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Abstract - The Cape Roberts Project was successfully completed in the au
spring of 1999 with drilling of the 939.42-m CRP-3 drillhole, located 2-km west
the CRP-2/2A drillhole. The CRP-3 core comprises a 790-m Cenozoic (glac
marine sequence separated from underlying Devonian basement rocks B@-m-
thick dolerite conglomerate of undetermined age. Here, we present the results|
palaeomagnetic study, including correlation to the magnetic polarity time s
(MPTS) and an age model for the Cenozoic sequence recovered in CRP-3|
palaeomagnetic behaviour of the Cenozoic sedimentary sequence is generally {
and magnetite is the main magnetic carrier. The magnetic polarity stratigraphy or

the Cenozoic sequence in the CRP-3 core is subdivided into four magnetozones: R1 is an upper interval of
dominantly reversed polarity (0-340.8 mbsf), N1 has dominantly normal polarity (340.8-627.3 mbsf), R2 has
dominantly reversed polarity (627.3-760.2 mbsf), and N2 has normal polarity (760.2-788.8 mbsf).
Magnetozones R1, N1, and R2 also contain thin intervals with opposite polarity, which are interpreted as
representing either short polarity intervals (corresponding to “tiny wiggles” identified on marine magnetic
anomaly records) or geomagnetic excursions. Above 340 mbsf, diatom and calcareous nannofossil
biostratigraphy and’SrfSr ages suggest that magnetozone R1 correlates with Chron C12r of the MPTS.
Below 340 mbsf, we tentatively correlate magnetozones N1 and R2 with chrons C13n and C13r of the
MPTS, respectively. However, below R1, the magnetic polarity record is not constrained by biostratigraphy
or 87SrféSr ages. Our correlation implies that the Eocene-Oligocene boundary (33.7 Ma) in the CRP-3 core
should lie within lithostratigraphic sub-Unit 13.1, at about 718 mbsf. Lack of independent chronostratigraphic
constraints makes it difficult to interpret the age of the basal part of the CRP-3 Cenozoic sequence, but the
magnetostratigraphy suggests a minimum age of Chron €134 (Ma).

INTRODUCTION CRP-1, Cape Roberts Science Team 1998; 1998,
CRP-2/2A, Cape Roberts Science Team, 1999; 1999,
Considerable progress has been made I@RP-3, Cape Roberts Science Team, 2000).

deciphering the onset and development of the The oldest Cenozoic strata in the Granite Harbour
Antarctic ice sheets as a result of drilling the thickegion of the Victoria Land Basin were recovered in
sedimentary sequences on the Antarctic continent@RP-3 (77.006°S, 163.719°E) during the austral
margin. Most recently, the Cape Roberts Projectpring of 1999. At the CRP-3 site, located just 2-km
(CRP) has demonstrated that cores can heest of CRP-2/2A, core was recovered down to
successfully recovered from deep boreholes at inshd®89.42 mbsf with 97% recovery. A 790-m-thick
sites, using a sea-ice-based drilling system (Cap&enozoic sequence of sandstones (about 80% of the
Roberts Science Team, 1998, 1999, 2000). The go&RKRP-3 sequence) with minor diamictites,
of CRP were to recover and analyse sedimentappnglomerates and mudstones, was recovered in the
records from the Ross Sea margin in order topper part of the CRP-3 drillcore. Below this, a
investigate the onset of Antarctic glaciation and te. 30-m-thick (790-823.11 mbsf) interval of dolerite
date the onset of the West Antarctic Rift and uplift oEonglomerate of undetermined age was recovered. The
the associated rift shoulder (the Transantarctibasal 119 m (823.11-939 mbsf) of the CRP-3
Mountains). The drilling plan was to recover asequence comprises Devonian sandstones of the
complete sequence through 1500-m of strata offshoBeacon Supergroup, which form the basement of the
from Cape Roberts (Barrett et al., 1995), by coring atictoria Land Basin in the vicinity of Granite
3 separate locations, in three successive years (199&rbour (Cape Roberts Science Team, 2000).
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In this paperwe present palaeomagnetic analyses fd82 samples) using a moiéd drill press. Cores and
the CRP-3 core, including correlation of the ideetf cubes were oriented with respect ®@rtical and were
magnetozones to the magnetic polarity time scaklmarked with a fducial arrav pointing in the up-core
(MPTS) of Cande & knt (1992a, 1995) and direction.We also recorded the orientation of the core
Berggren et al. (1995)A preliminary assessment of in the \ertical plane with respect to a core-reeny-
all data aailable for the upper 350 mbsf of CRP-3scribe-line.The scribe-line &s not avays continuous
was presented at the end of the drilling season (Capeross core breaks, hence samples are not azimuthally
Roberts Scienc&eam, 2000). Here, we incorporateoriented. The lack of azimuthal orientation of
new data from additional samples that were measurgrhlaeomagnetic samples does not pose a problem for
after the drilling seasolhese data alle us to reine magnetostratigraphic studies of the CRP-3 cdie
the magnetic polarity zonation and to impeothe geomagneticitld at the latitude of the drill-site
correlation to the MPTSWe restrict our analysis to (77°S) has a steep inclination (83.4ssuming a
the Cenozoic sequence and do not discuss tlgeocentric axial dipole i€¢ld) and, therefore,
palaeomagnetism of the Banian Beacon Supgroup palaeomagnetic inclinations are fcient to uniquely
strata receered in the lwer c. 116 m of the CRP-3 determine polarity
core. Samples were not collected from veeal
stratigraphic interals where there as no core-
recovery or where sediments were too coarse-grained
METHODS to allow sampling (144.67-152.84, 259.0-264.33,
293.43-306.26, 344.89-351.22, 371.23-374.19, 378.91-
SAMPLING 381.93, 414.24-417.24, 441.27-444.71, 445.72-448.07,
470.86-473.65, 493.40-499.52, 509.34-512.02, 523.10-
Details about the palaeomagnetic sampling26.43, 526.99-533.88, 536.06-539.63, 560.46-564.89,
techniques, laboratoryatilities and equipment 564.94-568.22, 638.30-640.30, and 772.31-
installed at the Crary Science and Engineering Centg276.68mbsf).
(CSEC) at McMurdo StatiorAntarctica, are gien in
Florindo et al. (1997) and Cape Roberts Scienclgu_o.r STUDY
Team (1998a).

Where possible, samples were collected from pgefore performing routine demagnetization of all
CRP-3 at 0.5-m intelals in ine-grained horizons, samples from the CRP-3 core, a pilot studgsw
avoiding intenals with drilling-related deformation. . .qucted at McMurdo Station (using AGICO JR-
The sampling density as laver in coarse-grained gz gpinner magnetometer; Florindo et al., 1997; Cape
intenals because mechanical emeand graity may  poperts Sciencdeam, 1998a) to determine the most
have outweighed the aligning influence of the,n,.,qate demagnetization technique for isolating
geomagneticiéld during deposition of these intefS. hq characteristic remanent magnetization (ChRM).
Similarly, multi-domain behaiour will occur in One sample from each of the 92 pairs of pilot
particles with lager grain sizes, which are lessdik samples was subjected to alternatingefd (AF)

to retain a long-term magnetizationhus, coarse- demagnetization at successipeak felds of 5, 10,
grained sediments ararffrom ideal for recording a 15 >0 25 30 40 and 50 mThe other sample s

religble detrital rema.nent ma_gr?etiz.ation (DRM). S_uceubjected to progresss thermal demagnetization,
sediments usually display distime¢i palaeomagnetic using a magnetically shieldedven, from room
behaiour upon demagnetization, which indicates th mperature up to 65C at steps of 120, 180, 240

they are unsuitable for magnetostratigraphic analyseg)n' 350 400 450 500. 550 600 and S0The
(&g. Roberts et al,, 19_9&\/”3()” _et al., 2000b). low-field magnetic susceptibilityk] was monitored

A total of 1012 oriented dlscre_te samples WelGtter each heating step, in order to detect possible
collected from the centre of theowking half of the thermally-induced changes in the magnetic
Cenozoic sequence in the CRP-3 core. Nmety'twmineralogy Further demagnetizationas abandoned if

pairs of samplgs were tak at rgular |nter\a|§ we obsered a susceptibility increase of more than
(. 10/m) for a pilot study to assess the most swtablgo%, with a concomitant loss of coherence in the
demagnetization technique for routine treatment of ﬂ}?alaeomagnetic signal

remaining samples. Each sample paaswseparated

stratigraphically by a f& centimetres, and the pairs

were selected fromarying lithofacies throughout the MEASUREMENTS
sequence.

We sampled unconsolidated sediments (from 3.08 Time constraints limited the number of samples
to 35.73 mbsf) with standard 6.25 €plastic cubes that could be measured at McMurdo Station during
(30 samples) and consolidated sediments Wwé6.73 the drilling seasonThe on-ice analyses were limited
mbsf) by drilling cowentional glindrical (25 mm to the measurement of the natural remanent
diameter x 22 mm height) palaeomagnetic samplesagnetization (NRM) of all samples, and a pilot
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demagnetization of the 92 paired samples. During the RESULTS
drilling season, the remaining samples wened#d
and transported to the respestipalaeomagnetic DOWN-CORE ROCK MAGNETIC PROPERTIES
laboratories at the Istituto Nazionale di Gsifa e
Vulcanologia, Rome (INGV) and the Umrsity of Significant davn-core fluctuations arevalent in
California, Dais (UCD) for routine demagnetization the lov-field magnetic susceptibility and the NRM
measurements. In both laboratories, samples weirgensity (Fig. 1).These parameters ha similar
analysed within a magnetically shielded room using patterns of ariation, particularly bel 243 mbsf.
2-G Enterprises automated, pass-through cryogenBased on these magnetic properties, the Cenozoic
magnetometer with in-lindF demagnetization portion of the CRP-3 core can bevidied into four
capability The samples were routinelyYAF main rock magnetic inteals that are not directly
demagnetized up to pealelfls of either 60 or 70 mT related to lithological ariations in the core. In rock
because the pilot study indicated that, for samplasagnetic interal |1 (dowvn to 243 mbsf)k and NRM
with stable magnetizations, the ChRM is alreadyre \ariable ¢ = 16-586 x 16 SI, mean = 269.6 x
isolated at 10-20 mT and totally remed at 60-70 10°SIl; NRM = 1.9-296 mA/m, mean = 67 mA/m)
mT (see belw). By the end of the drilling season,but they generally hae higher alues than in the
results of palaeomagnetic measurements made wtderlying rock magnetic inteaV Il (between 243
INGV and UCD were ailable for samples from the and 440 mbsf)The range ok and NRM \alues is
uppermostc. 350 mbsf and were reported in thelarger in rock magnetic intea¥ Il (k = 8-747 x 16
Initial Report for the CRP-3 drillcore (Cape RobertsSI, mean = 132.3 x 10SI; NRM = 0.1-389 mA/m,
ScienceTeam, 2000). mean = 29 mA/m) than in rock magnetic intarv.
Low-field magnetic susceptibility &s routinely Between 440 and 628 mbsf (rock magnetic inaérv
measured at to frequenciesk(,,, K;;) at McMurdo 11l), k and NRM \alues are consistentlywo(k = 1-
Station using a Bartington Instruments MS-226 x 10° SI, mean = 39.5 x 10SI; NRM = 0.1-45
susceptibility meterwith a dual-frequencsensor mA/m, mean = 6.7 mA/m), with thexeeption of
which operates at 0.470 and 4.70 kHhese data, high values between 539 and 560 mbsf. Rock
obtained from discrete samples, were subsequentiyagnetic interal Ill coincides with the part of the
compared with the whole-core susceptibility logcore that is dominated by clean sands. In rock
(Cape Roberts Scienceam, 2000)The frequeng- magnetic interal 1V (628-790 mbsf), thealues and
dependence of magnetic susceptibiliky % = [k, - range of ariability of Kk and NRM are similar to
Khigh)/Klowx 100%]) €.g.- Bloemendal et al., 1985)as those obsemd in rock magnetic inteal | (k = 45-
used to estimate the contribon from magnetic 432 x 10°Sl, mean = 223.4 x 10SI; NRM = 11.4-
grains near the superparamagnetic-stable singd&8 mA/m, mean = 70.2 mA/mThis subdvision of
domain boundary the Cenozoic portion of the CRP-3 sequence is
Following the drilling season, additional rockconsistent with lv-resolution petrological results that
magnetic studies were carried out at the INGZD, indicate a higher relate input of detritus from the
and the Southampton Oceanogna@entre (SOC), on Ferrar Dolerite relatie to Granite Harbour Intrugs
AF demagnetized samples or on chips owgers and sedimentary clasts in intatg | and IV (Cape
collected during samplingAnalyses included Roberts Scienc&@eam, 2000).
acquisition and demagnetization of asheretic The four intenals with contrasting magnetic
remanent magnetization (ARM), thermomagnetic androperties also correspond to fhfent types of
hysteresis measurements (including measurement palaeomagnetic bekeour. Changes irk during
the saturation remanence, M saturation thermal demagnetization of pilot samples indicates
magnetization, | coercvity of remanence |, and that, when present, thermal alteratioasMimited to
coercive force, H). ARMs were imparted using an temperatures abe about 408C (Fig. 2). for samples
AF of 100 mT and a DC biaseld of 100uT, and with high k (rock magnetic interas I, IV and a fes
were subsequently stepwise demagnetized, using tbgments of rock magnetic inteaks 1l and Ill), there
in-line system on the 2-G cryogenic magnetometer & generally no eidence for the formation of me
the INGV. Hysteresis loops were measured using mineral phases during heating. In these indérwx
Princeton Measurements Corporation Micromaglearly decreased when samples were heatesieabo
alternating gradient magnetometer (maximuetds of 500°C, possibly as a result of partial oxidation of
1.4 T) at UCD. Thermomagnetic analyses weremagnetite to hematitéThe lack of @idence for
conducted at the SOC using anable feld thermal alteration belo 500°C suggests that thermal
translation balance, with @&fd of 76 mT at a heating demagnetization is an appropriate method for treating
rate of 10C/minute in air Rock magnetic results aresuch samples. df samples with lov magnetic
presented here if theare useful for understanding thesusceptibility (most of rock magnetic intais Il and
palaeomagnetic bekeur. A more detailed Ill), kK generally increased when samples were heated
presentation of the magnetic properties igegi in above 400C, indicating thermogenic production of
Sagnotti et al. (thisalume). nev magnetic minerals during heatinghis behaiour
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Fig. 1 - Lithostratigraphic column (after Cape Roberts Sciefieam, 2000), and den-core \ariations in the natural remanent
magnetization (NRM) intensity and thewldield magnetic susceptibilitykj. Based on these parameters, the Cenozoic portion of the CRP-3
core has been wided into four main rock magnetic intefg (see te and Sagnotti et al., thisolume).

suggests that thermal demagnetization is less usefulgnojections and intensity decay cws. ChRM
rock magnetic interals with lav k (Il and Ill) than components were determined from multiple

in rock magnetic intermlds with highk (I and V). demagnetization steps using principal component
analysis (Kirschvink, 1980) (Fig. 3). Most of the
PALAEOMAGNETIC BEHA/IOUR analysed samples i@ a lov-coercvity, nearly

vertical, normal polarity component that is interpreted
Demagnetization results weramined using as representing a drilling-inducedesprint (Fig. 3).
orthogonal ector component diagrams, stereographi€his overprint has been obsed in all of the cores
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Fig. 2 - Changes in the le-field magnetic susceptibilityk] during thermal demagnetization for pilot samples frorfiedéit stratigraphic
intenals in CRP-3.
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that we hae studied from thé&/ictoria Land Basin shoe and/or core barrel magnetiells, and 2) a
(Roberts et al., 1998Vilson et al., 1998, 2000b) and core-splitting @erprint (Roberts et al., 1998Yilson
is generally remeed without dificulty with peak et al., 1998, 2000b)At this stage, it has not been
alternating felds of < 20 mT possible to determine which of the dvwsuggested

For most samples from the intalg with highk, mechanisms is responsible for theveoprint.
thermal andAF demagnetization were equallyDominantly \ertical and dominantly horizontal
effective in remwing secondary magnetization magnetic @erprints are wdent in histograms of the
components and in isolating identical ChRMNRM directions.The horizontal werprint is illustrated
components for both normal andvessed polarity by a distinct statistical mode around T8 the
(Fig. 3c-h, 0 & p). In some cases, wever, AF  NRM declination histogram (Fig. 5aJhe nearly
demagnetization ws more €ficient in remwoing vertical, normal polarity werprint is illustrated by a
secondary remanence components (Fig. 3a & b, k-rstatistical mode at around80° in the NRM
Despite the dct that thermal demagnetizatiorvealed inclination histogram (Fig. 5b)These secondary
a high-temperature ChRM component similar to thatomponents were successfully revead by the
revealed byAF demagnetization (Fig. 3a & b, m & demagnetization treatment, as saimin the ChRM
n), AF demagnetization as preferred to thermal declination and inclination histograms (Fig. 5c, d).
treatment because it iadter and because the sample$he ChRM declinations appear to be randomly
do not undego thermal alteration and can thereforalistributed, as wuld be &pected for an azimuthally
be used for additional rock magnetivestigations. unoriented drillcore, and the ChRM inclinationsvba

In the thick interal dominated by well-sorted anda clear bimodal distriltion that demonstrates the
clean sandstones, from 380 to 580 mbgfresence of tw stable polarity states. Steep normal
(corresponding roughly to rock magnetic in@r¥il), and rerersed polarity directions are clearly dominant,
the pilot AF demagnetization study vealed a as would be &pected at high latitudes. In conjunction
dominance of lw-coerciity phases, consistent with with evidence from ector component diagrams, this
the presence of coarse-grained magnetic minerdlsdicates that our demagnetization proceduresgha
(Fig. 3i). Thermal demagnetization usuallywealed a successfully remeed the secondary remanence
steep normal polarity component, which is graduallgomponents.
removed up to 400-50TC (Fig. 3j). Usually this Stable palaeomagnetic bef@ur was identifed by
steep component, with apparently stable remanentiee presence of ChRM directions thatvhdinear
during thermal demagnetization corresponds tova lo trends tevard the origin of ector component
coercvity component in thé\F demagnetization data. diagrams (Fig. 3) for 63% (635) of the samples from
We interpret this component as a viscous remanetite Cenozoic CRP-3 sequence. In some cases, the
magnetization (VRM) that is relagly resistant to best-ft lines were not constrained through the origin
thermal demagnetization.oF such samples, neitherof the plots. In addition to the dominantly steep
AF nor thermal demagnetization enabled idé&difon normal and reersed polarity ChRM directions, a
of a stable ChRM componentofFsuch samples, we significant number of samples ha ChRM
preferredAF demagnetization for routine treatmentinclinations that are indicate of transitional ield
because it ws more likly to gve a clearer indication states. It is not surprising that transitional directions
that the data were unreliableof~some pilot study are recorded because rapidly deposited sediments,
samples, a steep, normal polarity componenas w such as those reeered in the CRP drill holes, & a
indicated by thermal demagnetization, and a clednigher probability of recording geomagnetic polarity
reversed polarity ChRM is mealed by AF transitions.
demagnetization (Fig. 3k, ). In such cases, we The normal and kersed polarity ChRM directions
interpret the thermal demagnetization data as beifiggm the stable polarity inteals are grouped in v
dominated by a viscous verprint, and AF nearly antipodal clusters, axpected for reliable
demagnetization is apparently more successful i@hRM directions, with | = 56%(standard déation,
removing this secondary component. o = 17.7) for 464 reersed polarity samples and | =

In a fav cases €. 1% of the collected samples),-58.9 (standard d@ation, c = 21.3) for 177 normal
particularly in predominantly sandy lithologies, wepolarity samplesThese inclinations are shaler than
found another werprint, which is more resistant towould be &pected £83.4°) for the 77S latitude at
AF demagnetization than the nearlgriical drilling- the CRP-3 site (assuming a geocentric axial dipole
induced woerprint. This overprint has a nearly field). The discrepanc between thepected and
horizontal inclination and is whys perpendicular to obsered palaeomagnetic inclinations could be related
the split plane of the corég., in sample coordinates, to the dip of the sedimentary sequence sampled by
the overprint is entirely in the x-z plane, with y = 0 CRP-3. Dip-meter data indicate that the structural dip
(Fig. 4). In other drillcores, tw different mechanisms is constant at 2°, toward 65 E, throughout the
have been suggested toxmain this spurious Tertiary section, xcept for the top 100-m of the
component: 1) a radialverprint, as documented by borehole, where dips appear to be about 8-10
Fuller et al. (1997, 1998), which is related to cuttingshallover (Jarrard et al., thisolume). Rlaeomagnetic
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Fig. 3 - Vector component diagrams for selected pairs of pilot samples from CRP-3. Sample pairs were subjdetaddtahermal
demagnetization. Samples are not azimuthally oriented and declinations are reported in the laboratory coordinate systpettvithtiie
split face of the drillcore. a) and b) comparison of thermal ARddemagnetization from samples at 44.83 and 44.87 mbsf, resdgcti
c) and d) Comparison oAF and thermal demagnetization from samples at 56.04 mbsf and 56.07 mbsf, redpdbith reersed
polarity). Comparison of thermal ad= demagnetization from samples at: €) 311.70 mbsf and f) 311.89 mbsf, redpgtith reersed
polarity); g) 361.66 mbsf, and h) 361.70 mbsf, respebti (both normal polarity). Comparison Af and thermal demagnetization from
samples at: i) 435.39 mbsf and j) 435.44 mbsf, respebti Comparison of thermal andlF demagnetization from samples at:
k) 673.06mbsf and I) 673.12 mbsf, respeatiy; m) 741.77 mbsf and n) 741.82 mbsf, respealy; and o) 772.26 mbsf and
p) 772.31mbsf, respectely. Projections onto theevtical (horizontal) plane are represented by open (solid) symbols, respeiee tgt

for discussion of each diagram.

data reported here are not corrected for stratal tilhclination shallaving could also be related to
because of the lack of azimuthal orientation data fanclination error that arises from the ysical rotation

the complete CRP-3 sequenddternatively, the of detrital grains tward the bedding plane of the
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Sample: 663.78mbsf N,Up
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Fig. 4 - Demagnetization data for a represen@tsample with a nearly horizontalerprint. a) Normalized intensity decay plot, ®ctor
component diagram (solid squares refer to the projection onto the horizontal plane, and open squares refer to the ptojeb&on on
vertical plane), c) equal area stereographic projection and d) palaeomagnetic sample coordinates.

sediment due to gratational forces. This mineralogy and a narw range of grain sizescf.
phenomenon is commonly obsedvin sediments that Roberts et al., 1995)The davn-core \ariation of
have undegone signifcant compaction after ARM, IRM and M, confirms the subdiision of the
deposition €.g. Anson & Kodama, 1987Arason & Cenozoic portion of the CRP-3 core into four main
Levi, 1990) and where bioturbation is limited orrock magnetic interals, as proposed at the end of the
absent (¥rosub, 1977), which seems to be the cagkilling season (Cape Roberts Scieff@am, 2000).
for some lithostratigraphic units in CRP-3.

A detailed rock magnetic study has been carriellAGNETIC POLARITY STRAIGRAPHY OF THE
out on theAF demagnetized samples used for thi€RP-3 CORE
study and on additional palered samples (Sagnotti
et al., this wlume). Relatiely low coercvities and In this study we update the preliminary magnetic
thermomagnetic belvaour imply that magnetite polarity stratigrapi for the Cenozoic sequence in the
and/or lov-Ti titanomagnetite is the primary CRP-3 core (Cape Roberts Scieni@am, 2000) by
remanence carrierHysteresis parameters areincluding data from 340-790 mbsf (Fig. 6)he
consistent with the presence of pseudo-single domaimagnetic polarity signal recorded in this intalrvs
magnetite in a narveo grain size rangec{ Day et al., considered primary because the samples are stably
1977). No eidence of “wasp-vaisted” characteristics magnetized and the normal andveesed polarity
was detected, which is consistent with a unifornsamples dahe two antipodal clusters (based on
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inclinations only).The CRP-3 polarity record is inverted during sampling and/or measuremdimese
complex and contains multiple thin normal andsamples were not included inwdopment of the

reversed polarity interals within thicler intenals of

dominantly re@ersed or normal polarityrespectiely.

For corvenience, we ha subdvided the record into
four main magnetozones, tmof dominantly reersed
polarity and tw of dominantly normal polarity
Boundaries between polarity intexls are placed
either at the midpoint between successsamples of

overall magnetic polarity zonation of the CRP-3 core
(Fig. 6), which is dehed strictly on the basis of
multiple consecutie stably magnetized samples.

The upper 340.8-m of the magnetic polarity record
is dominated by neersed polarity (magnetozone R1;
Fig. 6). Havever, the inclination record contains some
thin intenals with shallev reversed or normal polarity

opposite polarity or at a lithological contact orinclinations.A polarity transition is recorded byve

disconformity that separates such sampWsghin

successie samples between the top of the drillcore

some polarity interals, samples display opposingand 7 mbsf. Between 41.72 and 44.40 mbsf,

polarities to those of the rest of the polarity intdrv
In each case, the palaeomagnetic baha is stable,
and the presence of a steepwiooercvity, normal
polarity secondary component, attutable to a
viscous or drilling-induced magneticverprint,
suggests that the samplesréanot been inaddrtently

transitional and shall® normal polarity inclinations
are also recorded’he boundaries of this thin polarity
interval do not occur at lithostratigraphic breaks or
disconformities kbit, rather within a single
lithostratigraphic sub-unit (LSU 1.2).okir other
intervals with normal polarity or shale inclinations
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were encountered at 70.40-72.40 (70.40 mbsf markise demagnetization beViaur is less stable than for
the boundary between LSU 1.3, a sandy mudstonether interals of the drillcore. Moreeer, the presence
and LSU 1.4, a ery fine-grained sandstone andof a fault zone between 257 and 261 mbsf countdab
mudstone), 214.1-227.12, 232.7 -240.14, and 269.0& interpretational difculties in this interal.

288.73 mbsf, respectely. The polarity record Magnetozone N1 (340.8-627.3 mbsf) is a thick
between 242 and 266 mbsf also contains transitionabne of normal polarity that encompasses most of the
directions, It is poorly dehed because the sedimentiow magnetic intensity inteal from 440 to 628 mbsf
was too coarse-grained to allaletailed sampling and (rock magnetic interal Il1l). Intermediate
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Fig. 6 - Lithostratigraphic column (after Cape Roberts Sciefieam, 2000), den-core \ariations of magnetic susceptibility and ChRM
inclination. The magnetic polarity zonation is stto on the log to the right. Black (white) represents normake(sed) polarity interals.
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palaeomagnetic inclinations were not obgehat the CORRELATION TO THE MPTS

boundary between magnetozones R1 and N1; the

boundary occurs within a muddyinke-grained “Tiny wiggles” and their importance in the Eocene
sandstone with dispersed clasts (LSU 9.1). In theOligocene

upper part of magnetozone N1, from 359.3 to Before ay attempt is made to correlate the CRP-3
370.4mbsf, the inclination record has red polarity magnetic polarity zonation with the MPTS, it is
with most of the fluctuations represented by singleecessary to discuss a chronostratigraphic issue that is
samplesThese fluctuations are mirrored by changeparticularly important in sediments of Eocene -
in kK and NRM intensity which suggests that the Oligocene ageThe MPTS is dehed using marine
might be related to non-geomagnetactors such as magnetic anomaly recorde.¢. Cande & kent,
variations in diagenetic redox conditions. No polarity 992a); beside the lge-amplitude features that are
interpretation is made for this intedv From 513.49 obsered in these anomaly pis, additional short-
to 539.63 mbsf, the magnetizations are weak and tM@velength \ariations hae been identiéd in profles
sediments are coarse-grained; no reliable ChRRICross &st-spreading ridgesthese short-period
inclinations were obtained for this 26-m-thick intirv fluctuations hae durations of less than 30 kand

A normal fault occurs at 539.31 mbsf (i&on, this are referred to as “tinwiggles”. Their origin .has
volume). This fault marks the upper boundary of arP€en debated forver 30 years and twpossible
8-m-thick intenal of reversed polarity within €xPlanations hae been proposed: “tinwiggles”
magnetozone N1, and also the upper boundary off§present either 1) short-period polarity intels/
peak ink values(Fig. 6). The laver boundary of this (Blakely & Cox, 1972; Blakly, 1974), or 2) lage-
interval of reversed polarity does not correspond witisc@le fluctuations in the intensity of the dipole

a change in<. ChRM inclinations areariable for the COomponent of the geomagnetiefd (Cande &
lowermost part of magnetozone N1 (547_18[_abreque, 1974; Cande &eft, 1992b). Uncertainty

627.26 mbsf), ut are predominantly normal in c0N¢€rning the origin and the c?r?co_mitant”magne

polarity. tostratlgrlaphlc manifestation of “tynwiggles” has
Reversed polarity dominates the intaivfrom resulted in use of the term “cryptochrpn" to rgfer to

627.26 to 760.2 mbsf (magnetozone RZhe these global geomagnetic features with durations of

boundary between magnetozones N1 and R2 Iacl?ssf than 30. Ky N . .
. . . . . Tiny wiggles” are particularly common in
intermediate palaeomagnetic directions an : : .

. . ocene-Oligocene marine magnetic anomaly records.
corresponds to a sharp increas«ifat the boundary s

L everal investigations hae tested the origin of
between rock magnetic inteals Il and 1V). The *" g

presence of a sharp, planar lithological boundary ocene-Oligocene "ty wiggles, Lowrie & Lanci
. ’ 4 L i & Larie (1997 I Itali
627 mbsf in the upper part of LSU 13.1 (Cap 994) and Lanci & Larie (1997) analysed ltalian

Roberts Scienca. 2000 indicat i elagic limestone sequences of Eocene-Oligocene age,
overts Scienceeam, ) may indicate a timayg but they did not obserg short polarity zones in the

between magnetozonezs N1 an(g F:Zh i stratigraphic positions corresponding to thepexcted
From 718.64 to 728.68 mbsf, there is a normaﬂositions of “tiry wiggles” on marine magnetic

polarity. in.te_r\al that is deihed _by six samples. I'Fs anomaly records. Hartl et al. (1993) ahduxe &
upper limit is deined by a series of samples with\ 5. (1997) studied nearly continuous sedimentary
transitional inclinations. Its i@er limit is not deihed palacomagnetic records for an 11 npgriod in the
by intermediate palaeomagnetic inclinationsit b Oligocene, for which a number of “ynwiggles”
corresponds to a sharp lithological bounddrgw e peen reported from marine magnetic anomaly
inclinations are recorded by onsamples at 648.21 sy dies. They concluded that “tip wiggles” resulted
and 653.12 mbsf, which could represent part ofom periods of lov geomagnetic palaeointensity that
another thin normal polarity inteal. However, this \yere sometimes accompanied by directional
interval cannot be more clearly resetl because other gxcyrsions. In all of these studies, wever,
samples near this Vel did not yield stable sedimentation rates werewo(~1 cm/k.y), and it is
magnetizations. possible that short polarityvents were smoothed out
The lover 31-m of the CRP-3 Cenozoic sequencgf the palaeomagnetic records as a result of sediment
comprises stable normal polarity (magnetozone N2)emanence acquisition processes. pioturbation and
The boundary between magnetozones R2 and N2dglays in DRM lock-in). Roberts & lein-Harris
defined by a single sample with intermediatq2000) recently reportedvilence for short polarity
palaeomagnetic inclination (759.15 mbsf; | =)-and intervals in Miocene sediments (sedimentation rates of
occurs within a ine-grained, muddy grsgblue ~2-3 cm/k.y) in a period where “tin wiggles” hare
sandstone (LSU 13.1)The lower boundary of also been reported from marine magnetic anomaly
magnetozone N2 &s not reached abe the dolerite profiles. They therefore concluded that at least some
conglomerate at 790 mbsthe lovermost sample cryptochrons represent real short-period polarity
with stable palaeomagnetic befwur in the Cenozoic intervals. If this conclusion is correct, itould be
sequence as collected at 788.82 mbsf. expected to record such short-period polarity ingésv
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in rapidly deposited sediments of Eocene-Oligocernegbout 200 mbsf, CRP-3 is barren of diatoms and
age, such as those ramred in the CRP cores calcareous nannofossils (Hawad et al., this elume;
(accumulation rates were as high as 1000 m/mn.y Watkins et al., this @ume). Furthermore, this inteal
the CRP-2/2A drill coreWilson et al., 2000 a, b). lacks thein situ dinogysts of theTransantarctic flora
This possibility should be considered wher{Hannah et al., this olume) and terrestrial
interpreting the magnetostratigraphic record fronpalynomorphs (Askin & Raine, thisolume), which
CRP-3. are indicatve of mid-Eocene arm conditionsThese

A more detailed discussion of the short polaritforms are documented in late Eocene sediments from
intenvals we hae documented within the Late Eocenghe base of CIRS-1 (Mildenhall, 1989; Hannabh,
and Oligocene, will be presented elM®ere in a 1997; Hannah et al., 199Wilson et al., 1998) and in

dedicated paper mid-Eocene glacial erratics from the southern
McMurdo Sound area (lwy & Harwood, 2000;
Independent age constraintsdr CRP-3 Askin, 2000), which suggests that the base of CRP-3

Siliceous microfossils were rewered only is latest Eocene or younger in age.
between 3 and 193 mbsf and their presgion is
poor belav 85 mbsf (Cape Roberts Scienteam, Magnetostratigraphic interpretation for CRP-3
2000; Harwod & Bohaty this wlume).The diatom Biostratigraphic and’Sr/f8Sr age constraints
Cavitatus jouseanufirst occurs between 48.44 andindicate that the top of CRP-3 should lie within
49.68 mbsf in CRP-3 and marks the base of@he Chron C12y which is consistent with the dominance
jouseanuszone of Scherer et al. (2000). In ODP Holeof reversed polarity in the upper 340 m of the core
748B, this biostratigraphic datum occurs within th€Fig. 7). If it is assumed that the top of magnetozone
lower part of the calcareous nannofossiR1 corresponds to Chron C12r and that the four
Chiasmolithus altuzone, within Chron C12n. In normal polarity interals that occur between 214 mbsf
ODP Hole 744B, theirst occurrence ofC. jouseanus and 289 mbsf correspond to successsubchrons in
spans the boundary between chrons C12n and C1he MPTS, then the leermost of these polarity
(Baldauf & Barron, 1991; Barron et al., 1991;intervals would have to be of Eocene agAvailable
Harwood et al., 1992Wei & Wise, 1992).The biostratigraphic constraints mak such an
diatom Rhizosolenia antaitica first occurs between interpretation highly unlikly. Furthermore, this
68.60 and 70.61 mbsf in CRP-3 and marks the bas®terpretation wuld imply aerage sediment
of the R. antactica zone (Harwod & Bohaty this accumulation rates on the order of 50 m/m\yerage
volume). In DSDP Hole 511, the base of this zoneediment accumulation rates in CRP-2/2A were
occurs within the uppermost part of the calcareousonsiderably higher than this (up to 1000 m/m.y
nannofossilBlackites spinosugzone, within Chron Wilson et al., 2000 a, b), and the lithofes indicate
C12r (Wse, 1983). similarly high sedimentation rates in CRP-3 (Cape

Traces of poorly-presemnd assemblages of Roberts ScienceTeam, 2000). Our preferred
siliceous microfossils were found between abdQt interpretation, based on biostratigraphic datums and
and 195 mbsf in CRP-3 (Haoed & Bohaty this the likelihood of high serage sediment accumulation
volume). Despite their poor presatvon, these rates, is that the sequence of four short normal
assemblages are distinctly tdfent from the polarity intenals recognised in magnetozone R1
lowermost Oligocene assemblages reported fronepresent some of the “fynwiggles” identifed in
CIROS-1 (Harwod, 1989). Seeral diatom taxa that marine magnetic anomaly piles in the lover part of
are documented belothe major unconformity in the C12r (Cande & lent, 1992a)This interpretation is
CIROS-1 hole (atc. 366 mbsf) are absent in theconsistent with the conclusion of Roberts &wie-
upper 200 mbsf of CRP-3 (Haowd & Bohaty this Harris (2000) that “tig wiggles” represent short
volume). The calcareous nannofos3itansveopontis polarity intenals. Available biostratigraphic constraints
pulcheroides which occurs at the midpoint of thedo not allev precise correlation of the CRP-3 polarity
Blackites spinosugone (Wse, 1983), last occurs atzonation to specit “tiny wiggles” within Chron
94 mbsf in the CRP-3 core @tkins et al., this Cl12t
volume). Below 200 mbsf, correlation of the magnetic

Strontium isotope ratios from molluscan shelpolarity stratigraplg to the MPTS is not well
fragments proide age information at four constrained by palaeontological data.vhver,
stratigraphic horizons that, within the rebnt assuming uniform\aerage sediment accumulation
statistical uncertainties, are in close agreement witlates (as suggested by the continuity of sedimentary
the biostratigraphic constraints discussed\abo lithofacies; Cape Roberts Scienteam, 2000), we
(Lavelle, this wlume). These obsemtions suggest propose a tentate correlation of the remaining CRP-
that the upper 200 m of the CRP-3 core is young& Cenozoic sequence to the MPTS. Starting from the
thanc. 32 Ma (Chron C12r), and represents, at leasbwer boundary of Chron C12magnetozone N1
in part, a stratigraphic inteaV that is missing within (340.8-627.3 mbsf) is correlated with Chron C13n,
the main unconformity (RSU6) in C(BS-1. Belav  which implies an @erage sediment accumulation rate



Magnetostratigraphof Late Eocene - Early Oligocene Strata from the CRP-3 Core 611
U
g
=]
g
£ gl
NN 283
) ~
0 clay g F‘a“dgmvel () mbsf,
o 3 ] \\.
5
12 — \
50 — \
13 \\
i','_ \\.‘
21 100 = \
22 \
= \ MPTS
3] 150 [ \ g 3
g | 8
51 R1 £ % 2 2 iy
v \ g 2 g 3 £
53 \ ° B2 = 2 E
611200 — \ s | B &) & s
71 \ ]
\. ] lln 12 n 30
72 | 250 \'\. 11r O
- raene o FaLIL \
et $260 mbsf \ - 12 L |E
Ay
| 31
G A
340.8 mbsf
m\s 12 O R 0
\\\‘ C
\\\\ E L
N y
H - E
/ -—
',-" 13r E L 34
N1 /
/ || 15
/ 5 C A s
//‘ .‘; || 16n.1 rr. E T
/ 16n
J,"/ / . 16n2 o N 36
627.3 mbsf ‘.""‘l 16r E E
/ [ 17t 11 n
/
RZ
?.‘
60.2 mbsff
N2/
88.8 mpsf
s
- Normal polarity
|:| Reverse polarity
- No recovery
] No interpretation

Fig. 7 - Correlation of the CRP-3 magnetic polarity zonation with the magnetic polarity time scale (MPTS) of Caredg € %95) and
Berggren et al. (1995). Correlation of the dominantlyersed polarity magnetozone R1 (0 to ~340 mbsf) to the MPTS is well constrained
by diatom assemblages, with additional data from calcareous nannofossHSHii8r age determinations (seettéor discussion).

of about 590 m/m.yfor this magnetozoné.lhe 8-m- MPTS. This implies that the Eocene - Oligocene
thick intenal of reversed polarity within magnetozoneboundary occurs between 650 and 700 mbsf within
N1 (this is a minimum thickness because ofthe upper part of lithostratigraphic unit 13The
uncertainty concerning its upper boundary) isormal polarity interal within magnetozone R2
interpreted as cryptochron C13n-1 (Cande &niK (718.64-728.68 mbsf) and all of magnetozone N2
1992a; 1995). Considering that cryptochron C13n-1 {§¥60.2 to 788.82 mbsf) might then correlate with the
estimated to hae had a duration of 17 k.ythe upper two of the four cryptochrons (C13r, C13f2,
average sediment accumulation rate of this irakis C13r3, C13r4) identified within Chron C13r (Cande
consistent with thewerall rate for magnetozone N1.& Kent, 1992a; 1995). If the sedimentation rate for
Proceeding dwn-core, magnetozone R2 (627.3 tanagnetozone N1 is then applied to this section of the
760.2 mbsf) could correlate with Chron C13r of theore it would place the Eocene-Oligocene boundary at
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about 718 mbsfA slower rate wuld, of course, ACKNOWLEDGEMENTS -We thank our colleagues from
make it shallaver and a dster rate wuld male it the Cape Robert§eam and the people of McMurdo
deeper in the coreThe correlation of magnetozoneStation, Scott Base and Cape Roberts Camp for logistical
N2 with C13r2 would imply an age of 33.9 Ma at support.The palaeomagnetic component of the Cape

Roberts Project as supported by grants from the Italian
760 mbsf, the top of N2 (Cande &efit, 1995). Programma Nazionale di Ricemne in Antartide (PNRA) to

Alternatively, magnetozone N2 might correlate Witheg anqg s, from the U.S. National ScienceuRdation to
the upper part of Chron C15n of the MPT#Smore KLy, APR, and GSW and from the Ne Zealand
robust correlation of the CRP-3 polarity record withFoundation for Research to GSWe are grateful té\dam
the MPTS belw 340 mbsf is not possible without Harris and toAlfredo Sorice for their help in the laboratory
additional age constraints. Wever, with the aailable at McMurdo Station, and tAdam Harris for his assistance
biostratigraphic datums, a minimum age approacH YCD.

suggests that magnetozone R2 cannot be younger than

Chron C13y and the bottom of the Cenozoic

sequence in CRP-3 must be at least as old as the

upper part of Chron C13c(34 Ma). If magnetozone
R2 represents the whole of Chron Cl3nd
magnetozone N2 represents part of Chron C15n, thenson G.L. & Kodama K.P 1987. Compaction-induced shaliog

the bottom of the sequenceould have an age ot. of the post-depositional remanent magnetization in a synthetic

L . . sediment.Geophysical durnal of the RoyaAstronomical
35 Ma. This interpretation wuld imply an &erage Society 88, 673-692.

sediment accumulation rate of 119 m/mfpr  arason P& Levi S., 1990. Compaction and inclination shaiig
magnetozone R2The absence of mid-Eocene in deep sea sediments from thackfic Ocean.Journal of

terrestrial and marine palynomorphs suggests that it js Geophysical Resear, 95, 4501-4510.

. . Askin R.A., 2000. Spores and pollen from the McMurdo Sound
unlikely that magnetozones R2 and N2 correlate wit erratics,Antarctica. In: Stivell J.D. & Feldman R.M. (eds.),

older polarity chrons in the MPTS. Palaeobiolaggy and palaeoevironments of Eoceneocks,
McMurdo Sound, EasAntarctica, American Geopysical Union
Antarctic Research Serie86, 161-181.
Baldauf J.G. & Barron J.A., 1991. Diatom biostratigrgph
CONCLUSIONS Kerguelen Plateau and Prydz Baytens of the Southern
Ocean. In: Barron J.A., Larsen B. et al. (edBrpceedings of
Most of the palaeomagnetic samples from the the Ocean Drilling Pogram, Scienti€ Results College Station,

Cenozoic strata of the CRP-3 drillcore display stable TX (Ocean Drilling Program)119, 547-598.

| tic beli d tit t Barrett RJ. (ed.), 1989Antarctic Cenozoic history ém CIFOS-1
palaeomagnetic bew@ur, and magnetite appears 1o drillhole, McMurdo SoundAntarctica. DSIR Bulletin 245,

REFERENCES

be the primary remanence carridrmagnetic polarity Science Information Publishing Centi#&gllington, 254 p.
stratigraply has been established, and four maiBarrett RJ., Henrys S.A., Bartek L.R., Brancolini G., Busetti M.,
magnetozones are deéd. Short polarity inteds Davey F.J., Hannah M.J. & Pyn@.R., 1995. Geology of the
. . . margin of the Victoria Land Basin df Cape Roberts,
were also_ 'dem'_bd _and are mterpreted_ aS  southwestern Ross Sea. In: CoopeK., Barker PF. &
corresponding to “tip wiggles” obsered on marine Brancolini G. (eds.)Geolay and seismic satigraphy of the
magnetic anomaly pribés. Antarctic mamgin, American Geopysical UnionAntarctic

; ; Research Serie§8, 183-207.

At.)ove 34Q mbst, Correlat!on of the ma_gnetICBarron J.A., Baldauf J.G., Barrera E., Caulet .J.Huber B.T,
polarity zonation to the MPTS is well constrained by Keating B.H., Lazarus D., Sakai Hihierstein H.R. &Wei W.,
siliceous microfossils, calcareous nannoplankton 1991. Biochronologic and magnetochronologic synthesis gf Le
biostratigraply and by®8’SrR8Sr agesThese data 119 sqdiments from thedfguelen Plateau and Pryd; Bay
imply that magnetozone R1 represents part of Chron Antarctica. In: Barron J.A., Larsen B. et al. (edBipceedings

of the Ocean Drilling Pogram, Scientit Results College
C12r. Between 340 mbsf and the bottom of the Station, TX (Ocean Drilling Program)119, 813-847.
Cenozoic (glacio-)marine sequence (790 mbsfBemggrenW.A., Kent D.\V, Swisher Il C.C. &Aubrey M.P,, 1995.
correlation of the magnetic polarity zonation is not A revised Cenozoic geochronology and biostratigrapin:

. - P . 6 BerggrenW.A., Kent D.V, Aubrey M.P. & Hardenbol J. (eds.),
well constrained by biostratigraphic BiSrFeST age Geodironology, Time Scales, and Sttigraphic Corelation,

data, and the sequence of normal andersed Society of Economic ®aeontologists and Mineralogists,
polarity intenals can only be tentatly correlated Special Publication54, 129-212.
with the MPTS.This tentatie correlation predicts that Blakely R.J., 1974. Geomagneticversals and crustal spreading
. rates during the Miocendournal of Geophysical Resehr 79,

the Eocene-Oligocene boundary (33.7 Ma) occurs at ,g,9 9985
about 718 mbsf within lithostratigraphic unit 13.1 anjakely R.J. & CoxA., 1972. Evidence for short geomagnetic
that the basal part of the Cenozoic sequence is at polarity intenals in the early Cenozoidournal of Geophysical
least as old as the upper part of Chron C13r3¢ Reseath, 77, 7065-7072. .

. Bloemendal J., Barton C.E. & Radhakrishnamyrth., 1985.
Ma) m_ age'T_he CRF_"?’ core, therefore’_ repres_ents a  Correlation between Rayleigh loops and freqyedependent
new high latitude site from théntarctic magin, and quadrature susceptibilityspplication to magnetic
together with the CIRS-1 core (McMurdo Sound) g;%r;uggzetry of rocksJournal of Geophysical Resed; 90,
(Barrett’, 1989) and ODP gel88, SIFe 1166 (Prydz Cande S.C. & knt D.\/, 1992aA new geomagnetic polarity time
Bay) (O'Brien et al., 2001), from which the Eocene - g ;e for the late Cretaceous and Cenozdmurnal of

Oligocene boundary has been rem@d. Geophysical Resedr, 97, 13917-13951.



Magnetostratigraphof Late Eocene - Early Oligocene Strata from the CRP-3 Core 613

Cande S.C. & Knt D.V, 1992b Ultrahigh resolution marine Victoria Land BasinAntarctica. This wlume.
magnetic anomaly praes: A record of continuous Levy R.H. & Harwood D.M., 2000. Marine palynomorph
palaeointensity ariations?Journal of Geophysical Resed; biostratigraply and age(s) of the McMurdo Sound erratics. In:
97, 15075-15083. Stillwell J.D. & Feldmann R.M. (eds.Palaeobiolagy and
Cande S.C. & kent D.V, 1995. Reised calibration of the palaeoenironments of Eocenecks, McMudo Sound, East
geomagnetic polarity time scale for the Late Cretaceous and Antarctica American Geopysical Union,Antarctic Research
Cenozoic.Journal of Geophysical Resear 100, 6093-6095. Series,76, 183-242.

Cande S.C. & LaBrecque J.L., 1974. Beiwar of the Earths
palaeomagneticiéld from small scale marine magnetic
anomaliesNature, 247, 26-28.

Cape Roberts Scienceeam, 1998a. Background to CRP-1, Cape
Roberts ProjectAntarctica. Terra Antartica 5, 1-30.

Cape Roberts Scienceeam, 1998bMiocene Strata in CRP-1,
Cape Roberts ProjecAntarctica. Terra Antartica, 5, 63-124.

Cape Roberts Scienceeam, 1998c. Summary of Results from
CRP-1, Cape Roberts Projeémtarctica. Terra Antartica, 5,

Lowrie W. & Lanci L., 1994. Magnetostratigrapiof Eocene-
Oligocene boundary sections in Umbria, Italy: Nadence for
short subchrons within chron 13arth and Planetary Science
Letters, 126, 247-258.

Mildenhall D.C., 1989Terrestrial palynologyln: Barrett RJ. (ed.),
Antarctic Cenozoic history &fm CIROS-1 drillhole McMurdo
Sound,Antarctica. DSIR Bulletin 245, Science Information
Publishing CentreWWellington, 119-127.

125-137. O’Brien RE., CooperA.K., Richter C., et al., Proc. ODmitial
Cape Roberts Sciendeam, 1999. Studies from the Cape Roberts ~R€Ports, 188 (Online)available fromWorld Wide Web:

Project, Ross Sedntarctica. Initial Report on CRP-2/2A. http://www-odp.tamu.edu/publications/188_IR/188m 2001.

Terra Antartica 6, 1-173.With Supplement, 245 p. Raine J.I. &Askin R.A., 2001.Errestrial palynology of Cape
Cape Roberts Sciend@am, 2000. Studies from the Cape Roberts Roberts Project Drillhole CRP-3/ictoria Land Basin,

Project, Ross Se&ntarctica. Initial Report on CRP-Jerra Antarctica. This volume.

Antartica, 7, 1-209.With Supplement, 305 p. RobertsA.P. & Lewin-Harris J.C., 2000. Marine magnetic

Day R., Fuller M. & Schmid¥.A., 1977. Hysteresis properties of anomalies: Evidence that “finwiggles” represent short-period
titanomagnetites: Grain-size and compositional dependence. geomagnetic polarity inteals. Earth and Planetary Science
Physics of the Earth and Planetary Integpi3, 260-267. Letters, 183 375-388.

Florindo F, Sagnotti L., Roberta.P, Verosub K.L. &Wilson G.S., RobertsA.P., CuiY.L. & Verosub K.L., 1995Wasp-waisted

1997.The world’s southernmost palaeomagnetic laboratory is  hysteresis loops: Mineral magnetic characteristics and
established in McMurdo Station (166°40'10"E, 77°50'18"S),  discrimination of components in méxl magnetic systems.

Antarctica.EOS, Transactions of théAmerican Geophysical Journal of Geophysical Resehr 100, 17909-17924.

Union, 78 603. RobertsA.P., Wilson G.S., Florindo F Sagnotti L.Verosub K.L. &
Fuller M., Herrero-Bergra E., Frost G., Herr B., Hastedt M. & Harwood D.M., 1998. Magnetostratigraplof Lower Miocene

Garrett E., 1997. Magnetic contamination acquired dutRE Strata from the CRP-1 Core, McMurdo Sound, Ross Sea,

coring. EOS, Transactions of thémerican Geophysical Union

Antarctica. Terra Antartica, 5, 703-713.

Sagnotti L.,Verosub K.L., Roberté.P.,, Florindo F & Wilson G.S.,
2001. Ernironmental magnetic record of the Eocene-Oligocene
transition in CRP-3 drillcoreVictoria Land BasinAntarctica.

78, F186.

Fuller M., Hastedt M. & Herr B., 1998. Coring-induced
magnetization of reaecered sediment. InWeaver PP.E.,
Schmincle H.-U., Firth J.V & Duffield W. (eds.),Proceedings

- L This wlume.
gft;tr;gn?r(;(eyaz?[:);gl-lng Ragram, Scientit Results 157, College Scherer R.P Bohaty S.M. & Harwod D.M., 2000. Oligocene and

Hannah M.J., 1997. Climate Controlled Dinoflagellate Disiitm Lower Miocen'e Siliceous Microfossil .Biost'ratigrapkof CaPe
in Late Eocene-Earliest Oligocene Strata from OBR1 Roberts Project Core CRP-2/2Ajictoria Land Basin,
Drillhole, McMurdo SoundAntarctica. Terra Antartica, 4, 73- Antarctica. Terra Antartica, 7, 417-442.

78. Tauxe L. & Hartl R, 1997. 11 million years of Oligocene

Hannah M.J., Cita M.B., Coccioni R. & Monechi S., 199he geomagnetic ield behaiour. Geophysical durnal
Eocene/Oligocene Boundary at°78outh, McMurdo Sound, International 128 217-229.

Antarctica. Terra Antartica, 4, 79-87. Verosub K.L., 1977. Depositional and postdepositional processes in

Hannah M.J., Florindo.FHarwood D.M., Fielding C.R. & CRP the magnetization of sedimenteviews of Geophysics and
ScienceTeam, 2001. Chronostratigrapiof the CRP-3 Space Physicsl5, 129-143.
drillhole, Victoria Land BasinAntarctica. This wlume. Wei W. & Wise S.W Jr, 1992. Oligocene-Pleistocene calcareous

Hartl P, Tauxe L. & Constable C.G., 1993. Early Oligocene nannofossils from Southern Ocean sites 747, 748, and 751.
geomagneticiéld behaiour from Deep Sea Drilling Project Proceedings of the Ocean Drilling &gram, Scientit Results
Site 522.Journal of Geophysical Resehar 98, 19649-19665. 120, College Station,TX, 509-522.

Harwood D.M., 1989. Siliceous microfossils. In: Barret.ﬂ.F(ed.), Watkins D.K.,Wise S.W, Jr. & Villa G., 2001. Calcareous
Antarctic Cenozoic history ém CIFOS-1 drillhole McMurdo nannofossils from Cape Roberts Project drillhole CRP-3,
Sound,Antarctica. DSIR Bulletin 245, Science Information Victoria Land BasinAntarctica. This wlume.

Publishing Centre\Vellington, 67-97. Wilson G.S., Roberté.P., Verosub K.L., Florindo F& Sagnotti L.,

Harwood D.M., Lazarus D.AbelmannA., Aubry M.P, Beggren
W.A., Heider FE, Inokuchi H., Maruyamd., McCartng K.,
Wei W. & Wise S.W Jr, 1992. Neogene ingeated magneto-
biostratigraply of the Southern &guelen Plateau, ODP Bbe
120. Proceedings of the Ocean Drilling &ram, Scientit
Results 120, College Station,TX, 1031-1052.

Harwood D.M. & Bohaty S., 2001. Early Oligocene siliceous ; . i
microfossil biostratigraph of Cape Roberts Project core CRP-  Sagnotti L., Scherer R,R/erosub K.L. Villa G., Watkins D.K.

3, Victoria Land BasinAntarctica. This volume. & Woolfe K.J., 2000a. Chronostratlgrapbf the CRP-2/2A

Kirschvink J.L., 1980The least-squares line and plane and the Drillhole, Ross SeaAntarctica. Terra Antartica 7, 647-654.
analysis of palacomagnetic daeophysical durnal of the Wilson G.S., Florindo F Sagnotti L.,Verosub K.L. & Roberta\.P,,
Royal Astonomy Society62, 699-718. 2000h Magnetostratigraph of Oligocene - Miocene

Lanci L. & Lowrie W., 1997. Magnetostratigraphiwidence that Glaciomarine Strata from the CRP-2/2A Core, McMurdo
‘tiny wiggles’ in the oceanic magnetic anomaly record Sound, Ross SeaAntarctica. Terra Antartica, 7, 631-646.
represent geomagnetic palaeointensityiations.Earth and Wise S.W Jr, 1983. Mesozoic and Cenozoic calcareous
Planetary Science Lettgrl48 581-592. nannofossilsinitial Reports of the Deep-Sea Drilling éject

Lavelle M.A., 2001. Strontium isotope stratigrgpfor CRP-3, 71, 481-550.

1998. Magnetobiostratigraphic chronology of the Eocene-
Oligocene transition in the CI®S-1 core Victoria Land
Margin, Antarctica: Implications foAntarctic glacial history
Geolagjical Society ofAmerica Bulletin 110, 35-47.

Wilson G.S., Bohaty S.M., Fielding C.R., Florindg Rannah M.J.,
Harwood D.M., McIntoshW.C., NaishT.R., RobertsA.P.,



