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Abstract⎯A new finding of Zn-spinel (gahnite) in biotite metasomatic rock of the Verkhneurmiysky copper–
tungsten–tin ore cluster is described in this paper, including the chemical composition of gahnite, its para-
genesis, and place in the regional evolution history of hydrothermal processes. Gahnite is commonly local-
ized in biotite–microcline metasomatic rocks at the lower subore stage of the greisen metasomatic column in
proximity to the exocontact of the rare-metal granite massif. Gahnite from rare-metal ore occurrences
belongs to the hercynite–gahnite–franklinite isomorphic series and contains significant isomorphic admix-
tures of iron (24.3%) and manganese (0.65%). Based on our results and earlier published data, it is suggested
that gahnite can be a mineral-indicator of rare-metal metasomatism.

Keywords: gahnite, Zn-rich hercynite, siderophyllite, lithium–fluoric granite, greisen, zwitter, tungsten–tin
deposit, Far East, Amur River Region
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INTRODUCTION
Lithium–fluoric granite intrusions revealed in

recent decades in the immediate proximity to the larg-
est tungsten–tin deposits of the Pacific ore belt suggest
that the complex mineralization of these deposits
arose as a result of hydrothermal processes accompa-
nying the intrusion and crystallization of lithium–flu-
oric rare-metal granites (Finashin, 1986; Nedosekin,
1988; Marin et al., 1990; Gavrilenko and Panova,
2001; Gonevchuk et al., 2008; Geodynamics …, 2006;
Rub and Rub, 2006; Trunilina et al., 2008; Efremov,
2012, Alekseev, 2014). These data have found confir-
mation in results of evolutionary analysis of magmatic
accessory and hydrothermal mineralization in tung-
sten–tin ore clusters (Alekseev and Marin, 2014a). In
the magmatic stage of their formation, the evolution is
traced from early magmatic accessory minerals of
lithophile elements—W, Nb, Ta, Hf, REE (tungsten
tantalo-niobates, niobic ferberite, cyrtolite, monazite-
(Ce))—to late and postmagmatic minerals of chalco-
phile elements—Sn, As, Bi, Pb (cassiterite, Sn-bear-
ing rutile, bismutopyrochlore, chernovite-(Y), etc.).
This tendency was retained at the postmagmatic stage:
multistage zwitter–tourmalinite with lithophile–chal-
cophile (Sn, W, Cu, Nb, Bi, As, In, REE) mineraliza-
tion formed in association with Li–F granites (Alek-
seev and Marin, 2014b). This paper, which continues
a study of the evolution of mineral forms of ore ele-
ments in ore–magmatic systems of the Far East,
describes a Zn-spinel (gahnite) find in high-tempera-

ture rare-metal metasomatic rocks of the Badzhal ore
district and considers its genetic significance. The
high crystallization temperature of Zn-spinel in com-
bination with the insignificant geochemical role of
zinc in magmatic and high-temperature metasomatic
petrogenesis makes Zn-spinel indicators of the ore
formation settings.

Zinc in the Evolutionary Series
of Minerals at Greisen Deposits

As is known, rare-metal (Sn, W, Be, Ta, Li, Cs, F)
and copper–base-metal (Cu, As, Zn, Pb) deposits can
be related to “ilmenite granitoids” (Marin, 2004). The
evolutionary trend of mineral forms—rare-metal
granite → zwitter → tourmalinite → beresite—is
traced for most ore elements in ore clusters of the
Pacific belt (Alekseev, 1989; Marin et al., 1990;
Gavrilenko and Panova, 2001; Gonevchuk, 2002;
Geodynamics …, 2006). Meanwhile, there is also the
mineralogical–geochemical evolution of economic
chalcophille elements, e.g., Cu, Zn, Ag, which are not
detected in accessory minerals of rare-metal granites.
In particular, the mineralogy of zinc remains inade-
quately explored in Far Eastern greisen deposits. This
chemical element is not an economic component of
ore and is not commonly mentioned as an admixture
in rare-metal granites. The only occurrence of gen-
thelvite is known in rocks of granitoid series in molyb-
denum provinces (Marin, 2004).

MINERALS
AND MINERAL PARAGENESES
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The mineralogical study of the Verkhneurmiysky
copper–tungsten–tin cluster in the Badzhal district of
the Amur River region has shown that the main mass
of zinc is incorporated into ferroan sphalerite associ-
ated with galena in postore beresite and chlorite veins
at the supraore level. An insignificant part of sphalerite
crystallized at the stage of tourmalinite formation
superimposed on tin-bearing greisen. Sphalerite from
tourmalinite contains a substantial admixture of iron
(up to 11.66 wt %) and is associated with sulfides and
sulfostannates at the upper level, as well as with stan-
noidite, mawsonite, and roquesite at the medium lev-
els. Zn sulfostannates—kesterite and sakuraiite—were
identified in tourmalinite of the Pravourmiyskoe
deposit in association with chalcopyrite and sphaler-
ite. It is noteworthy that such a rare mineral as saku-
raiite was also detected in tourmalinite, which sur-
rounds the Kulyuveem stock of Li–F granite in Chu-
kotka (Alekseev, 2014). As it approaches the rare-
metal granites in Chukotka and Amur River region,
sphalerite disappears from typical metasomatic min-
eral parageneses. Thus, syngenetic zinc minerals have
not been established in early rare-metal metasomatic
rocks—greisen and zwitter—related to Li–F granites
of the Far East. According to our data, zinc is recorded
(0.62–1.67 wt %) only in accessory ilmenite from
rare-metal biotite metasomatic rocks of the Severny
ore cluster in Chukotka (Alekseev, 2014). Therefore,
the finding of Zn-spinel (gahnite ZnAl2O4) in early
dark-mica metasomatic rock of the Verkhneurmiysky
ore cluster is noteworthy.

Findings of Gahnite in Igneous and Metamorphic Rocks
Gahnite was discovered in 1807 by I.G. Gahn in

talc schist of the Falun District, Sweden. In Russia it
was found for the first time also in talc schist in the
Shishimsky Mountains of the Urals (Bukanov, 2008).
Gahnite is known from metamorphic schists and
gneisses in Kola Peninsula, Transbaikalia, the Polar
Urals, Kazakhstan, Scotland, and Australia (Sumin,
1950; Gandhi, 1971; Beach, 1973; Kochetkova, 1979;
Zhdanov et al., 1983; Kozyreva and Shvetsova, 2007).
A part of the gahnite findings is confined to fields of
copper and base-metal mineralization hosted in skarn
and other contact-metasomatic rocks (Vokes, 1962;
Gandhi, 1971; Lisitsin and Yurkina, 1974; Spry, 1987;
Ivanyuk et al., 2006; Bukanov, 2008), including the
Beresitovoe Deposit in the Far East (Vakh and Sapin,
1982). In all cases, gahnite, as a rule, is hydrothermal
metasomatic in origin and crystallizes in late veinlets
and segregations (Sumin, 1950; Vokes, 1962; Gandhi,
1971; Beach, 1973; Lisitsin and Yurkina, 1974;
Zhdanov et al., 1983). In metamorphic rocks, gahnite
may be xenogenic, inherited from a hydrothemally
altered protolith (Kozyreva and Shvetsova, 2007).

In 1931, gahnite was established from pegmatites of
Kyzyl Kumy by A.F. Sosedko (1961). Later, this min-
eral was identified in rare-metal granitic pegmatites

and leucogranite on the Kola Peninsula (Kolmozero–
Voron’ya), in Karelia (Alakurti), the Urals (Ilmeny,
Adui), Buryatia (Solongo), the Eastern Sayan
(Gol’tsovskoe), Madagascar (Betrok), Scotland
(South Harris), Argentina (Pampean), California
(Pala), and Finland (Rosendal), see Pehrman, 1948;
Labuntsov,1950; Bazhenova, 1955; Von Knorring and
Dearnley, 1960; Sosedko, 1961; Lisitsin and Yurkina,
1974; Tarnovsky and Shiryaeva, 1977; Spry, 1987;
Kobyashev, 2006; Bukanov, 2008; Popova and Kotl-
yarov, 2010; Kolisnichenko et al., 2013; Voloshin,
2014; Heimann et al., 2015, 2016). Here gahnite, like
in metamorphic rocks, is related to areas of secondary
quartz–albite–muscovite alteration (Von Knorring
and Dearnley, 1960; Lisitsin and Yurkina, 1974; Tar-
novsky and Shiryaeva, 1977; Voloshin, 2014; Hei-
mann et al., 2016). Thus, a significant part of gahnite
findings are related to altered rare-metal pegmatites
and granites. This implies that zinc occurs in early
postmagmatic solutions of rare-metal ore–magmatic
systems.

GAHNITE FROM THE VERKHNEURMIYSKY 
ORE CLUSTER

Gahnite was found in the Verkhneurmiysky cluster
at the Vysokoe and Grustnoe ore occurrences near the
area of rare-metal granites of the Pravourmiysky
Complex (Alekseev, 2014). The Vysokoe ore occur-
rence is located in the south of the Verkhneurmiysky
ore cluster and enters the Synchuga ore field. The
occurrence is a series of nearly parallel, steeply dipping
zones of quartz–muscovite and quartz–biotite
metasomatic rocks oriented NNW (330°–350°) with
total power from 3 to 20 m. Micaceous metasomatic
rocks are classified as greisens replacing rhyolitic crys-
tal ignimbrites in the exocontact zone of the Verkh-
neurmiysky granitic massif. The distance from surface
to the roof of granitic massif is estimated at 100–200 m.
Metasomatic rocks are gray, green, and brown in
color; they are locally ocherous and cavernous. Fine-
grained lepidogranoblastic and blastoporphyritic
structures are typical. The texture is massive or mot-
tled with segregations of biotite, muscovite, tourma-
line, sulfides, and microveinlets. Thin, a few millime-
ters in thickness, quartz veinlets with disseminations
of brown and green biotites, purple f luorite, black tour-
maline, and less abundant cassiterite, arsenopyrite, chal-
copyrite, and sphalerite are typical of greisen. Zones of
wall-rock biotitization are 0.5–1.5 cm thick. The pre-
dominant greisen zones are combined with radiaxial
veins of tourmalinites with cassiterite–quartz clusters.

Gahnite was identified in a zone of grayish green
quartz–muscovite–biotite metasomatic rock (Fig. 1a)
20 cm in thickness. The zone is enriched in metaso-
matic veinlets of white, glassed quartz, along which
fine disseminations of Zn-spinel are localized. The
veinlets are accompanied by zonal haloes consisting of
the inner microcline–biotite–quartz zone with apatite
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grains, precisely where spinel concentrates, and the
outer quartz–muscovite zone with fine (10–150 μm)
disseminations of sulfides and cassiterite. Quartz,
accessory zircon, and manganese ilmenite (3.85 wt %
MnO) are relict minerals of rhyolite. Biotite is repre-
sented by ferrous siderophyllite with l = 100Al/(Al + Si +
Mg + Fe) = 19.68 and f = 100Fe/(Fe + Mg) = 94.57;
muscovite is also ferric (2.76 wt % Fe2O3). Sulfides are
ferroan sphalerite (16.63 wt %), pyrrhotite, galena,
and pyrite.

Gahnite occurs as lenticular segregations 0.1–1.0 mm
across in microcline–biotite–quartz aggregates near
selvages of quartz veinlets, as well as rare single crystals
in biotite segregations. It frequently grows together
with biotite and is surrounded by a buffer mica fringe
at contacts with quartz. The spinel clusters at contact
with quartz are composed of fine-grained (<10 μm)
aggregates of xenomorphic gahnite and of relatively

coarse (10–150 μm) euhedral grains at contacts with
biotite segregations (Figs. 1b, 1c). Gahnite has a slight
greenish hue in transmitted light; the specimen is a
grass-green color. The largest octahedral crystals
make up intergrowths according to spinel law and are
overcrowded with biotite inclusions (Figs. 1d, 1e).
Single xenomorphic gahnite grains 10–20 μm in size
grow together with sphalerite in quartz–muscovite
aggregates enriched in sulfides (Fig. 2f).

The composition of spinel was subject to scrutiny at
the Shared-Use Center of the St. Petersburg Mining
University. The petrochemical features of spinel-bear-
ing metasomatic rocks have been assessed, and admix-
tures of trace elements were examined with X-ray f lu-
orescence spectroscopy (XRF-1800). Based on the
obtained geochemical information, we searched for
accessory minerals on JSM-6460LV and JSM-7001F
electron microscopes. The revealed spinel grains were

Fig. 1. Gahnite from biotite metasomatic rocks at Vysokoe ore occurrence in Verkhneurmiysky ore cluster, Amur River region:
(a) microcline–siderophyllite–quartz metasomatic rock with gahnite, (b, d) gahnite segregations in siderophyllite–quartz aggre-
gate, (d, e) gahnite crystals in siderophyllite segregations, (f) gahnite and sphalerite intergrowths in quartz–muscovite greisen. Bt,
biotite; Ghn, gahnite; Ms, muscovite; Sp, sphalerite; Q, quartz. (a) hand specimen; (b, d) thin section, plane light; (c, e, f) BSE
images (regime COMPO on a JSM-6460LV (c, f) and a JXA-8230 (e) electron microscopes.
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studied on an electron probe microanalyzer. All
admixtures were within the detection limits (0.01 wt %)
of the wave spectrometer attached to JXA-8230 elec-
tron probe analyzer. The results of X-ray microanaly-
sis are given in the table.

The chemical composition of spinel from biotite
metasomatic rock at the Vysokoe ore occurrence is
characterized by stability within the studied area (wt %):
55.54 Al2O3, 25.77 ZnO, 21.17 (Fe2O3 + FeO), 0.06

MnO, and 0.05 MgO (see Table 1). The mineral corre-
sponds to ferriferous gahnite in the gahnite–franklinite
series: (Zn0.58Fe0.42Mn0.002Mg0.002)(Al1.99Fe0.01)O4.

As is known, the crystal lattice of spinel is charac-
terized by variable dimensions of the cells occupied by
cations and by a wide isomorphic capacity. By calcu-
lation based on stoichiometry, it has been established

that the most important are zinc (ZnIV 0.58 f.c.), iron

of variable valency (FeVI 0.42, FeIV 0.01), and manga-

nese (MnIV 0.002). This is a typomorphic attribute of
gahnite from the Verkhneurmiysky ore cluster. Fluc-
tuations of the main admixtures are 10.01–21.17%
(Fe2O3 + FeO) and 0.00–0.28% MnO. The presence

of iron in two crystal chemical positions reflects par-
tial inversion of the found spinel. If this suggestion is
valid, then in accordance with experiments performed
by O’Neill and Dollase (1994), a very high (>900°C)
crystallization temperature of gahnite from the Verkh-
neurmiysky cluster is suggested.

The Grustnoe ore occurrence is situated in the
north of the Verkhneurmiysky ore cluster in the axial
part of the Badzhal Ridge and enters the Axis-Badzhal
ore field. The ore occurrence is represented by near-
latitudinal (70°–75°) steeply dipping zones of metaso-
matic bodies, from 1 to 100 m in total thickness, in a
sequence of rhyolites with interbeds of rhyodacitic

Fig. 2. Zn-rich hercynite in biotite metasomatic rocks at Grustnoe ore occurrence of Verkhneurmiysky ore cluster, Amur River
region: (a) biotitic microclinite after rhyolite: biotite–corundum–quartz clusters with Zn-rich hercynite are seen; (b, c) zonal
biotite–corundum–quartz pseudomorphs after plagioclase phenocrysts with inclusions of Zn-rich hercynite; (d, e, f) Zn-rich
hercynite crystals in paragenesis with corundum, biotite (siderophyllite), and muscovite. Mk, microcline; Pl, plagioclase; see Fig. 1
for or symbols. (a) core sample; (b, d) thin section, plane light; (c, e, f) BSE images (regime COMPO on a 6460LV (c, e) and a
JXA-8230 (f) electron microscopes).
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lavas and tuffs. The zone is localized in the exocontact
of the Verkhneurmiysky granitic massif and composed
of muscovite–topaz–quartz greisen with biotite and
admixtures of f luorite, tourmaline, wolframite, cassit-
erite, arsenopyrite, and halcopyrite. Sericite, chlorite,
and albite are widespread in the outer parts of the grei-
sen zone. The structures of greisen are microlepido-
granoblastic and blastoporphyritic. In the southern
part of the ore occurrence, steeply dipping greisen
bodies are splayed by low-angle (azimuth 152°–165° SE,
angle 13°–30°) wolframite–topaz and quartz metaso-
matic veins similar in composition and attitude to
veins of the nearby located Pravourmiyskoe deposit.
In the eastern part of ore occurrence, where the ero-
sion level is shallower, the topaz–muscovite greisen
bodies give way to thick (5–20 m) zones of muscovite
greisen with tourmaline, cassiterite, and sulfides. At
the lower hypsometric levels, light-micaceous greisen
gives way to quartz–biotite and K-feldspar–biotite
metasomatic rocks with garnet, apatite, allanite, chal-
copyrite, and pyrrhotite disseminations. The metaso-
matic biotite-bearing rocks are characterized by thin
biotite–quartz and K-feldspar veinlets with sulfides.
The structure of biotitite is microheteroblastic, and
the texture is banded, spotty, or massive.

In exploration borehole 2/20 at a depth of 139.5 m
and 30 m above granite roof in the Verkhneurmiysky
massif, rhyolitic ignimbrite was discovered, which has
a zone of biotitic microclinite more than 3 cm in thick-
ness with relatively large (3–7 mm) biotite–corun-
dum–quartz clusters, where spinel close in composi-
tion to gahnite has been identified (Fig. 2a). Micro-

clinite contains quartz (5%), biotite (5%), monazite

and apatite phenocrysts. The structure of microclinite

is fine-grained (0.1–0.5 mm), hypidioblastic, and

blastoporphyritic. Relics of magmatc K-feldspar phe-

nocrysts are observable. The aforementioned clusters

with spinel are pseudomorphs after plagioclase (oligo-

clase, andesine) phenocrysts with characteristic zonal

structure. Cores of pseudomorphs mainly consist of

microgranoblastic quartz, whereas margins are occu-

pied by zones of packet aggregates of finely tabular

corundum 0.2–1.0 mm along the pinacoid (0001).

The corundum zone is framed by a rim of twisted tab-

ular siderophyllite (l = 24.38; f = 90.09). The outer rim

is composed of secondary tabular oligoclase (Figs. 2b, 2c).

The multitude xenomorphic microsegregations (20–

50 μm) of Zn-spinel (Figs. 2d–2f) are recorded at the

contact between corundum and mica. A weak calcite–

chlorite–sericite beresitic alteration is superimposed

on microclinite. Because of this, corundum and bio-

tite in clusters with spinel are partly replaced by ferric

muscovite (0.55 wt % Fe2O3).

Spinel in biotite–microcline aggregates at the

Grustnoe ore occurrence is distinguished, like gahnite

at the Vysokoe ore occurrence, by elevated ferriferrous

contents (14% FeVI, 39% FeIV) and a substantial share

of zinc (ZnIV 0.27 f.c.) and Mn (MnIV 0.03). In its

composition (wt %)—55.72 Al2O3, 30.57 (Fe2O3 +

FeO), 11.84 ZnO, 1.23 MnO, 0.27 MgO (see Table 1)—

spinel is related to Zn-rich hercynite of the hercynite–

gahnite–franklinite series: (Fe0.69Zn0.27Mn0.03Mg0.01)

(Al1.99Fe0.01)O4. Fluctuations of the main components

Table 1. Chemical composition of gahnite and Zn-rich hercynite of Verkhneurmiysky ore cluster, wt %

(1–3, 5–7) representative X-ray spectral microanalyses (JXA-8230) of gahnite and Zn-rich hercynite respectively from rare-metal
metasomatic rocks of Verkhneurmiysky ore cluster; (4, 8) mean compositions of gahnite and Zn-rich hercynite (17 and 28 analyses
respectively). Dash denotes that element was not detected; Fe2O3* is total FeO + Fe2O3. Formulas were calculated on basis of three cat-
ions with subsequent calculation of Fe2+ and Fe3+ coefficients.

Component
Gahnite (Vysokoe) Zn-rich hercynite (Grustnoe)

1 2 3 4 5 6 7 8

MgO – – 0.23 0.05 – – – 0.27

Al2O3 54.19 55.61 55.59 55.54 55.12 54.92 55.66 55.72

MnO – – 0.26 0.06 1.36 1.07 1.18 1.23

Fe2O3* 19.07 18.84 21.17 18.57 31.45 31.33 26.62 30.57

ZnO 26.60 25.54 22.74 25.77 11.61 12.40 16.49 11.84

Total 99.86 99.99 99.98 100.00 99.54 99.71 99.94 99.62

Formula coefficients of cations

Mg – – 0.01 0.002 – – – 0.01

Al 1.96 1.99 1.99 1.99 1.98 1.97 1.99 1.99

Mn – – 0.01 0.002 0.04 0.03 0.03 0.03

Fe2+ 0.40 0.43 0.47 0.42 0.70 0.69 0.60 0.69

Fe3+ 0.04 0.01 0.01 0.01 0.02 0.03 0.01 0.01

Zn 0.60 0.57 0.51 0.58 0.26 0.28 0.37 0.27
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are as follows: 20.07–39.24% (Fe2O3 + FeO), 0.72–

1.70% MnO. According to single observations on crys-
tals of gahnite, the Zn/Fe ratio increases toward the
margins of grains already described by Spry (1987).

DISCUSSION

As is seen from the above description, the Zn-spi-
nel revealed in the Verkhneurmiysky ore cluster is
confined to the fields of the earliest metasomatic rocks
in the studied area: tungsten–tin greisens and zwitters
(Alekseev, 1989). The spinel-bearing microcline–bio-
tite–quartz and biotite–corundum–microcline metaso-
matic rocks occur at the lower (subore) levels of zwit-
ters approaching the granite roof, where microcline
appears in dark-micaceous metasomatic rock.
Gahnite is formed at deep levels of the hydrothermal
column and is related to the high-temperature stage of
its evolution, which is characterized by alumina-rich
fluids with a potassic alkaline component.

The occurrence of gahnite in peraluminous rare-
metal metasomatic rocks indicates the presence of
zinc in f luids at the early stage of evolution of the
Verkhneurmiysky ore–magmatic system. It should be
emphasized that the rare-metal granites of the
Pravourmiysky Complex, to which the ore-forming
and hydrothermal processes are spatially related, do
not contain zinc-bearing minerals (Alekseev and
Marin, 2014b). This allows us to suggest that zinc was
incorporated into gahnite either by extraction of f luids
from country rocks (Vokes, 1962; Gandhi, 1971;
Beach, 1973; Lisitsin and Yurkina, 1974; Kochetkova
et al., 1979; Vakh and Sapin, 1982; Zhdanov et al.,
1983; Kozyreva and Shvetsova, 2007; Kolisnichenko
et al., 2013) or is gained along with transmagmatic f lu-
ids (Alekseev, 2014). A subcrustal source of zinc is cor-
roborated by a high zinc mineralization temperature.
The enrichment of Cr-spinel in zinc as evidence for its
mantle origin is considered in relation to diamond
potential (Makeev and Makeev 2005; Silaev, 2008)
and rare-metal mineralization in the Timan–Urals
(Glukhov et al., 2015). The occurrence of Zn-bearing
Cr-spinel as a sign of diamond potential has been dis-
cussed since 1970 (Meyer and Boyd, 1972).

The finding of Zn-spinel in metasomatic rocks of
the Far East described in this paper is not the first.
Spinel has been revealed in topaz greisens at the Olo-
noy deposit in the Lesser Khingan, where it is hosted
in biotite–corundum–K-feldspar cluster identical to
the cluster of the Grustnoe ore occurrence (Itsikson,
1956). A mineral from the franklinite–jacobsite series
close to gahnite was identified in the opened fluid
inclusion in quartz from rare-metal zwitter of the
Severny (Northern) massif in the North Chukchi Pen-
insula (A.V. Kurguzova, oral communication). In the
same area, green spinel was noted in xenoliths con-
tained in granitic rocks (Zagruzina, 1965). Gahnite
from rare-metal ore occurrences differs in elevated Fe
and Mn contents (24.27 and 0.65 wt %, respectively)

and is a constituent of the hercynite–gahnite–
franklinite series (Lisitsin and Yurkina, 1974; Tar-
novsky and Shiryaeva, 1977; Kobyashev, 2006;
Kozyreva and Shvetsova, 2007; Popova and Kotlyarov,
2010; Kolisnichenko et al., 2013; Heimann et al.,
2016).

Thus, gahnite can be regarded as a mineral indica-
tor of rare-metal ore–magmatic systems. It should be
noted that another hydrothermal zinc mineral—gen-
thelvite Zn4Be3(SiO4)3S—also containing Fe and Mn

as admixtures (Raimbault and Bilal, 1993; Marin,
2004; Haapala and Lukkari, 2005) plays a similar
indicative role in regions with evolved rare-metal
granites and pegmatites.

CONCLUSIONS

(1) Gahnite and Zn-rich hercynite from tungsten–
tin deposits in Amur River region are related to bio-
tite–microcline metasomatic rocks of the lower
(subore) stage of metasomatic column of zwitters
localized in the near exocontact zone of ore-bearing
rare-metal granites. Zn-spinel from rare-metal ore
occurrences contains isomorphic admixtures of iron
and manganese and enters into hercynite–gahnite–
franklinite series.

(2) The setting of Zn-spinel formation is character-
ized by early hydrothermal metasomatic alteration of
rare-metal pegmatites and granites, as well as country
rocks and thus reflects the participation of zinc in for-
mation of rare-metal ore-magmatic systems. Zinc
sources can be mantle transmagmatic f luids, which
predate the rare-metal granitic complexes and partici-
pate in their formation.
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