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The chemical composition and dating of accessory zircon from granitic
pegmatites in the north-eastern part of the Aduisky massif

Vera Vital’evna KHILLER',
Yuriy Viktorovich EROKHIN™

Institute of geology and geochemistry of the Ural branch of the Russian Academy of Sciences
Ekaterinburg, Russia

This work is made relevant by the necessity to improve chemical dating methods, when applied to high atomic and thorium zircons,
for which isotopic methods cannot be used.

The purpose of the work is to study the chemical composition of the accessory zircon (cyrtolite) from granitic pegmatites in the
north-eastern part of the Aduisky massif (in the Middle Urals) and determine how best to date it.

Methodology. The study comprised quantitative analysis of the chemical composition of the zircon by using a CAMECA SX 100
X-ray electron probe micro-analyser (with an electron beam diameter from 1 pm, BSE, SE, Cat, and determination of elements from
beryllium to uranium). To measure the intensity of elements, we have selected the following analytical lines: Y La, Si Ka, Zr La, Hf
Ma (analysing crystal TAP), U MB, Pb Ma, Ca Ka, Th Ma (analysing crystal PET), Yb La, Er La, Lu La (analysing crystal LiF). Calculation
of the age of the zircon was carried out acsi/cording to well-known, existing methods in addition to those developed by the authors.
Results. According to the microprobe analysis, the impurity content of ThO,, UO, and PbO in the zircon varied significantly, within
the ranges 0.13 to 2.69, 1.59 to 15.42 and 0.05 to 0.57 wt.%, respectively. The dating calculation was carried out for each mineral
(in which the analysis took place). Their age was found to be between 280 and 219 Ma. At the same time, the weighted mean was
254 + 6 Ma (with the Mean Square of Weighted Deviates being 0.17) and the isochron showed 255 + 7 Ma. The values of the ages
found for the zircon from the pegmatites “Mys-2" agree with the isotopic data. The period of formation of the Aduisky granite massif
has been estimated to be between 291 + 8.0 Ma and 256 + 0.6 Ma (according to zircon and monazite dating, respectively) or within
the range 255 to 241 Ma (according to mica dating).

Conclusion. We have studied the accessory zircon (cyrtolite) from granite pegmatites from the “Mys-2" vein, in the north-eastern
part of the Aduisky massif. We have obtained the chemical composition and calculated the age to be 255 + 7 Ma. Dating calculations
show that veined pegmatites and host granites were formed almost simultaneously (at least, in this part of the Aduisky massif). This
situation justifies microprobe dating of the U-Th zircon content because the minerals are usually in a metamict state and not suitable
for accurate age determination.

Keywords: zircon, chemical dating, granite pegmatites, Aduisky granite massif, Middle Ural.

ntroduction
l Chemical dating of minerals is widely carried out [1, 2] and is based on the precise determination of the contents of
radioactive elements (Th, U) and (not) radiogenic (total) Pb by X-ray microprobe analysis. Through the use of modern

microprobe analysers and the thorough development of analytical procedures, it has become possible to quickly solve problems
in the direct geochronological dating of accessory minerals in thin sections of rock. The X-ray microprobe analysis method can
be used for chemical dating when the content of Th, U, Pb in these minerals is above 0.03 wt.% therefore, most of the work is de-
voted to monazites, although some relates to dating of uraninite and other radioactive minerals [2, 3]. There are only a few studies
concerning the application of this method to zircon [2, 4, 5]. Due to the low contents of thorium, uranium and lead (Pb is often n
% 0.001 wt.%), zircon dating is performed using local isotope mass spectrometry with laser (LA-ICP-MS) or ion (SIMS) sampling.
In practice, zircons with abnormally high concentrations of Th, U, Pb are found, particularly in alkaline and granitic pegmatites.
In this case, isotope dating using a device with an ion probe is not applicable for technical reasonsand it is assumed that a high
adulteration of radioactive and radiogenic elements makes the result of dating unreliable ([6] and others). It is not always possible
to use mass spectrometry with laser sampling (which gives the average value) due to the large diameter and depth of the crater (n
x 10 um). In our work, the microprobe analysis method was used for chemical dating of the zircon with abnormally high concen-
trations of U, Th, Pb, Hf, Y (i.e. we have determined the age of the cyrtolite).

Geology of the study area

In recent years, a number of new pegmatite veins have been discovered in the Aduisky granite massif [7]. A large number
of them are located 6 to 7 km north of the village of Ozerny, south of Rezh. Pegmatites are located in the hills on the right
bank of the river Rezh, which is situated on the north-eastern edge of the massif (1.5 km) [8]. There is a forest corridor at this
location, associated with the power lines that cross the area. This site is rich in ceramic pegmatite veins, the largest of which
were mined by tributors for feldspar for the ceramic industry at the beginning of the last century (1925-1927). Lump feldspar
was mined from the upper, fractured parts of the veins to a depth of 2 to 3 m and in workings between 4 and 30 m long. The
feldspar was transported by carts to the river and then further on to the station at Rezh. In total, about 1000 tons of feldspar
were mined [9].
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Figure 1. The lineaments of the Aduisky granite massif with marked settlements and water bodies (according to [11] with our simplifica-
tions). The filled square shows the location of the granite pegmatite “Mys-2”.

PucyHok 1. KoHTypbl AQyicKkoro rpaHUTHOro MaccuBa ¢ BbIHECEHHbIMU HacerneHHbIMU NyHKTaMu U Bogoemamu (aaHo no [11] ¢ Hawumm
ynpolieHuamMm). 3anuTbiM KBaApaToOM NMoKa3aHO pacnornoXxeHue rpaHuTHoro nermatuta «Meic-2».

One of the veins (known as “Mys-2” and located at GPS-fixing: 57°20°36,9” N, 61°12’38,3” E) was opened with a small dig-
ging pit of 10.0 x 1.0 x 1.5 m (Fig. 1). The pegmatite body lies in the fine-grained, slightly sheared, biotite granites and its strike
is about 20°. The vein has a visual zonality because it contains graphic pegmatite with muscovite in its casing and a quartz core
at its centre. The vein contains the following accessory minerals: garnet, apatite, brockite, columbite, zircon, ilmenite, magnetite,
polycrase, titanite, allanite and epidote [8, 10].

For the dating studies, relatively large but short, prismatic zircon (cyrtolite) crystals (up to 2.5 mm long) were selected from
the block zone of the “Mys-2” vein. The mineral is characterised by a zoned colouration: light brown in the centre and dark green
around the periphery of the crystals (Fig. 2, a). The green colour seems to be associated with the smallest inclusions of uraninite
and thorite, which are found all over the zircon matrix. While preparing the specimens during the first grinding, the top part of
the crystal was revealed (Fig. 2, b); the second grinding then opened up the deeper parts of the crystal. In addition, both polished
surfaces were studied with respect to chemical dating to provide statistical data.

Study Methods

Quantitative analysis of the chemical composition of the zircon was carried out using a CAMECA SX 100 X-ray electron
probe micro-analyser (electron beam diameter being from 1 pm, BSE, SE, Cat, determination of elements from beryllium to ura-
nium). The optical field of view was 0.25 to 1.75 mm from the sample surface. The BSE image of the crystal shows weak, spotted
heterogeneity due to different heavy element contents. Small inclusions of uranium and thorium phases (not more than 5 to 10
microns in size) are fixed in the zircon matrix. To measure the intensity of elements, we selected the following analytical lines:
Y La, Si Ka, Zr La, Hf Ma (analysing crystal TAP), U M, Pb Ma, Ca Ka, Th Ma (analysing crystal PET), and Yb La, Er La, Lu
La (analysing crystal LiF). The calculation of the chemical age was carried out according to well-known methods [1, 2] in addition
to those developed by the authors [3, 4].

Results and discussion

According to the quantitative microprobe analysis, the impurity content of ThO,, UO,, PbO in the zircon significantly varies
within the ranges 0.13 to 2.69, 1.59 to 15.42 and 0.05 to 0.57 wt.% respectively (see Table). For each point of the crystal in which
analysis was carried out, the age was calculated by the Montel method [1]; the range was found to be from 219 to 280 Ma. The
weighted average is 254 + 6 Ma and the Mean Square of Weighted Deviates = 0.17 (Fig. 3).
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Figure 2. Zircon crystals from granite pegmatite «Mys-2»; a — appearance, length of crystals up to 2.5 mm, b — crystal cut, BSE-image,
CAMECA SX 100.

PucyHok 2. Kpuctannbl uMpkoHa U3 rpaHuTHoro nermatuta «Mbic-2»; a — BHEWHUIA BuA, ANUHA KpUcTannoB Ao 2,5 mm, 6 — cpes
KpucTanna B wawke, BSE-nsobpaxenne, CAMECA SX 100.

Due to the wide range of uranium and lead oxides, we were able to form an isochron from a set of analytical points using
the CHIME method [12] in the coordinates UO,* - PbO. Using its slope angle (m = 0.03456), we calculated the U * / Pb-age to
be 255 + 7 Ma (see Fig. 4). UO, * = (UO, + ThO,*), where ThO ¢ is the thorium content, converted to the equivalent uranium
content and it is capable of producing the same amount of Pb during the lifetime of the system if U-Pb and Th-Pb-age values are
equal. The resulting isochron passes through the origin of the coordinates; it indicates the absence of non-radiogenic (initial)
lead in the matrix of the studied zircon, as well as the absence of any addition or subtraction of radioactive components in the
process of crystal evolution. The analytical points are distributed throughout the isochron, which suggests that the age estimation
is probably correct.

The chemical composition (in wt.%) of zircon from granite pegmatites in “Mys-2”.
Xumunyeckuit coctas (B Mac. %) LLMPKOHA U3 rpaHUTHbLIX nermaTuToB Mbic-2.

No 1 2 3 4 5 6 7 8 9 10
ThO, 0.03 0.17 0.13 0.73 0.71 0.82 0.92 1.05 2.65 0.63
uo, 0.77 1.03 2.04 5.77 5.95 6.34 6.61 7.06 1217 14.21
Zr0O, 57.19 59.19 57.73 54.55 54.06 53.95 53.14 52.38 45.87 44.32
HfO, 5.35 6.36 6.16 5.88 5.76 6.30 6.21 6.18 4.67 5.40
SiO, 32.53 31.76 31.38 30.81 30.63 30.86 30.67 30.44 28.68 32.38
Gd,0, 0.01 0.05 0.00 0.07 0.20 0.1 0.13 0.04 0.21 0.17
Dy,0, 0.13 0.24 0.08 0.09 0.14 0.20 0.04 0.01 0.22 0.18
Y,0, 0.44 0.86 0.70 0.98 1.13 0.97 1.00 1.04 1.63 1.54
PbO 0.00 0.00 0.00 0.13 0.1 0.15 0.14 0.15 0.38 0.53
FeO 0.15 0.09 0.08 0.05 0.13 0.03 0.02 0.01 0.06 0.13

In total 96.60 99.75 98.30 99.06 98.81 99.73 98.88 98.37 96.52 99.47

Note: the sample from 41 analyses with growth of uranium from 0.77 to 14.21 wt. %.

It is interesting to note that small inclusions of uraninite and uranium-containing thorite in the zircon matrix showed
similar dating, within 253 to 251 Ma. This indirectly confirms the accuracy and correctness of the chemical dating of the cyrtolite
crystal carried out by us.

The age values obtained for the zircon from the “Mys-2” pegmatites equate with isotopic data. Thus, the formation time
of the Aduysky granite massif covers a wide interval and is estimated to have been from 291 + 8 Ma (according to zircon dating
[13]) to 256 £ 0.6 Ma (according to monazite dating [14]). A dating range of between 255 and 241 Ma was found according to
dating of the micas [11]. At the same time, the accessory monazite was precisely dated in mesocratic granites within the vicinity
of the village of Ozerny (mica is found in the intersecting pegmatites [11]); this fact indicates the same time interval of the vein
formations and the granites enclosing them in the area of the Aduysky massif. Recently, one of the authors of this article obtained
a similar and reasonably reliable Th-U-Pb dating for accessory monazites from pegmatite veins in the same vicinity (within Ozerny
village); the date derived was 254 + 15 Ma [15, 16].

28 Xunnep B. B., EpoxuH HO. B. The chemical composition and dating of accessory zircon from granitic pegmatites in the north-eastern
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Figure 3. The weighted average Th-U-Pb-age of the zircon crystal according to microprobe analysis (41 definitions were made in total).
PucyHok 3. CpeagHeB3BelweHHbIM Th-U-Pb-Bo3pacT kpucTanna uMpkoHa no AaHHbIM MUKPO3OHAOBbLIX aHanu3oB (Bcero caenaHo 41
onpeaeneHue).
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Figure 4. UO,* — PbO data for the Aduiskiy zircon. Ellipses correspond to 10 uncertainty values; dot-and-dash lines correspond to re-
gression lines with two symmetric hyperbolas that fix errors.

PucyHok 4. UO,*~ PbO-gaHHble AnsA agyMcKoro LMpKOHa. Anauncbl COOTBETCTBYIOT 3HaYE€HMAM NOrpewHocTy 10, WTPUX-NyHKTUP — nu-
HWUU perpeccum ¢ AByMsi CUMMETPUYHbIMU runepbonamu, (puKCMpyoLWUMU NOrPeLUHOCTH.

Conclusion

This work has studied the accessory zircon (cyrtolite) from granite pegmatites in the “Mys-2” vein, located in the north-east-
ern part of the Aduisky massif. We have obtained the chemical composition and calculated the age to be 255 + 7 Ma. The calcu-
lated dating shows that veined pegmatites and their host granites have been formed almost simultaneously (at least, in this area
of the Aduisky massif). In general, it can be added that the chemical age of zircons gives accurate results if the mineral contains
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significant concentrations of uranium, thorium and lead. This case is only one of a few successful examples of microprobe dating
of zircon; it is usually seen in a metamict state and is unsuitable for correct age determination.
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AKLECCOPHLIA LMPKOH M3 TPAHUTHLIX MErmMatMtoB CEBEPO-BOCTOYHOM
yactm AAYMCKOro MaccmBa (XMIMMYECKUI COCTaB U AATUPOBAHME)

Bepa ButanbeBHa XUIJEP,
lOpuit Buktoposuy EPOXUH™

WHCTUTYT reonorum 1 reoxumnn um. akag. A. H. 3asapuukoro YpO PAH, Poccus, ExkatepunHbypr

AKTYAABLHOCTL Pa6oTLi OOYCAOBAEHA HEOOXOAMMOCTBIO COBEPLIEHCTBOBAHMSI METOAA XMMMYECKOTO AATMPOBAHMSI B MPUMEHEHWUM K
BbLICOKOYPAHOBBLIM M TOPUEBLIM LIMPKOHAM, KOTOPbIE HEBO3MOXKHO AATUPOBATL M3OTOMHLIMM METOAAMM MCCAEAOBAHMSI.

Lleab paboTbI: ICCAEAOBAHME XMMMUYECKOTO COCTaBa aKLIECCOPHOTO LIMPKOHA (LIMPTOAMTA) U3 IPAHUTHLIX MErMaTUToB CEBEPO-BOCTOHHOW
yactu Aayickoro maccvea (CpeaHuin Ypaa) 1 onpeAeAeHue ero Bo3pacra.

MeTOAOAOTMSI UCCAGAOBAHMSI: KOAMYECTBEHHDIM aHAAM3 XMMNYECKOTO COCTaBa LIMPKOHA BLINMOAHEH Ha PEHTT€HOCNEKTPAALHOM SA€KTPOHHO-
30HAOBOM MuKpoaHaamsarope CAMECA SX 100 (avameTp nyyka AeKTpoHoB oT 1 Mkm, pesxumsl BSE, SE, Cat, onpeaereHue sneMeHTOB
OT BEPUAAMST A0 YPAHA). AAST UBMEPEHMSI UHTEHCUMBHOCTM SAEMEHTOB MOAOBPAHDI CAeAytolme aHaauTndeckue avHmm: Y La, Si Ka, Zr La,
Hf Ma (kpucraa-asaamsarop TAP), U MpB, Pb Ma, Ca Ka, Th Mo, (kpuctaar-aHaamsatop PET), Yb La, Er La, Lu La (Kpuctaan-aHaamsarop
LiF). Pacuer Bo3pacra NpOBOAMACS MO U3BECTHLIM METOAMKAM 3aPyOesKHbIX ABTOPOB B AOMIOAHEHMM C COOCTBEHHBLIMM HAPABOTKaMM.
Pe3yarTatpl. [10 AAHHLIM MUKPO3OHAOBOTO aHaAM3a coaepskaHue npumeceii ThO,, UO,, PbO B uMpKOHE CUALHO BapLUPYIOT B MPEAeAaxX
0,13-2,69 1,59-15,42 n 0,05-0,57 mac. %, cOOTBETCTBEHHO. AASl KAYKAOWM TOUKM KPUCTAAAQ, B KOTOPOW MPOBOAUACSI QHAAMU3, BLIMOAHSIACS
pacyer Bo3pacra, pasbpoc KOTOPOro HAXOAUTCS B MHTEpPBaAe OT 280 A0 219 MAH A€T, MPU 3TOM CPEAHEB3BELIEHHOE 3HAYEHWE BO3PACTa
cocraBasieT 254 + 6 maH AeT (CKBO = 0,17), a usoxpoHa nokasbiBaet 255 + 7 MAH AeT. [ToAydeHHble 3HaYeHMs1 BO3pacTa AASl LIMPKOHA
13 NermaTntoB «MbiC-2» BIIOAHE XOPOLLIO COMOCTABUMDI M C M3OTOMHLIMM AQHHLIMU. Bpemsi o6pasoBaHmsi AAYMCKOro rpaHUTHOrO MaccmBa
OLIEHMBAETCSl B LIMPOKOM BPEMEHHOM MHTepBaAe oT 291 + 8 MAH AeT (Mo LMPKOHY) A0 256 + 0,6 MAH AeT (1o moHauuty) u 255-241
MAH A€T (MO CAlOAAM).

BriBoAbl. Hamy v3yyeH akUeCCOPHLIM LUMPKOH (UMPTOAUT) U3 FPAHUTHLIX MErMaTutoB CEBEPO-BOCTOYHOM YacTu AAYIMCKOrO Maccusa
M3 KUABI «MbIC-2». AAsi HETO ObIA MOAYYEH XMMMYECKMI COCTAB M PACCYMTAH BO3PACT 255 + 7 MAH AeT. PaccumtaHHasi AATMpOBKA
MoKasbIBAET, YTO >KMALHbLIE MErMaTuThl M BMEILAoWMNe UX rPaHUTbl (hOPMUPOBAAUCEH MPAKTUHECKM OAHOBPEMEHHO, MO KpaiHe Mepe, Ha
AAQHHOM yyacTke AAYMCKOTro maccuBa. AaHHbLIM CAyYai, 3TO OAMH M3 HEMHOTMX YAQYHLIX MPUMEPOB MUKPO30HAOBOTO AatnpoBsaHus U-Th-
COAEPIKALLETO LIMPKOHA, OOLIYHO OH HAXOAUTCSI B METAMUKTHOM COCTOSIHUM M HEMPUTOAEH AAsI KOPPEKTHOTO OMPEAEAEHUsI BO3pacTa.

KatoueBbie cA0Ba: LMPKOH, XMMUYECKOe AATMPOBAHME, IPAHUTHLIE MErMaTtUTLbl, AAYMCKUA IPAHUTHLIN MaccuB, Cpeanuin Ypaa.

Asmoput svipascatom enybokyto 6nazodaprocms Buxmopy Apxadvesuyy Iyoumny 3a nomoup 8 Uccrie008aHusx U ckoposm o
20 6e38peMeHHOL KOHUUHE.
Paboma evinontena 6 pamxax 6r00xemmoti memot Ne 0393-2016-0019 eocyoapcmeentozo 3adanus VIIT YpO PAH.
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