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INTRODUCTION

The involvement of fluids in diamond formation is
suggested by the morphology and symmetric growth
patterns of the diamonds themselves (Sunagawa, 1981,
1984; Bulanova, 1995; Davies et al., 1999) and their
common association with metasomatic minerals, veins and
alteration zones in xenoliths (Meyer, 1987; Schulze et al.,
1996; Keller et al., 1998; Taylor et al., 2000; Anand et al.,
2004). Direct evidence is found in the form of
microinclusions carrying high-density fluids (HDFs) with
silicic, carbonatitic and saline compositions; these are
common in fibrous diamonds and can also be found as
clouds of inclusions within octahedral diamonds (“cloudy”
diamond). It is widely accepted that these trapped HDFs
represent the medium in which their host diamond grew.
Microinclusions carrying HDFs have not been documented
in monocrystalline diamonds, allowing a debate on whether
such fluids are responsible for the formation of all types of
diamond. Indeed, it was suggested that mantle diamonds
grow from reduced C-H-O fluids (CHy-bearing fluids) as
well (Cartigny et al., 1998; Cartigny, 2005; Thomassot et
al., 2007; Stachel and Harris, 2009). This suggestion
addresses mostly monocrystalline diamonds and is strongly
based on variations in 613C, 3N and the N contents of such
diamonds, which are consistent with predicted stable-
isotope fractionation due to diamond growth from methane-
rich fluid.

Other notable difference  between fibrous and
monocrystalline diamonds is that almost all nitrogen in the
former resides in A-centers, whereas most monocrystalline
diamonds carry both A- and B-centers. This is attributed to
the antiquity of monocrystalline diamond compared with
the short residence time of fibrous diamonds at mantle
temperatures.

Here we report the first finding of HDF microinclusions in a
monocrystalline octahedral diamond from Finsch, South
Africa and in the octahedral core of a coated diamond from
Kankan, Guinea. We carried out FTIR, EPMA and LA-
ICP-MS analyses to characterize their compositions and
compared it with those commonly found in fibrous
diamonds.

DIAMOND FINSCH_2A_CAP1

The microinclusions in the Finsch diamond are restricted to
two thin layers, ~10 pum thick, parallel to the (111) face,
~20 and 200 um from the rim. Cathodoluminescence (CL)
reveals concentric zoning, characteristic of monocrystalline
growth throughout the diamond and all the way to the rim.
The inclusion-rich layers are easily recognized by their
weak fluorescence (Figure 1).
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Figure 1: Transmitted light and Cathodoluminescence (CL) images of
diamond Finsch_2a_capl. Both images were taken perpendicular to the
(001) plane. The half octahedron below illustrates the photographed plane
(gray rectangle) and the position and orientation of the microinclusion
layer relative to this plane. The observer’s eye is from www.123rf.com.
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The diamond carries ~800-1200 ppm nitrogen. Absorbance
by B centres is observed in the inner part (A/B=5) as well as
between the inclusion-rich layers and the diamond rim
(A/B=16). Using the calibration of Taylor et al. (1996), we
estimate that the rim of this diamond formed 100 Myr
before eruption at 1150°C or earlier at lower temperatures.
IR spectra taken at the microinclusion-rich part reveal weak
absorbance at 877 and 1440 cm'l, similar to the carbonate
bands in fibrous diamonds carrying HDFs.
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Figure 2: IR spectrum due to nitrogen absorbance in diamond

Finsch_2a_capl. (a) raw data and (b) residual absorbance after subtraction
of a pure IaA spectrum, showing the characteristic peaks at 1170 and 1332
cm’' due to B-center aggregation. The black line is the spectrum taken at
the inner part of the diamond and red line stands for absorbance in the
outer part (between the inner microinclusions layer and the diamond rim).

Forty-five = microinclusions  of  carbonatitic  HDF
compositions were analyzed along the inner layer (Figure
1).  Their average major element composition has
Ca0=29.6 wt%, MgO=11.5, FeO=10.1, SiO,=7.8,
Al,03=2.2, K,0=11.8, Na,0=16.6 and Cl=4.0 wt% , close
to that of the low-Mg carbonatitic HDF end-member found
in many fibrous diamonds (Figure 3). The compositional
variation of Si0,+AlLO; vs. CaO+MgO+FeO in individual
fluid inclusions correlates negatively, a characteristic of all
carbonatitic to silicic HDFs in fibrous diamonds.
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Figure 3: Ternary diagram of silicic, carbonatitic and saline compositions
showing the range of compositions spanned by the HDF microinclusions in
fibrous diamonds,as determined by average compositions of individual
diamonds (black line). The compositions of microinclusions that were
analyzed in the monocrystalline diamond Finsch_2a_capl (yellow
diamond) are not exceptional; they fall within the range of carbonatitic
HDFs.

Primitive-mantle-normalized trace-element compositions of
the trapped HDFs at the inner and outer layer show distinct
patterns (Figure 4). The outer-layer inclusions are
characterized by smooth patterns with moderate decrease
towards the more compatible elements, while the inner
layer has elevated Ba, U, Th and REE and depleted alkalis.
The two patterns resemble the “Bench” and “Table”
patterns observed in fibrous diamonds (10IKC abstract No.
174), except for the high Ta and Nb in the latter.
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Figure 4: Primitive-mantle normalized trace-element patterns of the
microinclusions along the inner layer (orange circles and squares) and
outer layer (green diamonds and triangles) in diamond Finsch_2a_capl.
The solid red and black lines show representative "Table" and "Bench"
patterns, respectively, in fibrous diamonds.
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Changes in the trace-element pattern within a single fibrous
diamond are usually associated with changes in the major-
element composition of the trapped HDF. The LA-ICP-MS
analyses do not show significant changes in the pattern of
Ca, Mg, Fe, Al, and Na between the inner- and outer-layer
inclusions in diamond Finsch_2a_capl. We intend to
analyze the outer-layer inclusions using EPMA, which will
also provide the composition of Si and Cl, for better
characterization.

DIAMOND ON-KAN-383

In the octahedral core of the Kankan diamond we found six
microinclusions with saline compositions, corresponding to
the Na-rich compositions of saline HDFs (Figure 5). Unlike
the case of the Finsch diamond, these inclusions are
sporadically scattered, up to ~100 pm away from a sulfide
mineral inclusion in the core of the diamond.

The core carries nitrogen in A and B centres, with A/B=18.
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Figure 5: Ternary diagram for saline compositions showing the range of
compositions spanned by the HDF microinclusions in fibrous diamonds
from DeBeers Pool (black line; Weiss unpublished data), as determined by
average compositions of individual diamonds. The microinclusions that
were analyzed in the core of ON-KAN-383 (yellow diamonds) have Na-
rich saline composition.

DIAMOND FORMING-FLUIDS -
OXIDIZED vs. REDUCED FLUIDS

The various HDFs found as inclusions in fibrous diamonds,
all carry carbonates. Together with their host diamond they
define an oxidized environment, close to the EMOD buffer.
Stachel et al. (2004) modeled the formation of sinusoidal
REE patterns in garnets, found as inclusions in
monocrystalline diamonds, as interaction of depleted
lithospheric garnets with C—O-H fluids carrying very high
concentrations of LREE and incompatible elements. The
HDFs are excellent candidates for such fluids, suggesting
the enrolment of oxidized fluids in the formation of many

diamonds (Weiss et al., 2009). Supportive evidence for
such interaction comes from the similarity of trace element
patterns of minerals trapped as inclusions in fibrous and
monocrystalline diamonds (Tomlinson et al., 2009).
Alternatively, Malkovets et al. (2007) suggested that the
formation of such garnets and their host diamond is related
to the oxidation of asthenosphere-derived, methane-rich
fluids. Similar suggestions, advocating diamond growth
from methane-rich fluids were made previously (Cartigny et
al., 1998; Cartigny, 2005; Thomassot et al., 2007; Stachel
and Harris, 2009), based mostly on carbon isotopic data.
Experiments by Tomilenko et al. (1998) indicated that,
indeed, diamonds can crystallize from CH, in the mantle
environment. However, except for a single report of direct
detection of reduced gases in inclusions within a single
Siberian diamond (Raman spectroscopy, Tomilenko et al.,
1997), inclusions of CH,-bearing fluids have not been found
in natural diamonds.

The observations above and the composition of the HDFs
we found in monocrystalline diamonds, suggest that
oxidized fluids may serve as the growth medium for
monocrystalline diamonds as well. We have good reasons
to believe that microinclusions and HDFs will be found in
other monocrystalline diamonds, extending the role of
HDFs to the formation of such diamonds.
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