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The fundamental processes driving the growth and decay of the
major Northern Hemisphere ice sheets remain speculative, but iden-
tifying these is the key to predicting future climate perturbations on
glacid-interglacia timescales. Progression in this fied is severdy
impeded by an absence of well-dated palaeoclimate records spanning
severd glacid cycles Mogt of the exigting records cannot be dated
directly. Instead, many are assigned a chronology based on
Milankovitch orbital forcing theory, assuming fluctuations in
Peistocene climate are driven by periodic changes in summer solar
insolation at 60 or %65 N, caused by predictable variations in Earth's
orbital parameters. However, the vaidity of the Milankovitch climate
model remains uncertain. The question remains: Do factors other than
just high latitude Northern Hemisphere insolation play an important
role in forcing the growth and decay of the mgor Pleistocene ice
sheets?

The precisetiming of past sea-level highstands based on the mass
spectrometric U-series dating of fossl reefsisacrucid and indepen-
dent test of the vaidity of the Milankovitch mode of climate change.
Previous studies have focussed amogst exclusvely on the oxygen
isotope stage 5e or Last Interglacia period, occurring at ~125 thou-
sand yearsago (ka) (e.g. Edwardset d., 1987; Bard et d., 1990; Chen
etd., 1991; Szabo et d., 1994; Stirling et d., 1998). Beyond the last
Interglacial, it is exceedingly difficult to obtain reliable chronol ogical
information due to large age-error terms and enhanced diagenetic
effects. Even the rdatively young stage 5e reefs give conflicting esti-
mates for the timing and duration of the last Interglacid interval due
to difficultiesin assessing the rdliability of a230Th-age. Thereisaso
a severe lack of datable materid for older interglacid sea levels
because climate events beyond the last glacia-interglacial cycle are
not often preserved in the geol ogic record. Few TIM S U-series obser-
vaions exigt for the stage 7 or Penultimate Interglacid reefs, dated at
~220 ka (Gdlup et a., 1994). Even fewer mass spectrometric U-Th
observations have been reported for earlier interglacias.

Using multiple collector ICP sector mass spectrometry (MC-
ICPMS) and therma ionisation mass spectrometry (TIMS), we
present aunique suite of precise U-seriesagesfor ancient reef terraces
on Henderson Idand, a cordline oceanic idand in the Cook-Society
region of the equatorid Peacific. Henderson Idand is located in the
extreme east of the Indo-Pecific sub-tropical province. As an
"outpost”" locdlity, it presents a hogtile environment for coral reef
development, and cord terraces may form only during very intense
interglacid periods. Ironicaly, it is this hogtile environment that has
alowed, for thefirst time, adetailed study of cord terraces correlating

with "older" interglacid periods. Offshore fringing reefs grew prolif-
ically on Henderson Idand during the~330 kastage 9 interglacid, but
no cora terraces appear to have formed subsequently during the
Penultimate, Last or Holocene interglacid periods, and these older
terracesremain ble today.

We report more than 30 precise 230Th-ages for the Henderson
Idand stage 9 reefs. These data provide, for the firgt time, areiable
and independent radiometric congraint on the globd sealeve curve
a ~330 ka, for comparison with Milankovitch orbitaly tuned
chronologies. In 330 ka samples, 230Th-age uncertainties are typi-
cdly better than £2 ka at the 2s leve, dlowing the timing and dura
tion of the Stage 9 interglacid to be well-resolved. Despite their
extreme old age, the Henderson Idand stage 9 reefs are exceptionally
well preserved. Certainly, some diagenetic dteration has occurred in
these ancient reefs, but the affect on the 238U-234U-230Th system
appears predictable, allowing disturbed samples to be readily identi-
fied and discarded. The implications of this are two-fold. Firsly,
important congtraints can be placed on the behaviour of U and Th
during diagenesis. Secondly, the U isotopic composition of seawater
during the stage 9 interglacia can be reliably evauated.

The stage 9 terraces are not the ol dest reefs exposed on Henderson
Idand. In a fortuitous discovery, we also sampled reefs that grew
during a mgjor atoll congtruction phase occurring more than 600
thousand years ago. Our 2sM andytical uncertainties are at the sub-
permil leve for both U and Th measurement, alowing U-series
chronology to be extended beyond the 500 ka upper limit usualy
reported for TIMS U-series techniques, and in 600 ka samples, the
associated 2sM  error in the age is better than +35 ka These, when
combined with the younger stage 9 interglacid results, have impor-
tant implications for understanding lithospheric flexure processes.
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