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Abstract. New data are presented on the age (U—Pb, LA-SF-ICP-MS: 86 = 1 Ma) of quartz
monzodiorites of the Viktorinsky complex of the Kongin magmatic zone of the Omolon cratonic
terrane. The Labaznoye ore occurrence, bearing veinlet-stockwork sulfide-quartz and vein polymetallic
mineralization, is localized within the intrusive-dome uplift, in the central part of which a stock
of monzodiorites of the Viktorinsky complex is exposed. The petrographic and geochemical
characteristics and mineral thermobarometry of the ore-hosting quartz monzodiorites are presented.
The mineralogy of the ores is characterized and an estimate of the isotopic age (K—Ar: 82 + 4 Ma)
of sericite crystallization from the near-vein contact with the monzodiorite intrusion are characterized.
Based on geological relationships and isotope-geochronological data, a paragenetic relationship
was established between molybdenum-porphyry mineralization and the stage of Late Cretaceous
magmatism — the intrusion of granitoid bodies of the Viktorinsky complex. The stages of formation
of paragenetic mineral associations were reconstructed in the sequence magnetite-quartz, molybdenite-
quartz, sulfide-quartz; the hypogene stage ends with a polymetallic mineralization. The isotope dating
materials of ores and ore-hosting granitoids in the study region indicate a Late Cretaceous (Coniacian-
Campanian) age of porphyry ore-magmatic systems of the Kongin magmatic zone.
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INTRODUCTION
Khrustalnoe, Vechernee, Shlikhovoe, Zakharenko

Within the Omolon cratonic terrane (CT), (Fig. 1), which are confined to Late Cretaceous
traditionally called the Omolon Massif, several granitoid intrusions of the Viktorinsky complex
molybdenum-porphyry ore occurrences are known: [Goryacheyv et al., 2017; Glukhov et al., 2021].
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Granitoid bodies (predominantly sills, small
multiphase stocks, less commonly dikes and
individual relatively large massifs), composed of
porphyritic monzonites, granodiorites, quartz
diorites, granosyenites, rarely gabbro of the early
phase, are spatially combined with outcrops
of volcanogenic-sedimentary, effusive and
subvolcanic formations of the Kongin andesite-
rhyolite complex, forming unified volcano-
tectonic structures. Volcanogenic formations of the
Kongin complex are attributed to the Late
Cretaceous based on findings of floristic remains
in the volcanogenic-sedimentary deposits of
the Kongin Formation (LOS-200, Shevchenko,
Simakov, 1999)!. The close spatial association
of granitoid intrusions of the Viktorinsky
complex with volcanogenic formations of the
Kongin complex, their interrelationships and
belonging to a single structure, similar petro-
and geochemical properties served as the basis
for combining them into the Late Cretaceous
Kongin volcano-plutonic association (LOS-200).
Volcanogenic formations of the Konginskiy complex
and associated intrusions of the Viktorinskiy
complex can be traced as a chain of isolated
volcanic structures, forming the linear Kongin
magmatic zone (MZ). The Kongin MZ is located
in the central part of the Omolon CT, extending
in a submeridional direction for 200—250 km
along the Konginskiy deep fault, and is bounded
by the zones of Omkuchanskiy and Tebaninskiy
deep faults from the north and south (see Fig. 1).
According to the opinion of most researchers, the
Kongin MZ is a linear, orthogonal to the general
strike, structural element of the Okhotsk-Chukotka
volcanic belt (OChVB).

The metallogenic potential of the Kongin MZ
has a high assessment [Goryachev et al., 2017];
numerous deposits and ore occurrences of gold-
silver, silver-polymetallic, gold-rare metal, and
copper-molybdenum-porphyry mineralization are
known here (Bodroe, Kustiki/Sedoe, Zakharenko,
Dzhelty, etc.). At the same time, the lack

U Shevchenko V.M., Simakov K.V. Legend of the
Omolon series of the State Geological Map of the Russian
Federation, scale 1:200,000. Second edition. Magadan:
SevVostNITsMIS, 1999. 173 p.
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Fig. 1. Geological-tectonic scheme of the Omolon
cratonic terrane, based on materials from [Egorov
et al., 2001; Terekhov et al., 1984] with additions.

1 — outcrops of the Pre-Riphean crystalline basement;
2, 3 — Middle Paleozoic Kedon basalt-andesite-
rhyolite complex: 2 — volcanogenic deposits of basic
to intermediate (a), acidic (b) composition, 3 —
volcanogenic-molasse deposits of Late Devonian —
Early Carboniferous; 4 — Carboniferous-Early Cretaceous
sedimentary and volcanogenic-sedimentary deposits;
5 — OChVB and its feathering Korkodon-Nayakhan
and Kongin magmatic zones; 6 — a — faults (1 —
Tebaninsky, 2 — Omkuchansky, 3 — Verkhne-
Omolonsky, 4 — Nekuchansky, 5 — Koargychansky),
b — boundaries of structural-formational zones:
Aulandzha, Anmandykan, Kedon-Omolon. Green circles
and stars indicate copper-molybdenum-porphyry ore
occurrences paragenetically associated with Late
Cretaceous granitoids.

of information about the composition and age
of the ore mineralization and the magmatism
that produces it, and the small proportion of
modern analytical data generate a discussion
about the formational affiliation and type of ore
formation for a number of ore objects. These
include the Labaznoe ore occurrence, which is
considered as a gold-polysulfide type of gold-
silver formation associated with the Middle
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Paleozoic (Early Devonian — Early Carboniferous)
stage of magmatism of the Omolon CT [Kuznetsov
et al., 2001], or — as a fully manifested porphyry
ore-magmatic system corresponding to the Late
Cretaceous stage of magmatic activity of the
OChVB [Glukhov et al., 2021].

This publication presents new data on the
age of granitoid magmatism and associated ore
mineralization of the Labaznoe object; P-T
conditions of crystallization of the magmatic
melt have been reconstructed; materials of
a comprehensive study of ore mineralogy are
provided; a conclusion is made about the genetic
type of ore formation.

RESEARCH METHODS

The work is based on the author's collection
of samples gathered during fieldwork in 2019.
Petrographic and mineralogical studies were
carried out by the authors using an Axioplan
Imagin microscope with the PETRO software
package [Polzunenkov, Kondratiev, 2023]. Chemical
compositions of rock-forming and ore minerals,
totaling 957 measurements from 10 samples, were
determined using a Camebax microanalyzer
with an X-Max energy-dispersive spectrometer
(analysts V.Yu. Solovyov, E.M. Goryacheva).
Measurements were conducted with an accelerating
voltage of 20 kV, magnification over X400, and
spectrum accumulation time of 30 s. Optimization
for quantitative calculations was performed using
chemically pure copper every 1.5—2.0 h. Certified
natural [Jarosewich et al., 1980] and synthetic
materials were used as standards. The detection
limit for elements was 0.3 wt. %, with an electron
beam diameter of 3—4 um.

U—-Pb dating of zircon was carried out using
the LA-SF-ICP-MS method, based on a single-
collector magnetic sector mass spectrometer with
inductively coupled plasma Element XR and
a UP-213 laser ablation system at the Shared
Research Facility “Geospektr” of the N.L. Dobretsov
Geological Institute SB RAS (Ulan-Ude). Sample
preparation and analysis were performed according
to standard procedures following [Khabanov
et al., 2016]. Zircon standard 91500 [Wiedenbeck
et al., 1995] was used as an external standard.
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Mass spectrometric analysis data were processed
using “Glitter” [Van Achterbergh et al., 2001; Griffin
et al., 2008] and “IsoplotR” [Vermeesch, 2018]
software. The problem of assessing discordance
in two independent systems that exists for
Cretaceous zircon crystals — low amount of 2*’Pb
in crystals and large error in determining
207pp/206Ph  isotopic age, was solved using
206pp,/238U isotopic age corrected for 2°’Pb [Williams,
1998].

K-Ar isotope dating of sericite, isolated from the
near-vein contact in quartz monzodiorites, was
conducted at the Laboratory of Petrology and
Isotope Geochronology of SVKNII FEB RAS
(Magadan) on a mass spectrometer MI-12011G
(analyst V.V. Lavrenko). Potassium concentrations
were measured on an atomic absorption
spectrometer AAS-1 (analyst Ya.S. Ignatenko)
with an error of less than 1%. The age calculations
used constants recommended by the XXI session
of the Commission for Determining Absolute
Age: 1, = 0.581 x 1071 year!; 1, = 4.962 x
x 1079 year~!; isotope abundance: K — 93.26;
K — 0.01167; YK — 6.73 at.%; isotopic ratio
of atmospheric argon *“°Ar/**Ar = 295.5 [Steiger,
Jager, 1977].

GEOLOGICAL STRUCTURE
OF THE LABAZNOE ORE FIELD

The Labaznoe ore occurrence is located near the
eastern boundary of the Kongin MZ, near the
concealed Koargychan deep fault of submeridional
strike, which separates the Kedon-Omolon
and Anmandykan structural-formational zones
(according to [Egorov et al.,, 2002]) of the
Omolon CT. In the central part of the ore area,
outcrops of quartz syenites and monzodiorites
of the Late Cretaceous Viktorinsky complex and
subvolcanic bodies of rhyolites of the Middle
Paleozoic Kedon complex have been identified
(Fig. 2). Along the periphery of the intrusive
bodies, basalt dykes (presumably of Cretaceous
age) with a northeastern strike are distributed.
The ore-hosting formations are represented
by stratified volcanogenic strata of the Kedon
series of Middle Paleozoic age, in the structure
of which here (according to V.N. Pankov,
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Fig. 2. Geological map and cross-section along the
A—B—C line of the Labaznoe ore field, according
to (V.N. Shamin, 1987; V.N. Pankov, 1990) with additions.
1 — loose Quaternary alluvial deposits; 2—4 —
Middle Paleozoic volcanics of the Kedon series:
2 — trachyandesites of the Sniper Formation (C;sn),
3 — ignimbrites and rhyodacite tuffs of the Lednikskaya
Formation (D;ld), 4 — andesites, andesite-basalts
and andesite-dacites of the Gruntovskaya Formation
(D,;_,8rt); 5 — Late Cretaceous basalt dikes; 6 — Late
Cretaceous intrusions of granitoids of the Viktorinsky
complex; 7 — subvolcanic bodies of rhyolites of the
Kedon complex of Middle Paleozoic age; 8 — outcrops
of the Pre-Riphean crystalline basement; 9 — stockwork
with sulfide-quartz veinlets; 10 — established faults (a),
inferred (b); 11 — sampling sites for isotope dating
by methods: U—Pb (a), K—Ar (b); 12 — zones
of oriented veinlets; 13 — trenches.

1990)%: andesites, andesibasalts and daciandesites
of the Gruntovskaya sequence (D,_,grt) and
volcanogenic-sedimentary formations, ignimbrites,
lavas and tuffs (predominantly of acidic
composition) of the Lednikskaya sequence (D;ld).
Trachyandesites of the Snaiperskaya sequence (C,sn)

2 Pankov V.N. Report on the results of prospecting
works at the "Labazny" object in the area of sheets
P-57-8-A-b-2, 4; P-57-8-B-a, b; P-57-8-B-v-2;
P-57-8-B-g-1, 2 (Labazny prospecting team). Evensk:
SEGRE, 1990. Book 1. 261 p., Book 2. 228 p.

Fig. 3. Ore-hosting rocks of the Labaznoe ore field.

a, b — quartz monzodiorite of the Viktorinsky complex;
¢ — rhyolite of the Kedon complex; d — dacite ignimbrite
of the Kedon series.

lie unconformably on the ignimbrites of the
Lednikskaya sequence, which are well traced in the
relief and armor the steep peaks of small volcanic
structures. In the contact zones, the volcanics
of the Lednikskaya and Snaiperskaya sequences
are transformed into sericite-quartz phyllisites
with thin veinlets and disseminated pyrite,
chalcopyrite, and molybdenite. The most recent
magmatic formations include granitoids of the
Late Cretaceous Viktorinskiy complex (Fig. 3a,
Fig. 3b), which form small stocks with an area
of about 5 km? (according to magnetic survey
results, taking into account the unexposed part
of the dome®). The formation of the Labaznensk
mineralization, represented by a sulfide-quartz
stockwork and sulfide-quartz veins, is associated
with this stage.

PETROGRAPHIC COMPOSITION
OF GRANITOIDS

The Viktorinsky complex within the Labaznoe
ore field is represented by stocks of dense biotite-
amphibole quartz monzodiorites, from light
gray to dark gray in color, with a porphyritic
structure, medium-grained groundmass, and
massive texture. According to the content of rock-
forming oxides, the analyzed granitoids belong
to quartz monzodiorites [Petrographic..., 2008]
(Table 1).

3 Shamin V.N., Kramarev S.P., Tedeev T.V. et al.
Report on the group geological survey and prospecting
for deposits at a scale of 1:50,000 in the upper reaches
of the Omolon River, in the basin of the Birkacan,
Kubaki and other rivers (sheets P-57-8-A; P-57-9-A,B;
P-57-8-V,G; P-57-9-V; P-57-20-A,B; P-57-21-A)
for 1983—1987. Birkacan team. Seimchan, SGRE, 1987.
Book 1. 335 p., Book 2. 299 p.
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Table 1. Chemical composition of quartz monzodiorites from the Labazny ore field

Element Sample
LBUPb1 2 LBUPD 3_4*

Sio, 62.41 62.32
TiO, 0.58 0.47
ALO, 18.38 17.08
Fe,050a1, 6.22 7.03
CaO 6.44 5.16
MgO 2.03 1.87
MnO 0.15 0.12
K,O 2.24 3.05
Na,O 3.64 2.82
P,0; 0.22 0.19
PPP 0.93 1.4

Total 103.35 100.11

Note. * — according to [Glukhov et al., 2022].

a =

Fig. 4. Microphotographs of thin sections of quartz monzodiorites of the Viktorinsky complex of the Labaznoe ore field.
Crossed nicols.

a, b — sample LBUPb 1 2, ¢, d — sample LBUPb 3 4. Here and further in the text, mineral designations are given
according to [Laurence N. Warr., 2021].
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Secondary alterations are represented by
sericitization and weak silicification. The mineral
composition (averaged) of quartz monzodiorites:
plagioclase — 55%; amphibole — 15%; potassium
feldspar — up to 10%, biotite — up to 15%, and
quartz — up to 15%; accessory minerals include
zircon and apatite.

The bulk of the rock consists of an
allotriomorphic-grained quartz-feldspar aggregate
(filling interstices between porphyritic segregations),
prismatic grains of finely twinned plagioclase,
and rare flakes of light mica; the grain size
of the rock groundmass does not exceed 0.3 mm
(Fig. 4a).

About 20% of the rock volume consists
of porphyritic (0.5 to 3 mm in diameter) tabular
and elongated-prismatic grains of plagioclase,
hornblende, and biotite.

Porphyritic grains of plagioclase (andesine-
labradorite, Ans, ¢, often have normal (direct)
zonal structure — central parts correspond
to labradorite (Ans,_g4sg)), less commonly bytownite
(Ang; gyss5, and andesine (Any 4 ;g), marginal
parts — to andesine (An;, 4435, less commonly

labradorite  (Ans;_¢s3)), in  isolated cases
oligoclase (An,, ,5,4) (Fig. 5). The central parts
of plagioclase grains are saussuritized; the
development of sericite along microcracks is noted.

Amphibole is represented by idiomorphic
indistinctly zonal prismatic grains (up to 3 mm)
of calcium hornblende — magnesian hastingsite;
meanwhile, the marginal parts of the grains
are often composed of magnesian hornblende
and tschermakite (see Fig. 5a, 5b), which are
unevenly replaced by biotite and chlorite
with rims of magnetite and ilmenite. Poikilitic
inclusions of quartz are noted in porphyritic
grains of hornblende and plagioclase.

Biotite forms scaly and lamellar grains
(up to 2 mm), often with corroded edges; it is
replaced by chlorite along cleavage planes and
grain edges (up to 60% of the grain area).

GEOCHEMICAL CHARACTERISTICS
OF GRANITOIDS

Quartz monzodiorites of the Labaznoe ore
field (samples LBUPb 1 2, LBUPb 3 4) are
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Fig. 5. Compositions of amphiboles (a, b) and plagioclases (c) of quartz monzodiorites of the Viktorinsky complex

on classification diagrams [Leake et al., 1997].

Colors: green — central parts of crystals, pink — edge parts of crystals. Prg — pargasite, Mg-Hst — magnesiohastingsite,
Tr — tremolite, Act — actinolite, Mg—HDbI — magnesiohornblende, Ts — tschermakite.
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Fig. 6. Composition points of quartz monzodiorites of the Viktorinsky complex of the Labaznoe ore occurrence (red dots)
on discrimination diagrams.

a — (A/NK)/ASI [Frost et al., 2001], b — Rb/Y + Nb (Pearce et al., 1984), ¢ — (Na,O + K,0 — Ca0)/SiO, [Frost et al.,
2001], d — K,0/Si0, [Peccerillo and Teylor, 1976]. Composition fields on Pearce diagram — geodynamic settings:
syn-COLD — collisional, post-COLD — post-collisional, WPG — within-plate, VAG — volcanic arc, ORG — ocean ridge.
Dashed line — composition field contours: red — granitoids of the Viktorinsky complex of the Kongin MZ of the Omolon CT,
and the Penzhin segment of the OChVB, according to [Glukhov et al., 2022, Shatova, Seregin 2023], orange — granitoids
of the Early Cretaceous Namyndykan complex of the Namyndykan-Molandzhin zone of the Omolon CT, according
to [Shatova, Seregin, 2023].

characterized by low loss on ignition values According to the position of figurative
(LOI = 0.93—1.4 wt. %), indicating insignificant points on classification diagrams (Fig. 6c¢c, 6d),
secondary alterations (see Table 1). the rocks are characterized as metaluminous
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Fig. 7. Distribution curves of trace elements in quartz
monzodiorites of the Viktorinsky complex of the
Labaznoe ore occurrence (a — normalized to chondrite
[Boyton, 1984]; b — normalized to primitive mantle
[Donough, Sun, 1995]).

The colored areas show the distribution of trace elements
in Cretaceous granitoids of the Viktorinsky complex
(Kongin MZ — blue color) and the Garmandin complex
(OChVB — orange), according to [Akinin, Miller, 2011;
Glukhov et al., 2022].
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I-type granitoids of magnesian (FeO,/(FeO, +
+ MgO) <0.78 wt. %) and high-potassium calc-
alkaline series.

Granitoids of the Victorian complex, established
within the ore sites of the Kongin MZ —
Labazny, Zakharenko, Sedoy, Dzhelty, belong
to high-alumina, normal and moderately alkaline
potassium-sodium type rocks [Glukhov et al.,
2022]. Quartz monzodiorites of the Labaznoe
ore field are characterized by elevated contents
(relative to clarke) of As, Ba, Co, Cu, Ga,
Mo, Mn, Sr, Te, Tl, V; significant enrichment
in REE is noted (concentration coefficient
from 4.16 to 13.75); they are enriched in light
REE relative to heavy ones ((La/Yb)y = 6.5-7.1)
and large ion lithophile elements (LILE: Ba,
U and Pb); depleted in high field strength
elements incompatible with the melt (HFSE:
Nb, Ta and Ti) (Fig. 7). On the discrimination
diagram of J. Pearce [Pearce et al., 1984], quartz
monzodiorites are comparable to granitoids
of volcanic arcs (see Fig. 6b).

MINERAL THERMOBAROMETRY
OF QUARTZ MONZODIORITES

The formation conditions of quartz
monzodiorites at the early magmatic stage were
assessed based on the compositions of amphibole
and plagioclase (thermobarometer: Hbl—melt
[Putirka, 2016]; barometer: Al—in—Hbl [Mutch et
al., 2016]; thermometer: Hbl—PI [Powell, Holland,
1994]) (Table 2). The pressure and temperature
parameters of the late magmatic stage were
estimated using the barometer [Yang, 2017] and
thermometer [Duan et al., 2021] based on the bulk
composition of intermediate and acidic magmas.

Thermometer calibration is traditionally
performed based on the SiO content. , content
in rocks — Tg;p, (‘C) = —14.16 - SiO, + 1723 [Duan
et al., 2021]; however, the authors believe that
the temperature calculated in this way can only be
considered for comparison, as granitoids do not
represent a pure melt.

Empirical barometer of X. Yang [Yang, 2017]:
P vpay = —0.2426 - Q 3+26.392-Q2—980.74 - Q +
+ 12 563 — relies on the normative mineral
composition of granitoids. The amount of water

2025
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Table 2. Representative compositions of amphiboles from quartz monzodiorites (sample LBUPb 1_2)

Position Center Edge — 1 Edge — 2
Oxides, wt. %
SiO, 39.98 41.81 42.28 42.19 44.89 44.12
TiO, 2.06 1.85 2.06 2.00 2.03 2.02
AL O, 13.46 12.22 11.71 11.79 8.67 9.61
*Fe,0, 6.30 6.69 6.28 6.95 7.80 7.19
*FeO 9.93 10.47 8.73 7.89 6.10 6.62
MgO 10.95 10.93 12.49 12.67 13.80 13.64
CaO 11.60 11.36 11.73 11.58 11.23 11.43
MnO 0.35 0.39 0.38 0.44 0.86 0.60
Na,O 2.28 2.02 2.13 2.20 1.53 1.74
K,O 0.78 1.03 0.67 0.65 0.65 0.52
*H,0 1.97 1.99 2.00 2.00 2.01 2.00
Total 99.66 100.76 100.46 100.36 99.57 99.50
Formula coefficients

T — position

Si 5.970 6.175 6.204 6.185 6.564 6.462
Al (IV) 2.030 1.825 1.796 1.815 1.436 1.538
M1-M3 — position

Al (VD) 0.339 0.302 0.229 0.222 0.058 0.121
Ti 0.231 0.206 0.227 0.221 0.223 0.223
Fe’* 0.708 0.744 0.693 0.767 0.858 0.793
Mg 2.438 2.407 2.732 2.769 3.008 2.978
Fe?* 1.240 1.293 1.071 0.967 0.746 0.811
Mn 0.044 0.049 0.047 0.055 0.107 0.074
M4 — position

Ca 1.856 1.798 1.844 1.819 1.759 1.794
Na 0.144 0.202 0.156 0.181 0.241 0.206
A — position

Na 0.516 0.376 0.450 0.444 0.193 0.288
K 0.149 0.194 0.125 0.122 0.121 0.097
Classification Mg-Hst Mg-Hst Mg-Hst Mg-Hst Mg-Hbl Ts

Calculated parameters

[11TCC) 856 967 814 828 814 810
[2] P (kbar) 6.9 5.7 5.3 5.3 3.2 3.8
[3]1 Wt% H,0,,..;, 7.5 6.5 6.4 6.4 4.9 5.6
[3] DNNO 0.1 0.11 0.48 0.56 1.15 1.01

Note. Calculated values, according to [Hora et al., 2001]; [1] — thermometer, according to [Holland, Blundy, 1994];
[2] — barometer, according to [Mutch et al., 2016]; [3] — hydrometer and oximeter, according to [Ridolfi et al., 2010];
Mg-Hst - magnesiohastingsite, Mg—Hbl — magnesian hornblende, Ts — tschermakite.

JOURNAL OF VOLCANOLOGY AND SEISMOLOGY No.1 2025



66 SOLOV'EV et al.

Temperature, °C
600 650 700 750 800 850 900 950 1000
0

T T T T T T T |
l -
5

2 -
77 10§
g4 =
= (=9
25 | 158
= Hbl-Pl- - [ p—

6 r ,' : 'y

. ‘Hbl-Lig= -- 20

- 1

Fig. 8. “Temperature—Pressure—Depth” diagram for
quartz monzodiorites of the Viktorinsky complex of the
Labaznoe ore field.

Colored lines of water experimental soliduses: red —
granodiorite, according to [Schmidt, Thompson, 1996],
dark green — tonalite, according to [Bea et al., 2021];
dashed green — amphibole, blue — plagioclase,
accordingto [Schmidt, Thompson, 1996]. Black circles —
estimation of pressure and temperature of formation
of quartz monzodiorites of the Labaznoe ore field
based on their bulk composition according to [Yang,
2017; Duan et al., 2021]. Colored rectangles: dark
green — amphibole-melt thermobarometer [Putirka,
2016], light green — central parts, and pink — marginal
parts of amphibole and plagioclase paragenesis
(temperature [Powell, Holland, 1994], pressure [Mutch,
2016]). Gray arrow — presumed crystallization trend
of quartz monzodiorites of the Labaznoe ore field. Red
outline — sample LUPb 1_2, blue — sample LUPb 3 4.

in the melt H,0™! is calculated according
to [Ridolfi et al., 2010] and varies from 5.0
to 7.5 wt. %, which corresponds to water-saturated
magmas of porphyry deposits [Li et al., 2009].

Based on the obtained thermobarometric
estimates, the following sequence of formation
of quartz monzodiorites is reconstructed: 1 —
amphibole segregation from the melt (Hbl—melt)
occurred approximately wunder subsolidus
conditions (T = 940°C, P = 6.45 kbar) at a depth
of about 19 km (Fig. 8); 2 — further crystallization
of amphibole proceeded together with plagioclase
(central parts of grains — 820—870°C, P = 5.4 kbar;
marginal parts — 800—850°C, P = 3.5—4.0 kbar)
at depths of about 16 and then 12 km; 3 — late
magmatic crystallization stage (quartz + feldspar)
occurred at a temperature of 840°C and pressure
of 2 kbar at a depth of about 5—6 km.
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MATERIAL COMPOSITION
OF MINERALIZATION
AND SECONDARY ALTERATIONS
OF ORE-HOSTING ROCKS

At the Labaznoe site, ore mineralization
is represented by a sulfide-quartz stockwork
and sulfide-quartz veins confined to quartz
monzodiorite bodies of the Viktorinsky complex.
The area of the stockwork zone is 3.7 km? (2.5 X
x 1.5 km). Here, in thin stockwork veinlets, gold
content up to 0.56 g/t, silver — up to 51.7 g/t,
molybdenum — up to 0.3% has been established,
according to materials by V.N. Pankov (1990).
Within the boundaries of the stockwork zone, later
sulfide-quartz veins with gold-silver-polymetallic
mineralization are distributed; they form linearly
elongated veinlet-vein zones, with thickness
from the first few cm to 3.5 m and length
up to 750 m. The main part of the veinlet-vein
zones is located in the apical parts of the intrusive-
dome uplift. According to data from V.N. Shamin
et al. (1987) and V.N. Pankov (1990), the maximum
gold quantities in the veinlet-vein zones of silver-
polymetallic mineralization in hand specimens
reach 24 g/t, silver — up to 566 g/t, zinc and
lead — 1%, while copper and molybdenum
contents were not determined.

In the ore-magmatic system of Labaznoe, we
identified hydrothermal stages differing in material
composition and sequence of development of the
ore veinlet system: 1) magnetite-quartz (Type A,
here and below veinlet classification according
to [Sillitoe, 2010]) (Fig. 9a); 2) molybdenite-
quartz (Type B) (see Fig. 9b, 9c¢); 3) sulfide-quartz
(Type D) (see Fig. 9b, 9c); 4) polymetallic (see
Fig 9g, 9d).

The analysis of data obtained by the authors,
together with materials from the production report
of V.N. Pankov (1990), allows us to conclude that
each type of veinlet corresponds to a specific
mineralization:

— Pyrite-magnetite-quartz mineral association
is the earliest. Magnetite (II) makes up to 50%
of the mass of magnetite-quartz veinlets. Quartz
in this association is dark gray, microcrystalline,
up to 2 mm in size. There are isolated grains
of pyrite (I).
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Type D Py—Q

y lcm
Type B
, Mol—Q+Py
Ser—Q changes

Fig. 9. Varieties of vein formations in rocks of the Labaznoe ore field.

a — magnetite-quartz veinlets in epidotized volcanics of the Kedon series; b — molybdenite-quartz and pyrite-quartz
veinlets in andesite-basalts of the Gruntovskaya sequence; ¢ — molybdenite-quartz and pyrite-quartz veinlets in quartz
monzodiorites of the Viktorinsky complex (potassium-containing minerals are chemically stained at the bottom);
d, e — Zn—Pb—Cu—Ag veins in daylight (d) and ultraviolet (e) light.

Minerals: Q — quartz, Mt — magnetite, Mol — molybdenite, Sp — sphalerite, Py — pyrite, Ser — sericite.

Fig 10. Relationships of ore minerals of the Labaznoe ore field.

a — molybdenite cuts through pyrite in a molybdenite-quartz veinlet; b — magnetite crystals captured by pyrite;
¢ — chalcopyrite and pyrrhotite fill cavities in pyrite, which is covered by a limonite crust; d—g — silver-polymetallic
mineralization; h — magnetite-ilmenite intergrowths.

Minerals: Q — quartz; Py — pyrite; Chp — chalcopyrite; Pyh — pyrrhotite; Lim — limonite; Mt — magnetite; Mol — molybdenite;
IIm — ilmenite; Sp — sphalerite; Gl — galena; Cer — cerussite; Aca — acanthite; Trd — tetrahedrite.
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Table 3. Results of microprobe analysis of sulfides from the Labaznoe ore field

No. Sa;ln 5 le Total Weight concentrations, % Formula coefficients
Molybdenum-porphyry stage
Pyrite — Fe, 35S, gy
S Fe S Fe
25 | 210006 |99.83 53.27 46.55 2.00 1.00
52 VL4 [100.24 53.59 46.65 2.00 1.00
136 | VL2 |99.82 53.56 46.26 2.01 1.00
31 VLS5 ]100.46 53.61 46.86 2.00 1.00
As-containing pyrite — Fe; ,0AS ) 01} o9

S Fe As S Fe As

99 VL5 |100.3 53.26 46.54 0.50 1.99 1.00 0.01
Chalcopyrite — Cuy z,Fe; 755, 5,

S Fe Cu S Fe Cu
110 | 210008 |99.98 33.89 27.72 38.37 1.47 0.69 0.84
140 | VL7 |100.01 35.36 31.72 32.93 1.51 0.78 0.71
172 | 210008-1 | 99.79 35.32 30.74 33.73 1.51 0.76 0.73

Pyrrhotite — Fe; ,,S;
S Fe S Fe
100 | 210008 |[100.11 40.3 59.81 8.1 6.90
128 VL2 |99.88 38.97 60.92 7.90 71
141 | VL7 |99.27 38.94 60.34 7.94 7.06
152 {210008-1| 99.94 40.36 59.57 8.12 6.88
Galenite — Pb, ,,S, o5
S Pb S Pb
43 1210005-11100.2 13.06 87.14 0.99 1.02
67 |210005-1(100.31 13.03 87.27 0.98 1.02
70 |210005-1{100.28 13.39 86.88 1.00 1.00
67 VL5 ]99.86 13.1 86.76 0.99 1.01
Bi-containing galena — Pb, ooBi, 01} 90

S Pb Bi S Pb Bi
56 |210005-1 | 98.47 12.86 84.64 0.97 0.99 1.00 0.01
64 |210005-11 99.18 13.58 84 1.6 1.01 0.97 0.02
71 |210005-1| 99.11 13.3 84.7 L.11 1.00 0.99 0.01

Sphalerite — Zn ) osS, 43
S Zn Mn Fe Cd S Zn Mn Fe Cd

40 VL5  |99.24 34.36 64.51| 0.37 — — 1.04 0.96 0.01 — —
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Table 3. Continued
No. SaI? 5 le Total Weight concentrations, % Formula coefficients
42 VLS5 |99.04 34.04 64.94 — — | 0.05 | 1.03 0.97 — — —
94 VLS5 98.7 33.97 62.25 — 1.05 | 0.64 | 1.03 0.93 — 0.02 0.01
Acanthite — Ag; 465 o4
S Ag S Ag
33 VL5 |98.29 13.34 84.96 1.04 1.96
Ag—Zn—As-tennantite-tetrahedrite *
S Fe Cu |Zn | As | Ag Sb S | Fe | Cu Zn As | Ag | Sb
17 VLS5 |100.02| 259 | 0.85 |35.15(7.26(8.21| 5.22 | 17.43 [13.10]0.25| 897 | 1.80 | 1.78 | 0.79 | 2.32
Ag—Zn-tetrahedrite *
S Fe Cu |Zn | As | Ag Sb S Fe | Cu Zn As | Ag | Sb
39 VLS |98.41(2391| 2.29 | 27.6 |6.53| — |12.41| 25.66 |13.13(0.72| 7.65 | 1.76 | — |[2.02] 3.71
45 VLS5 |98.38(23.54| 0.36 [25.48(6.31| — [15.97] 26.73 [13.26(0.12| 7.24 | 1.74 | — |2.67|3.96
72 VLS [99.36 [24.03| — 27.6 |6.99(2.33(14.01| 244 |13.15| — | 7.62 | 1.88 | 0.55 |2.28 |3.52
98 VLS [99.57 [24.87| 0.56 |30.35|6.81|4.21|10.16| 22.61 |13.21]0.17| 8.13 | 1.77 | 0.96 |1.60 | 3.16

Note. Analyst V.Yu. Solov'ev; analysis performed on a Camebax microanalyzer at the North-Eastern Center for Collective

Use, NEISRI FEB RAS, Magadan.

* —according to [Mozgova, Tsepin, 1983].

— Pyrite-molybdenite-quartz association is
represented by thin veinlets up to several millimeters
thick. Relationships where molybdenite flakes cut
through pyrite (I) have been observed (Fig. 10a).
Quartz is isometric, with isolated inclusions
of pyrite (II), which is often replaced by limonite.

— Sulfide-quartz mineral association includes
such sulfides as: pyrite (III), chalcopyrite (1),
pyrrhotite, arsenopyrite. Pyrite (III) is the most
frequently encountered in this association,
comprising up to 20% of the veinlet volume.
It forms predominantly xenomorphic segregations
in quartz, capturing magnetite (I) during formation
(see Fig. 10b). Chalcopyrite (I) and pyrrhotite
have equilibrium boundaries and are represented
by small inclusions up to 0.3 mm in pyrite (III)
(see Fig. 10c), rarely in quartz. Chalcopyrite (I)
and pyrrhotite are characterized by stoichiometric
composition (Table 3). Arsenopyrite is assigned
to this association; its description is provided in the
report materials of V.N. Pankov (1990), where
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it appears as large fragmented crystals cemented
by non-ore material and chalcopyrite.

— Polymetallic mineralization manifests within
the ore occurrence as veinlets and thin quartz
veins containing pyrite (IV), sphalerite, galena and
products of its hypergene alteration, chalcopyrite
(II), acanthite, as well as fahlores. Pyrite (IV)
in this association contains an As impurity
of up to 0.5%. Chalcopyrite (II) forms small
inclusions in sphalerite up to 0.2 mm in size
(see Fig. 10d). Sphalerite is deposited as grains
up to 3 mm in size, as well as fine disseminations
in acanthite (up to 0.05 mm) (see Fig. 10e).
Minor impurities include Mn up to 0.37%, Fe
up to 1.05%, Cu up to 0.79%, and Cd up to 0.64%.
Galena forms relatively large (up to 3 mm)
crystals with corroded boundaries, sometimes
replaced by anglesite and cerussite, which form
a rim around it (see Fig. 10f). Acanthite
develops on the surface of galena grains (see
Fig. 10g). According to its chemical composition,
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galena is stoichiometric (see Table 3), with some
grain areas containing Bi impurities up to 1.6%.
Acanthite is characterized by two forms
of occurrence: a) irregular intergrowths with
fahlores and disseminated sphalerite; b) as rims
on the surface of galena. The size of segregations
reaches 0.5 mm. The chemical composition
of acanthite is stoichiometric (see Table 3).
In fahlores, there is some variability in composition,
characteristic of this type of compounds, but
in general, according to the classification

of N.N. Mozgovaya [Mozgova, Tsepin, 1983], two Fig. 11. Secondary alterations of rocks of the Labaznoe
L . . ore occurrence.
groups can be distinguished: 1) Ag—Zn-tetrahedrite; a, b — sericite-quartz alterations in quartz monzodiorites
2) Ag—Zn—As-tennantite-tetrahedrite. The results of the Viktorinsky complex; ¢, d — actinolite-epidote
. . alterations in quartz veins; e — chlorite-carbonate
of microprobe analysis of sulfides are presented alterations in crystalloclastic andesite tuff of the Kedon
in Table 3. ;zries. A e E tote: S
. . . . T . inerals: Act — actinolite; Ep — epidote; Ser — sericite;
Besides mineralized veinlets, there is disseminated Hbl — hornblende: Q — quartz: Cal — calcite; Chl —
mineralization represented by magnetite (I) (and chlorite.

Table 4. Mineral formation stages of the Labaznoe ore field

Pyrite- Pyrite-
) Postmagmatc | magnetite- | molybdenite-
Mineral quartz quartz

Sulphide- Calcite | Hypergene

Stages Polymetallic .
quartz veins stage

Quartz 11
Magnetite

IImenite
Rutile*
Hematite
Pyrite | 11 11 v
Arsenopyrite
Chalcopyrite | 11
Pyrrhotite*
Molybdenite*
Sphalerite

Galenite
Acanthite*

Pale ores*

Calcite

Limonite*

Cerussite
and Pb oxides*

Note. Thick lines — common minerals, medium thickness — secondary, thin — rare; * — minerals not previously described
at the Labaznoe ore occurrence.
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Fig. 12. Weighted average 2°°Pb/?®U age diagram
of zircons from quartz monzodiorites of the Viktorinsky
complex.

Error bars at 20 level.

its oxidation product — hematite), and to a lesser
extent, rutile and ilmenite. Varieties with Ti
impurities up to 1.88% have been identified
in the composition of magnetite. Ilmenite and
rutile are observed as accessory minerals in the
host rocks of the Labaznoe ore field; here they
form prismatic and irregular crystals up to 0.2 mm
in size (see Fig. 10c). In terms of chemical
composition, ilmenite belongs to the isomorphic
series ilmenite (FeTiO;) — pyrophanite (MnTiO;)
with Mn impurities from 7.73 to 8.22%. Rutile
contains Fe (up to 13.77%) as an impurity.

In the final stage of hydrothermal activity
within the ore field, calcite veinlets are formed. The
stages of mineral formation are shown in Table 4 .

The reconstructed sequence of mineral
association formation is generally characteristic
of Cu—Mo-porphyry systems [Sillitoe, 2010], which
indicates the absence of further ore-generating
geological events.

Within the ore field, a stockwork zone
of secondary metasomatic alterations with zonal
arrangement of halos develops in the host
volcanics of the Kedon series and granitoids
of the Viktorinsky complex. From the central part
of the ore field to the peripheral, areas of sericite-
quartz (Fig. 11a, 11b), actinolite-epidote-feldspar
(see Fig. 11c, 11d), and chlorite-carbonate secondary
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transformations (see Fig. 1le) are established.
The least altered quartz monzodiorites of the
Viktorinsky complex are characterized by sericite-
quartz alterations.

ON THE AGE OF GRANITOIDS AND
MINERALIZATION

Isotopic dating of quartz monzodiorites of the
Viktorinsky complex in the central part of the
Labaznoe ore occurrence was performed on samples
taken from the least altered varieties (sample
LBUPb 1, 2) (see Fig. 2). The isolated zircons are
transparent, prismatic, idiomorphic, 50—80 um
in size. For 10 grains, 29 measurements of isotopic
ratios of the U—Pb system were performed. The
obtained results are shown in Fig. 12. The complete
table of measured isotopic ratios and ages
is available upon request from the authors. For age
estimation using 2°°Pb/?¥U ratio, a correction
for common lead **’Pb was made (using the Stacey-
Kramers model correction [Stecey, Kramers,
1975]). The obtained weighted mean 2°°Pb/>$U
age for quartz monzodiorites was 86 = 1 Ma (Late
Cretaceous, Coniacian—Santonian).

Formation of mineralization is the latest thermal
event; within the ore field, this process is associated
with sericitization of quartz monzodiorites (see
Fig. 12a) and host volcanics. To establish the
age of the upper boundary of mineralization,
K—Ar isotope dating of sericite isolated from the
near-vein contact in quartz monzodiorite was
carried out (see Fig. 3b). The dating results are
as follows: sample number — LUPb_3, 4; dating
material — sericite; K = o — 2.46 = 0.04%;
WAr, 4, = 1420 £ 1.2 ng/g; T = 0 = 82 £ 4 million
years. The obtained value, taking into account the
error, is close to the estimated time of crystallization
of ore-bearing quartz monzodiorites and is
interpreted by the authors as the age of the final
thermal event within the ore-magmatic system,
i.e. as the upper age boundary of mineralization.

DISCUSSION OF RESULTS

The obtained geochronological data fit
into the model [Sillitoe, Hedenquist, 2003],
according to which granitoid intrusions and
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associated molybdenum-porphyry mineralization
are considered within the framework of a unified
porphyry ore-magmatic system. An example is the
Batu Hijau copper-porphyry deposit in Indonesia,
for which U-Pb dating results established that
the formation interval of ore-bearing multi-phase
intrusions does not exceed 0.008 million years
[Garwin, 2002]. At the same time, according
to R. Sillitoe [2010], the functioning of hydrothermal
systems associated with intrusions producing
copper-porphyry mineralization depends more
on the duration of the intrusive magmatism stage
itself.

Thus, a criterion for combining objects of this
type can be the close (within the analytical error
of the isotopic method) age of magmatism and
associated mineralization [Cathles et al., 1997,
Cathles, Shannon, 2007; etc.].
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Fig. 13. Composition of monzodiorites from the Labazny
ore field (black circles) on discrimination diagrams
for identifying potentially ore-bearing intrusions.

a — Si0,—Sr/Y and b — SiO, —V/Sc, after [Loucks,
2014]; ¢ — Sr/Y—Sr/MnO, after [Ahmed et al, 2019];
d — An, %-Al/(Ca + Na + K) in plagioclase, after
[Williamson et al., 2016].

Light green color — prospective intrusions for Cu—Au
porphyry mineralization, purple color — non-prospective.

—1.9 ppm),

The behavior of major and trace elements in the
composition of the studied quartz monzodiorites
is characteristic of most porphyry systems
[Ishihara, 1981; Seedorff et al., 2005]. The presence
of so-called adakitic geochemical signatures
associated with a high proportion of mantle material
in the ore magma is indicative [Li et al., 2009]. Thus,
magmatic rocks associated with copper porphyry
deposits are characterized by high contents of SiO,
(>56 wt. %), Al,O; (>15 wt. %) and Sr (>400 ppm)
and low contents of Y (<18 ppm) and Yb (<1.9 ppm)
[Defant, Drummond, 1990; Kay, Kay, 1993].

The chemical composition of the Labaznoe
quartz monzodiorites generally corresponds to
magmas carrying copper-porphyry mineralization —
Sr (690787 ppm), Y (<15.8—17 ppm), Yb (1.67—
St/Y (43.7—46.6), and the ratio
of a number of chemical elements corresponds
to adakitic characteristics (Fig. 13).

In the work of V.Yu. Prokofiev and V.B. Naumov
[Prokofiev, Naumov, 2022], based on data
from numerous measurements of fluid inclusions
in rocks of copper porphyry deposits worldwide
(a total of 70 deposits), it was concluded that
the composition of fluids separating from melts
changes with increasing pressure, in accordance
with changes in maximum and average fluid
temperatures in various types of porphyry deposits;
the authors proposed a hypothetical scheme of the
dependence of Cu—Mo—Au porphyry deposit
types on the depths of fluid separation from the
magmatic melt. Based on these constructions, the
crystallization parameters of the monzonitoid
melt obtained by us at the Labaznoe ore occurrence
(see Fig. 8), as a first approximation, correspond
to the molybdenum type of porphyry mineralization.

For the discrimination of potentially ore-
bearing (productive for porphyry mineralization)
and barren magmas, discrimination diagrams
of geochemical parameters calculated from the
bulk chemical composition of granitoids can be
used. On the diagrams SiO,—Sr/Y, SiO,—V/Sc
[Loucks, 2014] and Sr/MnO-Sr/Y [Ahmed
et al., 2019], the figurative points of the analyzed
quartz monzodiorite compositions are located
in the areas of granitoids productive for copper-
porphyry mineralization (see Fig. 13a, 13b),
as well as mixed “productive-unproductive” (see
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Fig. 13c), which indicates the prospectivity
of the Labaznoe stocks for Cu—Mo—Au
porphyry mineralization. The chemical composition
of plagioclases is also used to distinguish
intrusions by their prospectivity for porphyry
mineralization [Williamson et al., 2016]. On the An,
%-Al/(Ca+Na+K) diagram, the composition
points of plagioclases from quartz monzodiorites
are evenly distributed in the areas of prospective
(23 analyses) and non-prospective (29 analyses)
intrusions for mineralization (see Fig. 13d).

The age values obtained for the Labaznoe ore
occurrence from quartz monzodiorites of the
Viktorinsky complex (86 £ 1 Ma, U—Pb method
on zircon) and sericite isolated from the near-
vein contact with monzodiorites (82 * 4 Ma,
K—Ar method) are in good agreement with each
other and can serve (considering analytical error)
as the time frame for the formation of mineralization.

Overall, the obtained data are comparable
with the materials of isotopic dating of granitoids
of the Viktorinsky complex [Goryachev et al.,
2017; Glukhov et al., 2021; et al.]. Similar age
values of granitoid intrusions of the Viktorinsky
complex are known for similar objects of copper-
porphyry ore-magmatic systems of the Konginsk
mineralization zone — copper-molybdenum-
porphyry ore occurrence Zakharenko (86.4 = 1 Ma,
U—Pb on zircon, TIMS) and skarn-polymetallic
ore occurrence Sedoe/Kustiki (86 + 1 Ma, U—Pb
on zircon, TIMS). The age of mineralization
at the Zakharenko ore occurrence, according
to “Ar—°Ar dating of sericite from the host
metasomatically altered rhyolites of the Kedon
series, was 88.0 = 1.5 Ma [Glukhov et al., 2021].

In the northern part of the Omolon CT
(Namyndykano-Molandzhinsky zone), dates of
82.2 £ 1.0 and 84.6 £ 0.7 million years (U—Pb,
SHRIMP-II, [Shatova, Seregin 2023]) were
obtained for granitoids of the Victorian complex.
The oldest of these, in our opinion, belongs to the
granitoids of the Garmandin complex (K,_,,
according to LOS-200).

Within the Korkodon-Nayakhan MZ, granitoids
of the Nayakhan complex show similar age
values — 86—84 + 1 million years (U—Pb SHRIMP);
for the molybdenum-porphyry mineralization
of the Ak—Su ore occurrence, associated with
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the magmatism of the Nayakhan complex,
dating of molybdenite showed 84.6 = 0.5 million
years (Re—Os) [Akinin et al., 2019; Sotskaya
et al., 2021].

Older, Albian-Cenomanian dates have not yet
been identified in the Kongin zone.

CONCLUSIONS

The Labaznoe ore occurrence is confined
to an intrusive-dome uplift, in the central part
of which stocklike bodies of Late Cretaceous
granitoids of the Victorian complex are exposed.
Based on the results of thermobarometric
estimates of the amphibole—plagioclase pair,
the dynamics of polybaric crystallization
of quartz monzodiorites from the central part
of the Labaznoe ore field was reconstructed. Using
mineral thermobarometry methods, the P-T
conditions of monzonitoid melt crystallization
were reconstructed in the following sequence:
intratelluric crystallization of amphibole from the
melt at a depth of about 19 km (7T = 940°C;
P = 6.45 kbar), cotectic crystallization of plagioclase
and amphibole at depths of about 16 and
12 km (central parts of grains — 820—870°C;
P = 5.4 Kkbar; marginal parts — 800—850°C;
P = 3.5—4.0 kbar), final subsolidus crystallization
at a depth of about 5—6 km (7= 840°C; P = 2 kbar).

The Labaznoe ore occurrence belongs to the
molybdenum-porphyry and polymetallic ore
formation with a sequence of mineral paragenesis
formation that is classic for a porphyry ore-
magmatic system.

A number of ore minerals have been identified:
molybdenite, acanthite, fahlores, pyrrhotite,
previously undescribed in the Labaznoe ore field.

The attribution of the ore occurrence to the
gold-polysulphide mineral type of the gold-
silver formation of the Early Devonian-Early
Carboniferous metallogenic stage has not been
confirmed. The obtained data indicate the possibility
of discovering commercial mineralization of the
copper-molybdenum-porphyry type in the OChVB.

The close age values of quartz monzodiorites —
86 + 1 million years, Coniacian—Santonian (U—Pb
on zircon), and sericite from sulphide-quartz
veinlets in the contact zone of granitoid stocks —

2025



74 SOLOV'EV et al.

82 * 4 million years (K-Ar), allow to substantiate
the paragenetic relationship between monzonitoids
and molybdenum-porphyry mineralization.

The compilation of isotopic dating materials
on granitoids of the Viktorinsky complex of the
Kongin MZ and associated copper-molybdenum-
porphyry mineralization (ore occurrences Labaznoe,
Zakharenko, Khrustalnoe, Vechernee, Shlikhovoe)
indicates a Late Cretaceous (Coniacian—Campanian)
age of the ore-magmatic systems, the functioning
of which is associated with the formation of the
OChVB.
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