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The Earth s carbon cycle involves crustal reservoirs that
include atmospheric G0z, oceanic inarganic ang oraanic
carbon. carbon 1n sedimentary organic matter such as that i1n
shales., =edimentary carbonate., and i1gneous racks. There also
seems to be a relatively low but nontrivial rate of exchanae
between the carbon reservaoir in the Earth’s mantle and crustatl
cairbon.

Certain processes moving carbon between theoe rezervorirs are
isotopically selective. Fhotosynthetic carbon tisation produces
or ganic matter which can be between 0.3 and 3 percent depleted in
'3C relative to sources of inourdanic carbon (Deasns. 172593
Deines., 1980). Thig preference fur *2C ls mrincipally due
to catalvels 1n the first step of carbon diovide fivation fe.g..
the Calvin cycle enzyme ribulose bisphosphate carbottylaset Lstep,.
1973). The amount of fractionatiron is wften attenuated by
processes which transport tnorgan:c carbon ta cellular cvtoplasm
e.Q.. O leary, 1781,. The respiration of crganic cartion 12 alsc
assoclated with a discraimination ageainst *3C. fhe car bon
droxide produced 15 typically depleted belween O and 1.2 porcent
tn '3 relative to the orgarmic carbon source (e Nirao,

1277 baplan and Rittenberg, 1964,

The organic carbon buwied in sediment oo ke lscelooioail,
fractiorated by sulfate reduction Juche, /%), blarb. 10y our
laburatory has shown that oven feraentcbion can produce = 1l imag
discrimination against the T30 jautupe.

More Jdeeply buried organic carbon bocomes prougressivel v onor e
reduced by thermal decomposition. If thise carbwun e hested to
several hundred degrers [elsius, 1t can be converted to graphite
The 70 conteant of this residual orgunic mal ler change-
very little until its elemental carbon to hiydrogen ratio tallse
below 0.2 i(3chopf, 1733). Helow 0.0 the resrdual carlaa baecoma..
more C-enriched. Hecause Lhe "¢ value of
sedimentar v carbon 1s so well orecerved., we are asewred that the
120 values 1n the better proserved sedimentary roctes a3 wld
A T.5 billion vears reflect ancient mcrublal processes.

Carbon iesuwing trom the midocean ridaew 195 abaout D00 percont
depleted 1n 23C relative to marine carbounates. and obout 2
percent enriched in * C relative to cedimentar v orJuiiic
carbon (Dee Marairs and Moore. 1984). Thie midocean vidae car bon
reprosents Lhe largest single caron 1w drom the mantle, andd ot -
tsotopic composition 1 the same as the - cerade of ali Lhe crustal
reser volrs., The cruasl/Zaantle enchaiiye ot e Durm wan mors 1t onoe
during the early Frecambrian Eun and. veiy lyrele. the crust oo o
lar ger carbon inventorv then Lhan now tzee Des Meararle' article oo
Sundquist and Broeker, 284,.
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Carbon isotope fractionation values have been used to
understand the history of the biosphere. For example, plankton
analyses confirmed that marine extinctions at the end of the
Cretaceous period were indeed severe (gee Hsu’'s article in
Sundquist and Broeker, 1984). Variations in the isotopic
compositions of carbonates and evaporitic sulfates during the
Faleozoic might reflect the relative abundances of euxinic
{anoxic) marine environments and organic deposits from terrestrial
flora (Berner and Raiswell, 1983). The carbon isotopic
composition of Precambrian sediments suggest that the enzyme
ribulose bisphosphate carboxylase has existed for perhapszs 3.5
billion years (Schopf, 1983). Future work in our laboratory seeks
to elucidate the relationship between the carbon isotopic
composition of stromatolites, atmoespheric CO2, and oxygen
inventories.
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Figure I-3. Metabolic carbon isotope values for classes of
biological compounds az detsrained by sass spectromsetry.
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Figure 1-4. Carbon isotope fractionation valuus in live
organisses and sediments. The !SC values are a
function of temperature i1n live mar.ne organisms,
and these values are altered by temperature alteration
1n sediments.
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Figure I-5. Carbon isotopic fractionztion ranges for extant
carbon samples from terrestrial sources. Delta :3C scale at
le t, bouies represent maior reservoirs, arrows 'epresent major
processes that transport and convert the carbon between the
reservolrs.
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Figure I-6. Reconstruction of the extent of dupositional
environments based on carbon and sulfur isotope fractionation
neasurements from ancient sedisentary rocks.

A. Major extant environments where sul fur and carbon
compounds are sedimented indicating the relative
distribution now.

B. Environmental reconatruction of the Cambrian Period
besed on interpretations of carbon and sulfur isaotope
data.

C. Environmental reconstruction of the Permian Period
based on interpretations of carbon and sulfur isotope
data.
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