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Major and trace element composition of 
diamond-forming fluids: what do they tell us? 
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The metasomatic medium in which fibrous diamonds grew is 
usually preserved in the form of high-density fluids (HDFs) 
trapped in sub-micrometer inclusions. Major and trace elements, 
and the volatile content of these fluids sheds light on the mantle 
sources and processes which promote diamond genesis. The 
major-element compositions of the HDFs span two arrays: (a) 
between a high-Mg carbonatitic end-member and a saline one 
and (b) between a low-Mg carbonatitic and a hydrous silicic 
end-member [1]. All four end-members are rich in K. In line 
with this enrichment, all are highly enriched in incompatible 
elements compared to primitive mantle. Their REEs are 
fractionated with La/Dy(PM normalized) varying from 6 in the silicic 
HDFs to 430 in the saline compositions; Sr, Ti, Zr, Hf and Y 
show variable negative anomalies relative to the REEs. The 
highly incompatible elements, Cs – La, exhibit two patterns. 
One is mostly flat and has moderate decrease of concentrations 
with decreasing ionic radius (this pattern is designated 
"Bench"); the other (designated "Table") has elevated Ba, U, Th 
and LREE, depleted Nb and Ta and in most cases, highly 
depleted alkalis (K, Rb and Cs). Both patterns were found in 
HDFs of either major element arrays. 

The appearance of similar trace elements patterns in fluids 
of such diverse major element compositions suggest that major 
and trace elements are decoupled and that they are controlled by 
different sources or processes. Based on the similarity of the 
major-element composition of the HDFs to experimental near-
solidus melts of carbonated/hydrous peridotites and eclogites, 
we suggest that the source-rock for the high-Mg carbonatitic 
HDFs is peridotitic, while the one for the low-Mg carbonatitic 
to hydrous-silicic compositions is eclogitic. The clear array 
between the saline and the high-Mg carbonatitic compositions 
suggests the involvement of saline fluids in the generation of 
the high-Mg carbonatitic HDFs. Saline fluids may be the 
metasomatic agent that triggers the formation of the silicic to 
carbonatitic fluids in the eclogitic case. However, melting of 
carbonates or K-bearing phases in the source-rock or interaction 
of such sources with carbonatitic and potassic melts/fluids may 
also generate similar compositions. Either way, potassium and 
carbonate should be available during HDF generation. 

The trace element abundance patterns of the high-Mg 
carbonatitic HDFs resemble those of kimberlites. The huge 
variation in Th/Nb and La/Nb in carbonatitic-silicic and 
carbonatitic-saline HDFs suggests the involvement of rutile or a 
similar phase during HDF evolution. Similar arguments, based 
on major and trace element patterns, may be made for the 
involvement of other phases, such as zircon, apatite, mica and 
carbonates. Rocks rich in the above phases are known from 
xenoliths in kimberlites (e.g., MARID, PIC and glimmerites) 
and in many cases show the complementary anomalies to the 
“Table” pattern. On a K/Rb vs Cs/Rb diagram, HDFs with 
"Table" patterns fall on or very close to an array forms by 
Rayleigh fractionation of phlogopite from a MARID-like melt.  
These features indicate the importance of phlogopite in the 
formation and evolution of diamond forming fluids.   

[1] Weiss, Y. et al. (2009) Lithos, 112, 660-674. 
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A series of iron carbides have been identified in diamond from 
the Juina area, Brazil; this diamond crystal has also been shown 
to contain a set of carbonatitic-type inclusions. The iron 
carbides present are associated with magnetite, native iron and 
graphite, and form polymineralic inclusions of up to 7 µm in 
size (Fig. 1). 

 
Fig. 1: HAADF image of an inclusion in diamond composed of 

magnetite, iron carbides, native iron, and graphite. 

The studied iron carbides, by their chemical compositions, vary 
widely from grain to grain (Fe3.98C to Fe1.25C). Chemical 
variations within grains are smaller, with Fe/C ratios varying 
within a range of 0.02 to 0.31. Minor amounts of Cr (0.03-1.30 
at.%) and Ni (0.08-0.50 at.%) were identified in some iron 
carbide grains. Of particular interest is a nitrogen admixture in 
native iron. 

The iron carbides form a compositional range with the 
following approximate formulas: Fe4C – Fe7C2 – Fe3C – Fe2C – 
Fe7C4 – Fe4C3 – Fe5C4; as such, they are analogous to 
chromium carbides known from industry and are, most likely, 
interstitial compounds. From the six iron carbide varieties 
identified only one is known from a terrestrial environment, 
cohenite (Fe3C). Cohenite has previously been identified in both 
monocrystalline diamond and polymineralic diamond 
aggregate. Another variety, chalypite (Fe2C) is known only 
from meteorites; it predominates among the analysed grains 
(comprising around one third of them). The other iron carbide 
varieties are not known to occur in nature at this time. 

There are two mechanisms which could explain the 
existence of this iron carbide series in a single diamond grain. 
The first related to the oxidation of an initial iron carbide: i.e., 
FeC + O2 → Fe3O4 + C (graphite). This reaction occurs as the 
result of a change in oxygen fugacity under low pressure 
conditions (outside of the diamond stability field). Another 
scenario is that magnetite (or perhaps another iron oxide) is 
reduced during ascent of the host diamond to the surface, close 
to the boundary between the diamond/graphite stability fields, 
when it experienced local deviatoric stress conditions that 
resulted in the local recrystallisation of diamond carbon as 
graphite carbon.  Simultaneously iron-containing phases were 
reduced and recrystallized to form of iron carbide(s) and native 
iron. 




