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Petrochemical features of kimberlites from ten Yakut pipes (deposits) with industrial diamond
content are described: Internatsionalnaya and Mir — in the Mirnyi field, Botuobinskaya, Maiskaya
and Nyurbinskaya — in the Nakyn field, Aykhal, Yubileinaya and Sytykanskaya — in the Alakit-
Markha field, Udachnaya-West and Udachnaya-East — in the Daldyn field. Representative geo-
logical samples have been selected exclusively from the core of prospecting wells (331 wells, the
total length of the studied core column — 88 082 m, maximum depth of sampling — 1 359 m). We
used 7 114 chemical analyzes of rocks from diamond deposits, data on the average composition
of 83 kimberlite bodies of the studied kimberlite fields, and 1 992 definitions of diamond content
(data received by employees of “ALROSA”-company due to the averaging of 6-10-meter inter-
vals of core from prospecting wells). Using all available data the population petrochemical model
of kimberlite formation has been established, for which the petrological model of diamondiferous
kimberlites of Yakutia has been proposed. It is concluded that the diversity of the material com-
position and diamond content of rocks is due to the depth of magmatic chamber. At the volcanic
stage the chemical composition of rocks is also influenced by xenoliths of host rocks that cause
viscosity differentiation of melts.

Key words: kimberlite, chemical composition, population petrochemical model of kimberlite
formation, diamond content, petrological model, Yakutia.

Until recently the science related to kimberlites dealt mainly with their accessory minerals,
with the diamond standing number one among them. Diamond, garnet and other accessories in
kimberlite rocks are well differentiated crystallographically, are easy to extract and identify
due to their well-developed crystallographic forms. It seems that the Nature itself has done a
favour to the researchers by preparing the items to study. Diamond bearing rocks, kimberlites,
are on the contrary formed by a mixture of primary magmatic minerals, products of their post-
magmatic transformations, and numerous mantle and crust xenoliths. These rocks are hard to
study, and do not offer easy solutions in defining the targets, the study of which could facilitate
elaboration of a petrologic judgment.

The above situation was recorded when from a number of genetic hypotheses of diamond
formation there was distinguished the xenogenic one, shared by many scientists. This hypothe-
sis turned into the paradigm of the diamond genesis. Its most clear definition is given in the
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work of L. Taylor et al.: “Most diamonds are extracted from kimberlites, but this fact reflects
merely the way of diamond transportation to the surface. The mantle rocks that actually gener-
ate diamonds (peridotites and eclogites) were mostly degraded by the turbulent flow of the
fluid in kimberlite magma to release diamonds.” [15, p. 960]. But what are kimberlites? As an
answer to this question there usually follows the description of the mineral composition, its
textural and structural features, the appearance of the rocks, many of these attributes we have
already considered in one of our publications [13].

Nevertheless, from the above considerations it does not follow that the kimberlite petrology
is absolutely not investigated. A number of research papers written by academicians N. Sobo-
lev, N. Pokhilenko and their colleagues [4, 9—11] dedicated to studying kimberlite minerals
provided essential results in exploring the conditions of minerogenesis, mineralogical factors
associated with diamond content, as well as in studying the diamond proper. But there still
remain a lot of open questions in the theory of genesis and evolution of kimberlites and their
accessories, that can be resolved by comparing the quantities of rock forming and accessory
minerals for the kimberlites developed under different conditions.

The best solutions for these tasks are found through the study of the elemental composition
of the rocks. The established procedure of exploring kimberlites with the use of high through-
put methods of chemical analysis helped the authors of this publication to obtain a large num-
ber of databases of kimberlite silicate analysis. Processing of a large body of empirical data
was made feasible due to the efficient systems concept combined with mathematical statistics.

The systems concept proceeds from the provision that any geologic object with respect to
its chemical elements content is markedly delimited from the others and consists of discrete
parts, which compositions change in some way distinctive of all the objects of this species. In
magmatic rock formations the presence of sharp discontinuities in compositions, e.g. different
phases, is accounted for by the fact, that fractional (selective) melting of the mixture of mantle
minerals with the heat inflow falls into a number of discrete stages. At each stage there melts
the next by temperature mineral cotectic, which determines the discontinuity of particular frac-
tioned portions of the melt, and the variability direction in some melts to follow. In some
magmatic formations homogeneous rock groups are visually detected, while in others they can
be detected only with the help of mathematical statistic methods. This seems especially impor-
tant for mapping separate intrusive bodies, where the systems concept, the so-called petro-
chemical population analysis [1] demonstrated a rather good efficiency. In the formation
analysis of magmatic complexes the items under study are separate magmatic massifs and their
mean compositions. There is no problem to identify the target of study, but difficulties appear
when one tries to provide a reliable description of these objects.

The best efficiency seems to be reached through the combination of a petrochemical popu-
lation analysis with a statistical description of well visualized magmatic complexes. The present
paper studies chemical compositions and the diamond potential of the Yakutian diamondiferous
deposits.

Targets of research. Subject to petrochemical description are ten diamond deposits, i.e.
ten kimberlite pipes with industrial diamond contents. These are the pipes in the Mirnyi field:
Internatsionalnaya and Mir; in the Nakyn field: Botuobinskaya, Maiskaya and Nyurbinskaya;
in the Alakit-Markha field: Aykhal, Yubileinaya and Sytykanskaya; in the Daldyn field:
Udachnaya-West and Udachnaya-East. Geological samples were taken only from the diamond
drill cores. Totally there were studied samples from 331 drill holes, the overall length of the
studied core intervals made 88 082 m, the maximum sample depth was 1 359 m, the total num-
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ber of chemical analyses of the samples made from diamond deposits amounted to 7 114. In
addition there were used mean compositions of 83 kimberlite bodies, located within the mar-
gins of the investigated kimberlite fields. The data on the diamond potential of kimberlites was
obtained by the research staff of AC “Alrosa” with mean values of 6—10 m drill core intervals.
All in all we used 1 992 definitions of the diamond potential. It is worthwhile to mention that
the diamond potential of kimberlite deposits was characterized only by the values that were at
our disposal. These data do not characterize the deposit reserves.

Preparation of analytical samples consisted in their crushing, removal of mantle and crustal
xenoliths, and a further desintegration. The sample analyses were carried out at a VRA 20R
X-ray fluorescent analyzer by the same analytical group. The measurement accuracy was under
a permanent internal and external control. The statistical description of the chemical elements
concentration distribution in mountain rocks has specific features. These include the asymme-
try and polymodality of empirical distributions and remain the basic factor hindering the statis-
tical description of chemical elements distributions in geological objects.

Random value distribution models are important for statistical research as a technique of
universe estimates of chemical elements content by limited sampling. In the absence of a cor-
rect methodological technique standard base, one has to increase the number of surveys for the
described objects and using the systems concept to divide them into a number of subpopulations.

This strategy is based on the law of large numbers, which provisions will be cited here in
the interpretation of Harold Cramer. When clarifying the law, H. Cramer [3] mentioned in the
section “Statistical stability”, that “In a sequence of random experiments, it is not possible to
predict individual results. These are subject to irregular random fluctuations which cannot be
submitted to exact calculation.

However, as soon as we turn our attention from the individual experiments to the whole se-
quence of experiments, the situation changes completely, and an extremely important phe-
nomenon appears: In spite of the irregular behaviour of individual results, the average results
of long sequences of random experiments show a striking regularity” (p. 162). The high accu-
racy and high throughput analytical equipment, available for the description and classification
of geological objects, that furnished a huge amount of sample materials at an affordable price,
helped the authors to realize this strategy. As a result, we managed to build such a complicated
petrochemical model, as the kimberlite one, as well as of some other formations.

Magmatogene factors. A homogeneous (indivisible) in the petrochemical respect geologi-
cal object should be characterized by unimodal frequency distributions of rock-forming oxide
concentrations. For kimberlites this condition is deemed feasible in two-factor models [1]. In
this model the first factor stands for the combination of silicate analyses by TiO, content into
seven groups. The second one subdivides the above seven groups into subgroups by the con-
tent of CaO and MgO. After verification of the obtained model it turned out that the TiO,
composition groups have the same level of magmatic chamber depths. Thus, they are called
populations formed under similar baric conditions. The subgroups were called varieties, re-
flecting the trend of selective melt temperature growth from calciferous to magnesial ones. The
petrochemical population model of kimberlites is given in table 1.

The mean population compositions for the kimberlites of the diamond fields of Yakutiya
under consideration are listed in table 2. This table rather vividly reveals the special features of
the population model, i. e. the reverse correlation of TiO, and K,0, and the reverse correlation
between MgO and CaO.
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Table 1
Petrochemical population model of kimberlites
Step 1. Identification of populations. Typochemical indicator — TiO,
Population 1 ) 3 4 5 6 7
number
Boundaries of <04 0,41- 0,61- 1,01- 1,41— 1,81- 2,21-
TiO,, wt. % ’ 0,60 1,00 1,40 1,80 2,20 3,00
Step 2. Identification of varieties. Typochemical indicator — CaO/MgO
N(?nllja?ii)n Kimberlitic Carbonatitic kim- Kimberlites (Kmb) Magnesial kimber-
saﬁe ty carbonatites (Kcb) | berlites (Ca-kmb) lites (Mg-Kmb)
Boundaries of
CaO/MgO > 8,20 to 1,76 1,75 to 0,83 0,82 t0 0,34 0,33t0<0,18
Table 2
Mean population compositions for the kimberlites of the diamond fields of Yakutiya
Compo- Population number
nents 1 2 3 4 5 6 7
SiO, 28,77 29,04 28,60 28,46 29,62 29,49 29,20
TiO, 0,34 0,47 0,81 1,19 1,58 2,00 2,46
AlLO; 3,36 3,69 2,74 2,13 2,00 1,99 2,15
Fe, 03 5,04 5,75 6,48 7,46 8,16 8,57 9,12
MgO 23,59 24,60 25,15 27,96 28,53 28,45 28,73
Ca0O 14,12 12,90 13,49 11,56 9,92 9,63 8,67
Na,O 0,27 0,17 0,23 0,20 0,17 0,16 0,13
K,O 1,12 1,10 0,71 0,54 0,41 0,38 0,40
P,0;s 0,39 0,53 0,35 0,36 0,34 0,35 0,41
LOI 19,95 21,76 20,58 20,87 21,88 22,84 23,89
Numberof | 43 1230 1874 1335 740 328 93
analyses n

All the kimberlite bodies of the Yakutian kimberlite province are made of rocks of the dis-
tinguished above seven populations. Their distinctive feature is that in each pipe by the number
of analyses or by modality there prevail one or two populations. For example, in the Aykhal
pipe these are the first and the second populations (table 3).

According to the values of modal populations the kimberlite bodies of the Alakit-Markha
and Daldyn fields make a well-marked succession (table 4). This succession is reflected in the
change of mean compositions, distinguished among diamond-bearing kimberlites of the
Vilyuisko-Markhinskaya zone of the Yakutian kimberlite province, rock formations of the first
and the second alkaline type (fig. 1).

The thermodynamic verification of these results, reported in a number of publications [5, 7,
8 etc.] leads us to two important conclusions. First, it helps to plot a population variant of the
kimberlite petrological model (fig. 2) (it should be noted, that in the presented model the esti-
mation of the depths of parental melt formations is symbolic, marked as the upper and lower
boundaries. All the other characteristics are measured with due accuracy). And second, it
shows that the diamond potential of kimberlites is in direct correlation with potassium content
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and in reverse correlation with titanium content. In this model the titanium and the potassium
serve as depth indicators of parental kimberlite melts formation, while potassium also charac-
terizes the compositions of magma-generating media, at times rich in fragments of ocean crust
with high-potassium mountain rocks (e. g. for kimberlites of the second type).

Table 3
Population petrochemical model of the Aykhal pipe
Population and variety
Components 1™ 2™
Kcb Ca-kmb Kmb Mg-kmb Kcb Ca-kmb
SiO, 12,24 20,01 24,09 28,59 11,85 20,15
TiO, 0,27 0,29 0,31 0,26 0,48 0,50
ALO, 2,15 2,57 2,36 2,20 2,29 3,48
Fe,0; 3,52 3,55 3,78 4,32 3,63 4,42
MgO 9,45 19,74 25,99 29,98 10,29 19,40
CaO 35,49 21,78 14,71 7,34 34,90 21,00
Na,O 0,32 0,20 0,16 0,24 0,21 0,23
K,O 0,82 1,06 0,86 0,46 1,01 1,13
P,05 0,47 0,44 0,46 0,53 0,70 0,78
[LOI 29,70 22,70 17,36 15,38 28,66 20,26
Decart - 3,01 4,38 4,84 2,30 5,34
Content, % 4,6 14,4 24,2 5,5 3,1 6,1
Population and variety
Components 2nd 31
Kmb Mg-kmb Kcb Ca-kmb Kmb Mg-kmb
Sio, 2425 28,17 10,47 22,64 25,90 28,83
TiO, 0,51 0,51 0,72 0,70 0,69 0,65
Al,O3 2,15 2,57 2,23 2,46 2,48 2,25
Fe,0, 4,82 5,05 3,78 5,04 5,24 6,52
MgO 26,57 29,09 9,60 20,48 26,14 30,00
CaO 14,48 7,80 36,30 21,26 14,06 9,71
Na,0 0,11 0,18 0,23 0,12 0,12 0,12
K,0 0,76 0,75 0,75 0,74 0,88 0,59
P,0; 0,82 0,74 0,86 0,88 0,94 0,99
ILOI 14,00 10,74 28,24 18,41 12,21 12,65
Deart 3,83 4,84 - 2,52 5,25 0,40
Content, % 24,5 4,0 1,8 3.4 7,4 0,9

The compositions and correlations of potassium and magnesium in kimberlites are also as-
sociated with their diamond content. But in these cases the regressional relationships within
each identified population are of a nonlinear form (fig. 3). In one of our publications (Vasi-
lenko et al., 2011) we recommended to use fig. 3 for estimating kimberlite diamond potentials
by mean compositions of homogeneous rock groups, which were not altered by secondary
processes.

Here it should be noted, that fig. 3 disproves the hypothesis on the allogenic, xenogenic na-
ture of diamonds in kimberlites, related to peridotite xenoliths, since the dependence of the
diamond content on magnesium is nonlinear, the high-magnesial kimberlites have low dia-
mond content, or none at all in all populations.
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Table 4

Relative distribution of modal populations in kimberlite pipes
(percent of the total number of samples in a pipe)

. Population
Pipe 1 2 3 4 5 6

Sytykanskaya - - - - 35,0 39,5
Udachnaya-East - - 33,1 47,7 - -
Udachnaya-West - - 68,8 15,3 - -
Aykhal 49,5 37,7 — — — -
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Fig. 1. Imaging points of mean compositions of rock forming oxides.
Triangles are kimberlites of the first type, circles are kimberlites of the second type. Letters stand for pipes
designations: S — Sytykanskaya, Yu — Yubileinaya, U-E — Udachnaya-East, U-W — Udachnaya-West, M — Mir,
I — Internatsionalnaya, B — Botuobinskaya, Ma — Maiskaya, N — Nyurbinskaya.
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Fig. 2. Population variant of petrological model of kimberlite formation and their diamond potential.
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Fig. 3. Diamond potential vs population parameters section showing the petrochemical model.

The correlations of rock-forming oxides and diamond contents in the kimberlite population
model are validated by the changes in the mean compositions of kimberlites of the first and the
second types (see fig. 1) in the northward direction (table 5). The analysis of this table shows,
that in kimberlites of different alkaline types there occurs a regular change in the contents of
titanium, potassium, calcium, magnesium, and diamonds. The contents of titanium, magnesium
and iron increase, while the contents of calcium, potassium and diamonds decrease north-
wards. It much resembles the kimberlite population model (see table 1), which demonstrates
the change in the chemical composition and in the diamond content of the rocks at the eleva-
tion of magma formation zones with trends of changes of mean compositions of kimberlite
deposits in the northward direction. Gradual loss of formation depths of kimberlite parental
melts for normal or hyperalkalinity rocks tells that the lithosphere bottom (most probable loca-
tion of selective melts where mantle peridotites meet with thermal plumes) also proceeds in the
same upward direction.

Comparing the series of population models of the central and northern parts of the province
with the profile of the underlying lithosphere, V. Vasilenko et al. (2000) demonstrated, that in
general there is observed a gradual discontinuous ascend of the magma formation zone to the
upper part of lithosphere. This conclusion is based on the fact of elevation of the kimberlite
and picrite genesis zones, parallel to the relief of the lithosphere bottom (fig. 4). Within the
200 km values of isopachytes we find developed diamond-bearing kimberlites. With the as-
cend of the lithosphere bottom to the isopachyte value of 150 km the diamond-bearing kimber-
lites give way to low-diamond and diamond-free kimberlites, while the role of picrites grows
progressively.

Thus, the relief of the lithosphere bottom beneath the Yakutian kimberlite province deter-
mines the depth of kimberlite melting zones, forms the body distribution trend of ultramafic
and alkaline kimberlites, their composition and diamond content.
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Table 5
Mean kimberlite compositions of diamond deposits of Yakutiya
Kimberlites of the 1* type, pipes
Components o Udachnaya- Udachnaya-
Sytykanskaya | Yubileinaya East Y West Y Aykhal
SiO, 28,41 29,93 25,84 25,69 22,92
TiO, 1,78 0,99 1,15 0,84 0,43
AlO, 1,88 2,06 2,17 2,34 2,44
Fe,0; 8,33 7.13 7,07 5,98 4,26
MgO 27,72 27,60 27,61 24,63 23,37
CaO 10,87 10,92 13,76 15,82 17,36
Na,O 0,11 0,13 0,29 0,20 0,17
K,O 0,22 0,35 0,66 0,72 0,87
P,0s 0,25 0,37 0,33 0,30 0,65
LOI 28,31 20,63 21,31 23,63 27,35
Deart 0,45 0,53 0,61 1,16 4,04
N 267 206 135 71 121
n 542 1103 824 1014 329
Kimberlites of the 2™ type, pipes
Components Mir Internatsio- Nyurbinskaya Botuobin- Maiskaya
nalnaya skaya
SiO, 32,62 31,41 31,81 29,98 29,57
TiO, 1,40 0,42 0,53 0,42 0,42
AlLO; 2,50 2,78 5,11 3,83 4,10
Fe, 03 8,26 5,95 6,54 5,37 5,40
MgO 27,45 28,77 20,90 23,55 21,13
CaO 8,47 7,29 12,70 14,06 15,68
Na,O 0,29 1,21 0,10 0,01 0,09
K,0 0,29 0,95 1,06 1,22 1,15
P,0;s 0,35 0,40 0,45 0,44 0,44
LOI 17,91 20,85 20,77 21,13 22,10
Deart 1,99 3,27 6,68 8,11 5,56
N 180 119 352 481 60
n 725 400 1025 1001 151

N o te. N—number of estimated diamond contents in a pipe; # — total number of analyses in a pipe.

The presented material provides an evident proof, that the diamond content in kimberlites
is not random, but completely correlates with the compositions of rock forming oxides.

The content of volatile components in the rocks can also be associated with magmatic fac-
tors of the diamond potential. This aspect in the petrochemistry of kimberlites was first inves-
tigated through the case study of the selected by us picritic and alkali-gabbro complexes of one
of the northern kimberlite fields (the investigated collection belongs to OJSC “Almazy Ana-
bara”) of the Yakutian kimberlite province. The chemical compositions of the rock formations
of the complexes under study (table 6) are rather similar and differ in the alkali-to-silica ratio,
one of the basic criterion of magmatic complexes discrimination [2, fig. 1]. In this aspect it is
interesting to consider the volatile components ratio in both complexes under study to check
them for diamond content.
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Table 6

Mean contents of rock formations of the picritoid and alkaline-gabbroid complexes
of the Orto-Yargin field

Components 1 2 Group 3 7

i 2 3 4 5
Si0 35.79* 2533 15.47 8.63
2 51,39 32,01 18,59 12,18
. 0.61 0.46 0.60 0.54
Tio; 1,22 0,60 0,67 0,32
5.67 5.65 4,08 2,77
AlLOs 15,08 8,04 4,26 2,76
Fe.O 6.95 7.82 8.06 8,68
23 11,52 10,58 8,28 6,40
16.90 12,25 9.34 532
MgO 4,44 8,70 12,96 14,06
Ca0 11.56 18.57 27.30 36.14
5,73 14,93 23,04 28,02
0.82 0.51 0.06 0,01
Na;0 4,61 0,82 0,24 0,13
144 211 113 0.41
K0 1,12 2,65 1,61 1,00
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End of table 6
1 2 3 4 5
P.O 0.39 0.80 1,02 148
25 0,56 1,68 0,90 1,57
. 0,063 0,103 0.077 0,053
(Na;0+K,0)/Si0, 0,112 0,108 0,100 0,093
" 15 19 13 8
2 18 15 8
co 6.42 15.06 17.39 19.61
2 1,76 10,91 15,84 18,33
2.36 L19 122 117
H,0 1,42 1,16 1,40 1,27
I 0.020 0.029 0.020 0.016
2 0,001 0,020 0,019 0,017
N 0,001 0.004 0.005 0.002
2 0,001 0,009 0,002 0,002
co 0.081 0.873 1,342 1,695
0,052 0,910 0,545 0,466
CH 0.001 0.001 0.002 0.000
4 0,000 0,002 0,001 0,002
" 15 19 13 8
2 18 15 8

*In the numerator — the rocks of picritoid complex, in the denominator — of alkaline-gabbroid.

The authors in this case have applied the contents of volatile components in rocks to pre-
dict probable diamond potentials of rocks for the first time in petrological practice. Model
presentations on the role of volatiles in magma formation favor to this prediction. In [16, 17]
(quoted according to [12]) the authors propose a model of diamond formation based on the
experiments for melting mafic and ultramafic compositions in the presence of reduced fluid
base. According to their presentations, the fluids separated from the deep mantle below the
astenospheric level in equilibrium with buffer W have an abruptly reductive character: CHy >
H,0 > H, > C,Hg. A melting effect under the reduction conditions (redox-nelting) could mani-
fest itself in the interaction between the fluids reduced and more oxidized lithosphere. As a
result of this interaction, the ash content grows progressively in the fluid, thus decreasing the
solidus temperature rapidly and stimulating the partial pressure. The diamond separation takes
place simultaneously as a result of methane oxidation (p. 228). The astenospheric melt layer
becomes a membrane conducting predominantly more active hydrogen and light noble gases.
The hydrogen flow produces a series of gas reactions of the following type, which lead to
diamond crystallization [12, p. 232]:

2CO, + 6H, —» CH,4 + C + 4 H,0O; )
2CO + 4H, —» CH, + C + 2H,0; 2)
3NO + 6H, —» 2NH; + N + 3H,0. 3)

According to L. Perchuk and V. Vaganov [6], the presence of diamonds in kimberlites in-
dicates very high pressure of their generation (P, > 40 kbar). But at the same time, diamonds
could be the indicators of the fluid mode defined by the reactions:

2CO=C+COy; 4)
CH4 + CO, = 2C + 2H,0; (5)
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C+%0,=CO0; (6)
C+ 0,=CO0,. @)

It is evident that the fugitiveness increase CO, (f02) could lead to both diamond dissolution
(under other conditions, reaction (4), and its stabilization (reactions (5 and 7).

Hence, at greater depths (over 120 km) the reaction (5) is leading and it is displaced to the
right. If a diamond would be transported upwards and the rate of kimberlite magma penetration
becomes higher than the rate of reaction (5) displacement to the left, then this diamond would
restore under rapid melt crystallization. Otherwise, the diamond would dissolve (oxidize),
which should be manifested in the correlation of H,O and CO, in kimberlites.

From the equations reduced, hydrogen reduction reaction (5) is of greater importance for the
reconstruction purposes. A negative correlation of H,O + C and CH, occurs when this reaction
displaces to the right. The water formation correlates with the presence of reduced hydrogen.

Since the definition of free carbon is missing in the experiment in question, let us consider
that the conditions favoring to diamond crystallization took place in rock formation, if a nega-
tive correlation of CO and water occurs. The correlation sequence (fig. 5) based on the data of
table 7 shows the positive relation of CH, and CO in picritoids and negative correlation of this
correlation complex with H,O.

The empirical material shows the reality of reaction (5) displacement to the right and
hence, the possibility of free carbon formation, which could result in diamond formation, if the
required external conditions are satisfied.

Table 7
Correlation matrices of volatile components in rock associations of the Orto-Yargin field
Picritic association, n =55, ry; = 0,34

CO, H,O H, N, CO CH,

CO, —-0,05 0,02 0,18 0,50 0,14

H,O —0,05 —0,06 -0,21 —0,45 —0,23

H, 0,02 —0,06 0,06 -0,03 0,18

N, 0,18 -0,21 0,06 0,62 0,75

CO 0,50 -0,45 —-0,03 0,62 0.52
CH, 0,14 —0,23 0,18 0,75 0,52

Alkali-gabbro association, n =43, ry; = 0,39

CO, H,O H, N, CO CH,

CO, -0,06 0,28 -0,22 0,06 0,20

H,O —-0,06 0,26 0,18 0,01 -0,03

H, 0,28 0,26 0,09 0,43 -0,04

N, -0,22 0,18 0,09 0,09 0,13

CO 0,06 0,01 0,43 0,09 0,51
CH, 0,20 —-0,03 -0,04 0,13 0,51

The compositions of carbonatite-containing alkaline gabbro in  CH;— COQ ----- H,0
their correlations show only the presence of positive correlation of [
CH, and CO. The correlations with H,O are absent, which means the cos”

reaction (5) displacement to the left and absence of the conditions for Fig. 5. Correlation
free carbon formation. This circumstance should be considered as sequence for picritoids.
negation of diamond formation possibility.
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The features of interrelations between the rock-forming oxides and diamonds presented
above could lead to erroneous conclusions on the fact that all kimberlite manifestations could
be described by these regularities. This is not entirely true. The diamondiferous kimberlites are
characterized by the values of contents of rock-forming oxides, which are appropriate only to
them. Figure 6 demonstrates the interrelation between the compositions of kimberlites in dia-
mond fields and other rocks of this type using 83 bodies of non-diamondiferous kimberlites
and the kimberlites in diamond fields of the area under investigation. As is evident, the more
diamondiferous kimberlites contain more MgO and less TiO,. We recommend the imaging
points of kimberlite manifestations relating to calcite varieties of kimberlites located left to the
point of kimberlite fields. This drawing is proposed to reveal potentially diamond containing
rocks in kimberlite manifestations.

31 Tioz
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Fig. 6. Imaging points of compositions of kimberlite bodies in Vilyuiskaya sub-province.
The points indicate the compositions of non-diamondiferous kimberlites or kimberlites with low diamond
potentials and related calcite carbonatites (Vasilenko et al., 2006), the triangles indicate the compositions.

Volcanogenic factor. At volcanogenic stage, the kimberlite magma penetrates into the dia-
treme and crystallizes within it. This penetration is accompanied by blasting phenomena due to
a diabatic release of volatile components. Large and small fragments of enclosing rocks, in-
cluding the kimberlites of previous penetration stages enter decrystallized kimberlite melts and
become the reason of their viscous differentiation (Vasilenko et al., 2000). The kimberlite
structural and textural characteristics diversify by these processes. A porphyritic kimberlite
from the Udachnaya-East pipe, where the olivine crystals are cemented by the aggregate of
calcite lath-like crystals and other minerals, is shown in fig. 7. The autoliths of previously
solidified kimberlites form a specific spheroidal rock structure (fig. 8) in the kimberlites of the
Internatsionalnaya pipe.

Fig. 7. Photomicrography of a porphyritic Fig. 8. Spheroidal rock structure
kimberlite from the Udachnaya-East pipe. in the Internatsionalnaya pipe.
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Autholitic kimberlite breccia occurs during the change in composition of kimberlite melt
sections containing the xenoliths of enclosing rocks. An abrupt viscosity increase in the melt +
xenolith system and significant energy losses due to melting are caused by the xenoliths. The
xenoliths entry to the kimberlite melt leads to decreasing the solidus temperature. As a conse-
quence, the melt crystallization in the melt + xenolith system starts earlier than the melt crys-
tallization without xenolith inclusions. When the volume concentration of crystals and xeno-
liths > 30 %, the melt discontinuity takes place due to yield limit manifestation in shear flow,
which finally leads to the formation of autholitic kimberlite breccia. This process stipulates an
increase in the values of magnesia and diamond contents in the autholitic kimberlite breccia
(table 8).

Table 8
Relative increase in diamond contents in the autholitic kimberlite breccia
of the Aykhal pipe
Populations, varieties

Rock " The first, " The first, " The second,
Ca-kmb, % Kmb, % Mg-kmb, %

PK 4 100 9 100 22 100

AKB 18 129 23 128 8 127

Some authors absolute the increase in diamond contents in breccia, they point to the fact
that the upper parts of the pipes are always enriched with diamonds. This is not always true,
since the amount of xenoliths is different in different penetrations of kimberlite melts. At a
close hypsometric level, each subsequent penetration stage contains a lesser amount of autholi-
tic breccia, than the previous one. For example, in the Aykhal, Udachnaya-West and Udach-
naya-East pipes, the distribution of autholitic breccia reduces in subsequent magmatic phases
(table 9).

Table 9
Correlation of frequencies of KB and PK occurrence in the kimberlites
of different penetration stages, %
Pipe, phase

Rock Aykhal Udachnaya-West Udachnaya-East

1 st 2nd 3 rd 4111 Srd 4111

PK 17 82 32 75 27 73
AKB 82 19 69 25 79 20

The increase in diamond contents in autholitic kimberlites is associated not with chemical
properties, but with physical properties of enclosing rock xenoliths.

Viscous differentiation of melts can also result in the change of diamond crystallographic
type. In this regard, V. Shkodzinsky remarked [14, p. 268] that, in consequence of “common
origin of diamonds and kimberlite melts enclosing them, there should be a relation between the
kimberlite composition and composition of the diamonds containing in kimberlite melts.” This
relation should be implemented, first of all, through the influence of melts viscosity on the
diamonds crystallomorhism, since the latter is defined by the degree of oversaturation of me-
dium crystallization with carbon. The degree of oversaturation depends to a greater extent on
the diffusion rate of chemical components and, consequently, on the viscosity and composition
of melts (p. 268). Using the references, V. Shkodzinsky created a special database on chemical
compositions of melts and prevailing crystallographic shapes of diamonds [14, pp. 445-451] to
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check the statement on the relation between the crystallographic features of a diamond and the
compositions of enclosing kimberlites empirically. Our statistic testing of dependence of the
diamond crystallographic shapes on the content of SiO, in enclosing kimberlites, the main
factor defining the melt viscosity showed that the fraction of rounded crystals enhances, as the
content of SiO, increases in the melts (table 10). This is evident, since diffusion is complicated
in viscous melts.

Table 10

Correlation dependencies between average contents of SiO, and diamond morphotypes
of kimberlite and lamproite pipes

Correla- .
. Argu- . Limit . .
Function tion . Regression equation
ment . . values iy,
index i
. | octahedrons, . . ~247,68 +22,15 SiO, — 0,57 Si0,” +
° | n=56 S 040 03% | 0,004 510,
E S":C‘Z‘;ahedrons’ E 0,45 0,41 183,13 - 10,49 Si0,+ 0,16 Si0,”
= =
2 | rounded 2
S | crystals, S +0,68 0,40 175,26 + 7,21 Si0, - 0,02 Si0,>
n=42

Thus, the statistic testing showed the correlation between the melt viscosity and crystallo-
graphic shapes of diamonds in kimberlites.

The material presented clearly demonstrates that the history of diamonds origination is
closely related to the evolution of the kimberlite chemical composition. As opposed to the
xenogenetic paradigm, this enables us to put forward a paradigm of the evolution of rock
chemical compositions in the formation of diamondiferous provinces.

The empirical petrochemical model of petrogenesis of diamondiferous kimberlites assum-
ing, that the different kimberlites were generally formed at different depth levels. The petro-
chemical feature of this formation is a directed change in the titanium, potassium and diamond
contents. At each magma formation level we observed selective melting at the temperatures
higher, than the initial melting stage temperatures. The distribution of mean values of kimber-
lites chemical compositions in the province area also confirms the idea of ascending order of
magma formation zones, which corresponds to the geodynamic characteristic of the province.
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MAI'MATOTI'EHHI TA BYJIKAHOI'EHHI YNHHUKH
AJIMA3OHOCHOCTI KIMBEPJIITIB

B. Bacnnemcol, JL Ky:meumsal, B. MiHiHl, M. 3th1y1c2

'@IABYH “Incmumym ceonoeii i minepanozii in. B. C. Coboresa CB PAH”,
npocn. akad. Konmioea, 3, 630090 m. Hogocubipcok, P®
E-mail: vasilenko@igm.nsc.ru
23axionosxymevkuti naykosuti yenmp Axademii nayx PC(5),
eyn. Jlenina, 4/1, 678170 m. Mupnuii, P®
E-mail: nnzinchuk@rambler.ru

OnwrcaHo NeTPOXiMiYHI 0COOIMBOCTI KIMOEPITITIB 13 fecaTu TpyOok (pomosum) SIKyTil 3 ipo-
MHCJIOBHM YMICTOM aiIMa3iB: y MUpHHHCEKOMY 1ol — 1ie InTepHanionansaa i Mup, y HakuHcs-
xoMmy — boryobinceka, Maiiceka Ta HropOuncbka, B AnakiT-MapxincekoMmy — Aiixan, FOBineiina
i Curukanceka, y JlanauacekoMy — Y nauHa-3axifHa Ta Y qauHa-cxigHa. [IpecTaBHUIBKI Te0lo-
rigfi B3ipii BigiOpaHO BUHATKOBO 3 KepHA PO3BiqyBadbHUX cBepsioBHH (331 cBepanoBuHa, 3a-
rajgbHa JOBXHHA JIOCIIKEHOro KepHa — 88 082 M, MakcuMabHa IIIHOKHA onpoOyBaHHI — 1 359 M).
Bukopucrano 7 114 xiMiyHHX aHAaJi3iB MOPiJ aIMa3HUX POIOBHII, JaHi 00 CEPEAHBOTO CKIla-
ny 83 KiMOepIiToBHX Tii, a Takok 1 992 BH3HA4YEeHHS aJMa30HOCHOCTI (ZaHI OTPUMAaHO CHiBpO-
oitarkamu AK “AJIPOCA” yHacmigok ycepenHeHHs 6—10-MeTpoBuX iHTepBaiB KepHa pO3Bimy-
BaJIbHUX CBEPIJIOBHH). 3 BUKOPHUCTAHHSAM YCiX HasBHUX TAHHX CTBOPEHO MOMYJIAIIHHY MeTpoxi-
MIYHy MOJIeNb KiMOEepIIiTOYTBOPEHHs, Ha MiJCTaBi SKOi 3allpOIOHOBAHO IETPOJOTIYHY MOJEIb
IMa30HOCHHUX KiMOepiTiB SKyTii. 3po0eHO BUCHOBOK, IIO PO3MAITTS PEUOBUHHOTO CKIAmy H
QJIMa30HOCHOCTI IOPiJ] 3yMOBJIEHI NIMOMHOIO 3aIAraHHS MarMaTHYHOTO ocepenky. Ha BynkaHiu-
HOMY eTalli Ha XIMIYHHH CKJIaj IOpOAX BIUIMBAIOTH TAKOXK KCEHOJITH BMICHHUX IOpiJ, SIKi CIIPH-
YHHSIOTH B’ 3KiCHY AudepeHIiiamito po3IiaBiB.

Kniouoei cnosa: xiMOepiit, XiMIYHII CKITaf, MOMyJSHiiiHA IMeTPOXiMiuHA MOAENb KiMOepiti-
TOYTBOPEHHS, AIMa30HOCHICTb, IETPOJIOTTYHA MOJENb, SIKyTis.
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MAI'MATOT'EHHBIE 1 BYJIKAHOTI'EHHBIE ®AKTOPBI
AJIMA3OHOCHOCTHU KUMBEPJINTOB

B. Bacn.nemcol, JL. Ky3neu03a1, B. Mmmnl, H. 3mmy1c2

'\®OIBYH “Uncmumym zeonozuu u munepanoeuu um. B. C. Cobonesa CO PAH”,
npocn. axkad. Konmioea, 3, 630090 2. Hosocubupck, PP
E-mail: vasilenko@igm.nsc.ru
23ana()H0—}]KymCKmZ Hayunbvill yeump Axademuu nayk PC(A),
ya. Jlenuna, 4/1, 678170 2. Mupnouii, P®
E-mail: nnzinchuk@rambler.ru

OnucaHo TMETPOXUMHYCCKHE OCOOCHHOCTH KHMMOCPIUTOB M3 JIECITH TPYOOK (MECTOpOXKIc-
HUi1) SIKyTHH ¢ MPOMBIIIJICHHBIM COJICPKAHUEM aliMa30B: B MUPHHHCKOM Toyie — 310 MHTepHa-
nyoHaneHass u Mup, B HakeiHckom — BoryobOunckas, Maiickas n HiopOunckas, B AJakur-
Mapxunckom — Atixan, FOOuneiinas u CeiTbikaHcKkas, B JlangslHCKOM — YaadHas-3anajHas u
VY naunas-ocrouHas. [IpeacTaBUTeNbHBIE I'€0JOTMUECKHE 00pa3lbl OTOOpPAaHBI MCKIIOYUTEIHHO
13 KepHa pa3BelOYHBIX CKBaXHH (331 ckBakuHa, oOIIas AJMHA UCCIEAOBAHHOH KOJOHHBI Kep-
Ha — 88 082 M, MakcuManbHas TiayouHa ornpodoBanus — 1 359 m). Mcnons3oBano 7 114 xumuye-
CKHMX aHAJIM30B OPOJ] aJIMa3HbIX MECTOPOXKJICHUH, TaHHbIE [0 CpeHEMY cocTaBy 83 kumOepiu-
TOBBIX TEJ M3 MCCIICIOBAHHBIX KUMOCPIUTOBBIX MOJICH, a Takxke 1 992 onpeneneHus aaMa3oHOC-
HocTH (nmaHHBIe moiydeHbl cotpynuukamu AK “AJIPOCA” npu ycpenneHnu 6—10-MeTpoBBEIX
HMHTEPBAJIOB KE€PHA pa3BelOYHbIX CKBaKUH). C UCIOJIB30BAHUEM BCEX MMEIOIIUXCS JaHHBIX CO3-
JIaHO TIOIYJIALHOHHYIO NIETPOXUMHUYECKYIO MOJIeNIb KUMOEepInTooOpa3oBaHusi, Ha OCHOBAaHUH KO-
TOPOIl IPEIOKEHO NETPOJIOTNUECKYI0 MOJIEIb AIMa30HOCHBIX KUMOepianToB SxyTun. CuenaHo
BBIBOJI, YTO pa3HOOOpa3ue BEIIECTBEHHOI'O COCTaBa U alIMa30HOCHOCTH ITOPOA 00YCIIOBIEHO TIIy-
OMHOI1 3ajyeraHuss MarMaTHdeckoro oyara. Ha ByJKaHHYeCKOM 3Talle Ha XUMHYECKHH COCTaB I10-
POJIBI BIUSIFOT TaKXKe KCEHOJMTHI BMEIIAIOIINX OPOJI, KOTOPhIC BBI3BIBAIOT BI3KOCTHYIO Audde-
PEHLIUALMIO PACIIaBOB.

Kniouesvie cnoga: kuMOEpINT, XUMUYECKUIT COCTaB, MOMYJISLHOHHAS IETPOXUMHYECKAs MO-
JieIb KUMOEpIUTO00pa30BaHusl, aIMa30HOCHOCTh, IETPOJIOTNUECKast MOJEIb, SIKyTHsI.
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