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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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THE DISTRIBUTION OF BERYLLIUM
IN MAGMATIC ROCKS OF CENTRAL KAZAKHSTAN

Abstract. The paper presents clarks of beryllium in magmatic rocks of Central Kazakhstan. As well as the
present work examines the patterns of distribution of Be to assess the possibility of using Be clarks in assessing the
potential ore presence in geochemical anomalies in soils. The purpose of this work is to study the distribution of
beryllium in magmatic rocks of Central Kazakhstan for establishing potentially beryllium ore-bearing geological
formations. The paper compares the results of previous studies on the distribution of beryllium in magmatic rocks.
The analysis of the distribution of beryllium in rocks of Central Kazakhstan is carried out according to the available
data of regional clarks of beryllium.

Keywords: magmatic rocks, beryllium, Central Kazakhstan, volcanic rocks, plutonic rocks, distribution, clark,
potential ore presence, soil.

Introduction. Let us consider the clarks of the earth's crust and the main groups of magmatic rocks. The
distribution of beryllium and its clarks (g/t) in the earth's crust was examined by a number of researchers:

Clark and Washington, factored in the hydrosphere (1921) 10
Goldschmidt V.M. (1932) 1.8
Fersman A.E., factored in the hydrosphere (1939) 4
Sandell E.B. (1952) 2
Beus A.A. (1955, 1967) 3.5
Vinogradov A.P. (1962) 3.8

In geochemical processes, beryllium behaves like a typical lithophilic element, which, first of all, is
confirmed by its distribution in various rocks. Table 1 shows data of different authors on determining the
average content of beryllium in different groups of rocks. The work [1] lists clarks of 168 types of rocks of
Central Kazakhstan, including magmatic, sedimentary and metamorphic rocks; following the purpose of
this paper, a group of magmatic rocks will be considered.

7 types of rocks from table 2 (numbers of clarks 1, 2, 3, 5-8) were combined into a group of basalts
and andesibasalts. For them, the same average beryllium content of 0.0001 % was obtained. 8 rocks from
table 2 (clark numbers: 38-40, 42-46) were combined to a group of diorites and quartz diorites. All the
rocks of the average composition, except for nepheline syenite, were involved in the calculation of
Be clarks. Calculations of the average beryllium content by Sandell E.B. (1952) and Glukhan I.V., Se-
rykh V.I. (1996) are close to each other and equal to 0.00016 % and 0.00022 % respectively. To deter-
mine the average beryllium content in acid rocks, clarks of only plutonic rocks were taken from table 2:
(clark numbers in table 2 are as follows: 47-52, 55-60). The obtained values of the average Be content
significantly vary from 0.00018 % [2] to 0.0007 % [3]. For granites, the average content of six rocks was
calculated (Table 2, clark numbers: 55-60). Clark of beryllium, in granites themselves, varies from
0.00019 % [2] to 0.0006% (Beus and Fedorchuk, 1966). It should be noted that all K varieties of calc-
alkaline and sub-alkaline rocks are richer in beryllium as compared to N and K-Na rocks. Be clark in
nepheline syenites is high and varies from 0.0021 % (Glukhan 1.V., Serykh V.., 1996) to 0.0036 % (Gold-
schmidt and Peters, 1938).
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Table 1 — Average content of beryllium in rocks, weight%

Ultrabasic rocks

Goldschmidt V.M, Peters K. (1938) 0
Sandell E.B. (1952) 0.00002
Vinogradov A.P. (1962) 0.00002
Glukhan I.V. and Serykh V.I. (1996) 0.00004
Basalts and andesibasalts

Sandell E.B. (1952) 0.0001 and less
Glukhan I.V., Serykh V.I. (1996) 0.0001
Diorites and quartz diorites

Sandell E.B. (1952) 0.00016
Glukhan 1.V, Serykh V.I. (1996) 0.00022
Acidic rocks

Goldschmidt V.M., Peters K. (1938) 0.00036
Fersman A.E. (1940) 0.0006
Sandell E.B. and Goldic C.S. (1943) 0.0007
Vinogradov A.P. (1962) 0.00055
Glukhan IV, Serykh V.I. (1996) 0.00018
Actually granites

Beus A.A. and Fedorchuk SN (1966) 0.00038
Granites hr. East Tannu-Ola (Tuva) 0.00032
Granites of the Prikhanka district (Primorye) 0.0006
Glukhan V., Serykh V.I. (1996) 0.00019
Nepheline syenites

Rankama K. (1950) 0.0036
Glukhan L.V, Serykh V.I. (1996) 0.0021

Table 2 — Clarks of beryllium (g/t) in magmatic rocks of Central Kazakhstan by [1, 2]

N clark Group of rocks Magmatic rocks Be, g/t
2 3 4
Volcanic rocks
1 Tholeiitic basalt 0.8
2 Basic Basalt 1.0
3 Trachybasalt 1.1
4 Epileucite basalt 8.4
5 Basaltic andesite 1.1
6 Trachybasaltic andesite 1.4
7 Latite (K-Na trachybasaltic andesite) 1.8
8 K trachybasaltic andesite 1.7
190 Intermedia-te -basic il; ﬁzz;;tlc phonolite T;
11 Na trachyandesite 1.5
12 Quartz latite (K-Na trachyandesite) 1.6
13 K trachyandesite 1.8
14 Trachyte 2.1
15 Plagiodacite (Na dacite) 1.2
16 Dacite (K-Na dacite) 1.5
17 Na trachydacite 1.5
18 K-Na trachydacite 1.6
19 K trachydacite 1.6
20 Acid Plagio rhyodacite (Na rhyodacite) 1.1
21 Rhyodacite (K-Na rhyodacite) 1.6
22 K rhyodacite 1.7
23 Na trachyrhyodacite 1.7
24 K-Na trachyrhyodacite 1.7
25 K trachyrhyodacite 1.9
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Continuation of table 2
1 2 3 4
26 Rhyolite 2.0
27 Alkalifeldspathoserhyolite 2.4
28 Ultra-acid Ayulite* 2.1
29 Ayurhyolite* 23
30 Ultrapotassic aulite* 2.0
Plutonic rocks
31 Peridotite 0.4
32 Ultra-basic Apoperidotitic serpintinite 0.5
33 Picrite, apopicritic serpintinite 0.4
34 Pyroxenite 0.5
35 ) Alkaline pyroxenite 0.7
Basic
36 Gabbro 0.7
37 Syenogabbro ( subalkaline gabbro ) 1.3
38 Diorite 0.9
39 Na monzonite 1.4
40 K monzonite 7.5
41 Nepheline syenite 21
42 Intermediate Quartz diorite 1.2
43 Quartz monzodiorite (quartz K-Na diorite) 1.8
44 Quartz Na monzonite 1.4
45 Quartz K-Na monzonite 1.7
46 Quartz K monzonite 1.8
47 Plagiogranodiorite (N granodiorite, tonolite) 1.1
48 Granodiorite (K-Na granodiorite) 1.3
49 Monzogranodiorite (K granodiorite) 2.1
50 K-Na granosyenite 1.8
51 K granosyenite 1.6
52 Sub-alkaline quartz K-Na syenite 1.8
53 Sub-alkaline quartz K syenite 53
54 Acid Alkaline quartz K-Na syenite 2.6
55 Plagiogranite (Na granite) 1.0
56 Granite (K-Na granite) 1.8
57 Monzogranite (K granite) 2.1
58 Na syenogranite (sub-alkaline Na granite) 1.4
59 K-Na syenogranite (sub-alkaline K-Na granite) 2.1
60 K syenogranite (sub-alkaline K granite) 3.0
61 Alkalina granite 43
62 Subgranite 2.7
63 Leukogranite 4.5
64 ) Alcaline — feldspathoser leukogranite 5.2
Ultra-acid

65 Alaskite leukogranite 3.2
66 Alaskite 3

67 Alcaline alaskite 3.4

* Volcanic analogues of alaskite, leucogranite alaskite, ultrapotassic alaskite.
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Table 3 shows the average content of beryllium in magmatic rocks of different SiO, content. The
calculated average value of acid rock clarks according to [2] is equal to 1.8 g/t, which differs significantly
from the data given earlier by Vinogradov (1962), where the average Be content is 5.5 g/t in acid rocks.
For ultra-acid rocks, data are available only in Glukhan 1.V. and Serykh V.I. (1996). In this group, the
calculated clark is 3.7 g/t. The maximum Be clark in alkaline rocks was obtained by Goldschmidt
V.M. and Peters K. (1938), 36 g/t, whereas according to [4, 5] it is only 6.0 g/t, which is close to the value
obtained from the calculation of the average value of alkaline rock clarks according to [2], 6.4 g/t.

It implies that the Be content increases from the ultra-basic, basic to intermediate, acid, ultra-acid and
alkaline rocks. In the ultrabasic and basic rocks, the values of the average Be content are very low and do
not exceed 0.4 g/t, unless one takes into account the data of Goldschmidt V.M. and Peters K. (1938),
which obtained an average beryllium content of less than 3.6 g/t for basic rocks. Plutonic acid and ultra-
acid rocks have a high beryllium clark value, from 1.8 to 5.5 g/t. To calculate the average content of
beryllium in alkaline rocks, clarks from Table 2 were taken (clark number 4, 9, 35, 41, 53, 54, 61, 67).

Table 3 — Average content of beryllium in various magmatic rocks, g/t

Groups Goldschmidt Sandell E.B. Beus A.A. Beus A.A. Vinogradov Glukhan IV,
Ultrabasic 0 Less than 0.2 Less than 0.2 - 0.2 0.4*
Basic Less than 3.6 1 and less 0.4 - 0.4 0.9*
Intermediate - 1.6 1.8 1.8+£0.2 1.8 2.0%*
Acidic 3.6 3.0 5.0 50+0.5 5.5 1.8*
ultra-acidic -— - - - - 3.7%
Alkaline 36.0 - 7.0 6.0+1.0 - 6.4%

*Calculated according to table 2.

The specifics of the methodology for creating clarks. The latest and newest work on determining the
average content of chemical elements in rocks and creating a system of large rock clarks unique in global
geochemical practice based on the results of the study of 12 000 composite samples prepared from
400 000 primary samples is the work of Kazakhstani geologists Glukhan I.V. and Serykh V.I. [1]. The
samples were analysed by quantitative methods for 40-56 elements, including rock-forming elements. This
system of clarks was published in the book "Granite-Related Ore Deposits of Central Kazakhstan and
Adjacent Areas" [2] and in "Geochemistry" journal [6-9]. The proposed system of clarks in Central
Kazakhstan confirms the fact that it is practically meaningless now to use the previously obtained global
clarks in local and even regional studies in this region.

Due to the fact that the study continued for a long period [1, 2, 6-9], it was necessary to work out
general criteria for assessing the reliability of research results. Since 1972, quality control of analytical
data has been confirmed by 14 industry standard samples of the chemical composition of rocks prepared in
the Central Laboratory of PGO "Tsentrkazgeologiya" under the direction of Kozyreva Ye.K. and approved
in the USSR in 1984 as a standard for "Geology" industry. Coded reference samples were put to all ana-
lytics orders, which were composed of samples that were close to each other in composition and origin
(usually they were samples of the same type of rock). Before 1993, the coded reference samples were used
in chemical analysis 430 times, 375 times in the analysis of certified elements, and 11 530 times for spect-
ral photometry. These samples were also analysed for all other small elements (except certified ones) to
evaluate the reproducibility of the results obtained.

The data obtained from the analysis of the reference samples underwent both the running check and
final check-out. The running check consisted in redefining the elements that were significantly different
from the standard value. At the final stage, the main statistical data (mean value, its calculation accuracy,
standard deviation and variation coefficient) for each reference sample analysed for two years (1972-1973
and before 1992) were calculated to identify possible variations with time and throughout the study period
(1972-1992). For more convenient comparison, in the processing of the results a compliance index (CI)
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was calculated that was equal to the ratio of the obtained average content to the certified content. It is clear
that the closer the CI to the unit, the more reliable the data are. The processing results showed no signi-
ficant time-dependent changes in the quality of analysis. In 70% of cases, the average content of com-
ponents obtained by chemical analysis (115 mean values) deviates from certified values only by 5%, and
in 30% of cases it coincides with them completely (CI is equal to one).

Clarks of magmatic rock of Central Kazakhstan. Table 2 shows the regional clarks of Be in magmatic
rocks of Central Kazakhstan. The results of analysis of data [1, 2] on magmatic rock established and
confirmed (see table 2) that beryllium accumulates in acid, ultra-acid and alkaline rocks. In magmatic
rocks, the beryllium content naturally increases from ultrabasic (0.4 g/t) to ultra-acid (5.2 g/t); in different
groups of sub-alkaline rocks, it varies from 1.1 g/t (trachybasalt) to 5.3 g/t (K sub-alkaline quartz syenite);
in various groups of alkaline rocks, the beryllium content varies from 0.7 g/t (alkaline pyroxenite) to 21 g/t
(nepheline syenite).

Figures 1, 2 show graphs of distribution of beryllium clarks in magmatic rocks of Central Kazakh-
stan. The digits along the abscissa axis are the ordinal numbers of the rocks in table 2, the ordinate axis is
the average content of beryllium. Below are the output data for plotting the graphs 1a and 1b.

Table 4 — Initial data for plotting the distribution graphs

Volcanic rocks

Number of clark Average content Number Average content Number Average content
according of Be, grams of clark according | of Be, grams per | of clark according | of Be, grams per
to table 3 per tonne (g/t) to table 3 tonne (g/t) to table 3 tonne (g/t)

1,2,5 1 11,12 1.6 23,24,25 1.8
3,6 1.3 13,14 2 26,27, 29 22
7,8 1.8 15,20 1.2 28, 30 2
4,9 6.8 16,21,22 1.6
10 1.2 17,18, 19 1.6

Plutonic rocks
31,32,33 0.4 44,45, 46 1.6 55 1
34 0.5 43 1.8 59, 58 1.8

36, 38 0.8 47,48 1.2 60 3
35 0.7 49, 57 2.1 61,67 3.8

37,39 1.4 50, 51 1.7 63, 64, 62 4.1
40 7.5 56 1.8 65, 66 3.1
41 21 52,53 3.6
42 1.2 54 2.6

Figure 1 shows graphs of beryllium distribution in volcanic (a) and plutonic (b) rocks, grouped into
35 groups up to 67th consecutive number included. As can be seen from figure la, the highest average
content (6.8 g/t) among volcanic rocks is a group of alkaline rocks: epileucite basalt and epileucitic pho-
nolite. The minimum average content (1 g/t) is in the group including tholeiitic basalt, basalt, and basaltic
andesite.

Figure 1b shows that beryllium is contained in small amount not exceeding 0.5 g/t in ultrabasic
plutonic rocks (ultrabasic volcanic rocks in Kazakhstan are defined by implication, no data is available for
them) [2]. In them, Be is usually present in amount many times smaller than its average clark in the earth's
crust. Certain accumulation of beryllium, slightly exceeding its clark in the earth's crust, is observed in
granites, syenites, leucogranites and alaskites (figure 1b).

In basic rocks, in particular, tholeiitic basalt and pyroxenite, alkaline pyroxenite, and gabbro, the
average beryllium content is 0.7 g/t and only in subalkaline gabbro, it exceeds 1 g/t, whereas in the alka-
line epileucite basalt the content of this element reaches a high value equal to 8.4 g/t.
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Figure 1 — Graphs of the distribution of beryllium clarks in magmatic rocks of Central Kazakhstan.
a) in volcanic and b) in plutonic rocks. Numbers of clarks according to table 3

In intermediate rocks, the beryllium content increases in comparison with basic and ultrabasic rocks
and is more than 1 g/t. The alkaline rocks of nepheline syenite formations are characterized by signifi-
cantly high beryllium content (the most thorough study on the beryllium distribution in them is made by
Gerasimovsky V.I. (1965)). It bears testimony to complex distribution of beryllium in the minerals of
alkaline rocks, as well as to phenomena of certain accumulation of beryllium in the alkaline rocks subjec-
ted to high-temperature late-magmatic and post-magmatic changes (Beus, 1967), epileucite phonolites
(5.1 g/t) and in subalkaline K monzonite (7.5 g/t). In acidic rocks beryllium content increases, the average
content is 2 g/t. Acid sub-alkaline and alkaline rock show increased beryllium content. In plutonic ultra-
acid rocks, an increased beryllium content is identified (alkali-feldspar leucogranite, 5.2 g/t), (figure 1b),
in contrast to volcanic acid rocks in which the beryllium content does not exceed 2.4 g/t (alkali-feldspar
rhyolite).

Studies [10, 11] identified the important geochemical role of plagioclases as for most granitoids they
are both the concentrator and the main carrier of beryllium.

Semi-quantitative emission spectrophotometry (SES) was used to collect a large amount of infor-
mation on the distribution of over 20 chemical elements in all types of rocks. The law of statistical dis-
tribution was revealed for 2116 samplings containing from 11 to 200 pieces, among which samples from
16-45 pieces were 77%. It was proved that normal distribution is predominant; 84% accounted for by
samples of basalts and andesibasalts, 85% by andesites, 81% by dacites and rhyodacites, 84% by sand-
stones and siltstones, 89% of argillites and siltstones, 75% of carbonate and siliceous rocks. Other distri-
butions do not contradict the log-normal law and its modifications [2].

Figure 2 shows a comparison of the 328 clarks obtained with clark contents in the standards. Figure 2
demonstrates that 88% of all values of the compliance index for chemical elements do not exceed 0.8-1.2,
and 91% of them are within 0.75-1.25. As for the contents obtained by quantitative methods, the proces-
sing of this data showed even more clearly the wide prevalence of normal distribution. This point was
discussed in a number of papers on the rocks of both Central Kazakhstan and many other regions (Serykh,
Rosen, 1969, Dumler, 1975, Bondarenko, 1966; Vorobyev, 1970; Beus, 1967). In all these studies, the
proportion of normal distribution is defined as 90% or more.

The experience of work [2] confirms the conclusion of Dumler F.L. (1975) that an asymmetric distri-
bution arises because of the large dispersion, presence of inhomogeneous samples, and the proximity of
contents to the sensitivity limit, or, in other words, not because such a distribution actually exists in nature,
but rather because of errors in experiments.
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Figure 2 — The distribution of index of correspondence (IC) for trace element mean contents [2]

The statistical parameters were evaluated for normal distribution conditions. In this case, the maxi-
mum probabilistic estimate of a mean value is calculated as the arithmetic mean (Rodionov, 1981), which
remains fairly effective for other types of distribution, e.g. for log-normal one, if the variation coefficient
of does not exceed 60% (Beus, 1967). As a rule, the variation coefficients calculated from the SES data
are below this limit, an average of 37% in sandstone and siltstone (366 samples), 38% in basic and inter-
mediate volcanites (316), 37% in gabbroid (28), 39% in ultrabasic rocks (27), 42% in acid volcanites
(165), 38% in granitic rocks (74), 52% in siliceous rocks (93), 52% in limestone (80).

Each calculated arithmetic mean (clark itself) is accompanied by a statistical estimate of its accuracy
with a probability of 0.95, as well as by an estimate of deviation and the variation coefficient. Clark values
were calculated using only quantitative definitions of chemical elements in composite samples [2].

The beryllium distribution in alkaline rocks and granitoids is in good agreement with the log-normal
law [5].

Most types of natural concentrations of beryllium are products of activity of postmagmatic solutions
associated with acid and ultra-acid rocks (including alkaline and sub-alkaline granitoids). The general
regular pattern is that with increasing SiO, in rocks the beryllium content increases, and it confirms its
lithophylic nature. The studies carried out traced and confirmed this regular pattern. Alkaline rocks (despi-
te the presence of increased contents of dispersed beryllium in some cases) are associated with a very
small number of deposits of beryllium minerals, which also products of postmagmatic solutions. However,
in all known deposits associated with alkaline rocks the amount of beryllium concentration is limited [5].
Examples of such beryllium deposits in Central Kazakhstan are Tleumbetskoye and Upper Espe deposits.

Findings.

1. The results of research by different authors showed that the average Be content increases from
ultrabasic to ultra-acid rocks. The calculated average value of clarks of acid rocks according to [2] is equal
to 1.8 g/t, which differs significantly from the data given earlier by Vinogradov (1962), where the average
Be content in acid rocks is 5.5 g/t. For ultra-acid rocks, data are available only in [2]. In this group,
the calculated clark is 3.7 g/t. The maximum Be clark in alkaline rocks was obtained by Goldschmidt
V.M. and Peters K.(1938), 36 g/t, and according to Beus A.A. (1956, 1966) it is 6.0 g/t, which is close to
the values obtained by Glukhan 1.V. and Serykh V.I. (1996), 6.4 g/t.

The latest work on defining clarks of elements of a large region is studies by Kazakhstani scientists
Glukhan I.V. and Serykh V.I. [1, 2, 6-9].

2. The system of rock clarks [3] was obtained by modern methods of analysis using standards of che-
mical composition of rocks, approved as mandatory standards for the "Geology" industry in the USSR.
These standards were used to control over 25% of all the samples taken into account when creating the
rock clark system. Standards allowed to achieve high reproducibility and sufficient accuracy of sample
analysis. Standards were analyzed in 10 leading laboratories in the USSR. As an average of the results of
these 10 laboratories, they have become the mandatory standard for the "Geology" industry. The con-
ducted control of standards enables to consider the proposed clarks of beryllium as the most reliable and
accurate and to recommend their use for further prospecting and forecasting.
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3. The established connection between the increased Be contents and acidic, ultrabasic, and alkaline
rocks allows to approach the assessment of potential ore mineralization of geochemical anomalies in soils
and to justify the expediency of further forecast studies. We can assume that if the content of elements in
the soil during lithogeochemical testing proved to be higher than the clark of this element in the
underlying rock, then this may indicate the presence of an ore anomaly in this place.

B. C. IloptHOB, A. H. Kono6aesa, A.
Amanrenikesl, H. C. AckapoBa

Kaparanibl MEMJIEKETTIK TeXHUKaIBIK YHUBepcuTeTi, KapMTYV,
Kaparannei, Kazakcran

BEPUJLIMIAIIH OPTAJIBIK
KA3AKCTAH TAYKBIHBICTAPBIHIATBI TAPAJIYBI

AnHoranusi. Makanaga Opranbik Ka3akcTaHHBIH MarMaliblK Tay>KbIHBICTAPBIHAAFB OCPUIUTUH/IH KIapKTapi
yChIHBUIBIT OThIP. COHBIMEH KaTap OChl Makaiaja OepWIUIMH KJIAPKTapiH TOMBIPAKTAFbl TEOXMMUSIIBIK aHOMAIIHUSI-
JIap/IbIH MOTEHIMAJIbl KeH/AeHYIH Oaranay yiuiH OepuIUIHAAIH Tapaidy 3aHIbUIBIKTaphl KapacTeipbuiaibl. OpTabiK
KazakcTaHHHBIH MarMaiblK Tay)KbIHbICTapaFbl OCPWUIMHMIH TapalayblH 3€pTTeyl, KeHII TIeOoJOTHUIBIK (op-
MallMsUIapbIH  aHBIKTaybl OChI JKYMBICTBIH 0acThl MakcaThl OOJIBIN caHajuagbl. MarMaiblK Tay)KbIHBICTAPAFbl
OepIHiAiH Tapaixysl OOHWBIHIIA OYPBIH KacajFraH 3epTTEyJiep HOTI)KECIHAE CaJBICTBIPMAibl Talgay >Kacafbl.
Konpma Gap nmepexrepre coiikec Opranbik KazakcTaHHBIH MarMmaiblK Tay)KbIHBICTApIarbl OSPUILTMHIIH TapaiyIblH
TaJIZaybl KacalFaH.

Tyilin ce3aep: MarManbIK TayXeIHBICTap, Oepmiutuii, Opranbik KasakcTaH, ByIKaHIBIK TayKBIHBICTAp, ILTY-
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PACHPEJEJIEHUE BEPUJVINA B MATMATHYECKHUX TIOPOJAX
HOEHTPAJIBHOI'O KA3AXCTAHA

AHHoTanus. B craThe mpeacTaBieHs KIapKu Oepriuns B MarMatndeckux nopogax LlerarpansHoro Kazaxcra-
Ha. A Taxke B HAacTOAIIeH paboTe pacCMaTpHUBAIOTCS 3aKOHOMEPHOCTH pacipeneneHust Be A oneHKr BO3MOKHOC-
TH WCTIONB30BaHMUs KIapKoB Be mpu oleHKe MOTEHIHANBHOW PYJOHOCHOCTH T€OXUMHYECKUX aHOMAIWK B ITOYBaX.
Lenpio HacTosieil pabOThI SIBISIETCSl M3Y4EHHE paclpejeneHuns Oepuiuiis B MarmMaruveckux nopojax LleHTpasb-
Horo Kasaxcrana ansi yCTaHOBIEHHUS NOTCHLIMAIBHO OCPHIIIHMEBBIX PYHOHOCHBIX T'eOJOTHMYecKHX ¢opmanuii. B
paboTe MpOBEICH CPAaBHUTENBHBINA aHaIM3 PE3yJbTATOB MPEIbIAYIIUX paboT MO W3YYEHHIO pacrpeelieHus Oe-
pHWUIHA B MarMaTHYeCKHX TOPHBIX MOpoJax. BEHINOIHEH aHanmHW3 paclpocTpaHeHHs OepHiuIMs B TOPHBIX MOPOIax
Hentpansroro Kazaxcrana mo IMEIOMMMCS TaHHBIM PETHOHAIBHBIX KIapKaxX OeprIIvsL.
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