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Abstract
Komsomolskaya high-Cr, harzburgitic-garnet, multiple diamond inclusions exhibit extremely
variable and unusual LREE patterns. The high Cr2O3 contents of these diamond inclusions are
exceptional, and indicate a possible genesis intermediate between that of harzburgitic and
lherzolitic garnets. Both the major- and trace-element compositions of the garnet inclusions within
a single diamond are unique, illustrating that each diamond has experienced a distinctly different
chemical environment during its formation, in some cases even varying significantly during different
episodes of growth within one diamond. Results of this study emphasize that such diamonds have
been subjected to extreme changes in P-T-X conditions during their complex growth histories.

Introduction
MINERALS OCCURRING as inclusions in diamonds
(DIs) provide an invaluable source of chemical and
thermodynamic data on the nature of the conditions
existing deep within the continental lithosphere/
asthenosphere. At depths exceeding 120–150 km,
two main types of petrologic environments support
diamond formation: ultramafic (or peridotitic)
(U-type = P-type diamonds) and eclogitic (E-type
diamonds) (e.g., Sobolev, 1974; Meyer, 1987; Gurney, 1989). An extensive literature exists characterizing thousands of DIs from worldwide occurrences,
mainly dealing with major-element chemistry, with
earliest summaries provided by Meyer and Boyd
(1972), Sobolev (1974), Prinz et al. (1975); later by
Meyer (1987), Gurney (1989), Harris (1992), and
Bulanova (1995); and most recently by Stachel et al.
(2004a). In addition to the intense DI studies, attention has also been focused on the nature of the host
minerals coexisting with E-type diamonds within
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diamondiferous eclogites. Comparisons of majorand trace-element compositions of host-eclogite
minerals and the DIs from the same eclogite xenoliths from Yakutia have presented numerous conundrums (Sobolev et al., 1972; Ireland et al., 1994;
Taylor et al., 1996, 1998, 2000; Taylor and Anand,
2004).
In U-type diamonds, with the dominant role of
Fo-rich olivine DIs, it is chrome-rich, low-Ca
garnets that play a paramount role in providing
important information on their paragenesis (e.g.,
Sobolev et al., 1973). Major-element analyses of
harzburgitic garnets from 650 diamonds are available from Siberian localities (Sobolev et al., 2004),
with a similar number from worldwide diamond
localities (e.g., Stachel et al., 2004a). However,
extreme Cr2O3 enriched garnets (>15 wt%) are rare
worldwide (Fig. 1). Such garnets were first discovered in Yakutian (Sobolev et al., 1969), Uralian
(Sobolev et al., 1971a), and Brazilian diamonds
(Meyer and Svisero, 1975). More recently, such
high-Cr garnets have also been described in large
(10–200 cts) Yakutian diamonds (Sobolev et al.,
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FIG. 1. CaO-Cr2O3 plot of garnet DIs from Siberian diamonds, and selected plots of garnet DIs anomalously enriched
in Cr2O3 (more than 15 wt% Cr2O3) from Komsomolskaya diamonds (dots). Yakutian garnet DIs from the Mir pipe (diamonds) are also from this study. The data for Cr-enriched garnet DIs from localities worldwide (triangles) are taken from
Harris et al. (2004), Meyer and Svisero (1975, Stachel et al. (2000; 2004a, 2004b), and Wang et al. (2000).

2001; Taylor et al., 2003b), as well as African
(Stachel et al., 2000, 2004a) and Chinese diamonds
(Wang et al., 2000). The latest summary of Siberian
DIs (Sobolev et al., 2004) included three additional
garnet DIs from the Mir mine, containing 19–21
wt% Cr2O3 (Fig. 1, Table 1). Two additional garnet
DIs from the Komsomolskaya mine, with more
than 17–18 wt% Cr2O3 are presented in Table 2.
Such compositions represent only ~2% of the entire
data base for chromiferous garnet DIs, not only for
Siberian localities (Sobolev and Logvinova, 2004;
Sobolev et al., 2004), but also for diamond localities
worldwide (e.g., Stachel et al., 2004a).
Most attention has been given to the major-element compositions of U-type garnet DIs, with less
attention afforded trace-element studies. The most
recent summary of such studies is provided by
Stachel et al. (2004a). Various studies have demonstrated chemical differences between different
grains of multiple inclusions within single diamonds
for U-type (Griffin et al., 1993; Sobolev et al., 1997;
Promprated et al., 2004) and E-type garnet DIs
(Sobolev et al., 1998; Taylor et al., 1998, 2000;

Anand et al. 2004). Indeed, examination of multiple-garnet inclusions in a single diamond has
revealed possible chemical heterogeneities within
single garnet grains (e.g., Shimizu and Sobolev,
1995). These studies were initially questioned
(Richardson and Harris, 1997) because the DIs
were released by burning (oxidation) the diamonds,
although Taylor et al. (1996) confirmed that such
burning does not alter either the major- or trace-element compositions of the DIs. However, subsequent
garnet DIs, examined while still in their host diamonds, also showed chemical inhomogeneities
within single grains (Shimizu et al., 1997, 1998),
with the largest overall variability being in Sr, but in
some grains, Y or Zr was the most variable. However, the possibility of minute cracks causing
open-system behavior cannot be entirely ruled out.
The best, albeit work-intensive, method for the
examination of DIs where chemistry is critical is by
the “in-situ procedure” (Taylor et al., 1998, 2000;
Taylor and Anand, 2004), whereby the DIs are
examined by polishing the encapsulating diamond
so as to expose the minerals on the diamond’s
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TABLE 1. Major- (wt%) and Trace-Element (ppm) Compositions of Multiple Garnet Inclusions
in Three Diamonds from Komsomolskaya Mine, Yakutia1
Sample:

Kms-10

N of analyses:
P2O5
SiO2

Kms-9

Kms-28

1

2

3

1

2

1

2

9

4

11

1

1

1

1

< 0.02

< 0.02

0.02

< 0.02

0.02 (1)2
39.5 (1)

39.6 (1)

39.2 (1)

TiO2

0.09 (1)

0.08 (0)

0.08 (1)

Al2O3

9.50 (4)

9.99 (3)

9.86 (5)

0.02
40.0
0.53
10.9

0.03
39.9
0.51
11.1

Cr2O3

17.6 (1)

17.1 (1)

17.2 (2)

15.6

15.6

MgO

16.8 (1)

18.1 (1)

17.9 (6)

20.2

20.2

41.9
0.04
17.0
8.69
23.0

41.6
0.01
17.4
8.48
22.5

CaO

9.35 (7)

7.77 (4)

8.06 (4)

5.40

5.36

1.91

2.03

MnO

0.29 (3)

0.28 (2)

0.28 (2)

0.40

0.33

0.32

0.36

FeO

6.63 (11)

6.72 (5)

6.70 (7)

6.27

6.26

6.51

6.53

Na2O

< 0.02

< 0.02

< 0.02

0.05

0.05

< 0.02

< 0.02

Total

99.75

99.66

99.32

99.37

99.34

99.41

98.95

Na
P

62

20

22

409

314

182

232

2679

482

1130

2113

1254

1341

163

Sc

155

129

132

200

188

165

178

Ti

600

494

486

3039

3006

176

159

V
Mn

845

671

703

624

544

371

418

4338

3175

3411

5147

4172

3377

3159

Rb

0.43

0.51

0.38

Sr

1.57

0.33

0.41

Y

1.67

1.60

1.56

Zr

4.72

4.71

3.67

0.86
18.2
1.94
49.9

0.55
16.1
2.05
47.7

1.02
2.29

0.52

2.51

1.90

1.94

1.37

1.73

1.94

2.04

0.54

Ba

0.28

0.06

0.06

2.41

0.37

0.41

0.12

0.02

0.03

Ce

0.67

0.13

0.16

Pr

0.16

0.05

0.04

Nd

0.79

0.33

0.35

1.24
12.1
3.34
17.1

40.6

0.42

Nb
La

139

17.9
157

0.87

0.17

10.2

8.45

1.04

14.5

2.12
11.5

0.19

1.03

0.81

1.81
0.68

Sm

0.22

0.10

0.18

3.03

1.81

0.16

Eu

0.09

0.05

0.06

0.62

0.44

0.02

0.26

Gd

0.27

0.19

0.21

1.27

1.34

0.13

0.40

Tb

0.06

–

0.04

0.20

0.17

0.01

0.06

Dy

0.24

0.14

0.19

0.68

0.42

0.07

0.32

Ho

0.05

0.04

0.05

0.099

0.08

0.02

0.06

Er

0.19

0.15

0.15

0.27

0.20

0.09

0.28

Tm

0.04

0.02

0.03

0.035

–

0.02

0.08

Yb

0.27

0.2

0.23

0.24

–

0.21

0.59

Lu

0.06

0.03

0.05

0.039

0.02

0.08

0.17

1Detection
2Numbers

limits are 0.02 wt% for P2O5; Na2O and 0.03 wt% for other major oxides.
in parentheses are the one-sigma variance in analyses for the least unit cited.
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FIG. 2. Cathodoluminescence (CL) images of the three diamonds with their garnet and olivine inclusions revealed on
the polished surfaces. Typical blue-colored CL imaging of diamonds, mostly cut and polished parallel to (110) reveal
various zones reflecting degrees of nitrogen aggregation and total nitrogen contents (Mendelssohn and Milledge, 1995).
These zones, akin to the growth features of tree rings, reveal that these diamonds have experienced periods of growth,
interrupted by resorption, with continued growth, in some cases changing growth modes, brittle as well as plastic deformation, and a complicated, typically tortuous life. The black rounded forms are mineral inclusions analyzed in this study.

surface. This technique has been utilized with the
exposure of up to 7 DIs on one polished diamond
surface (Promprated et al., 2004). With cathodoluminescent (CL) mapping of the stratigraphy of the
zonations in the diamond (Fig. 2), the relative ages
of the DIs can be determined. Most importantly, the
presence of optically invisible cracks is commonly
made apparent with CL, demonstrating the possibility of open-system behavior between the DI and
the external environment of the diamond. It is due
to the lack of use of this CL-aided “in-situ procedure” of DI examination that several secondary/

crustal minerals have been reported as pristine
DIs.
The purpose of the present study is to compare
the major- and trace-element compositions of multiple inclusions of high Cr–rich garnets on a single
polished surface, using the “in-situ procedure”
combined with CL imaging. In particular, we have
examined three unusual samples from the Komsomolskaya pipe, Yakutia; two belong to extreme
Cr-rich DIs (>15 wt% Cr2O3), and one is close to the
average composition of harzburgitic garnet DIs (see
Fig. 1).
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Methodology
The diamonds and their inclusions were examined by the “in-situ procedure” (e.g., Taylor and
Anand, 2004). As discussed above, this method is
best suited to the study of the chemistry of multiple
inclusions in diamonds and examination of their
pristinity. The samples were examined and polished
in the diamond laboratory at the University of
Tennessee, followed by optical examination and
photography of the inclusions. Major-element
compositions of DIs were determined with a fully
automated CAMECA SX-50 electron microprobe
(EMP) at the University of Tennessee. EMP analytical conditions employed an accelerating potential of
15 keV, 30 nA beam current, 5 µm beam size, and
standard PAP correction procedures. Counting
times were 20 sec for the majority of elements, and
100 sec for Na and P. The EMP at the University of
Tennessee is equipped with a CL detector for examination and imaging of the polished diamond surfaces at high magnification. If any cracks or avenues
were revealed using the CL that may have allowed
for open-system behavior of the DIs, the cracks were
examined with the Oxford Instruments energy-dispersive unit. If elements besides C were present
(e.g., Mg, Al, Si), this was taken as evidence for
“open-system behavior” and the possibility of a
compromised chemistry was suspected.
Trace-element analyses of the diamond inclusions were performed with the modified CAMECA
IMS-3f ion microprobe at Washington University.
Details of the analytical procedures are described
by Zinner and Crozaz (1986a; 1986b), Alexander
(1994), Hsu (1995), and Fahey et al. (1987). Detection limits are variable, depending on the element
and phase analyzed, but may be as low as a few ppb
in favorable cases.

Diamond Locality
The Komsomolskaya pipe, from which the diamonds for this study were recovered, is one of the
recently developed Siberian diamond mines, with
regular mining starting at the beginning of the 21st
century. This pipe is located in the Alakit-Markha
kimberlitic field of the Yakutian diamondiferous
province, about 20 km from the Yubileynaya mine.
The pipe is cut by a doleritic sill and covered by
Permian–Carboniferous sediments (Sobolev et al.,
2003). The pre-Permian age of this pipe has been
refined by Rb/Sr dating (358 Ma) of phlogopite

micro-phenocrysts (Agashev et al., 2004), giving
ages similar to the intrusive ages defined by U-Pb
zircon ages of the Yubileynaya (358 Ma) and
Sytykanskaya (344 Ma) pipes (Davis et al., 1980).
Although only a limited number of DIs have been
studied in micro-diamonds (<1 mm) and macro-diamonds (>1 mm) from this mine, highly significant
results have been obtained. Within the microdiamonds, a majoritic E-type garnet DI has been
discovered, along with unusual potassium-bearing
(up to 0.76 wt% K2O) clinopyroxenes, also rich in
chromium (6.5–6.8 wt% Cr2O3), and enstatite with
only traces of Al2O3 and Cr 2O3 (Sobolev et al.,
2004). Macro-diamonds typically contain high-Fo
olivines, but large Cr-rich pyropes with unusually
high contents of Cr2 O3 (>15 wt%) and chromite
inclusions were also found. This pipe contains a
relatively high abundance of E-type diamonds
(~15%), confirmed by a visual examination of a
collection of ~400 diamonds based on identification
of yellow-orange E-type garnets (Sobolev et al.,
2003). Other major diamond mines are typically
characterized by the predominance (99%) of U-type
DIs (Yefimova and Sobolev, 1977). All these special
features are directly pertinent to the present,
detailed examination of Komsomolskaya DIs.

Diamonds
Several macro-diamonds containing harzburgitic
garnet DIs were selected for this study, from a representative collection of Komsomolskaya diamonds.
Initially, the diamonds were examined for the presence of pyropic garnets free from optically visible
cracks. An additional criterion for the selection was
the presence of multiple garnet DIs within a single
diamond. After cutting and polishing of the
diamonds so as to expose the multiple or single DIs
on one surface, the diamond polished surfaces were
examined for cracks at high magnification with CL
on the electron microprobe. EMP analyses were
performed for an initial screening of the garnet
compositions. The notable presence of extremely
high Cr2O3 contents (>15 wt%) in the garnets of
three diamonds warranted further study.
With the “in-situ procedure” and CL imaging of
a polished surface, the exposed garnet inclusions
reveal their relative positions, both with respect to
other DIs and to various growth/resorption zones
within the diamonds. Such a relationship is documented in Figure 2, where the central zone of
diamond Kms-28 contains both garnets and
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FIG. 3. Chondrite-normalized REE patterns of multiple-garnet DIs from the Komsomolskaya mine addressed in this
paper. The shaded field represents the complete dataset of REE patterns for harzburgitic garnet DIs from worldwide
occurrences (from Stachel et al., 2004a).

olivines. Garnet occurs in the middle portion of
Kms-10, and multiple garnet inclusions occur in the
clean peripheral zone of Kms-9. These three
diamonds alone provide evidence of an encapsulation of harzburgitic garnet inclusions during various
periods of the growth history of these diamonds.
The morphologies of the three diamonds selected
for this study are typical for diamonds from Yakutian
mines (Orlov, 1977), with dominant development of
sharp-edged octahedral faces on two crystals and
rounded edges on the third. All diamonds were
polished to expose the visible purple-colored pyrope
inclusions simultaneously, based upon preliminary
examination through a polished “window.” Each
garnet DI has a cubic-octahedral morphology, typical of diamond negative crystals (Sobolev, 1974). As
a result of the careful polishing procedure, all
visible pyrope inclusions were exposed on a single
polished diamonds surface, for major- and traceelement analyses. With diamond Kms-28, five olivine and two garnet DIs were exposed on the same
single surface. In addition, Kms-10 had three garnet
inclusions simultaneously exposed.
Cathodoluminescence (CL) imaging was performed on the polished diamonds (Fig. 2). Such
imaging applied to diamonds reveals a series of

luminescent zones reflecting differences in concentrations of defects, impurities, and nitrogen-aggregation states (e.g., Mendelssohn and Milledge,
1995). The three diamonds reveal complicated
growth patterns interrupted by episodes of resorption and possible changes in growth modes (e.g.,
octahedral versus cubic). As shown by these DIs
within the different zones, it is possible to have
minerals incorporated into the diamonds at any time
during their extended lifetimes of growth.

Chemistry of Garnet Inclusions
Diamond Kms-10 contains three garnets with
significant differences in major-element chemistry
(Table 1). Such multiple DIs with different chemistry, although not common, have been reported previously (e.g., Sobolev et al., 1998; Taylor et al., 1998,
2000). Numerous EMP analyses were performed on
each garnet revealing variations in Al2O3, Cr2O3,
MgO, FeO, and CaO (Table 1) among all three
garnets. For garnets in diamonds Kms-9 and
Kms-28, no significant differences in the majorelement compositions were determined. All these
DIs were further analyzed for REE and other trace
elements (Table 1), and Figure 3 shows the varia-
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tions in the REE patterns for all of the garnets in
this study.

Discussion
According to the genetic classification of
chrome-rich garnets (Sobolev et al., 1973), all garnets in this study are typical of harzburgitic (dunitic)
paragenesis, despite their broad variations in CaO
contents and range in REE patterns. This harzburgitic affinity is also confirmed by their extremely low
contents of Na2O, indicating an absence of coexisting clinopyroxene (Sobolev and Lavrent’yev, 1971),
and also by the high Fo contents in the olivine inclusions in sample Kms-28, which is identical to some
30 olivine DIs (Fo 92.8) from other diamonds from
the Komsomolskaya mine (Sobolev et al., 2003).
High-Cr2O3 contents are distinctive features of
garnets from two of the studied diamonds, some of
the highest contents yet reported in the literature.
As shown in Figure 2, only two Siberian diamond
mines— the Mir and Komsomolskaya—have garnet
DIs with similar compositions, and only a few such
compositions are known from deposits worldwide.
Garnets in Kms-10 are positioned in an unusual
portion of the CaO-Cr2O3 diagram (Sobolev et al.,
1973), as shown in Figure 1. One garnet (Grain #1)
occupies a position just at the boundary of the fields
for lherzolitic and harzburgitic garnets, and was
encapsulated earlier than the other two grains in this
diamond. Based upon elevated TiO 2 and Na 2 O
contents in some lherzolitic garnets with high-Cr
contents, Sobolev and Lavrent’yev (1971) suggested
the presence of an “intermediate field” between the
lherzolitic and harzburgitic fields delineated by
Sobolev et al. (1973). It is apparent that some lherzolitic garnets, containing significant TiO2, Na2O,
and high Cr2O3, may occupy such an “intermediate”
position on the CaO–Cr2O3 plot (Fig. 2). In fact,
support for a modified intermediate field between
harzburgitic and lherzolitic garnet DIs has been
discovered in garnets from the Snap Lake diamond
mine (Pokhilenko et al., 2004) and the Skerring pipe
(Lucas et al., 1989).
The Komsomolskaya garnet DIs do not possess
the positive correlation of Sr and Cr observed for
Kancan garnet DIs by Stachel et al. (2000). Variations in Sr appear significant, but are considerably
less between multiple garnet inclusions (0.33–1.57
ppm Sr for Kms-10; 16.1–16.2 ppm Sr for Kms-9;
Table 1). Kms-28 (Garnet 1), which is close to the
average garnet inclusion in Cr2O3–CaO contents,
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contains higher Sr compared with Kms-10. A range
in Sr was also detected for multiple harzburgitic garnet DIs (Griffin et al., 1993) from the Mir (9 and 13
ppm in diamond 34/15; 6 and 11 ppm for 29/15).
Indeed, considerably wider variations in Sr were
detected in a series of garnet DIs from the Mir,
Udachnaya, and Aykhal mines, Yakutia, using the
burn-liberation technique (Shimizu and Sobolev,
1995; Shimizu et al., 1997), and by in-situ SIMS
analyses of garnets (Shimizu et al., 1998). The possibility of a Sr- and REE-rich carbonate phase was
suggested to be present within some harzburgitic
pyropic garnets (Richardson and Harris, 1997).
However, this had already been demonstrated as not
feasible because neither any decrease in Si secondary-ion intensity nor an increase in Ca intensity was
accompanied by the high-Sr spots (Shimizu and
Sobolev, 1995).

REE patterns
The three garnet DIs from Kms-10 exhibit not
only significant differences in major-element compositions (Table 1), but also in REEs and other trace
elements. This includes variations in Sr between
grains reaching a factor of 5, and variations in LREE
contents (La up to a factor of 10; Ce more than a
factor of 5) between the different grains, with
Kms-10-1 having the more-enriched compositions.
This Kms-10-1 garnet is the most CaO and Cr2O3 of
the three Kms-10 garnets depicted (Fig. 1), the
garnet composition that is just inside the extension
to the lherzolitic garnet field. Kms-10-2 and -3 have
a slight sinusoidal pattern, most common for lower
CaO, lower Cr2O3, more typical harzburgitic garnets
(Stachel et al., 1998; Taylor et al., 2003b). However,
they are LREE depleted to values even outside
those of the worldwide range of Stachel et al.
(2004a).
The garnet DIs in Kms-9 have both major- and
trace-element contents that are similar. Their
HREEs are in the middle of the worldwide trend
(Fig. 3). However, they are unique relative to virtually all other garnet DIs worldwide in their LREEs.
Such enriched LREEs most probably reflect
extreme metasomatism. It is possible that their REE
patterns would have been sinusoidal except for this
high-degree of metamorphism, which even brought
the typical HREE positive slope upwards and made
it negative, so common for mantle metasomatism.
Garnets in diamond Kms-28 demonstrate similarities in major-element contents between grains 1
and 2; however, they show variations in some
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TABLE 2. Major-Element Compositions (wt%) of Harzburgitic Garnet DIs,
Particularly Enriched in Cr2O3 from the Komsomolskaya (Kms) and Mir (M, AO) mines, Yakutia1
Sample:
N of analyses:
P2O5

Kms-28

Kms-164

Kms-165

Mr-591

Mr-731

Mr-313

AO-458

Olivine

Pyrope

Pyrope

Pyrope

Pyrope

Pyrope

Pyrope

5
–

SiO2

41.4 (2)2

TiO2

n.a.

Al2O3

n.a.

Cr2O3
MgO

0.03 (1)
50.0

<0.02
40.1
0.12
10.2

0.02
39.5

–

–

–

–

39.8

39.5

39.4

41.4

0.06

0.08

0.04

0.08

9.54

9.26

7.71

8.36

0.08
11.1

17.4

18.1

19.4

20.9

20.8

15.9

20.1

20.6

19.1

21.4

20.3

23.1

CaO

0.02 (1)

4.96

4.47

4.63

2.19

2.65

MnO

0.09 (1)

0.37

0.34

0.25

0.32

0.41

0.23

FeO

6.99 (8)

6.52

6.53

6.57

6.86

6.93

6.18

0.02

<0.02

n.a.

<0.02

<0.02

<0.02

99.68

99.18

99.09

98.94

98.94

100.25

Na2O

0.39 (1)

Total
1NiO

98.92

2.24

for olivine. Source of data is Sobolev et al. (1969, 1978, and unpublished); n.a. = not analyzed.
in parentheses are the one-sigma variance in analyses for the least unit cited.

2Numbers

trace-elements, notably in Sr (2.29 and 40.6 ppm).
These variations are possibly related to the presence
of micro-inclusions of mica within the analyzed
volume. Coexisting olivine inclusions (Table 2)
possessed a uniform composition (Fo 92.7), confirming a harzburgitic paragenesis for the DIs (Sobolev,
1974). These Kms-28 garnets possess typical sinusoidal REE patterns.
A positive correlation between La and Cr# for
garnet DIs (Stachel et al., 2004a) is also not apparent for our studied DIs. The three Kms-10 garnet
inclusions (Table 1) contain the lowest (0.02–0.12
ppm) La contents (Fig. 3) of any of the DIs analyzed
in this study. The highest observed LREE contents
for harzburgitic garnet DIs, compared with chondrite-normalized REE patterns of similar DIs from
worldwide source (Stachel et al., 2004a), are shown
for the highly Cr-rich garnet DIs in sample Kms-9
(Fig. 3). This indicates that the garnet DIs from
these two Komsomolskaya diamonds, although
containing some of the highest Cr# values, also have
LREE patterns covering both extreme positions on
the REE pattern for harzburgitic garnet DIs (Fig. 3),
as summarized by Stachel et al. (2004a).

DIs are indicative of a complex genetic history for
the garnets prior to diamond encapsulation. The
typical sinusoidal REE patterns, such as those for
the harzburgitic garnets in Kms-9 (Fig. 3), relate
to a scenario in which an ancient melting event
initially resulted in depletion in LREE signatures in
the garnets, thereby resulting in a positive slope to
the overall REE pattern, particularly for the
HREEs. This process was followed by mantle metasomatism, which caused a partial reversal of slope,
with a negative slope for the MREEs. This scenario
culminates with a possible late-stage, LREE-depletion episode, again reversing the REE slope to positive for the LREEs. Most mantle petrologists would
agree that diamonds are not formed by the same
genesis as the DIs, particularly the silicates (e.g., for
discussion, see Taylor and Anand, 2004). Due to the
fact that most, if not all, harzburgitic garnet DIs
formed prior to their diamond encapsulation (i.e.,
non-synchronous and non-syngenetic), the use of
the term “syngenesis” for DIs should be used with
caution.

Syngenesis of garnet DIs
Taylor et al. (2003a, 2003b) proposed that the
sinusoidal REE patterns of most harzburgitic garnet

Komsomolskaya harzburgitic garnet DIs demonstrate extremely variable and unusual LREE patterns. The major- and trace-element compositions of

Summary
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the multiple harzburgitic garnet inclusions within a
single diamond are distinctly different, illustrating
that the chemical environment during the growth
lifetime of a diamond can be quite variable. The
high Cr2O3 contents of these DIs are exceptional,
and indicate a possible genesis intermediate
between that of harzburgitic and lherzolitic garnet
DIs. With the multiple garnet DIs in these three
diamonds, the emphasis of this study, it can be seen
that each diamond has experienced a distinctly
different chemical environment during its formation, sometimes even varying significantly during
different episodes of growth within one diamond.
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