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Abstract - Strontium isotope stratigraphy was used to date 5 discrete horiz /---"‘ ' "'--x.\\
within the CRP-3 drillhole. A singlén situ modiolid bivalve fragment at '
10.88 mbsf gives an age of 30.9 (£0.8) Ma for the associated sediment. The
remaining well preserved fragments recovered from 29.94-190.31 mbsf are w “_, f:f:RC;C
error of this age, indicating a high sedimentation rate and suggesting little tin WAISEL - IcE
missing in disconformities. The diagenetic alteration of carbonate macrofossils mmm SHEFF)
continental fluids (and possibly seawater) is a common feature to 320 mbsf. “'“"'
INTRODUCTION using a scanning electron microscope (SEM) to

identify original shell ultrastructure at the sub-micron

Strontium isotope dating allows accurate agscale (Fig. 1). A further study of shell taphonomy
estimates to be obtained from situ, unaltered (position in core, shell type, and preservation) was
marine carbonates. In Antarctica, the technique hasso carried out to assist in the identificationiof
proven particularly useful in dating shallow-watersitu and reworked specimens (see below). For archive
sequences where biostratigraphic control is restrictehmples that were identified as homogenous and well
(e.g.Barrera, 1989; Prentice et al., 1993; Dingle epreserved, the matching working halves were rinsed
al., 1997; Dingle & Lavelle 1998; Lavelle, 1998,in distilled water in an ultrasonic tank and dissolved
Lavelle, in press). in quartz-distilled 1.75 M HCI.

The 939-m-long CRP-3 core encountered: (1) a Strontium was extracted using standard ion-
succession of glacially influenced marine sediments efkchange techniques and was loaded onto a tantalum
early Oligocene age (3¢. 330 mbsf), (2) a thick filament as a nitrate. Isotope measurements were
succession of undated marine sands anghrried out using a VG Sector 54 mass spectrometer
conglomeratesc( 330 - 790 mbsf), and (3) terminatedin the Department of Earth Sciences, University of
in middle Devonian sandstones attributed to th€ambridge 8’Srf®Sr ratios were normalised to our
Beacon Supergroup (Cape Roberts Science Teahang-term laboratory standard NIST-987 = 0.7210248
2000). (n=59, 25D=0.000020), an¥Sr/f8Sr = 0.1194.

Analytical blanks were typically <100 pg Sr.

Corrected mean isotope measurements were converted
ANALYTICAL METHODS to best-fit age and error using the LOWESS fit to the

marine Sr curve of Howarth & McArthur (1997). As

Biogenic carbonate that is potentially suitable fowe have no long-term laboratory averag8r/féSr
Sr isotope dating was obtained from five horizonsalue for modern biogenic carbonate, the long-term
within the working half of the CRP-3 core. A reviewprecision value for NIST-987 was used to calculate
of the strontium isotope dating technique, includinghe 95% confidence limits on the best-fit age. Where
diagenetic considerations, is presented by Lavelle &ternal within-run errors exceed this external value,
Armstrong (1993) and McArthur (1994). In summarythe larger 2SE value is applied. No statistical attempt
surficial contaminants were removed from the shelas been made to reduce sampling and analytical
surface by a repeated 10-second ultrasound treatmemicertainty below that of the long-term standard
in 1M acetic acid and quartz-distilled water. Alldeviation value quoted above. The relatively large
samples were visually inspected using a binocularrors quoted for several of the samples are due to
microscope, and homogenous and well-preservesinall sample size; in many cases, the cleaned CaCO
macrofossil specimens were divided into working andamples weighed < 1 mg (typically < 200 ng Sr for
archive splits. The archive fractions were examinegectinid calcite) which makes it difficult to measure
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Fig. 1 - Scanning electron micrographs of preserultrastructures from selected represevea@RP-3 carbonate samplés: 10.88 mbsf,
horizontal section through well-presen aragonitic modiolid balve. B) 29.94 mbsf, oblique section through well-presdrpectinid
bivalve fragment displaying thredrst-order lamellae of crossed foliated calcite. C) 47.55 mbsf, horizontal section through wellgaeserv
pectinid bvalve displaying four ifst-order lamellae of crossed foliated calcite. D) 190.29 mbsf, horizontal section through wellgareserv
pectinid bvalve displaying threeirfst-order lamellae of crossed foliated calcite. E) 89.02 mbsf, poorly pezsenvidentifed bivalve
shaving localised sparry calcite precipitationeslying original aragonite. F) 127.48 mbsf, horizontal section through poorly peeserv
unidentified bivalve displaying ine-grained amorphous calcitextare. G) 190.50 mbsf, close-up of wieof calcite wergrowth on
unidentifed bivalve. H) 320.36 mbsf, close up wieof coarse-grained amorphous calcite from poorly presennidentiied bivalve.
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the c. 150 multicollector ratios often necessary foland the vater was dispensed into plastic vials for

high precision dating.
Throughout this studya cautious approachas

storage A small aliquot (100ul) of interstitial water
(c. 800 ng of Sr), ws loaded directly onto ion

taken to linking measured age and depositional agexchange columnsThe analytical procedure then

All dated samples are ideni#d asin situ or of
unacertain preenance (tabl). Evidence foiin situ
faunas includes: disposition in the coegy.(fauna are
recovered in life position); for bialves, the

followed that outlined abece for the carbonate
samples.

To maintain consistegcbetween sedimentological,
palaeontological and chronological techniques

preseration of articulated alves; absence of abrasiondiscussed in this studwll references to depth in

features on internal, and to a lesseteat, ternal
surfaces; absence of internal shell borings;. It

CRP-3 are gien in metres bele sea floor (mbsf).
The timescale of Cande & dfqt (1995) is used

should be noted that this is a cautious approach, atidtoughout this study
does not preclude the possibility that samples
identified as revorked in this study may actually be
in situ (e.g. mary calcareous shallo marine &unas
may &hibit both eternal surdce abrasion and boring
while alive). Well presered fragmented shell material  Interpreted SEM images of a represenm@tsubset
is labelled as of uncertain prenance in table 1, and of the thirteen analysed carbonate samples are
is treated as potentially woorked in all further presented inifure 1. Multiple interpreted images of
discussions. all analysed samples aregadlable in digital format
Interstitial water analyses were performed orotw from the autharAdditional example images of criteria
10 cm whole-roundihe-grained sediment sections,used to deihe original and altered biogenic
which were cut, capped and sealed immediately aftattrastructure can be found in talle (1998).
the core arned in the processing laboratory Strontium isotope results are summarised in table 1
Interstitial water etraction took place.8 weeks later and are plotted inidure 2. Lithostratigraphic and
utilising the geochemistryatilities aboard the Oceansequence stratigraphic unit numbers refer to the
Drilling Program \esselJoides ResolutionBefore summary of results in Cape Roberts Sciefleam
squeezing, the outside sacke of each whole-round (2000).
section vas remeed with a spatula to minimize Biostratigraphic age control isvailable for the
potential contaminationWhole rounds were placed upper 200 mbsf of CRP-3 (Cape Roberts Science
into a titanium and stainless steel squeezingiade Team, 2000). Presence and absence datums of pelagic
and squeezed at ambient temperature by applyimgatoms and calcareous nannofossils coafthis
pressure up to 4000 Ib (approximately 4150 psi) upper sequence to 31-33 Ma (early Oligocene).
with a hydraulic press (Manheim and Sayles, 1974). Five biogenic carbonate samples from four
Interstitial water was etruded through a preashed horizons between 10.88 and 190.31 mbsfehheen

RESULTS

Whatman No.1ifter fitted abwe a titanium screen.
All interstitial water samples weréltered through
0.45mm Gelman polysulfone disposabikefrs and
collected into clean plastic syringesfter collection
of ¢.10 ml of interstitial vater, the syringe s

dated using Sr isotope stratigrapfiTab. 1). All

shoved the presemtion of original carbonate
ultrastructure at the sub-micronvid (Fig. 1; see
caption for detailed descriptiond). single articulated
modiolid bivalve recaoered from 10.88-10.89 mbsf is

removed, a fresh 0.45mm Gelmaittér was attached considered to ben situ, based on wailable

Tab. 1 - Strontium isotope data for marine carbonates from the CRP-3 drillhole. UCL/LCL (upparfionfdence limit). Unit numbers
refer to sedimentary units in Cape Roberts Scifiezen (1999). N/a = not applicableorithe deihition of statistical terms used here, see
«Analytical Methods» in the X6 SEM datum codes refer t@tre 1.

SEM Depth range (mbsf) Unit Sample Shell type Preservation Taphonomy — Sr/®Sr Uncertainty Age (Ma) Age (Ma) Age (Ma)
datum min max 2SE (x109) (Best Fit) (UCL) (LCL)
Chronologic study
A 10.88 10.89 1.1  Modiolid bivalve Articulated ~ Well preserved In situ 0.707949 20 30.9 317 30.1
B 29.94 29.96 1.2  Pectinid bivalve Fragments  Well preserved Uncertain 0.707946 12 31.0 317 30.2
C 47.55 4757 1.2  Pectinid bivalve Fragments  Well preserved Uncertain 0.707949 17 30.9 317 30.1
D 190.29 190.31 6.1  Pectinid bivalve Fragments  Well preserved Uncertain 0.707946 18 31.0 31.7 30.2
D 190.29 190.31 6.1  Pectinid bivalve Fragments  Well preserved Uncertain 0.707934 24 31.3 32.1 30.5
Diagenetic study
E 89.02 89.03 2.1 Unidentified bivalve Fragments Partially recrystallised Uncertain 0.707988 17 n/a n/a n/a
n/a 124.96 125.01 3.1  Echinoid plates Fragments  Partially recrystallised Uncertain 0.708048 20 n/a n/a n/a
F 127.48 127.50 3.1  Unidentified bivalve Fragments Partially recrystallised Uncertain 0.708328 20 n/a n/a n/a
G 190.50 190.52 6.1 Unidentified bivalve Articulated  Partially recrystallised In situ 0.708357 30 n/a n/a n/a
n/a 197.61 197.64 6.1  Unidentified bivalve Fragments  Partially recrystallised Uncertain 0.708249 21 n/a n/a n/a
n/a 198.79 198.81 6.1  Unidentified shell Fragments  Partially recrystallised Uncertain 0.708224 20 n/a n/a n/a
n/a 247.27 247.31 7.2  Unidentified shell Fragments  Partially recrystallised Uncertain 0.710497 21 n/a n/a n/a
H 320.36 320.38 8.1 Unidentified bivalve Fragments  Partially recrystallised Uncertain 0.708072 24 n/a n/a n/a
Interstitial water study
n/a 81.29 81.39 1.4 Sandy mudstone Water n/a n/a 0.711362 16 n/a n/a n/a
n/a 225.47 225.57 7.2 Sandy mudstone Water n/a n/a 0.711073 20 n/a n/a n/a




596 M. Lavelle

0.707800 o roszo0  0.708800 o7osaco 0.709800 o7icaoo  0.710800 o s11300

1.1 oA
1.2 ®B
ecC
1.3
1.4 W«
2.1 OE
2.2
. O or
2
T A1
o
§, 5.1
o 52
= | 53
L]
@l og @D 0OG
I ﬂ
7.2 PI‘
a
7.3
7.4
75
8.1 :
n H . Well preserved carbonate
: D Fartially recrystallised carbanate
o ~ W Interstitial water
AT ERL
T A T T

Fig. 2 - Strontium isotope results from well-presedvbialve fragments, recrystallisedvialve and echinoid fragments, and interstitial
waters for the upper 350 mbsf of CRP-3. 2SE error rswithin the indvidual symbolsAlso shavn are lithological units, a simpiéd
sedimentary log and sequence stratigyaj@equence boundaries are annotated with tixeictedepths (mbsf).

taphonomic dataThe remaining four well-preseed vyielded a relatiely radiogenic®’SréSr value of

pectinid bvalve samples are fragmented and ar8.710497.

treated as of uncertain penanceThe five samples Interstitial waters recweered from 81.29-81.39
have a mean age range of 30.9-31.3 Ma, with a totalbsf and 225.47-225.57 mbsf yield&&rfeSr values

error range (2SE: 95% cadénce limit) of 30.1-32.1 of 0.711362 and 0.711073, respeely.

Ma (Tah 1).
One in situ and seen fragmented balve
specimens from 89.02-320.36 mbsf were idesdifas DISCUSSION

recrystallised, based on visual criteriaaliT1). The

replacement of characteristic molluscan ultrastructure The frst appearance datumAB) at c. 49 mbsf
with chemically precipitated amorphous carbonatef the marine diatom (#atus jouseanus indicates an
(e.g. Fig. 1F) and rare sparry calcite.. Fig. 1E) age ofc. 31 Ma (Cape Roberts Sciendeam, 2000)
was used as a guide in rejecting samples from tlier the associated sedimeniBhis is in agreement
chronologic studyAll eight partially recrystallised with the three Sr isotope dates on co-occurring
samples yielded Sisotope signatures mor&Sr modiolid and pectinid hialves aboe 47.57 mbsf
enriched (43 ppm to 2.6 %o) than the true deposition&=30.9 Ma). Between 49-195 mbsf, biostratigraphic
seavater Srisotope signature deréd from the age control is poor and indicates an age of <33 Ma.
associated well-preseed specimens (0.707945;The two Sr isotope dated pectinid fragments at
31.0 Ma). Seren of these alues are lwer than 190 mbsf indicate a mean age of 31.2 Ma, well
modern day semater (0.709175)A single small within error of the werlying datesThis does not
bivalve fragment receered from 247.27-247.31 mbsf necessarily imply that the fragments areg/gbally in
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situ. The \ery high sedimentation rates resulting fronsitu, reworked or of uncertain pnenance. Bur
the Cape Roberts proximal glacio-marine setting (10@rosional sequence boundariegidl the upper 200 m
200 m/m.y., Cape Roberts Sciencleeam, 1999), of CRP-3 core intoive sedimentary sequences
means that stratigraphicwerking over tens of metres (Fig 2). Five strontium isotope dates from 11-190
will fall within the measurement and age calibratiombsf indicate a depositional age of 31#D8) Ma,
errors for the early Oligocene Sr isotope @®ug.g. indicating a high sedimentation rate, and suggesting
Howarth and McArthur1997). little time is missing in indiidual disconformities.
There are tw possible origins for the fluid that The dates are in good agreement with thailable
has altered the Sr isotope signatures of the eighiostratigraphic datums ab® 195 mbsf.
recrystallised samples analysed between 89-320 mbsf. The diagenetic alteration of macrofossils by
1 - Seawater the strontium isotopealue of global continental fluids (and possibly seater) is a
seavater has been gwing progressiely more common feature within the carbonate presgion
radiogenic §’Sr-enriched) from the middle Eocenezone (0-320 mbsf).
to the present daye(g. Howarth & McArthur,

1997). The Cape Roberts géon has clearly ACKNOWLEDGEMENTS -The author thanks M. Grees
experienced may relative sea leel variations andA. Pimmel for laboratory assistance, and Mviani, T.

since the early Oligocene, as indicated by th?anecek and M. Curren for sampling and curatorial support.

multiple Sequence boundaries preser!t in all threge manuscript as impraed by constructe reviews from
cores (Fig.2 and Cape Roberts Sciedeam, |sabel Montafiez and an aryomous reiewer.

1998, 1999, 2000). Rexposure of the original
macrofossil and its subsequent total/partial re-
crystallisation in the presence of relatly 8'Sr-
enriched younger saater will produce®’SrfeSr

values between 0.707945 (early O“gocen%arrera E., 1989. Strontium isotope ages. In: Barrelt @d).
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