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Abstract. Based on the study of a representative collections of diamonds from diamondiferous formations of the Urals
and deposits of the Arkhangelsk and Yakutian diamond provinces, we established patterns of zonal and sectoral distri-
bution of crystal structure defects in crystals of different morphological types, identified the specifics of crystals formed
at different stages of crystallogenesis and performed a comprehensive analysis of constitutional and population diver-
sity of diamonds in different formations. We identified three stages in the crystallogenesis cycle, which correspond to
normal and tangential mechanisms of growth and the stage of changing crystal habit shape. At the stage of changing
crystal habit shape, insufficient carbon supersaturation obstructs normal growth mechanism, and the facets develop
from existing surfaces. Due to the absent stage of growth layer nucleation, formation of new {111} surfaces occurs
much faster compared to tangential growth mechanism. This effect allows to explain the absence of cuboids with highly
transformed nitrogen defects at the 4-B1 stage: they have all been refaceted by a regenerative mechanism. Based on
the revealed patterns, a model of diamond crystallogenesis was developed, which takes into account the regularities of
growth evolution, thermal history and morphological diversity of the crystals. The model implies the possibility of a
multiply repetitive crystallization cycle and the existence of an intermediate chamber; it allows to explain the sequence
of changes in morphology and defect-impurity composition of crystals, as well as a combination of constitutional and
population diversity of diamonds from different geological formations.
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Introduction. Diamond is unique in its variety of stable crystal structure defects (CSDs) [18, 6].
Irregularities in the volume distribution of impurities and CSDs allow to visualize internal crystal
structure and serve as a basis for ontogenetic analysis [4, 21, 22], modeling of crystallogenesis
[26-28] and mineral deposit genesis [23, 35, 39]. The fundamentals of diamond ontogeny were
developed by V.V.Beskrovanov [2], who proposed an evolution pattern (crystallization cycle) of
diamond crystal shape associated with a decrease in carbon supersaturation of the medium; he also
identified three stages of growth, a destructive stage of dissolution and a regressive stage of coated
crystal formation. At the first stage, crystals grow by a normal mechanism, at the second stage — by
a tangential one, with contrast zoning; at the third stage, the growth is still driven by a tangential
mechanism, and flat-faced octahedra are formed. The material for this study was comprised of octa-
hedral crystals from the deposits of the Yakutian diamond province (YDP). At the deposits of the
Arkhangelsk diamond province (ADP) and the Urals, crystals have wider morphological and consti-
tutional diversity; further development of ontogenetic analysis is required to explain it. Over the past
20 years, a large amount of factual material has been accumulated [1, 3, 8], significant progress has
been achieved in the study of structural specifics [5, 10] and regional typomorphism of diamonds [ 10,
12, 40], evolution of crystal morphology during growth and dissolution [25, 34], composition of dia-
mond-forming medium [7, 17, 38], nature of various CSDs [5, 13, 36] and patterns of their transfor-
mation [19]. However, many aspects of anatomy, morphological and constitutional diversity of dia-
mond crystals [ 16, 23, 24] remain unexplained in the scope of existing models of diamond formation
and formation of kimberlite bodies [16, 31]. Hence, it is a relevant task to identify general patterns of
CSD distribution in the volume of diamond crystals and determine the mechanisms of CSD transfor-
mation in natural processes. Consideration of these patterns is a crucial step in performing genetic
interpretation of diamond research results. The results obtained over the past 20 years indicate that
the classical concepts of natural diamond growth need to be revised.

Problem statement. To use the defects of diamond crystal structure as an indicator of crystallo-
genesis and to develop a CSD-based model of diamond crystallogenesis that will take into account
patterns of growth evolution, thermal history and morphological diversity, it is necessary to address
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the following tasks: analyze the results of studying representative collections of diamonds from dia-
mondiferous formations of the Urals, ADP and YDP deposits; establish patterns of zonal and sectoral
CSD distribution in crystals of different morphological types; identify the specifics of crystals formed
at different stages of crystallogenesis; perform comprehensive analysis of constitutional and popula-
tion diversity of diamonds from different formations.

Methodology. Basic methods of this research included infrared (IR) absorption spectroscopy (IRS)
and photoluminescence (PL) spectroscopy, optical and cathodoluminescence (CL) microscopy.
IR absorption spectra were recorded on a Fourier spectrometer VERTEX-70 (Bruker) with a Hype-
rion2000 microscope. PL spectra were recorded on Horiba FL-3, InVia spectrometers (Renishaw).
CL and SEI images were obtained with a scanning electron microscope CamScan MX2500 S at the Rus-
sian Geological Research Institute (VSEGEI).

The study involved analysis of the data, both obtained by the author and published in open sources,
on more than 15,000 diamond crystals from the main primary and alluvial deposits of the YDP, ADP and
various diamondiferous formations of the Urals. We studied diamonds from geological collections and
current mining products of such companies as ALROSA, ALROSA-NURBA, Severalmaz, Almazy
Anabara from deposits Udachnaya, Akhal, Internatsionalnaya, Mir, Dachnaya, Botuobinskaya, Nurbin-
skaya, Komsomolskaya, Sytykanskaya, Krasnopresnenskaya, Zapolyarnaya, Lomonosov — pipes
Karpinsky 1 and 2, Arkhangelskaya, Snegurochka (collection of the Geological Faculty of Moscow State
University); crystals from alluvial placers of the Krasnovishersky (AP), Aleksandrovsky and Gornoza-
vodsky districts of the Rassolninskaya depression (RD) deposit (collections of VSEGEI, Mining Univer-
sity Museum, OOO “Permgeologodobycha”); crystals from the Ichetyu placer and various diamondifer-
ous formations in Brazil (collection of the Institute of Geology, Komi Science Center of UB RAS); plates
cut from the crystals of deposits Mir, Udachnaya, Aikhal, Botuobinskaya, Lomonosov, placers of the
Anabar-Oleneksky interfluve (AOI), Timan, Urals.

Discussion. There is a long-term controversy regarding the nature of Ural-type dodecahedroids —
whether they form during crystal growth or are a product of dissolution. The paradox of this discus-
sion is that the growth surfaces of diamond crystals are often curvilinear [30], but the shape of formed
individuals is not defined by them. Observed curved surfaces are a result of dissolution [25]. An ideal
shape of a natural diamond crystal is a polyhedron bounded by {111} planes. However, actual crystals
grow not only with {111} facets, but also with subparallel {100} surfaces, which manifest themselves
in CL-zoning (Fig.1). Crystals of cubic habit do not have any flat facets; therefore, it is more correct
to call them cuboids [ 17, 30]. Diamond crystals are formed by two growth mechanisms — the normal
mechanism, which shapes cuboid surfaces, and the tangential one, which shapes octahedral facets. In
a diamond, growth pyramids <100> and <111> are clearly separated and identified by their shape of

Fig.1. Manifestations of zonal and sectoral irregularities in the crystals with pyramids <100> from alluvial placers
of the Krasnovishersky district (a, b) and the Ichetyu placer (c) in cathodoluminiscence.
Plate orientation is close to {100}; scale size equals 0.3 mm
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zoning. In crystals composed of pyramids <100>, zonal irregularities have a wavy shape (Fig.1, a, ¢),
in the limit they are concentric (Fig.1, ). In the volume of octahedral crystals, zonal irregularities
have a shape of flat parallel layers. Zonal irregularities are most often accompanied by variations of
nitrogen concentration Ny, which define the difference between the zones in terms of concentration
of nitrogen-vacancy centers of optical activity (COAs).

The stage of changing growth habit shape — refaceting from cuboid to octahedron — is critical for
understanding the morphology of crystals and explaining their spectroscopic characteristics [17, 31].
The anatomy of crystals with refaceting zones is addressed in many studies [12, 17, 30]. At this stage,
crystal morphology is usually described as “anti-skeletal octahedron” [29]; given such interpretation,
relative area of the facet is defined by a ratio of normal and tangential components of growth velocity.
Detailed study of such crystals demonstrates that their morphology is established by a regenerative
growth mechanism. The key characteristic of the regenerative mechanism is the absence of layer
nucleation stage: the facets grow from existing surfaces [15]. In terms of supersaturation range,
regenerative growth occupies an intermediate position between normal and tangential ones. Regen-
erative growth begins with the formation of a flat-faced polyhedron and stops after the formation of
a convex one. At the beginning of regenerative refaceting, cuboids become covered with {111} steps
that form square pits. On cuboids and strongly dissolved crystals, these sculptures are usually inter-
preted as etching patterns [20]. On dissolved crystals, CL visualizes the areas of regenerative growth
as “redoubt-shaped” irregularities. The effect of refaceting dramatically reduces the chance of iden-
tifying crystal growth forms by means of goniometry. Only examination of constitutional specifics
of diamond crystals allows to draw a conclusion about which surfaces are individual facets and which
ones are their micro-stepped combinations. In order to explain growth irregularities, morphology and
spectroscopic specifics, it is necessary to consider an independent stage of crystallization cycle with
a regenerative growth mechanism.

The first stage of diamond crystal growth is associated with high supersaturation, the fastest
growth by the normal mechanism (normal velocity component V]OOJ_) and formation of surfaces sub-
parallel to {100} (Fig.2, a, b). At this stage, the dynamic form of growth is a skeletal cuboid.

1 1 1 1
Vioo Vioot = Vil Vil Vi Vi

Supersaturation

Time

Fig.2. Changes in zoning of a diamond crystal in the crystallization cycle depending on the dominant growth mechanism (components
of growth velocity that define the crystal shape): @ — normal mechanism, concentric zoning; b — normal mechanism, wavy zoning;
¢ — combined growth by normal and regenerative mechanisms; d — regenerative refaceting; e, f— tangential growth
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The earliest dynamic form of growth never corresponds to the surface of actual crystals. The curvature
of growth surface depends on a number of factors (temperature, pressure, medium composition)
and determines crystal habit in a range from a near-hexahedral shape to a spherocrystal. In the pres-
ence of strong defectiveness of the crystal structure and incorporation of multiple inclusions, crystal
splitting may occur and form ballas-like diamonds. The first stage of growth cycle is the shortest,
and diamond crystals can nucleate only during this stage [2]. Detailed examination reveals central,
highly stressed areas in all of the crystals, but during mineralogical studies they can be visually
indiscernible.

The next stage is characterized by the beginning of a regenerative growth — tangential build-up
of facets from existing surfaces with a velocity Vool (Fig.2, d, e). The velocity of such growth
is lower than normal one (V111 I << VlooJ') although with decreasing supersaturation the veloci-
ties may become close (V111 = V00 ) which leads to formation of mixed habit crystals (Fig.3, ¢).
Therefore, combined growth of pyramids <100> and <111> should be regarded not as a simulta-
neous occurrence of normal and tangential mechanisms, but rather an occurrence of normal
and regenerative ones. As tangential regenerative growth continues, the crystal is refaceted to
octahedron (Fig.2, f).

Subsequent decrease in supersaturation leads to termination of normal growth (VIOO =0) and
beginning of regenerative refaceting due to tangential growth of {111} facets. The rate-limiting step
of tangential growth mechanism is 2D nucleation [15]. Based on the analysis of internal crystal struc-
ture and general models of crystallization kinetics, it can be claimed that under the condltlons that
correspond to the occurrence of each mechanism, velocity components Vioo >>ViiiI>>vy ™ differ
by orders of magnitude. The normal growth mechanism leads to incorporation of submicron inclu-
sions by the growing surface, whereas synchronous zones of tangential growth contain no such in-
clusions. Therefore, the presence of submicron inclusions is not only a rationale for studying crystal-
lization medium [17, 38], but also an indicator of growth mechanism.

During tangential growth in the same medium, crystals incorporate large monomineral inclu-
sions, but remain free of submicron inclusions. A well-established pattern of nitrogen CSDs implies
the following sequence: single substituent atom (C) — a couple of substituent atoms (4) — four

Fig.3. Crystal 123-76 of a mixed habit shape: a — general view, the arrow indicates a remainder of octahedron facet;
b — dark-field image of a section plate {100} with a thickness of 0.71 mm, light areas are spotted with micro-inclusions;
c-d — CL image of a plate from both sides; e-# — maximum and minimum values of parameters: e — maps of Ny, distribution;
f—asw7;, g—as; h—Vk
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substituent atoms and a vacancy (B7) [19]. The duration of stages is reflected in the degree of 4 — B
transformation in the corresponding areas. In the areas of crystals developed at the stages of normal
and regenerative growth, no zoning by the degree of 4 — B transformation is observed, they have the
same thermal history. At the first and second stages, the growth velocity is high, but the duration of
stages 1s not enough for 4 — B1 transformation. At the long-lasting stage of slow tangential growth,
there is sufficient time for 4 — B1 transformation, and we observe zoning by the share of nitrogen in
the form of B/-defects (Nas). Hence, even in the same crystal, the degree of nitrogen aggregation can
be constant in the areas of normal growth mechanism and decrease to the periphery in the areas of
tangential growth.

A key distinction of natural diamond crystals from synthetic ones [34] and crystals of many other
minerals [4] is the fact that their tangential growth occurs only with {111} facets. Cuboid surfaces
in a natural diamond grow by a normal mechanism, the velocity of which is much higher than the
tangential one [15]. Depending on the duration of growth stages by normal and tangential mecha-
nisms, the stages of dissolution and subsequent regeneration, morphology and crystal habit vary
in a wide range.

Growth irregularities in crystals can be associated either with defects and impurities (zonal and
sectoral), or structural incoherence (orientational). In most cases, studied crystals with orientational
irregularities have high values of nitrogen concentration (Ns;) and nitrogen share in the form of
B1-defects (Ngs), absorption coefficient of N3VH (as107) and B2 band (as2). These data confirm a
correlation between high defectiveness of the structure and growth splitting of the crystals [37].
Mixed habit crystals are a typical example of sectoral irregularities (Fig.3, a). In the central part
of such individuals, there are <100> and <111> sectors (Fig.3, b-d).

Sectors <111> are characterized by narrow linear zoning, sectors <100> — by wavy zones.
No zoning by Ny, Nps and aszio7 is observed in the sectors. Submicron inclusions are localized in
sectors <100>. The periphery is dominated by the zoning of {111} steps. A sample 123-76 (Fig.3)
allows to demonstrate several patterns, common for mixed habit crystals: inverse relationship
between the distribution of asio7 and az (Fig.3, f, g), disproportionation of a3io7 and Ny (Fig.3, e),
a change of growth mechanism at the final stage of crystal formation (Fig.3, ¢, d), localization
of inclusions in pyramids <100>, homogeneity of sectors in terms of Ny and Va> (Fig.3, h).

Areas with {111} orientation developed at the last stage of crystal growth and correspond to
quick regenerative refaceting with the formation of transition shapes: cuboid-rhombic dodecahedron-
octahedron. In some crystals, zonal irregularities are associated with repeated alternation of areas
with normal and regenerative growth. Crystals of octahedral habit are characterized by linear {111}
zoning in terms of all IRS parameters, irregular behavior of Ny, decreasing Nps to the periphery of
the crystals [1].

The last but rarely occurring stage of crystal growth is the formation of an outer zone with
C-defects — a coating. The coating is usually colored yellow due to absorption of C-defects, but some-
times it is colorless, distinguished by a characteristic topography. For this area, typical features in-
clude carbonate inclusions, normal growth mechanism or combined growth of sections by normal
and regenerative mechanisms. In the latter case, a normal mechanism leads to emergence of diverse
positive topographic forms, whereas negative forms grow by the regenerative mechanism. The coat-
ing may form in crystals of all morphological types and different thermal history. It is observed to
contain only 4- and C-defects and their ionized and vacancy analogs H3, NV (575 nm), NV (638 nm),
H2. Sometimes on the boundary between the central area and the coating, there is a narrow band with
an elevated value of az1o07.

In the course of post-growth processes, crystals are subjected to natural etching, plastic defor-
mation and irradiation. Under laboratory conditions, plastic deformation of crystals leads to formation
of twin subindividuals [36]. Their presence in diamond crystals with a characteristic topography
(deformation pattern) is confirmed by X-ray diffraction studies [41]. Separate layers that correspond
to deformation pattern transverse the entire crystal, they are clearly distinguishable in CL and
PL [14]. In the studied crystals, as well as in the ones described in literature, the planes of plastic
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deformation transverse the entire crystal, but they are never confined to internal areas. Deformation
pattern is observed only on dissolved diamond crystals, while flat octahedral facets contain lines,
decorated with negative inversely oriented trigonal sculptures. Certain dissolution of octahedral edges
leads to formation of steps on curved surfaces, which are a continuation of lines decorated with
trigons.

Natural post-growth etching under different temperature and duration makes primary growth
irregularities more complicated. The simplest thermal history corresponds to the last growth stage — for-
mation of a coating. The coating contains 4- and C-defects, as well as their vacancy analogs in charged
and neutral states [42]. Primary nitrogen-hydrogen CSDs are associated with the bands of 1353,
1374 cm™!. The majority of cuboids have a more complex growth and post-growth history because of
the emergence of N3, N3V'H centers. Subsequent etching transformation of these crystals leads to the
occurrence of B/-defect, its vacancy analog H4, B2 and preceding polyatomic complexes, hydrogen-
containing CSD with the line of 926 nm. This occurs in parallel with the development of diverse
Ni-containing CSDs, active primarily in PL. Ni-containing centers can change transformation kinet-
ics of nitrogen- and Ni-containing CSDs due to their additional contrast with the irregularity. As a
share of Bl-centers increases as a result of natural etching, it leads to the formation of specific COAs,
identified in PL as lines of 537 and 575 nm, 660 and 700 nm. Further interaction of the indicated
CSDs with dislocations and twinning result in the emergence of COAs that cannot be formed other-
wise. The last stage of emergence and transformation of CSDs is irradiation in the bedrock or in the
products of its processing.

Identification of plastic deformation traces is important for the analysis of crystal genesis, since
the deformation is possible only in the solid rocks [36, 41]. The majority of crystals subjected to
plastic deformation have traces of dissolution and etching, including the ones obtained in the
stationary heterophase medium. Given diamond metastability, these conditions correspond to the
parameters of an intermediate chamber. Crystals were deformed and dissolved in the cooled fluid-
saturated substrate of the intermediate chamber, and their growth did not resume. The majority
of studied crystals with traces of dissolution have visualized CL-lines of deformation slipping
planes that transverse the entire crystal. No cases of slipping planes bounded by internal areas of
the crystal were observed. Obtained results indicate a genetic relationship between plastic defor-
mation and dissolution. Plastic deformation occurred at the last stage of crystallogenesis, after
which crystal growth did not resume and no coating was formed.

Hence, in diamond crystals, orientational, zonal and sectoral irregularities are preserved, no
traces of recrystallization and post-growth diffusive homogenization are detected. Normal or tangen-
tial growth mechanism is a basic distinction of crystals, which explains the specifics of their mor-
phology and impurity-defect composition. Pyramids <100> incorporate more hydrogen and nickel
as submicron inclusions, which determines the appearance of PL spectra and characteristics of IRS
spectra. Tangential growth of pyramids <111> is primarily associated with incorporation of large
monomineral inclusions. Growth disproportioning of nitrogen CSDs and the hydrogen-containing
center N3V'H between growth pyramids <100> and <111> is observed both in case of their simulta-
neous growth and in case of their successive alteration.

Primary deposits can contain several populations — groups that are homogenous in terms of some
set of features [ 12]. Populations can be distinguished by their range of CSD concentrations, dominant
specifics of morphology and thermal history. The quantity of octahedral crystals is subordinate in
most kimberlite pipes of the Yakutian and Arkhangelsk diamond provinces [1, 9, 10], as well as de-
posits of other regions [8, 16, 28]. Compared to other deposits, kimberlite pipes Mir, Internatsional-
naya, Dachnaya are unique in their prevalence of octahedral-habit crystals and the absence of cuboids
[1, 9]. The distribution of Ny in the diamonds from these deposits is close to normal (Gaussian), i.e.
mostly determined by a single factor (Fig.4, @), which is a sign of a single population. The distribution
of a31071s lognormal (Fig.4, b), multiplicative nature of lognormal distribution corresponds to a com-
plex composition and multiple-stage formation of N3 V'H center.
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Fig.4. Distribution of N (@) in linear coordinates and distribution of a3107 (b) in semilog coordinates
for crystals from the pipes Dachnaya (486 pcs.) and Internatsionalnaya (199 pcs.)
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Fig.5. Distribution of Ni in linear (@) and semilog (b) coordinates
for crystals from the pipes Udachnaya (337 pcs.) and Zapolyarnaya (420 pcs.)

1 — Udachnaya; 2 — Zapolyarnaya

At the deposits of Alakit-Markhinsky and Daldynsky kimberlite fields, given the diversity of
morphological diamond types, the distribution of Ny, is lognormal (Fig.5, a), which corresponds to a
combination of diamond populations from different crystallization stages. As the diversity of mor-
phological types implies a larger share of crystals with pyramids <100>, these samples naturally have
higher modal value of azi07 [11] (Fig.5, b).

Diamonds from the Lomonosov deposit are significantly different from crystals of other primary
deposits in Russia and worldwide [10]: they contain around 15 % of cuboids and derivative forms of
dissolution. The majority of such crystals are colored yellow due to low-temperature C-defects.
According to their morphological specifics, crystals are divided into three groups, which can be as-
sociated with populations: I — octahedra and octahedroids, flattened trigontrioctahedroids; II — Ural-
type dodecahedroids; III — cuboids and tetrahexahedroids. This division is based not only on
morphological distinctions, it is primarily explained by the specifics of growth mechanism and
thermal history. First of all, crystals of the three identified populations grew under different
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conditions; secondly, they have different post-growth history, degrees of plastic deformation and
dissolution. In Western Urals, diamondiferous formations are divided into two types — modern allu-
vial placers (AP) and paleodepressions (tuffisite formations) [32, 33]. In order to study formations of
the second type, in this work we examined diamonds from the deposit Rassolninskaya depression
(RD). Despite the dominance of strongly dissolved Ural crystals in the formations of both types, AP
diamonds are distinguished by a large share of cuboids, strong mechanical wear, a set of main CSDs.
Among AP samples, we observed crystals with high nitrogen concentration, in their morphology close
to V-VII varieties according to Yu.L.Orlov classification. In RD diamonds, distributions of Ny, and
N3s are close to normal, which is a sign of a single population. Hence, judging by the nature of dis-
tribution of nitrogen defect concentration and morphological proximity, RD diamonds belong to a
single population and originate from one primary source.

The following statements are based on performed studies and impose limitations on the
model of crystallogenesis and formation of primary diamond deposits [16, 31]: crystal popula-
tions formed under the same conditions are characterized by normal distribution of nitrogen
concentration; cuboids and mixed habit crystals formed at the first stage of crystallogenesis
are always subjected to refaceting; for cubic habit crystals, duration and temperature of natural
etching are minimal, cuboids form at the last stage of crystallogenesis; zones that correspond
to Ural-type dodecahedroids are never observed in crystal anatomy; there is a possibility of
repetitive crystallization cycles; crystal dissolution often occurs under stationary conditions
in a heterophase system; there is a genetic relationship between plastic deformation and crystal
dissolution; dissolution occurs after plastic deformation of crystals; no crystal growth occurs after
plastic deformation; a kimberlite pipe can simultaneously contain dissolved crystals with a simple
thermal history and slightly dissolved crystals subjected to natural etching.

Presented statements show that in actual systems, the general pattern of crystallogenesis
is complicated by the following circumstances: multiple alteration of conditions with a repetition
of crystallogenesis according to the general cycle of crystallization [2]; consequent differences
in temperature and duration of post-growth etching;
interruption of crystallogenesis and alteration of
. PT-conditions with partial solidification of the
medium.

As we distinguish mantle and kimberlite stages of
crystallogenesis, it can be claimed that crystal growth
occurs at the first stage, whereas dissolution is associ-
ated with the second one: in crystal anatomy there are
no forms corresponding to dissolution dodecahedroids,
and the coating covers only growth surfaces, not disso-
lution ones.

All the indicated limitations are in agreement with
the formation of kimberlite bodies according to the
model of closed fracture dynamics [41] with the possi-
bility of its termination at rheological boundaries and
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Fig.6. Formation of a kimberlite body with an interme-
diate chamber as a basis for morphological diversity
and specifics of thermal history of the crystals: a — rapid
ascent of protokimberlite melt and formation of a kimber-
lite pipe; b — halted ascent of protokimberlite melt with
formation of an intermediate chamber, activation of
kimerlite carry-over by the fluid and the next portion
of the melt

1- kimberlite body; 2 — intermediate chamber

I—region of diamond stability; II — region of diamond meta-
stability, associated with plastic deformation and dissolution of
crystals; I1I — region of diatreme formation

formation of an intermediate chamber; overall sche-
matic that explains these aspects is presented in Fig.6.
In the simplest case, after activation of kimberlite for-
mation, a part of the melt with diamonds generated in a
single cycle of crystallization starts its rapid ascent to
the surface and forms kimberlite bodies. In this case, the
deposit is dominated by a single population with mini-
mal dissolution and plastic deformation of crystals
(Fig.6, a).
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Mir and Internatsionalnaya pipes are examples of deposits with a dominant population. These
bodies are unique in their integrity and quality of crystals, relative simplicity of their anatomy,
homogeneity of spectroscopic characteristics. In a more complicated case, protokimberlite melt con-
tains several diamond populations that differ in terms of time or depth of their formation. Examples
are kimberlite bodies from Alakit-Markhinsky and Daldynsky fields, in which morphological diver-
sity of crystals is accompanied by a wide range of their model temperature [12].

As a portion of protokimberlite melt ascends, it may come to a temporary halt and form an
intermediate chamber, where the melt cools and solidifies (Fig.6, b), while some of the crystals
become deformed and dissolve. Examples of such formations are Zapolyarnaya pipe and Lomonosov
deposit. After subsequent activation, the next portion of fluid or protokimberlite melt, which carries
unmodified diamonds, leads to additional deformation and dissolution of crystals before they are
brought to the surface. This stage is characterized by pressure and temperature insufficient for crystal
growth. Complication of the pattern with the introduction of several populations, formed at different
stages of crystallization, and existence of an intermediate chamber allow to explain morphological
diversity of crystals, as well as a wide range of CSD concentrations and thermal history. In even more
complicated cases, the intervals of parameters and morphological diversity of individual populations
overlap. Apparently, such sources are exemplified by the crystals of placers from Anabar-Oleneksky
interfluve and Western Urals.

Hence, proposed model based on the possibility of multiply repetitive crystallization cycle and
existence of an intermediate chamber allows to explain the sequence of changes in morphology and
defect-impurity composition of crystals, as well as a combination of constitutional and population
diversity of diamonds in different geological formations.

Conclusions. It is established that a fundamental distinction of diamond crystals is the preva-
lence of pyramids, which have grown by normal or tangential mechanism: the dominant mechanism
determines the specifics of crystal morphology and impurity-defect compositions. Pyramids <100>
incorporate more hydrogen and nickel as submicron inclusions, which then determines the
appearance of PL spectra and characteristics of IRS spectra. Tangential growth of pyramids
<111> is primarily associated with incorporation of large monomineral inclusions. The stage
of changing crystal habit shape is associated with quick refaceting of crystals and growth by a regen-
erative mechanism: this phenomenon explains the absence of cuboids with complex thermal history.
Based on the study and systematization of constitutional and population diversity of diamonds,
we developed a model of diamond crystallogenesis. This model takes into account a combination of
observed specifics of anatomy, thermal history and morphology of diamond crystals from various
geological formations. A promising direction for further research is identification of conditions asso-
ciated with the normal mechanism of diamond growth, which corresponds to the first key stage of
diamond formation.
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