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Abstract - Phytoliths (siliceous plant microfossils) have been recovered fr{ /----" ' '----x.\\
Cenozoic sedimentx (34 to 17 Ma) in the CRP-2/2A and CRP-3 drillholes corel

off Cape Roberts, Victoria Land Basin, Antarctica. The phytolith assemblages

sparse, but well-preserved and dominated by spherical forms similar to thos f,;‘f:RC;C
modern trees or shrubs. Rare phytoliths comparable to modern grass forms ar, W“'S ICE )
present. However, due to the paucity of phytolith data, any interpretations madi mwm SHEET,
necessarily tentative. The assemblages of CRP-2/2A and the app&d m of CRP

CRP-3 are interpreted as representing a predominantly woody vegetation, inclt i

Nothofagusand Libocedruswith local areas of grass in the more exposed locations.

A cool climate is interpreted to have prevailed throughout both cores. However, ben2athmetres below

sea floor in CRP-3, the dominant woody vegetation is supplemented by pockets of Palmae, ?Proteaceae and
‘warm’ climate grasses. This association represents vegetation growth in sheltered, moist sites — possibly
north-facing mid-slopes or the coastal fringe. It may also represent remnant vegetation that grew in moist,
temperate conditions during the Middle to Late Eocene, previously interpreted from the Southern McMurdo
Sound erratics and lower part of the CIROS-1 drillhole. The phytolith analysis compares well to the
terrestrial palynomorph record from both cores and provides additional independent taxonomic and climatic
interpretations.

INTRODUCTION CRP-2/2A and 97% in CRP-3 (Cape Roberts Science
Team (CRST), 1998, 1999, 2000).

The Cape Roberts Project is an international co- This study contributes to our knowledge of the
operative drilling programme to investigate thelligocene and Early Miocene climatic history of the
previously poorly constrained climatic and tectoniavestern McMurdo Sound region by reconstructing the
history of the East Antarctic Ice Sheet and the Westroad composition of coastal vegetation during the
Antarctic Rift System between Neogene andeposition of CRP-2/2A and CRP-3 using the
Palaeogene times. During the summer seasons sificeous plant microfossil (phytolith) record. The
1997-1999, three sediment cores were recovered framalysis expands on a preliminary study of phytoliths
the seabed between 13 and 16 km off Cape Robe#&stracted from the Early Miocene to Quaternary
(77.0°S, 163.7E) on the western coast of McMurdosedimentary sequences of CRP-1 (Carter, 1998a) and
Sound, Antarctica (Fig. 1). Each hole was drilled intextends current knowledge of Antarctic phytoliths.
eastward-dipping strata and positioned to recoverThe study also highlights the value of phytolith
continuous stratigraphic sequence with minimanalysis in terrestrial palaeoecological studies and
overlap. The first core (CRP-1) reached 148 mbsfncludes the description of several new forms that
(metres below sea floor) before drilling washave the potential to further refine climatic and
terminated when a storm blew out the fast ice nesmxonomic interpretations in the future.
the drilling rig. The following season, 624 m of Phytoliths are deposits of opal-silica precipitated
sediment was recovered in CRP-2/2A, whiclwithin and between some cells of most living plants.
overlapped approximately 31 m with the base ofvhen the plant dies, the organic material
CRP-1. CRP-3, drilled in 1999, is estimated ta@lecomposes, releasing phytoliths into the soil and
underlap CRP-2/2A by a few tens of metres angroviding anin situ record of the vegetation cover.
reached 939 mbsf. Drilling was halted withinThe silica grains may be directly entrained into the
Devonian Beacon Sandstone below an unconformigediment or transported either by water or air to the
of c. 300 million years at 823 mbsf. The entiresite of final deposition. Phytoliths are particularly
Cenozoic sedimentary succession dates betwe84 abundant in soils and loess deposits, but have been
and 17 Ma, with an average core recovery of 95% irecognised as far back as the late Devonian in
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Fig. 1 - Map of the McMurdo Sound gen of the Ross Sedntarctica, shaing the CRP-1, CRP-2/2A and CRP-3 drill-site$ the coast
of Cape Roberts (Cape Roberts Sciefieam, 1998, 1999, 2000) and the OR1 drill-site of Butter Point (Barrett, 1989).

Antarctic Beacon Supgroup sediments (Carter produced by all bt four of the species studied.
1999). Despite the impress body of published material,
A relatively nev subject of micropalaeontology there remain diided opinions as to the most
opal plytolith forms hae nov been described from appropriate approach for opal ygblith description
mary regions of the world. Several signifcant and classitation. Three main methods ke been
contributions during the past decade include thesed, which | will reiew belov (based on
publication of modern ggonal reference collections Mulholland & Rapp, 1992): parataxonomic,
(for example, Kondo et al., 1994; Piperno & Pearsallmorphological, and anatomicalhe parataxonomic
1998; and Runge, 1999). Such detailed morphologicaiethod follavs the Linnean system, agpgessed in
studies are essential for the ideicttion of original the International Code for Botanical Nomenclature
plants from disarticulated fossil material and th€lCBN), which assigns binomial names to morpho-
enhancement of palaeoecological interpretationsogically distinct, dispersed ptoliths. Plytoliths are
Despite the challenges of ‘multiplicity{the described solely on the basis of morphologith no
production of seeral diferent plytolith forms within  mention of the original plant, and are grouped
a single plant species) and ‘redundgn¢similar following the rules of parataxa (Bukry979).
phytolith forms being produced by weral species) Ehrenbeg (1854) originally describedver 90
(Rovner, 1971), man disaggrgated plytoliths can be “species” using this method and in more recent times
used to identify the original plants tarhily (e.g. Dumitrica (1973) described three paragenera of
Kealhofer & Peny, 1998), occasionally generic or Gramineae and one of Equisetal@bis approach is
even species Mels (.g. Piperno, 1985, 1988; and now rarely used since pftoliths can often be
Piperno & Pearsall, 1998). Documentation hailentified to family or lower levels, as discussed
focussed on the description and clagsifion of above, and with ongoing studies it is being peo
modern grass pioliths, ut extensve studies are mo that there is more morphological range and
being completed on non-grass ybliths. For consisteng in production of plitoliths than frst
example, Bozarth (1992) has describedyfhiths thought €g. Brown, 1984; Piperno, 1984).
from 82 species of NortAmerican dicotyledonous The anatomical method of ptolith classifcation
plants. Diagnostic dicotyledonous ytbliths were is preferred by botanists who studyypdliths within
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tissue masses which ptide much information about vegetation and climate. In addition,ubal and
the specit location and orientation of certain formsdiagenetic conditions are not as crucial for the good
within the original plant, as well as morphologicalpreseration of plytoliths as for oganic-walled plant
details. May authors gemplify this method, for microfossils. Therefore, pktolith analysis can
example, Metcalfe (1960) (grasses), Metcalfe (19713ugment egetation models deréd from established
(sedges) and MilleRosen (1992) (cereal and datetechniques of terrestrial palynomorph analysis.
palm phytoliths). Howvever, archaeological and However, it is important to note that, particularly with
geological workers do not readily use this form of phytolith and terrestrial palynomorph interpretations,
classifcation as it is not applicable to dispersedhere are no»act modern analogues dertiary
phytoliths. Further where tissue fragments arespecies (Hill & MacPhail, 1983), so comparisons with
available, the surrounding cells often obscure thelimatic preferences ofx¢ant plants are made
three-dimensional form of the wpioliths. tentatvely. Further soil processes as well asrial
The morphological method of ptolith description dissolution can &tct phytolith assemblages folding
and classitation is in common use by archaeologicateparation from the originating planfBhe relatve
and geological researchers.y@dliths are described density and morphology of the ytolith grains can
using purely morphological terms and assigned eithaiso afect transport to the site of depositiothese
geometric descriptors based mainly on outline shap@portant fictors drastically &tct the interpretation
or anatomical descriptors related to the location aif phytolith assemblages.
production in the planfTwiss, Suess & Smith (1969)
provided the frst widely applied morpho-

logical/geometric approach for classifying METHODS
disaggrgated grass pfioliths which has been used
and xpanded in may studies €.g. Lewis, 1981; Phytoliths were &tracted from CRP-2/2A and

Brown, 1984; Fredlund, Johnson & Dort, 1985,CRP-3 sediment samples using a combination of
Mulholland & Rapp, 1985, 1992; Ollendorf, 1992;methods described by Piperno (1988) and Hart (1988)
Twiss, 1992). Study-spedd morphological and refned by Carter (1998a, 1998b). Each sample
classifcations hae also been published, foxaample, underwent an initial oxidation treatment using
Runge (1999) described soil ygbliths from tropical hydrogen peroxide and ags disaggrgated using an
rainforest and grassland habitats in cenfaica and ultrasonic probeThe fraction coarser than 250n
created her wn classifcation using seen main was remwed by fltration, and clay particles remed
catggories and seeral sub-catgories. More by decantationThe sample ws then treated with
generalised ¢ys hare also been described, including a&Schulze$ solution to remee the remaining ganic
hierarchial classitation of standard types, usingmatter and centrifuged in sodium polytungstate
photographic aids, for the aPaeoethnobotan solution (specifc gravity 2.3). Siliceous residue
Laboratory of the Uniersity of Missouri-Columbia containing phtoliths was pipetted from the sade of
(Pearsall & Dinan, 1992). In an attempt togre the supernatant and one microscope slide prepared per
standardising the description and clagsifion of sample using Canada Balsam as the mounting
phytoliths world-wide, Bavdery et al. (2001) hee medium. Millipore-fltered water was used throughout
described the basis of a warsal plytolith key with the procedure and &frts were made to pwvent
standardised terms for sadfe ornamentatiorthis is contamination. Each slideas scanned in its entirety
the first of a planned series of papers describiegsk at 500x magnitation for estimates of abndance, and
for identification of disarticulated pholiths based on at 1000x for detailed morphologicakamination.A
eight basic shape cageries. Finally a combined tally was talen of each distinct morphology to
morphological/anatomical approach relateytplith  provide an werall impression of the almdance and
morphology to the conte within the plant and morphological diersity
assigns names accordinglyor example, long Twenty-one samples ofrfe-grained lithologies,
cylindrical forms may be called ‘sclereid®r each weighing approximately 10 g were processed
‘tracheids’(Mulholland & Rapp, 1992). Piperno from CRP-2/2A.The samples were spaced at an
(1988) adwcates this approach, which sim@g the average of 30 m, between 27.99 and 623.03 mbsf.
interpretation of fossil material, forxample, the CRP-3 samples were processed framefgrained
presence of sclereids in theyiblith assemblage sediment initially crushed and disaggaeed in vater
indicates woody plants, een without species for diatom analysis at Crary Lab, McMurdo Station.
identification. Twenty-s&en samples, each weighirng 5 g, were
Fossil plytoliths are becoming increasingly usefulprocessed for pholith extraction between 2.85 and
for the reconstruction of palaeoclimat&8here fossil 781.26 mbsf - at. 10 m interals from the upper
phytoliths are directly comparable to modernl00 m and at. 50 m intenals belov that lesel. Prior
analogues, ©rapolation of the x@ant plants preferred to phytolith extraction procedures, the CRP-3 samples
growing conditions to the fossil record alle a broad had been centrifuged and dried to reraonater.
interpretation of contemporaneous onshore sourd®espite sparse ptolith occurrence, sample-to-sample
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variation in alnndance within each core can bespherical forms are more common (faxaenple,
approximated due to similar wasample weights. 82.34 mbsf in CRP-3) this increased to 5-10
Sample depths quoted in thextaefer to the top of phytoliths. Other silica microfossils included silieil

the sampled inteal (Tah 1).

PHYTOLITH CLASSIFICA TION AND
OCCURRENCE

Phytoliths are present,ut are relatiely sparse,
throughout both CRP-2/2A and CRP-3afr1, Figs.

spores and pollen, diatoms, radiolarians and sponge
spicules.

Phytolith forms are catgorised into non-taxonomic
classes by morphological type based on a combination
of the classitation schemes of Piperno (1988) and
Kondo et al. (1994). Seral spherical pjtolith forms
(banded, fueolate, pellet, rugulose and striatedyédia
not previously been described, and are clasdifusing

2 & 3). During slide scanning of most samples apreliminary names assigned by the auth®o
500x magnifcation, one pitolith was encountered facilitate interpretation of the sourcegetation,
every 1-5 felds-of-view, but in samples where classes are grouped according to the originating type

Tah. 1 - Stratigraphical distrilition of phytolith classes through CRP-2/2A and CRP-3.
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PHYTOLITH CLASSES
Tree/Shrub
2
- . 2
= E o % % o (Fb @ ‘E u E
B AN 212 =S| 2] 2| ¢ =
5 =2 I S sl =22 E| = S| 2] 2 o
= = g2l el =| 25| 5% 2|E|E| E|E =
= = —| 8| 2| E| E|®B| & 2| E| & &E&|lE| = &
w| 2 . o« | 2| = | .= = al g = 7 3 & 173 = 7]
Sl E| el El=l2lEl2l%l3lEl3l s lzlslslslzlslsl= 4
2| 8| 2|55 S| |5 B|E|E|E|E|e|e|e|le|lE|ElE|lz] el =
el S| gl B2l 2| 2|c|F| 2| 2|2 2|28|&8|&2|2|2|22|2|g|z|5
pepthmbst) | S| S| Fle|FlZ g2l slsdlslslslslslslaglalaslElE]lE
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27.99-28.01 1 7 33 5 3 7 8 2 2 68
52.99-53.01 1 11 4 21
79.99-80.01 13 1 2 2 4 1 26
123.39-123.41 13 4 2 1 28
137.97-137.99 3 23 2 36
183.01-183.03 3 2 1 7
250.99-251.01 15 14 1 37
296.19-296.22 1 5 3 16
303.53-303.55 2 3 9
328.00-328.02 2 5 8
347.00-347.03 2 1 3 8
362.00-362.03 5 12
436.98-437.00 5 7 16
505.03-505.07 5 2 1 18
544.98-545.00 0|
623.03-623.06 0
2.85-2.86 2 1 8
6.87-6.88 5 5
22262227 4 13 24
32.20.32.21 1 3 10
41.0041.01 2 1 4
50.47-50.48 3 1 1 1 11
59.21.59.22 2 7 9
70.60-70.61 2] 2 16
82348235 1 15| 4 2 18 46
90.8690.87 2 4|2 1517 1 43
101.03-101.04 2 25| 4 18 55
149.98-149.99 2 12 1 1 4 1 22
190.81-190.82 31| 3 2 41
257.10-257.25 1 4
311.17-311.18 5 1 1 8
359.18-359.19 21 2 12 37
408.58-408.59 1 11712 2 21
457.39-457.40 1 8 1
500.25-500.26 2 2
564.42-564.43 3
584.46-584.47 2
605.66-605.67 2 2
697.35-697.36 2 1 3
731.30-731.31 0
781.26-781.27 [ 2] | | ] 2
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Key:

B Characteristic of phytoliths produced by extant ‘cool-climate’ A Comparable to phytoliths preduced by the extant mountain
grasses, e.g. Chionochloa, New Zealand. cedar, Libocedrus bidwilli, New Zealand.

o Comparable to phytoliths produced by extant southern beeches, @ Spherical phytoliths of unknown natural affinity
Nothofagus spp.. New Zealand.

Fig. 2 - CRP-2/2A notable pltolith occurrences, almdance and dersity. ‘Notable Plytolith Occurrences’: points represent actual
occurrences with joining lines indicating obssashwrange. Note: joining lines are not intended to imply continuous preserfeegrdifshaped

bullets are classiéd in the ley. ‘Phytolith Abundance’and ‘Plytolith Diversity’ represent the absolute number of specimens and number of
classes encountered, respeely, during a complete scan of one slide per sample. Dashed lines represent the spherical class only; solid
lines represent all classes.
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B Characteristic of phytoliths produced by extant “cool-climate’
grasses, e.g. Chionochloa, New Zealand.

X Characteristic of phytoliths produced by extant “warm-climate’
grasses, &.g. the Pooideas (mostly temperate) and Panicoideas
[mostly tropical).

o Comparable to phytoliths produced by extant southern heeches,
Nothofagus spp., New Zealand.

Comparable to phytoliths produced by certain extant Palmae,
&.g. the Nikau Palm (Rhopalostylis sapida), New Zealand.

Comparable to phytoliths produced by the extant honeysuckle
(Knightia excelsa, Proteaceae), Morth lsland, New Zealand.

@ Spherical phytoliths of unknown natural affinity.

ig. 3 - CRP-3 notable pholith occurrences, aimdance and dersity For explanation, seeidure 2.

0246810
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of plant (after Kbndo et al., 1994)Where possible, texture, obsered at 296.19 mbsf in CRP-2/2A, is

comparisons to modern analogues and the habitat directly comparable to a specimen from 123.85 mbsf

climatic preferences of the originating plant, and othen CRP-1 (Carter1998a). Hwever, after further

known occurrences in thAntarctic fossil record are obsenation both specimens are considered to be

presented follwing the descriptions of each class.  highly weathered sponge spiculeBhe elongte
phytolith class is non-diagnostic, occurring in
Gramineae, other monocotyledons, ferns and some

PHYTOLITHS CHARACTERISTIC OF GRASSES trees (kondo et al., 1994). éndo et al. (1994) also
noted the presence of eloatg plytoliths of both

Phytolith morphologies characteristic of moderngrass and fern origin in CBS-1.
grasses (Gramineae) occur ilwl@hundance in both
cores, dwn to 436.98 mbsf in CRP-2/2A andspestucoid(Fig. 4q)

408.58mbsf in CRP-3. One possible festucoid classyptiith is present at
) 257.10 mbsf in CRP-3The specimen is 4@m long
Fan-shape(Figs. 4a & b) and elongte-rectangular in outline. It may also be a

Two specimens of pftoliths originating from proad elongte, ut along one long edge a partially
bulliform (motor) cells (rectangular andah-shaped) apraded crenulate ngin occurs.This is characteristic
are present in CRP-2/2A,ub this form was not of the festucoid pytolith form. The opposite long
obsered in CRP-3.The rectangular form is 58m  edge and three-dimensional form are obscured by the
long, has an approximately rectangular outline, higbrientation of the specimeifhe uppermost suate is
relief, bevelled edges, and dissolution hall® on an smooth, with slight pitting at one end and in the
otherwise smooth suate.The fan-shaped form is centre of the specimemhe crenulate main is
20 um long, tapers to a point on one side, and hasdarker in colour and has awer relief than the
rugulose surdce. Fan-shaped pytoliths occur in central part of the specimen. yRabliths of this class
modern grasses.oF example, atant Rytidospermaof  originate in the epidermal cells of Pooideae and some
the Arundinoideae (a reed grass) is a common sourggundinoideae. Most of thexetic pasture and nat
of this form in Nev Zealand (Kndo et al., 1994). grasses in N@ Zealand, for rample Poa and
Modern reed grasses arggnophilous and gne on  Festuca produce pittolith forms of this class (#ndo
moist ground. En-shaped ploliths are also recorded et al., 1994)The Pooideae are mostly temperate in
from the early Oligocene strata cored by OR1, distribution (Chapman & Peat, 1992), therefore the
70 km south of Cape Roberts (Barrett, 198@ndo presence of festucoid ptoliths is interpreted as
et al., 1994) (Fig. 1). evidence of relatiely ‘warm’ conditions.

Chionodloid (Fig. 4c) Panicoid (Fig. 4h)

Spool-shaped short cell ptoliths are rare and Two well-presered panicoid pitoliths of very
only occur in the upper parts of both coresgimijlar form are present in CRP-3ytbnone occur in
Chionochloid plytoliths obsered range from 8 to crp-2/2A.The specimens are 16 and it long
10 um long and hee smooth majyins and sudces. and approximately symmetrical with a smooth
Chionochloid plytoliths occur in the leees and dumbbell-shaped outlinéround the edge, a namo
sheaths of @ant Chionodloa (snov and red tussock) sjightly wavy, low relief magin is evident. The
and Cortaderia (Arundinoideae) in N& Zealand syrface teture is \ery smooth with etched areas at
(Kondo et al., 1994)At the present-daghionodiloa one end. Bnicoid plytoliths originate from epidermal
grassland is mainly coinfed to mountains alve the cells in Ranicoideae, somarundinoideae, some
tree limit (Wardle, 1991) and so is interpreted agragrostoideae (&ndo et al., 1994) and some

evidence of ‘cool’conditions. possibly cold climate Festucoideae (Diane Hart, pers.
comm. 2001). Furthera very small number of
Elongate (Figs. 4d - f) modern Cyperaceae (sedge) species, i@ngple

Elongate phytoliths of varied form and sudce Epischoenus villosus have been recorded as
ornamentation are present in both cosundances producing dumb-bell-shaped ytoliths (Metcalfe,
are lav (eight specimens in CRP-2/2A and ten in971). In general, lwever, panicoid plytoliths are
CRP-3), lut they are more common than other ‘grassanother characteristic form of amm’ climate grasses
phytolith classesThese forms are approximately(Twiss, 1992). Chapman & Peat (1992) describe the
rectangular rods or laths with rounded or fracturedistribution of the Rnicoideae as laely, but not
ends, ranging from 23 to 4m long in CRP-2/2A exclusively tropical. The CRP-3 panicoid pftoliths
and 18 to 48um long in CRP-3The magins are compare ery well to those xracted from a 6.5 m
predominantly straight,ui can be slightly cued or deep core tadn at Bidwill Hill in south-eastern North
irregular. The surkce tetures are aried, including Island, Nev Zealand (Carter & Lian, 2000) (Fig. 4i).
folded, rugulose and smooth with medium to higiThe taxonomic signi€ance of the latter specimens is
relief. An ‘elongate’ specimen with a rough sade unknown.
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PHYTOLITHS CHARACTERISTIC OFTREES OR textures \ary, but include folded (Fig. 4n), smooth
SHRUBS (Fig. 40), and striated (Fig. 4p). Only ytbliths of
this class with distincte morphologies were counted,

Phytoliths characteristic of trees or shrubs argnq amorphous plate-tkfragments were ignored due
relatively common in both cores, occurringwd® to 4 their lack of diagnostic utilityTherefore, the

505.03 mbsf in CRP-2/2A (belowhich no plytoliths o614 tally from this group (and consequently the
were obsered) and to the leermost sample in CRP- o ara) phytolith total per sample) should be vied

3 at 781.26 mbsf. with caution (Bh 1). This problem requires further
investigation and the défition of these piitolith
forms clarified. Polyhedral epidermal phtoliths
originate from leaf epidermis and are common in
deciduous angiosperm treesytbhave also been
extracted from the monocotyledonarilies
Commelinaceae and Gramineae (Geis, 1973; Piperno,
1988; Kondo et al., 1994). Polyhedral yibliths have

also been recorded from CRP-1 (Carte398a).

Anticlinal epidermal (Fig. 4j)

Anticlinal phytoliths are found gry rarely in
CRP-2/2A and only one specimerasvobsergd in
CRP-3.The forms are plate-l&k with relatvely low
relief, have smooth sudces, and range in length from
22 to 47pm. All exhibit embayments in the ngins,
ranging from broad bays to tightwes, and hee a
distinct edge. Kndo et al. (1994) cite anticlinal
epidermal phitoliths as longer when originating from Spherical

ferns (77-200um) than dicotyledonous trees (12 to Sphericalphytoliths are the most common form

85 um). Therefore the CRP anticlinal epidermal .

phytoliths are thought to hve originated from the reco/e_red from both coroes, occurrlng_vdlm to 505.03

epidermis of tree la@s. mbsf in CRP-2/2A (51% of all ptioliths counted)
and 781.26 mbsf in CRP-3 (89%) (Figs. 2 & Bhe

2Cystolith (Fig. 4k) spherical forms obseed are further sub-dided into

Two possible gstolith specimens occur in CRP—3.]Een bl’O;’:\d nohr?l;t_axonor_r;lc classes,blmc;cludmge:sal q
Both are elliptical in outline with moderate relief, giorms that ehibit specric, repeatable teatures an

rough rugulose suate tature, and are 18 and 34n have the potential to be'taxonomically sigoént on
long. Cystoliths are non-diagnostic and originate ifrther study However, differences may as much be

epidermal cells called lithgsts (Kondo et al., 1994; due to plant age and eironmental history as plant

Piperno, 1988). species. Spherical gholiths originate from the
epidermal cells of leses and also from the ray and
Hair cell (Figs. 41 & m) parenclgma cells of wod.

One non-sgmented (unicellular) hair cell ptolith )
occurs at 50.47 mbsf in CRP-3 (Fig. 4l[yhe Banded(Fig. 5a)
specimen is 1um long, has a smooth sade, and Specimens of this distinct form occur at 328.00
rapidly tapers to a point at the apeHair cell mbsf in CRP-2/2A (one specimen) and at 90.86 mbsf
phytoliths originate from the epidermal hair of vea in CRP-3 (tw specimens)This smooth spherical
and \ary in size within a single leaf @hdo et al., form, between 5 and 1fim diameter exhibits a
1994). They are common pytoliths from characteristic raised equatorial band thavers
dicotyledonous dmilies, lut can also bex¢racted approximately one third of the grainThe
from a fev monocotyledons such as grasses andistinctiveness of this form suggests that it may be
sedges (Piperno, 1988). taxonomically signitant on further study

Two hair base cell pftoliths, derved from
epidermal cells from which the hair cell originatesFoveolate(Figs. 5b & c)
occur at 190.81 mbsf in CRP-3 (Fig. 4m). Both  Specimens assigned to this class occur in both
specimens are small (Im including spinules), and cores and are circular to sub-circular in outline.
have a spherical outline and a central protuberandeegularly arranged shallo pits, eachc. 2 um in
with long radiating spinules. Hair base cells ar@iameter occur wer the entire sudce. These
present in the epidermis and areaagcommon in distinctive specimens range in diameter from 10 to

dicotyledons (Piperno, 1988). 17 pum and occasionally »hibit a hulbous
protuberance indicating a former site of attachment in
?Polyhedral epidermal(Figs. 4n - p) the originating plant (Fig. 5c).

?Polyhedral pytoliths are relatiely common in
both cores and are characterised by a plagefikm, Irregularly folded(Fig. 5d)
with low to high relief, and three toive Spherical phtoliths assigned to this class occur in
approximately straight edges meeting at welllted both cores.These forms hee an irrgular, but
corners at aried angles. Outlines are approximatelygenerally spherical outline with a highly folded
triangular rectangular or polygonal, and specimensurface t&ture consisting of mannarrav ridges and
range in size from 15 to 5@8m long. The surfice troughs.They are commonly of high relief and range
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Fig. 4 - Selected pyitoliths from CRP-2/2A and CRP-3 with modern analogue (Fig. i) for comparison. Scale pars é&cept (a)

10 um. Sample depths refer to the top of the sampled mténvmetres belo sea floor (mbsf). Pref to sample depth refers to the core.
Grass plgtoliths: a) FRan-shaped, rectangular form, 2/2A-123.39 mbsf; #)-Bhaped,an form, 2/2A-436.98 mbsf; c) Chionochloid,
3-2.85 mbsf; d) Elonate, folded form, 3-22.26 mbsf; e) Elatg, rugulose form, 3-32.20 mbsf; f) Elaig, smooth form, 3-32.20 mbsf;

g) ?Festucoid, 3-257.10 mbsf; haricoid, 3-359.18 mbsf; i) dhicoid, Bidwill Hill, Wairarapa, Ne& Zealand (Carter & Lian, 2000).
Tree/shrub pytoliths: j) Anticlinal epidermal, 2/2A-137.97 mbsf; k) ?Cystolith, 3-82.34 mbsf; I) Hair cell, uni-cellular hair form,
3-50.47 mbsf; m) Hair cell, hair cell base form, 3-190.81 mbsf; n) ?Polyhedral epidermal, folded form, 2/2A-27.99 mbs§hepfzPol
epidermal, smooth form, 2/2A-250.99 mbsf; p) ?Polyhedral epidermal, striated form, 3-149.98 nibathg)d with spiral thicdning (and
spherical-spinulose ptolith), 3-90.86 mbsf; r)lissue, 2/2A-52.99 mbsf.
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in diameter from 9 to 1m. Spherical irrgularly and subalpine habitats. Similar forms are produced by
folded phytoliths are produced by certainother Nothofegus species (Kndo et al., 1994).
monocotyledon dmilies (Marantaceae, CannaceaeRiperno (1988) noted that sigii&nt numbers of
Zingiberaceae) of the Zingiberales (aromatic herbsmooth sphericals between 1 and 5@ in diameter
(Piperno, 1988). Spherical pioliths of this form are are produced by deciduous angiosperms. Smooth
similar to specimensxé¢racted from an undescribed sphericals with occasional nawcsurface ridges and

Ross Sea core (Cartgrers. comm.). etching were sracted from CRP-1 and compared to
extant Nothofagus menziesi(silver beech), also from
Multifaceted(Figs. 5e & f) New Zealand (Carter1998a). Kndo et al. (1994)

Phytolith forms assigned to this class aredlso tracted spherical smooth ytoliths from the
distinctive and occur in both core¥he surace CIROS-1 core and >@ant members of the
texture consists of numerous adjoining foldedcunoniaceae, Lauraceae and Myrtacemmilies, as
(Fig. 5e) or smooth (Fig. 5fatets, ranging from 8 to well asCyathea medullarigblack tree fern) and
24 um in diameter Spherical multiiceted pitoliths  Empodisma minugwire rush) from Nes Zealand.
have been gtracted from CRP-1 (Cartef998a), an
undescribed Ross Sea core (Carpars. comm.) and Spinulose(Figs. 5 & m)

a Sirius Group core at Mt. FeathAntarctica (Carter Spherical spinulose pioliths are the second most

1998b). abundant form obseed throughout the CRP-3 core.
Only one specimen occurs in CRP-2/2A, at 250.99

Pellet (Fig. 50) mbsf. Spherical spinulose ptoliths originate from

This previously undescribed class encompasses tidegmata cells in leaes, which hse uneenly
most common pytolith form extracted from CRP- thickened valls. The majority of the specimens
2/2A and the uppec. 360 m of CRP-3. Spherical obsered hae a spherical form with a sade tature
pellet forms are a dagk shade than the othercharacterised byarying densities of v spinules
phytoliths recwered, presumably becauseytheontain  with either rounded or pointed apices (Fig. 5l), and
higher quantities of occluded carbon, and argange between 6 and 14m in diameter Three
generally small, ranging in diameter from 6 toi8. specimens of a distinct highly spinulose form
Their outline is predominantly spherical,uto (spherical spinulose-A) occur at 408.58 mbsfdtw

commonly irrgular, with an angular main. specimens) and 697.35 mbsf in CRP-3 (Fig. 5m).
This form ehibits a spherical to elliptical outline and
Rugulose(Figs. 5h & i) is densely ceered in rgular, well-defned spinules

Phytoliths assigned to this class occur in bothvith predominantly pointed apice$he maximum
cores, it more commonly in CRP-Jhese spherical diameters of the three specimens obedrare 8, 10
forms hae high relief and a rugged sacke teture of and 12um, including spinules up to im in length.
low bulges and hollws, and range from 6 to 8n This form is directly comparable to ptoliths
in diameter Five specimens of a distinct form extracted from certain &mae, for gample, the nikau
(spherical rugulose-A) ranging from 7 to {Bn in palm of Nev Zealand Rhopalostylis sapidaFig. 5n).
diameter occur at 82.34 mbsf in CRP-3 (Fig. 5i)This species gnes where vater is permanently
These forms hee an irrgular surfice teture kut available throughout the slightly milder North Island
exhibit lower relief than the other specimens in thisind thrves in coastal broadleaf forest on the west
class.This distinct form is potentially taxonomically coast of the upper South Island. Similar formseha
significant with further studyThe spherical rugulose been atracted from mesopfil leaf cells of other
forms are distinguished from the spherical spinulosealmae (Piperno, 1988) artCeroxylon paafronssyn.
forms by a laver and smoother suate teture. utile — a montane palm from Ecuador that @yso
Piperno (1988) notes that there is a distinct sizeetween 2500 and 3500 m altitude (Fig. 50).
difference between spherical ruguloseyfiiths Spherical spinulose ptioliths have also been
extracted from monocotyledons (9-2bm) and extracted from Bromeliaceae (monocotyledon herbs)
dicotyledons (3-9um). The size ranges of those(refer to Discussion), it have been distinguished
obsened in CRP-2/2A and CRP-3 suggest that botfrom Palmae plytoliths by their size — the former

groups may be represented in the assemblage. range between <2 andi8n and the latter between 6
and 25um (Piperno, 1988). Spherical spinulose
Smooth(Fig. 5j) phytoliths of palm origin in subtropical and tropical

Rare spherical smooth ptoliths occur in both soils described by &ndo (1977) ranged from
cores.These forms ha a regular circular outline, a 5-30 um, hovever Kondo et al. (1994) state that \WMe
smooth surdce and range in diameter from 8 taZealand nikau palm ptoliths of this form are mostly
10 um. These forms compare well to ptoliths < 10 um in diameter Further work needs to be
extracted from &tant Nothofegus solandrivar. completed on both groups in order to be able to
cliffortioides (New Zealand$ mountain beech; confidently distinguish these forms on the basis of
Fig. 5k) which gravs in the drier areas of montanesize.
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Fig. 5 - Selected spherical (tree/shrub)yfdiiths from CRP-2/2A and CRP-3 with modern analogues (Figs. k, n, o & q) for comparison.
Scale bars fum. Sample depths refer to the top of the sampled mténvmetres belo sea floor (mbsf). Pref to sample depth refers to

the core. a) banded, 3-90.86 mbsf; byefolate, 2/2A-123.39 mbsf; c)feolate with attachment protuberance, 3-90.86 mbsf; djulaely
folded, 2/2A-296.19 mbsf; e) multi€eted, folded form, 2/2A-27.99 mbsf; f) mutkted, smooth form, 2/2A-505.03 mbsf; g) pellet, 2/2A-
505.03 mbsf; h) rugulose, 3-90.86 mbsf; i) rugulose-A, 3-82.34 mbsf; j) smooth, 3-50.47 mbsf; k) Modeofegus solandrivar.
cliffortioides phytolith, New Zealand; I) spinulose, 3-457.39 mbsf; m) spinulose-A, 3-408.58 mbsf; n) modern nikau padrithsh
Rhopalostylis sapidaNewv Zealand; o) moder@emxylon paafrons syn. utile phytolith, Ecuador; p) striated, 2/2A-27.99 mbsf; g) modern
Libocedrus bidwilliiphytolith, New Zealand; r) errucose, 3-408.58 mbsf.
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Striated (Fig. 5p) phytolith assemblage, reavked grains may only be

Two specimens assigned to this class occur a¢cognised by the state of presation. Plytoliths
27.99 mbsf in CRP-2/2A. Both are tgg (25 and throughout both cores are well-presedy delicate
30 um in diameter) with circular to sub-circularplate-like, anticlinal (Fig. 4j) and ornamented
outlines and moderate reliefThis form is spherical (Fig. 5m) forms indicate thefeéts of
characterised byifie linear surfice striations, dissolution are minimal. Occasional specimerisilgt
randomly oriented, on an otherwise smooth acef dissolution hollevs and impact notches, the latter
and a distinct sub-circular indentation representing giresumably attained during transport to the site of
attachment scaiThese spherical striated yibliths deposition. Therefore, it is assumed that good
directly compare with pytoliths extracted from the preseration throughout both cores and the lack of
extant Nev Zealand, kaikaaka (ibocedrus bidwillii  Beacon Superoup plytoliths as recognised by Carter
Fig. 5q) which grevs in montane and subalpine(1999) suggests minimal ptolith re-working. The
habitats throughout the countfjhe presence of this effect of dissolution on pytolith abundance with
form is interpreted asvelence of ‘cool’conditions. increasing hrial depth in the cores is unkwa.

, However, both oserall alundance and dersity

Verrucose(Fig. 5r) decrease in samples bel@pproximately 400 mbsf in

Spherical errucose pftoliths occur rarely in each core (Figs. 2 & 3), with only the more usb
CRP-3.These distinct spherical to sub-spherical form§pherical forms preseed belav approximately
range in diameter between 7 andphY and are 450 mbsf in each core

characterised by a sade teture of dense, glabar
nodules of arying sizesThe distinctveness of this
form suggests that it has the potential to be
taxonomically signitant with further studyKondo et
al. (1994) state that sphericatrwucose pitoliths are
produced byNothofagus spp. (&ceptN. menzies)i
the Nev Zealand hongsuckle, revareva (Knightia
excelsa Proteaceae), and are also similar to tho
extracted fromEmpodisma minugwire rush).
Scanning electron microscope photographs amdo
et al. (1994) suggest that thaned sizes of the
verrucae and the glalbar nature of the CRP forms
compare most closely to those produced hyareva.

CRP-2/2A - EARLY OLIGOCENE-EARL Y
MIOCENE ASSEMBLAGE (29-19 Ma)

The plytolith record of CRP-2/2A is sparse, with
relatively low abundance and form dersity
roughout (Fig. 2)The maximum number of 68
phytoliths in one sample occurs at 27.99 mbsf, with
the highest total @ersity evzident in the uppec. 124
m of the core. Spherical classversity is also
relatively high in the upper part of the core, reaching

The Proteaceae are mainly distitiibd inAustralia and SIX f'orms at 27.99 mbsfThe irregularly fOIdEd’.
SouthAfrica. In New Zealand. revareva occurs multifaceted, pellet, rugulose and smooth spherical

throughout the North Island to northern South Islanalasse.S are present thr_oughout_the core. Grass
in lowland or montane habitats. Sphericarmucose phytoliths (fan-shape, chionochloid and elatg
phytoliths tentatvely attributed toNothofeggus were classes) do no_t occur belo436.98 mbs_f. Notable
extracted from the CIRS-1 core by kindo et al, 0ccurrences in the assemblage include the

(1994). chionochloid and spherical striated specimens at
27.99mbsf, the persistent and @bdant spherical
Tracheid (Fig. 4q) pellet class and the single spherical spinulose

Fragments of silicied tracheid occur rarely in specimen at 250.99 mbsf. Bevoc. 250 mbsf,
both cores and are non-diagnostic. Figure 4diversity and abndance areery low and follow
illustrates an xample (21um long) ehibiting spiral ~similar trends, suggesting that thevi@gounts do not
thickening (a small spherical spinulose form is also iadequately reflect the sourcegetation.
the photograph). Siliciéd tracheid fragments were  The very high proportion of tree/shrub (51%
also recorded from the COS-1 core (Kndo et al., spherical, 45% other) to grass (4%)ypiith classes

1994). is interpreted as signifying dedtion from a wveody
_ _ (woodland or scrub) sourcesgetation community
Tissue (Fig. 4r) Trees and shrubs are kwo to produce dr less

Fragments of silicied epidermal tissue (up to phytolith material than grasses.oF example,
44 um long) occur only at 52.99 and 79.99 mbsf ilNothofagus spp. hae been found to produce 2.5
CRP-2/2A.These tissue fragments could not bgimes less pytolith material thanChionodloa spp.
determined taxonomically (Carter & Lian, 2000)Therefore, a dominance of
spherical forms in a pholith assemblage implies an
abundance of trees or shrubs at the site oftqlith
entrainment.The diersity of the spherical forms

The terrestrial palynomorph assemblages froimplies a relatiely diverse wody community
both cores contain an element of renked older although as noted primusly, different forms may not
Cenozoic and Permian-Mesozoic grains. In thaecessarily reflect diérent species.

DISCUSSION
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The terrestrial palynomorph record for CRP-2/2/phytolith assemblageThe rare occurrence of grass
also sufered from lav grain counts.This was phytoliths in the uppec. 437 m may be an additional
interpreted as being due to a combination of sparsemponent of the herb-moss tundreggtation not
source egetation, rapid sediment accumulatiorrepresented in the palynoflor@here is no direct
causing dilution of the biogenic grains (theeeage evidence in the pytolith assemblage for a climatic
sediment accumulation rate is estimated ahreshold at. 24 Ma as indicated by the palynoflora.
100 m/m.y), and possible winneing of the fne- However, the rare montane/subalpihéocedrusand
grained sediment (CRSPR000). It is highly probable tussock grass ptoliths occurring at 27.99 mbsf are
that these dctors wuld also hae affected the possibly comparable to the sub-polar climate
phytolith assemblageThe terrestrial palynomorphs interpreted from the palynoflora for this upper core
exhibit a slight increase in dérsity and abndance interval.
below ¢. 307 mbsf, which is more maekl belav
443 mbsf (Askin & Raine, 2000 his is interpreted
as a climatic threshold (dated @t24 Ma) from a  CRP-3 - EARLY OLIGOCENE ASSEMBLAGE
milder Early Oligocene cold temperate-periglacial (c. 34-31 Ma)
climate to a sub-polar climatevigent in the upper
part of the core (CRST1999). The terrestrial The plytolith assemblage of CRP-3 is also sparse
palynomorphs suggest theegetation abwe with relatively low abundances and form wérsity
c. 307 mbsf consisted of a herb-moss tundra with ghroughout (Fig. 3).The maximum count of 55
few prostrate (ground-hugging)omdy plants (for phytoliths occurs at 101.03 mbsf with the highest
example,Nothofggus ladlaniae and Podocarpidites diversity in the topc. 100 m of the core. Spherical
spp.) in protected area$his interpretation mirrors class dversity fluctuates, Wt peaks with six distinct
that modelled for the Miocene in CRP-1. Bglthis classes at 90.86, 149.98 and 408.58 mbisé smooth
level, the terrestrial palynomorphs suggest w-lo and spinulose sphericals are the most persistent forms
diversity, woody \egetation (including sesral species throughout the core. Notable occurrences within the
of Nothofagus and podocarps) predominated inspherical classes include the occurrence of pellet
slightly milder conditionsThe plytolith assemblage forms only within the uppec. 360 m, alindant
also shavs a slight increase in dersity and spinulose forms throughout the coreery rare
abundance bel c. 362 mbsf, it decreases agn spinulose-A at 408.58 mbsf and 697.35 mbsf,
below c. 437 mbsf, perhaps due tadal dissolution. and werrucose forms between 50.47 mbsf and
Whether this trend is climatically signéfant is 408.58 mbsf. Sparse grassypdliths occur dan to
unknovn because interpretation is hindered bw lo 408.58 mbsf, with rare chionochloid/elatg forms
counts.A comparison of taxonomic compositionoccurring at and ab@ this level, and single
between the pytolith and terrestrial palynomorph occurrences of ?festucoid/panicoid forms occurring
assemblages is fiiult due to restricted knwdedge of belov 257.10 mbsf. Bele c. 50 mbsf, form diersity
modern analogues. In addition, mosses do not produapproximately mirrors alndance implying that the
phytoliths and gymnosperms only rarelydKdo et counts are not high enough to adequately reflect the
al., 1994), so we auld only &pect the latter source egetation.
component to be present in small quantities in the The \ery high proportion of tree/shrub (96%) to
phytolith assemblage. Heever, the smooth (and grass (4%) pytoliths suggests predominantlyoady
possibly \errucose) spherical forms may represent theegetation in the source area. Rare grasseswbelo
Nothofayus component of the palynoflora. 257.10 mbsf that preferred milder conditions were

In summary the tentatie interpretations from the replaced abwe 32.20 mbsf by local patches of
phytolith assemblage of CRP-2/2A suggest aussock grass gwang in more upland or>posed
predominantly wody wegetation in the hinterland locations. No Gramineae ptoliths occur belw
with local areas of grass in moregpmsed locations 408.58 mbsf, suggesting perhaps closed cgnop
throughout depositionThe occurrence of ptioliths  woody \egetation. Belw c. 250 mbsf (perhaps up to
comparable to montane/subalpih&ocedrusand c¢. 50 mbsf), patches of ?Proteaceae andrnv
tussock grasses suggests there mase een a cool climate’ grasses or possibly sedges mayehgravn
climate regime, just mild enough to sustain hardyon favourable sites, for>ample north-&cing mid-
woodland or scrub, at least during deposition of thelopes or along the coasthe occurrence of the
top of the core. Despite thewocounts, the pjtoliths  spherical pellet form throughout CRP-2/2A and the
support the terrestrial palynomorph interpretations farpperc. 360 m of CRP-3 may be related to the
the source sgetation during the deposition of CRP-growth of a woody plant that preferred cooler
2/2A. Both assemblages indicate a prominenbdy growing conditions than those pr&ent during the
component to the egetation including eidence of lower part of CRP-3. Coersely the prominence of
Nothofayus whereas the podocarps are only presespherical spinulose forms in CRP-3 and the single
in the palynoflora and.ibocedrusonly in the specimen occurrence in CRP-2/2A suggests the
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occurrence of a wody plant preferring slightly palaeogeographical reconstruction of the south polar
warmer graving conditions. region during the Late Eocene (40 Ma) indicates that
The spherical spinulose-A ptoliths have been Tasmania and the souftustralian coast are within
tentatively compared to those produced by moderthis distance from the relat location of Cape
Palmae and distinguished from similar BromeliaceaRoberts in SoutherWictoria Land (Lavver et al., in
phytoliths on the basis of sizeThe modern prep.). Hovever, modern wind patterns in the south
geographic range of thesantilies is similar with the polar reyion tend to be circumpolar or southerly with
Bromeliaceae centred in tropical andw temperate only the uppefTroposphere and Stratosphere winds
America and the palms being more widespread, bblowing towards the PoleTherefore, for windblan
chiefly tropical (with some subtropical and anfe phytoliths to reach Cape Roberts, yheould first
temperate outliers) (Hsvood, 1978). Both groups have to enter high atmosphericviels. Further
prefer generally "arm’ growing conditions, bt they evidence from the Middle-Late Eocene Southern
differ in their humidity preferences with theMcMurdo Sound erratics of leas, wood and pollen
Bromeliaceae being adapted tergphytic and the (Stilwell & Feldmann, 2000), plus the Early
Palmae to moist gming conditions. Evidence from OligoceneNothofggus sp. leaf disceered at 46 mbsf
the CRP-3 terrestrial palynomorph record suggests the CRP-3 imply a signitant non-windblevn
growing conditions at the SoutheNMictoria Land local/regional woody \egetation and a more lgty
coast during the period of deposition were uslljkto source for the pfolith flora.
be wery dry, with particularlyCoptospoa (moss, The apparent mixture of pioliths characteristic
CRP-2/2A & CRP-3) and ?Cyperaceae (sedge, CRBf plants from ‘tropical’and ‘cool’ climatic regimes
3) species present within a predominantlpogly has also been noted in the palynoflora of thavNe
vegetation assemblag@herefore it is suggested thatZealand Cenozoic (Mildenhall, 1980). Here, the
despite the rarity of spherical spinulose-Ayfiiliths presence of ‘tropicalpollen is also interpreted as
obsered in CRP-3, for the section belcc. 408 mbsf reflecting high humidity rather thanevy high
vegetation associations were possibly supplemented bymperatures (although these were stilafm’). This
Palmae, implying that temperatures were slightlynterpretation helps one eisage the occurrence of
warmer than implied higher in the core, andter palms in fivourable locations near Cape Roberts
was permanentlyvailable. It appears more &ky that during the Early Oligocene.
the distritution of Palmae is related to humidity = Overall, the sparse piolith assemblage supports
rather than high temperatures. Humid climatigioes the terrestrial palynomorph interpretations of the
not only include the high temperature tropicakource egetation during the deposition of CRP-3.
rainforests (no wintercoolest month >1%&), kut also Both assemblages indicate a prominendtody
the ‘warm humid’(mild winters, coolest month 0- component to theegetation, similar to the CRP-2/2A
18°C, warmest month >1) and ‘cool humidzones assemblages. Smooth sphericaytotiths throughout
(severe winter coldest month <GC, warmest month the core are consistent with the presence of
>10°C) (Bartholome&v et al., 1980). &r example, the Nothofagyusspp., which are also a common element
Ecuadorian palnCeroxylon paafrons grows at of the palynoflora, bt the presence of Gramineae,
altitude, surwing low temperatures, Ui requiring the and possible &mae and Proteaceae are only recorded
moist conditions of th@ropics. in the plytolith assemblage. High counts of terrestrial
The occurrence of &mae plytoliths in an palynomorphs at 114.90 mbsf (224 specimens) and
assemblage representinggetation graing in a cold 190.77 mbsf (416) in CRP-3 are paralleled by
temperate rgime, where we kme from relatively high ptytolith counts at similar hels of
sedimentological vedence that glaciers were calving101.03 m (55) and 190.81 m (4T)his could be due
at sea-leel (CRST 2000), may seem incongruous. Itto several factors, including dense sourcegetation
is assumed that contamination of the samples Kgverall or just a local patch), a sler sedimentation
extant Ralmae did not occur because monocotyledomrate causing slight concentration of microfossils or
are knavn to produce lagge quantities of pytoliths increased proportions of reemked specimens at these
(Piperno, 1988) so we auld have expected much levels. The taxonomic composition of the palynoflora
higher quantities in more than theawamples, which is similar to that of the Mer part of CRP-2/2A,
came from diferent processing batches. Furthar suggesting lw diversity woody wegetation with
windblown source for the pholith assemblage as aseveral species oNothofggus podocarps and mosses.
whole is unlilely with reference to the The poclets of lov scrub or closed forest in
palaeogeograph modern polar wind patterns and theavourable sites interpreted from the palynoflora may
onshore fossil record. Rtoliths (and diatoms) va reflect the pockts of Rlmae, ?Proteaceae andahm’
been shan to travel >2000 km from their source in climate grasses interpreted tentetly from the
the Sahara and Sahelgiens ofAfrica across the phytolith assemblage and not present in the terrestrial
North Atlantic (for example, Blger, 1970; olger et palynomorph record. Furthespecies diersity in the
al., 1967; Romero et al., 1999yhe most recent palynoflora increases at 781.36 mbsf in CRP-3 and a
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first occurrence oMyricipites harrisii (Casuarinaceae The application of pytolith analysis to future
pollen), characteristic and abdant of the Eocene in Antarctic Cenozoic projects auld greatly benef
New Zealand andiustralia, does not rule out thefrom the study of modern analogues fromtant
possibility of the base of CRP-Xtending into the plants on theAntarctic Peninsula and sub-Antarctic
Late Eocene (CRST2000). Islands as without a comprehewsireference
collection and terrestrial palynomorph support,
interpretations from the piolith record can only be

CONCLUSIONS extremely tentatie.
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