Models used for ice core dating

For the thinning rate computation, we used an lime-fodet, with prescribed
surface elevatidn It has two poorly known parameters: the meltintha base of the ice
sheet (F) which is the condition for the verticalocity at the base, and a parameter (
for the vertical velocity profile. The vertical ain rate is assumed to be proportional to 1-
(z/H)™Y, where z is the depth and H is the ice thickniEkss.accumulation rate is
deduced frondD content of the ice in two steps. First, tempeaeatbove the inversion
layer (called inversion temperature), where préaifn forms, is deduced from thB
record. As recently discussédone can use for this purpose the present-dayetse

spatial relationship measured in this sector diaAgtica:
T,=0.111*@D-396.5)+235.2

where Tis inversion temperature (K), add is the variation of the

deuterium/hydrogen ratio of the ice (%o).

The accumulation rate (in cm of ice per year) enthalculated through a

condensation model:
A=A (T AT O*(1+B(T-T\%)

Where T is the present-day inversion temperature (235,2\K)s the present-day

accumulation rate is a constant, and f(T) is given by:
f(T)=(Bs/T-1)/T? * exp(-Bs/T)

where Bs=6148.3 K. The f function basically tak&e iaccount the change of
saturation vapour pressure, whereas the paraféddes into account glacial-
interglacial changes of accumulation that are rptagned by this relationship, for

example changes in over-saturation, changes insamtdnsity, or changes in ablation.



The last modelling step of the chronology is thaleation of the gas age — ice age
difference Qage), required to derive the age scales for thengasurements. This is
derived from a firn mod&l based on physical grain sliding and deformatiws, and
that takes into account the diffusion of tempematarthe firn. We compared thdsage
value with the one from a different mofjeind found a very good agreement: no more
than 50 years difference for a major part of theore, and reaching ~150 years for the

glacial maxima.

The poorly known parameters (F, ny @ndp) of the models, are evaluated
through the use of a small number of chronologtcaitrols, through a Monte Carlo
inverse method. Rather than constraining the chronology to betxéed to these
ages, the method searches for an optimal agreemiémt) the limits of the confidence
interval of each assigned age (i.e. we use comralows rather than control points) and
using the same rules to define accumulation afigathe record. For the upper part, as in
the timescale (EDC1) used on the shallower pati@toré, we used three control
windows. The first (233 m = 713800 yr) is a match through volcanic events to thd G
Vostok time scal€, which is connected to the dendrochronology bycitiag™
cosmogenic production rates'88e and““C. The second (374 m = 12390 yr) is a
match of water isotopes to the Byrd core, whidn igirn connected to GRIP and GISP2
time scales by matching methane rectrdghe third (740 m = 442 kyr) is the well-
known'°Be peak. Since we have no strong reason at this fmalter the already
published timescale (EDC1) for the top part ofthe?, we forced an additional control
door with a narrow (x50 yr) opening at 800 m deptfis extra door has little effect on
the timescale above or below 800 m, but it allowsaukeep the same timescale that has
already been used by many authors for the top 8@@ums avoiding confusing
discrepancies between timescales), while maintgiphysical consistency in the new

timescale. For the bottom part of the core (ia.the period older than 50 kyr), we used



several age control windows derived by comparisahé stacked marine isotope curve
of Bassinot®, assuming a 4 kyr phase lag. These points aratsitat Terminations |I
(1738 m =136 kyr), Il (2311 m=2456 kyr), IV (2593 m = 3386 kyr), VIl (3038 m =
626+6 kyr), VIII (3119 m = 7126 kyr).

The inverse method used is explained in detailvise. It is based on a Monte
Carlo exploration of the space of poorly known paggers. It allows computation of not
only an optimal time scale and optimal model patanse but also confidence intervals
for the time scale and the poorly-known parameters the confidence interval of
chronological control windows. The inverse expenin@esented here is based on 3500
scenarios, of which we selected those that giveoa g@ggreement with the chronological
controls. The optimal values (and confidence irgBrfor the poorly known parameters
are A=2.84 cm of ice per year (2.88.04),$=0.032 K* (0.0350.012), m=1.58
(1.72£0.53), and F=0.76 mm/yr (0.¥8.07).

Comparison with either the Vostok or with the Dogi isotopic profiles show
significant differences in the ages of easily retogble common events, as already
pointed ot for the comparison between isotopic profiles fasibk and Dome Fuiji. In
particular, Transition Il is about 5 kyr youngeiCaame C than at Dome Fuji which,
although within the uncertainties of the inversehnod, needs to be examined further.
Work is in progress to get a common Antarctic ioeeachronology accounting for
information coming from these three deep ice centopic profiles and from other ice
core time series such as the’8®/*°0 isotopic ratio, as well from comparison with the

deep-sea core record.
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