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Fluor-elbaite, fluoronatromicrolite and fluorcalciomicrolite
from lithium-bearing granite pegmatites of Lipovka (Middle Urals)

Anatoliy Vladimirovich ZAKHAROV"

The Zavaritsky Institute of Geology and Geochemistry of the Ural Branch of RAS, Ekaterinburg, Russia

The relevance of the work is due to the need to study the mineralogy of lithium-bearing granite pegmatites of Lipovka, a one-of-a-kind facility that
gave the world a large amount of crystalline raw materials of colored tourmaline.

The purpose of the work. Study of fluorine-containing minerals found in lithium-bearing granite pegmatites of the Lipovskoye vein field (Middle Urals).
Methodology of the research. Quantitative analysis of the chemical composition of fluorine-containing minerals was performed with CAMECA SX
100 X-ray electron probe microanalyzer. Measurement conditions: accelerating voltage is 15 kV, current strength is 50 nA, electron beam diameter
is 2 pm. The intensity was recorded using Ka lines on inclined wave spectrometers with TAP, LPET, and LiF crystal analyzers. To determine fluorine,
a separate LPCO crystal analyzer was used. The lithium content in tourmaline was determined using ICP-MS ELAN-9000 mass spectrometer with
preliminary dissolution of the frayed samples in heated acids.

Results. When studying crystals of dark blue tourmaline, which turned out to be fluor-elbaite in chemical composition, we have found some inclu-
sions of tantaloniobates. According to up-to-date classification, they belong to the microlite group and some of analyzes relate to fluornatromicrolite
because fluorine, tantalum and sodium predominate in them in certain positions and part of them belong to fluorcalciomicrolite because calcium,
tantalum and fluorine are dominated substances. The fluorine content in these tantaloniobates varies from 1.4 to 1.6 wt.%. In polychrome tourmalines,
pink and crimson parts of crystal belong to fluor-elbaite due to the high fluorine content (which varies from 1.2 to 1.7 wt.%).

Conclusions. Three new minerals such as fluor-elbaite, fluornatromicrolite and fluorcalciomicrolite have been identified for lithium-bearing granite
pegmatites of the Lipovskoye vein field. The last two tantaloniobates were found in the form of small inclusions in crystals of dark blue fluor-elbaite.
Tourmaline itself is quite widespread in Lipovka, it composes the intermediate and marginal zones of colored and polychrome tourmaline, and at least
fluor-elbaite is found in pink, crimson and dark blue crystals. The find of three fluorine-containing minerals suggests that the fluorine activity was very
high at the final stage of the formation of lithium-bearing granite pegmatites of Lipovka.

Keywords: fluor-elbaite, fluornatromicrolite, fluorcalciomicrolite, minerals, lithium-bearing granite pegmatites, Lipovskoye vein field, Middle Urals.

ntroduction
l Lipovka mines became famous all over the world thanks to the mining of rubellites. The first find of colored tourmaline
in this area dates from the spring of 1900 years[1]. In the pre-revolutionary period, Lipovskoye tourmaline vein was stud-
ied by a number of prominent researchers, such as P. L. Dravert (1904), V. I. Vorob'yev (1901-1904), V. . Vernadsky (1908), K. A.
Nenadkevich and V. I. Kryzhanovsky (1911). During the period of 1912-1916 years and later these mines were visited by A. E. Fers-
man, who left the most detailed surviving evidence of the work carried out here during the first decades [1]. Since 1921 works at the
Lipovskoye pink tourmaline deposit have been carried out by “Rayruda” There was a facility in a nearby village - the office directed
by G. G. Kitaev, a well-known Ural free miner and a major expert in precious and collectable stones of the Middle Urals (up to 120
people worked in the mine every year). Simultaneously, the prospecting mining of tourmaline has been carried out until the 1930
year. Much later, in 1956 years, geologists discovered the Lipovskoye deposit of silicate nickel [2], during the development of which
new pegmatite bodies with pink tourmaline were found. The richest color tourmalines turned out to be two pegmatite bodies of the
Sherlova mine — Toporkov and Staratel skaya veins, which were developed at the beginning of the twentieth century. These veins
were crossed and explored in 1968-1970 by geologists at the Rezhevskoy Nickel Plant according to the assignment of Glavnikelkobalt
company [2]. In 1991 years, a silicate nickel deposit was abandoned and pegmatite open pits were flooded.

Despite the wide distribution of lithium-bearing veins in the given area and their relatively good mineralogical knowledge [1,
etc.], it turned out that accessory ore mineralization of lithium-bearing pegmatites is covered fragmentarily and not fully studied.
This work presents data about the finding of fluor-elbaite, fluornatromicrolite, and fluorcalciomicrolite in lithium-bearing granite
pegmatites of Lipovka that were not previously described here.

Geological position of the object of research

The granite pegmatites of the Lipovskoye vein field are located in the eastern slope of the Middle Urals (70 km to north-
east from Ekaterinburg and in 5 km to the west from the village of Lipovskoye). Pegmatites are limited to a gently sloping syn-
clinal structure sandwiched between three large granite massifs — Murzinsky (from north-west), Aduysky (from south-west) and
Sokolovsky (from east). The dominant lithology of synclinal fold is metamorphic rocks of the Proterozoic age, in which various
gneisses, schists, and amphibolites predominate [1, 2, etc.]. Separate bodies of serpentinites and marbles are also noted here,
which are usually tectonically interspersed with each other in the melange zone. The karst marbles and weathering crusts of
serpentinites are associated with famous and developed deposit of nickel-silicate ores. Granite pegmatites are widespread within
the Lipovskoye vein field and usually represented by intragranular, lithium-bearing and desilicated types. The age of rare-metal
pegmatites inside the granites was determined by us within the range of 266.4 + 2.6 Ma [3]. The yields of lithium-bearing granite
pegmatites with fluorine-containing minerals studied by us are shown on the geological map (Fig. 1).

Methods of research

Quantitative analysis of the chemical composition of fluorine-containing minerals was performed with CAMECA SX 100
electron probe microanalyzer (Zavaritsky Institute of Geology and Geochemistry of the Ural Branch of the Russian Academy
of Sciences, analyst is V. V. Khiller). The polished sections were made from fragments of colored tourmaline crystals and then
they were sprayed with a thin layer of carbon. Measurement conditions: accelerating voltage is 15 kV, current strength is 50 nA,
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Figure 1. Geologic pattern of the Lipovskoye vein field (according to [3]). 1 — serpentinites; 2 — granites (A — Aduysky massif, M — Murzin-
sky massif, S — Sokolovsky massif); 3 — gneiss; 4 — marble; 5 — contours of Lipovskoye village; 6 — lithium-bearing granite pegmatites outcrops.
PucyHok 1. Neonornyeckas cxema JiunoBckoro xunbHoro nons (gaHo no [3]). 1 — cepneHTUHNTLI; 2 — rpaHnTbl (A — Agyiickuin maceus, M

— MypauHckuii maccms, C — COKONOBCKUIA MaccuB); 3 — rHelcbl; 4 — Mpamopbl; 5 — KOHTYpbI cena Jlnnosckoe; 6 — BbIXoAbl IMTUEHOCHBIX FPaHNT-
HbIX NerMaTu1ToB.

electron beam diameter is 2 um. Standard samples: fluorphlogopite for F and Mg, andradite for Si, Fe, Ca and O, tantalite for
Ta, columbite for Nb, orthoclase for Al, jadeite for Na, rutile for Ti, eskolaite for Cr, rhodonite for Mn, uraninite for U, Th, Pb,
bismuthinite for Bi. The intensity was recorded using Ka lines on inclined wave spectrometers (40 X-ray angle) with TAP ana-
lyzer crystals (for Na, Mg, Al Si), LPET (Ca, Ti, Cr) and LiF (Mn, Fe and other). To determine fluorine, a separate LPCO crystal
analyzer was used. When performing a quantitative analysis, the time of measuring the intensity at the peak was twice as high as
the background measurement time.

The lithium content in tourmaline was determined using ICP-MS ELAN-9000 mass spectrometer with preliminary dissolu-
tion of the frayed samples in heated acids (the analysts are N. N. Adamovich, N. V. Cherednichenko). From each color zone of the
crystal, a monofraction of tourmaline was isolated for analysis.

Research results and their discussion

Fluornatromicrolite and fluorcalciomicrolite. According to literary sources [1], a number of tantaloniobates as ore miner-
als are characteristic for lithium-bearing contaminated granite pegmatites of Lipovka — columbite-(Mn), stibiocolumbite, stibio-
tantalite, bismutotantalite, plumbomicrolite, bismutomicrolite, uranmicrolite and microlite. Moreover, the last two minerals were
also noted in silica-depleted pegmatites as substitution products of primary tantalite-(Mn) in association with other tantalonio-
bates and magnesiotantalite [4]. Previously, we studied tantaloniobates in contaminated pegmatites and found tantalite-(Mn) not
mentioned earlier in them [5].

Unfortunately, the classification of the microlite-group [6, 7], as well as other tantaloniobates, has now become much more com-
plicated, primarily due to the expansion of the crystal chemical position in the area of anions with respect to oxygen, fluorine, OH

Figure 2. Fluor-elbaite crystal with microlite inclusions (their enlarged images are shown on the right). Cross tourmaline crystal, pol-
ished thin section. BSE-image, CAMECA SX 100 microanalyzer. The photo of tourmaline was made by the mosaic method, by way of
“gluing” pictures with each other.

PucyHok 2. BknroueHus Mukponuta B matpuue dTop-anb6auTta. lonepeyHbiin KpucTann TypManuHa, nonmpoBaHHbIv wnnd). BSE-nsobpaxeHue,
MukpoaHanusaTtop CAMECA SX 100. ®oto TypmanvHa caenaHo METOA0M MO3auKu, NyTEM «CKIleMBaHUs» KAPTUHOK ApYT C APYTOM.
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group, water, and vacancy. All this implies more detailed studies of the mineral and, according to the results of microprobe analysis
(which cannot diagnose water, oxygen or a vacancy) it is extremely difficult to determine the microlite to a mineral type. Currently,
only fluornatromicrolite is officially and reliably determined from the sodium differences of microlite [8], the remaining four mineral
species remain unknown. Among the calcic microlites, only fluorcalciomicrolite [9] and oxycalciomicrolite [7] were found; the other
three mineral species are also unknown. The previously described microlite finds within the Lipovskoye vein field [10, 11] remained
undetermined to the mineral form for various reasons (within the framework of the current classification).

When studying the cross and long sections of crystals of dark blue, almost black, tourmaline, which turned out to be fluor-el-
baite in chemical composition, we found numerous inclusions of tantaloniobates. They form weakly elongated and rounded grains
up to 200-250 um in size (Fig. 2). According to the microprobe analysis (Table 1), inclusions differ in a quite stable chemical com-
position and are confidently determined as tantaloniobates from the microlite-group. Among the essential impurities in grains one
can find uranium (UO, up to 14.5 wt.%), niobium (Nb,O, up to 2.7 wt.%), titanium (TiO, up to 2.6 wt.%), lead (PbO up to 1 wt.%)
and bismuth (Bi,O, up to 0.7 wt%). The total amount of compounds is characterized by a slight shortage, which is quite typical for
tantaloniobates. Against the background of significant impurities of uranium, the mineral could fall under partial metamictization.

The crystallochemical microlite recalculation shows that the “A” position in the mineral has a slight drawback, and the “B”
position, on the contrary, has an excess, which is possibly associated with inclusion of water into the “A” position. The recalcula-
tion shows that the amount of uranium varies from 0.32 to 0.35 f. units, i. e. no more than 17.5% of the uranium microlite minal.
The ratio of calcium and sodium in tantaloniobates varies slightly, and in one analysis (an. 4), according to crystallochemical re-
calculation, calcium prevails over sodium. The same applies to fluorine: in almost all analyzes (an. 1-4) it prevails in the so-called
“Y” position (i. e., fills it) of a flawless microlite, which means that the prefix “fluorine” should be applied to them. In two other
analyzes, fluorine is already below the 50% threshold.

Therefore, using the current classification of the microlite-group [6, 7], it can be assumed that the first three analyzes (an.
1-3) relate to fluornatromicrolite because fluorine, tantalum and sodium prevail in certain positions in them. The fourth analysis
(an. 4) relates to fluorcalciomycrolite because it is dominated by calcium, tantalum and fluorine. The remaining two analyzes
correspond exactly to sodium microlites, since sodium and tantalum are dominated substances. Moreover, the amount of fluo-
rine in these analyzes is below the threshold value; therefore, this mineral phase can be hydronatromicrolite, oxinatromicrolite,
hydroxynatromicrolite or kenonatromicrolite, i.e. a new mineral that is not recorded yet. What particular mineral it is we will
determine further. The task is facilitated by the fact that these two analyzes were performed for the smallest inclusion of tanta-
loniobate (in Fig. 2, it is located on top), which means that it will be possible to conduct an X-ray diffraction study of the grain.

Interestingly, when studying Lipovka microlites, no significant fluorine concentrations were observed in them [1, 10, 11], al-
though various associations and paragenesis of the mineral were considered. Apparently, fluorine accumulates in tantaloniobates
(and in other minerals as well) at the final crystallization stage of lithium-bearing granite pegmatite.

Fluor-elbaite. It is a recently discovered mineral specimen from the tourmaline supergroup [12, 13], but it has not yet been
determined in the Lipovka pegmatites, although the existence of fluorelbaite has long been assumed by us [14, 15]. At the same

Table 1.Chemical composition (in wt.%) of microlite inclusions from fluor-elbaite crystals.
Ta6nuua 1. XuMnyeckuit coctas (B Mac.%) BKIOYEHUIA MUKPONUTa U3 KpucTannoB ¢Top-anbbauTa.

Ne 1 2 3 4 5 6
Ta,O; 63.72 66.18 65.87 65.80 66.15 66.14
Nb,O, 243 2.67 248 2.61 2.37 2.35
ThO, 0.26 0.14 0.17 0.19 0.41 0.04
uo, 14.10 14.46 14.21 13.89 13.99 14.38
SiO, 0.33 0.32 0.34 0.29 0.31 0.31
TiO, 2.52 2.62 1.81 2.28 2.01 1.97
Bi,O, 0.70 0.52 0.59 0.63 0.66 0.69
PbO 1.13 1.13 0.98 1.01 0.97 0.93
FeO - - 0.18 0.1 - 0.05
Ca0O 5.62 6.17 6.04 6.24 5.98 5.72
MnO - 0.01 0.06 - 0.09 0.01
Na,O 3.97 3.74 3.75 3.36 4.06 3.25

F 1.68 1.79 1.53 1.42 1.27 1.01
2F=0 -0.71 -0.75 -0.64 -0.60 —0.53 -0.42
Total 95.75 99.00 97.37 97.22 97.74 96.45

Crystallochemical formulas
(Na,..Ca, U, ..Pb Bi Th

0.82 0.6470.33 0.03770.02 " "'0.01 )1 .BS(Ta1 .83Ti0,20N b0.12)2.1506( F0.62X0.38)
(NaoiscaO,GBU0,33Pb04038i0,01)1,BW(Ta Ti Nb0,13)2,1906(F X )

1.86 ° '0.20 0.65" '0.35
(NaO.76C30.88U0.33Pb0.03Bi0.02FeO.02Mn (Ta Tig 1,ND (F

0.01)1.85 0.57X0.43)

1.89 " '0.14 0.12)2.1506
(Ca0.71Na0.69U0.33PbO.OSBiO.OZFeO.mTh Ta Ti Nb
(Na0.820a0.66U0.32PbO.OSBiO.OZThO.m Mn0.01)1.87(Ta1.86Ti0.16Nb0.11 )2.1306(FO.47X0.53)

0A01)1.80( 1.90 ° '0.18 0.12)2.2006(F0.53X0.47)
(Na0.690a0.67U0.35Pb0.03Bi0.02Feo.(ﬂ)1.77(Ta1.96Ti0.16Nb0.11 )2.2306(F0.40X0.60)

o g~ W N =

Note: The analyses were made using CAMECA SX 100 (The Zavaritsky Institute of Geology and Geochemistry of the Ural Branch of RAS, Ekaterinburg, analyst V.
V. Khiller); an. 1-3 — fluornatromicrolite, an. 4 — fluorcalciomycrolite, an. 5-6 — natromicrolite is undefined yet; X in the formulas is either O, OH, H,0 or a vacancy.
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Figure 3. Long section of a polychrome tourmaline crystal, about 2 cm long. Image in BSE mode, CAMECA SX 100. Analyses 2-3 —
crimson zone, an. 1, 6-7 — pink zone, an. 4-5, 8 — greenish zone.

PucyHok 3. lMpogonbHbIi cpe3 KpucTasnna NnofIMXpoMHOro TypManuvHa, ariMHa okoso 2 cMm. CHumok B BSE-pexume, CAMECA SX 100.
AHanusbl 2-3 — MmanuHoBas 30Ha, aH. 1, 6-7 — po3oBas 30Ha, aH. 4-5, 8 — 3eneHoBaTas 30Ha.

time, its fluorine—free analogue, elbaite, is quite often found within the Lipovskoye vein field. It was described in all lithium-bear-
ing pegmatites of the object [1, 14 etc.], where it is a common mineral in association with potassium feldspar, albite and lepidolite.
The chemical composition of the colored tourmalines of Lipovka has been studied quite well; they are mainly represented by
elbaite (colored differences) and rarely rossmanite (colorless differences). The first data on the composition of non-ferrous tourma-
line were presented recently [16], as well as some works were published on the chemistry and zoning of lithium borosilicates [1, 17].
We have studied the chemical composition of polychrome tourmaline from the “German” lithium-bearing pegmatite vein (Table 2).
For this purpose, a rubellite crystal was selected with a rough cross-banded zonality (in long section) from the crimson color (top
of the crystal) through the pink center to a pale green base. In the individual in the cross section, concentric zoning with a greenish
core and a pink rim is noted. The long section of the crystal and the location of the microprobe analysis points are shown in Fig. 3.

Table 2. Chemical composition (in wt.%) of tourmaline (longitudinal cut of crystal).
Tabnuua 2. XuMnyeckni coctas (B Mac.%) TypManuHa (NpoaonbHbIA cpes KpucTanna).

Ne 1 2 3 4 5 6 7 8
SiO, 39.01 38.76 38.96 38.56 38.90 38.70 38.88 39.51
TiO, - 0.06 0.04 - 0.04 0.04 - 0.06
ALO, 40.05 40.35 41.24 43.32 43.46 40.75 40.04 42.20
Cr,0, - - 0.01 - - - - 0.04
FeO 0.59 0.25 0.10 - 0.02 0.52 0.45 0.05
MnO 1.76 1.55 0.61 0.12 0.02 1.45 1.90 0.27
MgO - 0.01 - - 0.01 - - -
Cao 0.60 0.70 0.54 0.32 0.04 0.46 0.63 0.13
Na,O 217 2.07 2.16 1.73 1.78 212 2.13 1.94
K,0 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01
Cs,0 - - - 0.08 - 0.01 - 0.02
Li,O* 1.46 1.51 1.51 1.35 1.35 1.46 1.46 1.46

F 1.20 1.26 1.66 0.67 0.67 1.22 1.20 0.77
O=F, -0.51 -0.53 —-0.70 -0.28 —-0.28 -0.51 —-0.51 —-0.32
Total 86.34 86.01 86.14 85.88 86.02 86.23 86.19 86.14

Crystallochemical formulas
(Al Mn, ., Fe

173 095 0.24

1 (Na,
(Na,

AL [Si,0

6 18]

(BO,),(OH, ,sF;71),

0.65 0.10)0 75 008)3 3.29° 0.7

(Al M, ,,Fe, 4 Tio or)AL[S1, 0,1 (BO,),(OH

0.62 0,12)074 176 099 0.03 " '0.01

(Na, ,Cag oo)o 7oAl g,Li, o oMng Feg 1 ).ALISI O, ](BO,),(OH

(Na, .,Ca, 1) 5:(Al, 15Lig 5.MN, ,C8 1,);AL[SIO,,1(BO,),(OH
(Na, Ca001)054(AI216 i0.64)5Al[Si,0,,]1(BO,),(OH

Cay gg)o 7oAl Mn, Fe

177 094

3.25° 0. 75)
0.01 )3 3.29° 0. 98)
3.60 0.40)4

3.60 0.40)4
Al[Si,0,,](BO,),(OH
Al[Si,0,,](BO,),(OH
Al[Si,0,,](BO,),(OH

(Nao 64
(Na,,,Ca, ), 7.(Al Mn,,Fe

1. 72 0 96 0.06)3

(Na CaO 02)0 59(A|2 00 095Mn Fe

0.07)3 3. 27F0 73)4

3.29 071)4

o N o o b~ wWwN

0.01)3 3.57 0.43)4

Note: The Zavaritsky Institute of Geology and Geochemistry of the Ural Branch of RAS, Ekaterinburg, analyst V. V. Khiller; * — lithium was determined by the ICP-MS
method in ppm and converted into oxides. An. 1-3, 6, 7 — fluor-elbaite, an. 4, 5, 8 — elbaite.
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According to the microprobe profiling (Fig. 3), we can say that the visual color of tourmaline is in good agreement with changes
in the chemical composition. Pink and crimson zones of borosilicate are enriched with manganese, iron, calcium, sodium and fluo-
rine; greenish zones are vice versa and they contain a little more alumina. The lithium content in each color zone was determined by
the ICP-MS method (green zone - 6298 ppm, pink — 6776 ppm, crimson - 7022 ppm) and, when converted to oxide, they correlated
quite well with previously published results. For example, in an earlier work [16], the amount of Li,O for mixed-colored elbaites is
given from 1.1 to 1.6 wt.%. Based on our crystallochemical calculations, the pink and crimson parts of crystal due to the high fluorine
content (it varies from 1.2 to 1.7 wt.%) belong to fluor-elbaite; the greenish zone is elbaite with a high rossmanite. It follows that in
the lithium-bearing pegmatite veins of Lipovka, along with the well-known tourmalines - elbaite and rossmanite — fluor-elbaite is
also widespread. It is possible that fluor-elbaite is the main tourmaline of these pegmatites. Currently, we have analyzed in detail three
crystals of colored lithium-containing tourmaline (dark blue, pink and crimson) and it turned out that the core in them is composed
of elbaite (rarely rossmanite), and the intermediate zone and border - fluor-elbaite, i. e. up to 2/3 of the crystal volume.

In general, the find of three fluorine-containing minerals (tourmaline and inclusions in it) suggests that fluorine activity was
very high at the final stage of the formation of lithium-bearing granite pegmatites of Lipovka. This is confirmed by the host lepi-
dolite in tourmaline (in composition it occupies an intermediate position between polylithionite and trilithionite), as well as the
minerals associated with paragenesis — topaz and fluorapatite.

Conclusions

Thus, in the course of the study, three new minerals for lithium-bearing granite pegmatites of the Lipovskoye vein field - flu-
or-elbaite, fluornatromicrolite and fluorcalciomicrolite — were determined. The last two tantaloniobates were found in the form of
small inclusions in crystals of dark blue fluor-elbaite. Tourmaline itself is quite widespread in Lipovka, it composes the intermedi-
ate and marginal zones of colored and polychrome tourmaline, and at least fluor-elbaite is found in pink, raspberry and dark blue
crystals. The find of three fluorine-containing minerals (tourmaline and inclusions in it) suggests that fluorine activity was very
high at the final stage of the formation of lithium-bearing granite pegmatites of Lipovka.

The author is grateful to V. V. Khiller, Candidate of geological and mineralogical sciences, Yu.V. Erokhin, Candidate of geologi-
cal and mineralogical sciences, and responsible executives of the Rezhevskoy State natural and mineralogical sanctuary (OGUMPZ
“Rezhevskoy”) for their assistance in the research. In addition, the author thanks the reviewer for giving this manuscript his careful
consideration.
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DTOP-2ALOAUT, PTOPHATPOMMKPOAUT U PTOPKAALLIMOMUKPOAUT
U3 AUTUEHOCHDLIX TPAHUTHLIX rMermarutoB AMNoBku (CpeaHnin Ypan)

AHatonun Bnagumuposuy 3AXAPOB’
WHCTuTYT reonorum 1 reoxumnm um. akag. A. H. 3asapwuukoro YpO PAH, Poccus, Exkatepunbypr

AKTYaALHOCTL Pa60TBI OOYCAOBAEHA HEOBXOAVMOCTLIO M3YH€EHMsT MMHEPAAOT MM AUTMEHOCHLIX FPAHUTHLIX MErMATUTOB AMMOBKM, YHUKAALHOIO OBBLEKTA,
AABLIETO MUPY GOABILIOE KOAUYECTBO KPUCTAAAOCLIPDSI LIBETHOTO TYPMAAMHA.

LleAb pa6oTLI: ICCAEAOBaHME (PTOPCOAEPIKALMX MUHEPAAOB, OOHAPY)KEHHDBIX B AUTUEHOCHLIX IPAHUTHDLIX MErMaTUTax AMIMOBCKOTO XKMABLHOTO MoAst (Cpea-
HWiA Ypaa).

MeTtoaoAorms nccAeAoBaHMs: KOAMHMECTBEHHDIM aHaAU3 XMMUYECKOTro cocTaBa (hTOPCOAEPIKAIUMX MUHEPAAOB BLINMOAHEH Ha PEHTTEHOCMEKTPAALHOM SAEK-
TPOHHO-30HAOBOM MuKpoaHaansatope CAMECA SX 100. Ycrosust usmepeHust: yckopstiolee HaripspkeHue 15 kB, cvaa Toka 50 HA, aMameTp rydka 2 MKM.
Perucrpaumst MHTEHCMBHOCTU MPOBOAMAOCHL MO KO-AVHMSM Ha HAKAOHHLIX BOAHOBbLIX CMEKTPOMEeTpax C Kpuctamamu-aHaamsaropamu TAP, LPET u LiF. Aas
onpeAeAeHust (pTopa UCMOAL3OBAACS OTAEALHDIN KpUcTaa-aHaamsatop LPCO. CoaepykaHue AUTHS B TypMaAMHE GLIAO YCTAHOBAEHO HA MAcC-CMEKTPOMETPE
ICP-MS ELAN-9000 ¢ npeABapuUTEALHbIM PACTBOPEHUEM UCTEPTLIX MPOG B HArPETLIX KMCAOTAX.

Pesyabtarnl. [1py U3yYeHUM KPUCTAAAOB TEMHO-CMHETO TYPMAAMHA, KOTOPbLIM MO XMMUYECKOMY COCTaBY OKA3aACsl (PTOP-SALOAUTOM, HaMM OBHAPYKEHDI
BKAIOYEHMS TAHTAAOHMOOATOB. COrAaCHO COBPEMEHHOM KAACCUPMKALIMM, OHM MPUHAAAEXKAT TPYIIE MMKPOAUTA, U YacTh AHAAM30B OTHOCUTCS K (PTOPHA-
TPOMMKPOAMTY, TaK Kak B HMX B OMPEAEAEHHbIX MO3MLIMSIX MPEOBAAAAIOT (DTOP, TAHTAA M HATPMIA, & YaCTh OTHOCUTCS K (PTOPKAALLIMOMMKPOAUTY, TaK KaK B
HMX MPEOBAAAAIOT KAALLMM, TaHTaA U dotop. CoAepykaHue hTopa B 3TMX TaHTaAOHMoOGaTax Bapbupyet ot 1,4 Ao 1,6 mac.%. B MOAMXPOMHDLIX TypMaAMHaxX,
PO30Basi M MAAVIHOBAs1 YacCTu KPUCTAAAR, BAAroAapst BLICOKOMY COAEPIKAaHMIO hTopa, KOTOPbI BapbmpyeT ot 1,2 Ao 1,7 mac.%, oTHOGCATCS K (hTop-3Ab6anTy.
BLIBOALI. YCTAHOBAEHO TPY HOBBIX MMHEPAAA AASI AUTMEHOCHLIX IPAHUTHBIX MErMATUTOB AUMOBCKOTO JKMABLHOTO MOASI — (PTOP-3ALOAMT, (PTOPHATPOMUKPO-
AMT U (PTOPKAALLMOMUKPOAUT. [TocA€AHME ABA TaHTAAOHMOGATA BbIAM OGHAPYIKEHDI B BUAE MEAKMX BKAIOYEHWI B KPUCTAAAAX TEMHO-CMHETO (PTOP-3Ab-
6anta. Cam TypPMaAMH AOCTAaTOYHO WMPOKO PACMPOCTPAHEH Ha AVIMOBKE, OH CAQraeT MpPOMEXKYTOUHBIE M KPAEBLIE 30HBI LIBETHLIX M MOAMXPOMHBIX TYPMa-
AVIHOB, MO KpaiHei Mepe, pTop-3Ab6aUT YCTAHOBAEH B PO30BbIX, MAAVHOBLIX M TEMHO-CMHMX KPUCTaAAax. Haxoaka Tpex chropcoAepskamx MMHEPAAOB
FOBOPWUT O TOM, YTO Ha 3aKAIOUUTEALHOM CTaAMM (POPMMPOBAHMSI AUTUEHOCHDIX FPAHMUTHDLIX MErMATUTOB AMMOBKM aKTUBHOCTL (hTOPa ObIAd OYEHD BLICOKOM.

KaroueBrie caoBa: hTop-3Ab6anT, (PTOPHATPOMMKPOAUT, (PTOPKAALLIMOMUKPOAUT, MAHEPAABI, AUTUEHOCHBIE TPAHWUTHLIE MErMATUTI, AVMOBCKOE SKMAB-
Hoe rnoae, CpeaHuii Ypaa.
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