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INTRODUCTION

Inclusions in diamonds provide a unique opportunity to 
investigate the mantle rocks in which diamonds are formed 
and the ß uids from which diamonds crystallize. The strength 
of diamond and its low reactivity in a silicate environment al-
low encapsulation of trapped material and preservation of its 
original composition. Mineral inclusions range in size from 
tens of nanometers to almost a millimeter, and most indicate a 
peridotitic or eclogitic paragenesis. Mineral assemblages consist 
mainly of silicates and chromites with minor oxide, sulÞ de, and 
carbonate minerals (Meyer 1987; Harris 1992). Temperatures 
and pressures calculated from phase equilibria indicate that most 
diamonds grow at 900�1300 °C and at depth of 150�200 km 
(Meyer 1987; Harris 1992). 

Based on cathodoluminescence (CL) images of the internal 
structure of diamonds (Milledge et al. 1984; Bulanova 1995), the 
low density of dislocations (Sunagawa 1984), and the associa-
tion of diamonds with cracks within their host xenoliths (Taylor 

et al. 2000), it was concluded that most natural diamonds grow 
from ß uids. The compositions of such ß uids can be examined by 
studying ß uid-bearing microinclusions. Such microinclusions are 
not common, but they can be found in Þ brous cubic diamonds, 
in the Þ brous coats of coated diamonds, and as internal clouds in 
octahedral diamonds (Navon 1999). The microinclusion-bearing 
zones are populated by millions of sub-micrometer inclusions.

Transmission electron microscopy (TEM) is an ideal tool 
for the investigation of microinclusions in diamonds. It yields 
information on their size, external habit, internal morphology, and 
mineralogy as well as on the chemical composition and crystal-
lography of the included phases. Previous TEM studies revealed 
the presence of apatite, ankerite, high- and low-Ca carbonate, 
quartz, biotite, and an unidentiÞ ed mica (Lang and Walmsley 
1983; Guthrie et al. 1991; Walmsley and Lang 1992a, 1992b). In 
most cases, two or more of the above phases coexist in individual 
inclusions. The minerals always occupy only a fraction of the 
inclusion volume, the rest is occupied by a ß uid phase. The pres-
ence of such ß uid was suggested by Guthrie et al. (1991), who 
observed motion of the secondary crystals within intact micro-
inclusions upon condensing the electron beam. This observation * E-mail: ofrak@vms.huji.ac.il, oded.navon@vms.huji.ac.il
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ABSTRACT

Fluid-bearing microinclusions in diamonds (<1 μm) provide a unique source of information on the 
diamond-forming medium. Transmission electron microscopy (TEM) investigation of such microin-
clusions enables the detailed study of their size, external habit, internal morphology, and mineralogy, 
and yields information on the chemical composition and crystallography of the included phases. Here 
we present a detailed TEM examination of microinclusions in four Þ brous diamonds from Canada 
and Siberia, each with a distinctive inferred original ß uid composition. Most microinclusions contain 
multi-phase assemblages that include carbonate, halide, apatite, possible pyroxene, and high-silica 
mica (6.8�7.7 Si atoms per formula unit) whose composition lies along the phlogopite�Al-celadon-
ite join. The TEM results, together with the tight range of composition detected by electron probe 
microanalysis (EPMA) and the volatiles detected by infrared (IR) spectroscopy, suggest that the 
microinclusions trapped a uniform, dense, supercritical ß uid and that the crystallized minerals grew 
as secondary phases during cooling. 

Carbonates appear in all assemblages, together with either halides or silicates, indicative of the 
importance of carbonatitic high-density ß uid during diamond growth and ß uid evolution. The pres-
ence of halide-carbonate or silicate-carbonate assemblages is in agreement with the bulk composition 
of the microinclusions as detected by EPMA. The high K content of some microinclusions detected 
by EPMA cannot be accounted for by the solid phases analyzed by TEM. This discrepancy suggests 
that K is concentrated in the residual ß uid that is lost during TEM sample preparation. In addition 
to microinclusions, large cavities containing amorphous phases were found in the inner parts of one 
Siberian and one Canadian diamond. An Al-rich phase is the most abundant, and it is accompanied by 
Ca-rich and Si-rich phases. These phases may be explained by amorphization of crystalline phases. 
A breakdown of a single melt into three immiscible components is less likely.
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