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Abstract. The Cretaceous granitoid complexes of the East-
ern Taigonos and the Prybrezhny Taigonos belts (south-
ern part of the Taigonos Peninsula), Tanyurer pluton of
the Okhotsk-Chukotka volcanic belt, and the Peekiney,
Moltykan, and Telekay plutons of the Chaun tectonic zone
are discussed in relation to their structural position, pet-
rography, rock and mineral chemistry and physicochemical
conditions of melt crystallization. These granitoid plutons
were generated through melting of a compositionally hetero-
geneous crustal source, with direct contribution from mafic
melts produced in the mantle wedge above active or extinct
Benioff zones. Variations of the trace-element composition
of granitoids are controlled to a greater extent by local com-
positional peculiarities of the source regions than by the geo-
dynamic regime as such. The final crystallization of these
plutons occurred at comparatively shallow depths, between
1–2 and 6–7 km, in a temperature interval of 700–770◦C.
The depth of emplacement of the bodies decreases with in-
creasing distance from the areas with oceanic and transitional
type crust, as does the degree of incompatible element en-
richment of the mantle and crustal sources of melts. Varia-
tions in fo2 values at the late stages of crystallization of the
plutons reach 3–4 orders of magnitude, exceeding the limits
of the quartz-fayalite-magnetite (QFM) and nickel-nickel ox-
ide (NNO) buffer equilibria, which likely results from local
variations of the source composition.

1 Introduction

The relationship between the geodynamic factors and the
compositional variations of granites has been a focus of
scientific attention since the beginning of the 20th century
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(Read, 1957, and references therein). At present, there are a
number of classifications of granitic rocks based on their tec-
tonic setting, bulk rock chemistry and modal mineral com-
position, as well as on less traditional parameters like zircon
morphology, composition of mafic minerals, related mineral-
ization, etc. Most types of classifications, more or less, cor-
respond to each other (Barbarin, 1990). However, the geo-
dynamic interpretation of granites may be ambiguous, be-
cause of contributions from multiple magma sources (e.g.,
Czamanske et al., 1981; Harmon et al., 1984; Pitcher, 1987).
In this respect, one way to enhance our knowledge of the
factors that control the compositional characterictics of gran-
ites, is the detailed comprehensive study of granitic plutons
in new, yet poorly studied magmatic provinces.

Northeastern Asia has been accessible for systematic ge-
ologic study roughly since the beginning of 20th century
(Rokhlin, 1938). During the 1950s to 1990s, this area was
intensely explored by local organizations of the Soviet Min-
istry of Geology but those inverstigations were mainly fo-
cused on mapping and prospecting goals, thus the high qual-
ity analytical data for geologic complexes of Russian North-
east are still somewhat scanty. Within an area of over
2 million km2, occupied by complexes accreted to NE margin
of the Siberian craton during Paleozoic and Mesozoic time,
the Late Jurassic–Cretaceous granitic plutons make up the
majority of exposed plutonic bodies and strongly affect the
regional metallogeny. This paper represents the results of the
initial stage of our research on the granitic rocks of NE Asia.
Here we consider the geological, geochemical and petrolog-
ical characteristics of six granitic plutons which represent
two different types of geodynamic setting: (1) subduction-
related plutons: Eastern Taigonos and Prybrezhny Taigonos
belts (southern part of the Taigonos Peninsula), and Tanyurer
pluton of the Okhotsk-Chukotka volcanic belt (OCVB); (2)
Peekiney, Moltykan, and Telekay post-orogenic plutons from
the Chaun tectonic zone.
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2 Geological framework

In NE Asia four large tectonic elements with different
structural styles and history of development are distin-
guished: Siberian platform, Verkhoyansk-Chukotka and
Koryak-Kamchatka fold belts, and Okhotsk-Chukotka vol-
canic belt (OCVB) (Fig. 1). Verkhoyansk-Chukotka and
Koryak-Kamchatka fold belts have different structural pat-
terns from each other (Sokolov, 2003). They are sepa-
rated and overlapped by the Okhotsk-Chukotka volcanic belt,
which marks a Late Cretaceous Andean type continental
margin. The Verkhoyansk-Chukotka Mesozoic structures
(Mesozoides) mainly trend northwest and were formed as a
result of collision (Tilman, 1980; Zonenshain et al., 1990;
Pusharovsky et al., 1992; Parfenov et al., 1993; Sokolov,
2003). Their structure is heterogeneous and composed of
structural elements including complexes of both passive and
active plate margins.

The Verkhoyansk fold system is located on the eastern
margin of the Siberian platform and is composed of thick
Paleozoic to Early Mesozoic carbonate and terrigenous de-
posits which were accumulated in a passive continental mar-
gin environment. Further to the east the structures within
the “Kolyma Loop” (Zonenshain et al., 1990) (Kolyma-
Omolon superterrane) include allochthonous terranes, com-
posed of continental formations, deep water terrigenous de-
posits, island arc, ophiolite and oceanic complexes. In the
north and west they are separated from the Anyui-Chukotka
branch of Mesozoides which contain Precambrian basement
and Paleozoic–Mesozoic cover near the South-Anyui suture
zone. The latter is a remnant of the Anyui-Angayucham
(South-Anyui) oceanic basin which separated the Siberian
continent from the Chukotka (Arctic Alaska-Chukotka) mi-
crocontinent until the end of Neocomian time (Natal’in,
1984; Parfenov et al., 1993; Sokolov et al., 2002). Along
the southern margin of the Chukotka block island arc struc-
tures were active, whereas the northern edge was a passive
continental margin. Koryak-Kamchatka fold area is located
to the east from the OCVB and has northeastern and eastern
trends. It is a typical example of an accretionary continental
margin, formed as a result of successive terranes accreting
to the continent from Middle Jurassic until Middle Miocene
time (Sokolov, 1992, 2003). Terranes have island arc, ophi-
olite, marginal sea, turbidite, oceanic crust and accretionary
prism origins (Essays, 1982; Stavsky et al., 1988; Sokolov,
1992; Parfenov et al., 1993).

The plutons studied are located within three different
tectonic zones: (1) the Taigonos Peninsula segment of
the West Koryak fold system which occupies the junction
area between the Verkhoyansk-Chukotka and the Koryak-
Kamchatka fold belts (Fig. 1), (2) the Chaun zone of the
Verkhoyansk-Chukotka fold belt, and (3) the northern part
of the OCVB.

120 140 160 180

Cz

56

64

72

Sea of Okhotsk 

Bering Sea

Pacific

Okhotsk

East Siberian Sea

Omolon

Siberian 
craton

K
or

ya
k-

K
a m

c h
a tk

a 
be

lt

fo
ldVerkhoyansk-C

hukotka
 fo

ld belt

K
o l

ym
a L

oop

Fig.1 Tikhomirov et al.

Taigonos
Peninsula

Terranes with 
Precambrian basement

Complexes of the 
Uda-Murgal island arc 

Okhotsk-Chukotka 
volcanic belt

South Anyui
suture zone

Ophiolites

Location
 of the studied plutons

Precambrian basement and P -Cz 
sedimentary cover of Siberian craton

 z

Paleozoic-Mesozoic clastic 
and carbonate complexes West Koryak fold system:

Accreted terranes of the  
Koryak-Kamchatka foldbelt

Fig.2B
Chukchi

 Peninsula

Chukotka

Fig.2A

Fig. 1. Tectonic map of Northeastern Asia (after Sokolov et al., this
volume).

2.1 West Koryak tectonic zone

The structures of the West Koryak tectonic zone have lin-
ear orientations discordant with the structural patterns of
Verchoyansk-Chukotka and Koryak-Kamchatka fold belts.
This tectonic zone consists of wide-spread Late Paleozoic
to Early Cretaceous island arc complexes including accreted
ophiolites (Markov, 1975; Nekrasov, 1976; Zaborovskaya,
1978; Essays, 1982; Pusharovsky et al., 1992; Sokolov,
1992; Parfenov et al., 1993).

2.2 Taigonos segment, West Koryak zone

The Central Taigonos and Beregovoy exotic terranes lie
within the Taigonos segment of the Western Koryak tectonic
zone Sokolov et al., 2001) (Fig. 2a), separated by the South
Taigonos thrust. To the north, the Central Taigonos terrane
borders with the Avekov terrane along the Pylgin suture zone.
Avekov terrane is composed of Precambrian and Lower Pa-
leozoic metamorphic rocks, overlapped by a weakly de-
formed cover of Upper Paleozoic rocks (Nekrasov, 1976;
Zaborovskaya, 1978; Zhulanova, 1990). It is considered to
be part of the Omolon microcontinent, separated as a result of
Late Paleozoic rifting (Tilman, 1980). The Central Taigonos
terrane is composed of sedimentary-volcanic complexes,
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Fig. 2. Sketch maps showing geological setup of Taigonos Peninsula(a) and Central Chukotka(b). Sketch map (a) is based on Sokolov et
al. (2001); sketch map (b) is constructed on the basis of the Geological Map of the USSR, 1:2 500 000 scale (1983) with minor changes.
Plutons: Tan – Tanyurer, Peek – Peekiney, Tel – Telekay, and Mol – Moltykan.

generated in the framework of the Koni-Taigonos (Permian–
Early Mesozoic) and the Uda-Murgal (Late Jurassic–Early
Cretaceous) island arcs (Sokolov, 1992). In the south, the
Central Taigonos terrane is intruded by Albian granitoids of
the Eastern Taigonos batholith. Roof pendants of the plu-
ton and thrust sheets occurring along the South Taigonos
thrust (Fig. 2a) in places contain terrigenous deposits of
Ordovician and Carboniferous age, fragments of ophiolite
assemblages, and tuffaceous-terrigenous deposits of Upper
Jurassic–Valanginian age (Nekrasov, 1976; Chekhov and Pa-
landzhyan, 1995). The Beregovoy terrane displays an imbri-
cate thrust structure, mostly south vergent, and is interpreted
as the accretionary prism of the Uda-Murgal arc (Sokolov et
al., 2001), stitched by granitoids of the Prybrezhny Taigonos
belt. The Central Taigonos and Beregovoi Terranes are
thought to comprise the arc-forearc-accretionary wedge sys-
tem of the Uda-Murgal arc. The Eastern and Prybrezhny
Taigonos granitoids have supra-subduction origins and are
related to the final stages of the Uda-Murgal arc develop-
ment.

2.3 Chaun fold zone

The Chaun fold zone (Fig. 2b) is dominated by Early Meso-
zoic rock assemblages of the passive margin of the Chukotka
microcontinent (Parfenov et al., 1993). The northern part of
this zone comprises several uplifts with outcrops of Devonian
to Carboniferous sedimentary rocks, separated by synclino-
ria composed of terrigenous clastic sequences of Permian–
Triassic age. Paleozoic and Early Mesozoic strata are gently
folded, with dominating NW striking fold axes. The west-
ern part of the Chaun zone is overlain by slightly deformed
Late Jurassic to Neocomian clastic sediments of the Rauchua
basin, probably of syn-collisional nature (Miller et al., 2004).
To the south, complexes of the Chaun zone are concealed by
thick (up to 3–4 km) undeformed sequences of the OCVB.
Granitic plutons of the Chaun zone form several chains with
NW and NE strikes. They intrude both folded Triassic and
weakly deformed Jurassic–Early Cretaceous sediments, in-
dicative of their emplacement during the post-orogenic stage,
well after the closure of the Anyui-Angayucham oceanic
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basin. Therefore, the direct relationship of Chaun granites
with an active subduction zone looks unlikely. Their forma-
tion could be related to slab delamination at the extinct sub-
duction zone of the former Anyui-Angayucham ocean, or to
processes at the active margin of the ancestral Pacific (like
back-arc extension or strike-slip stress).

2.4 Okhotsk-Chukotka volcanic belt

The Okhotsk-Chukotka volcanic belt (Fig. 1) is the huge
subduction-related continental volcanic province, roughly
3000 km long and 100 to 300 km wide. It was formed dur-
ing Albian through Campanian time (ca. 106 Ma to 75 Ma)
(Tikhomirov et al., 2006a, and references therein), and is
thought to be related with the subduction of Kula and Isanagi
oceanic plates (Ueda and Miyashita, 2005) under the collage
of terranes finally accreted to the Siberian craton before Al-
bian time (Parfenov et al., 1993; Nokleberg et al., 2001).
Conventionally, the OCVB is subdivided into several seg-
ments with various volume proportions of intermediate and
felsic rocks (Belyi, 1977). The volcanic strata are up to 6 km
thick and almost undeformed, excluding deformation due to
caldera formation. The volcanic sequences host a number of
coeval granitic and gabbro-granitic plutons.

3 General characteristics of the studied plutons

3.1 Granitoids of the Taigonos peninsula

3.1.1 Eastern Taigonos batholith

This batholith has a distinct linear northeastern orientation.
It is 200 km long and 25 km wide. The most deeply eroded
northeastern part of the batholith consists of a series of sheets
of gneissose granitoids, separated by thrust sheets composed
of amphibolite facies metamorphic rocks. In the southwest,
where the erosional incision is less deep, the batholith has a
shape of a phacolith (a lense-like pluton confined to the crest
of an antiform). The batholith comprises a wide spectrum
of rocks from gabbro-diorite through plagiogranite, domi-
nated by granodiorite and tonalite (Nekrasov, 1976; Luchit-
skaya, 2001). Structural relationships between the petro-
graphic varieties are ambiguous: both sharp phase bound-
aries and gradual transitions are recorded. The granodiorites
are massive light gray medium-grained rocks, composed of
An40−25 plagioclase (55–75%), quartz (12–15%), K-feldspar
(5–15%), amphibole (7–8%), and biotite (4–6%); among ac-
cessory phases, apatite, zircon and Ti-magnetite are com-
mon. The tonalites differ from the granodiorites in having
low, no higher than 1%, K-Na-feldspar abundances and in
containing magmatic sphene. Marginal parts of the batholith
consist of more mafic rocks: gabbro-diorite, diorite, and
quartz diorite. Amphibole-biotite granite and leucogranite
are encountered in subordinate amounts.

U-Pb zircon dates suggest that granitoids of the East-
ern Taigonos batholith were emplaced at 104.6±1.1 to
97.0±1.1 Ma (Hourigan, 2003; Luchitskaya et al., 2003)
(Table 1). Bondarenko et al. (1999) report40Ar/39Ar ages
of the biotite from Eastern Taigonos granites ranging from
103.3±0.3 to 102.1±0.4 Ma (Table 1). Thus, this intrusive
body was emplaced during the Albian time, and suffered rel-
atively rapid post-intrusive cooling.

3.1.2 Prybrezhny Taigonos

Most of the plutons of the southwestern part of Prybrezhny
Taigonos belt are small (a few kilometers across) and almost
equant in shape. They intrude non-metamorphosed Middle
Jurassic–Berriasian volcanic and sedimentary rocks. The lat-
ter are comprised of lithic and volcaniclastic turbidite, with
fragments of ultramafic rocks, gabbro, basalts and cherts;
these units are interpreted as olistostromes that have a sed-
imentary origin. Geochemical fingerprints of the volcanic
rocks correspond to those of ensimatic island arcs includ-
ing boninite series (see paper Sokolov et al., this volume).
According to data by Nekrasov (1976) in the northeast-
ern part of Prybrezhny Taigonos belt the inrusions of dior-
ites and gabbro-diorites are concordant to amphibolite-grade
metasedimentary and metavolcanic host rocks.

The plutons include rocks of a wide compositional range,
from gabbro through diorites and quartz diorites to tonalites
and granodiorites. Transitions between the petrographic vari-
eties are gradual. The gabbro is massive coarse-grained rock
composed of An55−50 plagioclase, amphibole, orthorhom-
bic pyroxene, and clinopyroxene in various proportions.
The tonalite is composed of An45−25 plagioclase (65–80%),
quartz (15–20%), amphibole (1–7%), biotite (2–8%), and
K-Na-feldspar (ca. 1%); of the accessory minerals, apatite,
sphene, Ti-magnetite, and ilmenite are present.

Two zircon U-Pb dates of Prybrezhny Taigonos granitic
rocks are available, 106.5±0.9 Ma and 105.5±0.9 Ma
(Hourigan, 2003; Luchitskaya et al., 2003) (Table 1), as well
as four40Ar/39Ar determinations on biotite and amphibole
which range between 103.5±1.9 and 100.9±0.6 Ma (Bon-
darenko et al., 1999). Within the analytical errors, this is
close to the age of the Eastern Taigonos batholith. The dif-
ference between U-Pb and40Ar/39Ar ages of Prybrezhny
Taigonos plutons could result from a realtively slow post-
intrusive cooling.

3.2 Granitoids of the Chaun fold zone

3.2.1 Peekiney pluton

This pluton is the central body of the Pevek group, a NE
trending chain of 3 nearly equant plutons. Granitic rocks
are exposed on the eastern coast of the Chaunskaya Bay,
in the eastern margin of the the Rauchua basin. In plan
view, the granitic body is 2.5 km by 3 km in size. Its country
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Table 1. Selected isotopic age data for granitic plutons studied.

Tectonic setting Pluton Mineral Age, Ma Method Reference

West Koryak Eastern- biotite 102.1±0.4/103.1±0.5 40Ar/39Ar Bondarenko et al. (1999)
fold area Taigonos 102.3±0.3/103.3±0.3

zircon 103.4±1.7 SHRIMP Hourigan (2003)
97.0±1.1 U-Pb Luchitskaya et al. (2003)
104.6±1.0

Prybrezhno- biotite 100.5±0.4/101.1±0.4 40Ar/39Ar Bondarenko et al. (1999)
Taigonos 99.03±0.3/101.3±0.5

amphibole 102.9±2.6/103.5±1.9
101.6±0.7/100.9±0.6

zircon 106.5±0.9 SHRIMP Hourigan (2003)
105.5±0.9 U-Pb Luchitskaya et al. (2003)

Chaun zone of Moltykan biotite, 117 to 109 K-Ar Tikhomirov (1998)
Verkhoyansk- amphibole (13 determinations)
Chukotka
fold area

OCVB Tanyurer amphibole 79.2±1.9 40Ar/39Ar Tikhomirov et al. (2006)
biotite 79.7±0.4

82.9±0.7
plagioclase 77.3±0.4

rocks are gently dipping terrigenous sediments of Late
Jurassic–Early Cretaceous age. By volume, more than 99%
of the pluton consists of monzogranites, granodiorites and
quartz monzonites of the main intrusive pulse, and the mas-
sive porphyritic rocks with large K-Na-feldspar phenocrysts.
The groundmass is mostly medium-grained, composed of
andesine–oligoclase (An43−24), orthoclase, pale actinolitic
amphibole, reddish brown biotite, and quartz. The most typ-
ical accessory minerals are apatite, zircon, allanite, sphene,
and ilmenite. The pluton is somewhat zoned, with the outer
parts composed of relatively mafic quartz monzonites. Sharp
contacts between rock varieties have not been found, except
for the numerous dikes of porphyritic rocks which compo-
sitionally range from diorites and monzonites to leucocratic
granites. Zoning of this kind is usual for most granitic plu-
tons of the Chaun tectonic zone.

Bulk rock K-Ar determinations available for the Pevek
group yield a wide range of 106 to 74 Ma (Zagruzina, 1977).
The whole-rock Rb-Sr isochron age of the Pevek pluton, a
neighbour to the Peekiney intrusion, is 147±25 Ma (Efremov
et al., 2000). The only zircon U-Pb determination on granitic
rocks of the Pevek group reveals the age of 106 Ma (Miller
and Verzhbitsky, 2006), and this date is likely the most solid
constraint on the crystallization age of these plutons.

3.2.2 Moltykan batholith

The Moltykan batholith is one of the largest granitic plutons
of the Chaun zone; its outcrop area is 1630 km2. In plan view,
the intrusive body is slightly elongated in a northeasterly

direction, across the strike of the principal fold structures
of the region (Fig. 2b). It intrudes the Late Triassic clas-
tic sequences and produces a hornfelsic aureole up to 200 m
wide. To the NW and SW, the eroded surface of the batholith
is overlain by volcanic strata of the OCVB. Remnants of
both Triassic sediments and Late Cretaceous volcanics are
present within the Moltykan batholith, indicative of a rela-
tively low depth of the erosional incision. Compositionally,
the batholith is dominated by granodiorites and monzogran-
ites, petrographically very similar to those of Peekiney plu-
ton. Between major rock varieties, both sharp contacts and
gradual transitions have been documented, so the batholith
was likely produced by several major near-simultaneous in-
trusive pulses.

The age of the Moltykan batholith was determined by the
series of 13 K-Ar determinations on mineral separates of am-
phibole and biotite (Tikhomirov, 1998), which yield ages be-
tween 117 and 109 Ma (Table 1). The sufficient internal con-
sistencey of these data suggests that they correspond, in gen-
eral, to the crystallization age of granites.

3.2.3 Telekay batholith

The Telekay batholith is T-shaped in plan view (Fig. 2b).
The area of its exposed part is nearly 800 km2. The gran-
itoids cut through and metamorphose terrigenous Late Tri-
assic deposits and Albian molassic unit formed prior to the
OCVB initiation (the outcrops of the molasse are too small
to be shown on Fig. 2b) (Tikhomirov, 1998). The thickness
of the preserved part of the molassic section in the immediate
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neighborhood of the plutons does not exceed 1000 m. Within
the region at large, however, it may reach 3 km. Volcanic
rocks of the OCVB overlie the eroded surface of the pluton.
The northern part of the Telekay batholith is leucogranitic
in composition, and its smaller southern part is less silicic,
comprising granites and granodiorites. No data on direct re-
lationships between the rocks constituting the northern and
southern parts are available; it is likely that they share a
fault contact. Petrographic features and age data (see below)
imply that the Telekay batholith is of polygenetic character
(Tikhomirov, 1998), for which reason its northern and south-
ern parts are hereinafter addressed separately, as constituents
of different plutonic complexes.

The massive porphyritic leucogranite of the main emplace-
ment phase of the northern part of the Telekay batholith
is composed of quartz, low orthoclase (or microcline), and
An24−10 oligoclase rimmed by post magmatic albite and
densely colored brown biotite (1 to 3–4%). Among the ac-
cessory minerals, fluorite and tourmaline are widespread, in
addition to common apatite, zircon, allanite and ilmenite.
The southern part of the Telekay batholith is composed of
massive medium-grained amphibole-biotite granite and gra-
nodiorite. These consist of quartz, orthoclase, An40−20 pla-
gioclase, bluish green amphibole, and dark brown biotite.
Accessory phases are the same as in the granitoids of the
Moltykan and Peekiney plutons.

The bulk rock K-Ar ages of the Telekay pluton range be-
tween 121 and 81 Ma (Tikhomirov, 1998). The validity of
these data is doubtful because these isotopic ages sometimes
disagree with directly observed relations between the geo-
logic bodies. The whole-rock Rb-Sr isochron for samples
from the southern part of the batholith yields 127.0±5.3 Ma
(Efremov et al., 2000). For the northern part, there are
constraints from field observations: leucogranites intrude
the Albian molasse, so they must be younger than 112 Ma.
However, the age of the molassic unit comes from paleob-
otanic data, which cannot be considered as finally proved.
The only reliable age limit for the Telekay batholith is pro-
vided by the40Ar/39Ar determinations on sanidine from the
lowermost OCVB unit which overlies the eroded granites,
88.01±0.20 Ma (Ispolatov et al., 2004).

3.3 Granitoids of the OCVB

The Tanyurer pluton is located in the transitional zone be-
tween the Central Chukotka and the Eastern Chukotka seg-
ments of the OCVB (Belyi, 1977) (Fig. 2b). Because of poor
exposure of the intrusive body, only isolated outcrops of plu-
tonic rocks in the basin of the Tanyurer River within an area
of 90 km by 120 km are accessible to observation. The pluton
has a complex structure and conventionally comprises rocks
of Early and Late Cretaceous age (Chubarov and Vyatkin,
1988). The Early Cretaceous granites may be massive or fo-
liated, whereas the Late Cretaceous granites are always mas-
sive. Neither whole-rock K-Ar dates, nor the major element

data allow discrimination between Early and Late Cretaceous
plutons. At present, the only solid evidence of multistage
formation of the Tanyurer pluton is its dual relation with
volcanic sequences of the OCVB: Late Cretaceous granites
crosscut the volcanic strata which, in turn, overlie the eroded
surface of Early Cretaceous plutons (Chubarov avd Vyatkin,
1988). In this study, we do not consider the Early Creta-
ceous constituents of the Tanyurer pluton whose geodynamic
position is still not defined properly. They may be related
with the Late Jurassic–Early Cretaceous arcs like Pekulney
arc (Morozov, 2001) or the Uda-Murgal arc (Parfenov et al.,
1993), or with early stages of the OCVB evolution. Our re-
search was concentrated on the northern part of the pluton
which definitely intrudes a volcanic pile of the Turonian age.
Dikes of both felsic and mafic volcanic rocks crosscut the
granites, and we consider this portion of the Tanyurer plu-
ton is coeval to the upper, eroded part of the OCVB sec-
tion. Our field study has revealed at least seven intrusive
pulses, ranging in composition from gabbro to leucogranite.
The dominant rock type (roughly 70% of the exposed area
of the pluton) is medium-grained granodiorite, equigranular
or porphyritic, composed of quartz (15–25%), An40−25 pla-
gioclase (40–50%), orthoclase (15–25%), and brownish am-
phibole (7–12%) in assemblage with reddish brown biotite
(5–10%). In the most mafic varieties, relics of hypersthene
and augite are recorded. Of the accessory phases, zircon, ap-
atite, Ti-magnetite, and sphene are widespread; allanite and
ilmenite are less common.

40Ar/39Ar dates on mineral separates (amphibole, bi-
otite and plagioclase) from the massive granodiorites of the
Tanyurer pluton display a Campanian age between 83 and
77 Ma (Table 1), consistent with the accepted age of upper-
most stratigraphic units of the OCVB (Tikhomirov et al.,
2006a, and references therein).

All the plutons studied host microgranular mafic enclaves,
which compositionally range from granodiorite to gabbro
and monzonite, depending on matrix composition (the en-
claves being in all cases somewhat more mafic). Their typ-
ical features are (i) the plagioclase and mafic minerals are
markedly more euhedral than the quartz and K-Na-feldspar
(oxyophitic textures) and (ii) abundant fine acicular apatite.
We attribute these enclaves to processes of mechanical mix-
ing of melts of different compositions (Vernon, 1991). Min-
eral assemblages of microgranular enclaves from the north-
ern Telekay leucogranites were used to estimate the condi-
tions of magma crystallization (see Sect. 8).

Thus, the granitic plutons of the Taigonos peninsula were
likely produced within the active margin of the Paleo-Pacific,
and emplaced in Albian–Cenomanian time (106 to 97 Ma).
The Chaun zone granites are post-orogenic. Available zir-
con U-Pb dates on Chaun granites are still sparse (Katkov et
al., 2007; Miller and Verzhbitsky, 2006). They correspond
to Aptian–Albian time (117 to 106 Ma) and do not allow the
migration of magmatic activity within the tectonic zone to be
traced. The whole-rock Rb-Sr isochron method sometimes
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yields older dates, 127±5 Ma for the southern part of the
Telekay batholith, and even 147 to 139 Ma for several other
local plutons (Efremov et al., 2000). However, the evident
disagreement between Rb-Sr and zircon U-Pb dates for the
Pevek group of plutons (147±25 and 106 Ma, respectively)
brings some doubts. Certainly, the study of granites of Chaun
zone requires more reliable age determinations. Finally, the
northern part of the Tanyurer pluton was formed in an active
margin environment, like plutons of the Taigonos peninsula,
but somewhat later, during the Campanian (83 to 77 Ma).

4 Analytical methods

The data on rock compositions were acquired at the
chemical-analytical center of GIN RAN (Institute of Geol-
ogy, Russian Academy of Sciences) and at the chemical-
analytical laboratories of IGEM RAN (Institute of Geology
of Ore Deposits, Petrography, Mineralogy, and Geochem-
istry, Russian Academy of Sciences) and IMGRE (Insti-
tute of Mineralogy, Geochemistry, and Crystallochemistry of
Rare Elements, Russian Academy of Sciences). Major ele-
ment contents were measured by the wet chemistry method
and XRF; trace elements, by XRF (on a ARF 6 quantome-
ter and a Philips PW2400 spectrometer); and REE, U, and
Th, by INAA on a gamma spectrometer with a GEM-30185
Ortech semiconductor detector. Routine techniques ensuring
standard precision were used (Zolotarev and Margolin, 1983;
Anonymous, 2005).

The microprobe analyses were carried out on transparent
polished thin sections. In minor amounts (8 of 127 analyses),
epoxy-mounted grains from monomineral separates were
used. For detailed study, we selected 2–3 representative
samples from the main emplacement phases of each particu-
lar pluton; composition of minerals from microgranular en-
claves in the leucogranite of the northern part of the Telekay
intrusion were studied as well. Microprobe analyses of thin
sections were performed at two laboratories of microanaly-
sis at Moscow State University: at the Petrology Department
(on a Camscan 4DV electron microscope with the Link AN-
10000 detector; analysts E. V. Guseva and N. N. Korotaeva)
and the Mineralogy Department (on a CAMEBAX SX-50
probe, analyst N. N. Kononkova). Biotites from monomin-
eral separates were studied at the IMGRE microprobe labora-
tory (on a Camebax Microbeam instrument; analyst I. M. Ku-
likova).

5 Geochemical signatures of the granitoids

5.1 Major elements

The new analytical data are listed in Table 2 and depicted on
diagrams (Figs. 3–6). In addition, we used the major element
analyses from mineral exploration reports (180 analyses),
plotted on Figs. 3 and 4. The latter analyses were performed

at the Central Laboratory of SVPGO State Enterprise (Ma-
gadan, Russia) in 1987–1992 by the wet chemical methods.
The analyses and the description of analytical methods are
available from authors upon request.

The greatest diversity of igneous rocks is displayed by
the Tanyurer pluton, comprising the full rock spectrum from
gabbro through diorites and granodiorites to leucogranites
(Figs. 3 and 4). The rocks of the Prybrezhny Taigonos belt
are represented by diorites, quartz diorites, tonalites, with
minor granodiorites. The rest of the intrusions are dominated
by monzogranites and granodiorites, with minor quartz mon-
zonites and quartz monzodiorites. Samples from the Chaun
zone plutons are relatively uniform and lack distinct differ-
entiation trends (Figs. 3 and 4). The alkaline metals proved
to be the best discriminants among major elements. The
K/Na ratio and total alkalinity of the granodiorites increase
systematically through the range of plutons: Prybrezhny
Taigonos→ Eastern Taigonos→ Tanyurer→ southern part
of the Telekay pluton→ other intrusions of the Chaun zone
(Fig. 4a, b). Average values of the K/(K+Na) index range
from 0.1 (Prybrezhny Taigonos belt) to 0.54 (Peekiney in-
trusion). Granitoids of the Prybrezhny Taigonos belt have
the highest CaO content (Fig. 3) and, accordingly, the lowest
alumina content in this population (Fig. 4c). In the major-
ity of the rest of the plutons, the average alumina saturation
index ASI = Al/(K+Na+2Ca) ratio is close to unity and ex-
ceeds 1.05 only in the rocks of the Peekiney intrusion and of
the northern part of the Telekay pluton (Fig. 4c).

5.2 Trace elements

Trace element composition of the rocks studied (Figs. 5 and
6) is much more diverse than their major oxide contents.
Analysis of the acquired data enables us to subdivide the plu-
tons into five groups: (i) Prybrezhny Taigonos; (ii) Eastern
Taigonos; (iii) Tanyurer and the southern part of the Telekay
batholith; (iv) Peekiney and Moltykan; and (v) the northern
part of the Telekay batholith. The groups are enumerated in
the order of general enrichment of the rocks in the incom-
patible lithophile elements, whose contents are persistently
correlative with K2O abundances, much more so than with
silica contents (Fig. 6).

The most depleted granitoids in this population are those
of the Prybrezhny Taigonos belt. They are distinguished by
the lowest La/Yb ratios, relatively weak Ta-Nb minima, and
elevated contents of Y and heavy REEs, imparting an over-
all positive slope to the spidergrams (Fig. 5). Trace-element
composition of the rocks of the Prybrezhny Taigonos belt is
close to the inferred average composition of the lower conti-
nental crust (Taylor and McLennan, 1985). In the granitoids
of the Eastern Taigonos pluton, LILE contents are some-
what higher, and their trace element ratios are widely vari-
able (Fig. 6). A commom feature of all the rocks studied
from the Taigonos Peninsula is the variability of Sr (Fig. 5a)
and Eu contents (Figs. 5c and 6d), likely resulting from the
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Table 2. Major (wt.%) and trace elements (ppm) of Cretaceous granitoids from Chaun tectonic zone and Taigonos Peninsula, NE Asia.

No 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Tan Tan Tan Tan Tan Peek Peek Peek Peek Mol Mol Tels Teln Teln Teln ET ET

No sam. 2458b/02 2465a/02 2481a/02 2485a/02 Ugl1a/02 5g 5/3 7/5 8a 8277/Ml Ml-11 7797-I 3607a 7581a 7589a 222/6 222/7

SiO2 68.87 61.13 49.89 58.3 70.35 63.3 63.58 65.25 61.92 65.78 66.14 69.43 75.56 n.d. n.d. 67.33 63.57
TiO2 0.37 0.74 0.56 0.84 0.31 0.7 0.7 0.58 0.73 0.52 0.59 0.4 0.1 n.d. n.d. 0.6 0.56
Al2O3 14.18 16.22 21.62 16.18 14.03 16.51 16.31 16.31 16.91 16.34 15.35 14.41 12.8 n.d. n.d. 15.24 16.51
Fe2O3 2.35 3.18 4.17 4.74 1.52 4.47 4.55 3.66 4.82 3.63 3.93 3.66 1.5 n.d. n.d. 1.28 2.89
FeO 1.63 3.27 2.66 3.8 1.43 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 3.23 2.35
MnO 0.08 0.12 0.09 0.15 0.07 0.062 0.069 0.057 0.076 0.063 0.061 0.047 0.022 n.d. n.d. 0.15 0.07
MgO 1.75 2.62 3.98 2.59 1.21 2.14 2.18 1.44 2.03 1.1 1.97 0.93 0.12 n.d. n.d. 1.44 1.59
CaO 2.68 4.93 10.54 6.16 2.06 3.67 3.21 2.74 3.86 2.27 2.74 1.97 0.24 n.d. n.d. 5.02 5.49
Na2O 4.13 3.9 2.35 3.65 3.79 2.93 2.94 3.12 3.34 3.37 2.99 3.32 3.46 n.d. n.d. 3.93 4.06
K2O 2.87 2.78 1.41 2 4.38 4.7 4.74 5.58 5.07 5.52 4.56 3.55 5.06 n.d. n.d. 1.31 1.97
P2O5 0.12 0.2 0.14 0.19 0.08 0.216 0.228 0.133 0.185 0.15 0.161 0.103 0.015 n.d. n.d. 0.13 0.12
LOI 0.8 1 2.32 1.21 0.65 0.55 0.72 0.42 0.25 0.46 0.8 1.17 0.63 n.d. n.d. 0.82 0.71
Total 99.83 100.09 99.73 99.81 99.88 99.25 99.23 99.29 99.19 99.203 99.29 98.99 99.51 – – 100.5 99.89
Rb 85 76 67 63 140 225 231 272 247 273 235 120 480 298 456.5 17 38
Ba 800 1200 900 1500 700 1200 1170 880 1120 1330 930 1080 90 n.d. n.d. 750 610
Th n.d. n.d. n.d. n.d. n.d. 29.18 36.11 34.54 25.3 25.119 31.75 10.34 38.41 28 22 2.4 n.d.
U n.d. n.d. n.d. n.d. n.d. 3.398 6.191 2.667 6.095 4.123 4.66 4.072 4.91 1.7 1.9 n.d. n.d.
Ta n.d. n.d. n.d. n.d. n.d. 1.363 1.444 1.547 1.507 1.7276 1.256 0.517 2.265 4 5 n.d. n.d.
Nb 7 7.1 4 5.4 8.1 19 19 25 20 20 17 8 19 18.5 21 4 3.6
Hf n.d. n.d. n.d. n.d. n.d. 5.658 6.487 4.597 6.531 6.263 5.312 4.459 3.534 n.d. n.d. n.d. n.d.
Zr 110 210 68 140 130 234 210 169 193 196 169 165 109 157 96 120 140
Y 15 25 9.5 21 16 26 30 28 31 33 29 27 100 54 75 10 15
Sr 290 420 630 480 210 490 460 398 498 361 365 431 20 20.5 12.5 450 510
La 14 21 9.7 21 32 47.37 61.29 53.83 52.87 54.594 75.42 14.99 32.89 n.d. n.d. 12 12
Ce 34 48 21 48 67 100.5 111 104.8 97.95 105.73 139.3 34.43 61.94 n.d. n.d. 26 33
Nd 14 25 11 22 26 36.15 43.29 36.07 39.4 43.693 53.76 13.98 37.73 n.d. n.d. 11 24
Sm 2.6 4.7 2.6 4.2 3.7 6.819 8.777 6.409 7.902 8.6698 9.501 3.266 10.99 n.d. n.d. 2.3 3.1
Eu 0.66 1 0.77 1.2 0.58 1.405 1.572 1.208 1.647 1.6297 1.512 0.737 0.136 n.d. n.d. 0.68 0.8
Tb 0.45 0.69 0.39 0.68 0.48 1.319 0.868 0.821 0.985 1.318 0.971 0.64 2.976 n.d. n.d. 0.29 0.41
Yb 1.6 2.3 1.1 2.2 2 1.844 2.447 2 2.536 2.7516 2.276 2.012 9.148 n.d. n.d. 1.2 1.2
Lu 0.23 0.37 0.18 0.35 0.32 0.232 0.25 0.232 0.299 0.3392 0.226 0.325 1.24 n.d. n.d. 0.18 0.19

No 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
ET ET ET ET ET ET ET ET ET PT PT PT PT PT PT PT PT

No sam. 223/1 223/2 219/2 219/9 219/11 219/8 219/12 221/1 221/7 210/3 206/1 209 208/10 m-208 210/5 210/4 208/6

SiO2 63.49 63.42 63.72 66.52 70.06 71.26 75.13 76.05 58.66 58.62 58.75 60.11 63.98 64.4 66.33 67.07 59.17
TiO2 0.83 0.62 0.92 0.58 0.64 0.43 0.16 0.25 1.36 0.77 0.82 0.58 1.02 1.02 0.42 0.63 1.42
Al2O3 15.62 16.09 15.62 14.6 13.56 13.67 13.28 12.57 17.95 17.02 15.58 15.4 16.2 15.48 14.94 15.01 15.68
Fe2O3 2.21 2.54 2.61 2.27 1.2 2.44 0.59 1.18 2.16 1.89 1.97 4.51 0.61 1.19 2.33 0.67 1.15
FeO 2.42 2.27 2.14 1.85 1.51 0.64 0.49 0.37 4.2 5.49 6.29 3.84 4.58 4.49 2.43 3.16 7
MnO 0.06 0.07 0.06 0.03 0.05 0.03 0.01 0.01 0.18 0.21 0.18 0.03 0.15 0.14 0.06 0.12 0.35
MgO 2.96 2.24 3.09 2.19 1 0.25 0.4 0.41 2.78 2.82 3.61 2.75 1.93 2.14 0.99 1.1 3.18
CaO 5.44 5.66 4.71 3.37 3.84 2.91 0.55 0.65 5.95 6.65 7.53 6.74 5.15 5.26 5.47 5.6 4.9
Na2O 4.37 3.89 4.37 4.37 4.49 3.98 4.18 4.18 5.18 4.12 3.6 4.18 4.28 4.37 4.87 4.4 4.57
K2O 1.96 1.88 2.14 2.72 3.1 3.37 3.93 4.02 0.99 0.69 0.73 0.85 1.3 1.25 0.83 0.81 1.5
P2O5 0.08 0.12 0.01 0.06 0.09 0.02 0.007 0.01 0.18 0.15 0.08 0.004 0.2 0.14 0.04 0.09 0.19
LOI 0.7 0.51 0.89 0.92 0.065 0.55 0.69 0.4 0.84 1.45 0.84 0.92 0.74 0.55 1.37 1.18 0.85
Total 100.14 99.31 100.28 99.48 99.605 99.55 99.42 100.1 100.4 99.88 99.98 99.91 100.1 100.4 100.1 99.84 99.96
Rb 40 40 55 77 76 93 97 97 19 18 20 22 36 33 22 18 42
Ba 650 620 590 620 600 700 790 770 260 140 160 580 300 230 160 160 310
Th n.d. n.d. 17 12 n.d. 20 11 12 0.9 n.d. n.d. 2.2 2.4 3.6 1.4 n.d. 3.5
U n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Ta n.d. n.d. 0.44 0.36 n.d. 0.42 0.58 0.5 0.2 n.d. n.d. 0.11 0.18 0.2 0.15 n.d. 0.3
Nb 2.4 3.2 4.5 4.8 4.6 5.3 6.7 6.8 2.8 1.3 3.4 4.9 4.5 6 3.7 2.5 5.6
Hf n.d. n.d. 5.6 3.5 n.d. 4.6 3.3 3.6 3.3 n.d. n.d. 5.4 5.8 6.1 3.3 n.d. 4.9
Zr 92 110 130 100 110 98 85 68 91 84 96 180 170 190 86 86 160
Y 7.4 8.6 14 12 10 11 9.4 9.6 15 18 25 41 25 36 16 20 27
Sr 580 580 370 290 250 200 97 100 470 180 140 180 220 180 170 150 230
La 10 9.7 15 n.d. n.d. 16 10 12 6 n.d. 6.9 9.1 7.5 11 5 10 14
Ce 23 20 32 n.d. n.d. 35 24 25 14 n.d. 16 22 17 25 14 22 37
Nd 11 9.5 15 n.d. n.d. 12 9 9 8.4 n.d. 11 16 11 16 7.4 13 20
Sm 1.9 1.8 3.2 n.d. n.d. 1.9 1.4 1.4 2.1 n.d. 3.5 4.9 2.8 4.2 2.1 3.7 4.5
Eu 0.6 0.61 0.75 n.d. n.d. 0.39 0.25 0.28 0.88 n.d. 0.87 1.1 0.95 1.1 0.79 0.89 1.8
Tb 0.22 0.24 0.43 n.d. n.d. 0.17 0.24 0.2 0.4 n.d. 0.74 1 0.59 0.86 0.5 0.63 0.74
Yb 0.78 0.8 1.3 n.d. n.d. 0.71 0.92 0.86 1.6 n.d. 2.8 4.2 2.2 3.6 2 2.4 3.2
Lu 0.13 0.13 0.19 n.d. n.d. 0.13 0.15 0.16 0.26 n.d. 0.44 0.68 0.34 0.61 0.35 0.41 0.54

Major element abundances are given in wt%, and trace elements, in ppm.

1–5 – Tanyurer batholith; 6–9 – Peekiney pluton; 10–11 – Moltykan batholith; 12–15 – Telekay batholith (12 – southern part, 13–15 – northern part); 16–26 – Eastern Taigonos

batholith; 27–34 – Prybrezhny Taigonos pluton.

Analyses 1–5 and 16–34 were obtained at the chemical-analytical center of GIN RAN. Major element contents were measured by the wet chemistry method; Th and REE, by INAA

(analyst S.M. Lyapunov), and the rest of the trace elements, by XRF. Analyses 6–13 were carried out at the chemical-analytical laboratory of IGEM RAN. The contents of U, Th,

and REE were measured by INAA (analyst A. L. Kerzin), and the rest of the elements, by XRF (analysts T. M. Marchenko and A. I. Yakushev). Analyses 14–15 were obtained at

the chemical-analytical laboratory of IMGRE by XRF; analyst R. L. Barinsky.
n.d. – no data
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Fig. 3. Harker diagrams (wt % of oxides vs. SiO2) for the plutons studied.

significant fractionation of plagioclase. The Tanyurer pluton
and the southern part of the Telekay pluton display moder-
ate contents of the incompatible elements. They are close in
composition to the upper continental crust average (Fig. 5).
Gabbros of the early emplacement phases of the Tanyurer
intrusion are chemically similar to the granitoids, differing
from them by their relative depletion and lack of Eu anomaly
(Fig. 5b, d). The Peekiney and Moltykan plutons are rela-
tively enriched in LILE and LREE. Their La/Yb ratio is twice
higher than the average value for the upper continental crust.
However, their spidergrams retain the Nb, Ta, and P min-
ima, common to all the rocks studied (Fig. 5). The rocks of
the northern part of the Telekay pluton stand alone due to
the geochemical signatures inherent of some leucogranites
and alaskites. High contents of the majority of incompatible
lithophile elements in these rocks are combined with strong
Ba, Sr, P, and Eu minima and the considerable enrichment in
HREE (Fig. 5b, d).

On the discriminant diagram (Fig. 7), most of the studied
plutons plot in the region of granitoids of active continental
margins. Leucogranites of the northern part of the Telekay
intrusion are close to post-orogenic intraplate rocks. Position
of the Peekiney and Moltykan plutons is less clear: their geo-

chemical signatures are transitional between granitoids from
supra-subduction zones, postcollisional uplifts, and late oro-
genic settings.

6 Mineral compositions

In the course of our study, we focused mainly on the com-
position of the amphibole, biotite, and plagioclase from
the granitoids, as well as the oxide accessory phases: Ti-
magnetite and ilmenite. The K-Na-feldspars from the studied
rock have not preserved any traces of magmatic zoning, and
all of them have undergone various degrees of subsolvus ex-
solution and/or hydrothermal alteration. This makes them of
little use in trying to restore the primary crystallization con-
ditions. The microprobe data with the results of their recal-
culation are listed in Tables 3–5 and depicted in Figs. 8–11.

6.1 Amphibole

Minerals of the amphibole group occur in the rocks of the
main intrusive pulses of all granitoids studied, except for the
northern part of the Telekay pluton, where they are found
only in the mafic enclaves. In the amphibole composition, the
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orite/quartz monzogabbro, 10 – diorite-gabbro-anorthosite, 10∗ –
quartz diorite/quartz gabbro/quartz anorthosite.

kaersutite-hastingsite component accounts for 20–30%, the
rest consisting of edenite and hornblende in various propor-
tions (Table 3). Also common are pale colored amphiboles,
largely affected by postmagmatic processes and contain-
ing, instead of kaersutite, up to 35% tremolite-actinolite end
member (e.g., all the amphiboles analysed in the Peekiney
and Moltykan intrusions). The diagram in Fig. 8a fur-
ther supports the assumption of wide-spread isomorphism
Si4+

→Al3+ + (K, Na)+, linking the tremolite-actinolite and
edenite end members. The “tschermakite” isomorphism
Si4+ + (Fe, Mg)2+

→2Al3+ also takes place, but it is not so

distinct (Fig. 8). Despite the fact that in a number of thin
sections optical observations have recorded relics of igneous
(oscillatory) zoning in the amphibole, the compositional vari-
ations within individual grains and within a single sample do
not exceed the analytical error. However, amphiboles may
show perceptible variations between different parts of the in-
trusive bodies. The most variable chemical parameter of the
amphiboles is their Mg# (Fig. 8a–c), ranging from 0.7 (as in
the granodiorite of the Eastern Taigonos pluton) to 0.2 (as
in the microgranular enclaves from the northern part of the
Telekay pluton). With increasing Fe/Mg ratio of the amphi-
boles, their Al, Ti, Na, and K contents increase. This depen-
dency may be enhanced by the chemical effect of actinoliti-
zation.

6.2 Biotite

Biotite, the most widespread Fe-Mg silicate of the granitoids,
is present in all samples studied. All biotites lack apparent
zoning, although there are evidences of its protracted crys-
tallization (in particular, the paragenesis with plagioclases of
various composition). Just as with the amphibole, the varia-
tions of biotite composition on a sample scale are insignifi-
cant, while on the scale of an intrusion the variations may be
considerable. The biotite Mg# ranges from 0.55 to 0.2, with
no clear correlation with alumina content (Table 4, Fig. 9a)
and with a strong positive correlation with the amphibole
Mg# (Fig. 9b). The biotites from the Prybrezhny Taigonos
belt and the southern part of the Telekay pluton have the
most alumina-rich biotites (1.3–1.4 a.f.u. of Al), and the bi-
otites from the northern part of the Telekay pluton are the
most alumina-poor (1.15–1.18 a.f.u.). Micas from the mafic
enclaves and the granitoid matrix are identical, despite the
differences in the bulk rock compositions (Fig. 9a).

6.3 Plagioclase

Plagioclase, judging by its well preserved oscillatory zoning,
is more resistant to late magmatic homogenization than the
biotite. Plagioclases from the northern part of the Telekay
intrusion are represented by oligoclase–albite (An27−3), and
in all the other plutons, by andesine–oligoclase (An47−14)
(Fig. 10). The widest range of plagioclase compositions
within an individual thin section, if not consider the posmag-
matic albite rims, is An28−17. The zoning is always direct
(i.e., Ca contents are decreasing from cores to rims), with in-
significant oscillations. The differences between the studied
plutons in terms of the average plagioclase composition are
less significant than in terms of the mafic mineral composi-
tions. The anorthite component of the plagioclases system-
atically decreases with increasing silica content of the rocks
(Fig. 10). Plagioclase of variable composition (except the
most calcic An47−40, which probably represents the liquidus
phase) forms intergrowths with the amphibole and biotite.
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Table 3. Amphibole composition from Cretaceous granitoids of Chaun tectonic zone and Taigonos Peninsula, NE Asia.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Tan Tan Tan Tan Tan Tan Tan Tan Peek Peek Mol Mol Mol Mol Mol Mol Mol

No. sample 2458b/02 2458b/02 2458b/02 Ugl1a/02 Ugl1a/02 Ugl1a/02 Ugl1a/02 Ugl1a/02 8a 8a m1 m1 m2 m2 Ml-11 Ml-11 Ml-11

SiO2 48.59 48.89 53.54 46.19 46.59 46.85 45.94 46.29 54.58 50.74 50.86 52.91 48.11 49.44 49.19 49.83 52.26
TiO2 1.17 1.56 0.16 1.61 1.25 1.03 1.18 1.30 0.13 0.48 0.79 0.29 0.94 0.64 1.27 0.76 0.38
Al2O3 5.60 6.15 2.69 6.70 6.12 5.38 6.58 6.32 1.10 3.88 4.29 3.22 5.90 5.20 6.22 5.08 3.52
FeO 17.36 15.39 14.57 21.16 21.45 22.54 22.29 21.80 16.33 19.33 17.39 16.40 19.94 18.97 15.24 17.82 16.51
MnO 1.05 0.50 1.19 0.93 1.25 1.09 1.05 1.04 0.65 0.64 0.58 0.67 0.52 0.78 0.53 0.65 0.49
MgO 12.46 13.91 14.78 9.64 9.32 9.30 9.05 9.13 14.56 11.68 12.99 14.08 10.51 11.14 13.14 12.43 13.37
CaO 11.33 11.34 12.18 11.19 11.04 11.00 11.28 11.30 11.52 11.38 11.31 11.35 11.41 11.53 11.83 11.55 12.38
Na2O 1.74 1.29 0.44 1.65 1.90 1.68 1.60 1.53 0.57 1.12 0.89 0.53 1.22 1.34 1.25 1.21 0.55
K2O 0.51 0.48 0.17 0.74 0.78 0.83 0.86 0.85 0.07 0.30 0.49 0.32 0.67 0.57 0.63 0.54 0.26

Total 99.95 99.60 99.75 99.98 99.92 99.81 99.91 99.74 99.51 99.55 99.59 99.77 99.22 99.61 99.30 99.87 99.72

f.u.
Si 7.01 6.95 7.55 6.81 6.91 6.95 6.82 6.88 7.71 7.34 7.27 7.45 7.06 7.20 7.08 7.16 7.47
Ti (VI) 0.09 0.15 0.02 0.15 0.12 0.01 0.10 0.13 0.00 0.05 0.07 0.02 0.10 0.07 0.14 0.08 0.04
Ti (IV) 0.04 0.02 0.00 0.03 0.02 0.11 0.03 0.01 0.10 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00
Al (VI) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.10 0.13 0.02 0.06
Al (IV) 0.95 1.03 0.45 1.16 1.07 0.94 1.15 1.11 0.18 0.66 0.72 0.53 0.94 0.80 0.92 0.84 0.53
Fe3+ (VI) 1.05 0.83 1.39 0.93 1.09 0.98 0.99 1.07 1.71 1.24 1.06 1.07 1.04 1.19 1.06 1.13 1.40
Fe3+ (IV) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe2+ 1.03 0.99 0.33 1.67 1.56 1.81 1.76 1.63 0.12 1.09 1.01 0.85 1.40 1.11 0.77 1.00 0.57
Mn 0.13 0.06 0.14 0.12 0.16 0.14 0.13 0.13 0.08 0.08 0.07 0.08 0.06 0.10 0.06 0.08 0.06
Mg 2.70 2.97 3.13 2.13 2.07 2.07 2.02 2.04 3.09 2.54 2.78 2.98 2.31 2.43 2.84 2.68 2.87
Ca 1.75 1.73 1.84 1.77 1.75 1.75 1.79 1.80 1.74 1.76 1.73 1.71 1.79 1.80 1.82 1.78 1.90
Na 0.49 0.35 0.12 0.47 0.55 0.48 0.46 0.44 0.16 0.31 0.25 0.14 0.35 0.38 0.35 0.34 0.15
K 0.09 0.09 0.03 0.14 0.15 0.16 0.16 0.16 0.01 0.06 0.09 0.06 0.13 0.11 0.12 0.10 0.05
Mg# 0.56 0.62 0.65 0.45 0.44 0.43 0.42 0.43 0.62 0.52 0.57 0.61 0.49 0.51 0.61 0.56 0.59

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

Mol Mol Tels Tels Teln Teln Teln Teln Teln Teln Teln Teln Teln Teln Teln ET ET

Ml- Ml-
No.sample 2224/2 2224/2 7797-I 3426b 6621u 6621u 6621u 6621u 6621u 6621u 6622u 6623u 6624n 6624n 6624n 223/2 223/2

SiO2 47.54 47.97 45.16 44.72 43.34 42.58 43.91 43.22 42.99 45.29 43.89 42.99 44.12 42.50 42.36 49.32 52.09
TiO2 0.87 1.03 0.00 1.14 1.89 2.14 1.58 1.77 1.76 1.25 1.83 1.63 1.77 1.82 1.65 1.24 0.56
Al2O3 6.04 5.78 7.60 8.10 7.60 7.64 7.56 7.79 7.85 7.06 7.27 7.81 7.53 8.06 7.74 6.17 4.42
FeO 23.14 22.68 25.98 24.17 27.12 27.00 27.16 27.04 27.56 26.31 26.96 25.81 27.91 28.42 28.18 14.82 13.08
MnO 0.88 1.00 0.94 1.18 0.56 0.31 0.47 0.53 0.38 0.65 0.44 0.41 0.65 0.44 0.58 0.32 0.52
MgO 8.53 8.59 6.87 7.67 4.90 5.13 4.83 4.75 4.43 5.00 4.98 5.88 3.85 3.77 3.88 14.02 15.56
CaO 10.57 10.71 11.40 10.39 10.77 10.79 10.93 11.06 11.01 11.18 10.75 10.82 10.77 10.44 10.95 11.84 12.15
Na2O 1.74 1.52 0.84 1.78 1.98 2.70 2.00 1.94 2.12 1.51 2.28 2.77 1.57 2.50 2.64 1.37 1.03
K2O 0.64 0.69 0.69 0.65 1.17 1.25 1.05 1.33 1.29 1.22 0.99 1.27 1.23 1.40 1.28 0.45 0.46

Total 99.95 99.97 99.48 99.80 99.33 99.54 99.49 99.43 99.39 99.47 99.39 99.39 99.40 99.35 99.26 99.68 99.94

f.u.
Si 7.01 7.07 6.76 6.63 6.70 6.62 6.77 6.70 6.69 6.97 6.78 6.65 6.84 6.65 6.68 7.03 7.33
Ti(VI) 0.10 0.11 0.00 0.13 0.22 0.25 0.18 0.21 0.21 0.14 0.21 0.19 0.21 0.21 0.20 0.13 0.06
Ti(IV) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al(VI) 0.06 0.08 0.10 0.04 0.08 0.02 0.15 0.12 0.13 0.24 0.10 0.07 0.21 0.14 0.11 0.07 0.06
Al(IV) 0.99 0.93 1.24 1.37 1.30 1.38 1.23 1.30 1.31 1.03 1.22 1.35 1.16 1.35 1.32 0.97 0.67
Fe3+ (VI) 0.91 0.94 0.69 0.52 1.01 1.26 1.05 1.10 1.13 1.10 1.12 1.24 0.92 1.05 1.33 1.04 1.30
Fe3+ (IV) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe2+ 1.93 1.84 2.55 2.46 2.48 2.24 2.45 2.39 2.45 2.28 2.36 2.08 2.69 2.65 2.38 0.72 0.24
Mn 0.11 0.12 0.12 0.15 0.07 0.04 0.06 0.07 0.05 0.08 0.06 0.05 0.09 0.06 0.08 0.04 0.06
Mg 1.89 1.90 1.54 1.70 1.14 1.20 1.12 1.11 1.03 1.15 1.15 1.36 0.89 0.89 0.92 3.00 3.28
Ca 1.67 1.69 1.83 1.65 1.78 1.80 1.81 1.84 1.84 1.84 1.78 1.79 1.79 1.75 1.85 1.81 1.83
Na 0.50 0.43 0.24 0.51 0.59 0.81 0.60 0.58 0.64 0.45 0.68 0.83 0.47 0.76 0.81 0.38 0.28
K 0.12 0.13 0.13 0.12 0.23 0.25 0.21 0.26 0.26 0.24 0.20 0.25 0.24 0.28 0.26 0.08 0.08
Mg# 0.40 0.41 0.32 0.36 0.25 0.25 0.24 0.24 0.22 0.25 0.25 0.29 0.20 0.19 0.20 0.63 0.68

35 36 37 38 39 40 41

ET ET ET PT PT PT PT

No. sample 223/2 223/2 223/2 208 208 208 210/1

SiO2 48.83 50.13 52.21 44.40 49.07 48.45 49.93
TiO2 1.15 1.45 0.68 1.78 0.36 0.60 1.04
Al2O3 6.76 6.15 4.06 8.32 3.72 4.65 6.95
FeO 14.73 12.25 12.78 24.63 22.00 23.62 16.70
MnO 0.45 0.34 0.43 0.47 0.58 0.62 0.20
MgO 14.01 15.74 16.25 6.99 9.29 8.40 13.12
CaO 12.09 11.71 12.28 9.92 10.64 9.92 11.62
Na2O 1.20 1.61 0.75 1.94 0.64 0.78 0.72
K2O 0.48 0.41 0.37 0.75 0.21 0.34 0.32

Total 99.86 99.92 99.88 99.28 96.55 97.38 100.6
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Table 3.Continued.

35 36 37 38 39 40 41

ET ET ET PT PT PT PT

No. sample 223/2 223/2 223/2 208 208 208 210/1

f.u.
Si 6.95 7.04 7.31 6.64 7.38 7.22 7.01
Ti (VI) 0.12 0.15 0.05 0.20 0.04 0.07 0.11
Ti (IV) 0.00 0.00 0.02 0.00 0.00 0.00 0.00
Al (VI) 0.08 0.06 0.00 0.10 0.03 0.04 0.15
Al (IV) 1.05 0.96 0.67 1.36 0.62 0.78 0.99
Fe3+ (VI) 0.97 1.02 1.24 0.42 1.00 0.64 0.60
Fe3+ (IV) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe2+ 0.78 0.42 0.25 2.65 1.76 2.29 1.35
Mn 0.05 0.04 0.05 0.06 0.07 0.08 0.02
Mg 2.99 3.32 3.41 1.57 2.09 1.88 2.76
Ca 1.84 1.76 1.84 1.59 1.71 1.58 1.75
Na 0.33 0.44 0.20 0.56 0.19 0.23 0.20
K 0.09 0.07 0.07 0.14 0.04 0.06 0.06
Mg# 0.63 0.70 0.70 0.34 0.53 0.39 0.59

1–8 – Tanyurer batholith; 9, 10 – Peekiney pluton; 11–19 –
Moltykan batholith; 20–32 – Telekay batholith (20, 21 – southern
part, 22–32 – northern part, microgranular enclaves); 33–37 – East-
ern Taigonos batholith; 38–41 – Prybrezhny Taigonos pluton. Anal-
yses are obtained at Petrology Department of Moscow State Univer-
sity (electron microscope CAMSCAN-4DV with Link AN 10000
detector, analysts E. V. Guseva and N. N. Korotaeva).
Analytical error is 0.1 to 0.5%. Mineral formulae were calculated
on the basis of 13 cations in (IV) and (VI) coordination.

6.4 Titano-magnetite

Ti-magnetiteis widespread in the granitoids of the Eastern
Taigonos and Tanyurer batholiths, where it takes 2–4% of the
total rock volume. In other plutons considered it is present
in minor amounts, hundreds to thousands ppm. The micro-
probe study has revealed virtually ubiquitous occurrence of
Ti-magnetite exsolution structures with thin (up to a few mi-
crons) lamellae of ilmenite. Average compositions of the
grains determined with an unfocused beam (Table 5) corre-
spond to Ti-magnetites with the ulvöspinel content ranging
from 1% to 1.7% (as in the Eastern Taigonos batholith) and
to 3.5% (as in the Tanyurer pluton).

6.5 Ilmentite

Ilmenite has been identified in all the rocks studied. Its
abundances, however, are persistently low, less than 1%.
Nonetheless, in the granitoids of the Chaun zone, it is the
main oxide phase. No evidence of exsolution has been de-
tected in the ilmenites, except for the rocks of the East-
ern Taigonos batholith. The ilmenites of this particular plu-
ton stand out from the rest due to their high content of the
hematitic component (24–26%, when recalculated to the bulk
composition of a grain), which was the likely cause of their
posmagmatic breakdown. The lowest content of hematite,
1–3.5%, is a distinguishing feature of the ilmenites from the
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Fig. 7. Discrimination diagram for Cretaceous granitoids of NE
Asia: Rb vs. Y+Nb (Pearce et al., 1984).
Compositional fields of granitic rocks: VAG – volcanic arc granites,
syn-COLG – syncollisional granites, WPG – within-plate granites,
ORG – ocean ridge granites. Symbols as in Fig. 6.

Peekiney and Moltykan plutons and the northern part of the
Telekay pluton. The content of the pyrophanite MnTiO3
component in the ilmenites from the Tanyurer intrusion is
on average ca. 15%; in the Eastern Taigonos batholith, 5%;
and in the rest of the plutons, 7–12%. In some of the ilmenite
grains the content of manganese increases from core to rim,
indicating preservation of the magmatic zoning.

On the scale of homogeneous exposures at least tens of
meters across, compositional variations of the minerals are
insignificant, usually within the analytical error. The only
exception is plagioclase, whose outer zones may differ from
the inner ones by several tens of percent of the anorthite com-
ponent (Fig. 10). On the scale of whole plutons, composi-
tions of biotite and amphibole are also more or less uniform
(Figs. 8 and 9), and thus may be used as a discriminating pa-
rameter. The relatively wide variations of Mg# in the mafic
silicates of some plutons (Moltykan and Tanyurer batholiths,
Prybrezhny Taigonos belt) could be caused by the multi-
pulse formation of these plutons. Systematic differences be-
tween minerals which compose granitoids of different geo-
dynamic settings are not clear. We can only note a somewhat
higher average Mg# of mafic silicates from granites of sub-
ductional settings (Tanyurer and Taigonos), in comparison
with the post-collisional granites (Chaun zone) (Figs. 8 and
9). The Mg# in biotite and amphibole positively correlates
with the modal abundance of Ti-magnetite – a usual depen-
dence in granitoids crystallized under various redox condi-
tions (e.g., Czamanske et al., 1981).

In comparing compositions of the minerals and rocks, note
the positive correlation between the Mg# of biotite and am-
phibole and that of bulk rock samples (Fig. 11a, b). The link
between the Fe/Mg ratio of the mafic minerals and the silica
content of the rocks is also evident, albeit less clear: the data
points corresponding to granitoids of the magnetite series
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Table 4. Biotite composition from Cretaceous granitoids of Chaun tectonic zone and Taigonos Peninsula, NE Asia.

No. 5/5 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Tan Tan Tan Tan Tan Tan Tan Peek Peek Peek Peek Peek Peek Peek Peek Peek Peek

No. sample 2458b/02 2458b/02 2458b/02 Ugl1a/02 Ugl1a/02 Ugl1a/02 Ugl1a/02 8a 8a 8a 8a 8a 8a 7/5 7/5 7/5 7/5

SiO2 37.88 37.92 37.83 37.16 38.52 37.24 37.03 36.66 35.24 36.68 36.35 36.35 36.90 35.64 36.20 36.12 36.31
TiO2 4.88 5.10 4.94 4.56 3.78 4.98 4.45 4.29 4.65 3.62 4.40 4.63 4.29 4.92 4.64 4.53 4.20
Al2O3 13.62 13.31 13.45 12.84 13.31 12.92 12.99 13.07 12.37 13.10 13.16 13.32 13.17 13.18 12.91 13.20 12.83
FeO 2 1.96 2 1.84 22.21 25.24 24.57 25.62 25.73 22.31 2 1.02 22.82 22.72 22.46 22.05 22.91 22.59 22.64 23.16
MnO 0.80 0.64 0.66 0.45 0.59 0.58 0.55 0.32 0.24 0.26 0.33 0.15 0.22 0.34 0.30 0.27 0.14
MgO 1 1.07 1 1.06 1 0.87 9.32 9.18 8.74 9.08 9.79 9.04 1 0.19 9.51 9.36 9.44 9.42 9.26 9.66 9.28
CaO 0.00 0.30 0.00 0.18 0.00 0.18 0.26 0.22 0.13 0.00 0.00 0.29 0.09 0.27 0.20 0.12 0.00
Na2O 9.43 9.63 9.71 9.70 9.57 9.52 9.53 8.92 8.69 8.83 8.88 8.78 8.92 8.91 9.14 8.96 9.01
K2O n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.86 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Cl 0.20 0.21 0.26 0.19 0.13 0.25 0.17 0.30 0.25 0.22 0.28 0.20 0.23 0.30 0.52 0.36 0.64

Total 99.83 10 0.0 99.94 99.63 99.74 10 0.0 99.81 96.76 9 1.62 95.72 95.63 95.54 95.34 95.95 95.87 95.88 95.57

a.f.u.
Si 2.85 2.86 2.86 2.86 2.94 2.86 2.84 2.89 2.92 2.87 2.87 2.88 2.92 2.82 2.88 2.85 2.89
Ti 0.28 0.29 0.28 0.26 0.22 0.29 0.26 0.25 0.29 0.21 0.26 0.27 0.26 0.29 0.28 0.27 0.25
Al 1.20 1.18 1.19 1.16 1.19 1.17 1.17 1.21 1.20 1.21 1.22 1.24 1.23 1.23 1.21 1.23 1.20
Fe 1.38 1.37 1.40 1.62 1.56 1.64 1.65 1.47 1.45 1.49 1.50 1.48 1.46 1.51 1.50 1.49 1.54
Mn 0.05 0.04 0.04 0.03 0.04 0.04 0.04 0.02 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.02 0.01
Mg 1.25 1.25 1.23 1.07 1.05 1.01 1.05 1.16 1.12 1.20 1.13 1.11 1.12 1.12 1.11 1.14 1.11
Na 0.00 0.04 0.00 0.03 0.00 0.03 0.04 0.03 0.02 0.00 0.00 0.04 0.01 0.04 0.03 0.02 0.00
K 0.90 0.93 0.94 0.95 0.93 0.93 0.93 0.90 0.92 0.88 0.90 0.89 0.90 0.90 0.93 0.90 0.92
F – – – – – – – 0.21 – – – – – – – – –
Cl 0.02 0.03 0.03 0.02 0.02 0.03 0.02 0.04 0.03 0.03 0.04 0.03 0.03 0.04 0.07 0.05 0.09
Mg# 0.48 0.48 0.47 0.40 0.40 0.38 0.39 0.44 0.44 0.45 0.43 0.43 0.44 0.43 0.42 0.43 0.42
Al/(Al+Si+
Mg+Fe) 0.18 0.18 0.18 0.17 0.18 0.17 0.17 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
Mol Mol Mol Mol Mol Mol Mol Mol Mol Mol Mol Mol Mol Tel Tel Tel Tel

No. sample. m2/1a m2/1b Ml-11 Ml-11 Ml-11 Ml-11 Ml-11 Ml-2224-2 Ml-2224-2 Ml-2224-2 Ml-2224-2 Ml-2224-2 Ml-2224-2 7797-I 7797-I 7797-I 7797-I

SiO2 36.80 36.20 35.99 36.74 36.83 36.89 37.19 35.32 36.18 35.36 36.83 35.86 35.74 35.45 35.00 35.07 34.66
TiO2 4.44 4.53 4.02 4.61 3.96 3.66 3.33 4.51 3.98 4.33 4.51 4.23 3.83 3.33 3.90 3.02 3.50
Al2O3 13.05 13.34 12.97 13.29 13.54 13.67 13.65 13.64 13.05 13.45 14.01 13.37 13.43 14.19 14.11 14.37 14.64
FeO 2 1.39 22.37 19.57 2 0.77 2 0.50 2 1.17 20.48 26.40 24.99 26.45 27.55 24.88 25.95 26.66 26.44 27.19 27.67
MnO 0.37 0.49 0.25 0.23 0.25 0.40 0.34 0.41 0.30 0.36 0.38 0.55 0.36 0.52 0.34 0.40 0.56
MgO 9.96 9.52 1 0.14 10.61 11.25 11.04 11.67 7.65 8.47 7.95 8.28 8.21 8.18 6.30 6.66 6.58 6.42
CaO 0.00 0.00 0.19 0.44 0.36 0.15 0.29 0.52 0.32 0.33 0.34 0.25 0.12 0.27 0.17 0.23 0.03
Na2O 9.15 9.07 8.78 8.86 8.67 8.64 8.54 8.67 8.55 7.61 7.93 8.57 8.25 8.79 9.02 8.82 8.11
K2O n.d. n.d. n.d. 0.55 n.d. n.d. n.d. 1.44 n.d. n.d. n.d. n.d. n.d. 0.29 n.d. n.d. n.d.
Cl 0.09 0.10 0.15 0.13 0.14 0.10 0.14 0.16 0.16 0.12 0.12 0.09 0.10 0.32 0.26 0.31 0.28

Total 95.24 95.63 92.05 96.24 95.55 95.73 95.65 98.73 96.00 96.00 10 0.0 96.01 96.01 96.13 95.90 96.00 95.88

a.f.u.
Si 2.91 2.86 2.93 2.88 2.87 2.86 2.87 2.79 2.87 2.79 2.79 2.84 2.82 2.86 2.82 2.82 2.77
Ti 0.26 0.27 0.25 0.27 0.23 0.21 0.19 0.27 0.24 0.26 0.26 0.25 0.23 0.20 0.24 0.18 0.21
Al 1.21 1.24 1.24 1.23 1.24 1.25 1.24 1.27 1.22 1.25 1.25 1.25 1.25 1.35 1.34 1.36 1.38
Fe 1.41 1.47 1.33 1.36 1.33 1.37 1.32 1.74 1.65 1.74 1.74 1.64 1.71 1.79 1.78 1.82 1.84
Mn 0.03 0.03 0.02 0.02 0.02 0.03 0.02 0.03 0.02 0.02 0.02 0.04 0.02 0.04 0.02 0.03 0.04
Mg 1.18 1.13 1.24 1.25 1.31 1.28 1.35 0.91 1.01 0.94 0.94 0.98 0.97 0.76 0.81 0.79 0.77
Na 0.00 0.00 0.03 0.07 0.05 0.02 0.04 0.08 0.05 0.05 0.05 0.04 0.02 0.04 0.03 0.04 0.00
K 0.92 0.91 0.91 0.89 0.86 0.86 0.84 0.87 0.87 0.77 0.77 0.87 0.83 0.91 0.93 0.91 0.83
F – – – 0.14 – – – 0.36 – – – – – 0.07 – – –
Cl 0.01 0.01 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.04 0.04 0.04 0.04
Mg# 0.46 0.43 0.48 0.48 0.50 0.48 0.51 0.36 0.38 0.35 0.35 0.70 0.36 0.30 0.31 0.30 29.00
Al/(Al+Si+
Mg+Fe) 0.18 0.19 0.18 0.18 0.18 0.18 0.18 0.19 0.18 0.19 0.19 0.19 0.18 0.20 0.20 0.20 0.20

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51
Tel Tel Tel Tel Tel Tel Tel Tel Tel Tel Tel Tel Tel Tel Tel Tel Tel

No. sample 7797-I 7797-I 7797-I 3426b 6621d 6621d 6621d 6621d 6621g 6621g 6621g 6621g 6621n 6621n 6621u 6621u 6621u

SiO2 34.67 35.09 34.84 34.78 34.40 36.83 35.52 35.11 35.33 35.17 35.68 34.43 36.17 35.48 35.73 35.21 35.58
TiO2 4.28 3.90 3.55 4.27 4.52 3.44 4.30 4.39 3.71 3.95 3.54 3.87 4.30 3.92 4.57 4.68 4.23
Al2O3 14.06 14.28 14.52 13.97 12.50 1 1.98 1 1.83 1 1.83 1 1.78 1 1.72 12.12 12.64 1 1.98 1 1.88 1 1.42 12.02 1 1.96
FeO 27.23 26.69 26.79 26.98 29.44 27.74 28.55 28.84 3 0.05 3 0.22 29.88 3 0.90 28.65 29.31 28.48 28.17 27.98
MnO 0.48 0.40 0.36 0.39 0.28 0.31 0.23 0.11 0.14 0.16 0.32 0.20 0.16 0.25 0.08 0.20 0.38
MgO 6.06 6.39 6.49 7.52 5.07 5.92 5.07 5.26 4.80 4.24 4.71 4.51 4.62 4.95 5.29 5.20 5.48
CaO 0.11 0.00 0.05 0.12 0.09 0.01 0.15 0.24 0.25 0.36 0.00 0.00 0.00 0.36 0.12 0.20 0.00
Na2O 8.87 8.86 9.05 7.67 9.13 9.30 9.69 9.19 9.27 9.52 9.14 8.82 9.63 9.00 9.57 9.64 9.74
K2O n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Cl 0.18 0.34 0.27 0.23 0.50 0.47 0.56 0.65 0.58 0.00 0.00 0.00 0.50 0.68 0.66 0.68 0.64

Total 95.93 95.95 95.91 95.92 95.93 96.00 95.89 95.61 95.90 95.35 95.40 95.38 96.01 95.85 95.92 96.00 96.01

a.f.u.
Si 2.80 2.82 2.80 2.75 2.84 3.01 2.95 2.91 2.93 2.94 2.94 2.84 3.00 2.94 2.97 2.92 2.94
Ti 0.26 0.24 0.21 0.25 0.28 0.21 0.27 0.27 0.23 0.25 0.22 0.24 0.27 0.24 0.28 0.29 0.26
Al 1.34 1.35 1.37 1.30 1.21 1.15 1.16 1.16 1.15 1.15 1.18 1.23 1.17 1.16 1.12 1.17 1.16
Fe 1.83 1.79 1.80 1.78 2.02 1.89 1.98 1.99 2.08 2.11 2.05 2.12 1.98 2.02 1.97 1.95 1.93
Mn 0.03 0.03 0.02 0.03 0.02 0.02 0.02 0.01 0.01 0.01 0.02 0.01 0.01 0.02 0.01 0.01 0.03
Mg 0.73 0.77 0.78 0.89 0.63 0.73 0.63 0.66 0.60 0.53 0.58 0.56 0.57 0.62 0.66 0.65 0.68
Na 0.02 0.00 0.01 0.02 0.01 0.00 0.02 0.04 0.04 0.06 0.00 0.00 0.00 0.06 0.02 0.03 0.00
K 0.92 0.91 0.93 0.77 0.96 0.97 1.03 0.97 0.98 1.02 0.96 0.93 1.02 0.95 1.01 1.02 1.03
F – – – – – – – – – – – – – – – – –
Cl 0.02 0.05 0.04 0.03 0.07 0.06 0.08 0.09 0.08 0.00 0.00 0.00 0.07 0.10 0.09 0.10 0.09
Mg# 0.29 0.30 0.30 0.33 24.00 0.28 0.24 0.25 0.22 0.20 0.22 0.21 0.22 0.23 0.25 0.26 0.26
Al/(Al+Si+
Mg+Fe) 0.20 0.20 0.20 0.19 0.18 0.17 0.17 0.17 0.17 0.17 0.17 0.18 0.17 0.17 0.17 0.18 0.17
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Table 4.Continued.

52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
Tel Tel Tel Tel ET ET ET ET PT PT PT PT PT PT PT PT PT

No. sample 6621u 6621u 6621u 6621u 223/2 223/2 223/2 223/2 205 205 205 208 208 208 208/6 208/6 208/6

SiO2 35.89 35.53 36.02 35.87 38.07 38.62 38.86 38.53 36.07 36.97 35.76 35.60 35.81 36.33 37.11 36.18 36.82
TiO2 4.39 4.64 4.00 4.09 4.78 4.65 3.87 4.52 4.16 4.10 3.88 3.53 3.95 3.90 3.90 3.55 4.12
Al2O3 12.20 12.01 11.92 11.79 13.86 14.13 14.34 14.40 15.58 15.23 14.51 14.63 14.22 14.72 14.77 14.44 14.12
FeO 27.33 27.94 28.51 28.52 18.69 18.27 18.77 18.90 22.73 23.60 23.99 26.76 27.09 26.41 22.97 2 1.76 22.28
MnO 0.21 0.15 0.11 0.02 0.17 0.27 0.22 0.21 0.15 0.19 0.16 0.24 0.34 0.27 0.30 0.28 0.19
MgO 5.58 5.20 5.24 5.28 13.56 13.55 13.71 13.26 8.79 8.92 8.42 7.08 6.89 6.95 8.96 8.68 8.84
CaO 0.00 0.00 0.00 0.10 0.92 0.55 0.40 0.27 0.28 0.20 0.24 0.21 0.12 0.14 0.14 0.29 0.18
Na2O 9.77 9.82 9.60 9.86 9.53 9.68 9.37 9.62 9.04 9.40 8.87 9.35 9.18 9.80 8.06 7.20 7.11
K2O n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.04 0.21 n.d. 0.24 0.36 0.04
Cl 0.56 0.61 0.56 0.49 0.11 0.09 0.09 0.05 0.15 0.15 0.15 0.13 0.18 0.17 0.19 0.26 0.26

Total 95.93 95.90 95.96 96.01 99.79 99.80 99.78 99.84 96.98 98.78 96.07 97.65 98.09 98.77 96.68 93.08 93.96

a.f.u.
Si 2.96 2.95 2.97 2.97 2.83 2.86 2.86 2.85 2.81 2.84 2.83 2.81 2.83 2.85 2.88 2.90 2.91
Ti 0.27 0.29 0.25 0.25 0.27 0.26 0.21 0.25 0.24 0.24 0.23 0.21 0.23 0.23 0.23 0.21 0.24
Al 1.18 1.17 1.16 1.15 1.21 1.23 1.24 1.25 1.43 1.38 1.35 1.36 1.32 1.36 1.35 1.36 1.31
Fe 1.88 1.93 1.96 1.97 1.16 1.13 1.15 1.16 1.48 1.51 1.58 1.76 1.78 1.73 1.48 1.46 1.47
Mn 0.01 0.01 0.01 0.00 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.01
Mg 0.69 0.65 0.65 0.66 1.51 1.51 1.52 1.47 1.03 1.03 1.00 0.84 0.82 0.82 1.04 1.04 1.05
Na 0.00 0.00 0.00 0.02 0.13 0.08 0.06 0.04 0.04 0.03 0.04 0.03 0.02 0.02 0.02 0.05 0.03
K 1.03 1.04 1.01 1.04 0.91 0.92 0.88 0.91 0.90 0.92 0.90 0.94 0.92 0.98 0.80 0.74 0.72
F – – – – – – – – – – – 0.01 0.05 – 0.06 0.09 0.01
Cl 0.08 0.09 0.08 0.07 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.04 0.03
Mg# 0.27 0.25 0.25 0.25 0.57 0.57 0.57 0.56 0.41 0.40 0.39 0.32 0.31 0.32 0.41 0.42 0.42
Al/(Al+
Si+Mg+Fe) 0.18 0.17 0.17 0.17 0.18 0.18 0.18 0.19 0.21 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.19

1–7 – Tanyurer batholith; 8–17 – Peekiney pluton; 18–30 – Moltykan batholith; 31–55 – Telekay batholith (31–38 – southern part, 39–46 - northern part, leucogranites; 47–55 –

northern part, MME; 56–59 – Eastern-Taigonos batholith; 60–68 – Prybrezhno-Taigonos pluton. Analyses 8, 21, 25 and 31 are obtained at Microanalysis Laboratory, Mineralogy

Department, Moscow State University (microscope Camebax SX 50, analyst N. N. Kononkova), analyses 9 and 20, at Institute of Mineralogy, Geochemistry and Crystallochemistry

of Rare Elements (Camebax Microbeam, analyst I. M. Kulikova). Other analyses are obtained at Petrology Department, Moscow State University (electronic microscoe CAMSCAN-

4DV, Link AN 10000, analysts E. V. Guseva and N. N. Korotaeva. Analysis error is 0.1 to 0.5%. Mineral formulae were calculated on the basis of 7 cations in coordination (IV) and

(VI).

Table 5. Titanomagnetite and ilmenite composition from Cretaceous granitoids of Chaun tectonic zone and Taigonos Peninsula, NE Asia.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Tan Tan Tan Tan Tan Peek Peek Peek Mol Mol Tel Tel Tel Tel ET ET ET ET

No. sample 2458b/02 2458b/02 Ugl1a/02 Ugl1a/02 Ugl1a/02 8a 7/5 7/5 Ml–11 Ml–2224/2 7797–I 7797–I 7797–I 6621u 223/2 223/2 223/2 223/2

SiO2 1.29 0.30 0.51 1.74 0.11 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.49 0.49 0.99 0.45
TiO2 0.34 1.25 0.19 47.68 49.87 50.82 50.99 50.28 52.86 50.39 50.18 50.03 49.39 51.81 0.62 0.58 39.25 39.24
Al2O3 0.60 0.25 0.27 0.23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.24 0.32 0.32 0.18 0.05
FeO 94.99 94.58 95.62 39.56 42.69 45.26 43.32 42.93 46.69 41.00 46.12 47.54 44.58 42.08 94.92 94.63 55.33 56.24
MnO 0.11 0.20 0.35 6.56 6.74 2.57 4.41 4.94 3.00 7.48 5.21 5.24 5.38 5.50 0.13 0.13 1.47 2.70
ZnO 0.03 0.61 0.40 0.12 0.40 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.00 0.00 0.26 0.00
V2O5 0.44 0.46 0.36 0.00 0.11 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.38 n.d. n.d.

Total 97.79 97.64 97.71 95.34 99.80 98.65 98.72 98.15 102.55 98.87 101.51 102.85 99.35 99.63 96.48 96.54 96.47 98.86

f.u.

Ti 0.01 0.03 0.01 0.96 0.95 0.98 0.98 0.97 0.98 0.97 0.93 0.92 0.94 0.99 0.02 0.02 0.76 0.74
Al 0.03 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.00
Fe 2.96 2.94 2.97 0.88 0.90 0.97 0.92 0.92 0.96 0.87 0.95 0.97 0.94 0.89 2.96 2.96 1.19 1.18
Mn 0.00 0.01 0.01 0.15 0.14 0.06 0.10 0.11 0.06 0.16 0.11 0.11 0.12 0.12 0.00 0.00 0.03 0.06
Mg 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.02
mineral
fraction
ulvospinel 0.94 3.50 0.54 – – – – – – – – – – – 1.73 1.63 – –
hematite – – – 4.23 4.96 2.27 2.03 2.88 2.39 3.44 6.67 8.19 5.91 1.44– – 23.94 26.08
pyrophanite – – – 14.84 14.48 5.57 9.55 10.75 6.25 16.15 10.93 10.84 11.55 11.79– – 3.21 5.72

1–5 – Tanyurer batholith; 6–8 – Peekiney pluton; 9, 10 – Moltykan batholith; 11–14 – Telekay batholith (11–13 – southern part, 14 – northern part, microgranular enclaves, 15–18 –

Eastern Taigonos batholith.

Analyses 9, 11, 12 are obtained at Microanalysis Laboratory, Mineralogy Department, Moscow State University (microscope Camebax SX 50, analyst N. N. Kononkova), rest

analyses, at Petrology Departement, Moscow State University (electronic microscope CAMSCAN-4DV, Link AN 10000, analysts E. V. Guseva, N. N. Korotaeva). Analysis error is

0.1 to 0.5%.
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Fig. 8. Diagrams showing compositions of amphiboles from plutons studied. Symbols as in Fig. 3 (f.u.=formula unit).

(Eastern Taigonos and Tanyurer plutons) plot below the gen-
eral trend (Fig. 11c, d). The dependency of the alumina con-
tent of biotite on the alkalinity of the granitoids (Marakushev
and Tararin, 1965; Ivanov, 1970) is unclear.

7 Estimating physicochemical conditions of melt
crystallization

We are compelled to admit that, despite the large number
of techniques at hand, applying mineral geothermobarome-
try to real-life granite systems yields in many cases merely
semiquantitative results. The reasons for these drawbacks are
detailed in the summary of Anderson (1996).

The common mineral assemblages of granitoids have few
phases that allow precise determination of theP − T con-
ditions of melt. The data at our disposal allow us to use
the following geothermometers and geobarometers: (i) the
zircon and apatite geothermometers of Watson and Harri-
son (1983) and Harrison and Watson (1984), (ii) the Ti am-
phibole geothermometer of Otten (1984), (iii) the modified
amphibole geobarometer of Anderson and Smith (1995),
(iv) the plagioclase-amphibole geothermometer of Holland
and Blundy (1994), (v) the ilmenite-magnetite “thermoox-
ometer” of Spencer and Lindsley (1981), and (vi) the bi-
otite “thermooxometer” of Wones (1981). Two-feldspar ther-

mometers (Fuhrman and Lindsley, 1988, etc.) are not very
useful in application to the majority of natural granite sys-
tems, because of the high rate of subsolidus diffusion of
the alkaline metals in K-Na-feldspars. We did not use the
temperature estimates based on the proportions of normative
quartz, albite, and K-feldspar (Tuttle and Bowen, 1958; Cza-
manske et al., 1981) because of their low accuracy.

The results of our calculations are summarized in Table 6
and on Figs. 12 and 13. The “zircon” and the “apatite”
thermometers have yielded temperatures in the magmatic
range, 700–980◦. The “apatite” values in all cases are higher
than the “zircon” ones, the difference occasionally exceed-
ing 200◦. This discrepancy may be due partly to the ear-
lier appearance of apatite compared to zircon, and partly to
the imperfection of the geothermometers as such. Because
significant alumina oversaturation is not typical of the gran-
itoids studied, it makes no sense to introduce the correction
to the apatite thermometer as proposed by Bea et al. (1992).
Temperature calculations from Ti abundances in amphiboles
(Otten, 1984) give considerable scatter, yet to a first approx-
imation they agree with the values obtained from the zircon
saturation thermometer (Table 6). The existing discrepan-
cies are quite easy to explain, because these two methods
display the crystallization temperatures of different phases
which might not have a paragenetic relation, even when they
are components of the same rock.
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Enclaves in the leucogranites from the northern part of Telekay batholith

0 17.

0 18.

0 19.

0 2. 0

0 21.

0 22.

0.3

0.3

0.4

0.4

0.5

0.5

0.6

0.6

0.2

0.3

0.4

0.5

0.6

0.7

Mg  ( )# biotite

Mg  ( )# biotite

A
l/(

Si
A

l+
Fe

+M
g)

 (b
io

tit
e

+
)

M
g#

 (a
m

p h
ib

ol
e)

 (a)

 (b)

Fig. 9. Tikhomirov et al.

Fig. 9. Diagrams of(a) Mg# vs. Al/(Si+Al+Fe+Mg) for biotites
and(b) biotite Mg# vs. amphibole Fe# for plutons studied. In (b),
values averaged by the samples are used. Data for microgranular
enclaves from northern Telekay leucogranites are included. Other
symbols as in Fig. 3.
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the plutons studied. Bars depict the full range of plagioclase com-
position in the studied samples. Symbols as in Fig. 3.

The considerable number of temperature estimates ac-
quired by means of the modified version of the plagioclase-
amphibole geothermometer of Holland and Blundy (1994)
yield the subsolidus temperature, implying the postmagmatic
transformation of the phases. The obviously subsolidus tem-
perature values were discarded from further consideration.
However, the temperature intervals acquired for some of the
plutons are plausible, and overlap only slightly (Fig. 12a).
For example, in the Tanyurer and Eastern Taigonos plutons,
the plagioclase-amphibole equilibrium temperature ranges
650–770◦C, and in the Prybrezhny Taigonos belt, 750–
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Fig. 11. Diagrams showing the relation between Mg# of Fe-Mg-
silicates and Mg# (a, b) and SiO2 content (c, d) of their host rocks.
Bars depict the full measured range of mineral compositions (not
shown if variations do not exceed the size of symbols in the dia-
gram). Symbols as in Fig. 3.

830◦C. These temperature estimates put constraints on the
depth of magma emplacement (see Sect. 8.2)

The workability of the amphibole geobarometer based on
the alumina content in amphiboles is limited by (1) the post-
magmatic actinolitization, and (2) low Mg# (0.2–0.4) of am-
phiboles in some granites. This geobarometer was calibrated
for systems with relatively high oxygen potential and the am-
phibole Mg# of 0.5–0.6. Anderson and Smith (1995) have
shown that calculated pressure from the composition of high-
Fe amphiboles leads to 2–3-fold overestimates. Accord-
ingly, only the pressures obtained for the Eastern Taigonos
and Tanyurer batholiths (2.2 kbar and 1.5–1.9 kbar, respec-
tively) may be considered relatively reliable. As regards both
parts of the Telekay pluton and intrusions of the Prybrezhny
Taigonos belt, it can only be assumed that they crystallized
at pressures no higher than 1–2 kbar.

The lack of hypersolvus assemblages in the low-Ca
leucogranite of the northern part of the Telekay batholith sug-
gests that the melt crystallized at water pressure of at least
0.5 kbar. Therefore, this intrusion was emplaced in a rather
narrow depth interval (1.5–3 km). This is further supported
by geological data (the intrusive contact of granites with the
Late Jurassic–Early Cretaceous molassic unit, with a thick-
ness of 3 km or less). The final estimate of theP −T parame-
ters of crystallization was made with due account for the po-
sition of solidus curves for water-saturated granitic magmas
of various compositions (Johannes, 1996) (Fig. 12). We used
this assumption despite the fact the fluid pressure is usually
lower than the lithostatic pressure, because at the final stages
of crystallization granitic melts are considered to be water-
saturated (Johannes and Holtz, 1996). Exceptions come from
“dry” hypersolvus granites, which are definitely not the case
in point.

The low Ti contents in Ti-magnetites (Table 5) indicate
significant subsolvus decay is quite common in granitoids
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Fig. 12. Estimates ofPT crystallization conditions of the studied Cretaceous granitic plutons of NE Asia.
Arrows depict the inferred PT-paths of late crystallization stages for plutons: ET – Eastern Taigonos, PT – Pribrezhny Taigonos, Tan –
Tanyurer, Peek – Peekiney, Tels – Telekay (southern part), Teln – Telekay (northern part), and Mol – Moltykan.

(Anderson, 1996). Ilmenites, on the contrary, are relatively
resistant to solid-state transformations, and sometimes pre-
serve the magmatic zoning. Because magnetite is present (at
least in small amounts) in all rocks studied, we assumed that
the ilmenite composition corresponds to equilibrium con-
ditions and is suitable for estimating temperature and oxy-
gen fugacity (Spencer and Lindsley, 1981). This approach
does not yield any invariant values ofT and fo2, but allows
the determination of magma crystallization conditions rela-
tive to the buffer equilibria curves (Table 6, Fig. 13). For
the Tanyurer batholith, the observed hematite content in il-
menites is relatively low (4–5%), and does not correspond
with the presence of abundant magnetite. This inconsis-
tency may be due to either subsolidus transformations or high
manganese contents (14–15% of pyrophanite – see Table 5),
which impedes the incorporation of the hematitic component
into ilmenite.

The equation proposed by Wones (1981) defines the link
between the temperature and oxygen fugacity at which bi-
otite of a certain composition coexists with K-feldspar and
magnetite. Using the calculated curves (Fig. 13) and the
previously acquired solidus temperatures (Fig. 12), we de-
termined the fo2 values corresponding to the final stage of
magmatic history of our granitoids. We assumed that the
composition of biotite which lacks any magmatic zoning is

indicative of near-solidus conditions (Anderson, 1996). The
composition of the ilmenite, which preserves the traces of a
magmatic zoning, was taken to estimate conditions of earlier
crystallization stages. Thus, rough inferences about changes
of redox conditions with the decreasing magma temperature
are available (Fig. 13).

8 Discussion

8.1 Rock chemistry and the origin of magmas

Petrographically and chemically, all plutons considered in
this article correspond to the I-type, usual for active conti-
nental margins and post-collisional uplifts (Pitcher, 1987).
The plutons do not reveal any significant depletion in HREE
(Fig. 5c, d). Therefore, the contribution of garnet-bearing
granulites to magma generation appears to be negligible, thus
suggesting that the magma source was within the upper or
middle continental crust. Also, all plutons exhibit some ev-
idence of contributions from mantle sources. For Tanyurer
and Taigonos plutons, there are intrusive bodies of gabbro
and diorites, and for the Chaun zone plutons, there are micro-
granular enclaves produced by the injection of mafic magmas
into the partially crystallized felsic matrix (Vernon, 1991).
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Table 6. Estimates on crystallization conditions of granitic plutons studied.

Parameters Temperature,◦C Oxygen fugacity∗ Pressure, kbar∗∗

Primary Rock composition Mineral composition
data

Zr content P content amphibole amphibole+ ilmenite, amphibole
(zircon saturation) (apatite saturation) plagioclase∗∗∗ biotite

Reference Watson and Harrison and Otten (1984) Holland and Spencer Lindsley (1981), Anderson and
Harrison (1983) Watson (1984) Blundy (1994), Wones (1981) Smith (1995)

edenite-richterite
equilibrium

Plutons
Eastern
Taigonos 724±26 (n=10) 837±97 (n=11) 675±62 (n=5) 650–770 NNO+2 2.2±0.5 (n=1)
Prybrezhny
Taigonos 730±44 (n=5) 865±126 (n=11) 670±97 (n=4) 755–830 QFM 2.2±0.6∗∗∗∗ (n=1)
Tanyurer 754±31 (n=2) 932±63 (n=46) 717±44 (n=7) 665–745 NNO+0.5 1.7±0.9 (n=5)
Peekiney 785±27 (n=4) 951±44 (n=6) – – from QFM-2 to QFM –
Moltykan 787±22 (n=2) 980±49 (n=94) – – from QFM-2 to QFM –
Telekay
(northern part) 763±12 (n=1) 944±101 (n=4) 788±55 (n=11) 705–790 from QFM-2 to QFM-1 1.8±1.0∗∗∗∗ (n=12)
Telekay
(southern part) 780±29 (n=2) 953±44 (n=9) 621±123 (n=2) 670–815 QFM 1.9±0.8∗∗∗∗ (n=2)

∗ in log units relative to buffer equilibria;∗∗ determinations on amphiboles, which do not contain considerable amounts of the tremolite-
actinolite component;∗∗∗ full interval of temperature estimations in suggested interval of pressure (see Fig. 12);∗∗∗∗ values, considered as
overestimated due to low Mg# of amphiboles (Anderson and Smith, 1995). Number of determinations is given in parentheses.
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The involvement of subduction-related magmatic complexes
into the petrogenesis is evident from Nb-Ta minimum and
enrichment in LILE (Fig. 5a, b). For the Tanyurer and East-
ern Taigonos batholiths, the relation with an active margin is
evident from the geologic and geochronologic data. Granites
of the Prybrezhny Taigonos belt have the lowest K/Na and
ASI values, the and the least fractionated REE among all plu-
tons studied (Figs. 4a, c, and 6b). Besides, they are closely
associated with gabbro and diorites. All these facts sug-
gest that, at least partially, the granitic magmas were formed
through the fractionation of mafic melts, rather than through
the partial melting of crustal protolith. This hypothesis is
concordant with geologic data that imply the origin of host
complexes of the Prybrezhny Taigonos belt in an island arc
setting (Sokolov et al., this volume). Tanyurer and Eastern
Taigonos batholiths also comprise some gabbros and diorites
but in much lesser amounts, and the process of mafic melts
fractionation could not have played a major role in their for-
mation.

Granitic rocks of the Chaun tectonic zone are composition-
ally distinct from subduction-related Taigonos and Tanyurer
granites, despite having the same Ta-Nb minimum and LILE
enrichment. They are relatively homogenous, and enriched
in all incompatible lithophile elements, especially LILE
(Figs. 5 and 6). This enrichment could be controlled by the
composition of the crustal protolith, with a greater portion
of metapelites and lesser portion of juvenile mantle-derived
rocks relative to the source of Taigonos granites. However,
incompatible element abundances and K/Na ratio do not de-
pend on SiO2 contents in Chaun granites (Fig. 4b). There-
fore, the granodioritic and granitic magmas could also inherit
their compositional peculiarities from mafic mantle-derived
melts. This hypothesis is supported by the presence of highly
enriched Early Cretaceous shoshonitic volcanic rocks within
the Chaun zone (Tikhomirov et al., 2006b). As both Chaun
granites and those shoshonites are relatively depleted in Ta
and Nb, any contribution from plume sources is unlikely. The
origin of their “subductional” geochemical specifics may be
explained by the generation of their mantle-derived compo-
nents within the mantle wedge of a former subduction zone.

The Telekay batholith is a particular case. Its northern
part is composed of leucogranites crystallized from a near-
cotectic magma. Such a considerable volume of high-silica
melt could be produced only by the melting of a felsic con-
tinental crust, which likely comprised some ancient granitic
bodies. In this case, geochemical traces of the initial protolith
composition are weak or absent. The southern part of the
Telekay pluton reveals the compositional characteristics tran-
sitional between those of other granites of the Chaun zone,
and the subduction-related rocks of Tanyurer and Taigonos
plutons (Figs. 4a, b, 6, and 7). As there are no reasons to
believe the southern part of the Telekay batolith was formed
in a tectonic environment distinct from that of other granites
of the Chaun zone, we conclude that the geodynamic set-
ting itself has a minor influence on a composition of granites

studied. A more effective factor is the composition of the
crustal protolith which may exhibit significant variations.
Probably for this reason, granodiorites of the post-orogenic
southern Telekay pluton cannot be distinguished from gran-
odiorites of the subduction-related Tanyurer batholith solely
on the basis of rock chemistry (Figs. 4 and 5b). These two
plutons are located not far from each other (Fig. 2), and may
include derivatives from the same crustal source.

8.2 Crystallization conditions

None of mineral geothermometers and geobarometers avail-
able yield results applicable to all plutons studied. The most
plausible data were obtained using the zircon saturation ther-
mometer (Watson and Harrison, 1983) and the corrected am-
phibole geobarometer (Anderson and Smith, 1995). The
combination of these data with theP−T parameters of
water-saturated melting of granites (Johannes, 1996) allows
us to estimate the emplacement depth of the plutons. These
estimates systematically decrease from the Eastern Taigonos
batholith (6–7 km) to the Tanyurer pluton (4–5 km) to the
Prybrezhny Taigonos pluton (2–4 km?) through to the Chaun
zone plutons (1.5–3 km) (Fig. 12). For the Telekay and
Peekiney plutons, these estimates correspond well with geo-
logic data (granites intrude molassic units with a thickness of
1 to 3 km). Regarding the Moltykan batholith and other plu-
tons of the Chaun zone, the depth constraints are less clear.
Nonetheless, most plutons located up to 300 km east from
the Chaunskaya Bay are texturally and compositionally sim-
ilar, and their emplacement was controlled by faults of the
same NE strike, so they could have been emplaced at similar
depths.

Thus, post-orogenic plutons of the Chaun zone appear to
be formed at lesser depth than subduction-related Tanyurer
and Taigonos plutons. However, the effect of different ero-
sional incision may be important as well. For instance,
the Eastern Taigonos batholith is located within the deeply
eroded tectonic block, where amphibolite-facies metamor-
phic rocks crop out, and no volcanic sequences coeval with
granites have been preserved. But the Tanyurer batholith re-
veals the depth of erosional incision similar to (if not less
than) that of Chaun zone plutons. Therefore, the variations
of the emplacement depth could be caused by the system-
atic differences in magma dynamics. Shallow emplacement
depth is frequently considered as a feature of relatively dry
and high-temperature granitoid magmas (Hyndman, 1981).
This might serve as an additional indirect evidence of man-
tle magma contribution to the petrogenesis of the Chaun
zone plutons, despite their relatively homogenous composi-
tion (Figs. 3 and 4).

The redox conditions of crystallization of the rocks
studied are broadly variable, which is readily apparent
from observations under an ore microscope: the plutons
considered include both magnetite-series granites (Eastern
Taigonos and Tanyurer) and ilmenite-series ones (all the
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rest). Magnetite-series granitoids are distinguished by the
relatively high Mg# of mafic minerals (Figs. 8, 9, and 11),
a long known fact (Czamanske et al., 1981; Wones, 1981)
explained by the extraction of Fe from silicates into oxides
with increasing oxygen potential.

The study performed has not revealed any significant role
of geodynamic regime in the control over oxidation poten-
tial of granitoid melts. Hence, there are no grounds to be-
lieve that the rocks of the Eastern Taigonos pluton and Pry-
brezhny Taigonos belt were generated in markedly different
settings, although their estimated oxygen fugacity values dif-
fer by roughly two orders of magnitude (Fig. 13a). Thus it is
reasonable to assume that this parameter, just like geochem-
ical signatures of the rocks, is primarily defined by local pe-
culiarities of magma source composition, e.g., the presence
of metasediments with elevated organic carbon abundance.
Our knowledge of the composition of the crystalline base-
ment under the Chukotka area is still poor, but the Triassic
sediments comprise a lot of black shales with a high organic
content. Either direct contribution of these rocks to magma
generation, or the presence of similar complexes in the Pre-
Mesozoic basement could seriously affect the redox state of
crustal magmas.

9 Conclusions

1. Magmas which produced the studied granitoid plutons
were derived from a compositionally heterogeneous
protolith in the upper or middle continental crust, with
direct contributions from mantle sources. Towards the
inner parts of continental blocks, the portion of mafic
magmas involved in the petrogenesis decreases, while
the abundances of incompatible lithophile elements in
granitic magmas increase.

2. Both post-orogenic plutons of the Chaun tectonic zone
and the subduction-related plutons (Tanyurer batholith
and Taigonos granitic belts) display geochemical affin-
ity with calc-alkaline series of active continental mar-
gins, and inherit the compositional peculiarities of their
mantle sources. However, within each geodynamic
group of granites, there are compositional variations,
which may disguise systematic differences between the
two groups. These variations are likely caused by the
heterogeneity of crustal protolith.

3. The trace element composition of Chaun zone gran-
ites rules out any significant contribution from plume
sources. Thus, their origin may be related with tectonic
processes at the extinct active margin of former Anyui-
Angayucham oceanic basin (slab delamination), and/or
at the active margin of ancestral Pacific (back-arc exten-
sion or strike-slip stress).

4. Final crystallization of the studied plutons occurred
at comparatively shallow depths, between 1–2 and

6–7 km, in a temperature interval of 700–770◦C. Post-
orogenic granites were emplaced at lesser depth than
subduction-related plutons, likely due to lesser water
contents in magmas.

5. Variations in fo2 values at the late stages of crystalliza-
tion of the granites range over 3–4 orders of magnitude,
exceeding the limits of the quartz-fayalite-magnetite
(QFM) and nickel-nickel oxide (NNO) buffer equilib-
rium, which is due likely to the local peculiarities of the
source composition.
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