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Abstract - Sparse terrestrial palynomorphs (spores and pollen) weie recoveied fiom glacigene 
Lowci Miocene and Oligocene core samples fiom the Cape Robeits Piojcct (CRP) drillhole 
CRP-2/2A, Victoria Land Basin, Antaictica Ranty of palynomoiphs probably results fiom the 
sp~iise periglacial vegetation in the sunoundmg landscape at the time of deposition. as well as 
dilution from rapid sediment accumulation The Miocene and Late Oligocene vegetation is 
intei pieted as including herb-moss tundra with low-growing woody plants (including Nothofagus 
c~iid podocarp conifers) in more protected areas, similar to that encounteied in the Miocene of 
CRP- 1 Species richness and numbers of specimens increase downhole, a trend that begins very L 

giadually below -307 mbsf, and increases below -443 mbsf through the Early Oligocene These 
lowei assemblages reflect low diversity woody vegetation dominated by several species of Nofhofagiis and podocarps, 
glowing in somewhat milder conditions, though still cold temperate to periglacial in the Early Oligocene The CRP-212A 
coie provides new biostratigraphical infoimation. such as the First Appearance Datums (FADS) of Tncolpites sp a near the 
Oligocene/Miocene boundary, and Marchantiaceae in the EarlyLate Oligocene transition: these are taxa that along with N. 
lachlatziae, Coptospora spp. and Podocarpidites sp.b characterize assemblages recovered from outcrops of the Pliocene 
Sirius Group in the Transantarctic Mountains. Some elements of the extremely hardy periglacial tundra vegetation that 
survived in Antarcticainto thepliocene had their origin in the Oligocene during a time of deteriorating (colder, drier) climatic 
conditions. The CRP results highlight the long persistence of this tundra vegetation, through approximately 30 million years 
of dynamically changing climatic conditions. 
Rare Jurassic and more common Permian-Triassic spores and pollen occur sporadically throughout the core. These are 
derived from Jurassic Ferrar Group sediments, and from the Permian-Triassic Victoria Group, upper Beacon Supergroup. 
Higher frequencies of reworked Beacon palynomorphs and coaly organic matter below -307 mbsf indicate greater erosion 
of the Beacon Supergroup for this lower part of the core. A color range from black, severely metamorphosed specimens, to 
light-colored, yellow (indicatinglow thermal alteration), reworkedpermian palynomorphs, indicates local provenance in the 
dolerite-intruded Beacon strata of the Transantarctic Mountains, as well as areas (now sub-ice) of Beacon strata with little 
or no associated dolerite well inland (cratonwards) of the present Transantarctic Mountains. 

INTRODUCTION 

Until recent drilling projects in the Ross Sea area, the 
middle Cenozoic vegetational history of this part of 
Antarcticahas remained somewhat of amystery. Typically, 
because of the widely accepted notion of a post-Eocene 
glaciated landscape, post-Eocene vegetation in the areas 
adjacent to the Ross Sea had been largely discounted. The 
Cape Roberts drillholes CRP-1 and CRP-2/2A provide a 
sedimentary record that spans the Early Oligocene to Early 
Miocene, albeit with many unconformities, and terrestrial 
palynomorphs recovered from these cores enable 
reconstruction of at least part of the contemporaneous 
vegetation (Cape Roberts Science Team [CRST], 1998, 
1999; Raine, 1998). 

Cape Roberts Project CRP-2/2A was sited 14.2 km 
offshore from Cape Roberts on the annual sea-ice in the 
VictoriaLandBasin, Ross Sea, at awaterdepthof 177.94 m, 
at 77.006' S and 163.719O E (see location map), and was 

cored from 16 October to 25 November, 1998, to a total 
depth of 624.15 metres below sea floor (mbsf). The 
uppermost 27 mbsf of CRP-2/2A include Quaternary and 
Pliocene sediments, while the stratabelow 27 mbsf (Fig. 1) 
are of Early Miocene and Oligocene age (CRST, 1999; 
McIntosh, this volume; Scherer et al., this volume; Watkins 
& Villa, this volume; Wilson et al., Chronostratigraphy, 
this volume). The Miocene and Oligocene sediments carry 
adistinct glacigene imprint throughout and comprise cyclic 
glacimarine nearshore to offshore sediments, with a range 
of lithologies from diamictites and conglomerates to 
laminated mudstones (CRST, 1999). 

This paper discusses terrestrial palynomorphs from the 
Miocene and Oligocene portion of CRP-2/2A. Samples 
were processed for palynology at McMurdo Station as 
described in the Initial Reports (CRST, 1998, 1999) and 
Simes & Wrenn (1998): 183 samples were collected for 
palynological analysis and 123 of these were processed 
and examined for spores and pollen (collectively termed 
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Fig. 1 - Species richness (diversity) of Cenozoic miospores, expressed as numbers of taxa. Intervals in which redeposited Eocene taxa are relatively 
abundant are indicated by stars. The right-hand side of the diagram shows distribution of taxa also known from outcrops of the Sirius Group (see text) 
and the FADS of two of the taxa. Columns on the left include the lithostratigraphic units (eg. 1. l) ,  lithologic column and sequence boundaries as 
described in CRST 1999. 

miospores). All prepared microscope slides were 
completely scanned to maximize recovery of the few 
preserved miospores. Marine palynomorphs, in contrast, 
are abundant in most samples and are discussed in CRST 
(1999) and Hannah, Wilson & Wrenn (this volume). 

The overall impression when working with these 
samples is the extremely low abundance of miospores. 
This was also true for the CRP-1 samples (Raine, 1998) 
and for other Cenozoic drillhole and outcrop material 

from the vicinity (e.g. Brady & Martin, 1979; Truswell, 
1986; Mildenhall, 1989; Askin & Ashworth, 1998). For 
the CRP-212A material, the sparseness is interpreted 
(CRST, 1999) as resulting from both sparse 
contemporaneous vegetation in the surrounding landscape, 
and dilution by rapid sediment accumulation. Raine (1998) 
noted the inherent problems for interpretation associated 
with sparse miospore assemblages: the low numbers of 
miospores are not an adequate reflection of the vegetation, 



andreworkcdspecimens may form a significant proportion 
of the ;issemblage. Modern contaminants arc not an 
import;mt Factor in CRP-212.4. Differentiation of the 
contemporaneous miospore assemblage from reworkcc1 
specimens, however, remains a problem for the Cape 
Roberts material, especially as there is little independent 
evidence 0 1 1  stratigraphic ranges for many iniospore species 
in this region of Antarctica, and small amounts of burial 
haveresulted in bothcontemporaneous and most reworkecl 
Cenozoic specimens being of similar light color (yellow) 
and similar autofluorescence. In previous studies, 
interpretation of Antarctic Neogene assemblages in 
particular havebeen plagued by ambiguities in recognizing 
reworked material, as discussed by Raine (1998) and 
Askin (2000). 

CRP-2/2A OLIGOCENE - EARLY MIOCENE 
ASSEMBLAGES 

The Oligocene - Early Miocene miospore assemblages 
of CRP-2/2A are notably species and specimen poor (Tab. 1 ; 
Fig. 1). Sample details and composition of organicresidues 
and miospore assemblages of CRP-2/2A are presented in 
the Initial Report (CRST, 1999); selected taxa are illustrated 
in figure 2 (see also figs. 5.10 and 5.1 1 of CRST 1999). 
Figure 1 plots species richness (diversity) of Cenozoic 
miospores. Total numbers of Cenozoic specimens for 
each sample are not plotted in figure 1, as these values 
almost exactly mirror the diversity plots. Total counts per 
sample are usually less than 10, and the highest frequency 
of specimens counted was 64 at 575.36-575.37 mbsf, 
notably much higher than all other samples, and almost 
twice that of the second highest, 34 at 40.54-40.55 mbsf. 
Intervals of higher species (and specimen) richness tend to 
coincide with intervals with noticeably increased 
occurrences of reworked Eocene dinoflagellate cysts (for 
dinocyst distribution data, see CRST, 1999), though this is 
not true for sample 575.36-575.37 mbsf. Two such intervals 
are bracketed and marked with a star on figure 1 as 
probably also including a significant proportion of 
reworked Eocene miospores, including for example in 
samples between40.54 and 47.54 mbsf various species of 
Nothofagidites, plus Osmundacidites wellmanii, and conifers 
Microcc/c/i~yidites mtarcticus and Trichofo~~zos~ilcites 
.s~ibgranulaf~/s. This same argument for a reworked 
Paleogene origin for miospores found in Neogene 
sediments (because of association with reworked Eocene 
dinoflagellate cysts) has been used in the past (e.g. Wrenn, 
1981; Truswell, 1986), but for the entire miospore 
assemblage. 

The Miocene and Upper Oligocene sections of CRP-212A 
are similar, the main discernible variation being an increase 
in numbers of species and specimens below about 307 
mbsf. This trend continues more markedly down through 
the Lower Oligocene strata below 443 mbsf. Miocene- 
Upper Oligocene strata are characterized by mostly single 
specimen occurrences, excluding the 40.54 to 47.54 mbsf 
interval where most of the miospores are probably reworked 
from older (?Eocene) sediments. 

Figures 1 and 3 include the lithostratigraphic units, 

lithologic coliimii ;ind sequence boundaries (as outlined in 
CRS'I' 1000). Alllioi~gli specimen and species richness of 
contempoi'tiiicous miosporcs are generally greater in  the 
finer-wiined samples, as midlit beexpected for deposition 
ofsi lt-grade partides. wccan discern n o  rcgularrelationship 
between sec~iicnccs (or parts ol'sequences) and composition 
ol'paly~~ological assemblages. We believe that thenumbers 
of preserved niiospores (both contemporaneous and 
reworked) are too few for meaningful environmental 
interpretation at the individual sequence or cycle level. 
Statistically significant numbers of specimens (at least 
several hundred per sample) are desired for such 
interpretations, whereas only single or a few (64 at best) 
specimens were recovered from CRP-2/2A samples. 

The upper part (Miocene) of CRP-212A repeats in part 
the Miocene succession recovered from CRP-1 (CRST, 
1998; Raine, 1998). Like CRP- 1, the Miocene and Late 
Oligocene successions of CRP-2/2A include spores of 
Bryophyta, listed in table 1 as Marchantiaceae and 
Coptospora spp. Modern affinities of these liverwort and 
moss spores are discussed in Raine (1 998). Marchantiaceae 
and Coptospora spp. are important parts of the Sirius 
Group vegetation (see below), as are pollen of 
Nof11ofagidite.s lac l~laniae ,  Triculpites sp.a and 
Podocc~rpidites sp.b. All these miospores are believed to 
be contemporaneous with deposition. It is difficult to 
determine with certainty which of the other miospores are 
also contemporaneous and which are reworked. One of the 
more useful outcomes of the Cape Roberts Project, 
however, is the additional distribution data it provides, 
through much of the Oligocene and Early Miocene, 
allowing the beginnings of a Cenozoic spore and pollen 
biostratigraphy for the McMurdo Sound area. 

It is likely that some of the other Nothofagidites 
species besides N. lachlaniae are derived from the nearby 
vegetation at time of deposition, especially during the 
Early Oligocene. Examples of these might include some 
of the Nofl~ofagidites undifferentiated fusco group which 
occur consistently though rarely throughout the core and 
show a noticeable increase in frequency downhole in the 
Early Oligocene, and some of the Notlzofqidi tes f lem~i i  
and N. cf.flemi11gii (a smaller form), which are consistently 
though rarely present throughout, and also occur in CRP- 1. 
This is likely also true for most of the podocarp conifer 
species of Podocarpidites. 

Miospores previously described from various outcrops 
of the (?)Pliocene Sirius Group in the Transantarctic 
Mountains comprise very low diversity assemblages of 
Coptospora (at least three species) and Marchantiaceae 
spores, and pollen ofNofliofqidites lachlaniae, Tricolpites 
sp.a and Podocarpidites sp.b (though some have been 
reported under different names, Askin & Markgsaf, 1986; 
Hill & Truswell, 1993; Askin & Ashworth, 1998; Wilson 
et al., 1998). These taxa are all important elements of the 
CRP Oligocene and Miocene, and their occurrences in the 
CRP-2/2A core are plotted in figure 1 under Sisius Group 
taxa. Nofhofagidites laclilaniae and Coptospora spp. occur 
throughout the sampled core. The woody Nothofagus 
plant that produced pollen of Nothofagidifes lachlaniae 
(Hill & Truswell, 1993) and leaves of Notlzofag~~.~ 
bearclmorensis (Hill et al., 1996) was interpreted, largely 
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Tab. 1 - Cenozoic terrestrial palynoinorpiis from tlie late Oligocene to early Miocenc .section ot'CRP-212A. Note: shading = barren samplr,  

Sample 
depth (m) 
13.31-13 32 

15.74-15.75 

l 5  75-15.76 

21 02-21.03 

21.18 21 19 

22.33-22.34 

24.41-24.42 

25.44-25.45 

25 86-25.87 

26 29-26 30 

26.36-26 37 

26.79-26.80 

26 89-26.90 

27 88-27 89 

29 00-29 02 

32.75-32 76 

34.38-34.39 

36.24-26.27 

40.54-40.55 

44.08-44.09 

47 41-47.54 

48 63-48.64 

51 96-51.97 

52.96-52 97 

54.17-54.18 

55 80-55.81 

57.32-57.42 

59.97-59 98 

63.28-63.29 

67.63.67.64 

70.79-70.80 

71.20-71.21 

75.59-75.60 

76.12-76.13 

79 44-79.45 

83.73-83.74 

89.52-89 53 

90.46-90 48 

93.76-93.77 

96 77-96.78 

101.10-101 11 

103.62-103.63 

106 00-106.01 

109.13-109.14 

11 1.06-1 11 07 

113.50-113.51 

114.23-114.24 

114.71-114.72 

118.88-118.89 

122.55-122.56 

123.50-123.51 

128.09-128.10 

130.90-130.93 

132 14-132.15 

139.91-139 92 

147.53-147 54 

854.47-154.48 

58 51-158.52 

65 89-165.90 

73.44-173 46 

77.75-177 76 

77.90-177.92 

81.73-181.74 

87.45-187.46 

95.70-195.72 

99.09-199.10 

07.21-207.22 

15.24-215.25 

15.49-215.52 

27 01-227 02 

36 34-236.35 

45.49-245.50 

56.03-256 04 

60 00-260 02 

70 94-270.95 

85 57-285.59 

92.31-292.32 

96.32-296 33 



Sample deptl 
>l_- 

307.17-30/.13 

316 50-316 52 

317.59 317.60 
325 66-375 67 

335 29.335 30 

339 80.339 82 

346 12.346.13 

353 61-353 62 

358 20.358 22 

363.00-363 01 

369.85-369 86 

382.25-382.26 

390.17-390.19 

401.05-401.06 

412 25-412-27 

416.95-416.96 

429.32-429 33 

437.69-437 70 
444.76-444 78 

453.26-453.27 

464.98-465.1 8 

474.97-474.98 

480.81-480.82 

486 32-486.34 

494 10-494.1 1 

502 55-502.56 

507.77-507 79 

515.82-515.83 

524.46-524.48 

531.65-531.66 

536.50-536 51 

543.81-543 83 
548.46-548 47 

556.06-556 07 

564.68-564 70 

575.36-575 37 

584 59-584.61 
594.90-594.91 

601.34-601.35 

604.44-604.46 

612.60-612.61 

620.21-620.22 

623.77-623.79 

624.14-624.15 

from its wood anatomy, as being a prostrate tundra plant 
in Sirius Group time with a habit similar to the arctic dwarf 
willow Salix arctica and the subalpine-alpine Tasmanian 
deciduous Nothofagus guizizii (Francis & Hill, 1996; see 
also Hill & Truswell, 1993). Podocarpidites sp.b is 
extremely rare, with only three occurrences noted in CRP- 
2/2A, and single occurrences (as ?Dacrydium sp.) were 
reported in the Sirius Group of the upper Beardmore 
Glacier area and Reedy Glacier, Askin & Markgraf, 1986; 
Wilsonet al., 1998). Itsrangeis shown (Fig. l)  as continuing 
through the base of CRP-2/2A, as it has recently been found 
in upper CRP-3 stratabelieved to predate CRP-2/2A (CRST 
2000). Important biostratigraphic datums are now available 
from CRP-2/2A for two of the Sirius taxa: the First 
Appearance Datums (FADS) of Tricolpifes sp.a near the 
Oligocene/Miocene boundary (at 177.75-177.76 mbsf), 
and Marchantiaceae in theEarly/Late Oligocene transition 
(at 339.80-339.82 mbsf). It is apparent, therefore, that 
some elements of the evidently extremely hardy periglacial 
tundra vegetation that survived in Antarctica through the 

early Miocene, and possibly into the Pliocene, had their 
origin in the Oligocene during a time of deteriorating 
(colder, drier) climatic conditions. 

The similarities of the sparse CRP-1 and CRP-2/2A 
Miocene and Late Oligocene assemblages, and of the Sirius 
Group assemblages, are considered significant. Raine (1 998) 
discussed the source vegetation for the CRP- 1 assemblages, 
which he likened to a herb-moss tundra, similar in form to 
that of the present-day herb tundra of the Cool to Cold 
Antarctic zones of Greene (1964). While discussing the 
Sirius Group flora, Askin & Markgraf (1986) had noted 
similarity to the present Magellanic tundra of Pisano 
(1983). The tundra vegetation that grew in adjacent areas 
of the Ross Sea during deposition of the CRP-1 and CRP- 
2/2A Miocene and Late Oligocene was rich in bryophytes 
(mosses and liverworts) with a low diversity of non- 
woody plants (herbs), and a few prostrate/ground-hugging 
woody plants (e.g.  represented by Notlzofagidites 
1achZaniae and Podocarpidites sp.b) growing in protected 
areas. For the CRP-1 Miocene, a vegetation mosaic was 
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Fig. 2 - Photomicrographs of selected spores and pollen from CRP-2/2A, all at magnification approximately xlOOO. All are Cenozoic taxa. 
a) Marchantiaceae, depth 44.08-44.09 mbsf. P6711. England Finder coordinates E4913. maximum dimension 74 pm: b)  Coptospora sp.. 575.36- 
575.37 rnbsf. P17413, L5410.71 pm; c) Ricciaesporites sp., 575.36-575.37 mbsf. P17412. M4210. 67 pm; d) Podocarpidites sp.b, 22.33-22.34 n~bsf, 
P7211, F5612; e) Assamiapollenites cf. hcognitus Pocknall & Mildenhall. 215.49-215.52 mbsf, PI 1312. K4312. 44 pm: f) ?Cyperaceaepollis sp., 
444.76-444.78 mbsf, P14612.03511. 39 urn; g, h) Phonnium sp.. proximal and distal focus levels respectively, 346.12-346.13 mbsf, P14411, P4313. 
3 4 ~ m ;  i) PStylidiaceae, 47.41-47.54 mbsf, P5711, W50/0,31 pm; j) Nothofagidites lachlaiziae (Couper) Pocknall &Mildenhall, 556.06-556.07 mbsf. 
P17314. C29/0,3 1 urn; k) Tricolpites sp.a. 2 1.02-21.03 mbsf, P6311. N52/3,45 urn: 1) ?Ranunculaceae. 453.26-453.27 mbsf, P15913. V5410.47 m; 
m )  Nothqfagidifesflemii~gii (cbuperfpotonii. 47.41-47.54 mbsf, P5712. ~3612.  37 pm 
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Age Unit Depth Grain Sequence 1 residue 
m 1 

(mbsf) size boundaries arbitrary 
4 o u n i t s  1 

Recycled spores and pollen 

l . .  . . l  
. .  . . ,  . . . . .  

2.. 
- . .  
- 

1 Palynol. l Black 1 Brown 

1 Jurassic 
m 
0 5 

samples (numbers of specimens) 

Permian-Triassic - 

Fig. 3 -Abundance of redeposited Jurassic-Cretaceous and Pernnian-Triassic spores and pollen, expressed as numbers of observed specimens (taxa 
and distribution data from CRST, 1999. table 5.9). Also shown is the relative abundance of total organic particulate material (palynological residue) 
per unit weight of sediment, and relative abundance of the black coaly and brown tissue components of this residue, ranked by visual estimation [O 
= absent, 5 =prolific]. See also CRST, 1999 for a summary of the palynofacies and organic components 
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suggested by Raine (1998), with low-growingNot/~(?fdgns- 
podocarp-Proteaceae shrub occupying warmer sites, for 
example on mid-slopes, and herbaceous or mossy tundra 
in colder sites at higher elevations and on valley floors. 
Summer temperatures for the Miocene (erroneously L' 71vcn 
i s  "July", rather than January temperatures in Raine, 
1998) were likely similar to those of islands in the vicinity 
of the Antarctic Convergence today. Temperatures may 
have been somewhat similar, though probably slightly 
warmer during the Late Oligocene, as attested to by the 
slightly more diverse miospore assemblages. 

Conditions in the Early Oligocene were somewhat 
more favorable to plant growth, judging from the miospore 
record. A discernible trend, even with the small numbers 
of miospores recovered, is the increase downhole in species 
richness andnumbers of specimens (Tab. l ,  Fig. l), a trend 
that begins very gradually below about 307 mbsf, and 
increases downhole below -443 mbsf. TheEarly Oligocene 
landscape included more diverse woody vegetation 
"owing in somewhat milder climates than in the Late 
Oligocene and Miocene, although the sedirnentological 
evidence indicates the climates were still largely glacial 
(CRST, 1999). TheEarly Oligocene miospore assemblages 
near the base of CRP-2/2A never reach the richness in 
species diversity and abundance seen in the Eocene 
McMurdo Sound erratics (Cranwell et al., 1960; Cranwell, 
1969; McIntyre & Wilson, 1966; Wilson, 1967; Askin, 
2000) or in the Eocene assemblages recovered from the 
lower part of the CIROS-l drillhole (Mildenhall, 1989, 
andRaine, unpublished data). In thoseEocene assemblages, 
which reflect moist temperate climates, there is a greater 
variety of angiosperm taxa, including Proteaceae and 
representatives of other families not encountered here, 
and a greater variety of gymnosperms and cryptogams. 
The vegetation represented by the CRP-2/2A miospore 
assemblages reflects a time of deteriorating climatic 
conditions that post-dates the onset of glacial conditions in 
the Eocene in the McMurdo Sound area. 

An important observation from these Cape Roberts 
results is the long-lived nature of the tundra vegetation, 
which evidently persisted throughout much of the 
Oligocene and the Miocene to perhaps the middle Pliocene, 
surviving through approximately 30 million years of 
dynamically changing climate conditions. 

There are some notable occurrences for Antarctica 
amongst the CRP-2/2A assemblages. These are mainly 
herbaceous taxa and include a possible specimen of 
Stylidiaceae (the trigger plant family, austral and mostly 
subalpine herbs and cushion plants) at 47.41-47.54 mbsf, 
Assamiapollenites cf. incognitus (a biostratigraphically 
important New Zealand Miocene angiosperm of unknown 
affinity, probably monocotyledonous) at 215.49-215.52 
mbsf, Phomium sp. (Agavaceae, related to New Zealand 
flax) at 346.12-346.13 mbsf, ?Cyperaceaepollis sp. 
(Cyperaceae, the sedge family) at 444.76-444.78 mbsf, 
?Ranunculaceae (buttercup family) at 453.26-435.27 
mbsf, and Ricciaesporites sp. (Ricciaceae, a thallose 
liverwort family ) at 575.36-575.37 mbsf. All these taxa 
add to the known floristic diversity of the McMurdo 
Sound area, and may be useful biostratigraphic markers 
in the future. 

PALAEOZOIC AND MESOZOIC REWOKKE1) 
ASSEMBLAGES 

Reworked Palaeozoic and Mesozoic spores :iml pollcii 
occur sporadically throughout the CRP-2/2A core. Two 
broad age groupings are recognized: Jurassic-Ci~ctiic~~oi~s 
:md Permian-Triassic. Numbers of these I-eworked 
specimens are plotted in figure 2 (taxa and distribution 
data from CRST, 1999, table 5.9). These rcworkal 
assemblages are derived from erosion of sedimciitiii'y 
strata in (or beyond, sec below) the current Transantarclic 
Mountains belt, and transport and redeposition by the 
proto-Mackay Glacier. 

Very rare single specimens typical of Jurassic-Lower 
Cretaceous strata (such as Corollina sp.  arid 
Callialasporites segmentatus) occur in CRP-2/2A. The 
likely source of these specimens is the Lower-MiddIc 
Jurassic Fessar Group. Fessar Group sediments, including 
palynomorph-bearing lacustrine beds, have been reported 
(e.g. Tasch & Lammons, 1978) from Carapace Nunatak, 
which is located upstream and slightly to the north of' 
Mackay Glacier. 

Permian-Triassic spores and pollen found throughout 
CRP-2/2A are derived from erosion of the Permian- 
Triassic coal measures and fluvial sediments ofthe Victoria 
Group, Beacon Supergroup. Victoria Group strata, which 
are intruded by Ferrar dolerite sills, crop out in  the 
Transantarctic Mountains through which the Mackay 
Glacier flows. There is a significant increase in frequency 
of Permian-Triassic reworked specimens and black coal y 
material ("black 0.m.") below -307 mbsf (Fig. 3; see also 
CRST, 1999, for summary of thepalynofacies and organic 
components). This suggests greater amounts of erosion of 
Beacon strata during the Early Oligocene as compared 
with thesubsequent intervalin CRP-2/2A. This is consistent 
with clast and grain studies that show increased quantities 
of dolerite, coal and rounded quartz grains from dolerite- 
intruded Beacon strata in the lower part of the core (CRST, 
1999; Talarico et al., this volume). 

Heating associated with dolerite intrusion and basalt 
extrusion of the Jurassic Ferrar Group has thermally 
metamorphosed the organic matter of the Beacon 
Supergroup to varying degrees. Palynomorphs reflect 
amount of heating by exine (wall) color changes from light 
yellow, through orange, red-brown, dark brown to black 
before their eventual destruction (which occurs at about 
the equivalent transition from anthracitic coal to meta- 
anthracite, vitrinite reflectance R 4.0%). The Permian- 
Triassic reworked assemblage includes well-preserved 
yellow-orange specimens to barely recognizable black 
corroded remnants. Most notable are the occasional well- 
preserved Permian spores and pollen that exhibit relatively 
low thermal alteration. Examples are the specimen of 
Protohaploxypinus sp. (CRST, 1999, fig. 5.1 1.j) at44.08- 
44.09 mbsf which is yellow in color, and the orange-brown 
specimen of Pseudoreticulatisporapseudoretic~~lata (CRST, 
1999, fig. 5.11.m) at 57.32-57.42 mbsf. These have a 
provenance from Permian sediments that have not been 
severely metamorphosed, and certainly not to the extent 
observed in the presently exposed Permian sediments. 
Palynomorphs recovered from outcrop samples of the 



Permi;in Wcller Coal Measures in  southern Victoria I ,and 
(e.g. Ky lc, 1 977) are poorly prcserveil and dark hrownisli 
black to black and corroded. It was suggested by Askin 
( 1  998) t hat light-coloredTriassic palynomorphs, reworked 
into Sirins Group beds on Mount Feather, were derived 
from '1'ri;issic Victoria Group strata with little or n o  
associated dolerite, inland of the current Transantarctic 
Mountains. A similar provenance is envisaged for some of 
the reworked Beacon palynomorphs recovered in the 
CRP-212A cores: the dark-colored specimens probably 
had a more local derivation from the present dolerite- 
intruded Transantarctic Mountains, but the light-colored 
specimens have been eroded and carried by the proto- 
Mackay Glacier from some distance inland. As with the 
reworked Feather palynomorphs, these provide good, 
albeit indirect, evidence for thelackof doleritecratonwards 
of the Tr~insantarctic Mountains. 

ACKNOWLEDGEMENTS 

We thank John Simes for his careful preparatory work at the 
Crary Laboratory, fellow CRP palynologists Mike Hannah and 
Graeme Wilson for helping locate precious specimens, and Dallas 
Mildenhall (IGNS) for his comments on the manuscript. Support 
for this CRP research for Askin was provided by National Science 
Foundation grant OPP-9527013, and for Raine and Simes by the 
New Zealand Public Good Science Fund. BPRC Contribution 
Number 1 170; IGNS Contribution Number 1808, 

REFERENCES 

Askin R.A., 1998. Palynological investigations of Mount Feather Sirius 
Group samples: recycled Triassic assemblages. In: Wilson, G.S. & 
Barren, J. (eds.), Mount Feather Sirius Group Core Workshop and 
Collaborative Sample Analysis. ByrdPolarResearch CenterReport, 
14,59-65. 

Askin R.A., 2000. Spores and pollen from the McMurdo Sound erratics, 
Antarctica. In: Stilwell, J.D. &Feldmann, R.M. (eds.).Paleobiology 
and Paleoenvironments of Eocene rocks, McMurdo Sound, East 
Antarctica, Antarctic Research Series, American Geophysical 
Union, 76. 161-181. 

Askin R.A. & Ashworth A.C.. 1998. Palynomorphs from peat and 
lacustrine beds in the Sirius Group of the central Transantarctic 
Mountains. Geological Society of America, North-Central Section 
Meeting, Abstracts with Programs, 30, 3. 

Askin R.A. & Markgraf V.. 1986. Palynomorphs from the Sirius 
Formation. Dominion Range, Antarctica. Antarctic Journal of the 
United States. 21. 34-35. 

liriidy H. C<' M;irtiii 1 1 . .  1070. Koss Sea region in the Micltllc Mioccne: a 
~ l i i i i ~ s c  iuto (In- p;ist. .Sciciir~~", 203, 4.37-438. 

Cape Rohn'ts Scinicr Tr;iiii. IOW. Initial Report on CRP-1. r ; ~ p c  
Rolicris l'ro,icei, Ani;irc~icii, 7i>ri'ii Ani(ii~/ir(i, S(1 ), 1 X7 p. 

Cape Rolx'rts Sciei~ce Tram, 1999. Studies I'roin the Cape Roberts 
'rojcct. Ross Scii. Aiit;ii\'lic;i, Iniiiiil Report on CRP-212A. Terra 
Aiiliirlirri, 6( 1 R), 1'73 p, 

Ciipc Rohn'ts Science ' I ' G I I I ~ ,  2000. Studics fi-0111 the C;ipc Roberts 
ProJee~, Ross Scii. Ant;i~'tica. Initial Report on CRP-3. Term 
Alilnrlicii. 7(1/2). 209 p. 

Cra~iwell L.M.. 1069. Antarctic ;md Circ~irn-Antarctic palynological 
contrihiiiions. i\ii/(ii.r.ti(, .loiiriial o f  / l ie United States, 4. 197- 198. 

Cranwcll I,.M., l-Iiin'ing~oii 1I.S.. & Speden I.G.. 1960. Lower Tertiary 
microfossils from McMurilo Sound, Antarctica. Nature. 186.700-702. 

Francis .I.I;.. & Hill [<,S., 1006. Fossil plants from the Pliocene Sinus 
Group.Triiiisantarctic Moiiiltains: Evidence forclimate froingrowth 
rings and fossil lcavcs, I'tilriio.~, 11, 389-396. 

GrccncS.W., 1964. Plantsofihc land. In: Priestley R., AdieR.J. &Robin 
G.cle Q. (cels.),Aii iri i~(~~icR("ie(ircli. Butterwoi-tlis. London. 240-253. 

Hill R.S.. Harwood D.M. & WcbbP.N., 1996. Notl~fagusbearcbnorensis 
(Nothofa~accac), a new species based o n  leaves from the Pliocene 
Sirius Group. Transantarctic Mountains. Antarctica. Review of 
Palapol~otaiiy and P(il\iiolos\, 94. 1 1-24, 

Hill R. S.. &Truswell E.M., 1993. No1110fii~1;iisfossils in theSirius Group, 
Transantarctic Mountains: leaves and pollen and their climatic 
implications. In:  Kennett. J.P. &Warlike, D.A. (eds.), TheAntarctic 
paleoem'ii'onnient: aperspectiveoi~glol~alchange, PartII. Antarctic 
Research Series, 60, American Geophysical Union. 67-73. 

Kyle R.A., 1977. Palynostratigraphy of the Victoria Group of south 
Victoria Land. Antarctica. New Zealand Journal of Geology and 
Geophysics, 20, 108 1-1 102. 

McIntyre D.J. & Wilson. G.J.. 1966. Preliminary palynology of some 
AntarcticTertiary erratics. Nen'ZealandJournalofBotany, 4,3 15-321. 

Mildenhall D.C., 1989. Terrestrial palynology. In: Barrett, P.J. (ed.), 
Antarctic Cenozoic histor\ from the CIROS-I drillhole, McMurdo 
Sound, DSIR Builletin. 245. 119-127. 

Pisano E.. 1983. The Magellanic tundracomplex. In: Gore. A.J.P. (ed.). 
Mires: swamp, bog, fen, and moor. Volume B, Regional studies. 
[Goodall. D.W. (series ed.). Ecosystems of the world. 4B.l Elsevier, 
Amsterdam. 295-239. 

Raine J.I.. 1998. Terrestrial palynomorphs from Cape Roberts Project 
Drillhole CRP-l. Ross Sea, Antarctica. Terra Antartica, 5(3). 539- 
548. 

Simes J. & Wren11 J., 1998. Palynologic processing in Antarctica. Terra 
Antartica, 5(3), 549-552. 

TaschP. &Laniinons J.M.. 1978. Paly~iology ofsomelacustrineinterbeds 
of the Antarctic Jurassic. Palinologia, 1,455-460. 

Truswell E.M., 1986. Palynology, In: Barrett. P.J. (ed.). Antarctic 
Cenozoic l i i s t o ~  from the MSSTS-1 drillhole, McMiirdo Sound, 
DSIR Bulletin. 237, 13 1 - 134. 

Wilson G.J.. 1967, Some new species of Lower Tertiary dinoflagellates 
from McMurdo Sound, Antarctica, New Zealand Journal ofBotany, 
5. 57-83. 

Wilson G.S.. Harwood D.M., Levy R.H. & Askin R.A.. 1998. Late 
Neogene Sinus Group strata in Reedy Valley: a multiple resolution 
record ofclimate. ice sheet and sealevel events. Journalof Glaciology, 
44. 437-447. 

Wrenn J.H.. 198 l .  Preliminary palynology of the RISP site J-9, Ross Sea. 
Antarctic Journal of the United States, 16, 72-74. 




