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PATTERNS OF BERYLLIUM DISTRIBUTION IN ROCKS
OF CENTRAL KAZAKHSTAN

Purpose. To establish patterns of beryllium distribution in rocks to identify geochemically specialized rocks in order to improve
the effectiveness of regional forecasting aimed at expanding the rare metal base of the country.

Methodology. It is based on systematic and mathematical analyses. The basis of the work laid on the system of regional clarkes
of Central Kazakhstan, based on these data correlation graphs of interrelations of an element with oxides of various elements in
rocks are constructed, by means of which features of Geochemistry of beryllium in geological formations are revealed.

Findings. On the basis of the analysis of distribution and established correlations of beryllium in rocks of Central Kazakhstan
the geochemical regularities of its distribution in different types of rocks are determined and geochemically specialized rocks in
relation to this element are revealed. The patterns of beryllium distribution and factors influencing its distribution in rocks of Cen-
tral Kazakhstan are revealed. It is established that the terrigenous and metamorphic rocks with the highest content of SiO, and
K,O0 have higher average contents of Be compared to chemogenic ones. This indicates that the terrigenous rocks of the studied
region are products of mechanical destruction of previously formed igneous rocks, and metamorphic rocks were formed by re-
gional isochemical metamorphism. All the patterns characteristic of igneous rocks of Central Kazakhstan are characteristic of the
products of their destruction and isochemical changes as well, which is determined by their geological position, namely, confined
to the zones of erosion and destruction of the original rocks of geosynclines and spatial relationship with igneous rocks.

Originality. For the first time an analysis of the distribution of Be in the rocks of Central Kazakhstan was carried out on the
basis of the developed system of regional clarkes and the laws of its distribution were established; for Be geochemically specialized
and potentially ore bearing rocks were identified . The regularities of beryllium distribution, typical for different genetic types of
rocks, testifying to the processes of destruction of parent rocks and accumulation of sedimentary rocks in geosynclinal structures
are also determined.

Practical value. Consists in the fact that in the general system chain of metallogenic forecasting and searches, the established
data on the geochemical specialization of geological formations in relation to beryllium will allow the formational interpretation of
anomalous geochemical fields detected during the multi-purpose geological and geochemical mapping; zoning of the studied ar-
eas by types of geological formations possessing one or another potential ore content with the release of the most productive sub-

formations; giving quantitative estimates of forecast resources.
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Introduction. Beryllium is a unique, rare, and strategically
important metal. It increases corrosion resistance and is used
as an alloying element to improve the properties of metals.
Due to its physical properties, beryllium is widely used in avia-
tion, rocket, space and energy infrastructure, which entails the
growth of demand for beryllium on the global market. The
growth in electronics consumption has led to a significant in-
crease in the demand for beryllium on the world market. This
element is considered as a strategic metal for the CIS countries
and the EU [1]. The USA is a leader in the global beryllium
market with over 87 % of the world’s metal production fol-
lowed by China, Mozambique, Brazil and Madagascar.

Consumption of beryllium in the world is already ahead of
supply. Kazakhstan has several large beryllium deposits. Stable
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operation of the country’s industry requires expanding rare-
metal reserves. In this regard, there is an emerging scientific
interest to the geochemistry and metallogeny of beryllium.
Reliable data on the distribution of the element in the rocks of
Central Kazakhstan enable to study the patterns of distribution
of beryllium, which falls within the rare metal group. In Cen-
tral Kazakhstan, there are about one hundred beryllium de-
posits, including deposits with unique reserves. Clarke of be-
ryllium in the earth’s crust varies from 1.5 to 3.8 g/t.

Central Kazakhstan has necessary geochemical resources
and a system of regional rock clarkes for 168 types of rock [2,
3]. The studied area is one of the most geochemically studied
regions of the world. This area boosts a significant number of
commercial rare metal deposits: proper tungsten, complex de-
posits, proper molybdenum, rare-metal, complex deposits.
There are two explored beryllium deposits in Kazakhstan,
Nurataldy in Central Kazakhstan (beryl) and Karazhal in
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Chingiz (gelvin, chrysoberyl). In small objects, beryllium is
recorded as a co-component in molybdenum-tungsten and
tantalum deposits. Therefore, the search for new commercial-
ly significant deposits in beryllium is highly relevant. Due to
systematic analysis of data on the geochemistry of beryllium
and existing system of regional rock clarkes and clarkes of the
earth’s crust, a number of results have been achieved. Geo-
chemically specialized beryllium-containing rocks have been
identified which are the most important tool in geochemical
forecasts and prospecting. In the general flow of metallogenic
forecasting and prospecting, the found data on the geochemis-
try of geologic formations with respect to Be will facilitate for-
mational interpretation of abnormal geochemical fields dis-
covered during multi-purpose geological and geochemical
mapping. It will also enable to classify the studied territories
according to the types of geological formations having particu-
lar potential mineralization with identification of the most
productive subformations, as well as to quantify estimated re-
sources.

Clarkes of Beryllium shown below in igneous, sedimenta-
ry, and metamorphic rocks of large folded polycyclic region of
Central Kazakhstan will significantly add to the geochemistry
of this element in these types of rocks and processes that affect
the distribution patterns.

Geological position of Central Kazakhstan in global struc-
tures. The Central Kazakhstan region today is a mosaic struc-
turally complex mega-sheet folded structure in the western
part of the Ural-Mongolian folded belt, referred to in modern
literature [4, 5] as the Central Asian orogenic belt. It is located
between East European, Siberian, Tarim and North Chinese
cratons [4—6], one of the longest and most complex mobile
zones of the Earth, which combines large tectonic blocks of
microcontinents (Kokshetau, Ulytau, Aktau-Zhongarsky and
others) and fragments of tectonic plates [7], composed of geo-
logical formations of various geotectonic situations framed by
Lower Paleozoic volcanogenic, siliceous and flysch complex-
es. As for the structure of microcontinents, it is formed by the
Precambrian metamorphic basement (composed of amphibo-
lites, ortho-crystalline schists, eclogites, quartzites, metaba-
salts, paracrystalline schists, etc.) and a complex deformed
cover [8, 9]. According to the time of the formation of the ma-
ture continental crust, it falls within the Caledonian and Her-
cynian tectogenesis as per Fig. 1. The rocks of the region are
AR-J igneous, sedimentary, and metamorphic rock.

Igneous rocks of Central Kazakhstan are found practically
throughout the entire territory and are associated with oro-
genic processes and tectono-magnetic activization. The basic
part of sandy rocks of Central Kazakhstan is distributed in
ophiolite and arc complexes (Early Caledonian, Devonian,
Late Paleozoic volcanic plutonic belts). Carbonaceous rocks
of Central Kazakhstan are confined to the riftogenic structures
of the Hercynian zones of tectonic-magmatic activization.
Similarly to other regions of the world, siliceous rocks are lo-
cated in Central Kazakhstan mainly among the Lower Paleo-
zoic sediments of the Caledonian geosynclines. Siltstones and
mudstones are confined to epiproterozoic and epipaleozoic
platforms and quasi-platforms.

Patterns of beryllium distribution. In the igneous rocks of
Central Kazakhstan, the concentration of beryllium is associ-
ated with acid and ultra-acid rocks, including alkaline and
subalkaline granitoids (Table, Fig. 2). It was found that with
increasing silicic acidity of rocks the correlation between the
beryllium and fluorine contents in the igneous rocks of Central
Kazakhstan increases, as well as there is a direct proportional
relation between the beryllium contents and the SiO, value
(Fig. 3). To plot the graphs in Fig. 3, rocks that have Be clarke
in rocks higher than the clarke of the earth’s crust are excluded
from the general ranking (as a rule, they are considered geo-
chemically specialized): alkaline, subalkaline rocks (clarke
No. 4,40, 41,9, 60, 61) and ultra-acidic plutonic leucogranites
(clarke No. 54, 53, 62, 63, 65, 64, 67).
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Fig. 1. Tectonic position of Central Kazakhstan in global struc-
tures by (Glukhan, Serykh, 1996):

1 — Early Precambrian platforms, 2 — Post-Karelian platform
massifs, 3 — Precambrian massifs processed by Paleozoic tectonic
movements. 4—8 — Ural-Mongolian folded belt structures: 4 — belt
borders, 5 — Baikalids, 6 — Salairides, 7— Caledonides, § — Her-
cinids. 9 — Alpides. 10— 11— volcanic-plutonic belts: 10— Central
Kazakhstan (Devonian), 11 — Balkhash-1li (Late Paleozoic).
12 — superimposed synclines on the folded Caledonian basement,
13 — superimposed Hercynian synclines. Numbers on the map:
1-3 — platforms: 1 — East European, 2 — Siberian, 3 — Korean-
Chinese. 4-5 — platform massifs: 4 — Tarimsky, 5 — Zhungarsky.
6—8 — Caledonian folded belts: 6 — Kokchetav-North-Tien Shan,
7 — Chingiz, § — Altai-Sayan. 9-12 — Hercynian folded belts: 9 —
Ural, 10 — Zhungar-Balkhash, 11 — Irtysh-Zaysan, 12 — South
Tien Shan. 13— 16 — depressions: 13 — Tobolsk, 14 — Teniz, 15 —
Zhezkazgan, 16 — Chu
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Analysis of the patterns suggests that the beryllium content
naturally increases in alkaline rocks of Central Kazakhstan
with an increase in Al,O;. There is a clear correlation between
Be and Al,O; ranging from 4 to 21 (Fig. 4), characterized by
statistics R=0.92; S=+ 0.8 g/t with the equation: y = 0.112x".
It was established that during crystallization of granitoids, be-
ryllium follows silicon, and in alkaline formations it follows
after aluminum and its clear correlation dependence is higher
in alkaline rocks than in granitoids.

Studies on the patterns of Be abundance in sedimentary
rocks of Central Kazakhstan found that elements are grouped
into three distribution regions (Fig. 5): I — limestone, dolo-
mite, dolomitic limestone, calcareous dolomite, siliceous
limestone, silty limestone, silty dolomite; /1 — jasper, clay
jasper, phthanite, clay phthanite, flint, clay flint, tuff silicite —
low, although it has a trend of growth from limestone (0.3 g/t)
to silty limestone (0.6 g/t) in the first cloud and a trend of de-
crease from clay phthanite (0.9 g/t) to jasper (0.5 g/t) in the
third cloud, which is explained by the absence of carrier min-
erals or beryllium concentrators. Also, two terrigenous rocks,
quartz sandstone and oligomesomictic, fall within the third
cloud as chemogenic sediments with high silicon content
(84.89—91.99 %). In the second cloud where the Be content is
increased, terrigenous sediments are observed which show an
increase in the average Be content with an increase in the po-
tassium content. This suggests that terrigenous rocks are the
products of mechanical destruction of the previously formed
igneous rocks of the region. Moreover, all their characteristic
patterns stay in their alteration product, in particular in litho-
clastic greywackes, siltstones, and mudstones.

By the nature of beryllium distribution in metamorphic
rocks of Central Kazakhstan, two groups can be distinguished:

6 ISSN 2071-2227, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2019, N2 6



Table

Regional clarkes of Be in igneous rocks of Central Kazakhstan by [2]

Igneous rock No. of clarke SiO, %
Ultrabasic 32 39.86
33 40.16
31 41.68
No. of clarke SiO, % No. of clarke SiO, % No. of clarke SiO, % | No. of clarke SiO, %
Basic 35 44.10 37 48.25 1 49.67 3 50.01
34 46.19 36 49.26 2 50.44 4 53.59
Middle 40 54.38 6 55.45 10 60.27 12 61.12
41 54.59 39 55.48 13 60.35 14 61.30
8 54.81 7 55.49 44 60.80 45 61.34
38 55.29 9 56.16 42 60.86 43 61.68
5 55.31 1 60.17 46 60.85 - .
Acid 17 65.06 48 65.83 58 70.21 20 70.93
16 65.23 49 65.83 24 70.34 21 70.94
47 65.47 51 66.00 23 70.42 60 70.97
15 65.49 18 66.06 25 70.44 61 71.06
19 65.64 52 66.53 56 70.54 59 71.58
54 65.72 53 65.99 57 70.89 - -
50 65.81 55 70.14 22 70.93 - -
Ultra-acid 62 73.94 63 75.20 64 75.55 30 75.70
26 74.47 28 75.34 67 75.55 27 75.88
29 74.81 65 75.54 66 75.69 . =

ultrabasic
ultra-acid

41.68

53.59 61.68 71.58

Fig. 2. Graph of Be distribution in igneous rocks depending on
the SiO, content
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Fig. 3. Graphs of Be distribution in igneous rocks depending on
the SiO, (a) and F (b) content

a uniform distribution (graph /) and a distribution with an ex-
tremum in the range of SiO, content from 70 to 75 % (Fig. 6).

Analysis of the patterns of Be distribution in metamorphic
rocks showed that if the element content is low in ultrabasic
and basic igneous rocks, there is accordingly no increased Be
content in ultrabasic and basic metaplutonic and metavolca-
nic rocks (clarkes No. 155, 156, 161, 163, 164 according to [2,
3]). An increased content of Be is observed in potassium meta-
sedimentary rocks (clarkes No. 147, 148, 150, 152) and meta-
volcanic rock types (clarkes No. 159, 160). If a rock has high
silicon content with low potassium content, the Be content in
it will be lower (metaplagiogranite, clarke No. 165, was formed
during the alteration of a mother rock of plagiogranite (Na
granite) with average Be content 0.8 g/t). In rapakivi-like me-
tagranites, metaleukogranites, and meta-alaskites with in-
creasing silicon the Be content increases (clarkes No. 166, 167,
168 respectively) as shown in Fig. 6.

The main feature of distribution of Be in the rocks of Cen-
tral Kazakhstan is that sedimentary and metamorphic rocks
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Fig. 4. Graph of Be distribution in alkaline rocks depending on
the Al,O5 content
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Fig. 5. Correlation field of the distribution of Be and SiO, in

(3

sedimentary rocks
3 70 75
Il »
25 ! o
N
2 5
g
15 o
=
:’; ! v
mO,S
Si02,%
0 @ [~ g Voo |d|lo|lclol NIV IMN|T | S (VN |||
oMo |ofldd|ds (R |o|s(~fa|d(B(a|f|=|(a|a|a|x|x
Wl IV O|C|O |~ ||| nwl ol ol |w
g|g|2|2|2|2|8|e|g|8|2|2|:|=|r|R|R|2|e|e|e|als
1156.[164.]163.|155[161.|146]162{147]157.|148/|150.|158.149/159]166.|165|167.|1168.[160.[151.[/152.[153,|154 |

Fig. 6. Graph of Be distribution in metamorphic rocks depend-
ing on the SiO, content

have the same distribution patterns that are characteristic for
igneous rocks. They have correlation dependences of Be and
SiO, (Figs. 3, a, 7), as well as of Be and K,O at R = 0.74 for
igneous rocks, R = 0.84 for sedimentary, R = 0.92 for meta-
morphic rocks (Fig. 8).

All the established patterns of Be distribution in the rocks
of Central Kazakhstan indicate the proximity of the composi-
tions of these rocks and testify that when the geosynclines were
eroded, the base rocks were not subjected to strong alterations,
and the same composition was preserved during regional iso-
chemical metamorphism. Significant similarity of the compo-
sition of mother rocks and source area rocks in geosynclines
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Fig. 7. Graphs of Be distribution in sedimentary (terrigenous)
(a) and metamorphic (b) rocks depending on SiO, content

under different geodynamic conditions was noticed earlier by
researchers in [9—11]. According to the authors, this is due to
erosion of the base rocks and translation into sedimentary
rocks without significant fractionation while preserving the
parameters of the source rocks, which is also confirmed by the
results of our study.

Conclusions. There has been determined general pattern of
an increase in Be content in all types of rocks of Central Ka-
zakhstan depending upon SiO, content. For igneous rocks of
Central Kazakhstan, a correlation dependence between Be
and F was established, as well as the fact that beryllium con-
tent and the amount of SiO, are in a direct proportional rela-
tion. There is an increased content of Be in alkaline rocks,
which is explained by the correlation between beryllium and
aluminum described by the equation: y = 0.112x"°. It is proved
that the main feature of the pattern of Be distribution in the
rocks of Central Kazakhstan is the similarity of patterns of dis-
tribution in both sedimentary/metamorphic and igneous
rocks. Correlation dependences of Be and SiO, are observed in
them with a correlation coefficient of R =0.4 and R = 0.45 re-
spectively, despite the fact that in igneous rocks this coefficient
R=0.77, as well as Be and K,O at R = 0.74 for igneous rocks,
R = 0.84 for sedimentary rocks, R = 0.92 for metamorphic
rocks. All potassium varieties of rocks of the studied region
have higher beryllium grades as compared to sodium and
K-sodium varieties of the same types of rocks.

This indicates that in the territory of Central Kazakhstan
during the erosion of mother rocks in geosynclinal regions and
systems under various geodynamic conditions terrigenous
rocks were formed out of them, whereas regional metamor-
phism occurred isochemically, i.e. without chemical altera-
tion in the source rocks. These data can be helpful for recon-
structing the exogenous processes of formation of sedimentary
rocks and deposits since they can provide information on the
sources and mechanism of ablation of the base material and

10, %

0,00 2,00 4,00

Fig. 8 Graphs of the distribution of Be in rocks depending on
the K, O content:

a — igneous; b — sedimentary, c — metamorphic
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the concentration of rare and rare-earth elements in sedimen-
tary rocks, in particular mudstones and sandstones. During
the study on the distribution of beryllium in the rocks of Cen-
tral Kazakhstan, some geochemical characteristics related to
factors that determine geochemical specialization of the rocks
were revealed. In particular, chemical composition of the
source rocks is most important parameter in controlling the
formation of sedimentary and metamorphic rocks. In turn,
composition of the rocks directly depends on the geotectonic
processes and the geodynamic setting. For example, weather-
ing conditions affect geochemistry of sedimentary rocks. Sig-
nificant changes in the chemistry of rocks can occur during the
transfer of sedimentary particles, which lead to the accumula-
tion of elements in clay constituents. At the same time, in
Central Kazakhstan, just like in many other geosyncline zones
of the world, there are a significant number of coal deposits
where coals, host rocks, as well as interlayers (tonshteins) also
contain rare, rare-earth and noble elements.

There have been defined geochemically specialized rocks,
including potentially Berillium ore bearing rock: subalkaline
potassium quartz syenites, alkaline quartz syenites K-Na, sub-
granites, leucogranites, alkaline-feldspar leucogranites, leu-
cogranite alaskites, alkaline alaskites.

It is recommended to use regional clarkes of Be for fore-
casting and prospecting purposes in the territory of Central
Kazakhstan since the established patterns of its distribution
confirm the feasibility of their use, showing all the features of
chemistry, magmatism, sedimentation and metamorphism of
the studied region.
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Meta. BctaHOBUTH 3aKOHOMIPHOCTI pO3MoIiy OepuJiito
B TIOpOJAax [JIs1 BUSIBJIEHHSI TEOXIMIYHO CIiellialli3oBaHUX T10-
pil 3 METOI0 MiABUILEHHS Pe3yJIbTaTUBHOCTI perioHaTbHUX
MPOTHO3HUX POOIT, CIPSIMOBAHUX HA PO3IIMPEHHSI PilKOMe-
TaJIbHOI 0a3u KpaiHu.

Metoauka. basyeTbcsi Ha CMCTEMAaTMYHOMY W Marema-
TUYHOMY aHalli3aX. B OCHOBY po0OTH MOKJIaaeHa cucTeMa
perioHanbHUX KaapKiB LleHTpanbHoro KaszaxcraHy, rpyHTy-
IOUMCh Ha IIUX JAHUX — MOOYIOBaHi KopessliiiHi rpadiku
B3a€EMO3B’SI3KiB eJieMeHTa 3 iHIIIMMU OKCUJIAMU B TTIOPOaX, 3a
JIOMTOMOTOI0 SIKMX BUSIBJIEHI OCOOJIMBOCTI reoxiMii Gepuitito B
reoJIOriYHUX (opMalLlisix.

PesyabraTn. Ha ocHOBI aHauti3y po3nojiisly Ta BCTAaHOBJIE-
HUX KOpeJSILiHMX 3B’A3KiB O6epuitito B moponax LleHTpanb-
Horo KazaxcraHy BHM3HAaueHi TeOXiMiuHi 3aKOHOMipHOCTi
1Oro po3MoIily B pi3HUX TUIAX MOPiJ i BUSBJIEHI FeOXiMiuHO
crieniagizoBaHi MOpoOAU y BiTHOILIEHHI 1aHOTO ejleMeHTa. Bu-
SIBJIEHI (paKTOpH, 1110 BIUIMBAIOTh HAa MO0 PO3MOIiI y ITOPO-
nax LlenarpanpHoro Kazaxcrany. BcraHoBieHo, 1110 TepureH-
Hi i1 MeTaMopdivHi Mopoau 3 HaitGinbIMMuU BMicTaMu SiO; i
K,O Mmatoth minBuieHHi cepeaHi BMicTi Be B MOpiBHSIHHI 3
xeMoreHHUMHU. Lle cBimunTh Mpo Te, 10 TepUreHHi Mopoan
TOCJIIKYBAHOTO PETiOHY € MPOAYKTaMU MeXaHiYHOTO pYyi-
HYBaHHSI paHillle YTBOPEHUX MarMaTUYHUX TIPCbKUX MOPiL, a
MeTaMop®diuHi TOPOAY YTBOPUIIUCS MPU PETiOHATBHOMY 130-
XiMiuHOMY MeTaMopdi3Mi. Yci 3aKOHOMIPHOCTi, XapaKTepHi
11t MarMatuyHux nopia LlentpansHoro Kazaxcrany, xapak-
TEpHi I U MPOAYKTIB iX pyifHYBaHHSI Ta i30XiMi4YHOI 3MiHU,
110 BUBHAYAETHCSI X TEOJIOTIYHUM TIOJIOKEHHSIM, a caMe TIpH-
YPOYEHICTIO J0 30H PO3MUBY i1 pYMHYBaHHSI BUXiITHUX MOPi/I
TFeOCUHKJTiIHAJIEH i MPOCTOPOBUM 3B’SI3KOM i3 MAarMaTUYHUMU
MOPOAAMU.

HaykoBa HOBH3HA. YTIepllie MPOBEIeHO aHaJli3 po3IoaiLy
Be B noponax LlentpanbHoro KaszaxcrtaHy Ha OCHOBi po3po-
0JIeHOI CUCTEMU perioHaJbHUX KJIAPKiB i BCTAHOBJIEHI 3aKO-
HOMIPHOCTI MOro po3Mnoijly; BUSBJIEHI reoXiMiuHO crieniati-
30BaHi i1 MOTEHIIIHHO PyIOHOCHI nopoau 1oao0 Be. Takox
BU3HAUYEHi 3aKOHOMIpHOCTI pO3Moiay Oepuililo, XapakTepHi
IUJTS PiI3HUX TEHETUYHMX TUIIIB MOPiJ, 1110 CBiAYaTh PO IMpo-
LieCU pYMHYBaHHS MATEPUHCHKUX MOPiJl i HAKOMWYEHHI oca-
TIOBUX TTOPiNl y TEOCUHKITIHAJIBHUX CTPYKTYpax.

IIpakTiyna 3HaYMMicTh. [Tosisirae B ToMy, 1110 B 3arajibHO-
My CHUCTEMHOMY JIAHITIOXKY OIlepaliii MeTaJoreHiYHOTO
MPOTHO3Y I MOILIYKiB BCTAHOBJICHI JaHi PO reoXiMiuyHy crie-
Lianizaltito reosiorivHux Qopmatiii 1momao O0epuiliio 103BO-
JISITh MPOBOAUTU (popMalliiiHy iHTeprpeTaiilo BUSIBICHUX Y
XOJli 6araToliJIbOBOrO Te0JIOriYHOTO 1 reoXiMiYHOro KapTy-
BaHHSI aHOMAaJIbHUX TeOXiMiYHMX IOJIiB; 3IiMCHIOBATU paiio-
HYBaHHSI JOCTIIPKYBAHNX TEPUTOPIli 32 TUTIAMU TE€OJIOTITHUX
¢opmalliit, 1110 BOJIOIIIOTh Ti€I0 UM iHIIOIO MOTEHIIIMHOI py-
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JIOHOCHICTIO 3 BUAUIEHHSIM HaWOUIbII MPOAYKTUBHUX CYO-
dopmaltiit; 1aBaTH KiJbKiCHi OLIIHKW TPOTHO3HUX PECypCiB.

KimouoBi cioBa: eeoximis, Oepuniii, maemamuyHi nopoou,
0cadogi nopoodu, memamopgiuni nopoou, Llenmpanrvruii Kazax-
cmau

3aKOHOMEpPHOCTH pacnpese/ieHus OepuLIns
B noponax IlentpaiabHoro Ka3zaxcrana

B. C. Ilopmnos, A. H. Konobaesa, A. AmaneeavOuxui3bl,
H. C. Ackaposa

KaparannnmHckuii rocyiapcTBeHHbIN TEXHUYECKUIT YHUBEP-
cutet, r. Kaparanpma, Pecny6iuka KazaxcraHn, e-mail:
aiman_25.87@mail.ru

enb. YcTaHOBUTH 3aKOHOMEPHOCTH pacIipeneaeHus oe-
PWJLIUS B MOPOAAX JIJISl BBISIBIICHUSI TEOXUMUYECKHU Criela-
JIM3UPOBAHHBIX TTOPOJ C LIEJTbIO TTOBBIIICHUS Pe3yTIbTaTUBHO-
CTU PErMOHAJIbHBIX MPOTHO3HBIX paboT, HAMpPaBJICeHHBIX Ha
pacuIMpeHre peIKOMETaITbHOI 0a3bl CTpaHHI.

Metomuka. basupyeTcst Ha ccTeMaTHYeCKOM M MaTeMa-
THYECKOM aHajn3aX. B ocHOBY paboThI MOJIOXKEHA CHCTeMa
pernoHaIbHBIX KiapkoB LlenTpanpHoro Kasaxcrana, ocHO-
BBIBAsICh HA 3TUX JAHHBIX — IMOCTPOEHBI KOPPEJSAIIMOHHBIC
rpauKy B3aMMOCBsI3ed 2JIeMEeHTa C IPYTMMU OKCUIaMU B
Mopo/Iax, ¢ MIOMOIIBIO KOTOPBIX BBISIBICHBI OCOOEHHOCTH Te-
OXUMUU OEPWILTUST B TEOJTOTMUECKMX (DOPMATTHUSIX.

PesyabraTel. Ha ocHOBe aHanm3a pacripeneiaeHus U ycTa-
HOBJICHHBIX KOPPEJISILIMOHHBIX CBsi3eil Be B mopomax LleH-
TpajgbHOoro KaszaxcraHa ornpenesieHbl TCOXMMUYECKUE 3aKO-
HOMEPHOCTH TOBEICHUS OepUJUTHSI B Pa3TMUHBIX TUTIAX TO-
POl ¥ BBISIBJICHBI TCOXMMUYECKH CITeLIMAIM3UPOBAHHBIE T10-
POIBI B OTHOIIIEHWH JJAHHOTO 2JIeMeHTa. BBIsSIBIIeHBI 0COOEH-
HOCTH 3aKOHOMEpPHOTO0 pacripeaeneHus: Be u ¢akropsl, Biu-
SIIOIIMEe Ha ero pacrpeneieHus B ropoaax LleHTpanbHOro
KazaxctaHa. YcTaHOBJIEHO, YTO TEPPUI€HHBIE U METaMOp-
duyeckue noponbl ¢ HaUOOIbIIUMU cofepKaHusiMU SiO, 1
K,O umeroT noBhIIIEHHBIE CpeHUE coepkaHus Be, Takke
KaK 1 MarMaTu4ecKue MOpOoIbl IO CPABHEHUIO C XeMOTEHHBI-
MH. DTO CBUIETEIBCTBYET O TOM, YTO TEPPUTEHHBIE TTOPOIBI

M3y4aeMOTo PeruoHa SBJISTIOTCS MPOIYKTaMU MEXaHUUECKO-
ro paspylleHus1 paHee OOpa30BaBIIMXCS MarMaTUYECKUX
TOPHBIX TTOPOJI, a MeTaMOpGhUIECKIEe TTOPOIB 00Pa30BaATUCh
MPU PErMoOHaAJIbHOM HM30XMMUYECKOM MeTtamopdusme. Bcee
3aKOHOMEPHOCTH, XapaKTepHBIC IJIST MarMaTHUECKUX TTOPOJT
LentpansHoro KazaxcraHa, xapakTepHbl U JUISI TTPOJYKTOB
WX pa3pylIeHUS U U30XMMUYECKOTO U3MEHEHMS, YTO OIlpe-
NIEJISIETCST UX T€OJJOTUYESCKUM TTOJIOKEHUEM, a UMEHHO TIpUYy-
POYEHHOCTBIO K 30HAM pa3MbIBa M pa3pylICHUS MCXOTHBIX
NOPOJ TeOCUHKIMHAICH M MNPOCTPAHCTBEHHOM CBSI3bIO C
MarMaTU4ecKUMU TTOPOIaMU.

Hayunas noBu3Ha. BriepBble mpoBeeH aHalu3 pacrpe-
nenenust Be B noponax LlenrpanbHoro Kazaxcrana Ha ocHO-
Be pa3pabOTaHHOI CHUCTEMbl PErMOHAJbHBIX KJIApKOB U
YCTaHOBJICHBI 3aKOHOMEPHOCTHU €T0 pacIipeie/ICHUST; BBISB-
JIEHBI TEOXMMUYECKU CTIELIMAIM3UPOBAHHbBIC U TOTEHLIMAIb-
HO pyIOHOCHBIE TOpoabl B oTHoIeHn Be. Takske omnpene-
JIEHbl 3aKOHOMEPHOCTM paclipefesieHus: OepuLIns, Xapak-
TEepHBIC UISI Pa3HbIX T€HETUYECKUX TUIIOB ITOPOI, CBUIE-
TEJbCTBYIOIIME O TIpoleccax pa3pylIeHUs] MaTePUHCKUX
IOPOJI ¥ HAKOTUIEHUSI OCaJOUYHBIX TIOPOJI B TEOCUHKIMHAb-
HbBIX CTPYKTYpax.

IIpakTHyeckass 3HAYMMOCTh. 3aKJTI0YAeTCS B TOM, YTO B
001Iel CUCTEMHOM LIeNOoYKe Orepalyii MeTalJIoreHUYeCKO-
T'O IMPOTHO3a M TIOMCKOB YCTAHOBJICHHBIC TAHHBIC O TCOXUMM -
YECKOU crielMan3aliMu reojJornyeckux opMaiuii B OTHO-
IIEHUU OepIIIUS TTO3BOJISIT IMTPOU3BOIUTH (POPMAIIOHHYIO
MHTepIpeTalnno oOHapy>KEHHBIX B XOJIe MHOTOIIEJIEBOTO Ie-
OJIOTUYECKOTO M TEOXMMHMUYECKOTO KapTUPOBAHUSI aHOMAaThb-
HbIX T€OXUMUYECKUX TOJIe; TPOU3BOAUTh pallOHMPOBaHE
HCCIIeyeMBbIX TEPPUTOPHII IO TUIIAM TeOJIOTMYECKUX (hop-
Mauui, odJagaolmX TOM UM UHOM MOTeHUMATbHOU Pyl10-
HOCHOCTBIO C BBIICJIICHNEM HaubOojee MPOAYKTUBHBIX CyO-
(opmariuii; 1aBaTh KOJIMYECTBEHHBIE OLIEHKW MPOTHO3HbBIX
pecypcos.

KinioueBsbie cioBa: eeoxumus, bepuniuil, masmamuuecKue
nopoodvt, ocadounvle nopodsl, memamoppuueckue nopoost, 1len-
mpanvhbiil Kazaxcman
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