
certainties. In rare cases, spectra are recorded 
on the mineral completely or heavily en- 
riched in the rarer heavy isotope. For ex- 
ample, Gillet et al. (4) did this for calcite and 
were able to carry out a detailed mode assign- 
ment. With spectral data over a large pres- 
sure and temperature range, they demon- 
strate convincingly the importance of carry- 
ing out anharmonic calculations in order to 
derive thermodynamic parameters (specific 
heat, coefficient of thermal expansion, and 
so on) that agree with the measured values 
over geologically interesting P-T ranges. 

Spectral data on geological materials over 
an important range of both pressure and tem- 
perature conditions are still quite limited. 
The situation is changing fast since the con- 
struction of a number of high-temperature, 
high-pressure cells with windows: diamond 
anvil and optical cells. High-quality spectro- 
scopic data (see figure) are measured in situ 
under the working conditions, typically <35 
GPa and ~ 2 0 0 0  K (7-9). 

The interpretation of the small variations 

2800 32b0 3600 4000 
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Variation of the Raman spectra of water with 
pressure varying from 0.02 to 0.2 GPa at 450°C 
in an optical cell (8). At constant pressure, the 
frequency of the maximum intensity increases 
along with temperature. Such P-T frequency 
changes are input data to the model calculations. 

in the isotopic composition of natural mate- 
rials depends on the application of high-pre- 
cision fractionation factors derived from 
spectroscopic data and calculations, empiri- 
cally or experimentally, and how they vary 

with thermodynamic parameters. Pressure is 
a variable that now must be taken into ac- 
count, at least for hydrogen isotopes, in fluid- 
bearing systems at low to moderate pressures, 
such as those that occur in the oceanic crust 
and the middle to upper continental crust. 
Further studies will define more precisely the 
limits of these pressure effects. The signifi- 
cance of pressure variations on interphase 
isotopic fractionations under mantle condi- 
tions (>1 GPa) is another direction that 
merits further exploration. 
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A New Look at Old Carbon 
Katherine H. Freeman 

T h e  burial of organic carbon in marine sedi- 
ments is a key control for the global inven- 
tory of carbon on Earth's surface and is a 
principal control for carbon dioxide concen- 
trations over geologic time scales. For ex- 
ample, an increase in the rate of organic car- 
bon burial is thought to be at least one cause 
of the relatively low C02 levels and cool 
climate experienced on Earth since the Neo- 
gene. Although the quantitative importance 
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of carbon burial in Earth's climate system is 
well recognized, the precise mechanisms by 
which organic carbon is preserved in sedi- 
ments are not as well known. The work by 
Eglinton et al. ( I  ) reported on page 796 of 
this issue provides a powerful approach to 
understanding the biogeochemical processes 
that create, destroy, and preserve organic 
matter in ocean sediments. 

In the Black and the Arabian seas, sources 
of organic matter include algae, many groups 
of bacteria, and vascular plants in the sur- 
rounding land areas. Grazing organisms and 
bacteria degrade, alter, and remake organic 

matter during its transport through the water 
column and upon deposition at the sediment 
surface, yielding a highly modified composi- 
tion of organic matter relative to the starting 
materials. In addition, decay processes in 
marine environments impact the 14C con- 
tents of organic matter, with differing influ- 
ences on amino acids, carbohydrates, and 
lipids (2). 

The intensity of the biological produc- 
tion and decay reactions can vary both geo- 
graphically and temporally. For example, the 
strongly seasonal monsoon winds in the Ara- 
bian Sea alter ~ h ~ s i c a l  circulation in the ba- 
sin, causing upwelling of nutrient-rich wa- 
ters, which then drive phytoplankton pro- 
duction. This in turn changes the oxygen 
content of the underlying waters and results 
in a shift in the environment for bacteria and 
other consuming organisms. Such factors 
make it difficult to resolve the history and 
quantify the processing of organic matter 
preserved in sediments. 

Molecular structures and 13C contents 
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