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Abstract
The Nakhodka ore field (NOF) is situated in the Baimka Trend, Chukotka, Russia, and comprises the Vesenny epithermal 
Au–Ag, and Malysh, Nakhodka, Vesenny III, and Pryamoy porphyry Cu-Au ± Mo deposits. Porphyry and epithermal min-
eralization of the NOF are hosted by Early Cretaceous diorite and monzonite intrusions, which are dated at 139–141 Ma 
(U–Pb zircon). The NOF mineralization is structurally controlled. The prevailing stress field during the evolution in the 
Baimka dextral shear zone (also known as Baimka Trend) has led to the formation of extensional and strike-slip structures 
that control distinct zones with strong quartz-sericite alteration and sheeted high-grade quartz–sulfide veining; character-
istics that are similar to the world-class Peschanka porphyry Cu-Au deposit located about 20 km to the NW of the NOF. 
Four types of hydrothermal alteration are documented in the NOF: (1) potassic, (2) propylitic, (3) quartz-sericite, and more 
rarely (4) argillic. Two phases of porphyry-style mineralization are distinguished: (1) early-stage quartz-magnetite veining 
associated with potassic alteration and (2) sheeted quartz-sulfide (bornite, chalcopyrite, molybdenite, pyrite) veining that 
is spatially associated with a strong quartz-sericite alteration assemblage. Epithermal Au–Ag mineralization belongs to the 
intermediate-sulfidation type and consists of gold-bearing polymetallic quartz-dolomite ± rhodochrosite veins and veinlets. 
The NOF is defined by a distinct geochemical zonation. Geophysical data show that the high-grade stockwork zones at 
the Vesenny III porphyry Cu-Au deposit are defined by pronounced magnetic anomalies reflecting abundant hydrothermal 
magnetite veining, while the Vesenny epithermal Au–Ag deposit is defined by a strong negative magnetic anomaly due to 
strong silicification and magnetite-destructive quartz-sericite to argillic alteration.

Keywords Porphyry Cu-Au · Epithermal Au–Ag mineralization · Nakhodka ore field · Baimka Trend · Chukchi Peninsula · 
Russia

Introduction

The Chukotka region in North-East Russia, comprises the 
Baimka Trend, a well-endowed mineral belt located about 
200 km to the southwest of the town of Bilibino. The Baimka 
Trend includes a cluster of porphyry Cu-Au and epithermal 
Au–Ag projects (Fig. 1). The most advanced exploration 
project to date is Peschanka (also known as Baimskaya), 
which crops out at surface and is well defined by systematic 
deep diamond drilling (Chitalin et al. 2012, 2013, 2021).

Peschanka represents the largest porphyry Cu-Au ± Mo 
deposit in Russia, comprising a JORC resource of > 9.5 Mt 
Cu with an ore grade of 0.43% Cu and > 16.5 Moz Au with 
an ore grade of 0.23 g/t Au (kazminerals.com); it ranks 
among the top 10 undeveloped greenfield copper projects 
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worldwide. Peschanka is an example of copper–gold min-
eralization hosted by potassic intrusions with high oxidation 
state, comparable to Grasberg, Indonesia (Pollard and Taylor 
2001); Oyu Tolgoi, Mongolia (Crane and Kavalieris 2012); 
and Pebble, Alaska (Olson et al. 2017). It probably also rep-
resents the most isolated copper–gold deposit of significant 
grade and tonnage worldwide (Chitalin et al. 2012, 2021; 
Marushchenko et al. 2015, 2018).

The Nakhodka ore field (NOF) is another economically 
significant hydrothermal Cu-Mo-Au–Ag system in the 
Baimka Trend (Fig. 1). It is located about 20 km SE of 
Peschanka and includes the Vesenny porphyry-epithermal 
Au–Ag, and the Malysh, Nakhodka, Vesenny III, and Pry-
amoy porphyry Cu-Au ± Mo deposits. The inferred JORC 
compliant mineral resource of the combined Nakhodka and 
Pryamoy deposits is estimated by IMC Montan  (CuEq cut-
off grade of 0.3%) totaling about 918 Mt of ore, including 

3.1 Mt of Cu, 50 kt Mo, 9 Moz of Au, and 37 Moz of 
Ag at average grades of 0.34% Cu, 0.0054% Mo, 0.30 g/t 
Au, and 1.2 g/t Ag, respectively. The Vesenny epithermal 
precious-metal deposit consists of two orebodies: (1) high-
grade veining with about 4.38 Mt of ore, including 0.5 
Moz of gold and 4.5 Moz of silver at average grades of 
3.4 g/t Au and 31.4 g/t Ag, respectively, and (2) stockwork 
mineralization containing about 65.74 Mt of ore, includ-
ing > 3 Moz of Au and 30 Moz of Ag at average grades of 
1.48 g/t Au and 13.6 g/t Ag (Chitalin et al. 2013), using 
a gold equivalent cut-off grade of about 1 g/t. The district 
has only partially been explored and still holds significant 
upside potential (Chitalin et al. 2019).

Both the Peschanka deposit and the NOF were discov-
ered during a scout drilling program during the late-1970s 
and 1980s. Follow-up exploration was carried out during the 
period of 2009–2019 by the Baimka Mining Company and 

Fig. 1  Tectonic sketch map of 
northeastern Russia (simplified 
after Sokolov 2010) showing 
the location of the Baimka 
Trend and related porphyry-
Cu-Au deposits: (1) Siberian 
Craton and cratonic terranes; (2) 
Verkhoyansk terrane; (3) Yana-
Kolyma terrane; (4) Paleozoic 
terranes; (5) Alazeya-Oloy fold 
system; (6) South-Anyui Suture; 
(7) East Chukotka terrane; (8) 
Late-Jurassic magmatic belt; 
(9) Okhotsk-Chukotka Creta-
ceous magmatic belt; and (10) 
Koryak-Kamchatka fold belt, 
respectively
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under guidance of the Regional Mining Company, LLC. In 
late 2019, KAZ Minerals acquired the Pechanka/Baimskaya 
copper project and commenced with the 8.5 billion USD 
mine development. Due to the high exploration potential for 
additional satellite porphyry Cu-Au orebodies, KAZ Miner-
als also conducts an extensive brownfields exploration pro-
gram including the NOF (Chitalin et al. 2021).

This paper provides an overview of the tectonic setting, 
structural framework, hydrothermal alteration, and minerali-
zation styles of the Nakhodka porphyry-epithermal deposit 
cluster and presents new mineralogical, geochemical, and 
geophysical data.

Regional and local geology

The West Chukotka area consists of four major tectono-
magmatic elements, from the SW to the NE (Fig. 2): (1) 
the Omolon cratonic terrane; (2) the Oloy zone, domi-
nated by Jurassic and Early Cretaceous continental-arc 
magmatism; (3) the South Anyui Suture formed during 
the Early Cretaceous and after the closure of the oceanic 
basin by subsequent collision between the Chukotka block 
and the Siberian craton, and (4) the Anyui zone, repre-
senting the former passive margin of the Chukotka block 
(Parfenov 1991; Nokleberg et al. 2000). All four zones are 
overprinted by a post-collisional magmatic event dated at 
about 121–112 Ma (Tikhomirov et al. 2017; Kara et al. 
2019; Nagornaya et al. 2020) and, subsequently, by sub-
duction-related volcanism along the Okhotsk-Chukotka 
volcanic belt dated at about 106–74 Ma (Akinin and Miller 
2011; Tikhomirov et al. 2012).

The Oloy tectonic zone includes the Baimka Trend, which 
hosts the world-class Peschanka and Nakhodka porphyry 
Cu-Au ± Mo deposits as well as several smaller porphyry 
Cu-Au and epithermal Au prospects (Chitalin et al. 2021). 
The Baimka Trend has a NW-strike with a length of approxi-
mately 200 km and a width ranging from 25 to 50 km. It is 
structurally controlled by the regional Baimka Shear Zone 
(Fig. 3; Chitalin et al. 2013, 2016). All mineral deposits and 
occurrences are spatially associated with high-K monzonite 
intrusions of the Early Cretaceous Egdykgych Complex.

The Baimka Shear Zone was formed in two stages 
during the Late Jurassic to Early Cretaceous (Chitalin 
2019a). During the initial stage, the Upper Jurassic vol-
canic and volcano-sedimentary sequences were folded, 
and NW-trending sinistral strike-slip and reverse faults 
formed in relation to a regional left-lateral shear system 
(Fig. 3). The Early Cretaceous composite Egdykgych 
plutonic complex intruded along these faults and was 
subsequently cut and displaced along the NW-trending 
reactivated dextral strike-slip fault. The second phase 
is documented by secondary extensional structures, 

normal faults and strike-slip faults, respectively. Exten-
sional structures within this large shear zone controlled 
the emplacement of the Early Cretaceous intrusions and 
the formation of porphyry Cu-Au ± Mo deposits. Gold-
bearing epithermal veins and sheeted vein zones mainly 
developed along dextral strike-slip and conjugated sinis-
tral strike-slip faults.

At the Peschanka north flank, mineralized rocks are 
unconformably overlain by post-mineral sedimentary rocks 
of the Late Aptian Ainakhkurgen Formation (Chitalin et al. 
2022). The Late Cretaceous basalt and andesite dikes are the 
youngest rocks in the Baimka area, apart from local Quater-
nary alluvial cover sequences. Strike-slip movements and 
associated thrust faults were active at least until the Albian. 
Cenozoic low-angle thrust faults with cataclastic textures 
intersect the stockwork veining at the Nakhodka porphyry 
Cu-Au deposit (Chitalin et al. 2016; Chitalin 2019a).

Nakhodka ore field geology

The Nakhodka ore field is located in the southern part 
of the partly eroded Early Cretaceous Upper Baimka 
diorite complex (Fig. 4). This composite stock consists 
of two diorite and quartz-diorite porphyry phases, which 
are locally intruded by small monzodiorite and quartz-
monzonite porphyry plugs that belong to the Early Cre-
taceous Egdygkych pluton. All intrusions intersect the 
folded Upper Jurassic volcano-sedimentary sequences 
as well as Late Jurassic gabbroic to dioritic stocks and 
dykes. The U–Pb zircon ages of quartz-diorite and quartz-
monzodiorite porphyries of the Nakhodka ore field yield 
about 139–141 Ma (Fig. 4 and ESM 1). Post-mineral Late 
Cretaceous andesite and basalt dykes post-date and cut 
all other units and mineralized structures (Chitalin et al. 
2013, 2014, 2016, 2019; Marushchenko et al. 2018).

The porphyry-type Cu-Au mineralization predominantly 
occurs at the margins of the Upper Baimka stock form-
ing wide linear mineralized zones. Significant porphyry 
Cu-Au ± Mo mineralization is recorded at the Nakhodka 
porphyry Cu-Au deposit as well as at Vesenny III, and the 
eastern flank of the Pryamoy deposit (Fig. 4). Porphyry 
Cu-Au ± Mo mineralization at the Nakhodka deposit is con-
firmed to vertical depths of at least 600 m below surface, but 
remains open at depth. Minor sub-economic porphyry Cu 
occurrences are exposed at the western flank of the Upper 
Baimka stock and were intersected in exploration drillholes 
in the vicinity of the Vesenny epithermal Au–Ag deposit 
(Fig. 4). Copper-poor but Mo-rich porphyry-type minerali-
zation is recorded both at the Malysh and the western flank 
of the Pryamoy deposit (Fig. 4). The Re-Os molybdenite 
age of 137.9 ± 0.3 Ma (ESM 1) is consistent with the U–Pb 
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zircon dating and confirms the genetic relationship between 
hydrothermal mineralization and the high-K intrusions of 
the Egdykgych Complex (Nagornaya 2013).

The Nakhodka porphyry Cu-Au ± Mo deposit includes a 
north–south striking mineralized corridor, up to 300 m thick, 
and steeply dipping to the east (Figs. 5 and 6). Figure 6a 
illustrates the typical metal zonation of the porphyry system 
consisting of a bornite-rich core with the highest Cu con-
tents, which grades outwards into a chalcopyrite-dominated 
zone surrounded by a pyrite shell. Chitalin et al. (2016) 
document that an initial porphyry Mo stage pre-dates the 
main porphyry Cu-Au mineralization at Nakhodka. The Cu-
rich porphyry-style mineralization at the Nakhodka deposit 
as well as the Vesenny III and Pryamoy deposits forms 
en-echelon subvertical N-S trending quartz-sulfide lenses 
and multiple zones with intense stockwork veining that are 
spatially associated with strong quartz-sericite alteration 
(Fig. 5a and c and ESM 2, 3). In places, there are also N-S 
oriented hydrothermal breccias, which cut the early-stage 
porphyry Cu-Au ± Mo mineralization (Figs. 5b, 6b, and 7b 
and ESM 4).

Telescoping in the NOF comprises two main phases: (1) 
porphyry Cu-Au ± Mo mineralization (Figs. 5c and 6) and 
(2) an intermediate-sulfidation (IS) epithermal Au assem-
blage (Figs. 5c and 7b). Locally, Au-bearing banded quartz-
carbonate veins and ENE-WSW trending vein zones (linear 
stockworks) cut the early-stage porphyry Cu-Au ± Mo min-
eralization and hydrothermal breccias (Figs. 6 and 7 and 
ESM 5).

In places, the porphyry-style mineralization is intersected 
by post-mineral sinistral and dextral strike-slip faults, with 
lateral offsets of up to 1 km. Telescoping by overprinting 
phases of epithermal Au–Ag mineralization is evident at 
all porphyry-style deposits and occurrences of the NOF, 
but most intensely at the Vesenny and Pryamoy deposits 
(Fig. 5c).

The structural setting and orientation of mineralized 
veining in the NOF are documented in detail by Chita-
lin et al. (2014) and discussed by Chitalin et al. (2016, 
2019, 2020) and Chitalin (2019a, b, 2021). Mineralized 
quartz-sulfide veining is commonly associated with strong 
quartz-sericite alteration at the Nakhodka porphyry Cu-Au 
deposit as well as the Vesenny III deposit (Figs. 8 and 9 
and ESM 3, 6, 7). Zones of quartz-sericite alteration typi-
cally trend NW (Fig. 8c), but quartz veining predominantly 
strikes NS cross-cutting these zones. However, there are 
local zones with stockwork mineralization and the main 
vein orientations are N-S and E-W, respectively (Fig. 8d). 

Sulfide disseminations and veinlets locally overprint both 
quartz veining and quartz-sericite alteration zones. At the 
same time, irregularly distributed unmineralized quartz 
veining and quartz-sericite alteration are also recorded.

Mineralized fractures and veins include strike-slip, 
reverse, and extensional structures (ESM 8). Copper, Au, 
and Mo are hosted by quartz stockwork veining (ESM 9). 
The evolution of the Vesenny porphyry Cu-Mo and epi-
thermal Au–Ag deposit is rather complex (Fig. 10a). At 
Vesenny, different types of hydrothermal alteration such 
as propylitic, quartz-sericite, and potassic assemblages as 
well as hydrothermal breccias are structurally controlled 
and spatially associated with porphyry-style Cu-Mo min-
eralization. Subsequent telescoped intermediate-sulfida-
tion epithermal Au–Ag-bearing quartz-carbonate veins 
overprint the early-stage porphyry Cu-Mo mineralization. 
Epithermal veins and veinlets are documented by explora-
tion drilling to vertical depths of at least 450 m (Chitalin 
et al. 2013, 2016). Structural stereograms illustrating the 
complex structural setting of Vesenny and its structurally 
controlled quartz-sericite alteration zones as well as epi-
thermal quartz-carbonate veining are shown in Fig. 10b.

A stereogram synthesizing all unmineralized fractures, 
both pre- and post-mineralization, recorded in NOF is 
shown in ESM 10. The four main structural orientations 
are NW, NE, S–N, and W-E. The pole maxima form an 
arc of a small circle nearly consistent with the projection 
of the great circle of the stereogram base which is typi-
cal of strike-slip faults and associated structures forming 
in a so called “shear stress field” or “wrench regime” by 
horizontal principal stresses Ϭ1 (compression) and Ϭ3 
(extension). The pole maxima also form belts of small 
circles with a vertical axis (ESM 10b and c). They are 
interpreted as contraction cracks in the roof zone of the 
diorite stock. During horizontal compression in the shear 
stress field, some of these cracks were opened and filled 
with hydrothermal fluids (mineralized cracks). In other 
words, we suggest that mineralizing fluids were emplaced 
into available fracture systems, rather than formed as a 
result of fluid overpressure.

A 3-D model of the porphyry Cu-Mo mineralization 
and epithermal Au–Ag overprint in the NOF is illustrated 
in Fig. 11. Note that Mo- and Cu-bearing stockwork zones 
commonly broadly overlap, except at the Malysh deposit, 
which is a Mo-dominant porphyry system. The orien-
tation of veins and veining zones is controlled by local 
extensional structures in the shear zone (Fig. 12a), similar 
to the Peschanka porphyry Cu-Au-Mo deposit (Chitalin 
et al. 2012). Epithermal veins and veining zones at the 
Nakhodka ore field are interpreted as local extensional 
en-echelon structures within the conjugate shear zones 
(Fig. 12b; Chitalin 2021; Chitalin et al. 2016, 2019).

Fig. 2  Geographical location of the Baimka Trend (a) and tectonic 
map of Western Chukotka (b), modified after Tikhomirov et  al. 
(2017) and Chitalin et al. (2021)

◂
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Hydrothermal alteration in the Nakhodka 
ore field

The Nakhodka intrusions are overprinted by wide-spread 
hydrothermal alteration including potassic (biotite-magnet-
ite-potassium feldspar-quartz), propylitic (chlorite-epidote-
actinolite-albite-calcite), quartz-sericite (quartz-sericite-
pyrite-carbonate) assemblages as well as zones of pervasive 
silicification and, less commonly, argillic alteration assem-
blages (Fig. 5 and ESM 2).

Potassic alteration is rarely exposed at the surface, 
but very common in drill core, usually overprinting 
the monzodiorite stocks (Figs. 6 and 7). By contrast, 
sheeted veining and stockwork mineralization are typi-
cally associated with quartz-sericite alteration (cf. Fig-
ure 5a). Potassic alteration is most distinct at the Vesenny 
III and Nakhodka porphyry Cu-Au deposits. It typically 
consists of a reddish-brown fine-grained rock, which is 
locally overprinted by patchy quartz-sericite alteration 
assemblages. Relicts of primary magmatic biotite are 

Fig. 3  Geological and min-
eralization sketch map of the 
Baimka Trend central part
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preserved in places but commonly replaced by magne-
sio-hastingsite and diopside phases and associated with 
abundant primary magnetite, the latter reflecting the high 
oxidation state of the igneous rocks. Biotite phenocrysts 
in fresh intrusions are dark brown and are defined by 
high  TiO2 concentrations of up to 5.19 wt% and  Fetot/

(Fetot + Mg) ratios ranging between 0.30 and 0.35. By 
contrast, greenish hydrothermal biotite has much lower 
 TiO2 contents of < 0.95 wt% and lower  Fetot/(Fetot + Mg) 
ratios of 0.22–0.26, respectively.

The propylitic alteration assemblage forms a distinct 
aureole around the potassic and quartz-sericite core 

Fig. 4  Geological sketch map of 
the Nakhodka ore field, modi-
fied after Chitalin (2019a, b). 
The rectangles show the areas in 
Figs. 8 and 10
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of the Nakhodka porphyry Cu-Au deposit, locally up 
to 1 km wide. The propylitic alteration overprints all 
igneous and volcano-sedimentary wall rock units and 
consists of earlier epidote and magnesio-hornblende 
and later actinolite, chlorite, quartz, albite and calcite. 
Primary magmatic magnesio-hastingsite and pyroxene 
phenocrysts are replaced by hydrothermal epidote and 
magnesio-hornblende; in turn, later actinolite, chlorite 
and calcite replace both earlier metasomatic and primary 

magmatic minerals. Clinochlore is the predominant chlo-
rite phase.

The quartz-sericite alteration assemblage comprises 
hydrothermal sericite, quartz and pyrite and it includes 
local zones with patchy pervasive silicification and 
quartz-pyrite veining. In addition, sericite-altered rocks 
locally contain relict magnetite and zircon. Sericite can 
be mineralogically defined as muscovite and phengite. 
At Nakhodka, the porphyry Cu-Au mineralization and 

Fig. 5  Alteration and minerali-
zation maps of the Nakhodka 
ore field, modified after Chitalin 
(2019a, b): a propylitic and 
quartz-sericite assemblages as 
well as pervasive silicification; 
b quartz-sulfide stockwork vein-
ing and hydrothermal breccias; 
c porphyry-style and epither-
mal-style gold mineralization
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sheeted quartz-sulfide veining are generally associated 
with quartz-sericite alteration assemblages (Figs.  5b 
and 6). Their spatial distribution is typically structurally 
controlled by faults and fractures that also control the 
sheeted veining mineralization. Structurally controlled 
quartz-sericite zones vary in width between several mm 

and up to 20 m (ESM 2), extending along strike for tens 
or, locally, even hundreds of meters. These structures 
include NE- and NW-trending strike-slips as well as N-S 
and W-E oriented faults (Fig. 5a). In the central part of 
Nakhodka, there are several hydrothermal breccias with 
strong quartz-sericite alteration. The breccias consist of 

Fig. 6  Cross-sections across 
the Nakhodka deposit. Location 
of section line AB is shown 
in Fig. 5. Propylitic and weak 
quartz-sericite alteration zones 
are not shown (see Fig. 5a)
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subangular clasts of quartz-sericite altered intrusions that 
are cemented by hydrothermal clays (ESM 2c, e, and f). 
In places, the hydrothermal breccias also contain large 
euhedral pyrite cubes measuring up to 1–2 cm in size.

Argillic alteration is only recorded in narrow zones 
measuring a few meters across. These argillic zones are 
mainly documented in the eastern part of the Pryamoy 
deposits (ESM 11). The drillhole samples of argillic 
alteration reveal a clay-dominated paragenesis compris-
ing illite, dickite, high-Si clinochlore, quartz, and low-Fe 

dravite (Fig. 5c). Importantly, advanced argillic alteration 
is absent at Nakhodka, similar to the Peschanka porphyry 
Cu-Au deposit (Chitalin et al. 2021).

Importantly, all alteration assemblages at Nakhodka 
are post-dated and cross-cut by late-stage anhydrite-
carbonate-quartz veining ranging from a few mm to 
3 cm in width. Abundant late-stage anhydrite veins are 
also recorded at the nearby Peschanka porphyry Cu-Au 
deposit (Chitalin et al. 2021).

Fig. 7  Cross-sections across 
the Vesenny deposit. Location 
of section line CD is shown 
in Fig. 5. Propylitic and weak 
quartz-sericite alteration zones 
are not shown (see Fig. 5a): a 
geological section, b distribu-
tion of alteration styles and Au-
bearing quartz-carbonate veins 
and stockworks, c distribution 
of copper grades
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Mineralization in the Nakhodka ore field

The NOF represents a cluster of porphyry Cu-Au-Mo depos-
its that are locally overprinted and telescoped by intermedi-
ate-sulfidation epithermal Au–Ag veining. Both mineraliza-
tion styles are described separately.

Porphyry Cu‑Au stage

Three phases of porphyry-style mineralization are distin-
guished: (1) early-stage quartz-magnetite, magnetite ± chal-
copyrite, and hematite veinlets and veins spatially associated 
with potassic alteration (ESM 3m); (2) sheeted quartz-
sulfides (bornite, chalcopyrite, molybdenite, pyrite) vein-
ing with disseminated sulfides and spatially associated with 

quartz-sericite alteration assemblages (ESM 3k); and (3) 
mineralized hydrothermal breccia.

Sulfides, including bornite, chalcopyrite, pyrite, and 
molybdenite, are commonly disseminated in grey-glassy 
quartz veinlets or occur as fine bands along vein margins. 
Locally, sulfides are also documented along microfractures 
and in hydrothermal microbreccias (ESM 3d-l). The vein 
thickness ranges from 1 to 20 mm. Small near-vertical 
sheeted veining zones are less frequent. The sheeted veining 
mineralization is interpreted as the product of near horizon-
tal extensional tectonics permitting mineralized hydrother-
mal fluids to percolate and precipitate their metal content 
during solidification (Chitalin et al. 2016). Pre-sulfide mag-
netite ± hematite ± quartz veins associated with potassic 
alteration (ESM 3m) are common at the Vesenny III and 

Fig. 8  Mineralized structures in 
the central part of the Ves-
enny III deposit. a Geologi-
cal sketch map, see Fig. 4 for 
location. Black line shows the 
studied interval in the KN11-
02 trench shown in ESM 7a. 
b–d Pole-to-plane stereograms 
for structures measured in the 
KN11-02 trench: b fractures, c 
quartz-sericite zones, d quartz 
veins. Lower hemisphere, con-
tour intervals 1% per 1% area; 
n = number of structural planes
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Nakhodka porphyry Cu-Au deposits. Post-mineral calcite, 
quartz, gypsum, anhydrite, and fluorite veinlets cut all rock 
units and quartz-sulfide veinlets of porphyry Cu-Mo stock-
works (ESM 3n-o). The early-stage porphyry Cu-Au ± Mo 
mineralization in the NOF is clearly structurally controlled 
by NW- and NE-trending extensional strike-slip structures 
that acted as conduits for the hydrothermal fluids.

Hydrothermal breccias form N-S-trending elongated 
and near-vertical tabular bodies (Figs. 5b, 6, and 7). They 

post-date and cross-cut the porphyry-style mineralization. 
The size of the hydrothermal breccias ranges from a few cen-
timetres to hundreds of meters, including individual breccia 
bodies of up to 150 m wide and up to 1500 m in length. 
Commonly, the hydrothermal breccias are irregular-shaped 
varying from small breccia veins to massive linear bodies 
with more or less tabular shapes, but locally splitting into 
several branches. The cement of the hydrothermal breccias 
is variable, including magnetite, hematite, quartz, pyrite, 

Fig. 9  Pole-to-plane stereograms for structures measured in the trenches at the Nakhodka, Pryamoy, and Malysh deposits. Lower hemisphere, 
contour intervals 1% per 1% area; n = number of structural planes
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chalcopyrite, pyrite, and locally fluorite. The fragments of 
the breccias may be angular, sub-angular, or sub-rounded, 
respectively (ESM 4).

Bornite is most abundant at the Vesenny III and the Nak-
hodka deposits and, to a lesser amount, also at the Pryamoy 
deposit. At the Vesenny deposit, bornite is less common, 
but it is recorded in deep drill intersections. At the Malysh 
deposit, bornite is restricted to minor inclusions in pyrite 
crystals. At Nakhodka, bornite phases can measure up to 

several mm in size, commonly with chalcopyrite exsolution 
lamellae (ESM 12a and b; see also: Nagornaya 2013). In 
places, bornite contains inclusions of native gold with a dis-
tinctly high fineness (917–926), clausthalite, Se-rich galena, 
altaite, and tetradymite. Bornite phases may also contain 
elevated Ag contents of up to 0.33 wt%.

Chalcopyrite either forms exsolution lamellae in bor-
nite or it occurs as overgrowths and replacements of bor-
nite (ESM 12a, c; see also: Nagornaya 2013); also, it is 

Fig. 10  a Alteration and miner-
alization map of the central part 
of the Vesenny deposit, modi-
fied after Chitalin (2016). See 
Fig. 4 for location. b–d Pole-
to-plane stereograms for the 
structures measured in trenches: 
b Fractures, c Quartz-sericite 
zones, and quartz-carbonate 
veins. Lower hemisphere, con-
tour intervals 1% per 1% area; 
n = number of structural planes
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intergrown with molybdenite and occurs as inclusions in 
pyrite (ESM 12e, f). The size of chalcopyrite grains can 
be up to 3 mm across. In the oxidation zone, chalcopyrite 
is partly replaced by covellite or brochantite as well as Cu-
bearing aluminites (Nagornaya 2013).

Molybdenite is abundant at the Malysh porphyry deposit, 
but rare at the other deposits of the Nakhodka ore field. It 
typically forms fine flakes up to a few hundred micrometers 
across. Locally, these flakes can form clusters ranging up 
to a few mm in size or they occur as fracture fill, particu-
larly in quartz-sericite altered rocks (ESM 12d, e; see also: 
Nagornaya 2013). ICP-MS studies by Nagornaya (2013) 
reveal high, but variable, Re content in molybdenite ranging 
between 21 and 1439 ppm. In the oxidation zone, molyb-
denite is commonly replaced by ferrimolybdite.

Pyrite typically occurs as euhedral grains ranging in size 
from a few micrometers to several mm. Importantly, the 
pyrite crystals are unzoned (ESM 12f; see also: Nagornaya 
2013). In the oxidation zone, pyrite is replaced by limonite.

Epithermal stage

Intermediate-sulfidation epithermal gold-bearing polym-
etallic quartz-dolomite ± rhodochrosite veins and veinlets 
(ESM 5a, b) are mainly documented at the Malysh, Ves-
enny, and Pryamoy deposits (ESM 5c, e). They overprint 
and locally intersect the early-stage porphyry-style min-
eralization and related hydrothermal breccias. Arsenian 
pyrite, galena, sphalerite, chalcopyrite, and sulfosalts are 
the main epithermal ore minerals at Nakhodka. Minor con-
stituents are Au–Ag alloys, hessite, altaite and clausthalite, 
with rare petzite, enargite, pearceite, acanthite, and various 

Se- and Te-bearing minerals, respectively. The epithermal 
overprint appears to be geochemically zoned (Fig. 4) with 
Te-rich sulfides and tellurides most common in the south-
ern part of the NOF (e.g., Vesenny and Pryamoy deposits) 
and Se-rich minerals and selenides mainly documented in 
the northern part (e.g., Malysh deposit). Epithermal quartz-
carbonate ± rhodochrosite veins (ESM 5a, b) and veinlet 
stockworks (ESM 5e) are documented at the Malysh, Ves-
enny, and Pryamoy deposits. They overprint and intersect 
the early-stage porphyry-style mineralization and hydrother-
mal breccias (ESM 5c, d). Epithermal veining is intersected 
by exploration drilling to depths of up to 450 m (Chitalin 
et al. 2013, 2016).

Pyrite forms euhedral crystals of up to 5 mm in size, in 
places, containing small chalcopyrite inclusions. The epith-
ermal pyrite phases are zoned and contain high As contents 
up to 10.5 wt% (ESM 13a; see also: Nagornaya 2013). Dur-
ing the evolution of the hydrothermal system, the As-rich 
zones of the pyrite were partly corroded and thus represent-
ing a possible source for the high As content of late-stage 
sulfosalts. Pyrite grains at the Malysh deposit may contain 
inclusions of native tellurium, hessite, and Se-rich galena 
(ESM 13f, g, h). Unfortunately, the very small size of most 
inclusions prevents their detailed documentation by quanti-
tative electron microprobe analysis.

Chalcopyrite is rare in the epithermal assemblage. Chal-
copyrite phases from this stage are commonly rimmed by 
enargite and closely associated with Cu-rich tennantite and 
sphalerite, either forming disseminations or occurring in 
stringer veins. At the Malysh deposit, epithermal chalco-
pyrite phases may contain inclusions of Se-rich galena and 
clausthalite (ESM 13).

Sphalerite occurs as the brown, Fe-rich variety typi-
cally > 500 μm across and as the honey brown, Cd-rich 
variety ranging in size from the micrometer scale to up to 
5 mm. The first variety has relatively high Fe content of up 
to 11.8 wt% and it contains up to 6.5 wt% Cu. By contrast, 
the second sphalerite variety has much lower Fe and Cu con-
centrations of < 4.6 and < 2.4 wt%, respectively. Sphalerite 
of both types is locally replaced by sulfosalts.

Galena either forms isolated grains of variable size or 
crystal aggregates. In places, it is intergrown with sphalerite 
and sulfosalts. Galena also occurs as fracture filling in arse-
nian pyrite, chalcopyrite, and sphalerite phases.

Enargite occurs as rims around chalcopyrite phases or 
as individual phases measuring up to 100 μm in size, com-
monly associated with Cu-rich tennantite (ESM 13c, d; see 
also: Nagornaya 2013). Although enargite is considered as a 
typical mineral for the high-sulfidation epithermal environ-
ment, there is a distinct lack of any advanced argillic altera-
tion in the Nakhodka ore field.

Sulfosalts from the Nakhodka ore field are documented in 
detail by Marushchenko et al. (2018). Hence, we only briefly 

Fig. 11  3D model of mineralized stockworks at the Nakhodka ore 
field (modified after Chitalin et al. 2016, 2020). Copper and Mo mark 
porphyry Cu and Mo stockworks, while Ag–Ag mark epithermal 
stockworks and veins, respectively



Mineralium Deposita 

1 3

describe their mineralogy. The documented sulfosalts typi-
cally measure < 50 μm in size, and they either form inclu-
sions in zoned arsenian pyrite, fracture fills in chalcopyrite, 
or partial replacements of sphalerite. Silver-rich (2.6–4.1 
wt%) tetrahedrite is recorded at the Vesenny deposit. Ten-
nantite is mainly recorded in the central part of the NOF, 
while Ag-rich tetrahedrite is observed in the northern and 
southern parts, respectively (Nagornaya 2013).

Gold-silver alloys are documented by Nikolaev et al. 
(2016). The grains range from 2 to 30 μm in size and form 
microinclusions in pyrite, galena, and sulfosalts, commonly 
intergrown with hessite and petzite. Individual gold alloy 
grains are weakly zoned, and are normally with Ag-rich rim. 
The gold fineness is variable and ranges between 857 and 
657. Detailed mineralogical studies by Nikolaev et al. (2016) 
reveal that hessite, petzite, stützite, pearceite, and acanthite 

represent the main silver minerals at the Vesenny and Pry-
amoy deposits.

Post-mineral calcite, gypsum, and anhydrite veinlets are 
common. Supergene mineralization in the oxidation zone 
comprises copper carbonates and sulfates, copper wad, and 
minor covellite. Chalcocite is very rare. Importantly, there 
is a distinct lack of advanced argillic alteration assemblages, 
similar to the Peschanka porphyry Cu-Au ± Mo deposit (Chi-
talin et al. 2021).

Zonation based on bulk‑rock geochemistry

The zonation of the NOF derived from the bulk-rock geo-
chemistry is described in detail by Khabibullina (nee Sido-
rina 2015) and summarized below.

Fig. 12  Structural models of 
the Nakhodka ore field stock-
works, modified after Chitalin 
(2021): a porphyry Cu-Mo-Au 
stockwork zones; b epithermal 
Au–Ag stockwork zones
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Six dominant element associations, which spatially cor-
relate with the mineralogical assemblages of the main ore 
stages, were identified by factor analysis and illustrate the 
lateral geochemical zoning of the NOF (ESM 14a).

The Fe–Mn-Au association forms the outer horseshoe-
shaped shell around the ore field. The Mo-Cu associa-
tion represents the chalcopyrite-molybdenite assemblage 
of the porphyry Cu-Mo stockwork mineralization in the 
center. The stockwork bornite zones are represented by 
the Cu-Bi-Se association. The inner part of the horseshoe 
structure is barren.

The Sb-As-Cu-Se association corresponds to the tetra-
hedrite-group minerals post-dating and superimposing all 
other geochemical associations. The Zn-Pb–Cd-Mn-Ag-Au 
and Te-Au-Se-Ag associations show similar distribution. 
Geochemically, these types represent the IS epithermal 
mineralization.

The distribution of the elements and their respective 
ratios along our cross sections suggest that the Ag + Pb + Zn/
Cu + Bi + Mo ratio could be used as a proxy for the erosion 
level of the system during epithermal mineralization stage 
(ESM 14b). However, no any significant vertical move-
ments, which could result in different erosion level of the 
NOF deposits, are observed. Therefore, this ratio may be a 
proxy of development degree of epithermal mineralization, 
rather than erosion level. The numerator represents the key 
elements of the epithermal stage post-dating and overprint-
ing the porphyry mineralization. The major elements of the 
porphyry stage form the denominator, respectively. The 
average metal grades at a definite elevation were used for 
the calculation of the Ag + Pb + Zn/Cu + Bi + Mo value. The 
development degree of the epithermal system in the NOF 
gradually decreases as follows: Vesenny → Pryamoy → Nak-
hodka → Vesenny III.

Geochemical composition of the Nakhodka 
host intrusions

According to Volchkov et al. (1982) and Soloviev (2014), the 
Nakhodka monzodiorite-monzonite intrusions are defined by 
high whole-rock  K2O contents of up to 4.57 wt% and high 
 K2O/Na2O ratios ranging between 0.7 and 0.9, respectively. 
However, those initial whole-rock geochemical studies only 
include major oxide concentrations and thus our study pro-
vides the first high-precision trace-element data from the 
Nakhodka intrusions (ESM 15). Unfortunately, during recent 
exploration programs, only trace-element geochemistry was 
obtained from the Nakhodka intrusions.

Importantly, the monzodiorites are defined by high 
LILE contents (e.g., Sr of up to 1089 ppm and Ba of up 
to 5823 ppm) and elevated LREE (e.g., La of up to 23 and 
Ce of up to 48 ppm), respectively (ESM 15). Their high 

LILE and LREE, as well as diagnostically low HFSE con-
centrations (Hf < 1.85 ppm, Nb < 3.5 ppm, Y < 18 ppm and 
Zr < 58 ppm) reveal a paleo-island arc setting of the NOF, 
a similar tectonic setting as the Peschanka porphyry Cu-Au 
deposit in the vicinity (Chitalin et al. 2021). A paleo-subduc-
tion setting is also implied by plotting the samples on the Nb 
versus Y discrimination diagram (ESM 16a).

The Nakhodka intrusions are also defined by high whole-
rock La/Yb ratios of up to 16.7, and high Ta/Yb and Th/Yb 
ratios of up to 0.58 and 3.75, respectively, reflecting their 
high-K calc-alkaline compositions (cf. ESM 16c). Trace 
elements such as Ta, Th, and La are considered to behave 
immobile even during hydrothermal alteration (Pearce 
1982; Müller et  al. 1992). ESM 16 also illustrates that 
the Nakhodka intrusions have slightly lower Nb contents 
of < 3.5 ppm and whole-rock Th/Yb ratios of < 3.7 when 
compared to those from Peschanka (Chitalin et al. 2021).

Importantly, the whole-rock Eu/Eu* ratios of the Nak-
hodka intrusions are > 1, which is common for intrusions 
with high oxidation state (Loader et al. 2017). Abundant 
amphibole and biotite phenocrysts as well as high whole-
rock Sr/Y ratios of up to 62.3 in the NOF intrusions reflect 
the distinctly high water contents of their parental melts 
(ESM 15).

Geophysical footprint of the Nakhodka ore 
field

Ground-magnetic surveys on the 1:20 000 scale were carried 
out in 2011 (Chitalin et al. 2014). The Nakhodka porphyry 
Cu-Au deposit and the Vesenny III and Pryamoy deposits 
are defined by distinct positive magnetic anomalies, but with 
different intensities. Importantly, these magnetic anomalies 
broadly overlap with significant IP chargeability and resistiv-
ity anomalies. ESM 17 illustrates a significant chargeability 
anomaly surrounding the entire NOF. Exploration drilling 
reveals that chargeability anomalies directly correlate with 
intense pyrite-rich quartz-sericite alteration, locally contain-
ing up to 10 vol% of disseminated pyrite. In places, there are 
linear high resistivity anomalies reflecting concealed faults 
and/or structurally controlled zones with strong silicification.

High-grade Cu-Au stockwork zones at the Vesenny III 
deposit as well as hydrothermal breccias are defined by 
very high magnetic anomalies caused by strong hydrother-
mal magnetite veining and breccias associated with biotite-
magnetite alteration. However, as evident by the drill testing 
of these anomalies, the higher the copper content, the higher 
the hematite content. In other words, magnetite causing the 
high magnetic anomaly is of relic nature. By contrast, the 
stockwork mineralization at the Nakhodka and Pryamoy 
porphyry Cu-Au deposits is associated with strong quartz-
sericite alteration assemblages with abundant hematite, the 
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latter likely replacing magnetite due to martitization, and 
resulting in low magnetic anomalies (ESM 17). In places, 
high magnetic anomalies are beyond outlined copper min-
eralization (ESM 17); all of them are associated with Juras-
sic sequences probably representing concealed gabbro or 
potassic altered monzonite intrusions. However, these local 
magnetic highs are not drill-tested. At the same time, the 
copper outline broader than the magnetic high supports our 
opinion that copper mineralization is not associated with the 
high magnetic potassic alteration.

An audi-magneto-telluric survey reveals extensive 
low-resistivity anomalies reflecting concealed veining 
and stockwork mineralization both at the Nakhodka and 
Vesenny deposits and down to vertical depths of at least 
600 and 1000 m, respectively, as documented by deep 
exploration drilling.

Exploration drilling also confirms the vertical extensions 
of significant chalcopyrite-bornite-molybdenite mineraliza-
tion down to vertical depths of at least 600 m at Nakhodka 
and open at depth.

The Vesenny epithermal Au–Ag deposit is defined by a 
strong negative magnetic anomaly caused by both strong 
silicification and magnetite-destructive quartz-sericite to 
argillic alteration of the parental diorite intrusions in con-
junction with significant quartz-carbonate veining.

Discussion

Recent studies suggest that a favorable structural setting rep-
resents a key factor in the formation of world-class porphyry 
Cu-Au deposits (e.g., Groves et al. 2022). Porphyry Cu-Au 
clusters are commonly located near the intersections between 
arc-parallel crustal-scale faults and high-angle oblique trans-
form or accommodation faults (Corbett and Leach 1998; 
Matteini et al. 2002; Gow and Walshe 2005). Nakhodka is a 
structurally controlled porphyry Cu-Au deposit and the pre-
vailing stress field during its evolution has led to the forma-
tion of extensional and dextral strike-slip faults controlling 
high-grade sheeted quartz–bornite veining. The structural 
setting of Nakhodka is similar to the Peschanka porphyry 
Cu-Au deposit located about 20 km to the NW (Chitalin 
et al. 2022). All documented large porphyry Cu-Au depos-
its and associated occurrences are situated in the Baimka 
structural (strike-slip) trend. Favorable structural trends 
also control the location of other world-class porphyry 
Cu-Au deposits such as Oyu Tolgoi, Mongolia and Pebble, 
Alaska (Kirwin et al. 2005; Ghaffari et al. 2011; Olson et al., 
2017; AMC Consultants Pty 2020) or Chuquicamata, Chile 
(Ossandón et al. 2001). Oyu Tolgoi represents a cluster of 
six porphyry Cu-Au systems following a linear NE trend 
of the underlying magma chamber (Crane and Kavalieris 
2012), comparable to the linear, but NW-oriented, Baimka 

Trend hosting the Peschanka and Nakhodka porphyry Cu-Au 
clusters in Siberia (Chitalin et al. 2022). The large pebble 
porphyry Cu-Au deposit in Alaska is controlled by NE-
trending structures (Olson et al. 2017). Importantly, all of 
these world-class porphyry Cu-Au deposits share a similar 
tectonic setting comprising of an amalgamation of Creta-
ceous island arcs (Crane and Kavalieris 2012; Olson et al. 
2017; Müller and Groves 2019).

In places, the early-stage porphyry Cu-Au deposits of 
the Nakhodka cluster are overprinted and telescoped by 
epithermal-style Au–Ag mineralization (e.g., at Vesenny and 
Pryamoy), probably due to tectonic uplift and denudation. 
Telescoping of epithermal mineralization on top of porphyry 
system is a common phenomenon in geological settings with 
significant tectonic uplift rates and denudation (Corbett and 
Leach 1998; Sillitoe and Hedenquist 2003). Well-docu-
mented examples are the Rosario porphyry Cu-Mo, Chile 
(Masterman et al. 2005) as well as the Altar (Maydagan 
et al. 2020) and Josemaria porphyry Cu deposits, Argen-
tina (Sillitoe et al. 2019). Telescoped porphyry-epithermal 
Cu-Au systems are interpreted to reflect synmineral erosion, 
progressive paleosurface lowering and alteration-mineraliza-
tion overlapping as a result of compressive deformation and 
uplift (Sillitoe et al. 2019; Maydagan et al. 2020).

The illite-quartz-dolomite-rhodochrosite alteration par-
agenesis at Nakhodka, especially at the Vesenny and Pry-
amoy deposits (Nagornaya 2013; Nagornaya et al. 2012; 
Marushchenko et  al. 2018), is similar to the alteration 
assemblage of the Capillitas Cu prospect in the Catamarca 
Province of NW Argentina (Marquez-Zavalia and Heinrich 
2016). Capillitas belongs to the Farallon Negro cluster of 
porphyry Cu-Au and epithermal Au systems including the 
world-class Bajo de la Alumbrera porphyry Cu-Au deposit 
as well as the Agua Rica porphyry Cu-Au and Cerro Atajo 
and Cerro Durazno epithermal Au prospects (Müller and 
Forrestal 1998; Von Quadt et al. 2011; Franchini et al. 2011, 
2015; Marquez-Zavalia and Heinrich 2016). Importantly, in 
both mineral districts, Nakhodka and Farallon Negro, the 
epithermal Au and porphyry Au-Cu mineralization is hosted 
by high-K intrusions (cf. Landtwing 1998; Müller and For-
restal 1998).

High-grade sheeted quartz-bornite veining is com-
monly associated with strong quartz-sericite alteration 
at Nakhodka as well as at the Vesenny III, Praymoy, 
and Malysh porphyry Cu-Au deposits. We interpret this 
paragenesis as evidence for multiple, and overprinting, 
phases of porphyry-style mineralization, because quartz-
sericite alteration typically forms at slightly lower tem-
peratures than potassic assemblages at the core of the 
hydrothermal system. Similar to Peschanka, the NOF 
is characterized by a complete lack of advanced argil-
lic alteration assemblages (cf. Chitalin et al. 2022), pos-
sibly due to erosion. However, there is no evidence for 
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the diagostic actinolite-albite (i.e., sodic-calcic) altera-
tion assemblages, neither on surface nor in deep inter-
cepts, suggesting a relatively high preservation level of 
Nakhodka.

The Nakhodka, Vesenny III, and Pryamoy depos-
its are defined by distinct positive magnetic anomalies 
which broadly overlap with significant IP chargeability 
and resistivity anomalies. High-grade Cu-Au stockwork 
zones at the Vesenny III deposit as well as hydrothermal 
breccias are defined by strong magnetic anomalies due to 
hydrothermal magnetite veining and breccias associated 
with potassic alteration. By contrast, the stockwork min-
eralization at the Nakhodka and Pryamoy porphyry Cu-Au 
deposits are locally overprinted by strong quartz-sericite 
alteration assemblages resulting in magnetite destruction 
(cf. Kwan and Müller 2020).

The gold-rich Nakhodka porphyry Cu system is hosted 
by, with decreasing intrusion ages, porphyritic diorite, 
monzodiorite, and monzonite phases. Monzodiorites 
and monzonites have high-K calc-alkaline compositions 
and host numerous world-class porphyry Au or porphyry 
Cu-Au deposits such as Grasberg, Indonesia (Pollard et al. 
2005); Kişladaĝ, Turkey (Baker et al. 2016); Ok Tedi, 
Papua New Guinea (Large et al. 2018); Oyu Tolgoi, Mon-
golia (Crane and Kavalieris 2012); Pebble, Alaska (Olson 
et  al. 2017); and Reko Diq, Pakistan (Richards et  al. 
2018). Geochemically, the parental intrusions of the NOF 
are almost identical to those hosting the Peschanka por-
phyry Cu-Au deposit (Chitalin et al. 2022) in having dis-
tinctly low HFSE (e.g., Hf ≤ 1.69 ppm, Nb ≤ 3.55 ppm and 
Zr ≤ 58.8 ppm) and LREE contents (La ≤ 23.8 ppm and 
Ce ≤ 48.2 ppm), respectively, that are typical for igneous 
intrusions emplaced in island arc-settings (cf. Müller et al. 
1992). These diagnostic geochemical fingerprints confirm 
previous geological interpretations by Parfenov (1991) and 
Nokleberg et al. (2000). However, the Nakhodka intrusions 
have slightly lower Nb contents than those at Peschanka 
resulting in lower Nb/Y ratios of < 0.8 (ESM 1 and ESM 
16). Importantly, their whole-rock Th/Yb and Ta/Yb ratios 
are almost indistinguishable from those of the Peschanka 
intrusions and record their high-K calc-alkaline composi-
tion (cf. Pearce 1982). Importantly, the Nakhodka intru-
sions are defined by both high oxidation state and high 
magmatic  H2O content. The high whole-rock Eu/Eu* 
ratios of the Nakhodka intrusions of 1.03–1.97 and very 
high V/Sc ratios of up to 97 are interpreted as proxies for 
their high oxidation state. High magmatic water content 
of the Nakhodka intrusions is documented by abundant 
amphibole phenocrysts and high whole-rock Sr/Y ratios 
of up to 62.3 (cf. Richards 2011) and may be compared 
to the parental intrusions at other world-class porphyry 
Cu-Au deposits worldwide (Müller and Groves 2019, and 
references therein).

Conclusions

The Nakhodka ore field represents a cluster of porphyry 
Au-Cu and IS epithermal Au–Ag deposits in the Baimka 
Trend, NE Siberia, Russia. Porphyry Cu-Au ± Mo and 
Au–Ag mineralization is hosted by  H2O-rich composite 
diorite, monzodiorite and monzonite porphyry intrusions 
with distinctly high oxidation state. These parental stocks 
have high-K calc-alkaline composition and are dated at 
about 139–141 Ma based on U–Pb zircon ages. The geo-
logical framework and the whole-rock trace-element com-
positions of these intrusions with diagnostically low HFSE 
contents reveal that the parental stocks were emplaced in 
a tectonic amalgamation of paleo-island arcs.

The Nakhodka intrusions are overprinted by wide-
spread hydrothermal alteration including potassic, propy-
litic and quartz-sericite assemblages as well as local zones 
of silicification. By contrast, argillic alteration zones are 
rare and advanced argillic alteration assemblages are lack-
ing. Locally, the porphyry-style Cu-Au-Mo mineralization 
is overprinted by late-stage intermediate-sulfidation epi-
thermal Au–Ag veins.

Porphyry-style mineralization at Nakhodka is clearly 
structurally controlled and the N-S orientation of the 
porphyry-related veins and high-grade sheeted veining 
zones is controlled by extensional structures, similar to 
the giant Peschanka porphyry Cu-Au-Mo deposit in the 
vicinity. Additionally, the epithermal vein systems in the 
NOF are controlled by extensional en-echelon structures 
within conjugate shear zones.

Based on the geochemical zonation, the development 
degree of epithermal mineralization decreases from the 
Vesenny deposit in the south through Pryamoy and Nak-
hodka to the Vesenny III deposit in the northern part. The 
world-class Nakhodka porphyry Cu-Au deposit and the 
Vesenny III and Pryamoy deposits are defined by distinct 
positive magnetic anomalies which broadly overlap with 
significant IP chargeability and resistivity anomalies.
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