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Some obvious aspects of the C-cycle 

Č The surface and the Earthôs mantle massively exchange 

their carbon since several billions of years 
(originally suggested by H. Craig, 62 from a flux perspective)

ČThis is supported by two independent series of evidences

(constant C-isotope in sediments and mantle-derived 

samples through time) (Javoy et al., 82, 86)

Č Supported by (short enough) residence times of C at the 

surface and in the mantle

Č On billion time scale, the Earthôs carbon is on steady 

state



Č So the carbon in the mantle/at the surface is a chicken-

and-egg problem.

The carbon has been cycled many times between the two 

reservoirs  

Č So we better use mantle-carbon rather than primordial-

carbon (= not cycled yet).



A Key Question in Carbon Geodynamic Cycle

If carbon is massively cycled, in the mantle :

Č Does some primordial heterogeneity remains ?

Č Can we see trace(s) of the isotopic heterogeneity introduced 

by subduction ?

The problem is that some variability also occur in the mantle

i.e. at high temperatures

(intra-mantle processes = metasomatism) 
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Fractionation of C-isotopes is 

smaller at high temperature 

(decrease with 1/T2)

But is still significant, e.g.

+ 10ă between diamond and 

carbide

+ 3.5ă between CO2 and diamond

+ 1ă between diamond and 

methane

Č Isotope variations can be 

enhanced by open-system 

fractionation 
(i.e.Rayleigh distillation)
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Thomassot., 07, EPSL

- 95 % of the diamond N-variability 

within a 10 cm3 sample.

- 35% of the lherzolitic diamond d13C-

variability within a 10 cm3 sample.

Straight-line is symptomatic of

open-system fractionation in this 

diagram

Intra-mantle fractionation can be demonstrated

Č C and N isotope in diamonds from a single xenolith



We can identify the speciation of the diamond 

growth mediumé

Ą Diamond growth from methane

Thomassot et al., 07, EPSL



Then, why eclogitic diamonds almost 

exclusively show low d13C-values ?

ČSubduction ? Or not ?

If peridotitic diamondsô d13C-variability 

integrates all processes ?

Evidence for subduction ??



Main subduction-range

Main mantle-range

Introducing the

N-geochemistry

Into the story

IPG-Parisô data

é cannot be only 

subduction



Luth, 93, Science

Č In eclogite, carbonate-bearing fluids can be decarbonated 

(CO2-rich fluids) = C-isotope heterogeneity

Č Not in a peridotite = C-isotope homogeneity

Cartigny et al., 98, Science



If intra-mantle related C-isotope heterogenity is an obvious fact, it 

cannot explain everythingé

The most 

common

(>95%)

The wired 

and rare

(n =5)

éonly 

eclogitic



Introduction : Conclusion of previous works :

Significant C-isotope variability occur in the Earth mantle

- mostly in eclogite compositions 

- for most, likely reflect intra-related processes (i.e. from a rather 

homogeneous source) Č supported by a series of experimental work 

(many more needed)

- exceptions are always related to eclogitic-compositions (not peridotitic)

é. So the mantle can still be viewed as isotopically homogeneous

Question addressed today :

Is all the mantle (peridotitic composition) always 

homogeneous in terms of C-isotopes and/or C-contents ?

Č A view from diamonds from Dachine komatiite (French 

Guyana)



Studied samples are from the Dachine komatiite body 

Monocrystalline diamonds Macrodiamonds

(> 500 µm in every dimension)

Exploration samples

The only samples recovered (so far) for a komatiite

~300 samples studied

Described by Capdevilla et al. (1999)

high MgO and (unlike kimberlites) low amounts of 

incompatible elements (La, Nb etcé)

low Ti/Al might suggest high P formation (>300 km)

emplaced the Guianan shield 1.9 Gya

Not based upon textural arguments



Located within the equatorial foresté the samples were 

recovered (and kindly given) by Guyanor SA during potential 

evaluation campaigns

Unmined diamondiferous body

Extends over several hundred of hectares (largely unstudied)

Samples are mostly irregular in shape,

monocrystalline (not polycrytsalline)




