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Establishing rates of sediment accumulation during the Hol-
ocene has been difficult in the siliceous sediments beneath the
Antarctic Polar Front, because the characteristic time scales of
the commonly used protactinium-231 and thorium-230 geo-
chronologies are too long (50,000 to 300,000 years) and radi-
olarian biostratigraphy (e.g., Cycladophora davisiana) has little
resolution during the past 15,000 years (Cooke and Hays 1982).
These deep-sea siliceous deposits contain very little organic
matter and little or no calcium carbonate, which precludes most
applications of carbon-14 chronology or oxygen-isotope stra-

tigraphy. Sedimentation in the rapidly accumulating siliceous
deposits located beneath the Antarctic Polar Front is very im-
portant to understand because over a third of the dissolved
silica supplied to the oceans ultimately accumulates in these
sediments as biogenic silica (DeMaster 1981).

In antarctic deep-sea siliceous ooze deposits, the radium-
226/thorium-230 activity ratio at the sediment-water interface
ranges from 0.3 to 0.5. This activity ratio systematically in-
creases to 1 over a period of about 6,000 years as the radium-
226 activity (half-life of 1,600 years) ingrows toward secular
equilibrium with its parent, thorium-230. The ingrowth of rad-
ium-226 activity follows the equation:

ARa226 = ATh230[ 1 - exp( - Xt)] + A'Ra226[exp( - Xt)]

where A activity (dpm/gm)
A° = activity at the sediment-water interface

(dpm/gm)
X = the Ra-226 decay constant (yr1)
t = ingrowth time (yr)

Measurement of radium-226 ingrowth is a new and useful
radiochemical tool for establishing chronologies on a 6,000-
year time scale in rapidly accumulating siliceous deposits. Fig-
ure 1 shows the station locations of the sediment cores used
to develop the radium-226 ingrowth technique. In slowly ac-
cumulating siliceous sediments (accumulation rate 1 centi-
meter per thousand years), the radium-226/thorium-230 ratio
should reach a value of 1 (due to ingrowth) before the sedi-
ments are buried to a depth of 8 centimeters. Because of bi-
ological particle mixing and pore-water diffusion of radium
(Cochran 1980), the ingrowth process in slowly accumulating
deposits may take place over a depth range of 10 to 20 centi-
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Figure 1. Station locations for cores used to develop the radium-226/thorium-230 (226 Ra/230Th) ingrowth chronology. (cm/ky denotes cen-
timeters per thousand years.)

1988 REVIEW	 89



meters. For example, in siliceous core A1176-16 (accumulation
rate = 1 centimeter per thousand years), the radium-226/thor-
ium-230 ratio is nearly constant throughout the surface mixed
layer (figure 2), but then rapidly increases to 1 over a depth
interval of approximately 5 or 6 centimeters. When the sedi-
ment accumulation rate is greater than 10 centimeters per thou-
sand years, ingrowth of radium-226 takes place over a longer
distance, and the effects of bioturbation and radium diffusion
are minimal.

Radium-226/thorium-230 data from three rapidly accumu-
lating siliceous cores (RC13-255, RC13-271, and RC11-76) are
shown in figure 3. Cooke and Hays (1982) report radiolarian
biostratigraphies (Cycladophora davisiana) for these cores, which
provide independent estimates of the mean Holocene accu-
mulation rates. In core RC13-255 the radium-226 chronology
(6,000-year time scale) yields an accumulation rate of 26 cen-
timeters per thousand years, which is in good agreement with
the Cycladophora davisiana accumulation rate (15,000-year time
scale) of 21 centimeters per thousand years. The radium-226/
thorium-230 accumulation rate established for core RC13-271
equals 22 centimeters per thousand years, which is approxi-
mately half of the mean Holocene rate (43 centimeters per
thousand years) based on radiolarian biostratigraphy. A scen-
ario consistent with both data sets from this core is that the
accumulation rate decreased from a mean value of about 60
centimeters per thousand years during the early Holocene to

22 centimeters per thousand years during the past 6,000 years.
The decrease in accumulation rate with time in core RC13-271
is supported by the thorium-230 and protactinium-231 data
from this core, which show an upward increase in specific
activity in the upper 400 centimeters of the sediment column
(DeMaster 1981).

In core RC11-76, the radium-226/thorium-230 data corre-
spond to an accumulation rate of 180 centimeters per thousand
years over the upper 500 centimeters. The radiolarian stratig-
raphy indicates that the entire Holocene record is only 400 to
500 centimeters thick. Thus, the data suggest that of all the
sediment deposited during the Holocene, sediment accumu-
lation has occurred only during the past 6,000 years. The 180
centimeters per thousand years accumulation rate is one of the
highest values reported in the deep sea, and it should be ver-
ified using independent techniques. The best test of the rad-
ium-226/thorium-230 ingrowth chronologies is to compare the
radium-226 ingrowth ages with carbon-14 accelerator dates at
several horizons. Accelerators require very little carbon for a
carbon-14 analysis, which makes the measurement possible in
these low-organic, low-carbonate sediments. Researchers at
Lamont-Doherty Geological Observatory are currently having
accelerator carbon-14 ages measured on several of these cores.
The results of these analyses will provide critical information
regarding the accuracy and utility of radium-226/thorium-230
ingrowth chronometry.

226 Ra/ 230Th
[I11	 Es

A1176-16

D Is]
E	 DEPTH OF
P
	 MIXED LAYER

T

H 20
(cm)

SED. ACC. RATE
= 1.0 cm/ky

Figure 2. Radium-226/thorium-230 (226Ra/230Th) activity ratios versus depth for core A1176-16. The accumulation rate for this slowly accu-
mulating siliceous core was determined using excess protactinium-231/thorium-230 geochronology. The zone of radium-226 ingrowth in
slowly accumulating sediments is limited to 5 or 10 centimeters below the surface mixed layer. (cm/ky denotes centimeters per thousand
years.)
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Figure 3. Radium-226/thorium-230 activity ratios versus depth for
three rapidly accumulating siliceous cores collected beneath the
Antarctic Polar Front. The zone of radium-226 ingrowth varies from
100 to 500 centimeters with accumulation rates ranging from 22 to
180 centimeters per thousand years.
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On 22 December 1988 the RIV Polar Duke left Punta Arenas,
Chile, for the Antarctic Peninsula. We began scientific oper-
ations on Christmas Day.

The 1988 U.S. Antarctic Program cruise involved two sci-
entific programs. Eugene Domack of Hamilton College con-
ducted an investigation of sedimentation in fjords of the Antarctic
Peninsula region. A second group, under the direction of John
Anderson of Rice University, conducted a seismic and coring
survey of the continental shelf between 68°W and 63°W. This
paper presents preliminary results of the latter survey. Objec-
tives of the cruise were:

• To search for evidence of prior episodes of glacial waxing
and waning on the extensive shelf region of the Antarctic
Peninsula. The area of interest includes a portion of the shelf
where ice draining from the Palmer Land Ice Cap, via the
George VI Ice Shelf, would have flowed onto the shelf. Also
included in the survey was an area of the continental shelf
situated north of Adelaide Island where smaller glacier sys-
tems flow to the coast.

• To examine the tectonic and sedimentological evolution of
the continental shelf, particularly as the margin was trans-
posed from an active margin to a passive one after subduc-
tion of the Aluk Ridge. This transformation occurred at
progressively later time going from south-to-north along the
margin, with major transform faults forming the boundaries
along which different episodes of ridge subduction, and
possibly shelf evolution, took place (Hawkes 1981, figure 1).

• To collect a closely spaced set of seismic reflection lines so
that seismic stratigraphic studies can be performed. Such a
stratigraphic approach is a necessary first step toward un-
raveling the tectonic and glacial history of the region. It is
hoped that this database will provide the information needed
to plan future drill sites in the region.
The combined seismic data and sample coverage acquired

during the 1988 U.S. Antarctic Program cruise represents the
most complete survey of its kind anywhere on the antarctic
continental shelf. These data provide a unique opportunity for
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