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"compound" clusters to explain why the 
excess energy is not completely quenched 
in radiationless processes but may manifest 
itself in light emission from the separated 
fragments. 
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Glacial to Interglacial Fluctuations in 
Productivity in the Equatorial Pacific as 

Indicated by Marine Barite 
A. Paytan, M. Kastner, F. P. Chavez 

An empirical correlation between marine barite (BaS04) accumulation rate in core-top 
sediment samples from two equatorial Pacific transects (at 140°W and 110°W) and 
the estimated primary productivity of the overlying water column were used to evaluate 
glacial to interglacial changes in productivity. Fluctuations in barite accumulation rates 
down-core indicate that during glacial periods of the past 450,000 years, the pro
ductivity in the central and eastern equatorial Pacific was. about two times that during 
intervening interglacial periods. This result is consistent with other evidence that 
productivity was high in the eastern and central equatorial Pacific during the last 
glacial. 

vJcean productivity influences organic 
carbon supply to the sediment and its 
burial efficiency, affecting the partitioning 
of C 0 2 between the ocean and atmo
sphere, and thus climate (1-3). Large gla
cial to interglacial fluctuations in atmo
spheric C 0 2 concentrations have been ob
served in ice cores and related to varia
tions in ocean productivity (4, 5). In order 
to discern the coupling between ocean 
circulation, productivity, and climate, it is 
important to be able to estimate past 
ocean productivity and thus to reconstruct 
its history from the record of marine sed
iments (6). 

We use barite accumulation rate 
(ARBaS04) in sediments to reconstruct chang
es in productivity in the equatorial Pacific for 
the past 450,000 years and to relate these 
fluctuations to the climate record. The equa
torial Pacific region is emphasized because 
upwelling of C02-rich waters in this region 
provides the largest natural source of COz to 
the atmosphere (7, 8). 

Barite is a suitable proxy for oceanic 
productivity because biogenic Ba in sedi-
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ment traps (9, 10) and marine barite in 
deep-sea sediments (11-14) correlate well 
with the overlying productivity, and be
cause of its low solubility barite tends to be 
preserved in pelagic sediments (9). More
over, barite is not affected by burial di-
agenesis in oxic sediments (15). The exact 
mechanism of barite formation is as yet 
unknown, but there are indications that in 
the ocean it precipitates in micro-environ
ments containing decaying organic mat
ter, acantharian shells, and other biogenic 
remains (16-18). Earlier studies have es
timated paleoproductivity from total Ba 
concentration in sediments or in sediment 
traps (9, 19-22). For this, however, vari
ous assumptions and corrections are re
quired because Ba is a component of sed-

Fig. 1. Barite accumula
tion rates (ARBaSQ4) (cir
cles) and primary pro
ductivity (squares) in 
equatorial Pacific core-
top sediments (0 to 5 
cm) along the TT013 
transect at 140°W (full 
symbols) and VNTR01 
transect at 110°W (open 
symbols). 

iment phases not directly related to bio
genic productivity, such as windblown sil
icates and Fe-Mn oxyhydroxides (9). We 
measured, instead, only the concentration 
of barite grains, the dominant Ba-bearing 
phase related to biological productivity 
(9-11,23) . 

We separated barite from equatorial 
Pacific sediments using a sequential leach
ing method (18)\ yields were between 90 
to 95% and the reproducibility was within 
±5%. The cores selected are from two 
transects across a region of the equatorial 
Pacific (12°S to 11°N at 110°W and 
140°W) where productivity in the overly
ing water columns varies greatly (8). We 
determined ARB a S 0 4 from weight percent 
barite, sedimentation rates, and sediment 
dry bulk densities (24). Gross primary pro
ductivity estimates were compiled from 
measurements made over the past 12 years 
(25-28). At both transects, the maxima in 
ARBaS04 and productivity were centered at 
the equator (Fig. 1), at the 110°W 
transect however, this zone is somewhat 
wider. Other productivity indicators 
[abundance of C a C 0 3 and organic carbon 
(29) and Al/Ti (30), Pa/Th, and Be/Th 
(31) ratios] show similar distributions. A 
positive association between ARB a S 0 4 and 
the mean primary productivity in the 
overlying water column is obtained from 
the data in Fig. 1 and from a few other 
equatorial Pacific core tops (Fig. 2). The 
empirical relation obtained is a result of 
both productivity (barite rain rate) and 
sedimentary processes. The positive inter
cept of the linear fit indicates that in 
low-productivity areas the regeneration of 
barite in the sediment is equal to the rain 
rate, resulting in zero barite accumulation. 
Assuming that the relation between pro
ductivity and sediment accumulation has 
not differed greatly and that the same 
processes governing barite accumulation 
(supply from the water column and forma
tion at the sediment water interface) and 
preservation (dissolution in the sediment) 
have persisted in the past, we can use this 
empirical relation to estimate past produc
tivity in this area. 

We computed ARBaS04 in two cores 
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Stability af Pevawskite (MgSiO,) 
in the Earth's Mantle 

Surendra K. Saxena, Lesnid S. Dubrovinsky, Peter Lazor, 
Yngve Gerenius, Patrik Waggkvist, Michael Hanfland, 

Jingahu Hu 

Available thermodynamic data and seismic models favor perovskite (MgSiO,) as the 
stable phase in the mantle. MgSiO, was heated at temperatures from 1900 to 3200 kelvin 
with a Nd-YAG laser in diamond-anvil cells to study the phase relations at pressures from 
45 to 100 gigapascals. The quenched products were studied with synchrotron x-ray 
radiation. The results show that MgSiO, broke down to a mixture of MgO (periclase) and 
SiO, (stishovite or an unquenchable polymorph) at pressures from 58 to 85 gigapascals. 
These results imply that perovskite may not be stable in the lower mantle and that it might 
be necessary to reconsider the compositional and density models of the mantle. 
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