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Abstract⎯The regularities of the joint genesis of diamonds and their paragenetic inclusions under lower
mantle conditions are controlled by the melting relations at the liquidus of the multicomponent diamond-
forming system. The boundary compositions of this system are evident from the generalized data on the analyt-
ical mineralogy of paragenetic inclusions in lower-mantle diamonds. The structure of the liquidus of the dia-
mond-forming system was studied in a physicochemical experiment for P–T parameters typical of the depths of
670–800 km. The compositions of parental melts/solutions for diamonds and paragenetic inclusions corre-
spond to the multicomponent system MgO–FeO–СаО–SiO2–MgCO3–FeCO3–CaCO3–Na2CO3–C. Its
primary melting is controlled by the peritectic phase relations at the solidus, which was shown as a result of
experimental studies of polythermal sections of the system during a study of their phase diagrams. Of key
importance is the effect of the “stishovite paradox,” i.e., the peritectic reaction between the ultrabasic bridg-
manite phase and melt with the formation of basic oxide associations of periclase–wustite solid solutions and
stishovite. The peritectic reaction of bridgmanite is a fundamental feature of the diamond-forming system
and determines the major peculiarity in its liquidus structure. Structure of the peritectic liquidus provides the
physicochemical basis for the evolution of growth melts of diamonds and their paragenetic minerals. Based
on the experimental data, we have constructed a fractional diagram of syngenesis of diamonds and inclusions
clearly illustrating the solution–melt mechanism of diamond genesis and sequence of growth trapping of pri-
mary inclusions by diamonds under the lower-mantle conditions. The physicochemical factors of the genesis
of diamonds and primary inclusions are agreed and generalized in a compositional diagram of lower-mantle
diamond-forming media, and they provide a natural basis for the genetic classification of inclusions of rock-
forming and accessory minerals in diamonds
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INTRODUCTION
Experimental studies of subsolidus transformations

in upper-mantle garnet lherzolite and their hypothet-
ical “pyrolytic” analogs under the P–T lower-mantle
conditions were based on the idea on the isochemical
“pyrolite” composition of original rocks of the Earth’s
mantle over the entire depth range (Ringwood, 1975).
Among the rock-forming minerals of ultrabasic rocks
of the lower mantle are ferropericlase (Mg,Fe)O,
bridgmanite (Mg,Fe)SiO3, and Ca-perovskite CaSiO3.
Direct evaluation of the reliability of the experimental
results is impossible, because rocks of the lower man-
tle were not found among deep xenoliths in kimberlite.
However, kimberlite hosts rare samples of lower-man-
tle diamonds with primary inclusions of ferroperi-
clase, bridgmanite, and Ca-perovskite (Scott Smith
et al., 1984, Kaminsky et al., 2009; Bulanova et al.,

2010). This indicates that kimberlite magmas trans-
porting diamonds with primary inclusions formed at
depths of the lower mantle. The genesis of diamonds
with such inclusions in placers also corresponds to the
P–T lower-mantle conditions (Harte and Harris,
1994; Kaminsky et al., 2000; Kaminsky, 2012).

According to the mantle carbonatite theory of dia-
mond genesis (Litvin et al., 2016; Litvin, 2017), the
primary paragenetic minerals of inclusions crystal-
lized together with lower-mantle diamonds in the
same multicomponent silicate–oxide–carbonate–
carbon growth melt and were fragmentarily trapped by
growing diamonds. Strictly speaking, the minerals of
inclusions in diamonds have a genetic history different
from that of the minerals from original lower-mantle
rocks and, therefore, their direct identification is
impossible. However, it is very likely that at the forma-
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GENESIS OF DIAMONDS AND PARAGENETIC INCLUSIONS 135
tion stage of diamond-forming media, original rocks
of the lower mantle were first subjected to metaso-
matic carbonation and were then dissolved in newly
formed primary carbonate melts (Litvin et al., 2014).
These processes resulted in the formation of diamond-
forming, completely miscible silicate–oxide–carbon-
ate melts/carbon solutions . At the diamond genesis
stage, the primarily dissolved components of original
silicate and oxide minerals of the lower mantle could
have crystallized from the parental medium as minerals
similar to mantle ferropericlase, bridgmanite, Ca-per-
ovskite, magnesiowustite, and stishovite. This allows us
to indirectly correlate the minerals of paragenetic
inclusions in diamonds with minerals of original rocks
of the lower mantle. Thus, the experimental subsoli-
dus data on the probable mineralogy of ultramafic
lower-mantle rocks are additionally substantiated.

Both ultrabasic and basic minerals in association
with stishovite were found among primary inclusions
in lower-mantle diamonds (Kaminsky, 2012). Inclu-
sions of ultrabasic and basic minerals were trapped by
growing diamonds from a multiphase silicate–oxide–
carbonate–carbon growth medium. This conclusion
agrees with the strict requirements of the syngenesis
criterion (Litvin, 2007), which should be consistent
with any realistic version of the composition of the
mantle diamond-forming medium. According to this
criterion, diamonds and their paragenetic inclusions
were formed and trapped in the same parental
medium. Of special importance are inclusions of
stishovite in the paragenesis with the phases of com-
pletely miscible periclase–wustite solid solutions.
The paragenetic intergrowths of stishovite with ferro-
periclase/magnesiowustite and other lower-mantle
minerals in inclusions provide unambiguous evi-
dence for in situ genesis of stishovite under the lower-
mantle conditions. Appearance of stishovite indicates
probability of paragenetic transformations in the dia-
mond-forming silicate–oxide–carbonate system of the
lower mantle from the ultrabasic (ferropericlase +
bridgmanite) mineral associations to the basic ones
with magnesiowustite and stishovite. At the same time,
we may expect such transitions in the original magmatic
silicate–oxide systems of the lower mantle as well. In
both cases, the ultrabasic–basic transitions should pro-
vide the clear typomorphic signs to “through” rock-
forming minerals: the high concentrations of alumina in
ferrobridgmanite (Mg,Fe,Al)SiO3 and sodium in Ca-
perovskite (Са,Na)SiO3, as it is registered in inclusions
in diamonds.

The silicate–oxide system MgO–FeO–SiO2–
CaSiO3 is rather representative for the ultrabasic and
basic mineral associations of ferropericlase, bridg-
manite, Ca-perovskite, stishovite, and magnesiowus-
tite, which predominate in inclusions in diamonds and
most likely in original rocks of the lower mantle. The
melting relations in the polythermal section
(MgO)70(FeO)30–(SiO2)70(FeO)30 of the boundary
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MgO–FeO–SiO2 system were studied at 24 GPa (Lit-
vin et al., 2016a, 2016b, 2017). It was shown that ferro-
bridgmanite (Mg,Fe)SiO3 was decomposed in the
peritectic reaction with the melt, resulting in the for-
mation of an association of stishovite with the phases
of periclase–wustite solid solutions. This reaction was
predicted theoretically as the “stishovite paradox”
(Litvin, 2014). Such an effect can be also expected in
the MgO–FeO–SiO2–CaSiO3 system, in which the
lower-mantle association of ultrabasic and basic rocks
is fully represented. This may be also related to the
multicomponent silicate–oxide–carbonate–carbon
system, which includes the parental medium of dia-
monds and their paragenetic inclusions under lower-
mantle conditions.

This study is aimed at physicochemical experimen-
tal (26 GPa) and theoretical studies of (1) the peritectic
effect of the stishovite paradox in lower-mantle systems
of both parental material MgO–FeO–SiO2–CaSiO3
and the diamond-forming medium MgO–FeO–SiO2–
CaSiO3–(Mg–Fe–Ca–Na-carbonate)–С; (2) the
role of the physicochemical mechanism of the stisho-
vite paradox in the ultrabasic–basic evolution of par-
ent lower-mantle silicate–oxide magmas, as well as
silicate–oxide–carbonate–carbon melts and solu-
tions parental for diamonds and minerals genetically
associated with them. The expected experimental
results and conclusions are of special interest as the
basis for a generalized diagram of the compositions of
lower-mantle parental media of diamonds and pri-
mary inclusions.

EXPERIMENTAL, THEORETICAL, 
AND ANALYTICAL METHODS

The liquidus melt relations in the lower-mantle
parental silicate–oxide and diamond-forming sili-
cate–oxide–carbonate ± carbon systems were studied
experimentally at 26 GPa on a multianvil apparatus
(Frost et al., 2004) at the Bayerisches Geoinstitute,
University of Bayreuth. The starting materials included
powders of oxides (MgO, FeO, CaO, and SiO2), car-
bonates (MgCO3, FeCO3, CaCO3, and Na2CO3), and
ultrapure graphite. The errors in pressure and tem-
perature estimation were within 0.5–1.0 GPa and
±50°C, respectively. Experimental studies of lower-
mantle systems with complex compositions are proba-
ble only in combination with the theoretical methods
of physical chemistry of multicomponent multiphase
systems (Rhines, 1956; Palatnik and Landau, 1964;
Zakharov, 1964). This is necessary due to application
of the concept of the phase complex, methods of sim-
plex triangulation of diagrams, coordinate transfor-
mation, two-dimensional polythermal sections, the
Rhines–Palatnik–Landau phase rule, etc. Polyther-
mal sections as representative two-dimensional pro-
jections provide clear evidence for the key physico-
chemical transformations of multicomponent lower-
 2019
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mantle systems. The topological reliability of the
phase diagrams can be tested using the Rhines–Palat-
nik–Landau phase rule. Multiphase experimental
samples and their compositions were studied on a
CamScan M2300 SEM (VEGA TS 5130M)–Link
INCA energy-dispersive microprobe at the Institute of
Experimental Mineralogy, Russian Academy of Sci-
ences (Chernogolovka, Moscow oblast).

EXPERIMENTAL STUDIES
OF MULTICOMPONENT SYSTEMS

OF THE PARENT AND DIAMOND-FORMING 
MATERIAL OF THE LOWER MANTLE

Most likely, the formation of parental melts and
solutions for lower-mantle diamonds, as well as for
minerals genetically associated with them, occurred in
ultrabasic silicate–oxide rocks as a result of successive
metasomatic and magmatic processes (Litvin et al.,
2014). First, the reactions of carbon dioxide alkaline
metasomatic agents with lower-mantle rocks could
have resulted in the formation of carbonate melts (Lit-
vin, 1998). Later, carbonate melts dissolved rock-
forming and accessory minerals of the lower mantle,
forming completely miscible silicate–oxide–carbon-
ate melts with dissolved elementary carbon. Under
diamond formation conditions, dissolved silicate,
oxide, and carbonate components of parental melts
could have crystallized again as minerals similar to the
parent minerals of the lower mantle. As evident from
the experimental studies, the physicochemical peri-
tectic mechanism, determined as an effect of the
stishovite paradox (Litvin, 2014),is typical of mag-
matic silicate–oxide and diamond-forming silicate–
oxide–carbonate melts of the lower mantle.

Melting relations in systems of lower-mantle parent
material. The typical mineral associations, including
ultrabasic (ferropericlase [FPer = (MgO ⋅ FeO)ss] + fer-
robridgmanite [FBrd = (Mg,Fe)SiO3] + Ca-perovskite
[CaPrv = CaSiO3]) and basic (magnesiowustite
[MWus = (FeO ⋅ MgO)ss] + stishovite [Sti = SiO2]),
belong to the system MgO–FeO–SiO2–CaSiO3. It
should be emphasized that FPer and MWus are the phases
of complete periclase–wustite solid solutions (Per ⋅
Wus)ss. The melting relations in the polythermal section
(MgO)49(FeO)21(CaSiO3)30–(SiO2)49(FeO)21(CaSiO3)30
of this system at 26 GPa (Table 1, Figs. 1 and 2) illus-
trate the peritectic interaction of ferrobridgmanite,
resulting in the formation of a basic association of
stishovite and magnesiowustite. In this case, the peri-
tectic association (Р) includes L + FBrd + MWus +
Ca-perovskite CaPrv + stishovite Sti; the key reaction
L + FBrd = Sti + MWus results in loss of FBrd (an
effect of the stishovite paradox). The liquidus associa-
tions on the experimental phase diagram (Fig. 1) are
L + FPer and L + Sti, L + FPer + FBrd (Fig. 2a) and
L + FPer + FBrd + CaPrv, as well as L + MWus + Sti
(Fig. 2b). The solidus associations, including L +
GEOCH
FBrd + MWus + Sti + CaPrv and L + MWus + Sti +
CaPrv, illustrate the disappearance of ferrobridg-
manite as a result of the peritectic reaction (P). Among
the stable subsolidus associations are FPer + FBrd +
CaPrv (Fig. 2c), Fbrd + MWus + Sti + CaPrv (Fig. 2d)
and MWus + Sti + CaPrv.

The physicochemical experimental results and
conclusions are in full compliance with preliminary
estimates (Litvin et al., 2016a, 2016b) of the liquidus
structure of the system MgO–FeO–SiO2–CaSiO3
modeling the parental material of the lower mantle
(Fig. 3). The eutectic e1 of the boundary system Per–
Brd–CaPrv controls melting of low-Fe rocks of the
lower mantle and generation of the primary ultrabasic
magma. With decreasing temperature, the composi-
tion of magma should change along the monovariant
cotectic L + FPer + FBrd + CaPrv (“a”) to the peri-
tectic point L + FBrd + MWus + Sti + CaPrv (“P”), in
which FBrd disappears due to the reaction of the
stishovite paradox. With a further decrease in tem-
perature, this results in the formation of the monovar-
iant cotectic L + MWus + Sti + CaPrv (“c”) and,
accordingly, the eutectic e3 in the boundary system
Wus–Sti–CaPrv. It is necessary to emphasize the key
role of the peritectic reaction of the stishovite paradox
as the physicochemical mechanism allowing the ultra-
basic–basic evolution of lower-mantle magmatism.

However, the effective ultrabasic–basic evolution of
lower-mantle magmas may proceed only in the mode of
their fractional crystallization. This provides continu-
ous fractional removal of newly formed minerals from
magmatic melts with decreasing temperature, which is
accompanied by a balanced change in the composition
of residual melts. Such continuous renewal of the
composition of residual melts modifies the general
composition of fractionating petrological system from
the beginning to the end and controls its intermediate
compositions (in the idealized approximation). Thus,
fractional crystallization may stimulate a gradual tran-
sition from ultrabasic to basic minerals under the
lower-mantle conditions. The ultrabasic–basic evolu-
tion of parental material of the lower mantle is impos-
sible under the conditions of equilibrium melting and
crystallization of the corresponding petrological sys-
tems, when the starting and final compositions of the
crystallizing system should be the same.

Melting relations in parental lower-mantle systems
for diamonds and primary inclusions. The primary inclu-
sions in lower-mantle diamonds are represented by
ultrabasic (ferropericlase, ferrobridgmanite, Ca-per-
ovskite) and basic (magnesiowustite, stishovite) min-
erals; in addition, ferrobridgmanite Ca-perovskite
with typomorphic high concentrations of Al and Na,
respectively, should also be referred to basic minerals.
The minerals of both ultrabasic and basic inclusions
are associated with Mg, Fe, Ca, and Na carbonates,
whereas K carbonates abundant among primary inclu-
sions in upper-mantle diamonds (Schrauder and
EMISTRY INTERNATIONAL  Vol. 57  No. 2  2019
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Fig. 1. Melting relations in the polythermal section (MgO)49(FeO)21(CaSiO3)30–(SiO2)49(FeO)21(CaSiO3)30 at 26 GPa. The
run conditions are indicated by black spots. L, melt; Per, periclase; Wus, wustite; FPer, ferropericlase; MWus, magnesiowustite;
FBrd, ferrobridgmanite; CaPrv, Ca-perovskite; Sti, stishovite; quasi-nonvariant peritectic point L + FBrd + [(Per ⋅ Wus)ss ↔
(Wus ⋅ Per)ss] + Sti + CaPrv with the key reaction L + FBrd = Sti + (Wus ⋅ Per)ss of the stishovite paradox. 
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Navon, 1994; Zedgenizov et al., 2011; Skuzovatov
et al., 2012) are not typical of lower-mantle diamonds
(Kaminsky, 2012). Lower-mantle diamond-forming
melts/solutions mostly belong to the silicate–oxide–
carbonate–carbon system MgO–FeO–CaO–SiO2–
(Mg–Fe–Ca–Na-carbonate)–C (Litvin et al., 2014),
with account for mutually consistent results of physi-
cochemical experiments and analytical mineralogy of
inclusions. Experimental studies up to 26 GPa pro-
vided evidence for incongruent melting in the Mg–
Fe–Ca–Na-carbonate system with completely misci-
ble multicomponent carbonate melts, which are stable
in a wide range of pressures and temperatures (Spivak
et al., 2015). All these facts allow us to consider the
mineral composition of primary inclusions in lower-
mantle diamonds within the experimental system
MgO–FeO–CaO–SiO2–Carb*–C, where Carb*
denotes both the starting carbonate composition
GEOCHEMISTRY INTERNATIONAL  Vol. 57  No. 2 
(MgCO3)25(FeCO3)25(CaCO3)25(Na2CO3)25 and entire
set of subsolidus phases (Mg,Fe)CO3 +
(Ca,Na2,Fe,Mg)CO3 + Na2(Ca,Fe,Mg)(CO3)2 (Spi-
vak et al, 2015). This remarkably simplifies the phase
diagrams using the generalized symbol Carb* and one
phase field instead of three separate phase fields in
each case. Participation of the carbonate component
in the multicomponent composition of the silicate–
oxide–carbonate–carbon diamond-forming system
promotes complete miscibility of silicate–oxide–car-
bonate melts; high solubility of ultramafic and mafic
minerals, as well as diamond and graphite in these
melts; and efficient diffusive transport of carbon dis-
solved in melts, as well as lower melting temperatures
of the diamond-forming multicomponent composi-
tions in relation to the geothermal values. As a result,
diamond-forming melts and solutions are formed, and
they are the basis for the mantle carbonatite theory of
 2019
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Fig. 2. SEM images of experimental samples in the polythermal section (MgO)49(FeO)21(CaSiO3)30–(SiO2)49(FeO)21(CaSiO3)30
at 26 GPa after quenching. The starting compositions: (a, c) (MgO)39.2(FeO)21(SiO2)9.8(CaSiO3)30;
(b) (MgO)24.5(FeO)21(SiO2)24.5(CaSiO3)30; (d) (SiO2)39.2(FeO)21(MgO)9.8(CaSiO3)30. FPer, ferropericlase [= (Per ⋅ Wus)ss];
MWus, magnesiowustite [= (Wus ⋅ Per)ss]. See Fig. 1 for other mineral symbols. 
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the origin of diamonds and associated phases (Litvin
et al., 2016; Litvin, 2017).

Our experimental studies demonstrate melting rela-
tions in the diamond-forming system at 26 GPa in the
polythermal sections (MgO)30(FeO)20 –
(SiO2)30(FeO)20  without CaPrv (Figs. 4 and 5,
Table 2), as well as (MgO)20(FeO)15(CaSiO3)15 –
(SiO2)20(FeO)15(CaSiO3)15  with CaPrv (Figs. 6
and 7, Table 3). It is very important that in both cases
we observe peritectic interaction of ferrobridgmanite
with carbonate-bearing melts with the formation of a
basic association of stishovite, magnesiowustite, and
carbonates. In the latter case (Fig. 6), the quasi-non-
variant peritectic point P corresponds to the associa-
tion of L + FBrd + (MWus/FPer)ss + CaPrv + Sti +
Carb* with the key reaction between carbonate-bear-
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ing melt and bridgmanite L + FBrd = Sti +
(MWus/FPer)ss + Carb* with loss of FBrd (an effect of
the stishovite paradox). In the phase diagrams of the
studied polythermal sections, both liquidus phases
FPer, Sti and subliquidus associations, as well as sub-
solidus parageneses FPer + FBrd + Carb* ± CaPrv and
FBrd + (MWus/FPer)ss + Sti + Carb* ± CaPrv show
the ultrabasic–basic evolution in the melting rela-
tions. Experiments on crystallization of diamonds and
associated paragenetic minerals at 1700оC in common
parental melts and solutions of the carbon-bearing sys-
tem (MgO)30(FeO)20 –(SiO2)30(FeO)20 –С
demonstrate the ultrabasic–basic transition in associ-
ations of minerals from inclusions in lower-mantle
diamonds (Fig. 8). The experimental results obtained
agree with the criterion of syngenesis, due to the abil-
ity of the parental medium to simultaneously form
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Table 1. Run conditions, compositions of experimental phases, and estimates of the equilibrium mineral associations in the
polythermal section (MgO)49(FeO)21(CaSiO)30–(SiO2)49(FeO)21(CaSiO)30 of the original lower-mantle system
MgO–FeO–SiO2–CaSiO3 at 26 GPa

Sample Т, °С t, min

Experimental results

Phase association
Phase MgO FeO SiO2 CaO Total

wt %

(MgO)39.2(SiO2)9.8(FeO)21(CaSiO3)30

H4074-1a 2500 5 L L 32.31 27.88 28.53 10.62 99.34
H4060a 2200 10 L + (Per/Wus)ss L 20.79 27.16 32.78 19.13 99.87

FPer 64.38 34.51 0.49 0.48 99.80
H4065a 2100 10 L + (Per/Wus)ss + FBrd L 22.24 21.47 21.00 35.22 99.92

MWus 43.06 55.61 0.28 0.34 99.29
FBrd 33.19 11.86 54.38 0.54 99.97

H4070-1c 2000 20 L + (Per/Wus)ss + FBrd + CaPrv L 32.50 34.66 9.26 23.26 99.67
MWus 42.89 56.22 0.16 0.59 99.86
FBrd 35.79 6.28 57.37 0.42 99.83
CaPrv 0.67 0.93 50.50 47.84 99.95

H4072-1a 1800 30 (Per/Wus)ss + FBrd + CaPrv MWus 43.55 55.04 0.49 0.31 99.39
FBrd 34.86 7.70 56.83 0.38 99.76
MWus 9.39 88.51 1.04 0.51 99.52
CaPrv 0.49 0.66 49.37 48.80 99.32

H4073-1c 1650 30 (Per/Wus)ss + FBrd + CaPrv FBrd 31.70 10.08 55.26 2.84 99.88
MWus 11.70 86.73 0.81 0.69 99.93
CaPrv 0.52 0.63 55.52 47.96 99.62

(MgO)24.5(SiO2)24.5(FeO)21(CaSiO3)30

H4073-1b 2200 5 L L 19.86 25.88 40.85 13.09 99.68
H4065b 2100 10 L + (Wus/Per)ss + Sti L 29.66 13.64 27.62 29.01 99.94

MWus 19.83 79.47 0.48 0.05 99.83
Sti 0.29 0.72 98.91 – 99.92

H4070-1c 2000 20 L + (Wus/Per)ss + FBrd + Sti L 28.40 7.22 6.71 57.51 99.83
MWus 11.55 86.63 1.30 0.45 99.93
FBrd 32.88 11.23 55.47 0.32 99.90
Sti 0.17 0.18 99.96 0.12 100.43

H4073-1b 1650 30 (Wus/Per)ss + FBrd + Sti + CaPrv MWus 8.57 88.03 2.11 0.91 99.61
FBrd 33.29 8.05 58.04 1.09 100.47
Sti 0.01 0.48 98.94 0.18 99.61
CaPrv 1.53 0.91 49.11 48.25 99.80

(MgO)9.8(SiO2)39.2(FeO)21(CaSiO3)30

H4074-1c 2500 5 L + Sti L 9.91 30.51 41.26 17.99 99.67
Sti 0.05 1.89 97.60 0.52 100.06

H4060c 2200 10 L + Sti + (Wus/Per)ss L 10.25 4.97 56.12 28.45 99.78
Sti – 2.13 97.14 0.72 99.99
MWus 11.29 86.97 0.91 0.49 99.65

H4070-1c 2000 20 L+ Sti + (Wus/Per)ss L 14.33 8.68 42.33 34.50 99.83
Sti – 0.48 98.92 0.08 99.48
MWus 7.86 83.89 0.98 0.39 93.62

H4073-1a 1650 30 (Wus/Per)ss + FBrd + Sti + CaPrv FBrd 31.81 12.33 55.46 0.18 99.78
MWus 8.58 88.35 2.06 0.66 99.66
Sti 0.06 0.81 98.93 0.69 100.49
CaPrv 0.21 1.91 49.61 47.77 99.50
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Fig. 3. Liquidus structure for the original lower-mantle system Per–Wus–Sti–CaPrv at 26 GPa. Brd, bridgmanite. See Figs. 1 and 2
for other phase symbols. Subsolidus triangular phase volumes are indicated as (1–4); eutectic and peritectic points of the ternary
boundary systems, as e1 (L + Per + Brd + CaPrv), e2 (L + Brd + Sti + CaPrv), e3 (L + Sti + Wus + CaPrv), and p (L + Brd =
Sti + MWus); P is the quasi-nonvariant peritectic point L + (FPer ↔ MWus) + FBrd + Sti + CaPrv of the four-component
system with the key reaction L + FBrd = Sti + (Wus ⋅ Per)ss of the stishovite paradox; monovariant cotectic curves: (a) ultra-
basic L + FPer + FBrd + CaPrv; (b) basic L + Sti + FBrd + CaPrv; (c) basic L + Sti + MWus + CaPrv. 
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diamonds and minerals known as primary inclusions
in natural diamonds.

FRACTIONAL CRYSTALLIZATION 
IN PARENTAL LOWER-MANTLE SYSTEMS 

FOR DIAMONDS AND PRIMARY INCLUSIONS

The results of experimental studies of melting
relations in the most representative polythermal
section (MgO)20(FeO)15(CaSiO3)15 –
(SiO2)20(FeO)15(CaSiO3)15  (Fig. 6) of the dia-
mond-forming system Per–Wus–Sti–CaPrv–Carb*–С
of the lower mantle provide evidence for the reliability
of the structure of its basic silicate–oxide–carbonate
liquidus (Fig. 9), preliminarily studied by Litvin et al.
(2016b). This is significant in terms of genetic relation,
since only elements of the liquidus structure can con-
trol the regular ultrabasic–basic evolution of parental
melts and solutions for diamonds and primary inclu-
sions. The diagram of the compositions of the multicom-
ponent diamond-forming system (Fig. 9) is a complex
consisting of one ultrabasic simplex (Per,Carb*)–
(Brd,Carb*)–[(Per/Wus)ss,Carb*]–(CaPrv,Carb*) (1)
and three basic simplexes (Sti,Carb*)–(Brd,Carb*)–
(FBrd,Carb*)–(CaPrv,Carb*) (2), (Sti,Carb*)–
(FBrd,Carb*)–[(Per/Wus)ss,Carb*]–(CaPrv,Carb*) (3),
and (Sti,Carb*)–[(Per/Wus)ss,Carb*]–(Wus,Carb*)–
(CaPrv,Carb*) (4). A continuous physicochemical

50
*Carb

50
*Carb
GEOCH
link between ultrabasic and basic melts can be attained
only in the mode of fractional crystallization of miner-
als with decreasing temperature, when the figurative
points of primary ultrabasic compositions (eutectic e1
in the limiting case) move along the ultrabasic mono-
variant curve L + FPer + FBrd + CaPrv + Carb* (a)
towards the nonvariant peritectic L + FBrd + CaPrv +
(Per/Wus)ss + Sti + Carb* (P); after loss of FBrd,
towards the basic monovariant curve L + (Wus/Per)ss +
Sti + CaPrv + Carb* (c). The key role is played by
physicochemical mechanism of the stishovite paradox
FBrd + L → Sti + (Wus/Per)ss + Carb*.

The data of the physicochemical experiment
obtained in this study support the topological reliabil-
ity of the lower-mantle fractional diagram of syngene-
sis of diamonds and paragenetic mineral phases plot-
ted in the plane of the polythermal section FPer, FBrd,
CaPrv, Carb*[ → MWus,Sti,CaPrv,Carb*]–D (Fig. 10)
and considered preliminarily in (Litvin et al., 2016b).
In this case, paragenetic mineral inclusions may com-
prise not only primary mineral inclusions, but also
rock-forming and accessory minerals of ultrabasic and
basic diamond-bearing rocks of the lower mantle. The
fractional diagram of syngenesis of diamonds and
associated phases is differs fundamentally from the
diagrams of syngenesis in an equilibrium approxima-
tion considered, e.g., by Litvin et al. (2016b), since its
bulk composition is not fixed but varies in the course
of crystallization. This feature required special abbre-
EMISTRY INTERNATIONAL  Vol. 57  No. 2  2019
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Fig. 4. Melting relations in the polythermal section (MgO)30(FeO)20 –(SiO2)30(FeO)20  at 26 GPa. Carb*, simpli-
fied abbreviation for carbonates (explained in the text). See Fig. 1 for other mineral symbols. 
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viations for the polythermal section of the fractional
diagram of syngenesis (Fig. 10): the primary ultrabasic
mineral composition FPer, FBrd, CaPrv, Carb* under-
goes continuous variations in the course of fractional
crystallization, shown by an arrow, up to the final
basic mineral composition MWus, Sti, CaPrv, Carb*,
shown in square brackets.

The fractional diagram of syngenesis of diamonds
and associated phases of the ultrabasic and basic par-
ageneses (Fig. 10) includes the P–T–Nc diamond sol-
ubility curve; in this case P is constant, whereas the
temperature T and carbon concentration Nc are vari-
ables. The solubility curve crosses areas of complete
and partial melting in the syngenesis diagram. The
diamond solubility curve reflects the phase states of
completely miscible silicate–oxide–carbonate melts
GEOCHEMISTRY INTERNATIONAL  Vol. 57  No. 2 
saturated with dissolved carbon with respect to dia-
mond. A peculiar feature of the fractional crystalliza-
tion mode is that the compositions of silicate–oxide–
carbonate solvents of carbon evolve from ultrabasic to
basic with decreasing temperature. Therefore, the dia-
mond solubility curve should occupy a certain posi-
tion in the compositional volume of this system,
whereas in the polythermal section, it is shown in pro-
jection. The fractional phase diagram is divided by the
diamond solubility curve into the compositional areas
undersaturated in dissolved carbon (left) and satu-
rated in relation to diamond (right). The key function
of the solubility curve is reflected in realization of the
diamond-forming process (Litvin, 2017). The physi-
cochemical control shows that with decreasing tem-
perature the figurative point of any composition of
 2019



142 LITVIN, SPIVAK

Fig. 5. SEM images of experimental samples in the polythermal section (MgO)30(FeO)20 –(SiO2)30(FeO)20  at

26 GPa after quenching. The starting compositions: (a, c) (MgO)24(FeO)20(SiO2)6 ; (b, d) (MgO)15(FeO)20(SiO2)15 .
Carb*, simplified abbreviation for carbonates (explained in the text); FPer, ferropericlase [=(Per ⋅ Wus)ss]; MWus, magnesiowus-
tite [= (Wus ⋅ Per)ss]; Na-Arg, Na-bearing aragonite. See Fig. 1 for other mineral symbols. 

20 μm 10 μm

30 μm 10 μm

(a)

(c) (d)

(b)

L

L
FPer

FBrd

FPer

MWus

Sti

FBrd

Mgs

Mgs

Sti

Na-Arg

Na-Arg

Mgs

MWus

50*Carb 50*Carb

50*Carb 50*Carb
melt/solution saturated with carbon in relation to dia-
mond plots beyond the solubility curve. As this takes
place, the melt/solution automatically becomes over-
saturated with respect to diamond. Nucleation of dia-
mond is due to the achievement of a critical, in this
case, “labile” supersaturation to diamond. Further
growth of diamond crystals may be supported at levels
of “metastable” supersaturation as well. Such pro-
cesses of nucleation and growth of diamond crystals
can be realized with a decrease in temperature to com-
plete the solidification of silicate–oxide–carbonate–
carbon solutions. The syngenesis diagram shows that
with decreasing temperature, the figurative point of
compositions of diamond-forming melts and solu-
tions should pass through the phase fields of parage-
netic mineral phases, which may be fragmentarily
trapped by growing diamonds with the formation of
primary inclusions. We can certify that the formation
of basic minerals and their trapping by diamonds
GEOCH
becomes possible only after the figurative point of the
composition of diamond-forming melt/solution
passes the peritectic losses ferrobridgmanite as a result
of the effect of the stishovite paradox.

All genetically important materials involved in the
lower-mantle genesis of diamonds and associated
phases are summarized in the generalized diagram of
the composition of parental diamond-forming media
(Fig. 11). Consistence of the data of analytical miner-
alogy of primary inclusions in lower-mantle diamonds
and the results of physicochemical experiments allows
us to attribute lower-mantle diamond-forming media
to a multicomponent multiphase system: (rock-form-
ing minerals of the ultrabasic association)–(rock-
forming minerals of the basic association)–(carbonate
phases)–(admixture accessory minerals soluble in
parental melts)–(admixture accessory minerals insol-
uble in parental melts)–carbon. The key role in the
genesis of diamonds is played by the rock-forming
EMISTRY INTERNATIONAL  Vol. 57  No. 2  2019
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Table 2. Run conditions, compositions of experimental phases, and estimates of the equilibrium mineral associations in the
polythermal section (MgO)30(FeO)20 –(SiO2)30(FeO)20  of the original lower-mantle system MgO–FeO–
SiO2–Carb* at 26 GPa

Sample T, °C t, min

Experimental results

phase association phase
MgO FeO SiO2 CaO Na2O CO2** total

wt %

(MgO)24(SiO2)6(FeO)20

S6028-2 1900 30 L + (Per/Wus)ss L 18.89 23.13 9.21 9.67 8.39 30.71 100.00

FPer 56.28 40.46 0.11 0.35 2.67 – 99.87

S6027-2 1700 30 L + (Per/Wus)ss + FBrd L 26.41 12.23 6.83 14.15 18.32 22.06 100.00

MWus 28.98 63.01 0.03 0.22 6.69 – 98.93

FBrd 32.73 10.50 54.97 0.72 0.96 – 99.87

H3943-1 1500 60 L + (Per/Wus)ss + FBrd + Carb* L 25.83 5.49 5.20 17.26 14.55 31.67 100.00

MWus 28.28 67.18 0.18 0.15 3.81 – 99.28

MWus 7.51 81.59 0.68 0.48 0.32 – 90.59

FBrd 33.46 10.64 54.57 0.31 0.45 – 99.43

Mgs 45.00 6.15 0.10 0.42 0.55 47.78 100.00

H3944-1 900 120 (Per/Wus)ss + FBrd + Sti + Carb* MWus 27.67 67.69 0.05 0.01 3.93 – 99.51

MWus 7.50 83.67 0.16 0.35 0.44 – 92.08

Mgs 47.33 2.91 0.23 0.31 0.02 49.92 100.00

Na-Mgs 19.57 1.79 0.05 4.53 23.87 49.91 100.00

(MgO)15(SiO2)15(FeO)20

H3947-2 1500 60 L + Sti + (Wus/Per)ss L 41.38 4.47 2.11 10.04 9.81 32.20 100.00

MWus 13.10 85.05 0.44 0.37 0.44 – 99.67

Sti 0.56 1.95 95.60 0.62 0.25 – 99.34

S6026-1 1350 120 L + Sti + (Wus/Per)ss + Carb* MWus 7.43 86.51 0.40 0.31 0.42 – 95.08

Sti 0.55 1.26 93.04 0.52 0.55 – 95.91

Mgs 47.67 7.02 0.50 0.69 0.75 43.11 100.00

Na-Mgs 14.07 1.76 0.06 4.14 24.75 54.33 100.00

(MgO)6(SiO2)24(FeO)20

S6028-1 1900 30 L + Sti L 14.20 33.43 9.30 8.42 8.20 26.46 100.00

Sti 0.54 0.89 97.53 0.16 0.09 – 99.33

S6027-1 1700 30 L + Sti + (Wus/Per)ss L 24.91 7.29 12.10 12.59 7.10 37.00 100.00

Sti 0.48 1.20 93.36 0.36 0.35 – 95.76

MWus 7.40 87.19 0.64 0.32 2.25 – 97.80

H3944-2 900 120 L + Sti + (Wus/Per)ss + Carb* Sti 0.14 0.87 93.01 0.20 0.15 – 95.00

MWus 8.16 87.66 1.18 0.50 0.32 – 97.82

Mgs 39.46 14.09 0.55 0.67 0.13 45.09 100.00

Na-Arg 0.27 1.05 0.36 42.51 17.06 38.75 100.00

50*Carb 50*Carb

50*Carb

50*Carb

50*Carb
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Fig. 6. Melting relations in the polythermal section (MgO)20(FeO)15CaPrv15 –(SiO2)20(FeO)15CaPrv15  at 26 GPa.
Carb*, simplified abbreviation for carbonates (explained in the text). See Fig. 1 for other mineral symbols. 
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minerals and their associations (rocks), carbonates,
and carbon, since their physicochemical interaction
controls the following parameters: (1) variable chemi-
cal and phase compositions of melts and solutions
parental for diamonds and associated paragenetic
minerals; (2) physicochemical causes and mecha-
nisms of nucleation and growth of diamond crystals;
(3) physicochemical causes and mechanisms of simul-
taneous crystallization of diamonds and rock-forming
minerals, which provides conditions for growth trap-
ping of primary inclusions in diamonds; and (4) phys-
ical and physicochemical conditions of the ultraba-
sic–basic evolution of diamond-forming melts and
solutions in the mode of fractional crystallization and
the formation of mineral phases of the ultrabasic and
GEOCH
basic parageneses genetically associated with dia-
monds. In addition, the significance of accessory
phases, both paragenetic (they can be solved and crys-
tallize in parental melts) and xenogenic (they are
insoluble in parental melts and immiscible with them),
becomes clearer. They have a secondary, physico-
chemically dependent role in the origin of diamonds.
Therefore, the accessory mineral phases soluble in
parental media, in spite of their belonging to both
ultrabasic and basic associations, should be included
in the common boundary category (admixture soluble
phases) to simplify the diagram; in addition, carbon as
the common component of all boundary composi-
tions is removed outside the generalized diagram. A
special place in the generalized compositional dia-
EMISTRY INTERNATIONAL  Vol. 57  No. 2  2019
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Fig. 7. SEM images of experimental samples in the polythermal section (MgO)20(FeO)15CaPrv15 –

(SiO2)20(FeO)15CaPrv15  at 26 GPa after quenching. The starting compositions: (a–c) (MgO)16(FeO)15CaPrv15(SiO2)4 ;
(d) (MgO)10(FeO)15 CaPrv15(SiO2)10 . Carb*, simplified abbreviation for carbonates (explained in the text); FPer, ferro-
periclase [= (Per ⋅ Wus)ss]; MWus, magnesiowustite [= (Wus ⋅ Per)ss]. See Fig. 1 for other mineral symbols. 
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Fig. 8. SEM images of crystallization of diamonds and associated phases in melts and solutions supersaturated with dissolved
carbon (graphite) on the basis of the polythermal section (MgO)30(FeO)20 –(SiO2)30(FeO)20  (Fig. 4) at 26 GPa
after quenching. The diamond-forming starting compositions with graphite are shown in projection on the phase diagram
(Fig. 4, black triangles 1–3. The starting compositions (a) (MgO)12.6(FeO)12(SiO2)5.4 G40,
(b) (MgO)9(FeO)12(SiO2)9 G40, and (c) (MgO)5.4(FeO)12(SiO2)12.6 G40 correspond to black triangles 1–3 in
Fig. 4, respectively. Carb*, simplified abbreviation for carbonates (explained in the text); G, graphite; D, diamond. See Fig. 1
for other mineral symbols. 
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Table 3. Run conditions, compositions of experimental phases, and estimates of the equilibrium mineral associations in the

polythermal section (MgO)20(FeO)15(СaSiO3)15 –(SiO2)20(FeO)15(СaSiO3)15  of the original lower-mantle
system MgO–FeO–SiO2–СaSiO3–Carb* at 26 GPa

Sample T, °C t, min

Experimental results

Phase association Phase
MgO FeO SiO2 CaO Na2O CO2** total

wt %

(MgO)16(SiO2)4(FeO)15(CaSiO3)15

H4072d 2000 10 L L 21.59 23.91 12.49 13.93 6.65 21.43 100.00

H4072d-1 1750 20 L + (Per/Wus)ss + FBrd L 10.39 12.13 1.98 16.52 8.14 27.25 100.00

FPer 40.73 53.70 1.62 1.05 2.12 – 99.22

FBrd 29.89 11.32 54.32 3.87 0.14 – 99.53

H4072d-2 1350 40 (Per/Wus)ss + FBrd + CaPrv + 
Carb*

MWus 37.14 59.73 0.40 0.41 1.44 – 99.12

FBrd 33.60 11.63 53.04 1.54 0.13 – 99.94

CaPrv 1.12 2.01 49.93 46.36 0.36 – 99.78

Mgs 47.74 6.63 0.11 0.57 0.05 44.90 100.00

Ca-Mgs 18.59 11.75 0.36 19.63 7.87 41.80 100.00

(MgO)10(SiO2)10(FeO)15(CaSiO3)15

H4073d 2000 10 L L 16.45 23.92 19.27 14.25 6.24 19.87 100.00

H4073d-1 1500 20 L+ (Wus/ Per)ss + FBrd + 
Sti + CaPrv

L 12.89 10.06 1.02 18.64 12.05 45.34 100.00

MWus 37.23 60.60 0.24 0.71 1.16 – 99.95

FBrd 32.46 12.79 53.74 0.6 0.14 – 99.73

Sti 0.18 0.25 99.36 – – – 99.79

CaPrv 0.95 0.86 51.36 46.81 0.1 – 100.08

H4073d-2 1350 40 (Wus/Per)ss + FBrd + Sti + 
CaPrv + Carb*

MWus 27.28 69.18 0.18 0.15 3.81 – 99.60

FBrd 32.19 13.79 53.04 0.71 0.18 – 99.91

Sti 0.15 0.33 99.08 0.22 - – 99.79

CaPrv 0.90 1.29 50.79 46.69 0.27 – 99.93

Mgs 33.79 7.33 0.26 5.62 4.34 48.66 100.00

Ca-Mgs 14.92 9.55 0.75 18.09 8.1 48.59 100.00

(MgO)4(SiO2)16(FeO)15(CaSiO3)15

H4074d 2000 10 L L 15.72 19.05 25.91 15.95 4.85 18.52 100.00

H4074d-1 1800 20 L+ Sti L 21.65 19.63 21.35 16.74 4.20 16.43 100.00

Sti 0.38 0.68 97.77 0.44 – – 99.25

50*Carb 50*Carb

50*Carb

50*Carb

50*Carb
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Fig. 9. Liquidus structure of the lower-mantle diamond-forming system Per–Wus–Sti–CaPrv–Carb* at 26 GPa. Carb*, simpli-
fied abbreviation for carbonates (explained in the text). See Fig. 1 for other mineral symbols. The subsolidus phase triangular vol-
umes are indicated as 1–4; eutectic and peritectic points of triangular boundary systems, as e1 (L + Per + Brd + CaPrv + Carb*),
e2 (L + Brd + Sti + CaPrv + Carb*), e3 (L + Sti + Wus + CaPrv + Carb*), and p (L + Brd = Sti + MWus + Carb*); P, quasi-
nonvariant peritectic point L + (FPer ↔ MWus) + FBrd + Sti + CaPrv + Carb* of the five-component system with the key reac-
tion L + FBrd = Sti + (Wus ⋅ Per)ss + Carb* (stishovite paradox). The monovariant cotectic curves: (a) ultrabasic L + FPer +
FBrd + CaPrv + Carb*; (b) basic L + Sti + FBrd + CaPrv + Carb*; (c) basic L + Sti + MWus + CaPrv + Carb*.
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gram is occupied by accessory mineral phases, which
are combined in the group of admixture insoluble
components.

The generalized diagram of the compositions of
parental diamond-forming media under lower-mantle
conditions (Fig. 9) is based on the major tetrahedron
showing the boundary ultrabasic compositional trian-
gle (FPer–FBrd–CaPrv) at the vertices, as well as on
the following compositional tetrahedrons: basic
(FBrd–CaPrv–MWus), carbonate (Mag–Arg–Sdr–
Na2CO3), and that of admixture soluble components
(oxides–silicates–other brines–volatiles). The com-
positional tetrahedron of admixture insoluble compo-
nents (metals–sulfides–titanates–carbides) is sepa-
rated by the conventional boundary of complete liquid
immiscibility (BCLI). Of key importance is the trian-
gular field on the boundary ultrabasic–basic–carbon-
ate system, which represents the variable chemical and
phase compositions of melts and solutions parental for
diamonds and associated paragenetic minerals. This
field of diamond-forming parental media is located
directly near the boundary tetrahedron of carbonates
and limited from the top by the line of the crystalliza-
tion barrier of diamond nucleation (CBDN) deter-
mined experimentally. The arrow denoted FC (frac-
tional crystallization) on this line indicates the neces-
sity of the mode of fractional crystallization to realize
the ultrabasic–basic evolution of parental media
within the field of diamond-forming media.

At the same time, the generalized diagram of the
compositions of diamond-forming media (Fig. 11)
GEOCHEMISTRY INTERNATIONAL  Vol. 57  No. 2 
involves (directly or indirectly) a system of chemical
and physicochemical peculiarities, the combination of
which controls regularities in the genesis of diamonds
and associated phases under lower-mantle conditions.
Among such peculiarities are the following. First, the
physicochemical nature of the original silicate–oxide
material of the lower mantle includes the peritectic
reaction between ferrobridgmanite and solidus melts
with the formation of stishovite in association with the
phases of the periclase–wustite solid solutions (an
effect of the stishovite paradox). This peritectic reac-
tion controls the probability of the ultrabasic–basic
evolution of original magmas under the mode of frac-
tional crystallization. Second, the formation of pri-
mary carbonate melts, which may solve elementary
carbon, the component of diamond-forming media, is
possible. Such carbonate melts and solutions may be
formed in the reactions of metasomatic agents with
lower-mantle magmatic rocks. Third, silicate–oxide–
carbonate–carbon melt/solutions can be formed upon
dissolution of host rocks by primary carbonate melts
as parental media with the compositions necessary
and sufficient for crystallization of diamonds and
genetically associated mineral phases corresponding
to the syngenesis criterion. Fourth, the physicochem-
ical nature of the silicate–oxide–carbonate–carbon
diamond-forming media of the lower mantle inherits
(from the parental material) the peritectic reaction
between ferrobridgmanite and solidus carbonate-
bearing melts with the formation of stishovite in asso-
ciation with the phases of the periclase–wustite solid
 2019
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Fig. 10. Diagram of syngenesis of lower-mantle diamonds and minerals of the ultrabasic and basic associations under the condi-
tions of fractional crystallization in the ultrabasic system FPer–FBrd–CaPrv–Carb*–D with the final formation of the basic asso-
ciation MWus + Sti + CaPrv + Carb* + D. Carb*, simplified abbreviation for carbonates (explained in the text); D, diamond. See
Fig. 1 for other mineral symbols. 
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solutions (an effect of the stishovite paradox). This
peritectic reaction controls the probability of the mag-
matic ultrabasic–basic evolution of diamond-forming
melts in the mode of fractional crystallization. Fifth,
accessory admixture mineral phases and components
including volatiles are soluble in diamond-forming
melts, but their role is minor. Sixth, accessory admix-
ture xenogenic minerals insoluble in diamond-form-
ing melts do not have physicochemical influence on
the processes of the formation of diamonds and asso-
ciated paragenetic phases. Seventh, despite the miner-
alogical similarity, the chemical and physicochemical
conditions of the formation of inclusions of primary
paragenetic minerals in diamonds (in parental silicate–
oxide–carbonate melts), on the one hand, and minerals
of original silicate–oxide rocks of the lower mantle, on
the other hand, are fundamentally different.

CONCLUSIONS
According to the mineralogical data, diamonds

and primary mineral inclusions in them were formed
GEOCH
in a common growth medium under lower-mantle
conditions. The key tasks in the study of diamond gen-
esis in the lower mantle are the following: (1) study of
the chemical nature and compositions of growth melts
for diamonds and paragenetic minerals; (2) under-
standing of the physicochemical mechanisms of syn-
genesis of diamonds and primary inclusions; (3) study
of the phase reactions responsible for the formation of
discrete ultrabasic and basic mineral parageneses in
inclusions in lower-mantle diamonds. Lower-mantle
diamond-forming melts and solutions belong to the
system (MgO ⋅ FeO)ss–CaO–SiO2–(Mg–Fe–Ca–
Na carbonate)–carbon with the melting relations
studied in the physicochemical experiment at 26 GPa.
The boundary chemical conditions of the multicom-
ponent diamond-forming system are consistent with
the data on the compositions of primary paragenetic
inclusions in lower-mantle natural diamonds. The
consistent experimental and mineralogical data allow
us to suggest silicate–oxide–carbonate melts as the
parental media for diamonds and associated phases in
the lower mantle. Achievement of the supersaturated
EMISTRY INTERNATIONAL  Vol. 57  No. 2  2019
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Fig. 11. Generalized compositional diagram for lower-mantle melts and solutions parental for diamonds and associated minerals
(including primary inclusions). Mag, magnesite, Arg, aragonite; Sid, siderite. See Fig. 1 for other mineral symbols. CBDN, con-
centration barrier of diamond nucleation; FC, fractional crystallization; BCLI, conventional boundary of complete liquid immis-
cibility. 
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state of dissolved carbon in relation to diamond in
completely miscible silicate–oxide–carbonate melts
provides the physicochemical mechanism responsible
for nucleation and mass crystallization of diamonds.
Growth of diamond crystals is accompanied by the
formation of paragenetic mineral phases in common
growth media. In addition, the fractional ultrabasic–
basic evolution of diamond-forming melts occurs.
Such chemically contrasting evolution becomes possi-
ble due to the peritectic reaction between ferrobridg-
manite (Mg,Fe)SiO3 and carbonate-bearing melt with
the formation of the phases of periclase–wustite com-
plete solid solutions (MgO/FeO)ss and stishovite SiO2
(the mechanism of the stishovite paradox). This
mechanism is observed in the original lower-mantle
systems free of the carbonate components as well. The
evolution is accompanied by the successive parage-
netic transition from the ultrabasic ferropericlase- and
ferrobridgmanite-bearing associations to the basic
magnesiowustite- and stishovite-bearing associations
in the original lower mantle silicate–oxide, as well as
in the diamond-forming silicate–oxide–carbonate
systems. Based on the experimental and mineralogical
data, we developed the mantle carbonatite theory of the
GEOCHEMISTRY INTERNATIONAL  Vol. 57  No. 2 
origin of lower-mantle diamonds and suggested the
genetic classification of mineral inclusions in them.
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