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DISTRIBUTION, ABUNDANCE, AND PRESERVATION OF 
NANNOFOSSILS IN EOCENE TO RECENT ANTARCTIC 

SEDIMENTS 

D. A. BURNS 

New Zealand Oceanographic Institute, DSIR, Wellington 

ABSTRACT 

During operations of the Deep Sea Drilling Vessel Glomar Challenger in the 
South-east Indian Ocean and Ross Sea (Leg 28, 1972-73) the deepest sedimentary 
layers of the Antarctic region were sampled for the first time. At four of the drilling 
sites oceanic calcareous sediments were recovered. The distribution, abundance, and 
preservation of the nannofossil assemblages in these calcareous sediments are described 
and illustrated. Preservation of nannofossils within the assemblages differs with the 
age of the sediment and for different species within particular assemblages. The factors 
previously described as causing similar dissolution effects in nannofossil assemblages 
are discussed and from this some paleo-oceanographic interpretations are derived 
for the Antarctic samples. One new nannofossil species, Dictyococcites perplexa, is 
described. 

INTRODUCTION 

During Legs 1 to 27 of the Glomar Challenger's operations, the sediments 
deposited beneath almost every ocean and sea of the world have been 
sampled. However, Leg 28 represented the first attempt to sample the deep 
sediments of an Antarctic region, because such sediments had previously been 
inaccessible, even when using the longest piston corers. The track of the 
cruise and the position of the sites are shown in Fig. 1. At four of these 
sites (265, 266, 267, 267B) significant amounts of calcareous material were 
recovered, and analysis of these sediments showed nannofossil assemblages 
to be present. Nannofossil assemblages have never before been recorded from 
such high latitudes in the Southern Hemisphere. The aim of this paper is to 
illustrate the distribution of the nannofossils throughout these cores; to 
demonstrate the abundance and preservation of the nannofossils in the 
assemblages; and from this to derive some paleoecological conclusions. The 
details of the nannofossil biostratigraphy for these sites, and the overall 
oceanographic and paleoenvironmental recontructions for this area as in
dicated by all the microfossils present in these same cores (Foraminfera, 
nannofossils, Radiolaria, diatoms, silicoflagellates, fossil spores, and dino
flagellates), have already been described (Burns in press; Burns & Webb in 
press). 

RESULTS 

Distribution of Nannofossils in the Cores 
The four "peIagic" cores (265, 266, 267, 267B) sampled on Leg 28 all 

have an upper siliceous sequence and a lower calcareous sequence. The 

Received 8 November 1974. 
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FIG. l --Track of the Glomar Challenger during Leg 28, showing the positions of the 
sites drilled. Hatching indicates bathymetry between 1000 and 3000 m below 
sea level. 

distribution in these cores of siliceous (S) or calcareous dominated sediments 
(C) and sediments containing both of these types (M) is shown in Fig. 2. 
The typical distribution of siliceous and calcareous microfossil groups in these 
sites is illustrated in detail in Figs 3-8, using site 265 as an example. These 
four cores from the western sites of Leg 28 can all be subdivided into three 
basic components according to their microfossil content. 

(1) The upper sediments usually form the greater part of the total 
sequence and are predominantly siliceous in nature. These sediments contain 
high percentages of siliceous microfossils, with diatoms usually most abun
dant. Silicoflagellates and Radiolaria are also often present, but In smaller 
numbers. 

Within these siliceous sediments, there are often minute traces of 
calcareous material, sometimes formed by solitary Foraminifera specimens or 
more commonly by a few nannofossils. There are also occasional thin horizons 
which contain high proportions of calcareous material. These latter usually 
represent a concentration of nannofossils, and the nannofossil assemblages in 
these calcareous horizons usually consist of a single species in great abund· 
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FIG. 2-Diagram of the four sites analysed, showing the number and pOSItIOn of 
each core in the site. The distribution of siliceous (S), mixed microfossil (M), 
and calcareous (C) microfossil-dominated sediment is also shown for each site. 
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ance. A small Gephyrocapsa sp. is a species which persistently forms such 
horizons. These monospecific nannofossil horizons are more common in the 
cores near to the Southeast Indian Ridge (265 and 266, Fig. 1) than in the 
more southerly sites (267 and 267B.) 

(2) Beneath the upper siliceous sediments there is usually a short 
sequence of sediments CM" in Fig. 2) which consistently contain a mixture 
of calcareous and siliceous microfossils. In general the siliceous microfossils, 
particularly diatoms, are in the majo:ity, but there are also recognisable and 
countable numbers of nannofossils (Figs 3, 4) and occasional Foraminifera 
specimens. Within his sequence of "mixed" microfossil sediments there are 
often horizons that contain no calcareous material at all, but which are simply 
diatom oozes (Figs 5, 6). 

(3) Beneath these mixed calcareous and siliceous sediments there is 
usually a relatively short sequence of calcareous sediments. Such sediments are 
usually formed predominantly of nannofossils (Fig. 8) although they usually 
also contain a few siliceous organisms, particularly diatoms (Figs 7, 8). 

Nannofossil Assemblage Characteristics 
The nannofossil assemblages from the high calcite horizons in the upper 

siliceous sediments are composed completely of placoliths, usually all of one 
species. In the low calcite areas which only contain a very few nannofossils, 
the specimens present are also entirely placoliths. However, in these areas 
several different species such as Gephyrocapsa oceanica, a small GePhyrocaPJa 
sp., Cyclococcolithus leptoporus, and Coccolithus pelagicus, rather than one 
species only, are common (Fig. 4). 

The nannofossil assemblages within the mixed calcareous/siliceous sedi
ments are quite different. In the mixed microfossil sediments which are of 
an age to contain discoasters (i.e., Miocene or Pliocene sediments), the sparse 
nannofossil assemblages are generally formed of placoliths, with occasional 
specimens of discoasters. Discoaster species found in such assemblages include 
Discoaster hamatus, D. brouweri, D. pentaradiatus, and D. variabilis. 

The calcareous sediments in the lowest horizons of each site are predomin
antly formed of nannofossils. The nannofossil assemblages consist almost 
entirely of placoliths, although sediments of different ages vary slightly. The 
calcareous sediments at the bottom of the most northerly site (265) contained 
nannofossil assemblages entirely formed of placoliths. These assemblages 
have a very low diversity; they are almost completely composed of specimens 

FIGS 3-8-(Opposite) Distribution and relative proportions of nannofossils and 
siliceous microfossils in the sediments of site 265. 

3, 4-The "mixed" siliceous and calcareous sections of the cores (core 7, section 
5, 56 cm depth); n = nannofossil. Fig. 3 X 4200; Fig. 4 X 10 400. 

5, 6-The lower part of the "mixed" microfossil sequence. 5-sediment from just 
above the calcareous sequence indicating the lack of nannofossils (core 14, 
section 1, 110 cm); X 1330. 6-sediment from the lower part of the "mixed" 
microfossil sequence (core 14, section 1,75 cm); X 2730. 

7, 8-The calcareous sequence showing abundance of nannofossils and presence of 
siliceous microfossils (core 16, section 6, 35 cm). Fig. 7 X 4530; Fig. 8 X 8400. 
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of Dictyococcites perpexa n.sp. with occasional specimens of Coccolithus 
pelagicus and Reticulofenestra pseudoumbilica (Fig. 8). 

Unlike the calcat:eous sediments at site 265, the (Lower and Middle 
Miocene) calcareous sediments at the base of site 266 contain several speci
mens of DisC10aster deflandrei and D. trinidadensis in addition to the 
placoliths. However, the ratio of placoliths ID discoasters is high (Fig. 9). 
The Oligocene calcareous assemblages at the base of site 267 are entirely 
formed of placolith species (Fig. 18.) The Upper Eocene sediment at the 
base of site 267B, although formed predominantly of placoliths species such 
as Chiasmolithus altus, Coccolithus eopelagicus, and Reticulofenestra sp. 
(Fig. 10), also contains many specimens of Isthmolithus recurvus (Fig. 17). 

Nannofossil Preservation 

The preservation of the nannofossils within each assemblage varies con
siderably with the age of the sediment. In the Middle to Upper Miocene 
calcareous sediments at the base of the most northerly site (265)' the placo
liths show differing degrees of preservation according to species. In these 
sediments, coccospheres are often found (Figs 11, 12). Coccospheres 
belonging to the species Coccolithus miopelagicus (Fig. 11) are generally 
well preserved, and there is no apparent dissolution of the rim elements or 
central grill area of the individual constituent placoliths. Coccospheres of 
Reticulofenestra pseudoumbilica (Fig. 12) are also present in the same 
sediment but generally are less abundant, possibly because many of them 
have disaggregated. Furthermore, the individual coccoliths which form the 
coccospheres of this species often show signs of dissolution of the periphery 

FIGS 9-20-( Opposite) Illustrates particular features of nannofossils in sites 265, 266, 
267, 267B. 

9-Nannofossils ftom site 266 (core 15, section 1, 110 cm) showing preservation 
of placolith species and Discoaster deflandrei; X 10 400. 

10-Nannofossil assemblage from site 267B (core 10, section 1, 110 cm) showing 
placolith preservation and abundance; X 5470. 

ll-Coccosphere of Coccolithus miopelagicus from site 265 (core 16, section 6, 
35 cm); X 12870. 

12-Coccosphere of Reticulofenesl1'a pseudoumbilica from site 265 (core 16, section 
6, 35 cm); X 12 270. 

13-Three species of placoliths, showing different degrees of preservation, from 
site 265 (core 16, section 6, 3S cm); X 10 400. Species from top to bottom: 
Dictyococcites perplexa n.sp, Cyclococcolithus sp., Reticulofenestra pseudoumbilica. 

14, is-Two specimens of Discoaster deflandrei from site 266 showing a pristine 
form and a dissolved form (core IS, section 1, 110 cm). Fig. 14 X 18130; Fig. 
IS X 20400. 

16-Reticulofenestra sp. showing effects of dissolution on the outer margin of the 
distal rim, from site 266 (core 15, section 1, 110 cm); X 18130. 

17-Specimen of Isthmolithus recurvus from site 267B (core 10, section 1, 110 cm); 
X 20400. 

18-Illustrates typical poor preservation of placoliths and large rim in calcareous 
section of site 267 (core 4, section 2,122 cm); X 12460. 

19-Proximal surface of Dictyococcites perplexa n.sp. Specimen: PEL No. 1162/7; 
X 16800. 

20-Distal surface of holotype of Dictyococcites perplexa n.sp. Specimen: PEL No. 
1162/S; X 24930. 
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of the rim elements (Fig. 12). Also, the elements from the central area of 
some of the placoliths have been completely dissolved away (Fig. 12). 
Separated coccoliths form the greater part of the assemblages, and different 
species show different amounts of dissolution. The three placolith species 
shown in Fig. 13 are the most common ones in the calcareous sediments of 
site 265. The large Dictyococcites perplexa n.sp. (top of figure) is always 
well preserved and shows no sign of dissolution on either the distal or 
proximal surfaces (Figs 13, 19, 20). In contrast, however, the Cyclococco
lithus sp. (centre of Fig. 13) is typically present as a single plate only; the 
other presumably has dissolved away. Specimens of I?.eticulofenestra pseu
doumbilica, such as that at the lower right hand side in Fig. 13, commonly 
lack the central area elements which have been dissolved away leaving just 
the two rims. 

In the calcareous (Lower and Middle Miocene) sediments of the more 
southerly site 266 the nannofossil specimens show a similar pattern of 
preservation to site 265, but with some slight differences. In general the 
specimens of Coccolithus miopelagicus are well preserved, but coccospheres 
are seldom found. The species of the genus Reticulofenestra again show a 
much poorer degree of preservation. Specimens commonly have partial or 
complete dissolution of the central area elements (Fig. 9) or marked dissolu
tion of the periphery of the rim elements (Fig. 16). Preservation of the dis
coasters from site 266 varies according to the species and the age of the 
sediments, and wide differences can usually be observed for members of 
the same species in a single sample. In samples taken from a variety of levels 
within the Lower and Middle Miocene sediments, well preserved pristine 
specimens of Discoaster defiandrei (Fig. 14) (by far the most common 
discoaster in these sediments) can be found, but the greater proportion of 
specimens of this species show considerable dissolution effects on several or 
all of the arms (Fig. 15)1. Sometimes this has proceeded to such an extent 
that the arms are completely removed, just leaving indentations on the central 
"disc" area. This characteristic is also common in discaasters present in the 
assemblages of the mixed siliceous/calcareous sediments. This effect 
makes accurate recognition of closely similar species impossible, because by 
this means specimens of Discoaster defiandrei can be modified to correspond 
to the mo~phology of Discoaster kugleri or Discoaster bollii. 

In the Oligocene calcareous sediments at site 267, the placoliths which 
form the assemblages are all poorly preserved. Specimens of Chiasmolithus 
altus rims without the central cross are often present. The assemblages 
generally consist of poorly preserved and consequently unidentifiable Reticulo
fenestra species (Fig. 18) and large cyclic rims (Fig. 18). There are also 
often large amounts of background detrital calcite derived from fragmented 
coccoliths. The nannofossil assemblages from the Upper Eocene calcareous 
sediments at the bottom of site 267B are generally well preserved, but once 
again specimens of Chiasmolithus altus without the central cross are common 
(bottom Fig. 10). However, well preserved pristine specimens of this 
species with the central cross can occasionally be found. The other placolith 
species are generally well preserved, and show little sign of dissolution of 
either the central area elements or the rim elements (Fig. 10). Within these 
Upper Eocene assemblages specimens of Isthmolithus recurvus are common 
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(Fig. 17). These specimens are generally well preserved, although in each 
sample there are a few in which the central holes are closed up by calcite 
overgrowth. 

DISCUSSION 

Paleoenvironmental Interpretation of Nannofossil Preservation 

A reconstruction of the overall pal eo-oceanographic features prevalent in 
this area of the South-east Indian Ocean at the time of deposition of these 
sediments has been dealt with elsewhere (Burns in press; Burns & Webb 
in press). However, interpretation of the preservation of the nannofossils 
in terms of the factors which could affect and effect the dissolution of calcite, 
formation of calcite overgrowths, and differential dissolution of some species 
and not others has not been considered. To achieve such interpretation, pre
vious work on carbonate solutton must be considered. 

In recent years considerable work has been carried out to assess the 
causes and effects of calcite dissolution in the marine environment. Differential 
solution of different species, such as that noted in the present material, has 
been described previously for nannofossils in Recent sediments (McIntyre 
& McIntyre 1971). The morphological changes which accompany such 
dissolutions have also been illustrated for some species (McIntyre & McIntyre 
1971; Gartner 1967). However, despite these studies and other definitive 
work, there still exists some uncertainty as to the actual mechanism of 
dissolution, the percentage of calcite which can be dissolved from a particular 
organism, or even the position within the water column or sediment 2.t 
which calcite dissolution and/or overgrowth occurs on different calcite micro
fossil species. 

As usually happens, particularly when dealing with nannofossil research, 
the greatest amount of knowledge has been gained from warm water areas 
which yield the most diverse and abundant assemblages. In this way the 
presence and action of a solution effect at or between 400{}--5000. m in 
tropical and subtropical oceanic waters seems reasonably well established 
(Hudson ,1967; Berger 1970; Olausson 1971; McIntyre & McIntyre 1971; 
Burns 1973). However similar information on the depth relations between 
the carbonate compensation s!epth and the lysocline depths for individual 
microfossil groups or species is not available for colder water areas. Some 
suggestions have been made, however, that the depth of the dissolving feature 
slopes upwards from the tropics to the Antarctic (Berger 1970), and even 
that in past times it has been at the sea surface in different areas (Hay 
1960; Tappan 1968; Worseley 1971). Such postulations tend to indicate 
that depth of water is the prime factor in calcite dissolution in the ocean. 
However, this suggestion has been countered by evidence that the correlation 
between water depth and calcium carbonate percentage in surface sediments 
is poor (Smith et al. 1968)'. 

Many other suggestions of cause and effect for the removal or non-removal 
of calcite material in the marine environment to produce the sediments now 
present under various oceans have been suggested in recent years. These 
include differential productivity in subtropical-temperate-subantarctic waters; 
climatic control of the solution and oxidation processes, with ice ages 
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correlating with high calcite solution (Olausson 1971); and, conversely, 
faster solution in warm oceans than in cold areas (Hudson 1967). In this 
way, probably because of the lack of definitive techniques for measuring 
dissolution factors, the nature of the various lysoclines and carbonate 
compensation depth still remains somewhat obscure. Furthermore, because 
the least amount of information is available for cold water areas, the 
lysoclines or carbonate compensation depth have been invoked t'o explain 
many sedimentary changes in high-latitude core material where no other 
explanation becomes quickly apparent. Indeed, raising and lowering of 
lysoclines and carbonate compensation depths are often suggested as an 
isolated factor, without any recognition that many other chemical, physical, 
climatic, and biological factors must also have changed to have produced 
such a postulated change in dissolution depth. In view of these differences 
of opinion and lack of definitive data it is difficult to evaluate and substan
tiate interpretations drawn from studies of the degree of dissolution of 
calcareous microfossils, unless there are other clear indications to support the 
interpretation. 

It is quite dear that for the substantial calcareous nannofossil assemblages 
to accumulate in the four pelagic sites (265-267B) sampled on Leg 28, the 
sediments must have been deposited at a depth above the carbonate compen
sation depth of the water from which the sediment was formed. However, 
from calculations of the spreading and sinking rate of the newly formed 
oceanic crust in the South-east Indian Ocean during separation of Australia 
from Antarctica, the depth of water from which this calcareous material was 
deposited would have been between 3500 and 4500 m. This would, there
fore, appear to be an anomalous situation, because a depth of 3500-4500 m 
would probably be below the lysoclines and carbonate compensation depth 
of present-day subantarctic water, the coldest water which can support 
calcareous nannoplankton populations. Such calcareous deposits could not, 
therefore, have formed in such cold water conditions. However, there is 
strong evidence from the species present in the nannofossil assemblages 
that, ·at the time of their formation, the water overlying the area was 
equivalent to the present-day most southerly subtropical water 0'£ the south
west Pacific Ocean (Burns & Webb in press). In such a water mass, the 
present-day carbonate compensation depth is around 4000 m (Burns 1973). 
Hence deposition of the calcareous material in sites 265-267B of Leg 28 
would be quite feasible from such a water mass at a depth of approximately 
4000 m and would therefore correlate with the calculated depth of the newly 
produced sea-floor crust in the area. 

The specific preservation noted in the different assemblages can further be 
correlated with such a depth of formation and presence 0'£ a cool subtropical 
water mass in the area. In the Upper Eocene deposits of the most southerly 
site (267B)', the preservation of the placoliths and Isthmolithus recurvus is 
good. The formation of these assemblages can, therefore, be related to this 
period (Late Eocene) and reflects the beginning of the opening of the 
sea area between Australia and the Antarctic. At such a period the depth 
of the water which first transgressed into the shallow newly-opened sea 
area would not be deep enough for the sedimenting calcite organisms to be 
affected by lysoclines or the carbonate solution effect. However, all the nanno· 
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fossils in the Lower Oligocene sediments at the nearby but more northerly 
site 267 have a poor degree of preservation. Such poor preservation must 
represent a sediment formed in a deeper-water environment at a depth very 
close to the carbonate compensation depth. This could well be correlated with 
the Early Oligocene, since this was when the newly-formed east Indian 
Ocean was widening and deepening. At this time the water mass in the area 
of sedimentation at site 267 was still a cool subtropical type (Burns & Webb 
in pre3s) and the carbonate solution effect was therefore at about 4000 m. 
The depth of the South-east Indian Ocean must therefore have attained 
approximately this depth by the Early Oligocene. It should be noted, how
ever, that some diagenetic (in the sediment) solution of the nannofossils may 
have occurred, and so not all the solution losses noted can be attributed to 
solution in the water column. 

The different species in the Miocene calcareous nannofossil assemblages at 
sites 266 and 265 (Fig. 1) show a marked differential dissolution effect. Such 
effects have been noted as common occurrences in Recent sed·me::tts deposited 
in dep;hs near to the carbonate compensation depth (McIntyre & McIntyre 
1971), and they indicate clearly that there is a marked difference in the 
depth of the individual lysoclines peculiar to particular spec:es. Thus it 
would appear that the Lower to Middle Miocene sediments at site 266 and 
the Middle to Upper Miocene sediments at site 265 were deposited above the 
carbonate compensation depth (approximately 4000 m) but below the lyso
c1ine depths for some species. However, it should be noted that solution 
effects noted in the nannofossil assemblages, and particularly in the Lower 
Miocene sediments at site 266, cannot all be taken as resulting from 
processes operative at the time of sediment formation. Certainly at site 266, 
the presence in the lower Miocene assemblages of several specimens of 
Discoaster trinidadensis with considerable calcite overgrowth on the arms is 
clear indication that some post-depositional diagenetic processes have 
influenced the preservation of the nannofossils within the sediments. 

Over the period of the Late Eocene to Late Miocene, cool subtropical 
water in the South-east Indian Ocean was displaced steadily northwards by 
cold Antarctic Water (Burns & Webb in press). During this pe:iod there was 
calcareous sedimentation at different times in different areas of the South-east 
Indian Ocean, which has given r;se to the calcareous sediments sampled on 
Leg 28. However, there is no indication that the lysocline for nannofossils 
in such a water mass was raised or lowered during the Late Eocene to Late 
Miocene. Rather the evidence suggests that the lysodine for nannofossils has 
remained at a consistent depth of about 4000 m for the whole time that 
subtropical water was in the South-east Indian Ocean. The change from 
calcareous to siliceous sedimentation has been attributed to the northwards 
extension of the cold water emanating from Antarctica (Burns & Webb 
in press). 

Paleontology 
The greater proportion of nannofossils identified from the assemblages 

considered above have previously been described by other authors. However, 
one species belonging to the genus Dictyo'coccites was found in great abun
darce in the Lower calcareous sediments of site 265. Although this species 

Geology-6 
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is not restricted to Antarctic sediments and has been noted in the sediments 
of other areas, it has not been previously described or named. This form is 
therefore, now separated as a new species. 

Dictyococcites perplexa n.sp. 
(proximal surface) 

Figs 13, 20 (distal surface) ; Fig 19 

DIAG'lOSIS: Medium-sized elliptical placolith, with closed central area. 

DESCRIPTION: This medium-sized elliptical concavo-convex placolith has a medium
sized central area and medium-sized finely-striated rim. In phase contrast or cross
polarised light examination both the rim and central area are prominent. In cross
polarised light, the rim shows the typical bright and dark extinction pattern 
of the genus Dictyococcites. The well-developed central area has no central per
foration, but in cross-polarised light a tortuous line can be seen in the centre 
of the central area; it is generally aligned with the long axis of the placolith. 
In the electron microscope the rim can be seen to be composed of many thin inclined 
elements arranged similarly to the genus Dict.yococcites. The proximal rim is 
smaller than the distal rim, and the two rims are not closely adpressed. The central 
area on the distal surface is formed of many small elements, arranged on end and in
clined in a anticlockwise direction. There is a central suture line running part way 
across the central part of the central area, which is aligned with the long axis. This 
line is formed where the elements of the right and left side of the central area touch. 
There is no perforation at this line. This line is most prominent on the proximal 
surface (Fig. 19). 

REMARKS: This species O'f Dictyococcites can easily be distinguished from 
other species of the genus by its prominent centre; lack of central per
foration; and particularly by the conspicuous (when viewed in cross-polarised 
light) tortous central line in the central area, which is alig:led with the long 
axis of the placolith. In addition to' this, its stratigraphic isolation in Miocene 
sediments sets it apart from most other similar species. 

OCCURRENCE: In the Antarctic sediments from which this species is now 
described, it is stratigraphically restricted to the lower Upper Miocene 
(Discoaster calcaris zone), and upper Middle Miocene (Discoaster hamatus 
and Catinaster coalitus zones), in sediments of the South-east Indian Ocean. 
It is particularly abundant in the Middle Miocene sediments of DSDP site 
265. 
SIZE: Long diameter = 18-20 pm (distal surface), 16 pm (proximal surface). 

HOLOTYPE: Deposited in the New Zealand Oceanographic Institute: holotype No. 
199; recorded on PEL Film No. 1162/5 (distal surface) and PEL Film No. 1162/7 
(proximal surface). 

PARATYPES: Deposited in the New Zealand Oceanographic Institute: paratypes No. 
P283 and P284; recorded on PEL Film No. 1162/6. 

TYPE LOCALITY: DSDP site 265, core 16, section 6, core depth 25-26 cm; position: 
latitude 53° 32·45' S, longitude 109° 56·75' E. 
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