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5 - Palaeontology

INTRODUCTION

Six groups of fossils were examined during the
preliminary investigation of the CRP-2/2A pre-Pliocene
seguence: diatoms, cal careousnannofossils, foraminifers,
marine palynomorphs, terrestrial palynomorphs, and
marine invertebrate macrofossils. Each of these fossil
groups providesimportant biostratigraphical and pal aeo-
environmental data for the analysis of the recovered
sequence. Marine diatoms provide the principal datafor
biostratigraphically dating the core material. Calcareous
nannofossilsand marine palynomorphsprovideadditional
biostratigraphical control. Biostratigraphical dating
providesage control for the sedimentary rock sequencein
CRP-2/2A, alows regional correlation to other sections
in the Victoria Land Basin and the Southern Ocean, and
hel ps constrain the cal culation of sediment accumulation
rates.

All six fossil groups provide valuable information on
the palaeoenvironment of the Ross Sea and surrounding
continental areasnear Cape Roberts. Planktic diatomsand
marine palynomorphs areimportant monitors of neritic or
mesotrophic surface water conditions in the geological
past, while calcareous nannofossils indicate when
oligotrophic oceanic waters invaded the site. In
conseguence, these planktic microfossil groups provide
information on relative water depth, nutrient availability,
turbidity, and water temperature. Benthicforaminifersand
invertebrate macrof ossilsindicate past seafloor conditions
including temperature and substrate character. Terrestrial
palynomorphs yield a record of the vegetation on the
continent adjacent to the site of CRP-2/2A, as well as
indicate the age of existing sedimentary rocks that are
being eroded on the mainland.

Changesinfossil assemblagesthroughtimemay bethe
result of evolutionary changes in the organisms,
environmental changesthat force ecological restructuring
of thebiota, or shiftsin preservational regime. All of these
factors are clearly at work in the fossil succession in
CRP-2/2A. A sequence of formal or informal zones for
each microfossil group isillustrated in figure 5.1, and a
brief introduction to the fossil groupsis given below.

Diatomsarethemost abundant fossil groupin CRP-2/2A
sediments. In certainintervals, diatomsconstitute asmuch
as30% of thesedimentary rock. However,inmost samples,
diatom abundanceisnot morethan about 5% of thesilt and
sand-dominated sediment, and some intervals are barren
of diatoms. High sediment accumul ationratesand generally
good diatom preservation provide the opportunity to
develop adetailed biostatigraphy for the late Palaeogene-
early Miocene period for the Ross Sea, although several
major disconformities are present. CRP-2/2A diatom
assemblagesaredominated by plankticassemblages, which

are better biostratigraphical markers than benthic taxa.
The diatom assemblages, however, are dominated by
neritic taxa, rather than open-ocean pelagic taxa, which
formthebasisof Southern Ocean deep-seabiostratigraphy.
Diatoms provide ages of c. 20 Ma below the Plio-
Pleistocene/Mioceneunconformity at ¢. 26 mbsf. Thebase
of the Miocene cannot be confidently identified based on
diatoms, but is suggested to be at ¢. 130 mbsf and is
associated with an unconformity. Similarly, the upper/
lower Oligocene boundary is probably within a barren
interval between c. 300 and 412 mbsf. Lower Oligocene
sediments are recognized, based on diatom assemblages,
from c. 412 mbsf down to at least c. 484 mbsf. Diatom
assemblages below 484 mbsf cannot be confidently
assigned to either Lower Oligocene or uppermost Eocene
at present.

Foraminifera, representing 28 genera and 45 species,
occur in 73 of the 135 samples examined from the upper
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Fig. 5.1 - Summary diagram of tentative CRP-2/2A zonation schemes
from diatom, calcareous nannofossil, marine palynomorph, terrestrial
palynomorph, and foraminifer stratigraphy. Shaded areas represent
interval sof poor preservation, barren samples, or gapsin samplespacing.
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Palaeogenethrough Lower Miocene section of CRP-2/2A
from c. 34 to c. 624 mbsf. All assemblages contain only
calcareous benthic taxa, and neither planktic nor
agglutinated benthic forms were observed. Four major
foraminiferal unitsweredelineatedfor thesuccession, and
ascribed to local biofacies shifts. The units may reflect
|ong-term bathymetric changesfrominshoreenvironments
in early Oligocene to mid or outer shelf and then outer
shelf or upper bathyal in early late Oligocene. Inshore
conditions apparently returned during the late Oligocene-
early Miocene.

Calcareous nannofossils in the CRP-2A succession
record episodes of hemipelagic sedimentation marking
times when open oceanic surface waters penetrated into
the Victoria Land Basin. One magjor, and several minor,
pulses of oceanic surface water invasion are indicated
during the Upper Oligocene DictyococcitesbisectusZone
from c. 144 to 397 mbsf. Another episode of oceanic
incursion is evidenced by nannofossil assemblages from
c.00412 to 481 mbsf, where at least two upper
biostratigraphical zones are represented. A long barren
interval, fromc. 482to 613 mbsf, overliestwo nannofossil-
bearing samples just above the base of the hole.

Well-preserved marine palynomorphswererecovered
from most samples from the upper Palaeogene through
Miocene section. Species richness is moderate to high.
Themajority of specimensareconsideredtobeinsituand
many have not been described formally. Three marine
palynological units are recognized (Fig. 5.1). Unit | is
dominated by prasinophyte algae, mainly Leiospheres
and Sgmopollis, and represents an extension of the
assemblage recovered from below 99.01 mbsf. Marine
palynomorphs Unit Il is marked by the presence of the
dinoflagellate Lejeunecystasp 1. Unit |11 assemblagesare
characterized by the acritarch Leiofusa, the dinoflagellate
Pyxidinopsis sp. and several species of Lejeunecysta.
These units probably reflect changes in the
pal acoenvironment. Theassemblagesrecoveredfrom CRP-
2/2A continueto fill in agap in the knowledge of marine
palynomorph biostratigraphy betweenthewel l-established
Palaeogene Transantarctic flora and the Recent. Several
speciesof dinoflagellates, notably Lejeunecysta spp., may
provideseveral biostratigraphical datumsfor the Ross Sea
area.

Terrestrial palynomorphsare very rarethroughout the
upper part of thecore, abovec. 306 mbsf. Thisisinterpreted
astheresult of both sparse contemporaneousvegetationin
the surrounding landscape and dilution by rapid sediment
accumulation. The rare spores and pollen reflect along-
lived tundra vegetation that survived in coastal lowlands
in harsh periglacial conditions. Below 306 mbsf,
palynomorphs are relatively more diverse and common,
although total numbers remain very low. They reflect a
low diversity woody vegetation that included several
speciesof Nothofagusand podocarpaceousconifers, along
with other angiosperm taxa and cryptogams. The
assemblagesinlowermost CRP-2A never reachthespecies
richness and abundance seen in the Eocene sedimentary
rocks documented from the lower part of CIROS-1 or the
McMurdo Sound erratics. Recycled palynomorphs, of
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probable Eocene, Jurassic-Cretaceous, and Permian-
Triassic age, are also recognized. Permian-Triassic
palynomorphs derived from the Beacon Supergroup are
most abundant bel ow 306 mbsf.

SILICEOUSMICROFOSSILS
INTRODUCTION

Diatoms provide oneof the primary biostratigraphical
and palaeoenvironmentd tools for interpreting the CRP-2/2A
core. Inadditiontodiatoms, silicoflagel latesand ebridians
(bothsiliceousflagellates), and achrysophytecyst provide
supporting biostratigraphical information. Upper
Palaeogene through Lower Miocene diatom assemblages
are recognized from c. 28 mbsf to the bottom of the hole
at 624.15mbsf, andthisinterval isdividedinto 10tentative
biostratigraphical zones. A large number of taxain this
interval are previously unknown or undescribed, many of
which havebeeninformally recognizedin Ross Seacores.
Threeundescribed, but taxonomically distinct, taxaprovide
tentativezonal boundaries. TheCRP-2/2A corewill provide
age constraints on these and other taxa for the Ross Sea,
which will permit age calibration of previously-drilled
Antarctic cores.

METHODS

All samples were prepared for siliceous microfossils
as strewn dlides of raw sediment, following standard
procedures. As necessary, selected samples were reacted
inH,O, and/or HCI to help remove organic and carbonate
cements, respectively. Additional sampleswere prepared
further by separating the >10 um fraction using nylon
screens. Several samples were sieved with 20 um and
25lim stainlesssteel mesh sieves, and diatomsin about 15
sampleswereprepared with density separationtechniques,
using a sodium polytungstate solution prepared at 2.2
specific gravity. Relative diatom abundance, represented
graphically onfigure5.2 and intable 5.1, was determined
from strewn slides of unsieved material. Stratigraphical
occurrence and abundance data are based on detailed
analysis of more than 50 diatom-bearing samples, plus
cursory examination of 250 additional samples.

RESULTS

Siliceous microfossils occur in variable abundance
through the recovered dratigraphical succession of CRP-2/2A
(Fig. 5.2). Diatoms are most abundant in fine-grained
lithologies, except in intervals that have undergone
significant diagenesis. More than 150 diatom species and
species groups, plus 11 silicoflagellates, 7 ebridians, 2
endoskel etal dinoflagellates, and onebiostratigraphically-
useful chrysophyte cyst are recognized in the initial
examination of CRP-2/2A samples. Radiolarianswerenot
observed in the recovered segquence.

CRP-2/2A Initial Report siliceous microfossil data
(Fig. 5.3) include many informal taxonomic designations.



Tab. 5.1 - CRP-2/2A relative diatom abundance data.
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Top Bottom Abund. Top Bottom Abund. Top Bottom Abund. Top Bottom Abund.
25.25 25.26 T 147.07 147.08 T 288.00 288.01 R 468.52 468.53 C
26.48 26.49 F 148.19 148.20 T 292.08 292.10 F 470.79 470.80 C
26.78 26.79 R 148.72 148.73 T 296.39 296.40 T 474.90 474.91 A
27.70 2771 R 149.65 149.66 T 298.07 298.08 R 476.30 476.31 F
29.06 29.08 R 150.70 150.71 T 302.65 302.66 T 479.71 479.72 F
3171 3172 F 152.40 152.41 T 306.95 306.96 T 480.82 480.83 R
33.84 33.85 F 153.70 153.71 T 307.70 307.71 B 483.92 483.93 F
36.24 36.25 F 155.20 155.21 R 309.88 309.89 T 484.55 484.56 B
36.40 36.41 F 156.07 156.08 R 311.56 31157 T 486.28 486.30 B
37.44 37.45 F 158.50 158.51 R 316.48 316.50 T 486.76 486.77 B
39.82 39.83 R 159.81 159.82 T 317.27 317.28 T 494.38 494.39 B
40.24 40.25 R 160.29 160.30 T 318.85 318.68 T 495.62 495.63 B
41.19 41.20 T 162.42 162.43 T 320.05 320.06 T 496.90 496.91 B
45.12 45.13 R 164.50 164.51 R 322.00 322.01 T 499.65 499.66 B
4741 4754 T 166.34 166.35 R 32454 324.55 T 500.26 500.27 B
47.82 47.83 T 168.79 168.80 R 326.07 326.08 T 501.05 501.06 B
50.82 50.83 T 169.58 169.59 R 328.08 328.09 R 503.90 503.91 B
52.47 52.48 T 171.49 171.50 R 330.08 330.09 T 506.22 506.23 B
54.36 54.37 R 173.46 173.47 R 332.76 332.77 T 507.86 507.88 B
56.10 56.11 R 174.38 174.39 R 334.14 334.15 T 510.13 510.14 B
57.32 57.42 F 176.29 176.30 A 336.51 336.52 R 511.75 511.76 B

CRP-2A 177.89 177.90 C 338.45 338.46 T 514.04 514.05 B
53.19 53.20 T 179.93 179.94 C 339.80 339.82 T 516.08 516.09 B
55.81 55.82 T 181.32 181.33 C 341.72 341.73 T 520.12 520.13 B
58.15 58.16 R 183.58 183.59 T 342.46 342.47 T 523.04 523.05 B
59.96 59.97 R 185.76 185.77 B 343.26 343.27 R 524.39 524.41 B
61.50 61.51 T 186.70 186.71 T 345.58 345.59 R 526.01 526.02 B
64.60 64.61 R 187.67 187.68 R 347.31 347.32 R 528.22 528.23 B
66.24 66.25 R 188.57 188.58 R 350.89 350.90 R 529.33 529.34 T
67.84 67.85 T 191.36 191.37 R 352.15 352.16 R 532.34 532.35 B
69.47 69.48 R 193.99 194.00 R 354.23 354.24 B 533.43 533.44 B
71.13 71.13 R 195.70 195.72 R 356.44 356.45 R 537.25 537.26 R
71.70 71.71 F 197.12 197.13 F 358.22 358.24 T 538.46 538.47 R
73.94 73.95 C 198.52 198.53 F 360.27 360.28 T 540.73 540.74 F
75.52 75.56 F 199.08 199.09 R 362.91 362.92 T 542.04 542.05 F
79.48 79.49 R 200.16 200.17 R 364.27 364.28 B 543.81 543.83 F
80.79 80.80 F 202.85 202.86 R 369.73 369.74 T 545.18 545.19 T
85.57 85.58 B 204.58 204.59 R 376.54 376.55 B 548.57 548.58 R
87.58 87.59 T 206.81 206.82 R 379.03 379.04 B 551.29 551.30 R
89.72 89.73 B 208.76 208.77 F 382.02 382.03 B 554.70 554.71 F
90.77 90.78 T 210.58 210.59 F 382.81 382.82 T 556.60 556.61 R
91.19 91.20 F 212.61 212.62 F 384.28 384.29 T 557.85 557.86 R
93.04 93.05 R 215.33 215.34 F 390.01 390.02 T 560.33 560.34 R
95.61 95.62 R 215.72 215.74 F 390.19 390.21 T 562.31 562.32 R
96.84 96.85 R 218.80 218.81 F 394.48 394.49 R 564.63 564.66 R
98.30 98.31 T 226.94 226.95 F 400.22 400.23 B 565.50 565.51 R
101.17 101.18 T 229.70 229.71 F 405.37 405.38 T 565.98 565.99 F
103.28 103.29 T 231.49 231.50 F 405.58 405.59 B 567.50 567.51 T
106.77 106.78 T 233.00 233.01 F 412.27 412.29 T 570.02 570.03 T
108.18 108.19 T 234.70 234.71 F 413.05 413.06 R 575.15 575.16 B
109.12 109.13 F 236.25 236.26 F 414.79 414.80 R 577.67 577.68 B
111.05 111.06 F 237.87 237.88 R 424.10 424.11 T 580.53 580.54 B
111.53 111.54 T 241.89 241.90 R 426.49 426.50 B 583.51 583.52 T
112.90 11291 F 243.63 243.64 F 429.38 429.39 B 584.54 584.57 T
11351 113.52 C 245,54 24555 R 434.66 434.67 T 585.58 585.59 R
114.43 114.44 F 247.08 247.09 F 436.72 436.73 T 585.84 585.85 T
116.15 116.16 C 249.07 249.08 C 437.68 437.69 T 592.23 592.24 B
119.65 119.66 C 250.93 250.94 C 441.85 441.86 R 595.72 595.73 B
120.33 120.34 F 252.46 252.47 C 443.89 443.90 F 597.44 597.45 B
122.56 122.57 F 254.43 254.44 A 444.25 444.26 F 599.25 599.26 B
123.32 123.33 R 256.91 256.92 A 444.96 444.98 F 601.35 601.36 B
128.52 128.53 T 259.20 259.21 A 446.55 446.56 C 603.14 603.15 B
130.32 130.33 R 260.02 260.04 A 447.68 447.69 C 604.40 604.42 B
130.90 130.93 F 261.60 261.61 A 448.73 448.74 C 604.92 604.93 B
131.67 131.68 F 263.20 263.21 A 450.06 450.07 C 605.66 605.67 T
132.34 132.35 F 264.38 264.39 C 453.19 452.20 C 609.07 609.08 B
134.74 134.75 F 266.38 266.39 C 456.83 456.84 C 611.10 611.11 B
135.09 135.10 C 268.31 268.32 C 459.70 459.71 C 613.35 613.36 B
137.46 137.47 C 271.02 271.04 C 459.90 459.91 Cc 614.03 614.04 T
138.83 138.84 F 27350 27351 F 460.13 460.14 C 619.19 619.20 T
139.90 139.91 R 275.48 275.49 F 461.65 461.66 Cc 620.50 620.51 T
141.26 141.27 R 275.90 275.91 F 463.53 463.54 C 622.31 622.32 B
143.69 143.70 T 280.12 280.13 R 464.98 465.00 C 623.03 623.04 B
145.14 145.15 T 282.42 282.43 F 466.27 466.28 Cc 623.76 623.79 B
145.58 145.59 T 287.07 287.08 R 467.85 467.86 C 624.03 624.04 T

Note: all depths are in metres below sea floor (mbsf).

Samples 25.25 through 57.32 mbsf, above the solid line, are from hole CRP-2.

Samples from 53.19 through 624.03 mbsf, below the solid line, are from hole CRP-2A.
“Top” refersto upper depth of sample interval, and “Bottom” refers to lower depth of sample interval (in mbsf).
B = barren, T = trace, R = rare, F = few, C = common, and A = abundant.
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Fig. 5.2 - Diatom abundance in Lower Miocene-upper Palaeogene
sediments, CRP-2/2A, plotted against the lithological summary log.
Abundance categories (B = barren; T = trace; R = rare; F = few;
CO=0common; A = abundant) are based on analysis of strewn slides of
unsieved material. Intervals containing abundant diatoms contain the
highest proportion of pelagic species.

Thesedesignationsareinternal to CRP-2/2A unlessspecific
reference is made to published works (e.g. Hemiaulus
sp.0A (MSSTS-1)). Ageassignmentsand diatomtaxonomy
arebased onalargebody of literature, but primary sources
of information are reports from Southern Ocean drilling,
notably Harwood & Maruyama(1992), Baldauf & Barron
(1991), Gombos & Ciesielski (1983), Gombos (1977),
Haj6s(1976), and Schrader (1976). Useful diatom reports
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from Antarctic continental shelf drilling and piston coring
include Harwood et a. (1998), Harwood et al. (1989b),
Harwood (1989), Harwood (1986), Barron & Mahood
(1993), and Mahood et al. (1993). Several reports from
stratigraphical sections outside of the Antarctic region
also contributeuseful information, including Y anagisawa
& Akiba (1998), Scherer & Kog (1996), Gladenkov &
Barron (1995), Akibaeta. (1993), and Schrader & Fenner
(1976).

TENTATIVE DIATOM ZONATION

The nearly 600 m of Miocene and upper Palaeogene
sediment recoveredincludesignificant diatomfloral overturn,
allowing subdivision into 10 tentative diatom range or
partial rangebiozones, based onfirst and/or last occurrences
of morethan 50taxa(Fig. 5.3, Tab. 5.2). Most other taxaare
either long-ranging, or too sporadic in their abundance or
distributionfor reliablebiostratigraphical utility. Biozones
proposed in this report are not formally defined and, as
such, should not beconsidered beyond thepresent context.
Thisworking zonal scheme will be updated and formally
defined in the CRP-2/2A Scientific Results volume.

TheThalassiosirapraefragaZoneisatotal rangezone
recognized from thefirst occurrence (FO) of T. praefraga
at 36.25 mbsf to the top of the Lower Miocene section at
c. 28 mbsf (Tab. 5.2, Fig. 5.3). Diatomsinthisinterval are
moderately preserved, which suggests the FO of
T.Opraefragais not truncated. Harwood et al. (1998)
defined this zone in the CRP-1 core based on the total
range of T. praefraga. The last occurrence (LO) of
T.Opraefraga,however, is not represented in CRP-2/2A
due to an unconformity at c. 28 mbsf, which separates
Lower Miocene and Plio-Pleistocene sediments.

TheFragilariopsissp. A Zoneisapartia range zone
definedfromtheFO of Fragilariopsissp. A (at 57.420mbsf)
up to the FO of Thalassiosira praefraga (at 36.23 mbsf).
Thisinterval ischaracterized by poor to moderate diatom
preservation and low abundance. Fragilariopsissp. A isa
relatively common component of diatom assemblages
withinthiszoneand continuesasacommon component of
assemblages through the T. praefraga Zone. The taxon
referredtoasFragilariopsissp. A inthe present study has
been previously recognized in several Ross Seacores, but
its FO has not been well documented.

We tentatively define the Dactyliosolen antarcticus
Zoneasapartial rangezonefromthe FO of Dactyliosolen
antarcticus (at 75.56 mbsf) uptothe FO of Fragilariopsis
p. A (at 57.42mbsf). Diatomsarecommon and moderately
preservedfrom 75.56t0 71.13mbsf but arepoorly preserved
and rare above this interval to the base of the overlying
zone. Dactyliosolen antarcticus is a rare to common
component of diatom assemblages within this zone and
continues as a component of assemblages through the
T.Opraefrag&Zone. A distinctivetaxonintheinterval from
75.56 to 71.13 mbsf is a small, previously undescribed
Rhizosolenia sp., which werefer to as Rhizosolenia sp. A.

Thelkebiatenuis Zoneisapartial range zone defined
fromthe LO of Kisseleviella sp. A (at 130.90 mbsf) up to
the FO of Dactyliosolen antarcticus (at 80.65 mbsf).
Diatoms are common and well preserved in thisinterval.
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Fig. 5.3 - Stratigraphical ranges of key diatoms and diatom species groups (51), ebridians (2), silicoflagellates (1) and chrysophyte cysts (1) in CRP-2/2A. The chart isagraphical representation of selected taxafrom total taxonomic
iosiliceous preservation.
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Tab. 5.2 - Definition of boundaries for tentative diatom zonation of CRP-2/2A and characteristic taxa of each zone.

Zone

Boundaries

CRP-2/2A
depth (mbsf)

Characteristic Taxa

Thalassiosira praefraga
Total Range Zone

Fragilariopsis sp. A
Partial Range Zone
Dactyliosolen antarcticus
Partial Range Zone

I kebia tenuis
Partial Range Zone

Kisseleviellasp. A
Partial Range Zone

Lisitzinia ornata
Total Range Zone

Trochosira sp. A
Partial Range Zone

Eurossiairregularis
Partial Range Zone

Rhizosolenia oligocaenica
Total Range Zone

Skeletonemopsis barbadensis
Partial Range Zone

Top. LO Thalassiosira praefraga
Base. FO Thalassiosira praefraga

Top. FO Thalassiosira praefraga
Base. FO Fragilariopsissp. A
Top. FO Fragilariopsissp. A

Base. FO Dactyliosolen antarcticus

Top. LO lkebiatenuis
Base. LO Kissdleviellasp. A

Top. LOKisselevidllasp. A
Base. LO Lisitzinia ornata

Top. LO Lisitzinia ornata
Base. FO Lisitzinia ornata

Top. LO Trochosira sp. A
Base. Not defined.

Top. LO Eurossiairregularis
Base. LO Rhizosolenia oligocaenica

Top. LO Rhizosolenia oligocaenica
Base. FO Rhizosolenia oligocaenica

Top. LO Skeletonemopsis barbadensis
Base. Not defined.

Not represented
36.25

36.25
57.42

57.42
75.56

80.65
130.90

130.90
259.21

259.21
266.38

271.02

412.27
444.96

444.96
483.93

543.81

Dactyliosolen antarcticus
Fragilariopsis sp. A
Thalassiosira nansenii
Thalassiosira praefraga

Dactyliosolen antarcticus
Fragilariopsis sp. A

Dactyliosolen antarcticus
Rhizosolenia sp. A
Azpeitia oligcaenica
Ikebia tenuis

Rocella sp. cf. praenitida

Aulacodiscus brownel
Cymatosira sp. A
Kisseleviella sp. A
Sephanogonia sp. A

Aulacodiscus brownel
Cymatosira sp. A
Kisseleviella sp. A
Sephanogonia sp. A
Trinacria sp. A
Trinacria sp. B

Cymatosira sp. A
Kisseleviella sp. A
Kisseleviella sp. B
Rouxia sp. A
Sephanogonia sp. A
Trinacria sp. A
Trochosira sp. A

Eurossiairregularis
Hemiaulus dissimilis
Kannoa hastata
Kisseleviellasp. C
Kisseleviella sp. D

Asterolampra punctifera
Eurossiairregularis
Goniothecium decoratum
Goniothecium odontella
Hemiaulus dissimilis
Hemiaulus polycystinorum
Kannoa hastata
Kisseleviellasp. C
Kisseleviella sp. D
Rhizosolenia sp. D
Pyxillareticulata
Rhizosolenia oligocaenica
Sephanopyxis eocenica
Thalassiosira
nansenii/mediaconvexa

Archaeosphaeridium tasmaniae
Asterolampra punctifera
Eurossiairregularis
Hemiaulus dissimilis
Hemiaulus polycystinorum
Kannoa hastata
Kisseleviellasp. C

Pyxilla reticulata

Rouxia granda
Skeletonemopsis barbadensis

Note: FO = first occurrence, and LO = last occurrence.

Ikebia tenuis is not abundant in this interval, but is

consistently present through the Ikebia tenuis Zone. This
stratigraphical interval also contains several, distinct ash
beds, of varying thickness. No significant diatom
assembl age changes were noted through the ash-bearing
section. Diatoms are well-preserved within the volcanic

glass-bearinginterval (114.2t0 109.1 mbsf), probably due
tothehigh silicaavailability in the sediments, which may
havebuffered porewatersand reduced the dissol utionrate
of diatom frustules.

The Kisseleviella sp. A Zone is a partial range zone
defined fromthe LO of Lisitzinia ornata (at 259.21 mbsf)
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up to the LO of Kissdlevidlla sp.A (at 130.90 mbsf). The
assemblagesin thisinterval are characterized by variable
diatom abundance and preservation. Kisseleviella sp. A,
however, is present in all samples containing rare to
abundant diatoms and comprises a significant component
of the assemblages. The LO of Stephanogonia sp. A is
noted within thiszone and may provide adatum to further
subdivide this zone.

Kissdleviella sp. A is an undescribed taxon which
occursin CRP-2/2A, MSSTS-1, and CIROS-1. Illustrated
specimens, designated asKisseleviellacarinaby Harwood
(1986, p. 86, Pl. 6, Figs. 12-15) from severa intervalsin
the MSSTS-1 have a similar lanceolate form to what we
have designated as Kisseleviella sp. A in this report. We
believe that Kisseleviella sp. A is taxonomically distinct
from morphotypesin the strict definition of Kisseleviella
carina(seeAkiba& Y anagisawa, 1986). A re-examination
of several samplesfrom the CIROS-1 core showsthat the
Kisseleviellaspeciesabovetheunconformity at c. 36600mbsf
are of the Kisseleviella sp. A type (of CRP-2A), whereas
another Kisseleviella form, more closely related to
K.Ocarina(sensu stricto) occurs in the lowest Oligocene/
uppermost Eocene, below the unconformity in CIROS-1.

TheLisitziniaornata Zoneisatotal rangezonethatis
tentatively defined in the present study from the FO of
Lisitzinia ornata, at 259.21 mbsf, up to its LO, at
266.3800mbsf. Diatoms are abundant and well-preserved
within this short interval, but Lisitzinia ornata is rare.
Distinctivediatomtaxathat also occur inthiszoneinclude
Trinacria sp. A and Trinacria sp. B.

The Lisitzinia ornata Total Range Zone as defined in
the present study differsfromthe Lisitzinia ornata Partial
Range Zone proposed by Harwood (1986) and applied in
deep-sea sediments on ODP Leg 120 (Harwood &
Maruyama, 1992). In these studies, the Lisitzinia ornata
Partial Range Zone is defined by the FO of Lisitzinia
ornata at the base and the FO of Rocella gelida asthetop
(Harwood, 1986). Rocella gelida was not observed in
CRP-2/2A, and, consequently, cannot be used as a zonal
marker. We, therefore, use the total range of L. ornata.

Thetop of the Trochosira sp. A Partial Range Zoneis
defined by the LO of Trochosira sp. A (at 271.02 mbsf).
The base of this zoneis not defined due to an underlying
thick interval of poor preservation and low diatom
abundance from 302.65 to 412.27 mbsf. Distinctive taxa
withinthe Trochosirasp. A Zone (271.02t0 292.09 mbsf)
include Kisseleviella sp. B and Rouxia sp. A. The first
occurrences of Hemiaulus sp. A, Sephanogonia sp. A,
Trinacria sp. A, and “Tigeria” spp. A & B occur at
292.080mbsf, suggesting the presence of an unconformity
at or below thisdepthintheinterval of poor preservation.

The Eurossia irregularis Partial Range Zone is
tentatively defined fromthe L O Rhizosol eniaoligocaenica
(at 444.96 mbsf) up to the LO of Eurossiairregularis (at
412.27 mbsf). Diatoms in this interval are poor to
moderately preserved and present in low abundance. The
L Osof Hemiaulusdissimilisand Kisseleviellasp. D occur
at thetop of thiszone at 412.27 mbsf and provide further
support for asignificant unconformity between c. 300 and
412 mbsf. Thediatom assemblageinthiszoneissimilar to
that of the underlying Rhizosolenia oligocaenica Zone
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(see below) but is distinguished by the absence of
R.Coligocaenica

The Rhizosolenia oligocaenica Total Range Zone is
defined from the FO of Rhizosolenia oligocaenica (at
483.93 mbsf) up to the LO of Rhizosolenia oligocaenica
(at 444.96 mbsf). This interval contains common and
well-preserved diatoms. Thetop of thiszonemarkstheL O
of several taxa (see Fig. 5.3) which indicate a possible
unconformity between 444.99 and 443.90 mbsf.
Alternatively, theselast occurrencesmay beareflection of
poorer preservation in the overlying Eurossiairregularis
Zone. The assemblage composition, however, is
significantly different from that above the level of poor
preservationat c. 300 mbsf. Thebottom of theRhizosolenia
oligocaenica Zone is underlain by a interval of poor
preservation from 486.28 to 533.44 mbsf, suggesting the
FO of Rhizosolenia oligocaenica may be truncated.
Digtinctive taxa that are stratigraphically limited to the
Rhizosolenia oligocaenica Zone include Goniothecium
odontella, Goniothecium decoratum, Rhizosolenia sp. D,
and Thalassiosira nansenii/mediaconvexa transitional
forms.

The Rhizosolenia oligocaenica Total Range Zone, as
definedinthe present study, differsfrom the Rhizosolenia
oligocaenica Partial Range Zone, originally proposed by
Gombos& Ciesielski (1983) and redefined by Harwood &
Maruyama(1992). The Rhizosolenia oligocaenica Partial
Range Zone is defined by the FO occurrence of
Rhizosolenia oligocaenica up to the FO of Cavitatus
jouseanus (Harwood & Maruyama, 1992). The FO of
Cavitatusjouseanusis not applied asadatum in CRP-2A
due to taxanomic uncertainties and discontinuous
occurrence.

The top of the Skeletonemopsis barbadensis Partial
Range Zone is defined by the LO of Skeletonemopsis
barbadensis at 543.81 mbsf. The base of this zoneis not
presently defined because of poor preservation below
564.66 mbsf; the lowermost 50 m of core (565.50 to
624.03 mbsf), beneath the Skeletonemopsis barbadensis
Zone, contains only rare, recrystallized and non-age-
diagnostic diatoms. The Skeletonemopsis barbadensis
zone contains moderately preserved diatoms in low
abundance. The assemblage within thisinterval is of low
speciesrichness but is otherwise similar to the that in the
R. oligocaenica Zone. Theassemblageisdistinguished by
the presence of Archaeosphaeridium tasmaniae (a
chrysophyte cyst), Rouxia granda, and Skeletonemopsis
barbadensis, which are confined to thisinterval.

AGE AND STRATIGRAPHICAL CORRELATIONS

Correlation of key taxa in CRP-2/2A with palaeo-
magnetic chrons, and with occurrencesin other McMurdo
Sound cores is presented in table 5.3. Most of the taxa
present in CRP-2/2A are rare in the deep-sea pelagic
record, and most open-ocean taxa common in deep-sea
sedimentsarerarein CRP-2/2A. Consequently, few of the
zones proposed above can be confidently tied to the
magnetostratigraphically-calibrated Southern Ocean
diatomrecords. However, direct correl ationwith deep-sea
diatom datums (Harwood & Maruyama, 1992) ispossible
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Tab. 5.3 - Deep-searanges of selected Oligocene-early Miocene diatom taxa and occurrence in CRP-2/2A and other McMurdo Sound cores.

Species Age Range Occurrencein Occurrencein McMurdo Sources
(Ma/ Chron) CRP-2/2A (mbsf) Sound Cor es (mbsf)
Thalassiosira praefraga 20.3' (FCAD) to 18.3" FO at 36.25 FO at 103.39 (CRP-1) H&M / Y&A [ H*
(Cér to C5EN)
Cavitatus rectus LO at ~20.5' (Cér) Not present LO at 146.79 (CRP-1) A+/Y&A
Dactyliosolen antarcticus 26.5" to present (C8n.2n) FO at 75.56 Ranges through CRP-1 lower H&M / H*
Miocene
Lisitzinia ornata 28.3°t0 24.1° 266.38 to 259.21 Not present in CRP-1 H/H*/ B/H&M
(Cor to C6Cr) 309.38 (CIROS-1)
222.04t0 187.21 (MSSTS-1)
Asteromphalus symmetricus 28.7°t0 18.3° Lowest confirmed LO at 84.00 (CRP-1) H/H* /H&M [ H+
(C10n.2n to C5En) occurrence at 236.25 179.32 to 149.26 (CIROS-1)
222.5810 61.52 (MSSTS-1)
Cavitatus jouseanus 30.9° to 14.6° 292.09t0 71.13 147.69 to 99.02 (CRP-1) H/H*/B/H&M/
(C12nto C5ADr) 359.63 to 110.26 (CIROS-1) Y&A | H+
222.58t10 50.88 (MSSTS-1)
Asterolampra punctifera LO at 27.0° (C9n) Highest confirmed 500.14 to 382.70 (CIROS-1) H* / H&M
occurrence at 444.96
Pyxilla reticulata LOat 30.1° (C11r) 624.79t0 444.96 661.13 to 366.99 (CIROS-1) H* / H&M
Rhizosolenia oligocaenica 33.5°t0 30.9° 564.63 to 444.96 428.00 to 382.70 (CIROS-1) H* /B /H&M
(C13nto C12r)

Note: Agesarecalibrated to the Berggren et al. (1995) time scale. Agesindicated with @ are datums derived from Southern Ocean cores, and those
indicated with = are datums derived from North Pacific cores. Information is compiled from the following sources: H = Harwood (1986), H* =
Harwood (1989), B = Balduaf & Barron (1991), H& M = Harwood & Maruyama (1992), A+ = Akibaet al. (1993), Y & A = Y anagisawa & Akiba

(1998), and H+ = Harwood et al. (1998).

withat least 10taxa(Tabs. 5.3& 5.4). Agecalibrationsare
based on correl ationwiththemagnetostratgraphical records
of ODP legs 120 (Harwood & Maruyama, 1992), 119
(Baldauf & Barron, 1991), and several North Pacific cores
(Yanagisawa & Akiba, 1998). Many stratigraphically-
useful neritic taxa are also known from Northern
Hemisphere high-latitude records (Schrader & Fenner,
1976; Scherer & Kog, 1996). We have recalibrated the
reported ages of thefirst and last occurrence datumsfrom
these ODP legsto the Berggren et al. (1995) timescale.

Diatomsintheupper part of CRP-2/2A canbecorrelated
with the Lower Miocene section of CRP-1, though not
completely. The best datum for correlation between CRP-1
and CRP-2/2A is the First Common Appearance Datum
(FCAD) of Thalassiosira praefraga, which occurs at
102.24 mbsf in CRP-1 and at 36.24 mbsf in CRP-2. This
datum defines the base of the Thalassiosira praefraga
Zone(Fig. 5.3, Tab. 5.2). Inthe North Pacific, this datum
occurs at 20.3 Ma, in Chron C6r (Y anagisawa & Akiba,
1998). Proposed correlation points between CRP-1 and
CRP-2/2A are presented in table 5.4.

Dactyliosolen antarcticus is an extant species in the
Southern Ocean and has a reported first occurrence in
Chron C8n, c. 26.5 Ma (Harwood & Maruyama, 1992).
This diatom occurs from 118.56 mbsf to the top of the
Miocenesection of CRP-1, and occursfrom 75.52 mbsf to
the top of the Miocene section of CRP-2A. The Southern
Ocean calibration for the first occurrence of this taxon
provides amaximum age for sediments at c. 75 mbsf and
above. Dactyliosolen antarcticus, however, probably has
ayounger first occurrence on the continental shelf

Thetop of the Cavitatusrectus Zonein CRP-1 occurs
at 147.48 mbsf (Harwood et al., 1998), but thiszoneisnot
recoghizedin CRP-2/2A, suggestingthat arel atively short

disconformity may exist in the lower Miocene section of
CRP-2/2A, removing this zone. The duration of the
C.OrectuZoneinthe Southern Oceaniscurrently unknown.
The absence of |kebia tenuisin the C. rectus Zone in
CRP-1 (Harwood et al., 1998) suggests that this
unconformity isabove80.65mbsf inCRP-2/2A. Sediments
below 80.65 mbsf in CRP2A are, therefore, interpreted as
being older than the base of CRP-1.

The *Ar/*°Ar dates on the ash (21.44+.05 Ma) in the
interval from 111.58t0 114.03 mbsf help constraintheage
of the proposed | kebiatenuisZone (80.65t0130.90 mbsf).
Calculation of accumulation rates from an age-depth plot
inthisinterval will enable a precise age determination for
the LO of Ikebia tenuis.

At present, the position of the Miocene/Oligocene
boundary in CRP-2/2A cannot be assigned with confidence
based on diatoms. A significant change in the diatom
assembl ageisrecognized bel ow 128.52 mbsf, whichappears
to mark a significant disconformity. Kissdeviella sp. A is
common in assemblages below 130.90 mbsf and absent in
assemblagesabove128.52 mbsf. Kisseleviellasp. A occurs
in MSSTS-1 from 50.88 mbsf to the base of that core at

Tab. 5.4 - Tentative correlation of CRP-2/2A to CRP-1 based on diatom
assembl ages.

CRP-2/2A CRP-1

(fast-track sample depth (interval of possible correlation
in mbsf) in mbsf)

36.25t0 26.30 102.25t059.58 (LSU 5.8t05.2)
47.41-47.51 (poor preservation) ?

57.32-57.42 141.80t0 103.39 (LSU 6.3t06.1)
75.56t0 71.13 No correlative assemblage present
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222.58 mbsf andin CIROS-1 from c. 366 to 145.1500mbsf.

The LO of thistaxon in CIROS-1 and in CRP-2/2A may
provide a good point of correlation, but its LO may be
truncated by disconformitiesineach hole, thereby limiting
its usefulness as atime marker between holes.

The Lisitzinia ornata Zone in CRP-2A (259.21 to
266.38 mbsf) represents a strong pulse of biosiliceous
sedimentation on the continental shelf, which can be seen
indiatom abundancedataonfigure5.2. Thetotal range of
L.ornatainthedeep seaiscalibratedtothepalacomagnetic
time scale, ranging from Chrons C9r to Cér (28.3 to
24.10Ma). Thelast occurrence oL. ornatais confined to
C8n (25.8 Ma) in most cores from the Southern Ocean
(Harwood & Maruyama, 1992; Baldauf & Barron, 1991).

Lisitzinia ornataisapel agic speciesthat wasprobably
excluded ecol ogi cally fromthe Antarctic continental shelf,
except duringinterval sof enhanced exchangewithpelagic
water masses. Consequently, theL. ornataZonein CRP-2A
most likely represents only apart of the total range of the
taxonin the deep sea. Thistaxonisknown to occur in one
sample in CIROS-1 at 309.38 mbsf and may represent a
correlativeassemblagetothat withintheL. ornataZoneof
CRP-2A. Lisitzinia ornata aso occurs in MSSTS-1,
scattered through 100 m of core, from 122.87 to
222.580mbsf.

The Trochosira sp. A Zone is not calibrated with
biostratigraphical datums tied to the magnetic polarity
time scale. Diatom preservation is poor, and abundance
low, intheinterval 316.48 mbsf t0390.21 mbsf, preventing
biostratigraphical interpretation of the base of the
Trochosira sp. A Zone and the top of the underlying
proposed Eurossia irregularis Zone. The Eurossia
irregularisZone, whichisrecognized below 412.27 mbsf,
isassigned astratigraphical position of Lower Oligocene,
based on the presence of Eurossia spp., Hemiaulus
dissimilis, and Kannoa hastata. These taxa have not been
reported in Upper Oligocene sediments in the Southern
Ocean.

The Upper/Lower Oligocene boundary cannot be
identified with confidence in CRP-2A. The interva
between c. 300and 412 mbsf, whichrepresentsabrecciated,
microfossil-poor interval. The boundary may lie in the
Trochosira sp. A Zone or within the underlying diatom-
poor interval. A distinct changeinlithology at c. 300 mbsf
may represent an unconformable boundary between the
Upper and Lower Oligocene.

Rhizosolenia oligocaenica occursin CRP-2/2A from
444,96 to 483.96 mbsf in an interval rich in biosiliceous
material. The total range of R. oligocaenica is widely
recognized in the Southern Ocean, with areported range
from 30.1 to 33.5 Ma, in Chrons C12r to C13n. The
Southern Oceanfirst occurrence of thistaxon, however, is
not well calibrated dueto poor diatom preservation and/or
poor palaeomagnetic results in most holes, but is not
reported to occur below C13n. The first occurrence of
R.Coligocaeni cain the Southern Ocean commonly marks
the onset of continuous high diatom productivity in the
earliest Oligocene.

The lowermost interval with well-preserved diatom
assemblages in CRP-2A occurs between 564.66 and

Tab. 5.5 - Siliceous microfossil taxa with ranges restricted to intervals
below the unconformity (at ~366 mbsf) in CIROS-1.
Archaeosphaeridium australensis*  Parebriopsis fallax*
Archaeosphaeridium tasmaniae Pseudammodochium dictyoides*
Asterolampra punctifera Pyxidicula sp. A*
Cotyledon fogedi Pyxilla eocena
Dictyocha deflandrei Pyxilla reticulata
Ebrinula paradoxa* Rhizosolenia oligocaenica
Ebriopsis crenulata (loricate)* Rocella praenitida*
Ebriopsis crenulata* Rouxia granda
Eurossia spp. Sceptroneis lingulatus

Hemiaulus caracteristicus* Fpohynctolethus pacificus*
Hemiaulus dissimilis Sephanopyxis oamaruensis
Kannoa hastata’ Sephanopyxis superba*

Kisseleviella carina s.s.™ Stictodiscus kittonianus*

Note: taxa indicated with an asterisk were not observed in CRP-2/2A.
Reported late Eocene to earliest Oligocene ranges from CIROS-1 are
reported in Harwood (1989) and Harwood & Bohaty (in press) and are
based on the Wilson et al. (1998) age model.

(1) Kannoa hastata wasidentified as I kebia tenuisin the CIROS-1 core
(Harwood, 1989). (1) Kisseleviella forms below 366 mbsf in CIROS-1
(designated as Kisseleviella carina by Harwood (1989)) may represent
a new species, taxonomically separate from Kisseleviella carina
Sheshukova-Poretzkaya.

543.830mbsf and is designated theSkeletonemopsis
barbadensis Zone. The occurrence of Rhizosolenia
oligocaenicainthiszoneisequivocal,dueto preservational
limitations. Skel etonemopsi sbarbadensisrangesfromthe
Middle Eoceneto up to thelower part of the Rhizosolenia
oligocaenica Zone in the Southern Ocean (Gombos &
Ciesielski, 1983). This assemblage is difficult to date
biostratigraphically, because of a paucity of well-
constrained markers.

The Rhizosolenia oligocaenica and Skeletonemopsis
barbadensis Zones of CRP-2A share some of the floral
elementsof thediatom assembl agebel ow theunconformity
(c. 366 to 500 mbsf) in CIROS-1. However, many taxa
characteristic of CIROS-1 (Tab. 5.5; Harwood, 1989) and
lowermost Oligocene/uppermost Eocenesediment of Prydz
Bay, East Antarctica (Barron & Mahood, 1993) do not
occurinCRP-2A. Theseinclude, anongothers, Hemiaulus
caracteristicus, ohynctolithuspacificus, andKisseleviella
carina (sensu Harwood, 1989, . 4, Figs. 35-37; Barron
& Mahood, 1993, PI. 5, Fig. 11; and Hajés, 1976, Pl. 25,
Figs. 5-9). The lowermost assemblages in CRP-2A also
lack typical Late Eocenediatoms, such asDistephanosira
architecturalis. Consequently, we interpret the
R.Coligocaeni c&Zonein CRP-2A (444.96 t0 483.93 mbsf)
asLower Oligocene (Chron C12r), andthe S barbadensis
Zone (543.81 to 564.66 mbsf) as L ower lower Oligocene
or Upper upper Eocene.

PALAEOENVIRONMENTS

Throughout the interval recovered in CRP-2/2A, the
diatom record is strongly dominated by neritic planktic
diatoms, with Sephanopyxis spp. the most abundant taxa.
Thediatomrecord of CRP-2/2A indicatesdeposition well
below sea-level, and almost entirely bel ow the photic zone
(>~50m water depth), based on the rare occurrence of
benthic diatoms. Fragments and rare whol e specimens of
large, bottom-dwelling diatoms, such as Isthmia and
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Arachnoidiscus, occur throughout the diatom-bearing
intervals in low abundance. We consider these to be
allochthonous, as are smaller benthic taxa that occur
relatively commonly, including Cocconeis spp. and
Rhabdonema spp.

Benthic diatoms may be in situ in the interval 110-
1120mbsf, in association with vol canic depositsPAr/®Ar
dated as21.44 M a). Diatom assembl agesin these samples
include avery large and distinctive diatom, referred to as
“Genus and Species uncertain A” in the lower Miocene
section of CRP-1 (Harwood et al., 1998). The low
abundanceof benthicdiatomsin CRP-2/2A contrastswith
CRP-1and CIROS-1, both of whichincludeintervalswith
significant abundance of benthic diatoms, whichtypically
indicate shallow-water deposition (<50 m) (Harwood,
1989; Harwood et al., 1998). An aternative hypothesis
worthy of consideration is the possibility that benthic
diatoms are excluded from parts of the stratigraphical
section due to high sediment input and turbid waters. A
high suspended sediment load would have limited light
penetration, and ahighly mobile bottom may havelimited
colonization by many benthic diatom taxa.

SUMMARY

TheCRP-2/2A coreprovidesadetail ed stratigraphical
recordfor theAntarctic continental shelf, despitenumerous
disconformities. The diatom assemblages suggest high
sediment accumulation rates throughout the recovered
successions, especially between c. 80 and c. 300 mbsf.
Several distinct neritic diatom assemblages areidentified
through the core, and numerous FO and LO datums
provide a basis for a detailed diatom biostratigraphical
zonation. Major diatom assemblages in CRP-2/2A are
confined to distinct stratigraphical intervals and are
interpreted as being bounded by unconformitites, based
on deep-sea ranges of selected taxa. It is not possible to
define firm age boundaries at this time, but using the
diatom assemblages, we consider the interval from
26.90mbsf tac. 130 mbsf to be Lower Miocene and the
interval from c. 130 to 300 mbsf to be Upper Oligocene.
Theinterval from c. 412 to 483 mbsf isLower Oligocene,
and from 483 mbsf to the base of the hole is considered
lowermost Oligocene/Upper Eocene.

FORAMINIFERA
INTRODUCTION

A total of 135 samples, including 32 “Fast-track”, 99
routine and 4 macrofossil matrix samples, covering the
interval from 34.28 to 623.77 mbsf, were selected for
foraminiferal study from CRP-2/2A cores and processed
and examined at Crary Science and Engineering Center.
Seventy-three were found to contain foraminifers, and
yielded afaunaof c. 28 generaand c. 45 species. Specimen
preservationwasgenerally good, withtest microstructures
only slightly atered by leaching or recrystallization, but
ranged from very good to poor.

Miocene and Oligocene stratain CRP-2/2A comprise
ac. 600 mthick sequenceof diamictite, muddy sandstone,
sandy or silty mudstone and conglomerate, encompassing
theinterval from 26.79 mbsf (metres below sea-floor) to
624.15 mbsf (Bottom of Hole). Top of the Miocene is
placed at the unconformable contact between LSU 2.2
(Pliocene) and 3.1 (26.79 mbsf in CRP-2; 27.14 mbsf in
CRP-2A) of thestandard lithostratigraphical classification
(see Description of Sequence section, chapter 3) for the
drill hole. TheOligocene-Mioceneboundary isdetermined
tolieat c. 130 m, near the base of LSU 8.1, and the Lower
Oligocene-Upper Oligocene boundary isat c. 440 m, near
thebase of LSU 12.4 (see Chronology section, chapter 7).
Boundary determinations rest primarily on diatom and
nannofossil evidence. The Eocene-Oligocene boundary
had not been reached upon termination of drilling.

MATERIAL AND METHODS

Sampl e sel ection emphasi sed fine-grained sediments,
mostly sandy or silty mudstones, as the most likely to
contain foraminifers. There was no attempt to sample all
thelithol ogies present. Samples, most weighing 50-100 g
(undried) and representing c. 5 cm of core, were processed
using standard techniques, and the resulting residues wet-
sieved into >500 um, >125 um, >63 um and <63 um
fractions. After drying, the first three fractions were
examined for microfossils, and the last reserved for other
non-pal aeontol ogical studies. All fossil material, including
sponge spicules, diatoms, shell fragments, etc., observed
during picking was recorded, but samples lacking
foraminifers are referred to here as “non-fossiliferous’.

Most foraminifers were found in the 125-500 um
residue, and systematic search therefore focussed on this
fraction. Small sampleswerepicked entirely, but for large
samples, the >125 um material was subdivided, using a
microsplitter, to provideat | east two well-covered picking
trays (9 x 5 cm; usually 1/4 to 1/8 of total residue) for
examination. This defines the minimum criterion for
determining asampleto be non-fossiliferous. In addition,
all of the >500 um - 2 mm residue was scanned for large
specimens, and a small portion of >63 um material was
searched for minute species. Some large miliolids (see
below) were removed by hand from surrounding matrix.

CRP-2 and CRP-2A samples overlap by about 6 m at
thetop of LSU 5.1, but all contain similar faunas and are
included in a single sample suite.

BIOSTRATIGRAPHY

Four characteristicforaminiferal assemblages, defined
by their taxonomic composition and overall character,
occupy successive parts of the CRP-2/2A sequence, and
appear in most cases to show a clear relationship to the
boundaries of lithostratigraphical units (see Fig. 5.4).
These units are considered to reflect changesin biofacies
andlithofaciesat the CRP-2/2A site, and thereforeto be of
only loca significance. All assemblages comprise only
calcareous benthic taxa; neither planktic nor agglutinated
specieswere recorded in the Oligocene- Miocene section
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Fig. 5.4 - Distribution of Foraminiferal Units, selected foraminiferal
species, and other fossil material in the CRP-2/2A drill hole.

of CRP-2/2A. Figure 5.4 shows the distribution of the
fauna units in the CRP-2/2A section, along with the
ranges of significant foraminiferal species.

Foraminiferal Unit | (26.91-193.75 mbsf)

Samplesfromthisinterval, whichincludesLSU 3.1to
LSU 9.2, generally contain either sparse, low diversity
foraminiferal faunas, or are non-fossiliferous. Seventy
samples were examined, and 38 contained foraminifera.
Elphidiummagellanicumand Cribroel phidiumsp. arethe
most typical and persistent taxa, and appear in most
assemblages. Althoughricher faunasoccur at afew levels,
typical assemblagescontainfiveor fewer individuals, and
threeor fewer species. Themaximum observed abundance/
diversity was 60 specimens/10 species at 71.13 mbsf.
Nonionella iridea displays a short interval of persistent
occurrencebetween c. 56 andc. 76 mbsf; and Epistominella
exigua has scattered occurrences down hole from
¢.0950mbsf.

Persistently non-fossiliferousintervals occur at c. 36-
41 mbsf, (LSU 3.1, mediumtofinesandstone), and c. 107-
123 mbsf (LSU 7.1, 7.2 and 8.1; sandstone, diamictiteand
lapillistone).

The Miocene - Upper Oligocene boundary occurs
within Unit | at ¢. 130 mbsf (see Chronology section,
chapter 7), but no significant change in foraminiferal
assemblages was noted near thislevel.

Foraminiferal Unit 11 (193.95-342.42 mbsf)

The top of Foraminiferal Unit Il, which probably
coincides with the boundary between lithostratigraphical
LSU 9.2 and 9.3, ismarked by the highest occurrences of
Cassidulinoidesbradyi (193.95mbsf), and Eponidesbradyi
(justbelow at 195.57 mbsf). Both characterizeassemblages
down to 342.42 mbsf, where the next faunal change
occurs. As compared to the overlying unit, foraminiferal
abundance and diversity are higher, and samplesaremore

consistently fossiliferous (23 of 35 samples). Common
specieswithin thisinterval include Epistominella exigua,
Melonis barleeanum, Ammoelphidiella spp. and
Cribroelphidium sp.

Foraminifera are relatively common down to
¢.02600mbsf, with typical samples yielding 10-50
specimens, representing 4-9 species. Thelower part, from
c. 260 mbsf to c. 340 mbsf has sparser assemblages,
commonly with only one or two species. There is a
substantial barreninterval fromc. 275to ¢. 320 mbsf. The
lower boundary of Unit |1 lies near the base of LSU 11.3.

Diatom and cal careous nannofossil data indicate that
Foraminiferal Unit Il isentirely Late Oligocene in age.

Foraminiferal Unit 111 (342.42 - c. 486.19 mbsf)

Highest occurrencesof Cassidulinoidesbrazliensisat
342.42 mbsf and alarge, unnamed Fursenkoina sp.,c. 3m
below at 345.50 m, mark thetop of Foraminiferal Unit 11,
and the two species are the most common taxa within it.
Epistominella exigua and Eponides bradyi have sporadic
occurrences. Eleven of 20 samples contained sparse to
moderate foraminiferal assemblages, consisting of three
to six species. Isolated, large miliolid individuals were
observed in the core at c. 345, 460 and 466 mbsf.

The upper part of Foraminiferal Unit Il is poorly
developed, but more diverse and abundant assemblages
occur in its lower third. There is an abrupt increase in
abundance and diversity below c¢. 440 mbsf., the level
thought torepresent the Upper Oligocene-L ower Oligocene
boundary (see Chronology section, chapter 7). Thereisa
major barren interval from c. 347 to c. 435 m, which
includes all of LSU12.1 and 12.2 (diamictite and
sandstone). The base of the unit liesc. 6 m abovethe base
of LSU 13.2.

Foraminiferal Unit IV: Impoverished (486.19-
624.150mbsf)

The top of Foraminiferal Unit IV is placed at a hon-
fossiliferoussamplec. 4 mbelow thelowest occurrence of
Cassidulinoides brazliensis. The Unit commences near
the base of LSU 13.2 and continues to the base of the
drilled section in LSU 15.6. Rocks within the Unit are
well-indurated and difficult to disaggregate. Only one
(564.58 mbsf) of the eight samples examined yielded
foraminifers: asingle, moderately preserved, specimen of
Fursenkoina sp. (of Foraminiferal Unit 111). Despite the
virtual absence of smaller foraminifera, isolated single
specimens of large, apparently well preserved, biloculine
miliolids (probably Pyrgo spp.) wereobserved inthe core
at ¢. 599 and 620 mbsf. Their presence may indicate a
specialised, perhaps hypersaline, environment unsuitable
for other species.

PALAEOENVIRONMENT
All of the four Foraminiferal Units described above

contain calcareous benthic foraminiferal faunas of
moderateto very low diversity, and lack both planktic and
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agglutinated benthic foraminifera. These factors suggest
that all four assemblages reflect various inshore benthic
environments, whichwereisolatedfromoceaniccircul ation
and affected by variouseventsand processes, e.g. reduced
salinity, involving meltwater.

Progressing from Foraminiferal Units IV to I, the
faunas suggest along-term deepening trend, as indicated
by increasing foraminiferal abundance and diversity
(although with second-order reversals) followed by a
return, as reflected by the Unit | fauna, to more inshore
environments.

The sparse fauna of Unit 1V, with scattered large
miliolids, isconsistent withashallow water (hypersaling?)
environment, abovewave base (c. 50 m?), assuggested by
sedimentological evidence (see Facies Analysis section,
chapter 3). Foraminiferal Unit |11 assemblages probably
reflect increased, mid- to outer- shelf (100-200 m) water
depths, especialy from c. 440-485 mbsf. Still further
deepening, to perhaps outer-shelf or upper-slope depths
(200-300 m), may indicated by the more consistent and
diverse faunas of Unit I1. Foraminiferal Unit 1 marks an
abrupt returnto low diversity, sparsefaunas characterized
by theshall ow water taxa, El phidiumand Cribroel phidium.
A near-shore setting is likely, but apparently there is no
sedimentological evidence that the site was above wave
base.

AGE AND CORRELATION

All foraminifers from CRP-2/2A have either long or
poorly known ranges, and no age-diagnostic specieswere
encountered to permit external correlation. Although the
CRP-2/2A faunasarelessdiverseandlack planktic species,
they bear ageneral resemblanceto Oligoceneand Miocene
faunas from lithostratigraphical Unit 2 (especialy 2B to
2l)atDSDPSite270(Leckie& Webb, 1985). Foraminiferal
Units Il and |11 are comparable to the Globocassidulina-
Cassidulinoides-TrochoelphidiellaAssemblageZonefrom
the lower part of DSDP270, while Foraminiferal Unit |
resembles the Epistominella-Elphidium-Nonionella
Assemblage Zone from the upper part of that drill hole.
CRP-2/2A faunas also seem closely related to faunas in
Units5, 7, 8, 9 and 15 in CIROS-1, but significantly, no
fauna equivalent to the lowermost CIROS-1 fauna, from
Unit 21 (Webb, 1989, p. 105), was encountered in
CRP-2/2A.

Only Foraminiferal Unit | assemblagesarerepresented
in the nearby CRP-1 drill hole (Cape Roberts Science
Team, 1998c).

CALCAREOUS NANNOFOSSILS
INTRODUCTION

Cal careousnannofossil soccur throughout the Southern
Ocean in pre-Miocene sedimentary rocks deposited in
pelagic and hemipelagic settings where the bottom was
above the carbonate compensation depth (CCD).
Conditionsduring the Cretaceousthrough Oligocenewere
sufficiently different in the Southern Ocean from the

temperate and tropical areas of the world that separate
biostratigraphical zonations have been developed. The
Southern Ocean biostratigraphical zonation of Wei &
Wise(1990) hasbeen adopted to subdividetheEoceneand
Oligocene sequence in the Cape Roberts cores. This
zonation hasthe advantage of utilizing several prominent
high-latitude species while retaining those bio-
stratigraphical marker species from temperate zonations
that penetrate in the high Southern latitudes. Most of the
biohorizons used in this zonation have been correlated
directly to the palacomagnetic time scale and, indirectly,
to the geochronological time scale.

RESULTS

Theentire pre-Pliocene sequencefrom holes CRP-2/2A
was sampled and examined for calcareous nannofossils.
Samples were chosen preferentialy from fine-grained
lithologies or at least from sedimentary rocks with fine-
grained matrix material. All samples were examined
initially by using smear dides of raw sediment. In most
cases, no additional sample preparation was done. A few
coarser-grained sediments were processed by a
gravitational settling technique in which approximately
0.1 cmd of sediment was disaggregated and suspended in
sufficient purified water to constitute a column of
approximately 2 cm height in a small closed vial. This
suspension was alowed to settle undisturbed for 60
seconds, at which point an aliquot of the supernatant was
withdrawn and mounted on acover glass. This procedure
removed grains larger than approximately 20 microns
from the supernatant, and thus concentrated the finer,
nannofossil-bearing size fraction.

A total of six samples spanning in the cored interval
from 29.70t057.32 mbsf inHole CRP-2 and 179 samples
from 54.67 to 624.10 mbsf in CRP-2A drill hole were
examined for calcareous nannofossils. All of the pre-
Pliocene samples from CRP-2 are barren of calcareous
nannofossils. Intotal, 72 of the 183 samplesfrom CRP-2A
contain somenannofossils. Thissuggestsarepresentation
of nannofossils in less than 40% of the cored interval.
However, examination of figure 5.5 indicates that the
distribution of nannofossil-bearing samplesin the section
isnot uniform, but occur with nannofossiliferousintervals
separated by barrenintervals. For example, the 25 mfrom
C. 144 to 169 mbsf contains nannofossils in 90% of the
samples (18 out of 20), whereas the subjacent 25 m from
¢. 169 to 194 mbsf contains nannofossilsin only 11% of
the samples (one out of nine). These intervals of
nannofossil-bearing samples define a set of hemipelagic
depositional episodes (see below) that punctuate the
Oligocene history of the Ross Sea. These fossiliferous
intervals occur generaly in the finest-grained mudrocks
and correspond to those where other palaeontological
indicatorsof deep water havebeenfound (e.g. pteropods).

The highest of these stratigraphical intervals (144.44
to 167.35 mbsf) constitutes an interval of relatively
continuous nannofossil occurrence. Excluding the barren
samples intercalated within this sequence, the average
nannofossil speciesrichnessis3.3 speciesper sample. The
highest richnessval uesoccur near thecentreof thesequence
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Fig.5.5- Speciesrichnessof cal careousnannofossi| assemblagesfrom CRP-2/2A. Horizontal axisisthenumber of speciesidentifiedinagivensample.
Those sampleswith zero (0) speciesidentified are barren samples. Note that the distribution of nannofossil-bearing samplesisnon-random, defining
aset of hemipelagic episodes during deposition of the Oligocene of CRP-2A (see text).

(150.70 to 155.20 mbsf), with two samples having seven
species per sample (Tab. 5.6). Specimen abundance and
species richness decrease both up-section and down-
sectionfromthisrichnessmaximum. Taxapresentinclude
Dictyococcites bisectus, Dictyococcites productus,
Reticulofenestra minuta and Reticul ofenestra minutula.
The presence of D. bisectus without Chiasmolithus altus
isindicative of the Dictyococcites bisectus Zone of late

Oligocene age. Thelast occurrence of D. bisectusiswell
constrained in the Southern Ocean (Wei & Wise, 1992;
Berggren et a., 1995) at 23.9 Ma. This datum (identified
at 149.28 mbsf) is amost certainly a minimum estimate
for the age of this horizon, as this speciesis only present
in this sequence during the interval of highest species
richness. The late Oligocene age is corroborated by the
presence of R. minuta.






Pal aeontol ogy

The interval from 169.58 to 193.65 mbsf is
characterized by samples that are largely barren of
cal careousnannofossils. Only onesample, at 181.74 mbsf,
containsrare, moderately preserved nannofossils. Species
present include D. bisectus, Dictyococcites daviesii, and
R. minuta. This assemblage is consistent with the
D.[bisectusZone, although it might also be adepauperate
representativeof theunderlying ChiasmolithusaltusZone.

Cal careousnannofossil soccur consistently insamples
from the short interval of 195.70 to 200.54 mbsf. All four
samplestaken from thisinterval contain rare, moderately
preserved assemblages consisting of three to six taxa
(Tab.05.6). The most species-rich sample, from
200.150mbsf, contains the smaller reticulofenestrids
(R.Ominutaand R. minutula) as well as the larger
dictyococcitids (D. daviesii, D. hesslandii, and
D.[productus), but significantly lacks D. bisectus. In
addition, it contains Thoracosphaera saxae, a calcareous
dinoflagellate. The assemblageis consistent with, but not
definitive of, the D. bisectus Zone of late Oligocene age.

Below this short interval of nannofossiliferous rock,
thereisathick (at least 115 m) sequence of stratathat is
largely devoid of cal careousnannofossils(Fig. 5.5). From
215.52 to 330.26 mbsf, it yielded only four samples
(222.25, 236.25, 296.39, and 296.83 mbsf) that contain
veryrare, generally poorly preservednannofossils. Because
of the very rare occurrence of these specimensin athick
sequence of otherwise barren sedimentary rock, it is
entirely probable that the specimens are reworked. None
of the depauperate assemblages are age diagnostic. It is
notable, however, that they contain the last down-hole
occurrence of R. minuta (at 296.83 mbsf).

All nine samples taken from the interval 330.69 to
340.19 mbsf contain calcareous nannofossils, athough
surrounding rocksimmediately aboveandbel ow arebarren.
The assemblages are similar to others higher up-section,
containing D. bisectus, D. daviesii, and D. hesslandii. In
addition, thoracosphaerids occur in samples 330.82 and
340.00 mbsf. Below isanother thick (c. 70 m) interval of
rock that islargely barren of nannofossils. From 340.28to
410.94 mbsf, only four samples (358.22, 396.98, 397.92,
and 409.38 mbsf; Tab. 5.6) contain nannofossils. The
assemblages are generally poorly preserved and contain
only very rare nannofossils including D. daviesii and
D.[hesdandiilnaddition, however, asampleat 358.49 mbsf
contains common fragments of Thoracosphaera heimii
and Thoracosphaera saxea, mainly as single platelets,
representing thoracosphaerid teststhat have been broken.
No other nannofossils are present. This thoracosphaerid-
richinterval isreminiscent of thethoracosphaerid horizons
inthe Quaternary of CRP-1 (Cape Roberts Science Team,
1998b) and CRP-2A (thisvolume). Villa & Wise (1998)
related the Quaternary occurrencesin CRP-1torelatively
warm intervals during an otherwise glacially dominated
climatic regime. However, this deduction may not be
applicable directly to the mid-Oligocene occurrence.

The identification of calcareous nannofossil
assembl agesof thelate Oligocene Dictyococcitesbisectus
Zone distinguishes this sequencein CPR-2A from others
intheRoss Sea. Direct comparisonwith othersinthe Ross
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Seais difficult because of the lack of previous work on
upper Oligocene nannofossils. Interest in the CIROS-1
core focused on the L ower Oligocene and Upper Eocene.
Neither Edwards & Waghorn (1989) nor Wei (1992)
sampled above CIROS-1 Lithostratigraphical Unit 18
(highest samplesat 385.77 and 380.00 mbsf, respectively).
Monechi & Reale (1997) sampled CIROS-1 Lithological
Units 11 (four samples between 214.55 and 228.83 mbsf)
and 15 (310.45 and 316.34 mbsf), dated by diatomsaslate
Oligoceneinage (Harwood et al., 1989a). However, these
sampleswerebarren of nannofossils. Thestratigraphically
highest sample known to contain nannofossilsin CIROS-1
is from Lithological Unit 16, at 334.37 mbsf, with rare,
poorly preserved specimensof Coccolithus pelagicusand
D.daviesii (Monechi & Reale, 1997). AlthoughD. daviesii
isthemost common component of Oligoceneassemblages
from CRP-2A, no definitive specimens of C. pelagicus
have been identified during our preliminary examination.
The sample at 334.37 mbsf, located near the base of the
Upper Oligocene, isthe only known nannofossil-bearing
horizon inthe Upper Oligocene at CIROS-1. At CRP-2A,
there is more than 100 m of nannofossil-bearing stratain
the Upper Oligocene D. bisectus Zone. This suggests, by
correlation, that nannofossil-bearing strata should occur
above Unit 16 in CIROS-1. Similarly, there was no
systematic examination of theM SSTS-1 Upper Oligocene
for calcareous nannofossils. As aresult, it is difficult to
judgewhether or not therecord of 1ate Oligocenecal careous
nannoplankton in CRP-2A is unique for the Ross Sea.

There was a significant addition to the calcareous
nannofossi| assembl agethat occurred duringtheunderlying
episode of hemipel agic sedimentation. Thethin siltstones
interbedded with coarser lithotypes from 412.25 to
413.050mbsf contairChiasmolithus altus, in addition to
D. daviesii, D. hesslandii, and R. hampdenensis. The last
appearance datum (LAD) of C. altus has been well
documented el sewherein ChronC8nat 26.1 Ma(Berggren
et a., 1995). The LAD of C. altusis used as the upper
boundary of the C. altus Zone of late early to early late
Oligocene age. This species appears to range down to a
first appearancein the Lower Oligocene (Perch-Nielsen,
1985; de Kaenel & Villg, 1996), athough Wel & Wise
(1990) report this taxon significantly lower (upper to
middle? Eocene) in the Weddell Sea. This species has
been found in only two samples during our preliminary
examination of CRP-2A, indicating that asignificant part
of the zone is missing. Diatom evidence (this volume)
suggests that this interval is early Oligocene in age,
suggesting that much of the upper part of the zone is
missing in amajor disconformity.

Samplesintheinterval from 426.49t0456.32 mbsf are
difficult to date biostratigraphically using calcareous
nannofossils. All but three of the 13 samples examined
from this interval are either barren or contain such very
rare, poorly preserved nannofossil sthat bi ostratigraphical
classification is impossible. Three samples having
somewhat better assemblages till evidently lack any
diagnostic species. Thisinterval can becharacterized only
based onitsstratigraphical relationshipwith theoverlying
(C. altus) and underlying (R. oamaruensis) zones, and, on
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account of its pogtion it is assigned tentatively to the
combined Dictyococcites daviesii/Blackites spinosus Zone
of early Oligocene age. Thetwo zones have been combined
because the biohorizon used to differentiate the two, the
LAD of Isthmolithus recurvus, was not identified in our
preliminary examination. Thismight suggest that the entire
interval should be placed inthe D. daviesii Zone. However,
I.recurvusisrarein CRP-2A, having beenidentified from
only one sample (459.52 mbsf) in the underlying zone.

Theinterval from457.00t0474.63iswell-characterized
biostratigraphically by well-preserved assemblages
containing Reticulofenestra oamaruensis. This high
southern | atitude species has atota range that definesthe
R. oamar uensisZoneof earliest Oligocenetolatest Eocene
ageandiswell-documented geochronologically. TheFAD
of R. camaruensis appearsto occur consistently in Chron
C16 in the Southern Ocean (Wei & Wise, 1992), with its
best placement within C16n.1n (Berggren et al., 1995),
yielding an age of 35.4 Ma. The LAD of R. oamaruensis
hasbeen correlated to Chron 13r, although it may occur at
the C13n/C13r boundary based on therecord at ODP Site
699 (Wei, 1991; Berggren et a., 1995). Given this
placementin C13n, it hasbeen assigned an ageof 33.7 Ma
by Berggren et a. (1995), which isnumerically the age of
theEocene/Oligoceneboundary asused by them. However,
if the record of ODP Site 699 is correct, the actual age of
the LAD of R. camaruensis should be slightly higher.
Berggrenetal. (1995) datethe Chron C13n/C13r boundary
at 33.545 Ma. This earliest Oligocene age assignment is
appealing as it is more in keeping with the traditional
assignment of thezoneasstraddling theEocene/Oligocene
boundary. M oreover, other palacontol ogical evidencefrom
CRP-2A suggests that this interval is earliest Oligocene
rather than latest Eocenein age. Infact, thereissignificant
evidence from diatoms that suggests R. camaruensis
specimens in thisinterval may be reworked.

There is a thick interval of rock that is barren of
calcareous nannofossils from 486.30 to 612.97 mbsf.
Nevertheless, near the base of the hole, two samples
yielded calcareous nannofossils. At 619.11 mbsf, arare,
poorly preserved assembl agecontainsonly Dictyococcites
hessandii. A significantly better assemblagewasrecovered
from the basal “fast track” sample at 623.60 mbsf that
includes Bicolumnus ovatus, Dictyococcites bisectus, and
D. hesslandii. Bicolumnusovatuswasfirst described from
the Upper Eocene and Lower Oligocene of Maud Rise,
Weddell Sea, but is also known to occur from the Upper
Eoceneand Lower Oligocene of the Falkland Plateau and
Rio Grande Rise (Wel & Wise, 1990). More recently, it
has been reported from as high as the Upper Oligocene
(Zone NP 25) of the Iberian Abyssal Plain (de Kaenel &
Villa, 1996). Thus, the species present in this assemblage
cannot be used to assign an age for the base of CRP-2A.

PALYNOLOGY
INTRODUCTION

183 sampleswerecollected for palynological analysis
(Tab. 5.7), of which 122 “fast-track” and regular samples

were processed and studied at CSEC laboratory during the
core characterization phase; finest grain size rocks were
selected with a target sampling interval of 3 to 6 m.
Palynological preparation followed the techniques used for
CRP-1anddescribed by CapeRobertsScience Team (19984)
and Simes & Wrenn (1998), with only minor modification.
Between 5and 1200g of rock wereprocessed for each sample.
One tablet of Lycopodium spores (Lund University
batch(0#(1124961) wasadded to each sampl ebeforeprocessing
toenablelater estimation of palynomorph concentration per
weight of sediment. Microwave digestion in hydrochloric
and hydrofluoric acid wasfollowed by 7 minutes oxidation
with concentrated nitric acid, decantation using a swirling
method and sieving with 125 or 212[um mesh to remove
coarse mineral grains, and heavy liquid separation with
sodium polytungstate. Finally, most organic residues were
sieved to remove particles less than 6[im diameter.

Very few modern contaminant pollengrainswereseen
during microscopic examination of the slides.
Autofluorescence characteristics (using a Zeiss epi-
illumination system I11-RS with blue-violet excitation)
were used as an aid to distinguish different pollen and
spore components. modern pollen displayed a white
autofluorescence, Cenozoic specimens yellow to orange
colours, and Permian and lower Mesozoic pollen and
spores dull red to no autofluorescence. The drilling mud
used in CRP-2/2A was primarily the same synthetic
polymer used in drilling of CRP-1, and had previously
been found to contain negligible contamination. Guar
gum, amud additive of vegetableorigin, alsowasused in
CRP-2/2A. The residue retained by filtering a diluted
suspension of the gum on a6 um sieve contained aminor
amount of colourless fibres and other cellular material.
Thisdisplayed whiteautofluorescenceand could easily be
distinguished from fossil material.

PALYNOFACIES

A simple visual estimate of relative organic residue
volume was made from the number and density of
microscope slides produced (all recovered material was
mounted), astime available did not permit more accurate
estimation using Lycopodium spore counts. This value
was divided by the weight of sample processed to obtain
anapproximatemeasureof the* palynological residue’, or
coarse organic matter content of the sediments (Fig. 5.6).
Excluded from estimation were samples in which
significant lossduring processing wasnoted. Theestimate
may not reflect total sediment organic content, asorganic
residue particleslessthan 6ium wereremoved by sieving.
Amorphous organic matter in particular will have been
removed by sieving and by nitric acid oxidation.

Ingeneral, total residueisnot abundant above 306 mbsf,
althoughtherearepeaksat about 230 and 260 mbsf. Below
306 mbsf residue is distinctly more abundant, with the
exception of low values at 531.65 mbsf and 594.90-
601.340mbsf. Theprincipal residue component consistsof
redeposited coal fragments. The dominance of these is
partly controlled by hydrodynamic factors: thelow values
are probably due to current sorting in the sandstones at
those levels.
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Tab. 5.7 - Palynology sampling during core characterization.

Hole Top Base Lab.# Wt (g) Lithology Unit | Hole Top Base Lab.# Wt(g) Lithology Unit
2 13.31 1332 62 7.50  sandy diamicton 21 2A 256.03 256.04 135 450  mudstone 9.4
2 16.74 1575 60 8.00  muddy sand (diamicton) 21 2A 260.00 260.02 123 11.50  sandy mudstone 9.4
2 1575 1576 61 6.50  sandstone clast 21 2A 261.68 261.69 mudstone 9.4
2 21.02 21.03 63 6.50  sand (diamicton) 21 2A 266.03 266.04 v.f. sandstone 95
2 2118 2119 71 6.50  sand (diamicton) 21 2A 270.94 270.95 134 8.50  muddy f. sandstone 9.5
2 2233 2234 72 6.50 m. sand 22 2A 27591 275.92 muddy f. sandstone 9.5
2 2441 2442 73 7.00  sandy diamicton 22 2A 28557 28558 137 10.50  clay bed in f. sand 9.5
2 2544 2545 74 6.50 sandy diamicton 22 2A 287.99 288.00 v.f. sand 9.5
2 2586 2587 75 9.00 sandy diamicton 22 2A 292.31 29232 126 11.50 muddy f. sand 9.5
2 2629 2630 76 9.50 fine sand 22 2A 29231 29232 180* 10.00  muddy f. sand 9.5
2 2636 2637 77 11.00  fine sand 22 2A 296.32 296.33 138 10.50  sandy mudstone 10.1
2 2679 2680 78 10.50  muddy fine sand 3.1 2A 302.84 302.85 v.f. sandstone 1.1
2 2689 2690 80 11.00  muddy fine sand 3.1 2A 307.12 307.13 139 6.00  silty claystone 1.1
2 27.88 2789 64 8.50 muddy v.f. sandstone 3.1 2A 309.98 309.99 v.f. sandstone 1.1
2 29.00 29.02 59 550  v.f.silty sand 3.1 2A 316.50 316.52 129 1200  mudstone 1.2
2 3275 3276 79 9.50  muddy m. sandstone 3.1 2A 317.59 317.60 141 550  mudstone 1.2
2 3438 3439 65 6.00  muddy m. sandstone 3.1 2A 321.82 321.83 mudstone 11.2
2 36.24 36.28 56 550 m.sand 3.1 2A 325.66 325.67 142 8.00  siltstone 1.2
2 40.54 4055 66 6.50  muddy fine sand 3.1 2A 330.86 330.87 mudstone 1.3
2 44.08 44.09 67 7.00  muddy fine sand 3.1 2A 335.29 33530 143 9.00  mudstone 1.3
2 4741 4754 57 6.00  muddy fine sand 3.1 2A 339.80 339.82 128 9.50  mudstone 1.3
2 48.63 4864 68 6.50  muddy sand (diamicton) 4.1 2A 339.80 339.82 181* 10.50  mudstone 1.3
2 51.96 5197 69 9.00  v.f. sandy mudstone 4.1 2A 342.14 34215 mudstone 1.3
2 5417 5418 70 6.00 muddy v.f. sandstone 5.1 2A 346.12 346.13 144 8.50  sandy mudstone 1.3
2A 5296 5297 84 11.00 muddy v.f. sandstone 5.1 2A 349.21 349.22 muddy f. sandstone (diamictite) 121
2A 5580 5581 85 9.50 muddy v.f. sandstone 5.1 2A 353.61 353.62 145 9.00  sandy diamictite 121
2 57.32 57.42 58 6.50 sandy mudstone 5.1 2A 358.20 358.22 133 8.50 mudstone 121
2A 59.97 59.98 86 11.50  mudstone 5.1 2A 360.00 360.01 siltstone 121
2A 63.28 6329 87 7.50  mudstone 5.1 2A 361.33 361.34 sandy diamictite 121
2A 67.63 67.64 89 9.00  mudstone 5.1 2A 363.00 363.01 147 8.00  mudstone 121
2A 70.79 70.80 90 7.00  mudstone 5.1 2A 369.85 369.86 148 10.50  muddy f. sandstone 121
2A 71.20 71.21 82 10.00 mudstone 5.1 2A 376.54 376.55 muddy f. sandstone 121
2A 7559 7560 81 7.00 muddy fine sandstone 6.1 2A 382.25 382.26 149 11.00 muddy v.f. sandstone 121
2A 76.12 76.13 91 8.50 v.f. sandy mudstone 6.1 2A 384.37 384.38 muddy f. sand 121
2A 7944 7945 93 6.50  v.f. sandy mudstone 6.1 2A 390.17 390.19 136 10.50  mudstone 121
2A 83.73 8374 94 11.00  muddy f. sandstone (diamictite) 6.2 2A 396.65 396.66 mudstone 121
2A 89.52 89.53 95 9.50 fine sandstone (diamictite) 6.2 2A 401.05 401.06 152 10.00  muddy f. sandstone 122
2A 90.46 9048 96 14.00  muddy v.f. sandstone 6.2 2A 405.57 405.58 sandy mudstone 122
2A 93.76  93.77 97 11.00 muddy v.f. sandstone 6.3 2A 412.25 41227 140 11.50 muddy f. sandstone 12.2
2A 96.77 96.78 83 10.50  muddy v.f. sandstone 6.3 2A 416.95 41696 153 12.00  muddy f. sandstone 122
2A 101.10 101.11 98 11.50 muddy v.f. sandstone (diamictite) 71 2A 423.87 423.88 m. sandstone 12.2
2A 103.62 103.63 101 7.50 sandy diamictite 71 2A 429.32 429.33 157 11.00 v.f. sandy mudstone 12.2
2A 106.00 106.01 103 8.00 sandy diamictite 71 2A 437.69 437.70 158 12.50 mudstone 12.2
2A 109.13 109.14 102 9.00 f. sandstone 72 2A 44317 443.18 mudstone 13.1
2A 111.06 111.07 104 11.00 f. sand 7.2 2A 44476 44478 146 10.50 mudstone 13.1
2A 113.50 113.51 105 8.50 mudstone 7.2 2A 449.22 44923 mudstone 13.1
2A 114.23 11424 106 12.50 v.f. sandstone 8.1 2A 453.26 453.27 159 11.50 sandy mudstone 13.1
2A 11471 11472 107 12.00 v.f. sandstone 8.1 2A 458.52 458.53 sandy mudstone 13.1
2A 118.88 118.89 108 11.00 muddy v.f. sandstone 8.1 2A 463.54 463.55 sandy mudstone 13.1
2A 12255 122.56 109 10.00 muddy v.f. sandstone 8.1 2A 464.98 465.18 151 11.50 sandy mudstone 13.1
2A 123.50 123.51 110 11.00 muddy v.f. sandstone 8.1 2A 467.90 467.91 sandy mudstone 13.1
2A 128.09 128.10 111 10.50 muddy v.f. sandstone 8.1 2A 471.07 471.08 sandy mudstone 13.1
2A 130.90 130.92 88 11.50 muddy f. sandstone 8.2 2A 473.97 473.98 muddy f. sandstone 13.1
2A 13214 13215 112 11.50 f. sandstone 8.2 2A 47497 47498 165 10.50 muddy f. sandstone 13.1
2A 135.08 135.09 v.f. sand 8.2 2A 480.81 480.82 160 11.00 sandy mudstone 13.1
2A 139.91 139.92 115 10.50 v.f. sandy mudstone 8.3 2A 484.54 48455 v.f. sandy mudstone 13.1
2A 141.27 141.28 v.f. sandy mudstone 8.3 2A 486.32 486.34 150 8.50 v.f. sandy mudstone 13.1
2A 145.59 145.60 v.f. sandy mudstone 8.3 2A 49410 49411 166 9.50 laminated v.f. sandstone 13.1
2A 147.53 14754 116 6.00 v.f. sandy mudstone 8.3 2A 499.02 499.03 f. sandstone 13.1
2A 149.55 149.57 v.f. sandy mudstone 8.3 2A 502.55 502.56 167 11.00 mudstone 13.1
2A 150.77 150.78 v.f. sandy mudstone 8.3 2A 502.56 502.57 lam. siltstone/v.f. sandstone 13.1
2A 154.47 15448 117 11.50 v.f. sandy mudstone 8.4 2A 507.77 507.79 156 11.00 siltstone 13.1
2A 157.09 157.10 mudstone 8.4 2A 509.80 509.81 lam. mudstone/v.f. sandstone 13.1
2A 158.51 158.53 92 10.50 v.f. sandy mudstone 8.4 2A 515.82 515.83 168 12.00 muddy v.f. sandstone (intraclast) 13.1
2A 161.74 161.75 v.f. sandy mudstone 8.4 2A 523.36 523.37 muddy v.f. sandstone 13.1
2A 165.89 165.90 118 7.00 v.f. sandy mudstone 8.4 2A 524.46 524.48 155 11.00 v.f. sandstone 13.1
2A 168.94 168.95 v.f. sandy mudstone 8.4 2A 531.65 531.66 169 12.50 green m. sandstone 141
2A 171.74 17175 v.f. sandy mudstone 8.4 2A 536.50 536.51 171 12.50 mudstone 15.1
2A 173.44 17346 119 11.00 v.f. sandy mudstone 8.4 2A 540.90 540.91 muddy v.f. sandstone 15.1
2A 176.18 176.19 v.f. sandy mudstone 8.4 2A 543.81 543.83 154 10.50 siltstone 15.1
2A 177.75 177.76 120 7.50 v.f. sandy mudstone 8.4 2A 548.46 548.47 172 12.00 siltstone 15.2
2A 17790 177.92 100 11.50 v.f. sandy mudstone 8.4 2A 556.06 556.07 173 13.00 muddy v.f. sandstone 15.2
2A 178.85 178.86 v.f. sandy mudstone 8.4 2A 561.31 561.32 muddy v.f. sandstone 15.2
2A 181.73 181.74 121 8.00 v.f. sandy mudstone 8.4 2A 563.97 563.98 muddy f. sandstone 15.2
2A 185.24 185.25 muddy v.f. sand 9.1 2A 564.68 564.70 162 9.50 v.f. sandy mudstone 15.2
2A 187.45 187.46 122 8.00 f. sandstone 9.2 2A 569.77 569.78 sandy diamictite 15.2
2A 193.96 193.97 muddy f. sandstone (diamictite) 9.3 2A 575.36 575.37 174 11.00 mudstone 15.3
2A 195.70 195.72 99 12.50 v.f. sandstone (diamictite) 9.3 2A 579.04 579.05 siltstone 15.3
2A 199.09 199.10 125 10.00 muddy f. sandstone (diamictite) 9.3 2A 583.41 583.42 muddy v.f. sandstone 15.3
2A 202.34 202.35 muddy f. sandstone 9.3 2A 584.59 584.61 161 9.50 v.f. sandy mudstone 15.3
2A 207.21 207.22 127 5.00 muddy f. sandstone 9.3 2A 588.13 588.14 f. sandstone 15.4
2A 211.25 211.26 muddy v.f. sandstone 9.3 2A 594.90 594.91 175 8.50 muddy f. sandstone 15.4
2A 21524 21525 130 7.00 muddy f. sandstone 9.3 2A 601.34 601.35 176 11.00 muddy f. sandstone 15.4
2A 21549 21552 113 10.00 muddy f. sandstone 9.3 2A 603.06 603.07 lam. v.f. sandstone/siltstone 15.5
2A 218.17 218.18 muddy v.f. sandstone 9.3 2A 604.44 604.46 164 12.50 sandy mudstone 15.5
2A 220.52 220.53 muddy f. sandstone 9.3 2A 608.25 608.27 170 - coal pebble 15.5
2A 227.01 227.02 131 6.00 muddy f. sandstone 9.3 2A 608.33 608.34 lam. v.f. sandstone/siltstone 15.5
2A 232.90 23291 muddy f. sandstone 9.3 2A 612.60 612.61 177 11.00 muddy f. sandstone 15.5
2A 236.34 236.35 114 11.50 muddy v.f. sandstone 9.3 2A 620.21 620.22 179 12.00 v.f. sandy mudstone 15.6
2A 242.82 242.83 muddy v.f. sandstone 9.3 2A 623.77 623.79 163 10.50 sandy mudstone 15.6
2A 24549 24550 132 5.50 mudstone 9.3 2A 624.14 624.15 178 12.00 v.f. sandy mudstone 15.6
2A 25120 251.21 mudstone 9.4

Note: blank laboratory numbers = reserved samples; * = reprocessed sample.
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Fig. 5.6 - Palynofacies: relative abundance of organic particulate material (palynological residue) per unit weight of sediment; and rel ative abundance
of major componentsof theorgani c matter classed according to asemi-quantitativescaleby visual estimation: 0- absent; 1- rare, oneto afew specimens
per sample; 2 - sparse, moderate numbers of specimens per sample; 3 - common, very many specimens per sample; 4 - abundant, major component
of organic residue; 5 - prolific, dominant component of residue.
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Fig. 5.7 - Palynofacies. photomicrographs of selected organic material and palynomorphs found in CRP-2/2A samples. a) light-coloured woody
phytoclast and black recycled coaly fragments: depth 620.21-620.22 mbsf, slide number P179/2, England Finder coordinates O40/0, magnification
x200; b) black thermally metamorphosed recycled taeniate bisaccate pollen: 531.65-531.66 mbsf, P169/1, V41/0, x1000; c¢) plant tissue of
undetermined affinity: 524.46-524.48 mbsf, P155/3, V 39/4, x250; d) plant cuticle with stomata, of undetermined affinity: 335.29-335.30 mbsf, P143/2,
E47/4, x1000; €) microforaminiferal linings: 44.08-44.09 mbsf, P67/1, H50/1, x250; ) jaw apparatus of polychaete annelid (scolecodont): 474.97-

474.98 mbsf, P165/2, F36/3, x250.

Relative proportions of components of the
palynological material (Batten, 1996), excluding
amorphous organic matter, were classed by visual
inspection of the microscope slides using a 5-part scale
(Fig. 5.6). The major components include:

- black organic matter: opague angular, more or less

equidimensional particlesof c. 10-1200im diameter, a

range determined by the mesh of sieves used in

preparation (Fig. 5.7a); these are regarded as detrital
coal which, from the identified provenance of
macroscopic sediment clasts (see Sedimentology
chapter) and the occurrence of recycled Permian and
Triassicpollenand spores(e.g. Figs. 5.7b & 5.11j,1 &
m), is certainly derived from the Beacon Supergroup;
the component dominates the palynological material
inalmost all samples, except afew inthe upper part of
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thesectioninwhichthetotal amount of residueissmall
and in which brown organic matter and foraminiferal
linings assume a greater relative proportion;

- brown organic matter: translucent brown, structured
organicmatter; probably mostly phytoclasts, i.e. derived
from plants, and including mainly wood but also some
cuticle and other resistant tissue (Fig. 5.7a, ¢ & d);
moderateval uesprevail inthesection above 350 mbsf,
except for low valuesin Plio-Pleistocene LSU 2.1 and
2.2, but below 350 mbsf therearerelatively low values
except for peaks around 450 mbsf in LSU 13.1, at
531.65 mbsf inthewell-sorted sandstoneof LSU 14.1,
and near the base of the sectionin LSU 15.6;

- foraminifera linings: the “chitinous’ test linings of
mainly benthic foraminifera (Fig. 5.7¢); these are
relatively abundant in the section above 306 mbsf,
except for the Plio-Pleistocene interval, but attain
similar valuesin only afew parts of the section below
306 mbsf - peaks in relative abundance in the lower
sectionreflectrelatively finer-grainedintervalsinLSU
13.1, 13.2, and 15.1-15.3, in which conditions were
apparently more favourable for foraminifera, and
possibly intervals where sediment accumul ation rates
were lower with less of a dilution effect;

- leiospheres: smooth-walled cystsor cell wallsof marine
algae (species of Leiosphaerdia, Fig. 5.9, and
Sgmopoallis) of uncertainaffinity, classedasAcritarcha
(see succeeding section); these are clearly most
abundant between the top of the Miocene section at
about 27 mbsf and the base of LSU 8.4 at about
1800mbsf, a distribution consistent with their high
abundance in the lower part of the CRP-1 Miocene
section.

Minor but either conspicuous or palynologically
significant components al so recorded include:

- other marine microplankton, including spinose and
other Acritarcha (Fig. 5.9c-e & h), Prasinophyceae
(e.g. Tasmanites, Fig. 5.9g9; Cymatiosphaera,
Fig.005.9h), and Dinophyceade.g. Fig. 5.8a-); rare to
sparsethroughout thesection; their detailed distribution
and significanceisdiscussed in thefollowing section;

- scolecodonts: thesearedispersed partsof themandibles
and maxillary apparatus(feeding organs) of polychaete
annelidworms(Szaniawski, 1996), but thecomponent
may aso include superficially similar arthropod and
mollusc parts(Fig. 5.7j); rarethroughout the sequence
but more consistently present in the section above
about 200 mbsf; commonly associated with intervals
rich in foraminiferal test linings;

- pellets: approximately ellipsoidal aggregates of
amorphous and fine particulate organic matter were
recorded only in LSU 7.2 and 8.1 in the interval
111.06-118.88 mbsf, where they are rare to sparse;
they are probably fecal pelletsof marineinvertebrates
such as copepods, crustaceans, or polychagtes;

- pollen and spores (e.g. Fig. 5.10a-m): these are rare
amost throughout the section, attaining moderate
numbers between 40.54 and 47.41 mbsf in the lower
part of LSU 3.1 and in a number of samples below
3060mbsf,inLSU 11.3,13.1,14.1,15.1,15.2,and 15.3
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(there may be an association of these higher values
with relatively abundant brown organic matter,
reflecting a similar terrestrial vegetation source for
thismaterial; detailed distribution of varioustaxaand
groups s discussed in afollowing section).

MARINE PALYNOMORPHS
Assemblage Details

The marine palynomorph contents of 116 samples
were examined. Well-preserved marine palynomorphs
wererecovered, ofteninhigh numbers, from most samples
examined (Tab. 5.8). Many marine palynomorphs
mentioned in this report are illustrated in figures 5.8 and
5.9. Most speciesnot figured hereareillustratedin Hannah
et a. (1998). The marine palynomorphs from CRP-1
(Hannah et a., 1998; Wrenn et al., 1998) represent anew
early Miocene assemblage that had not previously been
recorded. Core from CRP-2/2A extends this new in situ
assemblage down into the Oligocene and then adds
additional new in situ early Oligocene material at itsbase.
Together, the two wells bridge a significant gap in the
Antarctic marine palynomorph record between the older
group of largely Palacogene species referred to as the
Transantarctic flora(Wrenn & Hart, 1988) first described
by Wilson (1967), and recent material (see McMinn,
1995, for adiscussion of thissupposed gap). Many of the
taxa recorded here are new and are referred to in open
nomenclature. A morecomprehensivestudy of theflorais
planned for the Science Results Volume on CRP-2/2A,
which should lead to the establishment of a potentially
useful series of biostratigraphic datums for the Ross Sea
region.

In situ dinoflagellate cysts (dinocysts) are common
and are dominated by protoperidinioid taxa including
Phel odiniumand Batiacasphaera. Of particular noteisthe
genusLeeunecysta whichisrepresented by up to six new
speciesinadditiontoLejeunecystacowiei and thecommon
Lejeunecysta fallax. Acritarchs, mainly Sgmopollis and
several speciesof Leiosphaeridiaarecommon throughout
the drill hole but dominate the assemblage in the upper
1600m of the Oligo-Miocene section. The phycoma of
prasinophyte green algae are present throughout the drill
hole (Pterospermella and several species of
Cymatiosphaera).

Several speciesof the Palacogene Transantarctic flora
were recovered. Vozzhennikovia apertura is the most
common form, but Enneadocysta partridgei (Fig. 5.8f),
Deflandrea antarctica, Spinidinium macmurdoense
(Fig.005.8h) Turbiosphaera filosa (Fig. 5.7h) and
Arachnodiniumantar cticum(Fig. 5.8d) wereal sorecorded.
Withthe possibleexception of specimensfromthebottom
of the core, all are considered reworked. The presence of
Enneadocysta partridgei within the Plio—Pleistocene
section (26.29-26.30 mbsf) is the highest recorded
appearanceof thisflorainthedrill hole. Four specieswere
recorded in a single sample at 40.54-40.55 mbsf. This
suddenburst of reworkingisprobably duetotheprocessing
of a clast of Eocene material. Below about 122 mbsf,
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Fig. 5.8 - Selected marine palynomorphsfrom CRP-2/2A. a) Lejeunecysta sp.1: depth = 256.03-256.04 mbsf, slide number = P135/2, England finder
coordinates= N38/4, length =80 um; b) Lejeunecysta sp. 6: 486.32-486.34 mbsf, P150/3, length = 110 wm; c) Lejeunecystasp.5: 215.49-215.52 mbsf,
P113/1, Q42/1, length = 99 um; d) Arachnodinium antarcticum: 125.09-125.10 mbsf, single grain mount 001, width of central body = 39 um;
e)[@Brigantedinium sp: 515.82-515.83 mbsf, P168/3, D55, width of central body = 47 um,; f) Enneadocysta partridgei: 346.12-346.13 mbsf, P144/1,
V41, length=55 um; g) Lejeunecysta sp.7: 495.02-495.04 mbsf, P151/2, M 38, length = 70 um; h) Spinidinium macmurdoense : 316.50-316.52 mbsf,
P129/3, P45/4, length = 70 wm; i) Turbiosphaera filosa: 346.12-346.13 mbsf, P144/1, W39/4, width of central body = 61 um.

reworking becomes more persistent. It is particularly
intense between samples at 464.98-454.18 and 444.76-
444,78 mbsf.

The Oligo-Miocene in situ marine palynomorph
assemblage can be subdivided into three informal units:
- Marine Palynomorph Unit |: 26.89-26.90 to 181.73-

181.74 mbsf. Samplesfrom Unit | yielded some of the

richest marine palynomorph floras in the drill hole.

Assemblages are commonly dominated by high

numbers of the acritarchs Leiosphaeridia and
Sgmopollis. Thebase of thisinterval ismarked by the
last down-hole occurrence of Sigmopollis and the
dinocysts Paralecaniella indentata and Lejeunecysta
fallax, which are restricted to this interval. At
approximately thesamelevel thereisagradual change
down-hole to significantly lower numbers of
Leiosphaeridia. The three species of Leiosphaeridia
previously recognisedin CRP- 1 (Hannah et al ., 1998)
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Fig. 5.9 - Selected marine palynomorphs from CRP-2/2A. a) Impagidinium cf elegans: depth = 536.50-536.51 mbsf, slide number = 171/4 England
finder co ordinates= C46/2, length = 94 um; b) Glaphrocysta sp.: 256.03-256.04 mbsf, P135/1, P40/1, width = 77 um; c) Micrhystridium sp.:464.98-
465.18 mbsf, P155/1, P40/1, width = 29 um; d)Leiofusa sp.: 316.50-316.52 mbsf, P129/2, S38, length = 72 um; e)Leiofusa ?colony: 307.12-
307.130mbsf, P139/1, S38, length = 115um; ) ?Pyxidinopsis sp.: 453.26-453.27 mbsf, P159/1, O54/3, width =50 um; g) Tasmanites sp.: 260.00-
260.02mbsf, P123/1, N37/2, width = 100 um; h) Cymatiosphaera sp.: 453.26-453.27 mbsf, P159/1, E46/4, width=29 um; i)Leiosphaeridiasp.: 75.59-
75.60 mbsf, P81/1, U38/4, width = 27 um.

are all present in this unit and additional forms have
been recognized, particularly in the two lower units.
Several speciesof Cymatiosphaeraand Pterospermella
make up a small proportion of assemblages.

In Unit | both the number and diversity of spinose
acritarchsisvery low and the assemblage very similar
to that recorded from between 99.01 mbsf and the
bottom of the holein CRP-1. The similarity between
the assemblages documented in Unit | of CRP-2/2A

and the basal part of CRP-1 is underscored by the
presence of the dinocyst Phelodinium cranwelliae in
theupper part of Unitl. Thisspeciesoccurspersistently
below 112. 44 mbsf in CRP-1, although it does have a
patchy distribution up to 82.18 mbsf. Other distinctive
protoperidinioid dinocysts described from CRP-1
(Batiacasphaera cooperi, Brigantedinium pynei, and
Lejeunecysta cowiei) are also found in the upper part
of Unit I.
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- MarinePalynomorphUnitll: 187.45-187.46t0296.32-
296.33 mbsf. Thisinterval isbounded aboveby thefirst
appearance datum (FAD) of Sigmopollis,
Paralecaniella indentata and Lejeunecysta fallax,
coupled with a decrease in humber and diversity in
leiospheres. Itshaseisplaced at the FAD of thedinocyst
Lejeunecystasp.1 (adistinctivecompactform, Fig.[15.7a),
and thefirst appearance datum (FAD) of ?Pyxidinopsis
(Fig. 5.9f) together with the incoming of the fusiform
acritarch Leiofusa (Fig. 5.9d). Assemblages from this
interval are generally sparse with low acritarch and
prasinophytenumbers. Lejeunecystasp.lispresentinall
but one sample from Unit I1.

- MarinePalynomorphUnitlll: 307.12-307.13tobottom
of hole. Thetop of thisinterval isplaced at the FAD of
Lejeunecysta sp.1, and the LADsof ?Pyxidinopsis sp.
and the fusiform acritarch Leiofusa. The interval
continuesto thebottom of thehole. A sharpincreasein
coaly fragmentsaccompani esthedinocyst and acritarch
changes.

In some samples, Leiofusa is abundant. Although
usually occurring as single grains in two samples (at
307.12-307.13 and 480.81-480.82 mbsf, Fig. 5.9d),
clumpsconsi sting of numerousindividual swerelocated
which are interpreted as colonies (Fig. 5.9¢). The
significanceof theseformsinlargenumbersat thebase
of the hole is unclear.

Lejeunecysta sp.6 (Fig. 5.8¢) is a another distinctive
protoperidinioiddinocyst withtwo prominent antapical
horns and an elongate apical horn. It is one of severa
new species of Leeunecysta which dominate the
dinocyst assemblagesin thisinterval.

?Pyxidinopsis sp. (Fig. 5.8f) is a moderate to large
dinocyst with avariably rugulose wall texture. Some
specimensclearly show aprecingular archaeopyleand
canbeconfidently assignedtothisgenus. However, on
someindividual san apical archaeopylemay bepresent.
In addition, the variation in the wall texture suggests
that further work may subdivide this into several
Species.

The appearance of distinctive species of Lejeunecysta
and Impagidinium cf. elegans (Fig. 5.9a) at 453.26-
453.27 mbsf offersthe possibility that Unit 111 may be
subdivided further.

Age and Environmental Significance

Since most of the in situ marine palynomorph
assembl ageiseither undescribed or reworked, littlecanbe
added to the age determination of CRP-2/2A provided by
other microfossil groups. Because the elements of the
Transantarcticflorapresentin Unit 11 arestill most likely
reworked, it appears that the drill hole did not reach the
earliest Oligocene/Eocene dinoflagellate assemblage
recorded in CIROS-1 (Hannah, 1997; Wilson, 1967). The
presence of Leeunecysta fallax suggests an age of no
younger thanmiddleMiocenefor thesectionbel ow 29.00-
29.02 mbsf

Wrennet al. (1998) recognized two distinct sectionsin
the Miocene part of CRP-1, reflecting differing
environmental conditions at the time of deposition. The
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section above 99.01 mbsf in CRP-1 is characterized by
abundant acanthomorph acritarchs. It was suggested that
high acanthomorph numbers were linked to the presence
of seasonal sea-ice during deposition. The section below
99.01 mbsf is dominated by |eiospheres and Sgmopollis,
and alack of acanthomorphsindicating perhaps alack of
seasonal sea-ice.

Acanthomorph acritarchsarerelatively uncommonin
CRP-2/2A, and they never reach the frequency and
abundancerecordedin CRP-1, withthepossibleexception
of the sample at 36.24-36.27 mbsf which does contain a
modest number. If thetentativelinkage made by Wrenn et
al. (1998) wereto be substantiated, thiswoul d suggest that
seasonal sea-ice was not common or did not exist during
the deposition of most of the Oligo-Miocene interval of
CRP-2/2A. Alternately, the absence of acanthomorphs
may be aresult of other, perhaps evolutionary reasons.

There is no analogous section in CRP-1 to Unit I11.
This interval is characterized by protoperidinioid cysts,
persistent occurrence of Cymatiosphaera (but not the
other common prasinophyte al gae Pterospermella, which
islargely restricted to Unitsl & I1), and the presence of the
fusiform acritarch Leiofusa. The palaeocenvironmental
significance of thisinterval isunclear.

TERRESTRIAL PALYNOMORPHS
Distribution

A total of 123 sampleswasexamined. A great scarcity
of terrestrial palynomorphs (sporesand pollen) and alack
of any magjor change down-hole characterizes CRP-2/2A
(Tab.5.9). Both presumed contemporaneousand recycled
components can be recognized, the latter including
Cenozoic forms (most likely Eocene) and Permian to
M esozoic components.

Theterrestrial successionissubdividedintotwo broad
units. Although total numbers of recovered taxa and
specimensremain very low, thereisasignificant increase
inspeciesdiversity and sporeand pollen abundancebel ow
approximately 300 mbsf. Recycled assemblages occur in
intervals or individual samples and include what are
interpreted as recycled Eocene, Jurassic-Cretaceous, and
Permian-Triassic specimens. A significant increase in
Permian-Triassic palynomorphs is also noted below
3000mbsf.

Preservation of the Cenozoic palynomorphs,including
presumed contemporaneous and recycled specimens, is
generally good to very good. There are some poor
specimens, however, that are broken and torn, or have
mineral scarring from pyritization, particularly in the
lower part of thehole. The Cenozoic specimensaremostly
light yellow to yellow in colour, athough some have a
darker (orange) tingeand most of theseare presumed to be
recycled from older Cenozoic rocks (see below). The
recycled Jurassic-Cretaceous and Permian-Triassic
palynomorphsaregenerally lesswell-preserved, although
a few very good specimens were encountered. Exinal
colorsaredarker, ranging fromorangeand browntoblack,
with afew yellow-orange specimensobviously much less
affected by thermal metamorphism.
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Tab. 5.9a - Terrestrial palynomorphs from Terrestrial Palynology Unit |. Note: shading = barren sample.

CONTEMPORANEOUS AND RECYCLED CENOZOIC POLLEN & SPORES

RECYCLED BEACON/FERRAR POLLEN & SPORES

Jurassic-Cretaceous | Triassic Permian Undifferentiated

spp. (fusca group)
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3
@
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2
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Cyathidites minor
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March
Nothofagdites spp. (brassii group)

Nothofagidites matauraensis
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Podocarpidites cf.exiguus

Nothofi idjtes flemingii
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Sample depth (m)
Assamiago/lenite§ incognitus

Liliacidites variegatus
?Ranunculaceae
Ricciaesporites sp.

Nothofagidil

Tricolpites sp.b

ispora pseudoreticulata

orites cicatricosus
Striatoabieitites multistriatus

seebergensis
Granulatisporites micronodosus
Granulatisporites trisinus
Protohaploxypinus spp.

pteridophyte spores, indeterminate
angiosperm pollen, indeterminate
2 | Microthyriaceae (Fungi)
Callialasporites segmentatus
Coptospora sp.
Striatopodocarpidites sp.
Alisporites australis
Deltoidospora directa
Osmundacidites sp.
bisaccate pollen (indet.)
skeletal palvnomorph remnants

Stereisporites sp.
spores (indeterminate)

Lycopodiumsporites sp.
Perinopollenites sp.
Podocarpidites sp.
Limbosporites denmeadii
Verrucosisporites sp.

Rubinella sp.
Aratrisporites parvispinosus

Triporopollenites sp.
Dictyotosporites sp.
Cycadopites sp.

Tricolporites sp.
Pseudoreti
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Terrestrial palynomorph Unit |, 25.90 to ~306 mbsf.
Spores and pollen considered contemporaneous with
deposition are very rare throughout the upper part of the
drill hole (Tab. 5.9). Of the 66 samples examined in this
interval, 24 are completely barren and an additional 9
contain only recycled specimens. Of the productive
samples, occurrences are generally of a single or few
specimens, except for samples between 40 and 48 mbsf
which have greater numbers of palynomorphs that are
interpreted asrecycled Cenozoic (see below). Othersmay
be either recycled or contemporaneous with sediment
deposition (e.g. Nothofagidites flemingii, Fig. 5.11b).

Among the notable occurrences in this unit is
Assamiapollenites incognitus at 215.49-215.52 mbsf
(Fig.[05.10d). This speciesfirst appeared in New Zealand
in the Late Oligocene (Pocknall & Mildenhall, 1984;
Mildenhall & Pocknall, 1989; Raine, unpublished data).
Its FAD occurs within the New Zealand Duntroonian

Stage (base of Stageat 27 Ma, Fig. 7.1), and itsoccurrence
in CRP-2/2A provides support for an age no older than
Late Oligocene at thislevel.

Spores of Marchantiaceae (Fig. 5.10a) occur
consistently throughout the unit, along with sporadic
occurrences of Coptospora spp. (Fig. 5.10c),
Nothofagiditeslachlaniaeand Tricol pitessp.a(Fig. 5.10h-
i). Theseareall characteristic and relatively common taxa
in the Lower Miocene section of CRP-1, and to a lesser
extent, in the overlying Pleistocene beds (Cape Roberts
Science Team, 1998b, 1998c; Raine, 1998). They arealso
commonin outcropsof the Sirius Group inthe Beardmore
Glacier area (Askin & Markgraf, 1986; Francis & Hill,
1996; Askin & Ashworth, 1998). They were probably
important components of Late Oligocene to Neogene
vegetation. The FAD of Tricolpites sp.a at 177.75-
177.760mbsf may represent the appearance of this
distinctive angiosperm speciesinthelatest Oligocene (see
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barren sample.

Tab. 5.9b - Terrestria palynomorphs from Terrestrial Palynology Unit I1. Note: shading

RECYCLED BEACON/FERRAR POLLEN & SPORES
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Fig. 5.10 - Photomicrographs of selected spores and pollen from CRP-2/2A, al at magnification approximately x1000. All are Cenozoic taxa.
a)[Marchantiaceae, depth 123.50-123.51 mbsf, P110/2, England Finder coordinates C45/0, maximum dimension 78 um; b) Ricciaesporites sp.,
575.36-575.37 mbsf, P174/2, M42/0, 67 um; c) Coptosporasp., 260.00-260.02 mbsf, P123/1, X36/4, 78 wm; d) Assamiapollenitesincognitus Pocknall
& Mildenhall, 215.49-215.52 mbsf, P113/2, K43/2, 44 um; €) Phormium sp., 346.12-346.13 mbsf, P144/1, PA3/3, 34um,; f) Liliacidites variegatus
Couper, 536.50-536.51 mbsf, P171/1, E38/0, 36 um; g) ?Cyperaceaepollissp., 444.76-444.78 mbsf, P146/2, 035/1, 39 um; h) Tricolpitessp.a, 21.02-
21.03mbsf, P63/1, N52/3, 45 um; i) Tricolpitessp.a, irregularly syncol pate specimen, 113.50-113.51 mbsf, P105/2, N43/2, 44 um; j) Tricol pitessp.b,
453.26-453.27 mbsf, P159/3, G36/0, 32 um; k, I) Tricolpites sp.c, different focus levels, 27.88-7.89 mbsf, P64/1, E51/2, 29 um; m) ?Stylidiaceae,
47.41-47.54 mbsf, P57/1, W50/0, 31 um.
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Fig. 5.11 - Photomicrographs of selected sporesand pollen from CRP-2/2A, all at magnification approximately x1000. Figuresa) to g) are Cenozoic
taxa, figuresj, |, marerecycled Permian-Triassic taxa, figurek) isarecycled Jurassic-Cretaceoustaxon. a) Triporopollenites sp., 256.03-256.04 mbsf,
P135/1, O35/0, 42 um; b) Nothofagiditesflemingii (Couper) Potonié, 40.54-40.55 mbsf, P66/1, Q36/4, 37um; c) Nothofagiditeslachlaniae (Couper)
Pocknall & Mildenhall, 584.59-584.61 mbsf, P161/2, H42/4, 30 um; d) Podocarpidites sp.a, 548.46-548.47 mbsf, P172/2, P43/4, 59 um;
€)[Podocarpidites sp.b, 22.33-22.34 mbsf, P72/1, F56/2; f, g) Nothofagidites sp. (fusca group), different focus levels, 594.90-594.91 mbsf, P175/1,
T55/0, 23 um; h) Podocarpidites sp.a, 390.17-390.19, P136/1, M51/2; i) Podocar pidites cf. exiguus Harris, 353.61-353.62 mbsf, P145/1, Y58/1,
410im; j) Protohaploxypinus sp., 44.08-44.09 mbsf, P67/1, E40/2, 63 um; k) Corollina sp., 480.81-480.82 mbsf, P160/single mount, 45 um;
1) CAratrisporitesparvispinosud eschik em. Playford, 474.97-474.98 mbsf, P165/1, U40/0, 66 um; m) Pseudor eti cul atispora pseudor eticul ata (Balme
& Hennelly) Bharadwaj & Srivastava, 57.32-57.42, P58/1, E48/2, 69 um.
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Cape Roberts Science Team, 1998c, p. 106, and Raine,
1998, for comments on this species).

Terrestrial palynomorphUnit 11, ~306to 624.15 mbsf.
Thisinterval includesanincreased diversity and abundance
of palynomorphs, particularly Nothofagidites spp.
(including N. flemingii, N. cf. flemingii - a smaller form,
N.OachlaniagFig. 5.11c], N. spp. [undifferentiated fusca
group, e.g. Fig. 5.11f-g]), and various species of
Podocarpidites spp. Numbers increase again at about
4370mbsf and below.

Notable occurrences and possibly significant datums
inthisinterval includethe LAD of Podocarpidites sp.aat
316.50-316.52 mbsf; the First Appearance Datum (FAD)
of Marchantiaceaeat 339.80-339.82 mbsf; and occurrence
of Phormiumsp. at 346.12-346.13, ?Cyperaceaepol lissp.
at 444.76-444.78, and ?Ranunculaceae at 488.32-
488.340mbsf.

The conifer pollen species Podocarpidites sp.a
(Fig.005.11d, h) occursthroughout most of thelower interval,
together with other species of Podocarpidites. These,
aong with taxa such as Phormium sp. (Fig. 5.10e),
?Cyperaceaepollis sp. (Fig. 5.10g) and ?Ranuncul aceae,
may proveuseful ageindicatorsinthefuture, athoughthe
single occurrences of thelatter threein noway can reflect
their total ranges. InNew Zeal and, examplesof Phormium
sp. with a morphology similar to that of the modern
species of the genus have an FAD in the Late Eocene or
Oligocene (Raine, unpublished data).

Palaecenvironmental Significance

The rare and extremely low number of species of
terrestrial palynomorphs preserved in the CRP-2/2A drill
hole provides a picture of avery sparse vegetation which
survived essentially unchanged for much of the Oligocene
and Miocene. Both sparseness of vegetation and dilution
by rapid sediment accumulation rate contributed to the
rarity of spores and pollen in the core. Thetotal numbers
of presumed contemporaneous terrestrial palynomorphs
areso low that they probably do not adequately reflect the
local (or regional) vegetation. Even so, it is possible to
reconstruct at least part of the vegetation in the sampled
Oligocene to Miocene section.

Prior to deposition of the basal sedimentsof CRP-2/2A,
the relatively rich Antarctic Eocene vegetation had
disappeared, presumably in responseto major cooling and
glaciation of the landscape near the end of the Eocene. In
New Zealand amajor vegetational change, alsoinresponse
to cooling, occurred near the top of the Upper Eocene
Kaiatan Stage (~36-35Ma) (Pocknall, 1989; Holliset al.,
1997).

Assemblagesinthelowermost part of CRP-2/2A never
reachtherichnessin speciesdiversity and abundance seen
in the Eocene McMurdo Sound erratics (Wilson, 1967;
Askin, unpubl. data) or in the Eocene lower part of
CIROS-1 where a great variety of angiosperm taxa,
including Proteaceae and representativesof other families
not encountered here, were recorded (Mildenhall, 1989).
Instead, the Lower Oligocene assemblages found in the
lower part of the core suggest a low diversity woody

vegetation which included several species of Nothofagus
and podocarpaceous conifers, several other angiosperm
families, and few cryptogams except for bryophytes
(mosses and liverworts). Many of the important
components of the prior Eocene flora are missing, for
example several species of Proteaceae, various other
angiosperms, gymnosperms and cryptogams.

Further deterioration of conditions in this part of
Antarcticaresultedinadditional lossof variouscomponents
fromthelandflora. Unglaciated partsof theL ateOligocene
to Miocene landscape supported a much reduced flora,
probably a low-growing sparse tundra vegetation, as
discussed by Raine (1998) for the CRP-1 core. The
vegetation included at least one (though possibly more)
species of Nothofagus, at least one species of
podocarpaceous conifer, and afew other angiospermsand
cryptogams including mosses. Physiognomically similar
vegetation occurs today in the northern Arctic region.
Elements of the Antarctic Neogene flora survive in the
modern Subantarctic and southern apine floras.

Possible Recycled Cenozoic Palynomor phs

Itislikely that some or many of the Cenozoic spores
and pollen are recycled from older Cenozoic rocks.
Particularly obvious is the interval with three samples
(40.54-40.55, 44.08-44.09, 47.41-47.54 mbsf) intheL ower
Miocene (Tab. 5.9). These samples contain significantly
increased numbers of palynomorphs, mainly
Nothofagidites spp. Some of these specimens have a
slightly darker exinal colour, suggestiveof agreater burial
history, but many areindistinguishablefrom presumedin-
placespecimens. M ost of these species(whichhaveranges
throughout much of the Cenozoic of New Zealand) were
also observed in the Quaternary and Miocene parts of
CRP-1 (CapeRobertsScience Team, 1998b, 1998c; Raine,
1998) and inthe Eocene McMurdo Sound erratics (Askin,
unpubl. data). The 40 to 48 mbsf interval is also
characterized by abundant recycled Eocenedinoflagellate
cysts, lending credence to the notion that these spore and
pollen specimens are recycled from Eocene sediments.

Recycled Jurassic-Cr etaceous Palynomor phs

Sporadic single occurrences of spore and pollen taxa
typical of Jurassic-Lower Cretaceous strata (such as
Coroallina spp., Fig. 5.11k; Callialasporites segmentatus)
were noted in the drill hole, the highest occurrence being
at 93.76-93.77 mbsf. None of the taxa recorded has a
restricted range. A possible source of this materia is
sedimentary strata of the Jurassic Ferrar Group.
PalyniferousJurassi c sedimentary rockshavebeenreported
(Tasch & Lammons, 1977) from Carapace Nunatak,
upstream of and slightly to the north of Mackay Glacier.

Recycled Permian-Triassic Palynomorphs
Well-preserved yellow-orange specimens to barely

recognizableblack corroded remnantsof Permian-Triassic
spores and pollen occur sporadically throughout most of
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the drill hole (e.g. Figs. 5.7b & 5.11j, |, m). Thereis a
significant increasein the frequency of these occurrences
below ~306 mbsf. Asidentified intable5.9, someof these
taxa have restricted Permian or Triassic ranges in the
Transantarctic Mountainsand el sewhere. The provenance
of thesespecimensisthePermian-TriassicVictoriaGroup
of the Beacon Supergroup. Much of the organic material
recovered in the palynology samples comprises black
coaly fragments interpreted as derived from the Beacon
Supergroup (see section on Palynofacies above). Judging
from the greater abundance of Beacon palynomorphs
below ~306 mbsf, erosion and redeposition of Beacon
Supergroup strata were greater during that part of the
Oligocene represented by this lower section of the drill
hole. At somelevelsabovethis, occurrencesmay represent
short intervals of down-cutting into Beacon strata. These
are sometimes recognizable immediately above erosion
surfaces (such asin 26.29-26.30 and 26.36-26.37 mbsf).
Other occurrences may simply result from incorporation
of aBeacon microclast into the sediment. The sample at
130.90-130.93 mbsf containsseveral specimensof varying
ages (Permian and Triassic) and varying states of
preservationandthermal alteration (fromorangespecimens
to black skeletal remnants), suggestive of erosion from
different partsof theBeacon Supergroupandfromdifferent
areas. At 531.65-531.66 mbsf, an unconsolidated green
sandwith coaly granul esyiel ded an assembl agecomposed
entirely of black corroded specimens(eg. Fig. 5.7b). Most
of thesearerecogni zabl eashisaccateand taeni atebisaccate
pollen and are probably of Permian age, suggestive of
erosion of the Permian Weller Coal Measures. Thisisalso
the likely source of the high rank coal pebble at 608.25-
608.27 mbsf, from which no palynomorphs could be
extracted.

MACROPALAEONTOLOGY
INTRODUCTION

Macrofossilsvisiblein the half of the core availablefor
sampling (and locally in the archive half) wereal recorded
(Fig. 5.12, Tab. 5.10). Potential macrofossil-bearing core
intervalswere, in some cases, specifically searched for less
obvious body fossils and moulds through the inspection of
fractured surfaces. A few macrofossilswere also identified
within micropalaeontological (foraminifera) residues.
Macrofossilsarel oca ly abundant throughout the CRP-2/2A
coreinbothlithified and semi-lithified sediment, and within
concretions, dthough not in al lithostratigraphica units.

Preservation is highly variable. Pristine shells are
relatively common in fine-grained sediments, especially
in association with mudstone lithologiesin LSU 8.4, 9.3
and 9.4. In most cases, however, diagenetic processes
have affected the calcareous skeletal parts resulting in a
variety of preservation of macrofossils, ranging from
dlightly chalky to complete dissolution of the shell.
Aragoniticfossils (e.g. coralsand gastropods) are seldom
preserved and never in good condition; corals typically
display a sugar-like texture, whereas gastropods are

normally completely leached and preserved asmoulds; in
some rare cases, shells show advanced stages of
decalcification and deposition of secondary cements.
Concretion development isal socommon at specificlevels
of the core CRP-2/2A core, resulting in semi-indurated
sediment up to fossiliferous “limestones’ (LSU 9.4, 9.7
and 15.1, Fig. 5.13). Pyritization israre and in most cases
not advanced; e.g. pyritized infillings of serpulid tubes
(178.89 mbsf) and bivalves (182.17 mbsf).

Thusfar, 324 macrofossil-bearing horizons have been
identified in the CRP-2/2a core. In consideration of the
preliminary character of thepresent report, most taxonomic
nomenclature is left open and suitable for revision. The
preliminary list of macrofossilsisreported in appendix 1.

TAXONOMIC REMARKS

Various groups of marine macroinvertebrates are
represented in the CRP-2/2A core. These are: Mollusca,
Annelida, Cnidaria, Echinodermata, Bryozoaand Porifera,
while the possible occurrence of Brachiopoda
(161.520mbsf) awaits confirmation. Vertebrates are
represented by the rare occurrence of fish scales
(166.640mbsf) and teeth.

Relatively few fossils are sufficiently well-preserved
tobediscussedindetail regardingtheir taxonomic position
andonly somegeneral andvery preliminary commentsare
provided here.

Mollusca

Molluscaare by far the dominant taxonomic group in
the macrofossil assemblages documented in the CRP-2/2A
core. This phylum includes representatives of Bivalvia
(with aminimum of seven species recognized so far, but
possibly inexcessof ten), Gastropoda(four-fivespeciesat
least) and Scaphopoda (one species, uncertain).

Class Bivalvia. Fragmented or whole bivalves are
widespread throughout the core, with the exception of
LSU4.1,10.1,11.1,11.2,13.3,14.1,15.3,15.5, and 15.6,
which appear barren of macrofossils; they are also the
most common of the macrofossils.

1- Large protobranchs have been positively recognized
in LSU 9.7. Material ranges from fresh to highly
decalcified. Unfortunately, no complete fresh shells
areavailableforinspection. Preliminary determination
is based on the very few specimens showing some
diagnosticfeatures. A very decal cified andincompl ete
specimen (210.10 mbsf; Fig. 5.14a) showsevidenceof
ataxodont hinge; the best preserved specimenisaleft
valvefrom 260.83 mbsf whose shell isreminescent of
Yoldia (Fig. 5.14b).

Pectinids (scallops) are rare and mostly occur as
incomplete and/or abraded fragmentsin LSU 2.1 to
6.3, and 8.4. The best specimen isan incompl ete shell
(broken during drilling and lacking most of the
diagnostic shell parts) tentatively assigned to
Adamussium.

3 - Mytilids (mussels) dominate the macrofossil

assemblages in LSU 12.4, 13.1,13.2 and 15.4

N
]



138 Initial Report on CRP-2/2A

&na| Linit Depth GErain size

o um :-\.--\.l;"‘.

O
1.1
21 b gF B ]
Sk, po sprecific envimment, macrofnms possilidy rewerkal
a2 a
. . Mo apecific envirmommeni, probably middle-ower shelf, corals
I I 1 show orieniation pamallel oo bedding, possibly = response of
sl coms CLUTERES
41 |
g1 .
e .
. Macrol s wsembbages dominaiesd by boeh epifyonal and Infsonal
L bivatves (pectinics and clams), and serpullid pobychaeies: probatbly
1 innier-mmd e shell
B2
B3
T Shelf, no specific enyionment, macrofamna possitly reworked
)
[ _.-'__. Ieo specilic eayironment, probatly mner-midde shell
i i x : Profubly dowec-middle alall assemblige a1 117.65 [spenigis,
g1 ! o bryuzoans asd echincids) possitly marking a tlme of ssdimend
=areailon
B2 o spectiic emvironment, possitly isner-midde sheif
B3 g Saelf under ibe Influx of strong =iking
l_-"'v i Muddy cuper shelf, low-ooygen boitom conieni®. diverss
&4 4 - ool sl assemblagss dominaed by infaunal bivalves, many
il i like paosivhon, sorpalid polye oEies, smooth sca pha pods !
b ol e laghe Weses (@l idopods ;|
i Shaell, may sppecilic erminzmmen)
Bz LA
83
G4 .\,.-' ! Mo specilic cayirnament, probaly  nnesmiddle shell
85 i T
GE i Mo speecilic environmeent can B meoonsirucied. Probably middle
[ carier shell
BT el s r PFrobably méddie-cuier shell charmcierteed by furhid waiers,
& - Joe-oovygen botiom conteai
BB e -oa Mo specilic eavimsmen, probably inner-middle shell,

joq | MO0

i
.1 o=y =l
==
1.z Ay
3:}5 ——y r

Fig. 5.12 - Lithostratigraphical summary of CRP-2/2A drill hole showing position and composition of the major macrofossil assemblages and their
palaeoenvironmental significance.

(Fig.[05.14c). Mytilids apparently belong to a single Pensinsula (Stilwell & Zinsmeister, 1992) but it is

species of a modioloid mussel (probably Modiolus). unknown from younger beds in Antarctica.
Most specimensappear to bestill articulatedandsome  4- Veneracean?clamsoccur in LSU 8.4and 9.3. Theonly
are in life position. Modiolus is known from Early relatively well-preserved specimen shows concentric

Tertiary deposits on Seymour Island, Antarctic grooves on the external surface.
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Fig. 5.12 - Continued.

5- A square-shaped, shell shows some resemblanceto
species belonging to the nesting bivalve genus
Hiatella (Fig. 5.14d) the advanced decalcification
of the shell prevents any further taxonomic
speculation at present.

Class Gastropoda. Gastropods are rare and are
represented by afew decalcified specimens and moulds.
Remarkable is the discovery of possible holoplanktic
mollusca(thecosomatouspteropods). A few broken shells
fromLSU 8.4 (still retaining someoriginal shell material),
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Table 5.10 - Inventory of CRP-2/2A macrofossils.

LSU21

6.95-7.02 mbsf: unidentified macrofossil fragment
9.13-9.14 mbsf: unidentified macrofossil

10.12-10.13 mbsf:

10.14-10.15 mbsf

10.28-10.29 mbsf:
10.46-10.47 mbsf:

15.15-15.16 mbsf

15.76-15.86 mbsf:
16.30-16.38 mbsf:

19.84-19.90 mbsf

LSU 22
20.50-20.51 mbsf

22.05-22.06 mbsf:
22.12-22.13 mbsf:

23.90-23.19 mbsf

24.49-24.51 mbsf:

LSU 31

33.38-33.39 mbsf:
33.74-33.75 mbsf:

34.62-34.63 mbsf

34.77-34.78 mbsf:
35.94-35.96 mbsf:

36.01-36.05 mbsf

unidentified mollusc fragment

: unidentified bivalve fragment

unidentified bivalve fragment

unidentified bivalve fragment

: unidentified bivalve (pectinid?) fragment
unidentified bivalve fragment

bryozoan and bivalve fragment, echinoid spines

: serpulid polychaete tube fragment, echinoid spines

: unidentified bivalve fragment
bivalve (pectinid?) fragment
pectinid (" Chlamys” ?) fragment
: bivalve (pectinid?) fragment
bivalve (pectinid?) fragment

bivalve fragment

bivalve fragment

: unidentified macrofossil fragment
unidentified macrofossil fragment

bivalve fragment

: solitary coral? fragment (sugar-like texture)

36.21-36.22 mbsf: pectinid and solitary coral? fragment (sugar-like

texture)
36.24-36.27 mbsf
36.29-36.30 mbsf
36.50-36.51 mbsf
37.17-37.18 mbsf
39.91-39.92 mbsf
40.12-40.13 mbsf

LSU5.1

54.11-54.14 mbsf
54.23-54.26 mbsf
54.28-54.26 mbsf
54.32-54.33 mbsf
54.61-54.64 mbsf
54.83-54.84 mbsf
54.94-54.98 mbsf
55.79-55.80 mbsf

: solitary coral?

: bivalve (pectinid) fragment

: solitary cora ? (sugar-like texture)

: serpulid polychaete tube

: unidentified macrofossil (bivalve?, coral?) fragment
: unidentified bivalve fragment (very small)

: undet thin shelled bivalve (pectinid)

; undet thin shelled bivalve (pectinid?)

: pectinid (“ Adamussium’ ?) fragment

; undet thin shelled bivalve

; concretion with undet thin-shelled bivalve

; undet bivalve, serpulid polychaete tube? fragment
: undet thin shelled bivalve (pectinid?)

; undet bivalve fragment

55.87-55.88 mbsf: unidentified macrofossil (serpulid?bivalve?)

concretioned
56.00-56.01 mbsf:
56.03-56.04 mbsf:
56.19-56.20 mbsf:
56.48-56.51 mbsf:
57.32-57.42 mbsf:

undet bivalve (Hiatella ?) fragment
serpulid polychaete tube

serpulid polychaete tube?

serpulid polychaete tubes?
serpulid polychaete tube

63.69-63.71 mfsf: serpulid polychaete tube (fragment)

71.42-71.47 mbsf:

well preserved (but broken by drilling) pectinid

(“Adamussiun’?)

LSU6.1

75.60-75.67 mbsf:
80.10-80.13 mbsf:
80.55-80.58 mbsf:
80.65-80.68 mbsf:

serpulid polychaete tube

concretion with unidentified bivalves

serpulid polychaete tube

serpulid polychaete tubes (well preserved); bivalves

(Hiatella ?; articulated but decalcified)

LSU 6.2

86.42-86.43 mbsf:
90.49-90.51 mbsf
91.36-91.38 mbsf:

LSU 6.3

91.46-91.47 mbsf:
91.56-91.57 mbsf:
91.88-91.89 mbsf
93.16-93.17 mbsf:
95.30-95.42 mbsf:
95.51 mbsf: mbsf:

unidentified macrofossil

: bivalve (? pectinid) fragment

bivalve (?pectinid) fragment

unidentified bivalve fragment
unidentified bivalve (decalcified)

: small unidentified macrofossil fragment

unidentified bivalve (decalcified)
concretion with unidentified thin shelled bivalves
unidentified thin shelled bivalve

96.71-96.76 mbsf: pectinid and other bivalve fragments
96.79-96.84 mbsf: unidentified macrofossil fragment

LsU71
100.59-100.60 mbsf: unidentified small bivalve (decalcified)
100.60 mbsf: unidentified small bivalve

LSU 7.2
114.00-114.01 mbsf: serpulid polychaete tubes

LsuU 81

116.00-116.01 mbsf: serpulid polychaete tubes

117.32-117.34 mbsf: unidentified small bivalve (decalcified)

117.66-117.72mbsf: bryozoans(aligned), sponge-spiculemats?, echinoid
theca? (fragments)

117.75-117.76 mbsf: unidentified bivalve (decalcified), serpulid
polychaete tubes?

118.20-118.21 mbsf: serpulid polychaete tube (decalcified)

119.30-119.31 mbsf; unidentified bivalve (Hiatella?) (decalcified)

119.64-119.66 mbsf: unidentified thin shelled bivalve

119.77-119.80 mbsf: unidentified thin shelled bivalve

121.43-121.45 mbsf: unidentified bivalve (decalcified)

121.54-121.56 mbsf: unidentified small bivalve (decalcified)

126.55-126.56 mbf: bivalve fragments (pectinid), polychaete serpulid tube

LSuU 8.2

133.72-133.74 mbsf: unidentified bivalve

135.48-135.51 mbsf: unidentified macrofossil

137.74-137.75 mbsf: concretion with unidentified thin shelled bivalves

LsSuU 83

138.39-138.41 mbsf; unidentified thin shelled ?ivalve

138.43-138.45 mbsf: serpulid polychaete tubes

141.74-141.78 mbsf: bunch of serpulid polychaete tubes (recrystallized)

LSU 84

158.38-158-48 mbsf: serpulid polychaete tube (only mold)

161.52-161.54 mbsf: unidentified ribbed clam or brachiopod

162.98-163.06 mbsf: serpulid polychaete tube fragment

163.41-163.42 mbsf: serpulid polychaete tube, scaphopod?

163.56-163.58 mbsf: serpulid polychaete tube or scaphopod?

163.87-163.88 mbsf: articulated bivalve (decal cified)

165.41-165.42 mbsf: unidentified scaphopod?

165.48-165.50 mbsf: articulated bivalve (veneracean?)

165.79-165.80 mbsf: articulated bivalve (veneracean?)

166.64-166.65 mbsf: unidentified macrofossils, fish scale

168.17-168.20 mbsf: unidentified large bivalve

167.83-167.84 mbsf: unidentified tubular macrofossil

168.17-168.20 mbsf: relatively large, thin shelled bivalve

169.38-169.40 mbsf: fresh unidentified macrofossil (broken during
preparation) most probably an articulated small bivalve

170.92-170.94 mbsf: concretion with thecosomatous pteropod?

176.30-176.33 mbsf: largethin shelled bival ve (pectinid?) almost encased
in semi-endurated mudstone

176.74-176.75 mbsf: scaphopod (fresh, but incomplete shell) or perhaps
athecosomatous pteropod

178.11-178.13 mbsf: unidentified thin shelled bivalve

178.89-178.91 mbsf: serpulid polychaete tubes (pyritized)

179.25-179.27 mbsf: unidentified thin shelled macrofossil.

180.08-180.10 mbsf: thecosomatous pteropod? (fresh)

180.17-180.22 mbsf: unidentified articulated bivalve (veneracean?),
pectinid (Adamussium?)

182.17-182.22 mbsf: unidentified articul ated bival ve (pyritized), serpulid
polychaete tube

LsSU9.1

184.14-184.16 mbsf: unidentified thin shelled bivalve
184.29-184.31 mbsf: unidentified thin bivalve fragment
184.96-184.98 mbsf: unidentified thin bivalve fragment

LSU9.2

191.18-191.19 mbsf: unidentified large and articulated thin shelled
bivalve

191.24-191.25 mbsf: unidentified macrofossil
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192.41-192.42 mbsf:
192.65-192.66 mbsf:
193.40-193.42 mbsf:
193.43-193.44 mbsf:
193.48-193.49 mbsf:

LSU 9.3

193.73-193.75 mbsf:

193.81-193.83 mbsf:

194.87-194.91 mbsf:
polychaete tube

195.29-195.32 mbsf:

195.36-195.37 mbsf:
bivalve

195.44-195.48 mbsf:

decalcified)
195.51-195.52 mbsf:
195.75-195.78 mbsf:
196.21-196.23 mbsf:

unidentified large thin shelled bivalve
unidentified small macrofossil fragment
unidentified thin shelled bivalve
unidentified thin shelled bivalve
unidentified macrofossil fragment

unidentified tiny bivalve fragments
unidentified relatively large thin shelled bivalve
unidentified small articulated bivalves, serpulid

unidentified thin shelled bivalve
unidentified thin shelled, articulated and costate

unidentified articulated bivalve (veneracean?,
unidentified tiny bivalve fragments

unidentified thin shelled bivalve
unidentified relatively large thin shelled bivalve

196.63-196.66 mbsf:unidentified thin shelled. bivalve

197.02-198.03 mbsf:
197.00-198.04 mbsf:
197.14-198.15 mbsf:

unidentified thin shelled bivalve (decalcified)
unidentified thin shelled bivalve
unidentified bivalve fragments

197.24-197.25 mbsf:unidentified thin shelled bivalve

197.55-197.57 mbsf:
197.67-197.72 mbsf:
197.96-197.98 mbsf:
198.02-198.04 mbsf:
198.04-198.05 mbsf:
198.07-198.08 mbsf:
198.08-198.12 mbsf:
198.52-198.53 mbsf:
198.73-198.74 mbsf:
198.93-198.94 mbsf:

199.56-199.59 mbsf:
spired gastropod,

199.72-199.75 mbsf:

199.82- 199.85 mbsf:

199.91-199.93 mbsf:
200.97-200.99 mbsf:
205.39-205.42 mbsf:

LSU 9.4

208.58-208.60 mbsf:
209.19-209.22 mbsf:
209.33-209.35 mbsf:
209.45-209.49 mbsf
210.10-210.14 mbsf
210.20-210.27 mbsf:

unidentified macrofossil fragment
unidentified tiny bivalve fragment
unidentified thin shelled bivalve
unidentified articulated bivalve (decalcified)
unidentified thin shelled bivalve
unidentified thin shelled bivalve
unidentified thin shelled bivalve
unidentified bivalve
unidentified thin shelled bivalve
unidentified macrofossil.

low-spired, globose gastropod, turriform high-
ribbed articulated bivalve
unidentified bivalve (decalcified)
unidentified bivalve (decalcified)
unidentified macrofossil (decalcified)
unidentified articulated bivalve
unidentified bivalve (decalcified)

unidentified bivalve
unidentified bivalves (decalcified)
protobranch? bivalve

: unidentified articulated bivalve (decalcified)
: large protobranch bivalve

unidentified bivalve fragment

210.24-210.30 mbsf: concretion with globose low-spired and turriform,
high-spired gastropods (two species), serpulid polychaete tubes,
articulated costate bivalve (mostly decalcified)

214.07-214.10 mbsf:
215.24-215.26 mbsf:
214.34-214.36 mbsf:
215.60-215.68 mbsf:

216.35-216.38 mbsf:

fragment
216.93-216.96 mbsf:
217.75-217.78 mbsf:
218.09-218.12 mbsf:
219.18-219.21 mbsf:
219.53-219.56 mbsf:
220.45-220.47 mbsf:
220.97-220.99 mbsf:
222.35-222.38 mbsf:
223.13-223.15 mbsf:
224.03-224.06 mbsf
224.17-224.20 mbsf:
224.30-224.32 mbsf:
224.41-224.47 mbsf:
224.54-224.57 mbsf:
224.84-224.88 mbsf:
225.58-225.61 mbsf:
225.96-226.00 mbsf;

unidentified macrofossil

unidentified thin shelled bivalve

unidentified bivalve (decalcified)

unidentified bivalve

serpulid polychaete tube? unidentified bivalve

unidentified thin shelled bivalve
unidentified thin shelled bivalve
unidentified thin shelled bivalve
unidentified thin shelled bivalve
unidentified thin shelled bivalve
unidentified thin shelled bivalve
unidentified thin shelled bivalve
unidentified bivalve fragments
unidentified thin shelled bivalves

: unidentified macrofossil fragment

unidentified articulated bivalve (protobranch?)
unidentified thin shelled bivalve fragment
unidentified articulated bivalve

unidentified bivalve (Yoldia?)

unidentified articulated bivalve

unidentified bivalve

unidentified bivalve fragment

226.85-226.89 mbsf: relat. large unidentified turriform, high-spire
gastropod (recrystallized)

227.27-227.33 mbsf:

LSU 95

227.39-227.42 mbsf:

unidentified bivalve (Yoldia?)

unidentified ribbed bivalve, juvenile unidentified

articulated bivalve

228.94-228.96 mbsf:
230.22-230.25 mbsf:
231.16-231.19 mbsf:

232.47-232.49 mbsf

236.61-236.64 mbsf
238.60-238.62 mbsf

LSU 9.6

244.80-244.83 mbsf:

246.97-247.00 mbsf

unidentified thin costate articulated bivalve
echinoid
unidentified thin shelled bivalve fragment

: unidentified thin costate bivalve fragment
232.98-233.00 mbsf:
233.43-233.47 mbsf:
234.99-235.03 mbsf:
236.54-236.55 mbsf:

unidentified thin shelled articul ated bivalve
unidentified bivalve? fragment
unidentified articulated bivalve
unidentified bivalve fragment

: unidentified macrofossil (echinoid?)
: unidentified bivalve fragment
240.13-240.14 mbsf:

unidentified bivalve fragment

unidentified bivalve fragment

: unidentified articulated bivalve (protobranch?)
247.09-247.12 mbsf:

unidentified thin shelled bivalve

247.67-247.71 mbsf: serpulid polychaeteattached onunidentified bivalve

shell fragment

249.65-249.69 mbsf:

concretion with numerous unidentified bivalves,

many still articulated (coquing)

LSU 9.7

250.96-250.97 mbsf:
251.32-251.36 mbsf:

254.99-255.03 mbsf

260.83-260.87 mbsf

unidentified macrofossil
unidentified bivalve fragment

: unidentified bivalve (Yoldia?)
255.27-255.30 mbsf:
256.04-256.05 mbsf:
256.40-256.43 mbsf:
256.58-256.59 mbsf:
257.60-257.63 mbsf:
258.65-258.68 mbsf:
259.16-259.20 mbsf:
259.21-259.25 mbsf:
259.49-259.61 mbsf:

thecosomatous pteropod?

serpulid polychaete tube

unidentified articulated bivalve (protobranch?)
unidentified thin shelled bivalves

unidentified articulated bivalve

unidentified articulated bivalve

many serpulid polychaete tubes

serpulid polychaete tubes

unidentified bivalve (Yoldia?)

: unidentified bivalve (Yoldia?)

262.02-262.12 mbsf: unidentified articulated ribbed bivalve (or

brachiopod?)

262.21-262.24 mbsf:
262.67-262.69 mbsf:

LSU 9.8

unidentified articulated bivalve (Yoldia?)
unidentified articulated bivalve

263.16-263.20 mbsf: unidentified bivalve (Yoldia?), serpulid polychaete tube

263.98-264.01 mbsf:
285.15-285.93 mbsf:
285.65-285.68 mbsf:
291.95-292.03 mbsf:
294.07-294.13 mbsf:

LSU 113
328.73-328.76 mbsf
338.75-338.79 mbsf

bedding

342.26-342.30 mbsf:
: thecosomatous pteropod, unidentified bivalve?

344.35-344.38 mbsf

LSU 12.2

403.30-403.32 mbsf:
403.36-403.38 mbsf:

403.40-403.41 mbsf

LSU 123
406.08-406.09 mbsf
411.32-411.36 mbsf

unidentified bivalve? fragment
turriform, high-spired gastropod
unidentified articulated bivalve
unidentified articulated bivalve
unidentified large bivalve (mould)

: serpulid polychaete tube
: serpulid polychaete tube
341.79-341.87 mbsf:
342.07-342.15 mbsf:

many serpulid polychaete tubes
many serpulid polychaete tubes, most parallel to

unidentified tubular macrofossil

unidentified macrofossil fragments
unidentified bivalve fragments

: unidentified macrofossil fragments
403.54-403.55 mbsf:
404.85-404.86 mbsf:

unidentified macrofossil fragments
unidentified macrofossil fragments

: unidentified bivalve fragments
: unidentified bivalve fragments
413.19-413.22 mbsf:

serpulid polychaete tube
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LsSU 124
441.59-441.62 mbsf: articulated bivalve (modioloid?)

LSU 13.1
443.10-443.12 mbsf: unidentified thin shelled bivalve
443.50-443.56 mbsf: articulated modioloid bivalves
443.91-443.93 mbsf: unidentified articulated bivalve
444.09-444.12 mbsf: unidentified gastropod

444.31-444.33 mbsf: serpulid polychaete tube

444.62-444.64 mbsf: articulated modioloid bivalve
444.72-444.76 mbsf: unidentified marine plant?
445.05-445.07 mbsf: unidentified articulated bivalve
445.11-445.15 mbsf: articulated juvenile modioloid bivalves
446.33-446.38 mbsf: unidentified articulated bivalve
446.65-446.67 mbsf: articulated modioloid bivalve
446.59-446.63 mbsf: unidentified bivalve

447.24-447.26 mbsf: serpulid polychaete tube

447.43-447.48 mbsf: articulated modioloid bivalves
447.69-447.81 mbsf: articulated modioloid bivalve
448.02-448.04 mbsf: modioloid bivalve

448.17-448.19 mbsf: serpulid polychaete tube

448.58-448.61 mbsf: depressed-spired gastropod
449.31-449.35 mbsf: articulated modioloid bivalve
449.64-449.69 mbsf: articulated modioloid bivalves
450.68-450.73 mbsf: articulated modioloid bivalves
452.55-452.57 mbsf: unidentified articulated bivalve (decal cified)
454.45-454.49 mbsf: turriform, high-spired gastropod, modiol oid bivalves
456.61-456.63 mbsf: modioloid? bivalve

457.00-457.02 mbsf: unidentified small articulated bivalve
459.15-459.19 mbsf: articulated modioloid bivalve
459.28-459.32 mbsf: unidentified bivalve

460.50-460.58 mbsf: articulated modioloid bivalves
460.64-460.67 mbsf: two modioloid bivalves

460.76-460.78 mbsf: modioloid bivalve

461.53-461.57 mbsf: articulated modioloid bivalve and gastropod
462.47-462.50 mbsf: unidentified gastropod

462.58-462.65 mbsf: articulated modioloid bivalves
461.65-461.69 mbsf: juvenile modioloid bivalves
461.80-461.83 mbsf: modioloid bivalve

463.36-463.38 mbsf: articulated modioloid bivalve
463.57-463.62 mbsf: juvenilemodiol oid bival ves, unidentified gastropod
463.98-464.00 mbsf: two articulated modioloid bivalves
464.40-464.42 mbsf: serpulid polychaete tube

464.44-464.47 mbsf: articulated modioloid bivalve
464.78-464.82 mbsf: three articulated modioloid bivalves
464.85-464.87 mbsf: articulated (modioloid?) bivalve
465.22-465.26: mbsf: articulated modioloid bivalve
467.16-467.18 mbsf: serpulid polychaete tubes
467.20-467.22: mbsf: unidentified small articulated bivalve
467.34-467.40 mbsf: articulated modioloid bivalves
467.41-467.44 mbsf: unidentified bivalve (decalcified)
467.71-467.75 mbsf: serpulid polychaete tubes (recrystallized)

LSU 13.2

469.87-469.93 mbsf: modioloid bivalve
471.05-471.07 mbsf: modioloid bivalve
482.60-482.64 mbsf: articulated modioloid bivalves

469.87-469.93 mbsf:
482.91-482.93 mbsf:
483.15-483.18 mbsf:

LSU 15.1

539.37-539.38 mbsf:
540.00-540.01 mbsf:

540.53-540.54 mbsf

544.72-544.73 mbsf
544.80-544.82 mbsf

LSU 15.2

556.03-556.04 mbsf:
: serpulid polychaete tube?
559.04-559.07 mbsf:
559.71-559.72 mbsf:
560.43-560.44 mbsf:
560.67-560.68 mbsf:

558.74-558.75 mbsf

560.95-560.96 mbsf
560.98-560.99 mbsf

564.95-564.97 mbsf
565.48-565.49 mbsf

567.81-567.82 mbsf
567.87-567.89 mbsf

LSU 154

585.24-585.25 mbsf:
592.33-592.34 mbsf:

594.75-594-76 mbsf

597.28-597.30 mbsf
598.19-598.25 mbsf

bivalves

599.27-599.35 mbsf:

articulated modioloid bivalves
modioloid bivalve
modioloid? bivalve

unidentified macrofossil fragment
unidentified macrofossil fragment

: unidentified macrofossil fragment
540.58-540.60 mbsf:
540.61-540.62 mbsf:
541.35-541.36 mbsf:
544.23-544.24 mbsf:

unidentified macrofossil fragments
serpulid polychaete tube?
unidentified bivalve fragment
unidentified macrofossil fragment

: unidentified macrofossil fragment
: unidentified bivalve fragment

unidentified articulated bivalve?

serpulid polychaete tube

serpulid polychaete tube?
unidentified macrofossil fragment
undetermined macrofossil fragment

: undetermined macrofossil fragment
: unidentified bivalve fragment

561.08-561.09 mbsf:
561.54-561.55 mbsf:
563.61-563.62 mbsf:

unidentified macrofossil fragment
unidentified macrofossil fragment
serpulid polychaete tube?

: unidentified bivalve fragment
: unidentified articulated bivalves (decalcified)
565.93-565.94 mbsf:
566.08-566.09 mbsf:
567.27-567.29 mbsf:

unidentified bivalve fragment
unidentified bivalve fragment
unidentified bivalve fragment

: unidentified bivalve fragment
: unidentified thin bivalve fragment

unidentified macrofossil fragment
unidentified bivalve fragment

: unidentified bivalve? fragment
595.90-595.91 mbsf:
596.28-526.29 mbsf:
596.52-596.53 mbsf:
596.87-596.88 mbsf:

unidentified bivalve? fragment

unidentified macrofossil fragment
unidentified macrofossil fragment
unidentified macrofossil fragment

: unidentified macrofossil fragment
: unidentified bivalves (some articul ated)
599.01-599.02 mbsf:
599.04-599.05 mbsf:
599.16-599.21 mbsf:
599.21-599.24 mbsf: concretion with unidentified articulated

unidentified bivalve fragment
unidentified bivalve fragments
unidentified bivalves (pectinid?)

concretion with unidentified bivalves (parallel to

bedding, mostly dissolved)

599.89-599.91 mbsf:
599.97-600.01 mbsf:

LSU 15.6

concretion with unidentified bivalve
large modioloid valve

614.57-614.60 mbsf: concretion with unidentified bivalve

9.7 and 11.3 (decalcified mould) have been tentatively
ascribed to this group of pelagic gastropods previously
unreported from the pre-Quaternary Antarctica. Benthic
gastropods include at least four species. In particular,
high-spired, turriform shells occur in LSU 9.3
(199.560mbsf), 9.4 (210.20 and 226.85 mbsf; Fig. 5.14€),
9.8(285.15 mbsf), and 13.1 (454.45 mbsf); morethan one
taxon may be represented. L ow-spired, subglobose shells
possibly anaticid occur in LSU 9.3 (199.56 mbsf) and 9.4
(210.24 mbsf). L ow-spired, small-sized gastropods occur
inLSU 12.4 (444.09 mbsf), and 13.1 (448.51, 461.56, and
463.57 mbsf).

Class Scaphopoda. Smooth, tubular, thin, slightly
angular shells occuring in LSU 8.4 may be scaphopods,
but additional study of thesparseand fragmentary material
available is needed to confirm this preliminary
identification (Fig. 5.14f).

Anndlida

Annelidafollow in order of abundance (two speciesat
least) and are widely distributed in the core from top to
bottom. The material comprises a number of calcareous
tubes belonging to serpulid polychaetes. Serpulidtubesin
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Fig. 5.13 - Fossiliferous "limestone” (coquina) from LSU 9.7
(249.650mbsf). Note the great abundance of thin shelled bivalves, many
till articulated; the assemblage is considered to be largely in situ.

various states of preservation occur inLSU 2.1, 3.1.,5.1,
6.1,6.2,7.2,8.1,8.3,8.4,9.2,9.4,9.6,9.7,11.3,12.3,12.4,
13.1,15.1,and 15.2. Concentrationsof serpulid polychaete
tubes were observed at 114.00, 138.43, 141.74, 341.79,
342.07, and 467.71 mbsf. The most common serpulidisa
simple, slender tube with annular ornamentation found
almost ubiquitously in both the Miocene and Oligocene
sections of the core. It strongly resembles the lower
Miocene taxon reported from CRP-1 core (Jonkers &
Taviani, 1998). The best preserved specimen shows a
dlightly arched shell (Fig. 5.14g). On shell charactersalone,
itisdifficult to establishwhether asinglespeciesof serpulid
isinvolvedfromtopto bottom of core CRP-2/2A. Another
serpulid polychaete, characterized by a coiled and
apparently smooth shell, has been observed attached to a
bivalve fragment at 247.670mbsf. The high level of
bioturbation and anumber of traces obeserved at specific
levels of the CRP-2/2A core is probably linked to the
action of soft-bodied wormswhich left no skeletal fossils.

Bryozoa

Bryozoa are represented by only two occurrences
(16.30 and 117.66 mbsf).

Cnidaria

Cnidaria are represented by one species of cord s.l.
(36.01, 36.21, 36.24, 36.50, and ?39.91 mbsf). It appears
to have been asolitary speciesliving on mixed sand-silty
bottoms (Fig. 5.14h).

Fig. 5.14 - a) Relatively large protobranch bivalve (right valve) from LSU 9.4 (210.10 mbsf) showing an advanced state of decalcification.
b)OProtobranch bivalve Yoldia? sp., left valve) from LSU 9.7 (260.83 mbsf). c) Imprint of a relatively large modioloid mussel from LSU 13.1
(447.430mbsf). Notethe presence of someoriginal shell material and detailsof theexternal valveornamentation (growth stages)d) Articul ated bivalve
(Hiatella?sp.) from LSU 6.2 (80.65 mbsf). Notethe advanced state of decalcification. €) Unidentified turriform, high-spired gastropod in acal careous
concretion from LSU 9.4 (226.85 mbsf). f) Fragmented shell of athin and smooth scaphopod? from LSU 8.4 (165.41 mbsf). g) Well-preserved tube
(partly embedded in matrix) of a serpulid polychaete from LSU 6.2 (80.65 mbsf). h) Solitary cora (s.l.) from LSU 3.1. (36.24 mbsf).
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Echinoder mata

Echinodermataarerepresented by the rare occurrence
of spines (16.30 and 19.84 mbsf) and fragmented tests
(117.66, 230.22 and? 236.61 mbsf).

Porifera

Porifera are documented by the recurrent presence of
sponge spicul es (see under Foraminifera) and by coherent
spicule mats at 117.66 mbsf.

BIOSTRATIGRAPHICAL AND
PALAEOENVIRONMENTAL REMARKS

No precise age assessment can be derived from
macrofossilsidentified in the CRP-2/2A core. Only some
general and preliminary remarks are given here.

Most macrofossils appear to be taxa not encountered
inother Oligo-Miocenerecordsof Antarctica(e.g. Dell &
Fleming, 1975; Beu & Dell R, 1989; Jonkers& Taviani,

1998). A possible exception is the common serpulid
polychaete recovered throughout the CRP-2/2A core
which appears to be very close to serpulids identified
in the lower Miocene section of the CRP-1 drill hole
(Jonkers & Taviani, 1998). Pectinids, which appear to
be of some stratigraphical value (e.g. Jonkers& Taviani,
1998), are unfortunately rare in CRP-2/2A and only
represented by incomplete valves that are difficult to
interpret at present.

The occurrence of modioloid mussels in lower
Oligocene sedimentsin CRP-2/2A issignificant sincethe
youngest documentation of similar bivalvesinthe Tertiary
of Antarctica, isthat fromto the Upper Eocene deposits of
Seymour Island (Stilwell & Zinsmeister, 1992). These
conspicuous bivalves have not been documented from
sediments, presumed to be coeval with CRP-2/2A, in the
CIROS-1 core.

All recognized macrofossilsin CRP-2/2A are marine
invertebrates and a preliminary interpretation of their
possi blepalaeoenvironmental significanceissummarized
infigure5.12.
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