high southern and northern
latitudes than in the *“‘tropical™ regions.

3) Are there species in one region that do not occur in
other high latitude regions? No detailed survey has yet
been attempted to find the complete assemblages of
southern high latitudes for different stratigraphic levels.
Such studies need well-preserved material and sufficient
time to study it extensively under the electron micro-
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TABLE 5B — Continued

Early Pliocene to late Mid Miocene Early mid Miocene
Cyclicargolithus
Reticulofenestra pseudoumbilica neogammation
Siliceous nanno ooze | Siliceous ooze
186.5-196.0 196.0-205.5 205.5-215.0 215.0-224.5 224.5-234.0 234.0-243.5
o coc oo oo cocooocoo cCc oo ® = ) oo oo oo oo woo
== R=R=R= Nty === ol a i A po b ipaiiaib= i f= i Sibeib=go= =3 bjie ol iR i o jhojho
R R R R D R R e F T L R Y
SSlogsanddfssnoagatagdagiIagdleanacnggeesse
A AJAAAAAAAIAAAAAAAAAAAAAIACAAFACIR--FRCAI|IC- ACR -
PPIPPPPPPPIPPPPPPPIPPP PP/IPPPPPPPIP--PPPPIP-PPP -
R R R R R R R
R R FFRF R R X R R R R R|R R RI|X F F
R F F F
R
F R X R R R R R R X
X X X X
A AAAAAAAAAAAAAAAIAAAAACICCCCEFF F RRCZC ACR
A AJAAAAAAAIAAAAAAAIAAAAAAIAAACAAA R A A A|A A A
X
X

scope in order to find and examine the rare and very rare
species. Generally it can be said that truly oceanic as-
semblages have, in both the southern and northern high
latitudes, a lower diversity than assemblages known
from shelf regions.

While many species seem to be common to both
northern and southern high latitudes, some seem to be
restricted to the northern latitudes and a very few to the
southern latitudes. This certainly is partly due to the fact
that far less studies have been made from the southern
high latitudes and thus fewer species have been found.
Selected species found only in the southern high
latitudes are therefore of more interest here as if they oc-
curred in the north they should have been found and
described by now. In the Paleocene, we note the
presence of the genus Hornibrookina in New Zealand
and at DSDP Sites 206, 207, 208, and 277. Only one of
the two species of this distinctive genus has so far been
found in the north (H. australis, in the Crimea,
U.S.S.R.). In the Eocene we note the presence of
Reticulofenestra hampdenensis from New Zealand and
the Eocene of different sites of Legs 21 and 29. This
species is very closely related to, and perhaps identical
with, Dictyococcites onustus Perch-Nielsen, and Cribro-
centrum foveolatum (Reinhardt). The new species
described in this paper from the Oligocene of Site 277,
Helicopontosphaera? subantarctica, is so large and easily
recognizable in the light microscope that it should have
been found earlier in the northern hemisphere, if it ex-
isted there. Apart from Hornibrookina teuriensis it might
be the only really southern taxon found so far. The oc-
currence of the l/selithina sp. in the Miocene is also note-
worthy, and might be another indication of a coccolith
with a restricted southern distribution. However, this

small and delicate form might have been overlooked in
other samples.

4) Is the fine structure of species the same in northern
and southern high latitudes, or are there differences that
exceed the usual species concept, but which cannot be
distinguished using the light microscope? The fine struc-
ture of a limited number of species, mainly of the Paleo-
cene to Oligocene of Site 277, has been studied with the
scanning electron microscope (SEM) for comparison
with the fine structure of calcareous nannofossils stud-
ied from DSDP Leg 12 (Perch-Nielsen, 1971a, b, and
1972) in the North Atlantic and from Denmark (Perch-
Nielsen, 1971b, ¢). So far the differences observed in the
fine structure found in the same species from
the northern and southern high latitudes can readily be
attributed to differences in preservation. Solution
and/or overgrowth have affected the fossils beyond
recognition of possible differences in their structure if
they ever existed.

SYSTEMATIC PALEONTOLOGY

No attempt has been made in this report to update the names of cal-
careous nannofossils listed on the tables or plates. From this study it
was evident that the members of the Prinsiaceae family will have to be
studied very closely with both the light microscope and the SEM if a
reliable and relatively finely subdivided high-latitude zonation is to be
established. In the following, three new species from the late Paleo-
cene, early Oligocene, and early Miocene, respectively, are described.

Genus ERICSONIA Black 1964

Ericsonia tasmaniae n.sp.
(Plate 20, Figures 5-12)

Holotype: Plate 20, Figure 5; distal view.
Paratype: Plate 20, Figure 11; proximal view,
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TABLE 5C
Calcareous Nannofossil Distribution, Site 278
Adopred Age Early mid Miocene
Zune Crvelieargalithus neogor
Sili- g H
Lithulogy ::'uul. Hanna:oure, _".I":m“s Lt ! Radiolarian-Diatom ond Siliceous ooxed
s and siliceons ooze _ﬂ
Depth Below Sea Floor tm) 41.5| 243.5253.0 2350-262.5 ] 1&2.5-??2.11—’_ 7202815 | 28152910 | 290.0-300.5 300.5-310.5 ]
= o o o sy o = = = o =
= EE%L‘:?%%??EU!gE:ztIcﬁ:m: vigEemgas,
Sample ] R T i B B T Bl L B B B Al i ! TR i S i 2
| et mem P R T TR %34 ARRIBNARARA
Overall Abundance CCRF-CCICCCCCCCFFRFCOCCCIC-AACRAAAAAAMAARCCICCFCFRIERCECCC
Overull Preservation I'?]PI‘—I'l'PPPPPP!‘H‘!‘I‘MPP-FPI'PPFPFPFMFMPPPPI"I’PPPPPPPP
["Chiasambiths aftis 1 | X X x
Eenendithin capelagici R R R R R 3 X R I X X X F
Cvelcanslithus neagemmation |V F F CCIFCCCCCA|IFFCFEF|F CCCRl[cCCCCEF X|[CFCRFRER ¥ RF X|
Cvelococeolithing macinivrel X X
| Discoaster adgimaniens 1 | o o L . R X X X X X
B, ef. 1), ardakos 1 1 R
0 et 0. haflii 1 1 { i I
12 chatfergen 1 R I 1 (|
D, deflamdre e e efX X erX ofX
I drogei? . o | - 1 XX X X X X 3 X
D ewilis | T R X] 1.
| 2 vaviahilic R RIR R R R X 113 13 R R X
Drecoaster sp. indet. R | R R XK F RRX| RRERXR RRR R X|R X R X X RRRRKX
Eriesonie ovaliy group RIR F CAICFFFCCCIFFCCC|F RFEFCF|IFRRRCCA AAIRCRCXRFRAFCUOCA
Prinsiacese. snall A R R CCICCCCCACIFFRERAIC C A CCCCCAICROCFIAACECACECRCA AC
Retienlofenesirs hisecta . === c.CCFF 1 X
R pseeadonnhilice A R A F MmN W W
Reefonlofenestna sp. F A A
Sphineslithus anriformiy | R R R R R X XRR
Fhoraevsphave sp. | I | R
Note: See Table 4A for explanation of symbols.
TABLE 5C — Continued
i
Adopred Age Early mid Miocene Eary Miocene
— Zume Cyelicargolitius Heogammalion —7g Dl't(\';;{f_r';"f_ fasdrei
Lithology Radiolarian-Distom and Sili oozes
Depth Below Sea Floar tm) 310.5-319.5 319.5-329.0 329.0-338.5 338.5-348.0 34B.0-357.5
= = = = = =3 = (= =3 (=1 sl — = = = o oy = = = = = =
.n-ﬁ3:3:3:ﬂ:2:agzﬁ:9.:§::2:.?3352323‘::&:5_,ES:%:#E;%:Q:&:&ZE:%:P
Sample R R R R R R N R R R R TN IR TP R T e b
(aterval in cm) A E AR AR AR A ARGt Ga R AR R AREARRARRRRREEE AR ARAS
I
Overall Abundance !(‘(’(‘CL‘(“(“C(“FBFR(‘[—'F('Ekl‘l-‘RFt‘('I-’CL‘E-I{L‘E(‘N.LRI-4-+-RI+---¢§—-——0+
Orverall Preservation PPPPPPPPPPEPPIPPPPPPPPPPPIPPPPPPPPPPPRIPP P P PP PP PP |
Cliastmelitivg altus X
Coccolithus vopelagicus RRRR R F RIR R XRRRFR R X
Crelicargolithes neogammarion |[X F X F R F R I RXRRRERXRRF FRICFFFFRC C CIc X X
Crelococcolithing macintyre
| Discoaster adamanters X X X X
0. of D, awlakios
0ef. D bollid
0. chattengert
1 deflamdred - = = S oK |a = a X R X X X X X X
L0 e R B X S _ X -
I, exdits
D, variahilis
Disevaster sp, indet x R X X X XIR X x R R b
Ericsonia ovalis group CCCACCAAARXFR[CRRFCFACRCF|ICFCCFRCCCRCIR R X
Prinsiucese. simall - AAAACAYCFFRCFIACCAFACCXEC|CCCCCRAAARARKC R R R
Reticoloferiesta hisecta R
R pyewdimbilica X % X
Reviewlofenesira sp. R R R X R X R
Sphenolithis woriformis R X X XRX X ] X "X X
Thoracosphacea sp. B o -

Diagnosis: Ericsonia with a perforated central area surrounded
directly by the distal shield in distal view.

Description: The distal shield, which is larger than the proximal
shield, consists of about 30 to 40 elements lying side by side. No other
elements are inserted between them, and the elements spanning the
central area. These are platey on the distal side, and perforated by few
to common small, more or less well defined holes. The proximal shield
consists, as usual of Ericsonia, of two cycles of elements.

Remarks: E. tasmaniae is very similar to the mainly late Eocene and
Oligocene Ericsonia fenestrata group. However, E. fenestrata is usually
larger and shows an additional ring of elements (in distal view)
between the distal shield, and the central area.

Occurrence: The holotype and paratype of E. tasmaniae were ob-
tained from the early Miocene of Site 282, west of Tasmania. This
species seems to be quite common in the high-latitude Pacific
Miocene. E. tasmaniae is the youngest perforate Ericsonia known to
date. Due to its minute size, the perforations are difficult to dis-

482

tinguish in the light microscope, where it more closely resembles a very
small Chiasmolithus or Cruciplacolithus than a perforate Ericsonia.

Genus HELICOPONTOSPHAERA Hay and Mohler 1967

Helicopontosphaera? subantarctica n. sp.
(Plate 14, Figures 1-7; Plate 15, Figures 1-3, 7, 8)

Holotype: Plate 15, Figures 3 and 8; distal view.

Paratype: Plate 15, Figure 7; proximal view,

Diagnosis: An essentially elliptical proximal shield is connected by
a “tubus” to a usually very asymmetrical distal shield forming a
flange. Central area elliptical and (?) open.

Description: By far the most conspicuous feature of this new species
is its (often) enormous flange on the distal side of the coccolith. It con-
sists of elements which are oriented almost radially but which con-
verge towards each other where the flange is largest. The flange in-
cludes one length of the coccolith, while the opposite side is built by a
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TABLE 5D
Calcareous Nannofossil Distribution, Site 278

Adopted Age Early Mi

Late to Mid Oligocene
Zane D PR

«f el bisecta

L]
Lithology Radiolarian-diatom ooze | m:o

1
Depth Below Sea Floor (m) 357.0-367.0 367.0-386.0 395.5405.5 405.5414.5

Siliceous nanno Chalk

2
o

15.5424.0

.
4

olv>| 342,125 |3

3
2
Sample il
(Interval in cm)

L]
tul

31-1,134

291,30
29-1, 88
29-2,46
29-2 110
293,17
293,110
294,10
294,130
296, 32
296, 110
29,CC
30-1, 103
30-1, 130
30-2,30
30-2, 110
3o, CC
31-1,20
312, 17
31-2, 110
31-3,30
31-3, 110
i1, CC
321,30
321,99
322,110
323,30
323,110
324,110
32-5,30
325,110
32-6, 110
32,CC
331,30
33-5,30
335,110
336,25
336,110
33, CCc
34-1,12
34-1 134
34-2,15
34-3,25

Overall Abundance
Overall Preservation - P - - =
Chigsmolithus altus

C. sp. (altus?)

Coceolithus eopelagicus sp.
Cyelicargolith " .
Discoaster adamanteus

D. deflandrei

D, deflandrei sp. indet.
Ericsonia ovalis group
Helicopontosphaera recta
Prinsi small X X X
Reticulofenestra hisecta R
R. sp. AlA AAA
Sphenolithus moriformis X XX
Thoracosphaera sp.
Triguetrorhabdulus carinatus XX
Zvgrhablithus bijugatus X

i
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1
1
|
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1
1
]
+
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Note: See Table 4A for explanation of symbaols.

TABLE 6
Calcareous Nannofossil Distribution, Site 279

Hole 279 - 279A

M.P. . M. Plei .

L. Pleist.| to ::':::\t Late Pleistocene to ;:;:::I:: early Mid Miocene Early Miocene

Adopted Age L. Plio L. Plio

Reticulo-
o fenestra 3 Rer. 5 Teuk

bt Pl peudo- Coccolithus pelagicus £l pseudo-

Zone umbilica umbilica

F %
Lithology Nanrl:.;‘:ram Nanno coze| Foram and Nanno cozes Nanno ooze

118.0-

Depth Below Sea Floor (m) 13.0-20.0 99.0-108.5 108.5-118.0 127.5

o
2
=

Sample
{Interval in cm)

1-1, 60
1-1, 80
1-1, 90
1-1, 100
I-1, 105
1-1, 110
141,120
1,CC

11,25
1-1,60
1-1,75
1-1,97
1-1,120
1-1, 147
12,108
1-2, 146
1-3,35
13,110
1-3, 130
1-3, 145
14,30
14,135
22,110
3-1, 140
32,110
33,56
33, 142
34,130
36,125

= | 36,140

35,110

14, 150
cC
2-1,65
21,103
22,118
2,CC
3-1, 103
34,110
35,30
> HE> | 36,30
3 CcC
mmmolm n =z> | 41,113
4,CC

14,110

Overall Abundance

Overall Preservation
Coronocyelus prionion
Coccolithus eopelagicus

C. pelagicus group
Cruciplacolithus of. C. neohelis
Cruciplacolitius sp.

Tveli T -
Cyelococcolithing leptopora

C. macintyrei X X
Discoaster adamanteus
D, aulakos 7
D, hrouweri X X
D. challengeri R R R
D. deflandrei group X
D. divaricatus ?
Discoaster druggi s.1.
D. varigbiiis X
Discoaster spp. indet,
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Givphyrocapsa spp., small A AAC
(5. oceanica R
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Helicopontosphaera euphratis
H. kampineri XFRX R
H. sellii

H, wallichi
Pontosphaera spp.
Prinsiaceae, small A
FPseudoemiliania lacunosa
Reticulofenestra abisecta R c
Reticulofenestra pseudoumbilica X1 1T AAAAIr x X xroTrrrx r AAAAAAAA
Rhabdolithus sp.
Sphenolithus abies R
§. cf. §. belemnos ? ?
5. heteromorphus (?)
S, moriformis

5. neoabies X R
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Note: See Table 4A for explanation of symbols.
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TABLE 6 — Continued

Hole

279A

Adopted Age

Early Miocene

Zone

Discoaster deflandrei

Lithology

Nanno ooze

Depth Below Sea Floor (m)

127.5-137.0

137.0-146.5

146.5-156.0

156.0-165.5

165.5-175.0

=3
2

2
&

o
b
W

—
2
[
—
w
5

o

Sample
(Interval in cm)

52,141
5-3,110

54,110

7-1, 109
72,128
7-3,130
74,135

7-5,110
76,110

1,CC

8-1,114

84,110

8-5, 109
8-5,150
91,109

10-1, 130
10-2, 110

10-3, 110

104, 114

10-5, 115

106, 110
10, CC

11-1,49
11-1,74
11-1, 137

11-2, 25

11-2, 130
11-2, 140

11-3,23

113,110
11-3,119
114,75

114,112

114,137

11-5, 50
11-5, 110
11-5, 130

116,30

116, 110

116, 140

11,cC

Overall Abundance
Overall Preservation

== >
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w|= >

m=z e |5 CC
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normal distal shield. A layer of nearly vertical elements forms a wall
between the distal shield and the central area on the distal side of the
coccolith. The proximal shield consists of radial oriented elements. A
suture is visible where the proximal shield ends and the bend to the
vertical “tubus™ begins. The latter is built by a continuation of the
elements of the proximal shield towards the central area. Thus the
pattern known from the forms of Discolithina/Pontosphaera and
Helicopontosphaera, with a proximal side consisting of radial elements
and a distal side with concentric elements, seems to be repeated in H?
subantarctica. In this form the distal side of the central area, when pre-
sent, also is found to consist of concentric elements. In none of the
many specimens found of the new species was the central area com-
pletely covered or spanned by a bridge.

Remarks: Some doubts exist as to the generic position of this new
species. It seems most likely, however, that it evolved from a Helico-
pontosphaera and is therefore tentatively placed in this genus. Apart
from the asymmetrical flange, this species has nothing in common
with the Late Cretaceous genus Kamprnerius. The species of Ponto-
sphaera and Discolithina have walls with an elliptical outline and do
not develop a proximal shield or comparable structure.

Occurrence: H? subantarctica was found in the early Oligocene of
Site 277 on the Campbell Plateau, where it is common. The finding of
such an easily recognizable and large new species in the early Oligo-
cene, which has been closely studied in many widely separated parts of
the world, is surprising. It is concluded that the species probably has a
rather restricted distribution.

Genus HORNIBROOKINA Edwards 1973

Hornibrookina australis n. sp.
(Plate 2, Figures 1-3, 6, 9, 12; Plate 5, Figures 6, 9, 12)

Hornibrookina sp., in Edwards, 1973a, p. 77, fig. 82.
Hornibrookina n. sp., in Edwards, 1973b, pl. 9, fig. 1-3.

Holotype: Plate 2, Figure 9; distal view.

Paratype: Plate 2, Figure 6; proximal view.

Diagnosis: Hornibrookina with a slightly elongate to rhombo-
edrical outline and relatively narrow proximal and distal shields form-
ing a convexly arched coccolith.

Description: The body has a somewhat asymmetrical outline (elon-
gate to rhomboedrical) and is convexly arched. The distal shield con-
sists of about 20 elements lying side by side and continuing into the
large central area as parallel, elongate bars. The proximal shield is
much smaller than the distal shield and very narrow. Its elements con-
tinue to the distal side, where they form the wall around the central
area, overlapping each other considerably.

Remarks: H. australis differs from H. teuriensis Edwards by its
more irregular outline, smaller size, and narrower shields. H. australis
is remarkably well preserved in samples where most of the other coc-
coliths show signs of solution and/or overgrowth.

Occurrence: H. australis was first found in the Late Paleocene of
New Zealand and subsequently in the late Paleocene of DSDP 207A
on Lord Howe Rise (Edwards, 1973a, b). During Leg 29 this species
was observed in the late Paleocene of DSDP Site 277 on the Campbell
Plateau, where it is “few to common™, It has also been found in the
late Paleocene of the Crimea, U.S.S.R. (Perch-Nielsen, unpublished).
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TABLE 7
Calcareous Nannofossil Distribution, Site 280
Hole 280 - 2804
Adopted Age P'lL:i:. Pl 4 .EL"“ 0ligocene? ] Oligocene or Late Eocene : Early Oligocene or Late Focene
Coceo 1" Reticulo- H i
‘:’:}:‘: : Jenestra Indeterminate | Interval with R. bisecta | Interval with Reviculofenestra bisecta and R. placomorpha
Zone or Interval gicus | Indeterminate | | |
Manno| Nanno = : i1t Di
| Lithology | ooze | Dewital S“I&’_le ety o Silty to Clayey Silt Diatom Ooze
Depth Below Sea Floor (m) 0.0-6.0 38044 53.563.0 72.5-82.0 82.0-91.5 91.5-101.0 101.0-110.5 120.0-129.5
= = L=3 (=3 olo
g S HE §|8 HE HE 8|8 818 8
Sanpte €ccocgclgecc8iicocg fliocgocaoiaoascoccaiieoscoccclloccogEdococncsSacccocad
(Interval in em) cdoc oo duyumoocoewnooocfowraodcdododmsoos Ssoddnaddcd =000 00mN~sSodss S S -
Overall Abundance A A+ RR R AAAA|- - = * =%+ =+ + +[=+ 4+ + + + + Ri+ +++R+RR-|RR+FF+FRR+RR+|+R++ -RRRER
Overall Preservation MMPEPEP PPPPP P PP P PP PP PPPPPIPPPPPPPRTP MPPMPPPPPPPPPFPPPP P-F PP
Chiasmolithus altus ? 2 £ X F FC R R R R F
C. oamaruensis X X X X X X X
C. solitus
Coceolithus copelagicus R X Y
C. pelagicus group ce  § XF FR x X X X X X FXXFF |FX RXREF
Cruciplacolithus ci. C. mechelis | R
Cyelicargolithus of. C meahelis X X k. X X X X
Cyelocaccolithing leptopora F C x
C. macintyrei CRRF
Discoaster variabilis pansus X X
Discoaster spp. indet. X
. oceanica R
ficop haera FX =
Prinsincese. small AAx x R RAAAC x X X x X X X X XF XXXRXRE CRXCCX|FRFXFC XRXF FRFF
Reticulofenesira bisecta 2 4 X X X R|X X X R X R R X X X
R. placomorpha (small center) R 3 R X|X X XR
R. pseudoumbilica r X X R AAAA * LR x x X
Sephyrocapsa spp., small F A x
Sphenolithus neogbies X X X
Syracosphaera hystrica R
Transversopantis obliqguiporis X
| 2ygrhablithus bijegorus X X X

Note: See Table 4A for explanation of symbaols,
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TABLE 7 — Continued

Hole

2804

Early Oligocene

TEarly Oligocene or Late Eocene?

TEocene?

Mid to Early Eocene

pted Age

or Late

ne

Zone or Interval

Interval with Reticulo.|
fenestra bisecta and

R. placomorpha

|
Interval with R. bisecta |

Indeterminate

Indeterminate

Interval with Chiasmolithus solithus |

T

Indeterminate

Lithalogy

Depth Below Sea Floor (m)

139.0-148.5

167-177

196.0-205.5

Q. Siltstone and Silty Claystone
215.0-224.5

Green
Sand

Clayey Siltstone and Silty Claystone

234-243| 262.5-272.0

291.0-200.5

319329

348-357

376.5-386.0

405414

443.0452.5

481.0490.5

509.5-512.5

512.5-
519.0

Sample
(Interval in cm)

139.0, 00

148.5, 00
167.0, 00

0.0

177.0, 00
196.0, 00

0.0
0.0
0.0

205.5, 00
215.0,00

0.0
0.0

224.5, 00
234.0, 00
0.0

243.0, 00
262.5, 00
272.0,00

241.0, 00

0.0
0.0

0.0
0.0

300.5 00

319.0, 00
0.0

329.0, 00

348.0, 00

0.0

357.0, 00
5

414.0, 00

443.0,00

0.0

0.0
0.0
0.0

0.0

452.0,00
481.0,00

509.5,00

0.0
0.0

512.5,00
512.5,
0.0

g8 8

519.0.

Chiasmolithus alrus

Overall Abundance
Overall Preservation

== | 0.0

o +

= +

o +

v +

= +

= +

= 4+

= +

+
== | 0.0
v =
- +
o
o+

o+

=+

o+
o+

o
|

=

37
0.0
0.0
0.0
0.0
0.0
= = | 386.0,00

|
+

~ = | 405.0,00
™ +

=

=+

== | 00

o+

0.0
0.0
= ® | 490.5 00

“ +

o o+

o +

I

-l

C. oamaruensis

C. solitus

Coecolithus eopelagicus
C. pelagicus group

E ]

b
=

mewm | 0.0

B

w(w = | 0.0

.,
ol +

=|v +

3

=
-

Cruciplacolithus cf. C. meohelis
Cycli lithus f. C. heli:
Cyclococcolithina leptopora

C. macintyrei

Discoaster varighilis pansus
Discoaster spp. indet.

G. oceanica

Prinsiaeae. small

=
Ed
>
td

Reticulofenestra bisecta

R. placomorpha (small center)
R. pseudoumbilica
Sephyrocapsa spp., small
Sphenolithus neoabies

Syracosphaera hystrica

E i

b B

B P

E o b

Transversopontis obliguiporis
Zygrhablithus bijugatus
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TABLE 8A
Calcareous Nannofossil Distribution, Site 281

Adopted Age

Late
Pleistocene

Mid Pleistocene to Late Pliocene

Late
Pleistocene

Mid Pleistocene to Late Pliocene

Early Pliocene

Zone

Coccolithus
pelagicus

Pseudoemiliania lacunosa

Coccolithus

pelagicus

Pseudoemiliania lacunosa

Reticulofenestra pseudoumbilica

Lithology

Foram ooze and Foram-nanno ooze.

Depth Below Sea Floor (m)

~0

7.5-17.0

17.0-26.5

~27 [ ~27] 36.045.5

Sample
(Interval in cm)

1.CC

1A-1,40
1A-1, 145
1A-2, 130

1A-2, 145
1A-3, 110
1A4, 13
1A4, 33
1A4, 70
1A4, 90
1A4, 110
1A4, 131
1A4, 145
1A, CC
2-1,30

21,110
22,110

22,130
2-3,30

2-3,110

24,110
2-5,110

2-6,110
2.8

3-1,110
32,110
3-5,110
3-5 130

3-6, 30

3-3, 110
34,110

3-3,30

3-6, 110
3. 66
4,CC
2A,CC
5-1,110
5-2,110

Overall Abundance
Overall Preservation

Z >
=z >
z >

=z >

=»
=N
>
= =
=
e
>

z0
z >
=z >

=0

LTS
LIS
z >

= >

=2 >

z >

Z >
z >
Zz >
= >
= >
z >
=z
>
=z >
= >

20

20

2ol
z >
=0
z>
z»
z >

Ceratolithus amplificus
Ceratolithus sp.
Coccolithus cf. abisectus
C. eopelagicus

C. pelagicus group

® |20 |5,CC

Coronocyclus prionion
Cruciplacolithus cf. C. neohelis
Cyclicargolithus neogammation
Cyclococcolithina leptopora

C. macintyrei

)

=
=
=

T

,_
ﬂl"!’f

-

Discoaster adamanteus
D. brouweri

D. deflandrei

D. surculus

D. variabilis

Discoaster sp.

Emiliania huxlevi 7
Gephyrocapsa spp., small

G. oceanica
Helicopontosphaera kamptneri

[oR--Nolle!
-
= =™

R
57|
oo
mx
=
mw

—

oo 2
amon

amn
=

w
-]
=
=

H. sellii

Pontosphaera sp.

Prinsiaceae, small
Pseudoemiliania lacunosa
Reticulofenestra pseudoumbilica

> =

>
b~
> ®
==
o=

”

A M O (KHKO

mOo®O

= >
O =
> X
e

mm=m

e o
e m

m > W Tm
= >

™ o m

RA>R R
o _Nel--11--|

= mEA
-

b et
>
0
0
($]

Rhabdosphaera claviger

R. stylifera

Scyphosphaera sp.
Sphenolithus heteromorphus
S. moriformis

R=R2r=

T e e

=
P!

el R

!

W RTRE RO (9]

R =™
=

S. neoabies

Syracosphaera hystrica

S. pulchra

Thoracosphaera sp.
Triqguetrorhabdulus rugosus
Umbilicosphaera ? sp.

-
-
bel

Note: See Table 4 A for explanation of symbols.
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TABLE 8A — Continued

. Early Late and late Mid Miocene early Mid Miocene Early Miocene
Adopted Age Pliocene
Pt Reticulofenestra pseudoumbilica Cyclicargolithus neogammation 3;}?:;::-
Lithology Foram ooze and Foram-nanno ooze | Foram-nanno ooze
36.0-
Depth Below Sea Floor (m) 45.0 45.5-55.0 55.0-64.5 |65.0 74.0-83.5 83.5-93.0 93.0-102.5 102.5-112.0
338322259 298 sBEEES $§§$§8§§§§§§U§§ﬁ§550
g T R b B R A R T R T T E R SR A R B e B . B
MM Mo o W WO WD | (- - T - T - T - T - e e R R e T T T e R I e T I I I I ]
Overall Abundance A A AIAAAAAAAAAAA]AAAAAAAAIAAAAAAIAAAAAAAIAAAAAAA
Overall Preservation MPMPMMMMMMMMMM M MMMMMMMMMMMMMIMMMM MMMMMPMM
Ceratolithus amplificus 1
Ceratolithus sp.
Coccolithus cf. abisectus CFFCFFIFFFF|CI|FFR R R R R R
C. eopelagicus 1 1. 1 1 |[CFF R R R R R R
C. pelagicus group FCRICFFCCCFIFCCC|C|FCCCFCCIAACCCC|ICFCCCcCccCc|ccACCCA
Coronocyclus prionion R R R F R R R FRRRRRRRRRR RR]I|R 1 F
Cruciplacolithus cf. C. neohelis 1
Cyclicargolithus neogammation R 11 CCFFRRICCCCCCCIFFACCCC
Cyclococcolithina leptopora € c C FFRRRRRRRR|RI[FFFRFRR ceccec 1 1
C. macintyrei CF FIRRRRFRRIRFRR|F |RCCFFFTF|IRFFFFTF|IRRRRTFIRTZ R|RR R
Discoaster adamanteus 1 R RIF F RFRCZC
D. brouweri 1 ?
D. deflandrei el R ¢ F €
D. surculus 1
D. variabilis 1|1 1 R1 R 1 2
Discoaster sp. 1 1 R|1 ¥ |3 1 R 1 1 1 RF1 R[1 1 RRI1R 1 X
Emilignia huxleyi ?
Gephyrocapsa spp., small
G. oceanica
Helicopontosphaera kamptneri R?F? R|X R R R R|R R R R R F R R R|R RRRRRIR R
H. sellii
Pontosphaera sp. R R R 1 1 11 1 1
Prinsiaceae, small A A ACCACCICCCC|C|cCCCCCAACAAAAAIAAAACCCICC C cc
Pseudoemiliania lacunosa
Reticulofenestra pseudoumbilica AC AJAAACAAAIAAAA|IAIJIACAAAAAIACCAAAICCCCCC AIAAAAAAA
Rhabdosphaera claviger R R X
R. stylifera
Scyphosphaera sp. X 1 1
Sphenolithus heteromorphus 1 11 1 1
S. moriformis 1 FFF|RI|R RRRFRIRFRRRRRRRR R R R|R XFFFR
S. neoabies 1 F CFCCF F F FIR R RR R R F F FF
Syracosphaera hystrica
S. pulchra
Thoracosphaera sp. R R 1 1 1 111 R R 1
Triquetrorhabdulus rugosus ? rorry R | ? cfl ef1 cfl

Umbilicosphaera ? sp.
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TABLE 8B
Calcareous Nannofossil Distribution, Site 281
T
Eatly. 11 ate or mid Ol Early late Eoc Lo
Adopted Age Miocene |L-ate or mid Oligocene {__}_ p.1y Oligocene arly late Eocene | )
Zone dD;?IL;):;:'?i Rencg;‘;ff;es{m L Blackites rectus Chiasmolithus oamaruensis :downhole?
Foram Nanno ooze Sandy sil d silty el ith . £ sili et icrofossil Lithil:iedl Schis_l
Lithology Gliiicoriite-sich dethital sand andy silts and silty clays with varying amounts of siliceous and calcareous microfossils clastics | breccia
Depth Below Sea Floor (m) 112.0-121.5 121.5-131.0 131.0-140.5 140.5-150.0 150.0-c.153
28
=) o oo ~ 2 3 =) =) o o o = - < ~ o P =) o~ -+
I =i e T T = T o el K I - - T o - O T T e T = R e} = =l BT T T T = T e T e T S == I = T = B | =T = Lo - s |
el B oot e S K~ b a i oS BB e loRo Bod Bed o b Wak Bl bRl Bols Rk Gel Rl Mot i bR B
Sample IR I S B I I Il R A S B B B I BB R I I BV 3 2 Il a2
(Interval in cm) LEREE R L LA PR P E LR R R R LR R R R R R SRR
Overall Abundance AAAAAAAACFCIFCCCFCAAAAAACAAAAIAAAAAACAAAAAAIFFRRR R+
QOverall Preservation MMMMMMPMP M M|P P P P PMMMPPMMMMMMMMMMM MP P M P
Chiasmolithus altus FFFACCTF cfR
C. expansus XF F cfR
C. oamaruensis C|R R RRRRRRRRRFRRF|ICFFFCCCFCCCCTF 11 1
Coccolithus abisectus F R F R
C. eopelagicus F X F F 1 F R R|R F R RFRFFTFOCFRRRR R R R R R 1
Coronocyclus prionion R R |
Cyclicargolithus neogammation |C X F C F C C C F C R 1
C. reticulatus FCFFFCFFFCCCC|CCCCICCAAACCCCCCCCIRCR R
Cyclococcolithina leptopora
Discoaster adamanteus F F X I R
D. deflandrei R F X X XcfF X
Diseoaster sp. 1 F F
Ericsonia ovalis group ACCFCCCCCCF|IFRFRRFFFFFREFTFFRRRRRRERRTR R RRRRRRIR I 1
Isthmolithus recurvus R
Markalius inversus R R
Neococcolithes dubius R R
Prinsiaceae, small C A AAA CFCAAAAC CCAAAAAAAAAAIAAAAAAAAAAAAAIRCFRDEC
Reticulofenestra bisecta X F RRF XFIRRRRRRFFFFTFFRCFRF|FFFFFTFFFFFFTFFTF 1 X
R. hampdenensis CCFRFCFCCCCCA|ICCFCICCCCCCFcCccCcCCECA €1 F
R. oamaruensis x F R? F? RY
R. placomorpha C[CFRRRCFRFTFFTFRCFFCCRRRFFRRFFTFTFTF X1 1
Rhabdolithus sp. F F ¥ R R R
Sphenolithus moriformis F R R X X 1 X R R R
S. neoabies F F ? 2
Thoracosphaera sp. R R R X R R R RRFRFR R R[R R R R RRRRFR R 11
Transversopontis pulcher R F 1
T. pulcheroides R R R R R R R R F R X
Triquetrorhabdulus milowi? R R R
Zygrhablithus bijugatus R R R R R R R RRRRFRR

Note: See Table 4A for explanation of symbols.
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TABLE 9A
Calcareous Nannofossil Distribution, Site 282

Adopted Age

Late Pleistocene

“Late Miocene

Early early Miocene

Mid to Late Oligocene

Zone

Coccolithus pelagicus

R. preudoumbilice

Discoaster deflandrei

Reticulofenestra bisecta

Lithology

Nanno, foram, micarb and

bryozoa-foram cozes

Nanno ooze

Detrital silty clay Nanno ooze

Nanno detrital silty clay

Depth Below
Sea Floor (m)

0.0-9.0

“9
| ~19

53.5-56.5

?

75.5  75.5-85.0

:

5
E

o
L
-
=
=
=3

i

113.5-

Sample
(Interval in cm)

11,75
1-1, 101
1-1, 140
1-1,29
1-2, 83
1-2, 141

1-3,8

1-3.37
1-3. 80
1-3, 145

1-3,15

14,26

14,125
14,130

1-5,18
1-5, 20

1-5, 50
1-5, 80

1-5, 120
16,152

1-6, 54

1,
2,

1-6, 108
.0C |
3,0C

-1, 110

50
51,127
5-1, 136
5-1. 148

5-2, 40

5,CC(B)

B-1, 140
9-1, 140
93,110

72,110
7,€C

12,10 8
113, 110
114, 110

11, CC

11-1, 136

10,CC

12-1, 140

12-3. 132

Overall Abundance
Overall Preservation

=z >

=>

=

-
EES
=
LIS
B

= >
= >

=z
= >

= >
- »
= >
= >

- >

- >
o>
o>
= >

= >
= >

= > | 41,30

Q>
= >
>

= » | 52,140

z>

=0

z>

Chiasmeolithus altus

€. oamaruensis
Coccolithus eopelagicus
C. pelagicus group
Coronocyelus nitescens

[=F--]

n-.
=]

“|lz >

nm

= >

F3
==
= m
=

M
s
f
mAas
- o]

= >

ke

nlz >

mlz » | 52,81
mlz = | 52,110

=

mTm=
“Emm

= > | 5,00M

o nlz >

=

> » | 6.CC
mlz e | 7-1, 110
oz >
> >
N>

o nlz > | 82,110
Ao = | 83,110
nlz = | 84,130
o= > | 8CC
~lz >

e Nz | 92,110

o
=

e
=
iz
o]
mn
o]
m
o]
n
]

ez = | 9,CC

)
BOMR »E >

mOoEn
mMEXOEN
mam Oz0

m

mxz o

m a0

= | 122,158

= >

=

C. prionion

Cruciplacolithus of. C. neohefis
Cvelicargolithus neogarmation
Cyelococcolithing leptopora

€. macintyrei

= »xom

- -
=
>
-
=
~
LB

===

=R =
e Rl
-

=
Ed
>
L= ]
=
3
>
>
o}
»

-
-

Discoaster adamantens
D. deflandrei

D. druggi ?

D, saundersi

D, formosus

-

D, rani

D. variahilis
Diseoaster sp. indet,
Emiliania huxleyi
Ericyonta tasmaniae

Geplyrocapsa sp. small
G. oceanica

Eeli n I

H eu,t;.ir&m )
H. kamp

ey

e

e b

o
|

=
|
|
=|
=
|

e ey

-
-

|":
=

k™

H_oblique

H. recta

Isthmaolithus recurves
Crihozygus aurens

= BRI A
A
wmmom

=
-

==

P P,
Prinsiaceae, small
Reticulofenestra bisecta
R placomorpha

R, pseudoumbilica
Reticulofenestra sp.

A A AA

> =
==
-
=
F
> |x
Para
r-}
=

mEEE ORBX

= »lm

===
= elmen

eI E ]
33

- »|m

-
>
O
n»
[e W -]
-

“n»

(=
==
inlie B F-R -
[+ B3]

Ll oNall,]

O x=

> >0
> >

Rhahdolithus sp.
Rhabdosphaera claviger
Sphenolithus abies

S, cf. conicus n. sp.

5. heteromorphus

EE FS
b BY

8. moriformis

§. predistentus
Sphenolithus sp,
Syracosphaera hysirice
& predigtentus

Th ol

= =

CRFF

==
=

5p.
Transversapontis obliguipons
Triguetrorhabdulus carinatus
Zygrhablithus bijugaths

e -}

amn

Naote: See Table 4A for explanation of symbols.
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TABLE 9B
Calcareous Nannofossil Distribution, Site 282

Adopted Age Mid to late Oligocene Early Oligocene l Late Eocene Early late Eocene
top C.
R. bisecta R. top /. recuruus to | reticulata R. bisecta
' placomorpha | top C. reticulata to base I.
Zone or Interval recurvus
Lithology Nanno detrital siltv clay [ Silty clay and clayey silt
Depth Below Sea Floor (m) 132.5-142.0 116'.!%]_({’)' 189.5-199.0 ~218| 256.0-265.0|~294
gieifo e ol R e Riod 4 taidal L] Rl o R b s i Wl =4 (0 2] el ol 1) (ke
Sample TSI YT T YT T of of o of of U7 C G of f S
(Interval in cm) e B0 0 o T8 o i o M LU L B S i) o i o et o ik i fpet ot 3 o~ oo ] (o
Overall Abundance AACAA|+ F ACA|A AA|A A AAA|+ AACTF|F RIC AAC|CTF
Overall Preservation MMP MM(PP MMMMMMMMMMMMPMMP M|P PIP MMPI[P P
Braarudosphaera bigelowi R R R R R
Chiasmolithus altus CcC C C FCFOC|CF A|CFTFF
C. cf. C. expansus R R|I R R R[X X
C. oamaruensis F FFCCTF C FRR
Chiasmolithus sp. F F R R R
Coccolithus eopelagicus R R R R R F R R R R R
Cyclicargolithus neogammation | C F R C CIR R C C F|F F C|F F C F F F FF F|R
C. reticulatus F F F|F F|IF F C C|C R
Daktylethia punctulata R F R R|R
Discoaster cf. D. barbadiensis R I I]|R
D. saipanensis I I T RR RIR R R R[X X
D. tani R R R R R R X
Discoaster sp. R R R R R R R RIR F
Ericsonia fenestriata CFFFZC C R RI1I|I R R I
E. fenestrata, small F F R F F R
E. formosa R R R R R R F R R R|RR R RIX
E. ovalis CFFCCIRFCCFIFCC|ICCTFTFF C CRRI|FR F F C|C R
Isthmolithus recurvus FFCCC C RFR
Lanternithus minutus R F R F R R R R
Markalius inveirsus 1 R |R R R R X
Pontosphaera sp. R R F R R R F RRFF FRRR|IRR|RRRFI|R
Prinsiaceae, small AACAAIRC AC AJAAAIAAAAAIRACCCIC F|C A A|AF
Reticulofenestra bisecta C e FCG FCCCICCCICFCCFIRFCCCI|RR|FFRR RI|RR
R. daviesi € C F|F
R. cf. R. dictyoda R R F F
R. hampdenensis llaevis F F F F R CEeCCC C RRF R|(F F F F|C
R. placomorpha 1 1 R FICCCCCIRCCCTFI|FR|CFFCICR
C. reticulatus F FF|FF|IFFCCI|CR
Sphenolithus moriformis F F FFIRRFFPFIFRFI|IFFFFF F R R R|F R F FIR R
S. predistentus R R R R R
Thoracosphaera sp. R R R R R R R R R R R |R R R F R R
Transversopontis obliguipons R R R F IR R R R F FIR R R R [R R R R
T. pulcher F R R R R|R
T. pulcheroides R R R R R F
Zygrhablithus bijugatus R R R R R RRFR CTFFR R R RF

Note: See Table 4A for explanation of symbols.
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TABLE 10
Calcareous Nannofossil Distribution, Site 283

. |5 ; 1
AdOpHST Age h;;:;:;i:::i "I'_L*“e Pliocene a1 400 Neogene [ ?Late Eocene? Early late Eocene : Eocene or older
Psewdoemiliania — H Chitasmolith ) | I
Zone liinoeT i iasmolithus oamaruensis H ndeterminate
= Ma ese Nodules Silty zeolitic cla B . i =
Lithology T eolitic clay (Unit 14) ) . " . i
Depth Below Sea Floor (m) 1.5 | 0.5* 11.0-20.5 10.0-19.5 29.0 | 57.5 86.0-95.5 124.0-133.5 152.5-162.0 190.5-200.0 219.0-228.5
”
B lo F28583253.908588 4 olg|28R888a8 | 88e8aFe% Isasn jyasxay
Sample L 8 I TRl SddeeFd T E L :1_:._1;_}:::. ._:U_'.:."l."l."l.'_. TR _:"::id.
Cisicaval i i) T Re ol - Bt - S il db o S i R podie ) JRCR ratoli (e bR i) polbalinde Jhodin b - I B bodb o B Bl ol b
Overall Abundance Lof c A- - + 4| = « -« - - . - - - ++- - |+ . - - ++|CCCCCJlCACCCCCCCC|- - - - X|- - - --X
Overall Preservation P P I PR P PP P PIF PP P PP PPPPPPPP P P
Chiasmolithus altus
C. oamaruensis FFRFRRFRXFFF R F
Coccolithus pelagicus X F C XX X x
Cyclicargolithus reticulatus X CCCCICF ACFAFCTFIX X
Cycloceolithina leptopora 1% (54 C T
C. macintvrei F
Dactylethra punciulata X
Discoaster asymmetricus X
D. pentaradiatus X
D. saipanensis X XXX XX XX X
D. tani nodifer XX XXX X X
Discolithing multipora X X
D. pulcheroides X X X X
Ericsonia ovalis X Ik R R FXIRFFFCRCRC X
Gephyrocapsa spp., small A R - X
(. aceanica R X -
Helicopontosphaera kampmeri X R
Markalius inversus
Neococeolithes dubius X X X
N. minutus X X X
Pontosphaera multipora !
Prinsiaceae, small A A A T X
Pseudoemiliania lacunosa R X R
Reticulofenestra bisecta X : 3 X X RX|ICCFCclcccCccCcCcACCCC X
R. daviesi R F F F F F
Reticulofenestra hampdenensis A X R|R R F C [& F
Reticulofenestra sp. of. minutulus (A C C
R. placomorpha X RRICCFCC|ICACFAFAFAC X
Reticulofenestra, small kS S FFIAAAAMAIAAAAAAAAAA t
Rhabdolithus sp. X X X X X|X X XFXXXXX
Sphenolithus sp. | X X XX XX XXX X
Thoracosphaera sp. R

Note: See Table 4A for explanation of symbaols.

STISSOAONNVN SNOTIAVITVO



A. R.EDWARDS, K.PERCH-NIELSEN

0 | =FE w SEVE X O SR e
oo | < ER W o o o & o= o
mn:_,m.: < Ee U o o o o = a [ TR
Zlotren o Elx (TR = £ N A ke of otk ofinlfe
zlotren | <F= o I = = < oo o o G O et
oIzl | < e U ks i » ot ™ o st bl
wm ME R L = ax = = = T ko T
-m Dol | <02 = =X EE=E =& = =] E< o = ETow
.u.m 06901 | <= = b = o = £ [T 4 fo o o SRS
m,m Slotl sl | = Ee = SR -1 o i 8 = = = - SN TR TR TR -
rln.w mc__,vn: < Ele = U e = & = S e ot o fee
e zlonen | <= = T ® & en e ] W f, s B Lo 08 s
i) silp0l | = Ee = b= = | & o = L o Mpdetu e
E {10l | € Ex = = = S = o - e L |
36 | <=x = b = 3 3 O < o = == wpe |
3 01196 | <o = o= & = o = e SHENT ) i
v ool 'ss | <= = b [ 3 Wt Ve ppen s ool
w..._ o | <= wr e @ R ko ox o 2 Ul
wlongs | <= Y b = L [ et fooofl oo, oo U
oiL'ee | == u SRS . o e b - [F% &4 b o oot -4 Lo fo
oll‘l6 | <& Y TR Y 3 %, e | Lo i
& o NR[ == uX U & (e TELRLCE hEL &k =l
“m Mve | == [ SR TR ] B el v, B e 9]
E] el 5] Lo ZExg s waER = o = Y
g MENETE R UX pu = Koo ) . o« o e
> 5 gl otrpr | <5 U ko o EEe b o = e
el .w. Mo_ e | =2 1= SRS e e oo o2 w2 | L
2 mmm Bl oz | <= U by & o x o < A -
@ |z ol | == v b & e @ i T T T 1 I
£ m:lm S| <= C Cw = = () ERR| E<0 x[_R|ﬂAR|
E 3 1= Z| sewe| <= UK ok & (e o - € = = mle ®
.w m.m 2l ones | == v TETEEE] e (e = - o
- B 5|5 F|onwy <=z o e o= e o<y = oz e
—-.2 5|8 orr're | < U e = e o< U P e
wD £ R EE ] < = KOER <U ™ 153 =
ﬂ. m ol | < ve ke o U <y T v
Tom | la| 2| orss | =2 w oo o Leu u o 13
= Il oties | <5 =< e e | uew w e ow
m =l ries | <= = o o Uk U W w
Z DIEs | 2 E 2o 5] o U< w o I
@ onls | <8 =xuw o e X’ o fo
a m ]._n.m_l VL | <= X U LEQ WU A [™8
m g I 30t | = 20 T & €U = = kx4 =
- = o Ol1ise | <= o o Uk €U w e w
m l.m. slolive | <2 w 3 w e <u b w
m w <Z = ko % wlE <o x w
2 = < = = b (TR < L 44 (3]
umu. <= ve U U < o alx w
m == 3] ks ® U = <u o« FS
m o~ <3 Rusx | W U e < = . I
& w < = ]
L <= o
— -3
<=
" <=
£ < = = K U mmae [T - TS
H <= = ke U ok o - w oo e
2 w == I ¥ U L - o o«
m M. < = = I~ o L3 4 [ [T
: s < Z| - & (TS - [ a
S == = . & L = x < P oo
< F| - b (RN o ot o€ e o [
S g : % 15 : :5 & g L H W
ME" El P.um s = um.@u-..n- Mﬂp o & ] B m.l
U8 3 25| f zopdt |0 R E soifle.illen Hes
SN 3 - 2 = =1 & £
18 2| PE|Edic.TiEee.ns, L2l g giagisieclis W_me
Z|  C|EHSEiiEEcriMiseiyiic wwmwm_mmwmqmmm 13
5 e L R I
B RS cEIIIEESIfE SRR ﬂmmmm
mm&mcm&&cmﬂnannﬂmdm»umhmmmnmnmmﬂmMSmm

494



CALCAREOUS NANNOFOSSILS

TABLE 11 — Continued

207 | < n = e ® & € X < < 3 o
o |01'HT | <afx UX |ux o o "< 5] o i b o
S [onstt | <a 7] U = ™ ™ - 3 RN
3 M OI'Fil | <al® ool o & =< (S CR R
m o (01162 | <« o B oo ] = - < T T
ONM'Tel | <ol (TS = o, o o < < - 23] o
L] SE1'TTT | € afed L sl o o o "< L] LT =
07 | <o = |wwx o o P R < ST ™)
o (0TI | el o oot ] o< < ot ¢ X e
& 011517 | =< o [ L o Ei i © < U oo
S (o1 | <afx m |ee o w z< |« ® x|
& |0E | <a = - ew w o< < > et i
NN | < O oo o = < ol jog
0Fl 112 | < o e | ®x| o = = = < < oo ja
2007 <l L (T3 o= . e - < = Exa
o [onnieez | <= = (] | o o * < o
M DIl s0z < o = {EF TS - -4 'S < <
M MR R L™ Uk & o g '8 < = ot e
Elongor | <® = Uk o = = ® < < LR
T oo zor | €% o Uk " i < < P
nzl'tor | < =] o - F o< 5] =]
T e | <52 © ] L ®a xo < < o
v o o [- 4 - TS - 4 - -4 o o e fod
e 5] o TN TR TN L < < o=
m o 3] oo % xa ™ < < & e xw
= m w Ui o ol ok = < < = CA- T -
o [ %] i b - B8 o - 4% 4 o [- 4 (-4 4" —
,m_ U oajun » M| oo < < AT ™
z e ] W R < 3] F I ™
m M o i oo ™ - < oot faf
m_ m.. w oo e o [ - < o oL e
= M i (81 -3 & oo o < < -
.m = F oo o o« < < e
z % oo o C R o - < o od =3
E | = (o % = = < < =
m i = U (-4 o o o = - - o -
m m . {595 o el ow o o L4 & L b
= pry (5] U e e = < < = U |
= t v B s ot o< < = o o [
i U (g™ A < o o e
3] O ol b L€ e i e
33491 AM‘ = Y3 o M M Ee o€ o= TS
£E1 ‘991 < = (¥ - 4 = -4 = - E4 [- 4 o of [
<= b Ui X o o o< v o o [
< EH = [ L 'Y oo =i = oot
< EFx = [THE - T (ST CX
< = o 4 . - =< = o ol of
| | NSl | < [3) U & M me) Xk H & v o= o o b
orl et | <= o s e - e M o |z = (P T
Zlonest | <5 o few w w we |t 2 |Ju =
Tlonws | <=2 = |wmwe « w e | = |mew
S ot est <= e |eu = o e | 2w
= ot gst <3 [ TR [ by ERR 4 < = i o L
" < = S [ -1 [ Y o < b (TN TR .
Talzh—.y.“.”” <= [¥ [ERT] = = L L o e PR ] TR
- = - “ -4 4 w -4 U o = e
2 <3 ] wy e o b o < v oo [
= <= U (343 ol o | s < U o2 ey |
o cEe o L & |x il ow [P o oy
o < ZF 5] (R L RR_ °3 [T afe = e of L (ot
|-._ ezx o LU o B W< e |eewe
B Lol o [SEWE- &8 o - - = o< [T e ol B2
< E=2 o PRV o Mu o we C e o fe
M “F = L [ o =2 - o< e e B2 e L
m < ol - = xx o of -4 S = _FRR ol e o I e
2 - < ZF|le = L 2 | w = L < Lol pofloofof
m = <X = U L o juo L 9 - b el webemeniw
mv" _ < E= o (PR o . [ (PR I_.H.RF.I.
- | =% XL THTR = 3 T o B oojoc e e b
i = <=Ex L T I P oo B T - U o 2k owlx
- AM_R = v EE 3 = = R v 2 xecow
7 <Fx = L o be fows & wonx
= < Ex L Lo = B = - e = EE
& <== L Le o= fex o= &, we | e |2 =
wcey | <FE = Le o= fxx - e fo & el =o
m o 2 [-Y
J |12 I ¢ g H
BEZ:| B3lzf¥ sisdr | HHEIPO LRI
Y PE| “E|35%F E&sei off ozt 3 PRRCEiEsn e
z El2lszsSSiioiee e llosl EefisiiSilEiERT
: SE5s5ES Wmmmmmﬁmmmmwamkmwmwdw,m“mmmmMMm
) PN s R e
5 SuUuw vigdleeddil I idudidERERE A UG

495



A. R. EDWARDS, K.PERCH-NIELSEN

TABLE 12
Additional Species Observed but not Listed in Tables 4-11

Site 277 (see Table 4)

Braarudorphaera bigelowi-R in Samples 40, CC; 41-2, 111 cm;
43, CC,

Camphylosphaera dala-R in Sample 43-3, 121 cm.

Cruciplacolithus mustahus-R in Sample 36-2, 108 cm.

Discoaster mecliosus-R in Samples 44-1, 101 cm; 44-2, 130 cm;
44-3, 127 cm.

D. taris-R in Samples 34-2, 110 ecm; 34, CC.

Helicopontosphaera salebrosa-R in Sample 33-1, 120 cm.

H. seimnulum-R in Samples 38-2, 110 cm; 39, CC; 40-2, 110 cm;
40-3, 117 cm.

Lophodolithus mochloporus-R in Samples 40-3, 117 cm; 40, CC;
41-1, 113 cm.

L. nascens-R in Samples 42-3, 114 ¢cm; 42, CC.

Markalius reinhardtii-R in Samples 44-2, 20 cm;45-5, 111 cm.

Micrantholithus sp.-R in Sample 40-3, 117 cm.

Nannotetrina cristata-R in Samples 35-1, 105 cm; 35-2, 104 cm;
36, CC.

Neochiastogugus junctus-R in Samples 44-2, 20 cm; 44-2, 90 cm.

N. perfectus-R in Sample 46-2, 118 cm.

Neococcolithes minubus-R in Samples 44, CC; 43-1, 117 cm.

N. protenus-R in Samples 45-3, 127 cm; 46-2, 118 cm.

Rhabdolithus tenuis?-R in Samples 38-3, 122 c¢m; 39-2, 110 cm;
39-3, 120 cm.

Transvesophonhis puleheroides-R in Sample 40-3, 177 cm.

Zygodiscus plectopons-R in Sample 41-2, 111 cm.

Z. sigmoides-R in Sample 45-3, 127 cm.

Site 278 (see Table 5)

Discoaster brouweri-1 in Sample 18-2, 110 cm; R in Sample 18-1,
110 cm.

D. cf. D. calcaris-1 in Sample 18-2, 110 cm; R in Sample 17, CC.

D, druggi-kugleri group-1 in Samples 26, CC; 23, CC; 23-5; 110 cm.
23-1, 110 cm.

D. lodoensis-1 in Sample 17, CC.

Ericsonia tenestrata s.1.-1 in Sample 32-3, 110 cm.

Helicopontosphaera kamptneri-1 in Samples 20, CC; 16-6, 110 cm.

Site 279 (see Table 6)

Chiasmolithus alhus-1 in Samples 279A-6-4, 56 cm; 279A-3-6, 125
cm; 279A-9, CC,

Helicopontosphaera ampliaperta-R in Sample 279A-5, CC.

Hornibrookina australis-1 in Sample 279A-8-1, 114 cm.

Micrantholithus sp.-1 in Sample 279A-6-4, 56 cm.

Rhabdosphaera skylifer-1 in Sample 279-1-1, 80 cm.

Rhabdothorax regale-1 in Sample 279-1-1, 80 cm.

Sphenolibluis cf. S. capricornutus 279A-64, 56 cm.

Triquetrorhabdulus milowii-1 in Sample 279A-3-1, 140 cm.

Zygrhablithus bijugatus-1 in Sample 279A-34, 110 cm.

Site 282/I (see Table 9)

Blackites rectus?-1 in Sample 11-1, 136 cm; 11-3, 110 cm; F in
Sample 11, CC.

D. divaricatus-F in Sample 2, CC; 3, CC; 4, CC.

Helicopontosphaera compacta-1 in Sample 12-2, 115 cm.

H., obligua-F in Sample 5, CC.

Lanternithus minutus-R in Samples 11-1, 130 em; 11-2, 110 cm.

Reticulofenestra abisecta<C in Sample 5, CC.

R. oamaruensis?-1 in Sample 11-2, 110 cm.

Rhabdosphaera skylifer-F in Sample 1-1, 75 cm; R in Sample 1-1,
101 cm.

Seapholithus sp.-R in Sample 1-1, 75 cm.

Sphenolithus abies-F in Samples 2, CC; 5-1, 127 cm; 5-2, 40 cm.

S. heteromorphus-1 in Sample 14, 130 cm.

Transversopontis sp.-R in Samples 11-1, 136 cm; 11-2, 110 cm.

Trachoaster sp.-1 in Sample 11, CC.

Umbilicosphaera mirabilis-R in Sample 1-1, 75 cm.

Site 282/11 (see Table 9)

Chiasmolithus solitus-F in Sample 17, CC; R? in Core 18 (top).

Coramulus germaincus?-Sample 16, CC.

Coronocycelus uifescens-R in Samples 13-5, 110 cm; 14-3, 107 em.

Cruciplacolithus sp.-1 in Samples 15-2, 66 cm; 15-3, 30 cm; 15, CC.

Discoaster binodosus binodosus-R in Core 18 (top).

Helicopontosphaera dinesenii-1 in Samples 17-3, 110 cm; 174,
110 em.

H. lophota-1 in Samples 17-3, 110 ¢m; 15-2, 63 cm.

H. cf. H. salebrosa-1 in Sample 17-4, 110 em; R in Sample 17, CC.

Helicopontosphaera sp.-F in Sample 134, 23: 1 in Sample 14-2,
110 cm.

Neococcolithites dubius-R in Samples 17-3, 110 cm; 17-4, 110 cm.

N. minutus-1 in Samples 17-3, 110 cm; 174, 110 cm: R in Sample
17,CC.

Orthozygus aurcus-R? in Sample 13-1, 130 cm; 1 in Sample 16-1,
110 cm.

Reticulofenestra oamaruensis-F7 in Sample 15-2, 66 cm.

Rhabdolitus vitrea-R in Sample 13-4, 23 cm.

Sphenolithus sp.-R in Samples 15, CC; 17-3, 110 cm.

Trausversopontis sp.-1 in Samples 16-1, 110 cm; 17-3, 110 cm;
17, CC.

Holococcolith-1 in Sample 17-3, 110 cm.

Site 283 (see Table 10)

Table 10 includes all coccoliths and nannoliths observed down
to Sample 9, CC. At least one sample per section was searched for
calcareous nannofossils down to Sample 17, CC. While most samples
proved to be barren, the following included very rare and poorly
preserved small Reticulofenestra, and occasionally Ericsonia ovalis:
Samples 10, CC; 11-2, 117 e¢m; 13-2, 111 cm: 13-5, 104 cm; 14-2
114 cm; 14, CC; 15-31, 114 cm; and 17-5, 35 em.

Note: See Table 4A for explanation of symbols.
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PLATE 1

Calcareous nannofossils from Sample 277-46-2, 118 cm; Paleocene.
(Figures 1-9, 11 X5700; Figures 10, 12-15, X11,500)

Figure 1

Figures 2-8

Figure 9

Figure 10

Figure 11

Figure 12

Figures 13-15

Sphenolithus sp. Side view of specimen reminiscent
of S. primus Perch-Nielsen; heavy overgrowth.

Fasciculithus tympaniformis Hay and Mohler.
Varying degrees of solution and overgrowth.
2, 3. Distal views.

4, 5, 7, 8. Side views,

6. Proximal view,

Neochiastozygus junctus (Bramlette and Sullivan).
Proximal view; damaged specimen.

Neochiastozygus sp. 1. Distal view; some selective
overgrowth,

Neococcolithes protenus (Bramlette and Sullivan).
Distal view; heavy overgrowth in center.

Neochiastozygus sp. 2. Distal view; overgrowth in
center.

Neochiastozygus cf. N. modestus Perch-Nielsen.
13, 14. Distal views; some overgrowth in center.
15. Proximal view; some overgrowth in center.
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PLATE 2
Calcareous nannofossils from Sample 277-45-2, 118 cm; Paleocene.

Figures 1-3, 6, Hornibrookina australis n. sp. X11,200.
9, 12 1-3, 12. Distal views.
6. Paratype; proximal view.
9. Holotype; distal view.

Figures 4, 7,  Chiasmolithus danicus (Brotzen). X11,500.
11 4, 11. Distal views; little overgrowth
7. Heavy selective overgrowth.
Figure 5 Ericsonia? sp. Distal view; X 11,500.

Figure 8 Chiasmolithus bidens (Bramlette and Sullivan).
Distal view; diffuse overgrowth; X5700.

Figure 10 Chiasmolithus cf. C. eograndis Perch-Nielsen.
Distal view, some overgrowth; X5700.
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PLATE 3

Calcareous nannofossils from Sample 277-45-3, 127 ¢cm; Paleocene.
(Figures 1-11, X 11,400; Figures 12, 13, X5700)

Figures 1, 2, 4, Neochiastozygus distentus (Bramlette and

5,7, 10

Figures 3, 6,

819

Figure 11

Figure 12

Figure 13

Sullivan).

1. Proximal view,

2, 4, 5, 7. Distal views; overgrowth.
10. Distal view; first wall visible.

Toweius craticulus Hay and Mohler.
3, 6. Proximal views; etching and overgrowth.
8, 9. Distal views.

Neococcolithes protenus (Bramlette and Sullivan).
Distal view; center heavily overgrown.

Toweius callosus Perch-Nielsen. Distal view; some
overgrowth.

Toweius cf. T. occultatus (Locker). Distal view of
specimen which could be either 7. occultatus with
an additional central net, or 7. craticulus with an
additional set of radial elements (due to over-
growth only?).
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PLATE 4

Calcareous nannofossils from Sample 277-45-3, 127 cm; Paleocene

Figures 1, 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

(All figures X 12,000)

Neochiastozygus distentus (Bramlette and Sulli-
van). Distal views; some overgrowth.

Discoaster? sp. 1.

Toweius eminens (Bramlette and Sullivan). Distal
view; specimen badly damaged.

Discoaster multiradiatus Bramlette and Riedel.
Distal view; selective overgrowth.

Toweius craticulus Hay and Mobhler. Distal view;
some overgrowth in center.

Zygodiscus sigmoides Bramlette and Sullivan.
Proximal view,
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PLATE 5
Paleocene calcareous nannofossils.

(Figures 1-8, 10-12, Sample 277-45-3, 127 cm;

Figures 1-3

Figures 4, 7,
10

Figure 5

Figures 6, 9,
12

Figures 8, 11

Figure 9, Sample 277-45-2, 118 cm)

Fasciculithus tympaniformis Hay and Mohler.
X5700. Some overgrowth,

Discoaster multiradiatus Bramlette and Riedel.
X 5700.

4. Distal view; heavily overgrown.

7, 10. Proximal views.

Chiasmolithus danicus (Brotzen). X5700. Distal
view; overgrowth in center.

Hornibrookina australis n. sp. X11,400.
6. Proximal view,
9, 12. Distal views.

Chiasmolithus eograndis Perch-Nielsen. X5700.
Distal and proximal views; diffuse overgrowth.
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PLATE 6

Calcareous nannofossils from Sample 277-44-2, 20 cm; early

Figures 1, 4

Figure 2

Figure 3

Figure 5

Figures 6, 10,
14, 15

Figures 7, 8

Figure 9

Figures 11, 13

Figure 12

Eocene.

Neochiastozygus sp. 3. X5200. Distal and proximal
views; overgrowth.

Sphenolithus sp. 2. x5200. Distal view;
overgrowth.

Chiasmolithus cf. C. danicus (Brotzen). X5500.
Distal view; diffuse overgrowth in center.

Ericsonia robusta (Bramlette and Sullivan). X 5200.
Proximal view; diffuse overgrowth.

Chiasmolithus eograndis Perch-Nielsen. X5200.
6, 10, 15. Distal views; varying overgrowth.
14. Proximal view.

Neococcolithes protenus (Bramlette and Sullivan).
x5500. Distal views; center heavily overgrown.

Toweius callosus Perch-Nielsen. X5200. Distal
view; some overgrowth on second wall.

Discoaster robustus Haq. X5200. Proximal views.

“Chiasmolithus’” consuetus (Bramlette and Sulli-
van). X5200. Distal view; selective overgrowth.
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PLATE 7
Calcareous nannofossils.

(Figure 1, Sample 277-45-3, 127 cm; Paleocene.
Figures 2-9, Sample 277-43-3, 121 cm; early Eocene)

Figure 1

Figure 2

Figure 3

Figures 4, 7

Figure 5

Figure 6

Figure 8

Figure 9

Chiasmolithus sp. X12,000. Distal view; dissolu-
tion.

Discolithina sp. 1. X6000, Distal view.

Sphenolithus radians Deflandre. X12,000. Side
view; overgrowth.

Chiasmolithus eograndis Perch-Nielsen. X6000.
Proximal and distal views; specimens damaged.

Markalius astroporus (Stradner). X12,000. Prox-
imal view; overgrowth in center.

Sphenolithus sp. 3 (moriformis group). X12,000.
Side view, overgrowth.

Toweius callosus Perch-Nielsen. x12,000. Distal
view; damaged specimen.

Zygrhablithus bijugatus Deflandre. X6000. Heavi-
ly overgrown.
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PLATE 8
Calcareous nannofossils.

(Figures 1, 3, 4, 6-9, 11, Sample 277-45-2, 118 cm; Paleocene.
Figures 2, 5, 10, Sample 277-40, CC; Eocene)

Figure |

Figure 2

Figure 3

Figure 4

Figures 5, 10,
11

Figure 6

Figure 7

Figure 8

Figure 9

Ellipsolithus distichus (Bramlette and Sullivan).
X5700. Distal view; damaged specimen.

Toweius craticulus Hay and Mohler. X11,500.
Proximal view; damaged specimen.

Biscutum panis (Edwards) n. comb. (Basionym:
Conococcolithus panis Edwards 1973, p. 73, fig. 2-
21.) X11,200. Damaged specimen.

Discoaster multiradiatus Bram-lette and Riedel.
%5700. Oblique distal view; damaged specimen.

Zygrhablithus bijugatus Deflandre. X5700. Heavy
overgrowth.

Neococcolithes protenus (Bramlette and Sullivan).
X 11,200, Distal view; selective overgrowth.

Fasciculithus 7 sp. 1. Note internal structure not
previously observed in fasciculiths. X11,500.

Markalius astroporus (Stradner). X5700. Distal
view; minor overgrowth in center.

Nannolith. (Possibly stem of Discoaster mullti-
radiatus?); X 5600.
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PLATE 9

Calcareous nannofossils; Sample 277-40, CC; Eocene.
(Figures 1-4, 7, 8, 13, X5700; Figures 5, 6, 9-12, X11,400)

Figures 1-3

Figure 4

Figure 5

Figure 6

Figures 7, 8

Figure 9

Figure 10

Figure 11

Figure 12

Figure 13

514

Helicopontosphaera seminulum (Bramlette and
Sullivan). Distal and proximal views.

Neococcolithes protenus (Bramlette and Sullivan).
Distal view; center heavily overgrown.

Reticulofenestra dictyoda (Deflandre and Fert).
Distal view; damaged specimen; selective
overgrowth.

Toweius callosus 7 Perch-Nielsen. Distal view;
some overgrowth.

Discoasteroides kuepperi (Stradner). Proximal and
distal views; partly overgrown.

Markalius astroporus (Stradner). Relatively wide
central area has suffered more under recrystal-
lization than the shield. Distal view.

Sphenolithus radians Deflandre. Heavy
overgrowth,

Markalius? sp. 1. Proximal view of distal shield?

Ring of elements of a broken coccolith or whole
coccolith(?); X 11,400,

Coronocyclus prionion (Deflandre and Fert). Distal
view,
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PLATE 10

Calcareous nannofossils; Sample 277-33-1, 120 cm; Eocene.

Figures 1, 5,
11
Figures 2-4
Figure 6
Figure 7
Figure 8

Figure 9

Figures 10, 12

Chiasmolithus solitus (Bramlette and Sullivan).
X 6000. Distal views.

Neococcolithes dubius (Deflandre). X9000. Distal
views; heavy overgrowth in centers.

Sphenolithus radians s.1. Deflandre. X 12,000. Side
view; some overgrowth.

Helicopontosphaera sp. 1. X6000. Distal view;
damaged specimen.

Chiasmolithus expansus (Bramlette and Sullivan).
X 6000. Proximal view,

Sphenolithus moriformis s.. (Bronnimann and
Stradner). X 12,000. Side view; heavy overgrowth.

Helicopontosphaera salebrasa Perch-Nielsen,
X 6000, Distal and proximal views.
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PLATE 11

Calcareous nannofossils; Sample 277-33-1, 120 cm; Eocene.

Figure 1
Figure 2

Figures 3, 8

Figures 4, 7

Figure 5

Figures 6, 12,
13

Figure 9

Figure 10

Figure 11

Rhabdolith. X6100. Broken stem.
Discoaster sp. 2. X6000. Heavy overgrowth.

Cyclicargolithus cf. C. neogammation (Bramlette
and Wilcoxon). X12,000. Distal views.

Ericsonia obruta Perch-Nielsen. X12,000, Distal
views; some overgrowth in center.

Discoaster barbadiensis Tan Sin Hok. X6000.
Distal view; overgrowth on arms.

Dictyococcotes daviesi (Haq).
6, 13. X6000. Distal views.
12. X9000. Proximal views.

Toweius occultatus (Locker). X 12,000. Distal view:
selective overgrowth.

Reticulofenestra placomorpha (Kamptner). X6000.
Distal view; shields missing?

Ericsonia alternans Black. X6000. Proximal view;
some overgrowth,
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PLATE 12
Calcareous nannofossils.

(Figures 1, 2, 4, 8 from Sample 277-29, CC; Eocene;

Figures 3, 5-7,

Figure |

Figures 2, 4, 7

Figures 3, 6,

9,11

Figure 5

Figures 8, 10

9-11 from Sample 277-19; late Eocene to early
Oligocene)
Reticulofenestra sp. Small coccosphere; X5700.

Dictyococcites onustus Perch-Nielsen.
2. X5700. Distal view.

4. X9000. Distal view.

7. X11,400. Distal view.

Dictyococcites ? sp. 1. X11,400.
3, 6. Proximal views.
9, 11. Distal views.

Dictyococcites callidus Perch-Nielsen. X5700.
Distal view; etching and overgrowth.

Cribrocentrum coenurym (Reinhardt). X11,400.
Proximal views; etching and overgrowth.
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PLATE 13
Calcareous nannofossils.

(Figures 1-3, 5, 7, 10, 11 from Sample 277-29, CC; Eocene:
Figures 4, 6, 8, 9, 12 from Sample 277-19, CC; late Eocene to early

Figures 1, 2

Figures 3, 4

Figure 5

Figure 6

Figure 7

Figure 8

Figures 9, 12

Figure 10

Figure 11

Oligocene)

Rhabdolith stems with heavy overgrowth of
selected elements while others are well preserved.
Overgrowth results in forms similar to the Late
Cretaceous Microrhabdulus belgicus; X5700.

Ericsonia obruta Perch-Nielsen. Proximal views of
specimens without proximal shields; X 11,400.

Neococcolithes dubius (Deflan-dre). X9000. Minor
overgrowth of central structure.

Transversopontis prava Locker. X5700. Distal
view; etching and overgrowth.

Chiasmolithus expansus (Bramlette and Sullivan).
X5700. Distal view; diffuse etching and
overgrowth.

Chiasmolithus cf. C. oamaruensis (Deflandre).
X5700. Distal view; diffuse overgrowth in wall.

Isthmolithus recurvus Deflandre. X9000. Heavy
overgrowth,

Ericsonia ovalis Black. X11,400. Distal view; selec-
tive overgrowth.

Markalius? sp. 2. X11,400. Proximal view; heavy
overgrowth.
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Calcareous nannofossils from Sample 277-16-5, 110 cm; early
Oligocene

Figures 1-7 Helicopontosphaera ? subantarctica n. sp.
1-5, 7. X6100. Distal views.
6. % 12,200. Proximal views,
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Figures 1-3,
7, 8

Figures 4, 5,
9, 10

Figure 6

Figure 11

PLATE 15
Oligocene calcareous nannofossils.

Helicopontosphaera? subantarctica n. sp. Sample
277-16-5, 110 cm; early Oligocene; X6000.

3, 8. Holotype. Distal views.

7. Proximal view,

Chiasmolithus altus Bukry and Percival.

4. Sample 277-3-3, 110 cm; mid-late Oligocene;
X5700. Distal view.

5. Sample 277-6-4, 110 cm; mid-late Oligocene;
X5700. Distal view,

9. Sample 277-16-5, 110 cm; early Oligocene;
% 6000. Distal view.

10. Sample 277-13-2, 110 cm; mid-late Oligocene;
X 5700. Distal view.

Isthmolithus recurvus Deflandre. Sample 277-16-5,
110 cm; early Oligocene; X9000.

Syracosphaera? sp. Sample 277-16-5, 110 cm; early
Oligocene; X11,800. Distal view.
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PLATE 16
Calcareous nannofossils.

(Figures 6, 7, 14 from Sample 277-16-5, 110 cm; early Oligocene.
Figures 11, 13 from Sample 277-13-3, 110 cm; mid-late Oligocene.
Figures 3, 5, 9, 10, 16 from Sample 277-6-4, 110 cm; mid to late
Oligocene. Figures 1, 2, 4, 8, 12, 15 DSDP 277-3-3, 110 cm; mid to

Figure 1

Figures 2-7,
1, 12

Figure 8

Figures 9, 10

Figure 13

Figures 14, 15

Figure 16

late Oligocene.)

Discoaster deflandrei ? Bramlette and Riedel.
%5800, Heavy overgrowth.

“Reticulofenestra’ cf. R. alabamensis Roth.
2-5, 11, 12. x5800.
6, 7. X5900.

Discolithina segmenta Bukry and Percival.
X 11,600. Distal view; etching and overgrowth.

Reticulofenestra cf. R. pseudoumbilica (Gartner).
X5800. Proximal and distal views.

Cyclicargolithus neogammation (Bramlette and
Wilcoxon). X5700. Proximal view, small
specimen.

“Reticulofenestra’’ bisecta (Hay et al.)
14, X6000. Distal view,
15, X5800. Proximal view.

“Reticulofenestra’” abisecta (Miiller). X5800.
Distal view.
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PLATE 17

Calcareous nannofossils from Sample 279A-5-4, 110 cm; early

Miocene.

Figures 1, 3, 4 Reticulofenestra sp. X5700. Proximal and distal

Figure 2
Figure 5
Figure 6
Figures 7, 8
Figures 9, 10
Figure 11
Figures 12-14,

17, 18

Figures 15, 16

views; overgrowth in walls.

Cyclicargolithus neogammation (Bramlette and
Wilcoxon). X4500. Proximal view.

Cyclococcolithus macintyrei Bramlette and Bukry.
%2900. Distal view; slight etching and overgrowth.

Discoaster adamanteus Bramlette and Wilcoxon.
X5700. Some overgrowth.

Discoaster deflandrei Bramlette and Riedel.
X5700. Distal views; overgrowth.

Helicopontosphaera granulata Bukry and Percival.
X5700. Distal and proximal views.

Helicopontosphaera sellii Bukry and Bramlette.
X5700. Distal view.

Sphenolithus heteromorphus Deflandre. X11,400.
Variable overgrowth.

Sphenolithus cf. S. moriformis (Bronnimann and
Stradner). X 11,400. Etching?
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PLATE 18

Calcareous nannofossils from Sample 279A-5-2, 141 cm; early

Figures -5

Figure 6

Figures 7, 8

Figure 8

Figure 9

Figures 10-12

Figure 13

Figure 14

Figure 15

Miocene.

Sphenolithus heteromorphus Deflandre.

1-4. X11,400. Side views; some overgrowth.

5. Could be mistaken as an overgrown specimen
of Triquetrorhabdulus rugosus Bramlette and
Wilcoxon. X5700.

Sphenolithus moriformis (Bronnimann and
Stradner). X11,400. Side view.

Discoaster deflandrei Bramlette and Riedel.
X 5700. Etching and overgrowth.

Ericsonia ovalis Black. X5700. Distal view; selec-
tive heavy overgrowth,

Helicopontosphaera intermedia (Martini). X5700.
Proximal view; some etching.

Helicopontosphaera granulata Bukry and
Bramlette. X5700. Distal and proximal views.

Chiasmolithus altus Bukry and Percival. X5800.
(Reworked?) Distal view.

(N Cyclococcolithus sp. 1. X11,400. Proximal view
of distal shield?

Helicopontosphaera euphratis (Haq). X5700. Prox-
imal view; damaged and etched specimen.
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PLATE 19

Calcareous nannofossils from Sample 282-5-1, 136 cm; early

Miocene.

Figures 1, 6-10 Sphenolithus cf. S. conicus Bukry. X11,600.

Figure 2

Figure 3

Figure 4

Figure 5

Figure 11

Coronocyclus nitescens (Kamptner). X5800. Distal
view; selective overgrowth.

Discoaster cf. D. saundersi Hay. X5800. Proximal
view; etching and overgrowth.

Pontosphaera cf. P. multipora (Kamptner). X5800.
Proximal view; slight etching.

Sphenolithus sp. 4. X 11,600.

Sphenolithus moriformis (Bronnimann and
Stradner). X11,600. Etching.



CALCAREOUS NANNOFOSSILS

PLATE 19

535



A. R. EDWARDS, K. PERCH-NIELSEN

536

PLATE 20
Calcareous nannofossils.

(Figures 3, 5, 9-11, Sample 282-4-1, 110 cm; early Miocene,
Figures 1, 2, 4, 6-8, 12, Sample 282-4, CC; early Miocene)

Figure 1

Figure 2

Figure 3

Figure 4

Figures 5-12

Sphenolithus abies Deflandre. X 12,100. Side view.

Sphenolithus moriformis group (Bréonnimann and
Stradner). X 12,000. Side view.

Hselithina sp. 1. X12,000. Youngest known to date
of this late Paleogene genus. Side view; damaged
specimen.

Coronocyclus nitescens (Kamptner). X9600. Distal
view,

Ericsonia tasmaniae n. sp. X 12,000,

5. Holotype.
5-8. Distal views.
1. Paratype.

9-12. Proximal views.
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PLATE 21

Neogene calcareous nannofossils at Site 284.
(All figures x2000)

Figures 1-6 Ericsonia tasmaniae n. sp. Sample 282-4-1, 110 cm; early Miocene.

Figures 7-14  Hornibrookina australis n. sp.
7-10. Sample 277-45-2, 118 cm; late Paleocene.
11, 12. Sample 277-46-4, 111 cm; late Paleocene.
13, 14. Sample 277-45-3, 127 cm; late Paleocene.

Figure 15 Holococcolith. Sample 284-10-5, 110 cm; early Miocene.
Figure 16 liselithinia sp. Sample 282-4-1, 110 cm; early Miocene.

Figures 17-20  Helicopontosphaera? supantarctica n. sp. Sample 277-16-5, 110 cm;
early Oligocene.

Figure 21 Ceratolithus rugosus Bukry and Bramlette. Sample 284-10-5, 110
cm; early Pliocene.

Figures 22-48  Ceratolithus triconiculatus group Gartner. No birefringence shown.
22. Sample 284-10-2, 135 cm; early Pliocene.
23. Sample 284-10-5, 110 cm; early Pliocene.
24. Sample 284-10, CC; early Pliocene.
25. Sample 284-12-1, 110 cm; early Pliocene.
26. Sample 284-11-4, 110 cm; early Pliocene.
27, 29. Sample 284-13-4, 110 cm; early Pliocene.
28, 30, 32. Sample 284-14-4, 110 cm; early Pliocene.
31. Sample 284-14-1, 110 cm; early Pliocene.
33, 34. Sample 284-16-3, 110 cm; late Miocene.
35, 36. Sample 284-17-4, 110 cm; late Miocene.
37, 38. Sample 284-18-6, 110 cm; late Miocene.
39, 41. Sample 284-19-2, 110 cm; late Miocene.
40, 42. Sample 284-19-3, 110 cm; late Miocene.
43, Sample 284-19-1, 140 cm; late Miocene.
44. Sample 284-29-4, 110 cm; late Miocene.
45-47. Sample 284-22-2, 110 cm; late Miocene.
48, Sample 284-22-4, 110 cm; late Miocene.

Figures 49, 50 Ceratolithus primus Bukry and Percival.

49. Sample 284-22-1, 135 cm; late Miocene.
50. Sample 284-22-6, 110 cm; late Miocene; slight birefringence.
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