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Foreword 

This volunie is the first of several special issues of Terra Ant(n'tica to 
present the results of the Cape Roberts Pioject, i n  which the Antarctic 
programmes of Australia, Germany, Italy, New Zealand, UK and USA are 
collaborating to take a series of cores off the Antarctic coast from a drilling 
rig set on the fast sea-ice to investigate climatic and tectonic history of the 
region (Barrett & Davey, 1992; International Steeling Committee, 1994). 
Although this first season of drilling was curtailed at a depth of 148 mbsf 
(metres below sea floor) by an unusual storm-generated ice break-out, the 
core recovered represents a significant advance for geological understanding 
in the region, both with new facies and with early Neogene ages from the 
presumed Paleogene sequence. Down hole conditions were also more 
difficult than expected and improvements arc being sought for the drilling 
system to deal with these. But not the least of the challenges was for the Cape 
Roberts Science Team of 50 scientific technical and support staff, meeting 
in early October for the first time, to process, describe, sample and analyse 
the core and complete their first report by mid November and within 3 weeks 
of completion of the drill hole. We thank all of those who took part in the 
project for their commitment to its success and for achieving this season as 
much as the Antarctic would allow. We look forward in late 1998 to the next 
Cape Roberts special issue, the Scientific Report, with a more detailed 
analysis of the results of the 1997 drilling, and to the next drilling season. 

We are grateful for the support of the national Antarctic programmes of 
Australia, Great Britain, Germany, Italy, New Zealand and the United States 
for making this project possible, and in accommodating the delays brought 
about by ice conditions in the Antarctic. We thank Gillian Wratt and 
Antarctica New Zealand for coordinating the logistics of the project and Jim 
Cowie as Project Manager for maintaining a difficult operation on a sound 
and secure footing despite the challenges of the Antarctic environment. We 
also thank Scott Borg and the US National Science Foundation for making 
available the Crary Science & Engineering Center at McMurdo Station so 
that the scientific studies reported here could be carried out immediately after 
the drilling. Finally we gratefully acknowledge the editorial role taken by 
Chris Fielding and Woody Wise in helping complete this volume. 

Peter J. Barrett 

r\ 

Carlo Alberto Ricci 

November 1997 
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Background to CRP-1, Cape Roberts Project, Antarctica 

Abstract - The first hole of the Cape Roberts Project, CRP-1, was chilled in October, 1997, to a depth of 148 meties 
liclow the sea floor (mbsf) before being terminated ~~nexpcctcdly by the loss of fast sea-ice seaward of the rig following 
a severe storm. The site lies in 150 m of water at 77.008OS and 163.755OE, 16 km off Cape Roberts. This part of the 
report outlines the geologic setting, a gently tilted sequence near the margin of the Victoria Land Basin, and describes 
the history of the growth of sea ice, which provided the drilling platform, as well as the history of the drilling itself. 
Core recovery was around 77% in soft and brittle strata to 100 nl and 98% below that. 
The sequence was found to comprise a Quaternary glacigenic interval down to 43.55 mbsf and below this an early 
Miocene interval that was also glacigenic. Core properties that were studied include fracture patterns, porosity, sonic 
velocity and magnetic susceptibility. Velocity in particular was useful in relating the cored sequence to the regional 
seismic stratigraphy. A preliminary assessment suggests that the bottom of the hole is 15 m short of the boundary 
between seismic sequences V3 and V4. 
Analytical facilities new to the Antarctic and used for processing samples for the project are described here and include 
a bench top palynological processing system and a palaeomagnetic laboratory. The core management and sampling 
system, which recorded over 2 000 samples, is also outlined. 

INTRODUCTION back to perhaps as much as 100 Ma in age beneath the 
western side of McMurdo Sound, Antarctica, in order to 

The Cape Roberts Project is a co-operative drilling study the tectonic and climatic history of the region. It is 
project between the Antarctic programmes of Australia, named after Cape Roberts, the staging point for the offshore 
Germany, Italy, New Zealand, UK and USA. The aim is to drilling and a small promontory 125 km north west of 
obtain continuous core through strata from 30 Ma in age McMurdo Station and Scott Base (Fig. 1). 

Fig. 1 -Map of the south west corner of the Ross Sea, 
showing the locations of Cape Roberts, CRP-1 and 
other drill sites in the area, and McMurdo Station1 
Scott Base, the main staging point for the project. 
The edge of the fast ice before and after the October 
24 break-out is also shown. 

* J. Anderson, P. Armienti, C. Atkins, P. Barrett, S. Bohaty, S. Bryce, M. Claps, M. Curran, F.J. Davey, L. De Santis, W. Ehrmann, F. Florindo, 
C. Fielding, M. Hambrey, M. Hannah, D.M. Harwood, S. Henrys, F. Hoelscher, J.A. Howe, R. Jarrard, R. Kettler, S. Kooyman, C. Kopsch, L. Krissek, 
M. Lavelle, E. Levac, F. Niessen, S. Passchier, T. Paulsen, R. Powell, A. Pyne, G. Rafat, I.J. Raine, A.P. Roberts, L. Sagnotti, S. Sandroni, E. Scholz, 
J. Simes, J. Smellie, P. Strong, M. Tabecki, F.M. Talarico, M. Taviani, K.L. Verosuh, G. Villa, P.N. Webb, G.S. Wilson, T. Wilson, S.W. Wise, 
T. Wonik, K. Woolfe, J.H. Wrenn. 



2 Cape Roberts Science Team 

The project is designed to address two major questions: 
- did ice sheets grow and decay on Antarctica, with 

attendant changes in global sea level, prior to the 
earliest Oligocene 34 Ma ago, when it is widely 
believed the first extensive ice formed on the continent? 

- at what time did the continent begin to rift to form the 
Ross Sea and the Transantarctic Mountains? 
Implicit in theobjectives is the significant contribution 

to be made through age- and rock-type calibration for the 
40 000 km of seismic surveys in the Western Ross Sea by 
coring the strata off Cape Roberts. 

The strata to be cored form a seaward-dipping sequence 
1 0  to 15 km off Cape Roberts and seaward of the boundary 
between the Transantarctic Mountains (TAM) block and 
the Victoria Land Basin (VLB) (Fig.2). Seismic surveys 
of the basin have traced 3 sequences into the 2000+ m of 
strata off Cape Roberts (V3, V4 andV5-Fig. 3). Correlation 
with the CIROS-1 hole 70 km to the south indicated that 
most of the strata are more than 30 million years old 
(Barrett et al., 1995; Barteket al., 1996). The Cape Roberts 
Project aims to core 1200 or more m of this sequence by 
drilling at least three holes ranging in depth from 400 to 
700 m and overlapping so as to ensure a continuous 
stratigraphic record. 

This Initial Report, and a companion Scientific Report 
to be published later this year, provide results from the first 

drillingseason. After someuncertaintiesfollowinga yew 's 
postponement due to the late development of fast sea ice 
in 1996 and a series of winter ice break-outs this ye;Ã , tlic 
ice was thought likely to be thick enough in the drill-sitr 
area to safely support the drilling system. A decision vviis 
taken to send the advance party to Scott Base o n  tin' 
August "WINFLY" operation to establish a land mute to 
Cape Roberts and locate the first diill site. T h e  l>ilEty 

arrived at Scott Base on August 25, and, after SOIIIC 

challenging route-finding around the edge of the McMui do 
Ice Shelf, reached Cape Roberts on August 30 
Observations of sea-ice character and thickness led to the 
selection of site 1 on the southern of three possible l i  ansect 
lines indicated in the Science Plan (Barrett, 1997, Fig. 3.5) 
as the location for the first drill site - CRP-1. 

CRP-1 was terminated prematurely after 7 days ol 
coring when a large section of the fast sea-ice biokc onl 
after an unexpectedly fierce storm on October 23-24, 
leaving the rig vulnerable to further break-outs. 
Nevertheless, significant core had been recovered from 
both the Quaternary cover beds and the older pal t of the 
section to a depth of 147metres below the sea flooi (~nbsl), 
and forms the subject of this report. Basic data for the hole 
are summarised in table 1, and the depth and range of ages 
encountered are shown in figure 3 in the context of the 3 
sites planned for the project. 

Fig. 2 -Map of Ross continental shelf (A) 
and cross-section through the edge of the 
east Antarctic Rift System (B), showing 
the location of Cape Roberts with respect 
to the East Antarctic Ice Sheet, the 
TransantarcticMountains and the Victoria 
Land Basin. Thelocationof figure3, with 
the 3 planned drill sites off Cape Roberts, 
is also shown. 

X Cape 
Roberts 



Hackground to CRP- 1 ,  Cape Rohcits I'rojcci 3 

l 
- - - - -- 

:l l ' ' ~  3 - Geological 
section based on seismic 
data from NBP90-89 
(adapted from Fig. 3.5 by 
S.A. Henrys in Barrett, 

. .. 997), showing CRP- 1 
and the ages obtained by 
the Cape Roberts Science 
Team (sec Quaternary 
and Miocene Strata, this 
volume). 

+ l0  km to C Roberts 

ice edge before Oct 24 +, 
ice edge after Oct 24 -+, l 

l 
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Tab. 1 -Site data for CRP-l. 

Posit ion 
Latitude 
Longitude 
Water depth 
Sea  ice thickness 
First  core 
Last core 
Cored interval 
Core  recovered 
Recovery 
Depth to  bot tom of ho le  
Age  and l i thology of 
oldest strata 

16 k m  ENEof Cape Roberts 
77.00?i0 S 
163.755OE 
153.50 m 
1.60 m 
1:30 am, 17 October 1997 
2:00 am, 24 October 1997 
132.06 m 
113.32 m 
86% 
147.69 mbsf 
22-24 Ma. Mudstone with 
scattered pebbles 

The report is organised as 4 related articles: 
1 - Background to CRP-1. This section includes information 

on geological context for drillhole, coring and sea-ice 
observations, core properties and an overview of the 
core. It also includes core recovery data (Appendix l), 
core logs on a scale of 1:20 (Appendix 2) and scanned 
images of the core face after splitting (Appendix 3). 

2 - Quaternary strata. These are about twice as thick as 
expected, and contain an unusual carbonate facies. 

3 - Miocene strata. Although these are part of the dipping 
"target7' sequence, they are around 8 my younger than 
we  expected from seismic correlation from the 
CIROS-1 drillhole 70 km to the south. However the 
CRP-1 core provides a new window on the period from 
1 7  to 22 Ma in this region. 

4 - Summary of results. This provides a preliminary age 
model for the core and interpretations on glacial 

advance and retreat over the site in early Quaternary 
and Miocene time. 

REGIONAL SETTING 

GEOLOGICAL SETTING 

McMurdo Sound lies at the southwestern end of the 
Ross Sea, between the Transantarctic Mountains of South 
Victoria Land and the recent (5 Ma) volcanic Ross Island 
(Fig. 4). It coincides with the southwestern end of the 
Victoria Land Basin (VLB), one of four major extensional 
basins forming the Ross Sea continental shelf (Houtz & 
Davey, 1973; Davey, 1981,1983; Hinz & Block, 1984; 
Cooper et al., 1987,1994). TheVLBis acomplexstructure, 
extending from Ross Island to Terra Nova Bay, and 
comprising a major basin up to 14 km deep in the west 
separated from a subbasin, in the east by avolcaniczone, the 
Terror Rift, which apparently continues into Ross Island. 
Ross Island may be expected to be underlain by several krns 
of sedimentary rocks (Cooper & Davey, 1987; Melhuish et 
al., 1995). In this region the TAM forms the western margin 
of the VLB and the deformational history of the two are 
probably directly related. Two main crustal thinning events 
have formed the basins of the Ross Sea but they are not well 
constrained in time. The first, an essentially non-magmatic 
rifting event over most of the Ross Sea, is probably related 
to the break-up of Gondawana in this region (late Mesozoic). 
The second event was associated with volcanic activity and 
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1:i.y. 4 - Location (inset) and 
bathymetry of the Cape Roberts 
Project survey area. Swath 
bathymetry isshown,withcontours 
interpolatedfrom other single track 
data where swath data were not 
ivailablc. Contours are at 25 m 
intervals over the swath area, and 
50 m elsewhere.Theseismicprofile 
in figure 5 is along the line 
NBP9601-89. Drill-site options 
(sites 1, 2, 3 on NBP lines 86, 87 
and 89) and the drill site CRP-1 are 
marked. 

localised in the VLB, and an Eocene and younger age has 
been proposed (Cooper et al., 1987,1991). 

The main structural trend is north-south, with major 
normal faulting forming half grabens in basement and 
terminatingin the overlying sedimentary section. Cenozoic 
faulting cuts through the sedimentary section and, in 
places, reaches the sea floor. Late Cenozoic structural 
trends have been mapped also transverse to these features 
(Cooper et al., 1994). 

The planned Cape Roberts drill sites are located on an 
offshore bathymetric rise, Roberts Ridge, in northern 
McMurdo Sound, about 10 to 20 km east of Cape Roberts 
on the southern entrance of Granite Harbour (Figs. 1 & 4). 
This bathymetric high rises from about 500 m depth in the 
west to within 100 m of sea level. To the south, Roberts 
Ridge broadens into a shallow-coastal platform 200 m 
below sea level in western McMurdo Sound. Glacial 
advances have truncated Roberts Ridge to the north and 
west exposing the older east-dipping strata of the VLB 
close to the sea floor (Fig. 5). A thick stratigraphic section 
through strata of the VLB can therefore be sampled by a 
series of shallow drillholes stepping down the western 
flank of Roberts Ridge. 

The sedimentary geology beneath McMurdo Sound 
comprises strata that dip gently east from the western shelf 
of McMurdo Sound and apparently under Ross Island. 
These same strata crop out on western Roberts Ridge, 
where they were first observed in 1980 (D. Bennett, 
unpublished manuscript). Subsequent multichannel 

seismic measurements from R N  SP LEE and RN OGS- 
EXPLORA demonstrated that the units could be traced 
into the lower (deeper) sedimentary sequences of the VLB 
(Cooper et al., 1987; Brancolini et al., 1994). Several 
seismicsurveys have defined the major seismostratigraphic 
units throughout the Victoria Land Basin (Cooper & 
Davey, 1987; Brancolini et al., 1995; Barrett et al., 1995; 
Bartek et al., 1996). The stratigraphy, ages and facies 
(based on CIROS-1 correlation) from these studies are 
summarized in table 2. The major seismic units, V1 
through V7, used in this paper follow the stratigraphy of 
cooper & Davey (1987). Drilling in southern McMurdo 
Sound (MSSTS-1 and CIROS-1) sampled rocks back to 
Eocene in age. They indicatedvery limited ice distribution 
in the Eocene and early Oligocene, and grounded ice in the 
late Oligocene and early Miocene (Barrett, 1986, 1989), 
but the onset of glaciation in the region has not been 
sampled. Correlation of these drilling results with the 
Cape Roberts sequences (Barrett et al., 1995; Bartek et al., 
1996) suggested that the latter sequences are the same and 
older in age and may therefore contain arecord of the onset 
of Antarctic glaciation. Sampling these lower units will 
also provide information on the age and evolution of the 
VLB and uplift history of the adjacent TAM. 

BATHYMETRY 

Bathymetric-data coverage over Roberts Ridge has 
significantly improved with the advent of multibeam 
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by the observation that it forms the northern limit of 
Roberts Ridge. The Cape Roberts basin (Hamilton et al., 
1997), west of northern Roberts Ridge, is up to 500 m deep 
and dies away to the south of Cape Roberts. The drill site 
CRP-1 is located on the western side of Roberts Ridge at 
a depth of 150 m (Fig. 4). 

AEROMAGNETIC DATA 

An aeromagneticsurvey was carried out by the German- 
Italian Aeromagnetic Research in Antarctica (GITARA) 
project in 1994 (Bozzo et al., in press) across the Roberts 
Ridge region in response to a report of a large positive 
magnetic anomaly just west of thenorthern Roberts Ridge, 
from which Behrendt et al. (1987) inferred a submarine 
volcano. The GITARA aeromagnetic study (500 m line 
spacing, 125 m altitude) greatly improved the definition of 
the magnetic anomalies and the bodies causing them, and 
suggested that the bodies are more likely to be fragments 
of stratiform basic igneous bodies. Although the modelled 
bodies came close to the sea floor, this occurs well (more 
than a kilometre vertically and horizontally) to the west of 
the most western proposed drill site. The outline, at a depth 
of 1 km, of the magnetic bodies, is shown in figure 5. 

SEISMIC REFLECTION DATA 

The coverage of seismic profiles is now adequate to 
trace boundaries of the major seismic units over the area 
east of Cape Roberts. Only the older seismic Units (V3, 
V4, V5) have been identified in the Cape Roberts region, 
as V1 and V2 have been largely eroded away here (Fig. 5). 
V4 has been further subdivided into Units V4a and V4b on 
the basis of an angular unconformity between the two sub- 
units in this region (Barrett et al., 1995; Hamilton et al., 
1997), but we have not subdivided the unit in figure 6. V3 
and V4 can be further sub-divided on the single channel 
seismic data, with, for example, at least 6 sequences 
recognised in V3 in some places (Henrys et al., 1994; 
Bartek et al., 1996). However, track-line coverage is not 
sufficient to resolve them across the whole area, and they 
have not been delineated in this report. 

The distribution of major seismostratigraphic units is 
shown in figure 6a and b, along with the primary seismic 
tracks (SP LEE (1984), EXPLORA (1990), POLAR DUKE 
(1990), and PALMER (1996)) across Roberts Ridge. The 
stratigraphic sequences were correlated and mapped on 
the basis of lateral continuity and seismic character. The 
strata are found to strike consistently just west of north and 
to dip gently east with dips rising from 2.5O for the upper 
part of the section to around 5Ofor the lower part, based on 
sea-floor outcrop of the units. Dips on Units V5 and V4b 
increase to the south, with Units V3 and V4a onlapping 
V4b and pinching out to the west against V4b and the sea 
floor. V5 and V4b gradually thicken towards the east. 

The sedimentary section off Cape Roberts is bounded 
on its western margin by a major, steeply dipping, north 
trending fault about 5 km offshore, upthrown to the west 
and bringing basement rocks to the sea floor (V7 of 
Cooper & Davey, 1987). These rocks are most likely to be 
granitoid bodies similar to the exposed rocks around 

Granite Harbour. Faulting in the sedimentary section is 
generally sub-parallel to the Transantarctic Mountain 
Front (NNE) or to the Mackay Glacier trough (ENH) am1 
is apparently mostly normal in character. 

Unit V5, the presumed oldest sedimentary seismic uni t  
in the area (Tab. 2), is of unknown age and lithology. I t  
rises from deep in the Victorian Land Basin to reach the 
sea floor from 12 to 5 km east of Cape Roberts, wheie it  is 
truncated by a north-trending fault. V5 is estimated to 
reach a thickness of between 2 and 5 km (Cooper et al., 
1987). Itslikely ageliesbetween 105 and55 Ma; lithologics 
could include either or both shallow-marine or terrcslriiil 
facies (see Barrett et al., 1995, for discussion and 
comparisons with possible New Zealand counterpal ts). 

Unit V4 is presumed, from correlative strata at CIROS- 1 ,  to 
be largely marine mudstone of Eocene-early Oligocctie 
age, although, as discussed by Barrett et al. (1995), the 
base of CIROS-1 may not coincide with the base oSV4 and 
the lower part of the unit may be older. It crops out on the 
west flank of the ridge 20 km off Cape Roberts, curving 
eastward into the Mackay Sea Valley in response to valley 
bathymetry. Structure contours on the base of V4 indicate 
a planar surface dipping gently just north of east. Isopachs 
constructed for V4 (Fig. 6b) show that it thickens castwag d 
at around 100 m/km. Its thickness varies little from south 
to north. 

Unit V3 is the youngest of the exposed strata of the 
Victoria Land Basin in the mapped area. The sequence 
underlies Roberts Ridge and the area to the east with a 
maximum thickness of a little over 200 m attained for V3 
just east of the ridge crest. On the basis of seismic 
correlation with the CIROS-1 drillhole and its similai 
position relative to the Transantarctic Mountains, V3 was 
inferred to comprise alternating diamictite, shallow-marine 
mudstone and sandstoneof late Oligocene to early Mioccne 
age, as in the CIROS-1 drillhole, and records many 
advances of east Antarctic ice beyond the mountains and 
into the basin. Scour channels, presumably of glacial 
origin, are evident in the shallow part of the seismic 
profiles of this unit. 

DRILL-SITE OBSERVATIONS 

SEA-ICE OBSERVATIONS 

Each winter a fringe of fast sea-ice (abbreviated to 
"fast ice") forms around the southern and western margins 
of McMurdo Sound, and extends north along the Victoria 
Land coast past Cape Roberts (Fig. 1). The fast ice was 
first used as a drillingplatform in 1974 for DVDP-15, and 
then subsequently in 1979 (MSSTS-l), in 1984 (CIROS-2) 
and 1986 (CIROS-1). Both practical experience and 
theoretical calculations indicate that a minimum safe ice 
thickness for supporting the drilling system for a period of 
several weeks is 1.5 m (Pyne, 1986). In most years this is 
achieved in mid-late September. The ice grows through 
October to a maximum of between 1.7 and 2.0 m but 
begins to lose strength as it becomes isothermal when 
temperatures rise to around -5OC, typically in late 
November. This provides a "drilling window" for setting 
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Fig. 6 - Map of the area off Cape Roberts, 
showing the distribution of the sedin~entary 
sequences (V3, V4, V5) beneath the 
Quaternary cover beds there. 
a) Ship's tracks(dotted) andstructurecontours 
on the base of V3 and V4. 

l b) Bathymetry (dotted lines) and isopachs for 
V4 (both in metres) off Cape Roberts. 








































































































































































































































































































































































