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The Vorontsovskoye gold-ore deposit (Northern Urals) generally corresponds to the Carlin-type. One of the deposit features is
the presence of numerous dykes of mafic and middle chemical composition, of normal and increased alkalinity. Sm-Nd isotope stud-
ies for the first time confirmed the dykes formation age 340 + 35 Ma. These data can be indicative of the post-collisional stage of mag-
matism in this area. The positive eNd values suggest a probable abyssal magmatic source of Nd.
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SM-ND-H30TONNA [IAEK BOPOHWOBCKOIO 3010TOPYJHOTO MECTOPOMJIEHMA (CEBEPHbIH YPAN)

0. b. A3oBckoa, E. 1. Copoka, M. 10. Popuymkun, H. I'. Conomenko
HNuctutyt reonoruu u reoxumun YpO PAH, ExarepunOypr
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BopoHuoBckoe Au-pyaHoe mectopoxaeHune (CeepHblli Ypan) no psiiy OCHOBHbIX XapakTepUCTUK 0TBeYaeT KapIUHCKOMY TUh-
ny. OOHOM N3 0COBEHHOCTEN MECTOPOXAEHMS ABASETCSA HAMYNE HA €ro NIoLaAN MHOMOYUCIIEHHBIX AAaeK OCHOBHOIO U CpeaHero
COCTaBa HOPMaJbHON M NMOBbLILLEHHOM LLENOYHOCTU. B pedynbTarte NpoBeAeHHbIX U30TOMHbIX MccnenoBaHuii Sm-Nd-cucTemsl Bnep-
Bble MOJly4eHbl AaHHble 0 Bo3pacTe aaek — (340 £ 35) MSH NET, 4TO MOXET CBUAETENLCTBOBATL O NPOSBAEHUN HA OAHHOW TEPPUTO-
pUKN NOCTKOMIM3MOHHOIO 3Tana MarMatmuama. MNonoxuntenbHble 3HadeHus eNd yka3biBaloT Ha BEPOSTHBIN MyOMHHbIN MarMaTuye-

CKUN NCTOYHWNK Heoamma.

KnioueBblie cnoBa: Sm-Nd-u3otonus, gaviku, BOpoOHLIOBCKOe 30/10TOPYAHOE MECTOPOXAEHNE, KapaNHCKnA Tur, CeBepHbIi

Ypan.

The Vorontsovskoye gold deposit is located in the north
of the Sverdlovsk region, near the city of Krasnoturinsk.
Regionally, it is located in the eastern part of the Tagil
megazone within the Auerbakh volcanoplutonic belt and
belongs to the Turinsko-Auerbakh ore region. The depos-
it belongs to the gold-arsenic-sulfide formation and cor-
responds to the Karlinsky type by mineralogical and geo-
chemical characteristics [2, 5]. Mineralization is localized
in the Lower Devonian volcanogenic-sedimentary forma-
tions of the Krasnoturinskaya suite; ore-hosting rocks in-
clude limestones, carbonate breccias, tuff siltstones, tuff
sandstones and tuffites, metasomatically altered to vary-
ing degrees. In the eastern part of the region (1.2 km from
the Vorontsovskoe deposit), there is a multiphase Auerbakh
massif of gabbro-diorite-granite formation, which dates
back to the Early Devonian [1, 2] (Fig. 1).

A characteristic feature of the deposit is the presence
of numerous dykes of intermediate and basic composi-
tion, forming a complex stockwork. Mineralogical, petro-
graphic and petrochemical studies described dykes of nor-
mal alkalinity and moderately alkaline, including lampro-
phyres such as spessartite and kersantite [4]. According to
the well-established concepts, it is believed that the dyke
complex of the Vorontsovskoe deposit is genetically relat-
ed to the Early Devonian subvolcanics and/or to the for-
mations of the Auerbakh complex [2, 3]. At the same time,
no special studies have previously been carried out to deter-
mine the age of the dykes.

Objects and research methods

All analytical work was carried out at the laboratory of
physical and chemical methods of study at the Geoanalyst
Center of the IGG UB RAS. The study of the Sm-Nd iso-
tope system and trial dating was carried out for 6 samples
of rocks of normal and moderately high alkalinity, tak-
en from dykes in the active quarry of the Vorontsovskoye
deposit. Brief petrographic and petrochemical character-
istics of the studied samples: Vor-4/17 — pyroxene-pla-
gioclase porphyrite of basalt composition, normal alka-
linity; Vor-14/17 — amphibole-plagioclase porphyrite of
basaltic andesite composition, normal alkalinity; Vor-21-
1/17 — pyroxene-plagioclase porphyrite of basaltic com-
position, moderately alkalized; Vor-22/17 — rocks, in
general, similar to Vor-21-1/17 (data of silicate ICP-MS
analysis are not available); Vor-25/17 — porphyry-shaped
monzogabbro, m/z-s/z; Vor-34-2/17 is lamprophyre-
spessartite (amphibole), petrochemically close to monzo-
gabbro. The results of silicate analysis of the rocks of the
dyke complex and the content of rare earth elements are
shown in Table 1.

The rocks were studied by a scanning electron micro-
scope (JSM-6390LV from Jeol with EDS analyzer). The
studies showed that rare earth elements, including Sm and
Nd, were mainly associated with REE epidote (allanite).
Lamprophyre-spessartite (sample Vor-34-2/17) was the
most enriched and with different REE distribution nature
(Fig. 2).
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Fig. 1. Schematic geological map of the Vorontsovskoe deposit, accord-
ing to [5]:
1 — turinskaya series (S,—D; ): volcanites of trahybasalt-trahyandesite formation,
rarely — tuffogenic-sedimental varieties and limestones; 2—3 — krasnoturins-
kaya series (D;): 2 — andesitic porphyries, tuffs, tuffaceous sandstones and silt-
stones; 3 — limestones; 4 — Lower Devonian subvolcanic rocks: diorite, andesite
basaltic and dolerite porphyrites; 5—8 — Auerbakh gabbro-diorite-granite com-
plex (D;): 5 — granites, 6 — granodiorites, 7 — diorites, quartz diorites, 8§ — gab-
bro, gabbrodiorites; 9 — dykes of diorite porphyries, lamprophyres, dolerites and
gabbrodolerites; 10 — facial margins; 11 — faults bordering the structure; 12 —
other faults; 13 — skarns; 17 — outlines of the Vorontsovskoe quarries.

Puc. 1. Cxematuueckasi reojiorndyeckast Kapra paiioHa BopoH110BCcKOro
MecTopoxaeHus [5]:
1 — typuHckas cButa (S,—Dy): ByJIKaHUTBI Tpaxuba3aibT-TpaxuaHIe3UuTOBOM
dopmarmu, pexke — TyGOreHHO-0CaI0uYHbIe PA3HOCTH U U3BECTHIKM, 2—3 —
KpacHOTypbMHCKas cBuTa (Dg): 2 — nophuputel aHne3uTOBbIC, UX TY(PBLI,
TyonecuaHuku, TyHoaaeBpoauThl, 3 — U3BECTHIKU; 4 — HIKHEAEBOHCKUE
CyOBYJIKAHUUYECKKE 00pa30BaHusI: TUOPUTOBBIC, aHIe3M0a3aIbTOBbIC U J0JIe-
pUTOBBIEC MOPGUPUTBL; 5—8 — AyapOaxOBCKUil rabOpO-AMOPUT-TPAHUTOBBII
xoMmrutekc (Dy): 5 — rpaHuThl, 6 — rpaHOANOPUTHI, 7 — AMOPUTHI, KBAapLIEBbIE
JMOPUTBI, § — rabbpo, rabdpo-1MopuThl; 9 — HaliKK1 AMOPUTOBBIX OPHUPK-
TOB, JIAMITPO(UPOB, T0JIEPUTOB U rab0po-monepuToB; 10 — darmanbHble rpa-
HULIbL; 11 — pa3ioMbl, OrpaHUYMBAIOIINME CTPYKTYPY; 12 — mpoune TeKTOHU-
YeCcKMe HapylIeHusT; 13 — yJacTKu CKapHUPOBaHUST, 17 — KOHTYpPHI KapbepoB
BOpoHII0BCKOTO MECTOPOXKACHUS

Table 1. The chemical composition of the rocks (wt. %) and REE content (ppm)
Ta6numa 1. Xumudeckuii cocraB mopon (Mac. %) u conepxanue P3D (ppm)

Author’s No Vor-4/17 Vor-14/17 Vor-21-1/17 Vor-21-1/17 Vor-34-2/17
ABTopckuii No Bop-4/17 Bop-14/17 Bop-21-1/17 Bop-21-1/17 Bop-34-2/17

SiO, 50.31 53.60 50.74 49.45 50.80
TiO, 0.74 0.66 0.54 0.67 0.84
ALO4 16.09 18.50 18.52 18.82 15.85
Fe,04 4.33 3.88 3.72 343 6.06
FeO 6.8 4.9 3.6 39 1.0
MnO 0.13 0.16 0.20 0.36 0.09
MgO 6.62 2.86 4.25 3.92 7.43
CaO 7.71 9.40 10.16 10.59 7.75
Na,O 2.25 2.72 3.05 2.87 2.58
K,0 0.91 1.53 1.37 2.24 2.29
P,0; 0.24 0.16 0.19 0.26 0.40
POI / 3.6 1.3 34 3.2 4.9
Total / Cymma 99.73 99.66 99.73 99.70 100.0
S 2.10 0.07 1.08 0.34 H/O

La 8.220 7.313 6.474 7.415 32.566

Ce 20.959 14.470 14.715 15.839 69.796

Pr 2.840 1.913 2.061 2.136 9.218

Nd 12.744 8.178 9.271 9.360 36.291
Sm 3.341 2.023 2.403 2.345 6.085

Eu 0.867 0.749 0.974 0.910 1.853

Gd 3.731 2.278 2.821 2.641 4.412

Tb 0.626 0.367 0.472 0.423 0.481

Dy 4.294 2.477 3.241 2.906 2.737
Ho 0.944 0.551 0.730 0.642 0.510

Er 2.926 1.694 2.279 1.981 1.432

Tm 0.429 0.253 0.343 0.298 0.203
Yb 2.864 1.720 2.326 2.004 1.360

Lu 0.449 0.278 0.365 0.317 0.208

YREE 65.23 44.26 48.48 49.22 167.15
EuN/EuN* 0.75 1.07 1.15 1.12 1.05

Note: EN* = EuN/(SmN+GdN)/2. REE content has done by ICP-MS method by mass spectrometer ELAN 9000 (operators
N. V. Cherednichenko, L. K. Deryagina).

Ipumeuanue: EN* = EuN/(SmN+GdW)/2. Onpenenenne P3O nposeneno meronom ICP-MS na macc-criekrpomerpe ELAN
9000 (ananutuku H. B. Yepennuuenko, JI. K. Jepsiruna).
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The procedure for the chemical preparation of sam-
ples for measuring the concentrations and isotopic com-
position of Sm and Nd consisted of decomposing samples,
isolating sum of rare earths, and separating Sm and Nd.
A sample was taken into a Savillex vial with a screw cap,
a mixture of concentrated acids HF and HNO; (3: 1) was
added and heated in an oven at 120 °C for three days. Then
the samples were evaporated to dryness, concentrated HCI
was added and kept at 120 °C for one day. At the moment of
taking a sample, a mixed tracer 1499Sm—159Nd was added to
each sample. After dissection, the samples were subjected
to chromatographic isolation of Sm, Nd in two stages: with
the isolation of rare earth elements on TRU-spec resin and
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Fig. 2. REE distribution in dykes (a) and SEM photo of REE
minerals, smp. Vor-34-2/17 (b, c).
Minerals: all — allanite, amf — amphibole (hornblende), ¢l — chlo-
rite, ep — epidote, fsp — K-feldspar, pl — plagioclase, ¢ — quartz

Puc. 2. Pactipenenenue P33 uccienoBaHHBIX 1aiikax (a) v Mpu-
Mepbl OCHOBHBIX MUHEpaJIOB-KOHIIEHTpaTopoB P39, 06p. Bop-
34-2/17 (b, ¢).

Mumnepanei: all — aymanut, amf — amdubos (porosast oomMaHka), cl —
XJIOPUT, ep — 3nuaoT, fsp — KIIIL, pl — muarnokias, q — KBapit

the final separation on LN-spec resin [7]. The isotope ratios
were measured by ICP-MS Neptune Plus MC (Thermo
Finnigan) in a static mode from 3 % HNOj solution. The
uncertainty in the 147Sm/144Nd ratios is 0.3 % (26) — the
average of 13 measurements in the BHVO-2 standard. The
error in measuring the Nd isotopic composition in an indi-
vidual analysis is up to 0.003 %. The isotopic ratios of neo-
dymium are normalized to the ratio 146Nd/144Nd = 0.7219
according to the exponential law. Isochron parameters
were calculated using ISOPLOT 3-v3.71 _r5 program [6].

Research results and discussion

The results of Sm and Nd isotopic studies in the se-
lected rocks of the dyke complex are shown in Table 2.

147Sm/144Nd values vary from 0.10408 t0 0.19441, and
143N d/144Nd values vary from 0.512660 to 0.512860. For
the studied dyke samples, a calculation was made for the
age of 340 + 35 Ma, with an initial 143Nd/!44Nd = 0.512436
+0.000036. MSWD = 2.3 (Fig. 3).

We also calculated eNd for the age of 340 Ma (Table 2).
The eNd values vary in a fairly narrow range, from 4.4 to
5.3. Positive €Nd values indicate that the source of Nd
could have been abyssal magma chambers.

The currently available data on the ages of intrusive
rocks in the part of the Krasnoturinsko-Auerbakhovsky ore
region close to the Vorontsovskoye deposit are shown in the
diagram (Fig. 4)
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Fig. 3. Sm-Nd isotopic relations of the dykes of the Vorontsov-
skoe deposit

Puc. 3. Sm-Nd-u3oTonHble OTHOLIEHUS TOpoa Jaek BopoH-
LIOBCKOTO 30JIOTOPYIHOI'O MECTOPOKICHMUSI

Table 2. Sm-Nd isotope composition of dyke complex rocks of the Vorontsovskoe deposit

Ta6auua 2. Sm-Nd-u30TONHBIE COCTAB MOPO JAWKOBOr0 KOMILIEKCa BOpPOHIIOBCKOrO MECTOPOKIAECHHS

Sample /TIpo6a | '47Sm/144Nd | 2SE,abs | (!43Nd/!“4Nd) | 2SE,abs | Sm,ppm | Nd, ppm eNd (1)

Vor-4/17

Bop—4//17 0.16334 0.00049 0.512835 0.000006 4.16 15.4 53
-14/17 0.15724 0.00047 0.512790 0.000010 2.5 9.6 4.7
-21-1/17 0.16114 0.00048 0.512790 0.000010 3.02 11.3 4.5
-22/17 0.19441 0.00058 0.512860 0.000015 1.81 5.6 4.4
-25/17 0.15518 0.00047 0.512790 0.000010 2.88 11.2 4.8

-34-2/17 0.10408 0.00031 0.512660 0.000015 8.2 48 4.5
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Fig. 4. The age of magmatic rocks at the area of Vorontsovskoe
deposit (blue marks — Murzin et al., 2017):

1 — Sm-Nd, dykes of the Vorontsovskoe deposit (Northern quarry);
2 — Sm-Nd, biotite-pyroxene-amphibole diorite [5]; 3, 4 — U-Pb,
zircon, granodiorites (3) and the age of alteration (4) [2, 7]; 5— U-Pb,
zircon , quartz diorite [1]; 6, 7 — U-Pb, zircon, quartz diorite (6) and
the age of alteration (7) [2, 7]; 8 — Rb-Sr, different rocks [2, 7]

Puc. 4. Bo3pacTHble XapaKTepUCTUKKU MHTPY3UBHBIX ITOPOJI, paii-
oHa BopoHI110BcKOro MmecTopoxaeHust (CMHKUe 3HaKu — 1o Myp-
3UHY U 1p., 2017):

1 — Sm-Nd, naiiku BopoHioBckoro mectopoxaeHust (CeBepHbIit
Kapbep); 2 — Sm-Nd, 6MoTUT-ITMPOKCEeH-aM(DUOOTIOBbIEC TUOPUTHI
[5]; 3, 4 — U-Pb, nupkoHsl, rpaHognopuT (3) u Bpems mpeodpas3o-
BaHus (4) [2, 7]; 5 — U-Pb, uMpkoH, KBapieBblii nuopwur [1]; 6, 7 —
U-Pb, MpKoHbI, KBapLEBbI TUOPUT (6) 1 BpeMsT ITpeodpazoBaHusI
(7) 12, 7]; 8 — Rb-Sr, paznuunbie moponusl |2, 7]

Various intrusive formations are known in the area of
the deposit. According to [1], the isotopic composition of
granodiorites of the Krasnoturinsky ore field indicates the
abyssal nature of the fluid, and the U-Pb age of zircon from
quartz diorite sampled from an outcrop on the right bank
of the Turya River is 407.7 £ 1.6 Ma (MSWD 1.5), which
corresponds to the Early Devonian. According to [5], Sm-
Nd age of biotite-pyroxene-amphibole diorites, related to
the Auerbakh gabbro-granite complex, is 411.7 = 25 Ma
(MSWD 0.36), 143Nd/144Nd = 0.512395 £ 0, 000028. As
noted above, the dykes of the Vorontsovskoye deposit tradi-
tionally belonged to the Early Devonian subvolcanics and/
or formations of the Auerbakh complex; they have not been
dated earlier. The studies, carried out by the authors of the
paper, indicate a relatively young (Early Carboniferous)
age of the dykes, which may indicate a later post-collision-
al stage of magmatism in this area.

The work was performed within the theme
No. AAAA-A18-118052590028-9 of the State Assignment of
the IGG UB RAS.
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