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Results of REE and other isomorphic substituted elements distribution in apatite from car-
bonate, silicate rocks, and skarns from the Aldan Shield (Siberian Platform, Sakha (Yakutia) Re-
public) as well as peculiarities of its composition are given. Initial data were obtained by electron
probe microanalyses (EPMA) in order to clarify the apatite forming process and determine its
peculiarities during origin of the investigated rocks and ores.

Analyzing of the studied elements was made on the apatite sections, which were prepared
due to cut of the samples perpendicularly to the L4 axis of the mineral. Received concentration
data authors used to create a set of component distribution maps for every studied element. Com-
parison of the concentration isopleths have been shown complicated pictures of the studied ele-
ments distribution besides relatively well prismatic crystal habit of the apatite.

Any clear differences in elements distribution within apatite crystals from the genetically
various mineral associations have not been detected. Heterogeneous character of element distri-
bution within the same apatite indicates on irregular components supply for different growth sec-
tors of apatite.

Key words: apatite, REE, Sr, isomorphism, apatite-carbonate and apatite-silicate rocks, skarn,
Precambrian, Aldan Shield.

Apatite is a unique mineral for investigations of sedimentary, metamorphic and magmatic
processes (in which apatite is typical accessory phase or, more rarely, rock forming compo-
nent, as in carbonatites, pegmatite, skarns, etc.) due to wide developed of isovalent (Ca*" —
Ba*", Mn*", Sr*"; F* — CI', OH, etc.) and heterovalent (2Ca*" — Na" + REE*"; Ca*" + P°" —
REE™ + Si*; 2P°" —  S% 4 Si*; Ca*" + P" — S + Na’, etc.) [3, 10, 14, 15] isomorphic
substitutions.

Many investigators have examined the possible role of elements-substituent in apatite
from different formations and have suggested that the observed enrichments in some compo-
nents are probably the result of formation in specific petrologic processes. Indicative examples
in this sense are high concentration of strontium (more than 5 wt. % of SrO) in apatite from
alkaline rocks from the Hibiny and Murun Massive (Russia), REE (more than 2 wt. % of REE
sum) in apatite from carbonatites [12, 13], and manganese (up to 4 wt. % of MnO) in apatite
from some pegmatites [2, 10, 14], etc.

These researches have been started firstly during of applying period of the “wet chemistry”
classic method, and, therefore, obtained results often reflect of bulk apatite composition of
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sample even with its high purity and refining from mechanical inclusions. To do petrologic
conclusions the scientists calculated obtained in such way data and received average volumes
for each detected element in apatite which than compared to average contents of the same
elements in apatite from the etalon petrologic formations. With improving of the analytical
methods and progress in its precision a number of elements with low and very low levels of
concentrations in apatite were detected. Application of X-ray fluorescence (XRF), instrumen-
tal neutron activation (INAM) and inductively coupled plasma mass spectrometry (ICP-MS)
methods helped in characteristics of elements for coexisting with apatite minerals (oxides,
silicates, carbonates, etc.) with low levels of the similar components [2, 7]. Due to these sig-
nificant peculiarity new possibilities for determinations the same elements from different gen-
eration of the minerals and, therefore, obtaining general pictures elements distributions from
the beginning up to final stages of mineral and rocks forming processes.

For estimations of similarity—difference between separate minerals and different genera-
tions of the same mineral in respect to common petrologic etalons, besides average amounts,
investigators involved various component diagrams which are regarded as marks for typical
petrologic processes. For example, chondrite-normalized REE distribution patterns for apatite
as well as for coexisting phases have routine application for modern works [7, 8]. Sometimes,
for illustrative purposes and comparisons geologists employed shale-normalized REE distribu-
tion patterns for apatite or associated minerals from distinguished sedimentary in origin rocks.

In any auspicious case, there is a big vagueness concerning determined elements in host
apatite. Improving of local analytical methods and its wide development for apatite investiga-
tions, have been support success in determination of separate elements species in the mineral
and determination of numbers minerals-inclusions which conclude of Fe, Mn, S, Si, etc. At the
same time, using of the different precise methods, various natures of separate elements in
apatite have been detected both as isomorphic traces in its structure and as small inclusions in
host mineral. Future development of investigations of the endogenous rocks, which were early
regarded as exotic formations, with increasing of their role as a source of critical metals for
modern technique and high technology apatite became significant mineral as a bearing phase
of important industrial elements or is permanent component in the mineral associations from
ore of such elements.

Analysis of last investigations. Much less works have been conducted on metamorphic
rocks and especially on determining the speciation of different elements in apatite from the
Precambrian rocks and phosphorus, iron and REE ores. REE, Sr, etc. contents and their nor-
malized patterns are widely used for recognition of the primary nature different rocks and for
the assessment of their subsequent alterations. In contrast to the considerable elements mobil-
ity during hydrothermal and metasomatic alterations, apatite from metamorphic rocks is often
demonstrated inert behaviour of its components. Due to this case there is a possibility to dis-
tinguish primary protolithic and subsequent processes signatures. At the same time, any detail
investigation in this direction necessary to carry out with determination of location forms for
each element admixture in apatite. The discovery of the Seligdar apatite deposit in the Pre-
cambrian rocks of the Aldan Shield (Siberian platform) [4] has stimulated scientific investiga-
tions of this unusual for metamorphic blocks apatite-bearing formations. Noted above pecu-
liarities of elements distribution in the metamorphic apatite can be apply for understanding
nature of its location as well as origin of apatite-bearing ores.

At the earlier stages of apatite ores exploring at the Aldan Shield, in addition to geological
and structural data [4, 6], geochemical and isotopic evidences were appeared [3, 9, 13] on their
origin due to primary sedimentary protolith rich initially in phosphorus concentrations. Based
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on formal similarities in mineralogical composition and apatite enrichment of the metamor-
phic rocks, little knew before, some investigators proposed ideas about possible metasomatic
nature of the apatite rocks, their carbonate origin or connection to ultrabasic-alkaline with
carbonatite formation, etc. Besides geochemical data from geologists [9, 13], which shown
difference in REE and Sr enrichment of apatite from carbonatite, ultrabasic and alkaline rocks,
some subsequent works [12] contain declarations on unique nature of the Seligdar apatite
deposit.

In elaboration of our previous works on chemical composition of apatite from different
formations of the Aldan Shield, its peculiarities from exactly metamorphic rocks, grade and
variations of elements admixtures, and their often dual character of location in the crystals [11,
16], we collected direct data on spatial distribution of the significant elements within apatite
from three famous genetic types of the apatite-bearing rocks. Taking into account suggestions
on relationships of apatite enrichment and composition of phosphorus-bearing rocks in the
deposits and peculiarities of elements distribution in host apatite we attempted to determine
the picture of its distribution, differences for various genetic apatite types and origin of apatite
in connection with composition variations of the mineral forming fluids.

Geological setting and main rocks types. Following the Seligdar deposit, other apatite
prospects were also discovered in the Aldan Shield [6, 8] and supplied geologists with new
evidences on metamorphic origin of apatite significant mineralization here. Since then hy-
potheses of its origin as exotic to the Aldan Shield (a collapse caldera above an ancient vol-
cano, carbonatites, a two-stage graben, a stockwork over a mafic-ultramafic intrusion, an ex-
plosion pipe, a meteorite crater, metasomatites after missourites, a neck of peculiar carbonate-
sulphide lavas, etc.) have given place [4] to better documented ideas about the primary fold
structure and metamorphogenic nature of the deposit.

Examination of the apatite-bearing rocks has established the predominant development of
two geological-technological kinds of ores [6]: apatite-silicate (apatite, diopside, amphibole,
phlogopite, feldspar, and the less abundant of scapolite, quartz, sphene, magnetite and pyrite)
and apatite-carbonate (apatite, dolomite, calcite, Mg-silicates, quartz, sulphates, martite, feld-
spar). These have respectively been termed Khani- and Seligdar-type ores, after the two de-
posits, where the features of their composition and geological shapes are most clearly defined.

The apatite-bearing rocks made up lensed-banded sequences with gneisses and schists,
which have all undergone the same stages of deformation and are marked by a single struc-
tural style. The similar geological-structural position of the apatite-bearing rocks in the section
has led to a hypothesis that lithological and stratigraphic factors are decisive in control of their
distribution. This has determined the direction of exploratory work and assessment of similar
deposits in the metamorphic rocks of the Shield [4, 6, 8].

Sampling and analytical methods. During field trips and lab researches we studied apa-
tite-silicate and apatite-carbonate metamorphic rocks from different localities at the Aldan
Shield as well as skarns (apatite-silicate-carbonate rocks) mineral associations to find differ-
ence in origin of apatite crystals.

Taking into account various sharply isotopic compositions of the C and O from carbonates
different in origin [9], we used this feature to detected secondary hydrothermal and me-
tasomatic alteration with replacing of primary carbonate materials and sampled simultane-
ously apatite crystals and associated carbonate materials in the Seligdar, Birikeen, Chukurdan
deposits within the metamorphic rocks, and in the Emeldzhak, Kuranakh, Katalakh deposits in
skarns. We observed shape and field relationships between apatite and carbonates, and with
hosting and associated rocks. Special attention has been paid in determination of apatite and
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associated minerals distributions within poor and rich in apatite places of the hosting rocks.
Beside field investigation of apatite we also collected a set of the carbonate samples from
different localities named above.

Beside routine geological investigation we carried out petrographic studying of thin sec-
tions to determine of crystallization ordering for minerals of ores, gneisses, schists, marbles,
etc., which are typical for the deposits of region, as well as to check heterogeneity of individ-
ual minerals of the rocks to find sectors which were not affected by late alteration.

Previously estimated amounts of different components in the apatite by XRF, INAM and
ICP-MS methods [7, 11, 16] were used to detect species of their presence in crystals from
various rocks. We selected homogenous prismatic crystals with relatively similar sizes up to
lem in length. To do analysis of the elements with evidences of their structural position, per-
pendicular to apatite L axis sections were made.

The quantitative electron probe microanalysis (EPMA) of oxygen and other elements in
variably sections of the apatite preparations has been involved to measure the elements con-
centrations in individual grains using facilities of the Ocean Research Institute (University of
Tokyo, Nakano, Tokyo, Japan). Chemical analysis was carried out with an automatic 4-chan-
nel EPMA (JXA-733, JEOL) connected to a computer performing a standard correction on-
line by the ZAF method in which the true concentration is theoretically calculated by correct-
ing the atomic number, absorption and X-ray fluorescence effects on the intensity of X-ray [1,
5]. About 60 points on apatite sections were analyzed by electron probe microanalyzer.

The oxygen and carbon isotopic compositions in the whole-rock carbonates were analyzed
in the Laboratory of Stable Isotopes (Institute of the Lithosphere of Marginal Seas, Moscow).
Carbon dioxide was released from carbonates using the PbCl,. The relative difference in oxy-
gen and carbon isotope ratios in CO, (gas) was measured on a Varian MAT-250 mass spec-
trometer. The laboratory CO, was used as standard during isotopic measurement.

The accuracy of 8"°C and §'*0 measurement in whole-rock samples was +0.1 and +0.2 %o,
respectively. The Craig correction was taken into consideration for the determination of
613C53mp (PDB) and SISOsamp (SMOW). The oxygen correction was taken into account for
8"Cyamp (PDB).

Chemical composition of apatite in the main apatite-bearing rocks of the Shield. List
of elements determined early by chemical analysis of the bulk apatite samples [2, 7, 12] have
been reduced after apatite investigations with the XRF, INAM and ICP-MS methods [2, 7].
Admixtures of ALOs, Fe,O3;, MnO, and MgO detected before are represented by phases of
mechanical particles. At the same time, permanent presence of Si, S, Sr, and REE in micro-
probe analysis (see Table) led to opinion on structural substituents main components of apatite
by these elements. Apatite from three genetic types of rocks is rich in fluorine, and there is a
clear similarity in the F levels between them, but concentrations of Si and S are higher in apa-
tite from apatite-carbonate rocks and skarns, under very low (about 0.06—0.03 %) concentra-
tion of these elements in apatite from apatite-silicate rocks. Average grade of Sr is low in all
analyzed samples, and much less than previously reported [12, 13] for apatite from car-
bonatites and alkaline rocks.

Apatite from apatite-carbonate rocks and skarns is rich in La and Nd, under low concentra-
tions of Sm and Gd (see Table). At the same time, apatite from apatite-silicate rocks is poor in
all REE. So, there are not any similarity in average REE compositions in apatite even with
formally the same mineralogical associations, and apatite from etalons endogenous forma-
tions.
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Average chemical composition of three apatite samples after microprobe analysis, wt. %

Sample 1 (2 =15), Sample 2 (n = 25), Sample 3 (n = 19),
from apatite-carbonate e s
Element rock from apatite-silicate rock from skarn
I* 2** 1 2 1 2
P 17.52 0.17 18.50 0.17 17.71 0.21
Ca 38.34 0.21 39.25 0.34 38.53 0.20
F 2.94 0.06 3.03 0.11 3.10 0.08
Si 0.40 0.07 0.06 0.05 0.48 0.12
Al 0.002 0.003 0.002 0.003 0.003 0.003
Fe 0.003 0.007 0.060 0.008 0.040 0.120
Mg 0.007 0.006 0.004 0.005 0.005 0.003
Mn 0.01 0.01 0.01 0.01 0.01 0.01
Na 0.080 0.030 0.003 0.007 0.010 0.030
K 0.003 0.007 0.002 0.004 0.003 0.005
La 0.30 0.08 0.05 0.06 0.37 0.09
Nd 0.28 0.10 0.06 0.09 0.30 0.10
Sm 0.06 0.04 0.02 0.03 0.05 0.04
Gd 0.09 0.06 0.01 0.02 0.08 0.06
Sr 0.09 0.02 0.06 0.03 0.04 0.08
S 0.30 0.06 0.03 0.03 0.17 0.08

* — average value;
** — standard deviation.

Spatial distribution of the constituent elements of the apatite. Obtained data on chemi-
cal composition of the analyzed apatite have been involved to create a set of component distri-
bution maps for every studied significant element (Fig. 1-6).

Pictures of Sr distributing in the separate apatite crystal are quite different for the mineral
from apatite-carbonate and apatite-silicate rocks and skarns (see Fig. 1). There are series of
irregular minimum and maximum concentrations in separate sectors of crystals.

At the same time there is a vague similarity in position of the Sr, Si and S concentration
maximums for apatite from apatite-carbonate rocks (see Fig. 1, 2).

Some joint dim concentrations centre there is also in the pictures of Si and S distributions
for apatite from skarns (see Fig. 2, 3).

Much more irregular pictures are characterized for REE distributions (see Fig. 4-6). First
of all, we should note absence of any regulating in characteristics for separate REE. There are
isolated concentration fields with various shapes without any correlations between La, Nd,
Sm, Gd in apatite of the same genetic types of the apatite-bearing rocks. Analogous chaotic
locations of the same elements are typical for all apatite crystals (see Fig. 4-6).

Isotope signatures in carbonates of the region. In addition to previously published re-
sults of isotopic investigations [8, 9], we studied isotopic composition of carbon and oxygen in
carbonates of the various studied apatite-bearing rocks from the Aldan Shield in hope to esti-
mate the differences for these so heterogeneous in geological sense formations as well as to
avoid of products from the secondary processes during sampling. We suggested [6] high 8'*C
value up to +5.5 %o, PDB for carbonates from main ore bodies in the Aldan deposits. The
isotopic compositions of carbonates from apatite-carbonate rocks of all apatite deposits of the
Aldan Shield yield a scatter of 8"°C value from —0.5 up to +5.5 %o (PDB) and 8'*0 value from
+13.6 up to +22.2 %0 (SMOW) [9].
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Fig. 1. Distribution of Sr in the separate apatite crystal from apatite-carbonate (a)
and apatite-silicate (b) rocks and skarn (c).

Fig. 2. Distribution of Si in the separate apatite crystal from apatite-carbonate (@)
and apatite-silicate (b) rocks and skarn (c).
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Fig. 3. Distribution of S in the separate apatite crystal from apatite-carbonate (a)
and apatite-silicate (b) rocks and skarn (c).

Fig. 4. Distribution of REE in the apatite crystal from the apatite-carbonate rock.
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Fig. 6. Distribution of REE in the apatite crystal from the skarn.
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These values distinctly differ from data points of carbonates from apatite-free basement
rocks (marble and calciphyres) and more young limestones of the Yudoma Formation. This
difference is much sharper between isotopic data from carbonates from apatite ores and late
veins and skarns, which are significantly enriched in light carbon isotope.

So, obtained data have been suggested on presence a number of element admixtures in
apatite from all observed formations. Commonly they have dual nature and are represented by
fine mineral inclusions or substituent elements which replaced in apatite structure some main
components. Permanent presence of Sr, Si, S and REE as main replaced elements in apatite
structure is clear evidence on enrichment by these components of initial solutions during apa-
tite-forming processes without relation to its genetic nature. Quite different levels of studied
elements in the investigated apatite from the Aldan Shield and some etalon endogenous object
have been indicated obvious various natures of the apatite-bearing formations. From second
side, with these data we obtained facts on absence of any similarity between carbonates from
the apatite-bearing metamorphic rocks of the Aldan Shield and from carbonatites from famous
provinces or similar endogenous formations.

The isotopic data have been shown inert behaviour of CO, during minerals formation and
possibility to preserve of isotope marks on primary origin of carbonates from the rich in apa-
tite metamorphic rocks of the Aldan Shield. We got evidences of inert role of CO; in its possi-
ble recrystallization from primary sedimentary protolith rich in phosphorus.

So, we can regard peculiarities of various elements distribution in apatite as a primary
process. Comparison of the concentration isopleths have been shown complicated pictures of
the studied elements distribution besides relatively well prismatic crystal habit of the apatite.
Heterogeneous character of elements concentrations within separate crystals indicates on di-
verse and fluctuated elements supplying of different sectors of the crystals. It is evidence of
more complicated model of apatite growth than proposed before due to layers-concentric rims
surrounding initial centres of growth.

Yurii Datsyuk (Ivan Franko National University of Lviv) is thanked for aid with the special
modelling of elements distribution in apatite crystals.

We are grateful to Yu. Borshchevskii and N. Medvedovskaya (ILSAN, Moscow) for assis-
tance in the isotope analysis of carbonates.
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OCOBJIMBOCTI PO3MOALTY
PIIKICHO3EMEJBHUX EJJEMEHTIB TA CTPOHIIIIO
B AITATUTI PI3BHOI'O TEHE3UCY
3 OPIJI AJJIAHCBKOT'O IIIUTA (CUBIPCBKA TIJIAT®OPMA)
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Binomo, mo B anmaTuTi 3 TeHETHYHO Pi3HHUX T'€OJOTIYHUX yTBOPEHb My’Ke IMOIMIUpEHi i30- Ta
reTepoBalieHTHI i30MopdHi 3aMimenHs. HaykoBIli yacTo BUKOPUCTOBYIOTH X SIK IHANKATOPH Iie-
TPOJIOTIYHUX TIpoNeciB (JOPMyBaHHS allaTUTOHOCHHX IOpif. Taki JOCITIIPKEHHS 3al0YaTKyBajH
IIe B HEpiojl BUKOPHUCTAHHs KIACHYHOTO METOJy Tak 3BaHOi MOKPOI XiMil, TOMy OTpuMaHi pe-
3yJIBTaTH 4acTO BiJJOOpakay BaJOBHH CKJIaJ MPOO armaTUTy HABITh 3a HOPIBHSIHO BUCOKOTO CTY-
TeHsI TXHBOTO OYHMILCHHS BiJl MEXaHIYHMX JOMIIIOK. Y JOCKOHAJICHHS JIOKAJbHUX METO/IB aHai-
3y # IIMpOKE BIPOBADKEHHS X MiJ| 4ac AOCIIPKeHb amaTuUTy CHPUSUIO BH3HAYSHHIO (opmu
HasBHOCTI OKPEMHX €JIEMCHTIB y MiHepasli Ta BUSBICHHIO HU3KM MiHEpalliB-BKIIOYEHb, SIKi € HO-
CisIMH, HAIPUKIIaA, 3al1i3a, MaHraHy, CIpKH, KPEeMHi0 ToI10. BogHouyac BUSBICHO Pi3HY MPUPOIY
X eNIEMEHTIB B amaTuTi: abo K i30MopQHa JToMilIKa B HOro CTpyKTypi, a00 AK ApiOHI BKIIO-
YeHHS B MiHepali-rocrogapi. 3 po3BHTKOM Pi3HOMAaHITHHX AOCIHiIKEHb MOpid, IO iX paHime
TPaKTyBaJH SIK €K30THYHI, Ta 3pOCTAaHHAM POJIi TaKHX IMOPiJA K HKEpeda METaliB Ul Cy4acHOl
TEXHIKH i BUCOKHX TEXHOJIOTi/ allaTUT CTaJM BUBYATH IPHCKIIUIUBIIIE, OCKUIBKH BiH € 1 HOCiEM
HHM3KU B)XXJIUBHUX IPOMHUCIIOBUX CJIEMEHTIB, i HCOAMIHHOK CKJIaJ0BOI B MiHEpaJbHHX acolia-
LiSX Py TAKUX €JIEMEHTIB.

VY KOMIUTEKCax yabTPAOCHOBHUX JIYXKHUX IOPiJ 3 KapOOHATHTaMH, y CKapHaxX, JIy)KHHX MeTa-
COMATHTaX Ta IHIIMX YTBOPEHHSX HAsSBHUIl alaTHT, Y AKOMY 3aBXKIH € PiIKiCHO3eMEJbHi erne-
MEHTH i cTpoHLii. ToMy 1ieli MiHepas moJaid BUKOPUCTOBYBATH IS 3’ICYBaHHs T€HE3UCY i py-
JOHOCHOCTI TaKuX, e cJa0Ko BHBYCHHX mOpiA. PaHille MU JOCHIAMINM BMICT 1 CKIaj
PiAKICHO3eMEbHUX eIEMEHTIB Ta St B amaTuTi 3 ASKIIbKOX Mpob 10KeMOpifChKUX TOPia AUCKY-
CIfHOTO MOXOMKEHHS 3 BMKOPUCTAHHSAM HEHTPOHHO-aKTHBALIHHOIO METOMY Ta METOHY Mac-
CHEKTPOMETPii 3 IHAYKTUBHO 3B’S3aHOI0 IDIa3Mor0. OHAaK, IONPH BHCOKY TOYHICTH METOIIB,
HaIlli MpoOu 3a MPUPOAOI0 MOTIIM OYTH HEOTHOPIAHI, TOMY MH BHPIIIWIN 3aCTOCYBaTH MPHIaIN
JUIsL JIOKAJIbHUX JIOCIII/DKCHB: 10HHUH Ta NIEKTPOHHUI MiKpOaHali3aTOpH, a TAKOXK CJICKTPOHHHUI
MIKPOCKOII 3 €HeproJIICIePCiHHOI0 MPUCTaBKOIO. JlOCTiPKeHHS 3aCB1IYMIN HasIBHICT Y MiHEepa-
JIi piIKICHO3EMEIIbHUX €JIEMEHTIB 1 Sty GopMi K i30MOpP(HUX JOMIIIOK Yy H0T0 CTPYKTYpi, TaK i
MiKpOBKJIOUeHb (~ 0,7 MKM) — MoHaruTy i Ca-pinkicHo3eMenbHOro ocdary rpymnu pabaodany
(BoaHUX pigkicHO3eMeIbHUX (ochaTiB).

HaBezneHo pe3ynbTaTH MOJAJIBUIOTO BUBYEHHS allaTHTY, 30KpeMa, II0J0 MPOCTOPOBOTO PO3-
HO/ITy OKPEMUX KOMIIOHEHTIB Y Pi3HHX CEKTOpax 3epeH Minepany. Onucano pe3yabTaTd pO3Io-
Iy piAKiCHO3eMEeNbHHX Ta IHIIMX EJIEMEHTIB, IO HAsBHI SIK 130MOPQHI JAOMIIIKK B amaTHTI 3
KapOOHATHUX 1 CHJIIKATHUX IOPiX, a TakoXk ckapHiB AngaHcekoro mura (Cubipcpka miatdop-
Ma). CxapakTepH30BaHO OCOOIMBOCTI CKIIAAy PiAKICHO3EMENIFHHUX EIEMEHTIB Ta IXHBOTO PO3MO-
ITy B Me)Kax KPHUCTAJiB allaTUTy Pi3HOTO reHe3ucy. BuXimHi JaHi OTPIMaHO B OKPEMHUX TOUYKaX
KPHCTANIB MiJl Yac MOCTIPKEHHS iX eJEeKTPOHHUM 30HIOBMM MiKpoaHaii3aTopoM. Posmoxin
OKPEMHX EJIEMCHTIB BH3HAYCHO HA 3pi3aX KPUCTAJIB amaTHTy, SKi BUTOTOBHJIM PO3pPi3yBaHHIM
KPHCTANIB NEPICHUKYIISIPHO 110 oci Lg. OTpuMaHi pe3yasTaTu (KOHIIEGHTPALiS €JIEMEHTIB) BHKO-
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puctaHo i moOyI0BH HU3KH KOHIEHTPAIIHUX KapT PO3MOILTY OKPEMHX CIIEMEHTIB y MeKax
JOCITIKYBaHUX TUIOIIMH.

[NopiBHSAHHS KOHIEHTpPAIIHHUX 130IUIET 3aCBIMUMIIO CKIAJHY KapTUHY PO3IOJLLY IHMX ee-
MCHTIB, He3B)KaIOYH HA MOPIBHIHO IPAaBWIBHMI NPU3MAaTHYHUN rabiTyc TOCIHiKyBaHHX KPHC-
TasiB. BusBHIOCH, 10 HEMa YITKHX i OJJHO3HAYHHX BIIMIHHOCTEH y KapTHHI PO3IOJLLY eleMeH-
TiB y KpUCTaJIaX alaTUTy 3 MiHEpAILHUX acolialiil pi3HOro reHesucy. I'ereporeHHuii xapaxkrep
PO3IOAITY €JEMEHTIB y MeXax KOHKPETHOrO KPHUCTala CBIIYMTH NP0 Pi3HOPIJHE JKUBJICHHS i
¢dykTyarliiiHe mocTauaHHsS OKPEMHUX EJIEMEHTIB Y pi3Hi ioro cextopu. Le € moka3om ckmamHimol
MOJIeNIi POCTY amaTHTy, HiX HMPOIOHYBAIM paHillle — 3aBJSKU MOIMIApOBO-KOHIICHTPUYHOMY Ha-
POCTaHHIO HAaBKOJIO BUXiJJHOTO LIGHTPA POCTY.

Kniouogi crosa: anatut, pifikiCHO3eMelbHI €JIEMEHTH, CTPOHIIIH, anaTuT-kapOoHaTHI i ama-
TUT-CHITIKaTHI TOPOAHX, CKAPHHU, JOKEMOPiil, ANTaHCHKHUN IIUT.



