Thermodynamic modelling of Cr-bearing garnets and spinels in
diamonds and peridotite xenoliths
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Diamonds are primarily found in mantle xenoliths that
were brought to the surface by kimberlite magma. The
chemical composition of many of the mantle xenoliths
from kimberlites is often surprisingly Cr-rich when
compared to mantle xenoliths from alkali basalts,
which sample a shallower part of the mantle. The
garnets found as inclusions inside diamonds are also
often distinctively Cr-rich and Ca-poor. These features
imply a correlation between garnet composition and the
circumstances and conditions of diamond formation,
and as a result Cr-pyrope garnet and Cr-rich spinel are
usually the most important two diamond indicator
minerals used in the diamond exploration industry
(e.g., Fipke et al., 1995). However, this relation has
only been empirically derived (e.g., Griitter et al.
2004). Here we present a novel approach trying to
calculate phase relations based on a set of new
thermodynamic data in Cr-rich systems relevant to the
deeper Earth’s mantle, which will allow quantitative
assessment of the P-T conditions of diamond

formation.

Experimental studies in the model system CaO-MgO-
Al,0;-Si0; (CMAS) (O'Neill, 1981) show only a
limited stability field for spinel up to less than 20kb on
a normal continental steady-state geotherm (Fig. 1).
However, in the system MgO-Cr,05-Si0, the stability
field is extended up to 70kb and more (Klemme, 2004).

-

9"IKC

80 Ca0-MgO-A1203-Si02 80
]

Pressure (kb)

0 400 800 1200 1600 0 400 800 1200 1600

Temperature (°C) Temperature (°C)

Fig. 1 Pressure-Temperature diagram illustrating the spinel
(green) and garnet (red) stability fields in the Cr-free model
mantle composition CaO-MgO-Al,05-Si0, (O’Neill, 1981,
Klemme and O’Neill 2000) and the simple MgO-Cr,03-Si0,
system (Klemme, 2004). Also given is the diamond-graphite
reaction line (Kennedy and Kennedy, 1976), and a
continental geotherm (McKenzie et al., 2005).

Recent experiments involving the Mg- and Cr-end
members of garnet and spinel (i.e. knorringite and
magnesiochromite, respectively) and pyroxenes (Brey
et al., 1999; Brey et al., 1991; Girnis and Brey, 1999;
Girnis et al., 2003; Klemme et al., 2000; Klemme and
O'Neill, 1997, Klemme 2004) have allowed
thermodynamic parameters in Cr-bearing systems to be
established and thereby allow calculations of P-T
conditions of formation of spinels and garnets over the

whole range of Cr-Al compositions.

Here we would like to present a new thermodynamic
model with which we can calculate phase relations, and
garnet (and other mineral) compositions in complex
and Cr-rich compositions at pressures and temperatures
relevant to the deep continental lithosphere. This will
allow us to quantify and explain the observed empirical

trends in some diamond indicator garnets, and thereby



refine exploration techniques. The model applies to a
wide range of compositions and not just Ca-poor
harzburgitic ones. To illustrate the thermodynamic
model we will present calculated phase relations and
mineral compositions for a small subset of well-
characterized natural xenoliths, which cover a wide
range of rock types ranging from low-Ca harzburgite,

to higher Ca lherzolite and wehrlite.

We wuse a free-energy minimization algorithm
(Connolly, 1990) to compute mineral compositions and
mineral modes for specified bulk compositions,
temperature and pressure. The database includes
internally consistent thermodynamic data (Holland and
Powell, 1998) with additional data for Cr-spinels, Cr-
garnets, and Cr-pyroxenes based on a series of recent
experimental and thermodynamic studies (Brey et al.,
1999; Brey et al., 1991; Girnis and Brey, 1999; Girnis
et al.,, 2003; Klemme et al., 2000; Klemme 2004;
Klemme and O'Neill, 1997; Klemme et al., 2005). This
allows Cr-rich peridotitic bulk rock compositions to be

modelled thermodynamically in complex systems.
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