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Foreword

This volume is the first of several special issues d Terra Antartica to
present the results of the Cape Roberts Project, in 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 adrilling
rig set on the fast sea-ice to investigate climatic and tectonic history of the
region (Barrett & Davey, 1992; International Steeling Committee, 1994).
Although thisfirst season of drilling was curtailed at a depth of 148 mbsf
(metres below sea floor) by an unusual storm-generated ice break-out, the
corerecovered representsasignificant 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 theleast of thechallengeswasfor the Cape
Roberts Science Team of 50 scientific technical and support staff, meeting
in early October for thefirst time, to process, describe, sample and analyse
thecoreand completetheir first report by mid November and within 3weeks
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 asthe Antarctic would allow. Welook 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.

Weare 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
AntarcticaNew Zealandfor coordinatingthelogisticsof theproject and Jim
Cowie as Project Manager for maintaining a difficult operation on asound
and securefooting 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 a McMurdo Station so
that thescientific studiesreported here could becarried outimmediately after
the drilling. Finally we gratefully acknowledge the editorial role taken by
ChrisFielding and Woody Wise in helping complete thisvolume.

Peter J. Barrett
A

Carlo Alberto Ricci

November 1997
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Background to CRP-1, Cape Roberts Project, Antar ctica

CaPE RoBERTS Science Tram™

Abstract - Thefirst hole of the Cape Roberts Project, CRP-1, was chilled in October, 1997, to adepth of 148 metres
below theseafloor (mbsf) beforebeingterminated unexpectedly by thelossof fast sea-iceseaward of the rigfollowing
aseverestorm. Thesiteliesin 150 m of water at 77.008°S and 163.755°E, 16 km off Cape Roberts. This part of the
report outlines the geol ogic setting, agently tilted sequence near themargin of the Victoria Land Basin, and describes
the history of the growth of seaice, which provided thedrilling platform, as well asthe history of the drilling itself.
Core recovery was around 77% in soft and brittle strata to 100 m and 98% below that.

The sequence was found to comprise a Quaternary glacigenic interval down to 43.55 mbsf and below thisan early
Mioceneinterval that wasalso glacigenic. Core propertiesthat 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 tothe Antarctic and used for processing samples for the project aredescribed hereand include
abench top palynological processing system and a palacomagnetic laboratory. The core management and sampling
system, which recorded over 2 000 samples, is also outlined.

INTRODUCTION

The Cape Roberts Project is a co-operative drilling
project between the Antarctic programmes of Australia,
Germany, Italy, New Zealand, UK and USA. Theaimisto
obtain continuous core through strata from 30 Main age

back to perhaps as much as 100 Ma in age beneath the
western side of McMurdo Sound, Antarctica, in order to
study the tectonic and climatic history of theregion. It is
named after CapeRoberts, thestaging point for theoffshore
drilling and a small promontory 125 km north west of
McMurdo Station and Scott Base (Fig. 1).
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Fig. 1-Map of thesouth west corner of theRoss Sea,

showing the locations of Cape Roberts, CRP-1 and

other drill sitesin the area, and McMurdo Stationl
Scott Base, the main staging point for the project.

The edgeof thefast ice before and after the October

24 break-outis also shown.
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2 Cape Roberts Science Team

Theprojectisdesignedtoaddresstwo 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 thefirst extensiveiceformed onthe continent?
- at what time did the continent begin to rift to form the
Ross Sea and the Transantarctic Mountains?
Implicitin theobjectivesisthesignificant contribution
to be made through age- and rock-type calibration for the
40 000 km of seismicsurveysin the Western Ross Sea by
coring the strata off Cape Roberts.
Thestratatobecoredformaseaward-dipping sequence
10to15kmoff Cape Robertsand seaward of theboundary
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
strataoff CapeRoberts(V3, V4and V5-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
(Barrettetal.,1995; Barteket al., 1996). The Cape Roberts
Project aimsto 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.
Thislnitial Report, and acompanion Scientific Report
tobepublishedlater thisyear, provideresultsfrom thefirst

drillingseason. After some uncertaintics following a year 's
postponement due to the late development of fast sea ice
in 1996 and aseries of winter ice break-outsthisycas , the
ice was thought likely to be thick enough in the drill-site
area to safely support the drilling system. A decision was
taken to send the advance party to Scott Base on the
August “WINFLY” operation to establish aland mute to
Cape Roberts and locate the first drill site. The party
arrived at Scott Base on August 25, and, after some
challenging route-findingaround theedge of theMcMurdo
Ice Shelf, reached Cape Roberts on August 30
Observations of sea-ice character and thicknessled to the
selection of sitel onthesouthern of three possibletiansect
linesindicated in theScience Plan (Barrett, 1997, Fig.3.5)
asthelocation for thefirst drill site - CRP-1.

CRP-1 was terminated prematurely after 7 days ol
coring when a large section of the fast sea-ice broke out
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 pait of the
sectiontoadepth of 147 metres below theseafloor (mbsf),
and formsthe subject of thisreport. Basic datafor the hole
aresummarisedin table1, and the depth and range of ages
encountered are shown in figure 3 in the context of the 3
sites planned for the project.
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Tab. 1 -Site datafor CRP-I.

16 km ENE of Cape Roberts

Position

Latitude 77.008°S

Longitude 163.755°E

Water depth 153.50 m
Seaicethickness 1.60m

First core 1:30 am, 17 October 1997
Last core 2:00 am, 24 October 1997
Coredinterval 132.06 m

Corerecovered 113.32m

Recovery 86%

Depth to bottom of hole  147.69 mbsf

22-24 Ma. Mudstone with
scattered pebbles

Ageandlithology of
oldest strata

Thereport is organised as 4 related articles:
1 - BackgroundtoCRP-1. Thissectionincludesinformation
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 1),
corelogson ascale of 1:20 (Appendix 2) and scanned
images of the core face after splitting (Appendix 3).
Quaternary strata. These are about twice as thick as
expected, and contain an unusual carbonate facies.
Miocene strata. Although theseare part of thedipping
""target” sequence, they arearound 8 my younger than
we expected from seismic correlation from the
CIROS-1 drillhole 70 km to the south. However the
CRP-1coreprovidesanew window ontheperiod from
171022 Main this region.
4 - Summary of results. This provides a preliminary age

model for the core and interpretations on glacial

N

w

advance and retreat over thesitein early Quaternary
and Miocene time.

REGIONAL SETTING

GEOLOGICAL SETTING

McMurdo Sound lies at the southwestern end of the
Ross Sea, between the Transantarctic Mountainsof South
VictoriaLand and the recent (5 Ma) volcanic Rosslsland
(Fig. 4). It coincides with the southwestern end of the
VictoriaLand Basin (VLB),oneof four major extensiona
basins forming the Ross Sea continental shelf (Houtz &
Davey, 1973; Davey, 1981,1983; Hinz & Block, 1984;
Cooper etal.,1987,1994). The VLB is a complex structure,
extending from Ross Island to Terra Nova Bay, and
comprising a magjor basin up to 14 km deep in the west
separated from asubbasin, intheeast by avol caniczone, the
Terror Rift, which apparently continues into Ross Island.
Ross|sland may beexpectedto be underlain by several kms
of sedimentary rocks (Cooper & Davey, 1987; Melhuish et
al., 1995). Inthisregionthe TAM formsthewestern margin
of the VLB and the deformational history of the two are
probably directly related. Two main crustal thinning events
haveformed thebasinsof the RossSeabut they arenot well
constrainedin time. Thefirst, an essentialy non-magmatic
rifting event over most of the Ross Sea, is probably related
tothebreak-upaof Gondawanain thisregion (lateMesozoic).
Thesecond event was associatedwith vol canic activity and
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Fig. 4 - Location (inset) and 63 00
bathymetry of the Cape Roberts .
Project survey area. Swath
bathymetry is shown, with contours
interpol atedfromother singletrack
data where swath data were not
available. Contours are a 25 m
intervals over the swath area, and
50melsewhere.The seismic profile
in figure 5 is along the line
NBP9601-89. Drill-site options
(sites 1, 2, 3 on NBP lines 86, 87
and 89) and thedrill site CRP-1are
marked.
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localised in the VLB, and an Eocene and younger age has
been proposed (Cooper et a., 1987,1991).

The main structural trend is north-south, with major
normal faulting forming half grabens in basement and
terminatingintheoverlyingsedimentary section.Cenozoic
faulting cuts through the sedimentary section and, in
places, reaches the sea floor. Late Cenozoic structura
trendshave been mapped also transverseto thesefeatures
(Cooper et al., 1994).

The planned Cape Robertsdrill sitesarelocated on an
offshore bathymetric rise, Roberts Ridge, in northern
McMurdo Sound, about 10to 20 km east of Cape Roberts
on thesouthern entranceof GraniteHarbour (Figs. 1. & 4).
Thisbathymetric highrisesfrom about 500 mdepthinthe
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
closetotheseafloor (Fig.5).A thick stratigraphicsection
through strata of the VLB can therefore be sampled by a

series of shalow drillholes stepping down the western
flank of Roberts Ridge.

The sedimentary geology beneath McMurdo Sound
comprisesstratathat dipgently eastfromthewesternshel f
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
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sei smic measurementsfrom R N SPLEE and R/V OGS-
EXPLORA demonstrated that the units could be traced
into thel ower (deeper) sedimentary sequencesof the VLB
(Cooper et d., 1987; Brancolini et al., 1994). Severd

seismic surveys havedefinedthemajor seismostratigraphic
units throughout the Victoria Land Basin (Cooper &
Davey, 1987; Brancolini et a., 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 mgor 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
Eocenein age. They indicatedvery limitedicedistribution
intheEoceneand early Oligocene, and grounded iceinthe
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
CapeRobertssequences(Barrettet a., 1995; Bartek et d.,

1996) suggested that thelatter sequencesarethesameand
olderinageand may thereforecontaina record of theonset
of Antarctic glaciation. Sampling these lower units will

aso provideinformation 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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w E Fig. 5 - Scismic record for
SHOT 1t line NBP 9601-89 (a), with
0~ intcrpretation of the
stratigraphic Units V3, V4
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: Insets provide detail of the
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Tab. 2 - Seismic stratigraphy of the Victoria Land Basin (after Cooper et al., 1987). Modified to take into account seismic
correlation of the Cape Roberts sequence with CIROS-1, and the revision of the age of the lower part of the hole (Hannah

et al., in press).

Thickness Velocity Age Lithology
(km) (km/sec) T e
V1 <1.2 1.7-2.3 mid Pliocene Glacial marine sediménts -
V2 0.2-1.3 2.1-2.9 mid Miocene to Pliocene Glacial marine sediments
V3 0.3-2.5 2.7-4.1 late Oligocene to early Miocene  Glacial marine sediments -
V4 a <1 4.0-4.9 early Oligocene and Eocene Marine sediments?
b <0.5 Eocene and older

Al <8 4.5-5.6 Cretaceous to early Paleogene Marine sediments?
Vo6 <8 Paleogene - Recent Basaltic volcanics
V7 5.0-7.4 Precambrian - mid Paleozoic Basement

techniques. The bathymetric map (Fig. 4) for the sea floor
east of Cape Roberts is largely based on multibeam data
collected over most of the area of the map by the R/V
NATHANIEL B. PALMER, using a Seabeam 2112
multibeam sonar survey system in February 1996. The
few areas not covered by the multibeam data were filled in
with other data sets. The data sets merge well with

discrepancies of less than 20 m in general. The compiled
bathymetry shows the steep slopes of northern and western
parts of Roberts Ridge, which we infer were caused by
glacial erosion controlled by the structures forming the
900-m-deep Mackay Sea Valley and by coast-parallel
faulting associated with the Transantarctic Mountain Front.
A tectonicinfluence on the Mackay Sea Valley is suggested
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by the observation that it forms the northern limit of
Roberts Ridge. The Cape Robertsbasin (Hamilton et d.,
1997), west of northern RobertsRidge, isupto500 mdeep
and diesaway to thesouth of Cape Roberts. Thedrill site
CRP-1islocated on the western side of RobertsRidge at
adepth of 150 m (Fig. 4).

AEROMAGNETIC DATA

Anaeromagneti csurveywascarried out by theGerman-
Italian AeromagneticResearchin Antarctica(GITARA)
project in 1994 (Bozzo et a., in press) acrossthe Roberts
Ridge region in response to a report of alarge positive
magneticanomaly just west of thenorthern RobertsRidge,
from which Behrendt et al. (1987) inferred a submarine
volcano. The GITARA aeromagnetic study (500 m line
spacing, 125 maltitude) greatly improved thedefinitionof
the magneticanomaliesand the bodi es causing them, and
suggested that the bodiesare morelikely to be fragments
of stratiformbasi cigneousbodies. Althoughthemodelled
bodiescamecloseto the seafloor, this occurswell (more
than akilometrevertically and horizontally) to thewest of
themost western proposeddrill site. Theoutline, at adepth
of 1. km, of the magnetic bodies, isshown in figure5.

SEISMIC REFLECTION DATA

The coverage of seismic profilesis now adequate to
trace boundaries of the major seismic unitsover the area
east of Cape Roberts. Only the older seismic Units(V3,
V4, V5) havebeenidentified in the Cape Robertsregion,
asV1and V2havebeenlargely eroded away here(Fig.5).
V4 hasbeenfurther subdividedinto UnitsV4aand VV4bon
thebasisof anangular unconformity betweenthetwosub-
unitsin thisregion (Barrett et a., 1995; Hamilton et 4.,
1997), but we have not subdivided the unit infigure6. 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 d., 1994;
Bartek et d., 1996). However, track-line coverageis not
sufficient to resolvethem across thewholearea, and they
have not been delineated in this report.

The distributionof major seismostratigraphic unitsis
shown infigure6a and b, along with the primary seismic
tracks(SPLEE(1984), EXPLORA (1990), POLARDUKE
(1990), and PALMER (1996)) acrossRobertsRidge. The
stratigraphic sequences were correlated and mapped on
the basisof lateral continuity and seismic character. The
strataarefoundtostrike consi stently just west of north and
to dip gently east with dips rising from 2.5° for the upper
part of thesectiontoaround 5° for thelower part, based on
sea-floor outcrop of the units. Dips on UnitsV5and V4b
increase to the south, with Units V3 and V4a onlapping
V4b and pinchingout to thewest against V4b and the sea
floor. V5 and V4b gradually thicken towards the east.

The sedimentary section off Cape Robertsisbounded
on its western margin by amajor, steeply dipping, north
trendingfault about 5 km offshore, upthrown to the west
and bringing basement rocks to the sea floor (V7 of
Cooper & Davey,1987). Theserocksaremost likely tobe
granitoid bodies similar to the exposed rocks around

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

Unit V3, the presumedol dest sedimentary seismic unit
in the area (Tab. 2), is of unknown age and lithology. It
risesfrom deep in the Victorian Land Basin to reach the
seafloor from12to5 km east of CapeRoberts, where it is
truncated by a north-trending fault. V5 is estimated to
reach a thickness of between 2 and 5 km (Cooper & al.,
1987).1tslikely ageliesbetween105and55 Ma; lithologics
could include either or both shallow-marineor terrestrial
facies (see Barrett et a., 1995, for discussion and
comparisonswith possible New Zedland counterparts).

Unit V4ispresumed, from corrdeivestrataa CIROS-1, 0
be largely marine mudstone of Eocene-early Oligocene
age, although, as discussed by Barrett et al. (1995), the
baseof CIROS-1may not coincidewith thebase of V4 and
thelower part of the unit may beolder. It cropsout on the
west flank of the ridge 20 km off Cape Roberts, curving
eastwardintotheMackay SeaValey in responseto valley
bathymetry. Structurecontourson the baseof V 4 indicate
aplanar surfacedippinggently just northof east. Isopachs
constructedfor V4 (Fig.6b) show that it thickenscastward
at around 100 m/km. Itsthicknessvarieslittlefrom 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 thicknessof alittleover 200 m attained for V3
just east of the ridge crest. On the basis of seismic
correlation with the CIROS-1 drillhole and its similar
position relativetothe TransantarcticMountains, V3was
inferred to comprisea ternatingdiamictite,shallow-marine
mudstone and sandstoneof |ateOligocenetoearly Mioccne
age, as in the CIROS-1 drillhole, and records many
advances of east Antarcticice beyond the mountainsand
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 searice (abbreviated to
"fastice) formsaround thesouthernand western margins
of McMurdo Sound, and extendsnorth alongthe Victoria
Land coast past Cape Roberts (Fig. 1). Thefast ice was
first used asadrillingplatform in1974for DVDP-15, and
then subsequently in1979 (MSSTS ), in 1984 (CIROS-2)
and 1986 (CIROS-1). Both practical experience and
theoretical calculationsindicate that a minimum safeice
thicknessfor supporting thedrillingsystemfor aperiod of
several weeksis1.5 m(Pyne, 1986). In most yearsthisis
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 -5°C, typically in late
November. This providesa' drillingwindow" for setting
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: fon Fig. 6 - Map of the area off Cape Roberts,
Structural contours (mbsl) on . I showing the distribution of the sedimentary
the base of V3and V4 !} sequences (V3, V4, V5) beneath the
Quaternary cover beds there.
a) Ship'stracks (dotted) and structure contours
on the base of V3 and V4.
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