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New radiometric data have been obtained for two-mica granites from the Baga-Gazryn Chuluu Pluton in Central Mon-
golia, classified previously as A-type granites based on their geochemical characteristics and tectonic position. Three
most common granite varieties were dated by “*Ar—’Ar method on separated biotite. The following ages were obtained:
201.0 + 3.6 Ma (20) for the coarse-, 211.9 = 4.0 Ma for the medium-, and 209.4 + 3.2 Ma for the fine-grained granites.
Such Late Triassic cooling ages agree well with the older assumptions on the time of emplacement of the Baga-Gazryn

Chuluu Pluton, based on geological evidence and previous K-Ar dating. New geochronological data better constrain the
age of granitic magmatism in post-collisional, extensional regime adjacent to the western part of the Mongol-Okhotsk

suture zone in the Adaatsag area.
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1. Introduction

We present new cooling ages for biotite from the
granites of the Baga-Gazryn Chuluu Pluton (BGC)
in Central Mongolia, which are important for any
discussion on the petrogenesis or relationships of this
intrusion to other magmatic bodies located along the
Mid-Mongolian Tectonic Zone (Tomurtogoo 1997).
This first-scale tectonic linecament represents a suture
after the closure of the last oceanic basin in the Mon-
golian part of the Altaids (Central Asian Orogenic
Belt) — the Mongol—Okhotsk Ocean (e.g. Windley et al.
2007; Wilhem et al. 2012). Extensive Mesozoic mag-
matism in the northern part of Mongolia was directly
linked with the closure of this oceanic domain (Dons-
kaya et al. 2012).The BGC Pluton was emplaced into
the zone of intense Phanerozoic continental accretion,
connected with juvenile crust formation, typical of the
Altaids (e.g. Jahn 2004; Jahn et al. 2009; Machowiak
and Stawikowski 2012).

The first datings of the BGC granites and accompa-
nying metasomatites have been made in early 1970’s
using the K—Ar technique (Kovalenko et al. 1971a). By
the recent standards, the results were not satisfactory, as
the ages spread over 65 Ma, with over 40 Ma ranges for
individual rock varieties.

2. Geological setting and previous
geochronology

The subject of the presented study is the granitic
Baga-Gazryn Chuluu Pluton in Central Mongolia,
with an outcrop area of ¢. 120 km? (Machowiak and
Stawikowski 2012). The Pluton hosts numerous grei-
sen bodies carrying Sn—W mineralization (Kovalenko
et al. 1971a, b). The BGC granites were classified by
the Soviet and Mongolian geologists (Kovalenko et al.
1971a, b) as belonging to the regional ‘Sharakhadinskii’
type of Li—F granites. By the latter authors, they were
included into the group of the Early Mesozoic intrusions
(c. 230-180 Ma) with the maximum of magmatic activ-
ity at ¢. 210 Ma.

The BGC Pluton has been chosen for the study due to
its specific tectonic position close to the fault systems of
broadly defined Mid-Mongolian Tectonic Line (Tomur-
togoo 1997) as well as a peculiar geochemical signature.
The BGC granites display alkaline characteristics, and
are enriched in REE and other elements of potential eco-
nomic value (Kovalenko et al. 1971a; Machowiak and
Stawikowski 2012). In Europe, granites having a similar
geochemical signature are rare. The investigated plutonic
body is situated c. 30 km SW of the Adaatsag ophiolite
(Tomurtogoo et al. 2005; Bussien et al. 2011), a relic of
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oceanic lithosphere preserved after the Mongol-Okhotsk
Ocean closure (Fig. 1).

In the tectonic division of Mongolia (Badarch et al.
2002), the studied igneous body belongs to the Middle
Gobi Belt (MGB), a large volcano—plutonic unit of Perm-
ian—Mesozoic age. It is located close to the NW boundary
of the MGB with the Adaatsag Terrane, interpreted as a
former accretionary wedge (Badarch et al. 2002) trans-
formed into a suture zone (Bussien et al. 2011).

According to previous interpretations based on the
K—Ar dating and regional geological context (Kovalenko
et al. 1971a, b), the BGC granites intruded into Permian
volcano—sedimentary rocks of the MGB in the Early Me-
sozoic times (Tomurtogoo et al. 1998-2002; Fig. 2). The
Pluton emplacement caused a relatively narrow contact
aurcole of hornfelses, suggesting a shallow level of intru-
sion (Machowiak and Stawikowski 2012).

Thirteen rock samples from the BGC Pluton have
been previously dated on whole-rock samples as well as
biotite and K-feldspar concentrates by K—Ar technique
(Kovalenko et al. 1971a). The measured ages of all these
rocks were strongly scattered between 246 and 171 Ma.
Four coarse-grained granites, called ‘alaskites of the main
intrusive phase’, yielded ages of 235-192 Ma, three fine-
grained granites — ‘alaskites of the late intrusive phase’
— gave 236-192 Ma, 4 greisens 246-200 Ma and two
microclinites 236—171 Ma.

Small (several meters in size) outcrops of trachy-
andesites are scattered near the contact with the BGC
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formations and minor ophiolitic assemblages
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UB and UL: Unya-Bom and Ulban terranes)
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Pluton (Fig. 2) and bigger, up to several tens of meters
long bodies situated ¢. 10 km to NE of the BGC Pluton.
In the literature (Kovalenko et al. 1971a) and on the
geological map of the studied area (Tomurtogoo et al.
1998-2002), the trachyandesites were described as pla-
gioclase porphyries and assigned to Jurassic or Permian,
whereas the age of the BGC Pluton was considered to
be Late Triassic/Early Jurassic or Middle Jurassic. The
trachyandesites are surrounded by the rocks of Perm-
ian volcano-sedimentary sequence (Machowiak and
Stawikowski 2012).

3. Methods

3.1. Electron-microprobe analysis (EPMA)

The electron-microprobe studies on mineral chemistry
from the granites and greisens of the BGC Pluton have
been conducted on c¢. 15 polished thin sections at the
Institute of Mineralogy, Leibnitz University in Hannover
and the Joint-Institute Analytical Complex for Minerals
and Synthetic Substances, Warsaw University, using
the Cameca SX-100 apparatuses. All the analyses have
been performed using the WDS (wavelength disper-
sion) technique, with 15 kV accelerating voltage, 10 and
20 s counting times and a beam current of 20 or 10 pA.
Mineral standards as well as PAP and ZAF correcting
procedures have been applied (Reed 1993).
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Fig. 1 Position of Baga-Gazryn Chuluu Pluton at the tectonic sketch map of the Mongol-Okhotsk Belt and the framing units (after Bussien et al.

2011, modified).
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3.2. Whole-rock geochemistry

Almost seventy bulk chemical analyses of the rocks from
the Baga-Gazryn Pluton area have been carried out. Apart
from granites, also trachyandesites and greisens have
been examined. The samples destined for geochemical in-
vestigations were hand-crushed and powdered in a tung-
sten carbide mill at the Institute of Geology, Adam Mic-
kiewicz University in Poznan. All the bulk rock chemical
analyses were conducted by Activation Laboratories Ltd.
in Ontario, Canada. The results were obtained using
X-ray fluorescence (XRF), neutron activation analysis
(INAA) and inductively-coupled plasma — atomic emis-
sion spectrometry (ICP-AES). The analytical procedures
and the information about the applied standards in the
4Litho package are available at the ACTLABS website
(http://www.actlabs.com/files/Euro_2011.pdf). In order to
test the degree of possible contamination of the samples
with W and Co during milling, the contents of these ele-
ments in a pure SiO, have been measured. The results of

the geochemical analyses have been corrected taking into
account the obtained level of contamination.

3.3. YAr-3%Ar

Three fresh samples of granite were selected for *°Ar—°Ar
analyses. The biotite fraction has been separated using
heavy liquids (Na (H,W ,0,)H,O, density of 3.0 g/cm’).
Subsequently, the biotite flakes were hand-picked under
the microscope. Such biotite concentrates have been sent
to Activation Laboratories Ltd., in Canada. The samples
wrapped in Al foil were loaded in evacuated and sealed
quartz vial with K and Ca salts and packets of LP-6
biotite interspersed with the samples to be used as a flux
monitor. The samples were irradiated in the nuclear reac-
tor for 48 hours. The flux monitors were placed between
every two samples, thereby allowing precise determina-
tion of the flux gradients within the tube. After the flux
monitors were run, the J-values were calculated for each
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Fig. 2 Geological sketch of the Baga-Gazryn Chuluu Pluton (after Kovalenko et al. 1971a, Machowiak and Stawikowski 2012, modified).
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Fig. 3 Macrophotographs of dated samples from the Baga-Gazryn
Chuluu Pluton: a — fine-grained equigranular granite W78; b — me-
dium-grained porphyritic granite K15, ¢ — coarse-grained porphyritic
granite M25.

sample, using the measured flux gradient. The LP-6
biotite has an assumed age of 128.1 Ma. The neutron
gradient did not exceed 0.5 % on sample size. The Ar
isotope composition was measured in a Micromass 5400

static mass spectrometer. The 1200 °C blank of “°Ar did
not exceed nx107'°cm?® STP (Standard Temperature and
Pressure). The errors for biotite Ar—Ar ages are quoted
at 2 sigma level.

4. Rock description and chemical composi-
tion of minerals

4.1. Baga-Gazryn Chuluu granites

The Baga-Gazryn Chuluu granites are divided into three

textural varieties (Machowiak and Stawikowski 2012):

+ fine-grained equigranular granites (Fig. 3a) and fine-
grained porphyritic granites, occurring mostly in the

marginal zone (Fig. 2);

* medium-grained porphyritic granites (Fig. 3b) with
occurrences scattered all over the Pluton;

» coarse-grained equigranular, locally porphyritic gra-
nites (Fig. 3¢) — mainly in the inner part of the Pluton
(Fig. 2).

However, field observations have revealed strong
textural heterogeneity of the BGC Pluton. The individual
varieties pass into each other over small distances, which
makes the precise distribution of the three facies un-
mapable. Therefore, the presented sketch of the Pluton
(Fig. 2) indicates the domination of the granite varieties
in given parts of the intrusion, not their exclusive oc-
currences. The contacts between them, even though fre-
quently sharp, are often uneven and gradual, correspond-
ing to plastic behavior of the solidifying magmas. The
BGC granites do not contain any enclaves (Machowiak
and Stawikowski 2012).

The granites of the BGC Pluton display monotonous
modal composition with K-feldspar (35 to 50 vol. %
in the rock; Or, ,, Ab, ), quartz (25 to 40 vol. %),
plagioclase (3 to 10 vol. %; An, ) (Fig. 4a), biotite
(max. 5 vol. %), (K1.03—0.96 Nao.o47040)(A10A8470A54 Ti0.18—0.03
Fe, 516 Mg0.0770,06)(8i29272.84 All.l6—l.08)010 (OH)z and
muscovite (max. 3 vol. %), (K, ;s Na,, (Al ¢ .,
Feo41670.14Mg0A0570.04)(Si3,3073A29A10.7070,69)O10 (OH)z as the
main rock-forming minerals. The samples influenced by
greisenization contain also topaz, fluorite, REE minerals
(mainly monazite) and lithium micas — zinnwaldite (Fig.
4b) and lepidolite.

In all porphyritic varieties of the BGC granites, phe-
nocrysts are mainly idiomorphic or hypidiomorphic,
perthitic K-feldspars. The potassium feldspars form
also smaller hypidio- to xenomorphic grains in the
groundmass. Quartz is xenomorphic and usually dis-
plays undulose extinction. The plagioclases are mostly
unzoned. They occur subordinately, in some samples
sparsely. Sporadically, myrmekites are observed. Bio-
tites are usually hypidiomorphic, while less frequently
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Fig. 4a — Photomicrographs (crossed nicols) of typical medium-grained granite (sample K25) from the Baga-Gazryn Chuluu Pluton: a — plagioclase
inclusion in perthitic K-feldspar; b — biotite accompanied by Li-mica (zinnwaldite).

observed white micas (muscovite or lepidolite) display
xenomorphic shapes. The white micas occur mainly in
greisenized samples, either in the interstices or replacing
K-feldspar and biotite. In part of the samples, the bio-
tite is accompanied by probably secondary (seemingly
postmagmatic) muscovite; elsewhere it is associated
with lepidolite. Systematic positions of the micas are
presented in the mgli—feal diagram (Tischendorf et al.
2004, Fig. 5).

The electron-microprobe analyses of micas (Tab. 1)
have shown that biotites are characterized by very low
MgO (0.13-1.1 wt. %, usually 0.68 wt. %) and very
high FeO (20-28 wt. %, typically 24-26 wt. %). As for
the micas, fairly high is the content of MnO (0.2—-1.5 wt.
%, usually 0.5-0.7 wt. %) and Al,O, (17-20 wt. %). Ac-
cordingly, the Al concentrations in the octahedral sites
are very high (0.5-1.2 apfu, most frequently 0.6-0.8
A1V apfu).

The muscovites display high SiO, (47-49 wt. %),
increased Al,O, (24-30 wt. %) and K,O (10.2-11.0
wt. %) contents, low FeO (2.3-2.7 wt. %) and elevated
(compared to the remaining micas) Al concentrations in
the octahedral sites (Al"Y = 1.7-1.8 apfu). The sums of
octahedral cations are close to 2.0 apfu, and the rest is
assumed to be Li**, which could not be determined by
the EPMA. Typical potassium micas from the granites
studied are solid solutions of muscovite (0.72-0.76
mol. %), Fe-celadonite (0.15-0.17 mol. %), Mg-celadon-
ite (0.055-0.060 mol. %) and polylithionite (0.01-0.06
mol. %).

The presence of zinnwaldite in the studied rocks is
indicated by high (‘muscovitic’) interference colours,
conspicuous greenish- passing to grey- passing to brown
pleochroism, and systematically observed deficiency in
cations of the biotite octahedral sites, ranging between
0.37 and 0.55 apfu. It was assumed that such a portion

in the structure of all the studied biotites (trioctahedral
mica) is occupied by Li. This assumption extends the iso-
morphic series of biotite (White et al. 2007; Tajémanova
et al. 2009) with the lithium members: polylithionite
[KLi,AlSi,O F,] and masutomilite [KLiAIMn>*(AlSi,)

107 2
O, F.], which contains Li and Mn in one member (Rieder

etlgll.2 1998).

Zinnwaldite is defined as a series of trioctahedral po-
tassium Fe—Li—Al micas (Tab. 1, Fig. 5) with a composi-
tion transitional between siderophyllite and polylithionite
(Rieder et al. 1998). The presented results document
zinnwaldite as a solid solution in the annite—polylithi-
onite—muscovite—masutomilite series. Its composition
changes over a rather narrow range: annite 0.115-0.118
mol. %, polylithionite 0.366—0.375 mol. %, muscovite
0.475-0.480 mol. % and masutomilite 0.035-0.042,
while the Ti-biotite and siderophyllite proportions are
close to zero.

Lepidolite, when referring to the isomorphic series
of potassium Fe-Li—Al (Mn,Mg,Ti) micas as well as
in comparison to the muscovite composition, does not
include Fe-celadonite, Mg-celadonite and siderophyllite
members (Tab. 1, Fig. 5). All the Fe*" is represented by
annite. The lepidolite from the BGC granites is a solid
solution between muscovite (0.47-0.57 mol. %), masu-
tomilite (0—-0.005 mol. %), polylithionite (0.37-0.48 mol.
%) and annite (0.05-0.09 mol. %).

The most common accessories are zircon and mona-
zite, found as very small grains (<50 pm) enclosed
mainly by biotite. Apatite and opaque phases have not
been observed. Lithium micas and muscovites are usually
devoid of the two. Depending on the degree of greiseni-
zation, variable contents of topaz, fluorite and mica ag-
gregates (usually biotite—zinnwaldite) are observed. The
BGC granites display no clear evidence for hydrothermal
alteration.
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4.2. Greisens

The greisens occur mainly as zones of alteration,
concentrated along the margin of the intrusion and in
the regions of intense fracturing of the BGC Pluton
(Fig. 2). They reveal strong mineralogical diversity.
The most frequently observed type are dark mica (bio-
tite—zinnwaldite)—quartz greisens, with differing pro-
portions of the two main minerals. The second type,
the light quartz—mica (muscovite—lepidolite) greisens,
is characterized by an elevated quartz content. The
quartz—fluorite greisens, with violet and green fluorite
mineralization, contain subordinate white micas (mus-
covite—lepidolite) (Tab. 1, Fig. 5). In places, they are
strongly deformed, which is taken as an evidence of
their genetic relation with the older dislocation zones.
The last type of greisens resembles strongly altered
granites. They display relic granitic textures, and con-
tain remnants of magmatic minerals (such as feldspars
and biotites replaced by mica aggregates) as well as
high fluorite and topaz contents.

5. Granite geochemistry

The compositions of selected, representative granitic
rocks are presented in Tab. 2, further data and details
can be found in the preceding specific geochemical study
(Machowiak and Stawikowski 2012).

The BGC granites are characterized by high SiO, con-
tents (73.7-80.2 wt. %, av. 76.4 wt. %), and distinctly
elevated alkalis (K,O 3.8-6.6 wt. %, av. 4.9 wt. %, Na,O
2.8-3.9 wt. %, 3.3 wt. %). The alumina saturation index
(A/CNK = ALO,/(Ca0O + Na,0 + K,0) in mol. %) is close
to 1. The magnesium number (Mg# = Mg/(Mg + Fe) in
mol. %) is usually low but variable (1.9-20.5, typically
below 10) (Machowiak and Stawikowski 2012).

The contents of selected trace elements in the gran-
ites are presented in a spider diagram normalized to the
composition of the average continental crust (Fig. 6). The
BGC granites reveal strong depletions in Ba, Sr and Ti
and as well as enrichments in most other trace elements,
most notably Rb, Cs, Th, Ta, and HREE + Y. Their con-
tent of Eu is very low (<0.05-0.44 ppm, av. 0.17), in
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Tab. 2 Selected geochemical analyses of the BGC granites (M17, M21, W78 — fine-grained granites; M1, M15, M27, K15 — medium-grained
granites; M25 — coarse-grained granite).

M17 M21 w78 M1 MI15 M27 K15 M25
Sio, 75.94 75.97 75.92 75.91 78.1 75.82 77.86 76.02
TiO, 0.101 0.076 0.069 0.085 0.093 0.090 0.068 0.063
ALO, 12.18 12.16 12.49 12.92 111 12.04 11.00 12.17
Fe,0, 0.81 1.19 1.10 1.04 0.86 111 0.96 0.89
MnO 0.011 0.022 0.030 0.026 0.015 0.027 0.021 0.017
MgO 0.06 0.05 0.03 0.05 0.05 0.05 0.04 0.04
Ca0 0.50 0.41 0.48 0.64 0.47 0.41 0.26 038
Na,0 3.15 337 3.39 3.25 2.81 3.18 3.14 3.35
K,0 4.99 4.62 4.61 4.99 4.74 491 4.45 4.70
P,0, b.d. 0.01 b.d. 0.06 b.d. b.d. 0.03 b.d.
LOI 091 0.71 0.74 0.91 0.92 091 0.79 0.95
Total 98.64 98.60 98.90 99.870 99.18 98.56 98.60 98.60
A/CNK 1.06 1.07 1.09 1.08 1.05 1.07 1.05 1.08
Mg# 12.7 7.7 5.1 8.7 10.2 8.2 7.6 8.2
T, 790 799 793 795 782 798 785 785
Al 0.87 0.87 0.85 0.83 0.88 0.88 0.91 0.87
Sc 3.0 3.0 5.0 4.0 3.0 4.0 3.0 3.0
Be 7.0 7.0 8.0 13.0 6.0 7.0 7.0 5.0
v b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.
Ba 80 37 21 67 81 52 25 58
St 19 9.0 7.0 18 15 11 10 12
Y 99.0 137 134 130 121 117 69 92
Zr 143 152 143 152 130 153 129 130
Co 38 63 39 95 47 29 47 29
Ni b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.
Cu b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.
Zn 40 30 60 30 30 50 30 b.d.
Ga 24 27 26 25 23 26 20 26
Ge 2.0 3.0 3.0 3.0 2.0 3.0 2.0 2.0
As b.d. b.d. b.d. b.d. b.d. b.d. b.d. 11
Rb 302 422 534 394 319 398 400 385
Nb 23 48 73 38 35 53 34 40
Mo b.d b.d. b.d. b.d. b.d. b.d. b.d. b.d.
Ag 0.6 0.7 0.8 0.5 0.6 0.6 0.7 0.6
In b.d. b.d. b.d. b.d. 9.0 b.d. b.d. b.d.
Sn 9.0 55.0 132 232 22 8.0 13.0 13.0
Sb 2.0 1.7 b.d. 1.4 10.7 1.4 b.d. 1.8
Cs 8.1 10.4 21.7 18.4 46.3 12.5 16.0 13.1
La 56.8 50.3 54.7 46.9 46.3 59.7 34.8 34.7
Ce 128 109 119 101 99.3 130 74.0 78.5
Pr 14.4 13.6 12.7 12.4 12.1 15.4 7.72 9.14
Nd 50.1 46.9 43.0 44.2 43.8 514 25.7 31.0
Sm 12.2 12.5 10.9 11.9 11.0 12.4 6.1 8.1
Eu 034 0.12 0.06 0.20 0.23 0.22 0.1 0.18
Gd 11.4 12.7 11.8 12.0 11.4 11.7 6.4 8.1
Tb 23 2.7 2.6 2.5 2.4 2.4 1.4 1.8
Dy 14.8 19.4 18.4 17.1 16.2 17.0 9.4 13.0
Ho 3.1 4.1 4.1 3.7 3.6 3.6 2.1 2.8
Er 9.9 13.4 13.8 12.1 1.2 11.6 6.7 8.8
Tm 1.69 237 251 2.05 1.89 1.97 1.18 1.48
Yb 1.7 17.2 17.6 14.2 13.1 14.0 8.1 10.6
Lu 1.85 2.76 2.8 225 2.09 222 1.27 1.77
Hf 6.6 9.3 9.3 6.7 6.7 8.5 7.0 7.7
Ta 2.6 5.6 9.4 4.4 3.6 7.3 42 4.9
w 360 615 460 745 517 331 414 355
T 1.5 23 2.9 22 1.7 23 1.9 23
Pb 40 39 28 34 39 35 33 27
Bi b.d b.d. 35 2.7 1.6 2.6 b.d. 47
Th 353 56.8 45.8 383 34.6 43.9 26.5 40.5
u 6.7 7.8 9.6 15.4 4.9 3.7 6.1 4.8
IREE 318.6 307.1 313.9 282.5 274.6 333.6 184.9 209.9
Eu/Eu* 0.09 0.03 0.02 0.05 0.06 0.06 0.05 0.07

A/CNK — alumina saturation index, Al,0,/(CaO + Na,O + K,0) in mol.
Mg# — Mg/(Mg + Fe) in mol. %

T, — zircon saturation temperatures in °C

Al — agpaitic index (Na,O + K,0)/ALO, in mol. %
YREE — total contents of rare earth elements
Euw/Eu* — Eu/V(Sm x Gd)
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Fig. 6 Spider diagram of the Baga-Gazryn Chuluu granites normalized to bulk continental crust (Taylor and McLennan 1995; samples: M17, M21,
W78 — fine-grained granites; M1, M15, M27, K15 — medium-grained granites; M25 — coarse-grained granite).

contrast to the remaining REE, sum of which is 131-428
ppm (av. 255). The chondrite-normalized patterns (Fig.
7) are fairly flat (LREE/HREE (La,/Yb,) = 1.82 and 6.48
(av. 3.88)) and characterized by deep negative Eu anoma-
lies (Eu/Eu* ratio, defined as Eu/N(Sm x Gd)), being less
than 0.02-0.16 (av. 0.057)).

In majority of the samples, the “lanthanide tetrad ef-
fect” has been observed (Machowiak and Stawikowski
2012), typical of highly evolved granites, mainly those
characterized by significant contents of volatiles at the
final stage of crystallization (e.g. Masuda et al. 1987;
Irber 1999). The distinct Eu anomaly as well as the trends
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Fig. 7 Chondrite-normalized REE plots of the BGC -
granites (normalized to values given in Nakamura 1974; S
symbols as in Fig. 6). La
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in the REE diagram (Fig. 7) are characteristic of strongly
fractionated rocks that originated from crustal material.
The elevated HREE contents suggest an absence of garnet
in the residue during anatexis (e.g. Rollinson 1993). The
studied rocks display also high Rb/Sr ratios (8§—-88 ppm,

Tab. 4 Summary table of “°Ar/*Ar results for studied biotite separates

av. 45.5). The postmagmatic processes resulted in an
increase of W (455—1370 ppm, av. 730), and, in places,
Sn (<1-232 ppm, av. 17.8).

The crystallization temperatures have been calculated
for the BGC granitic rocks, using zircon saturation ther-

¥ t
Sample [IA SMa) TFA (Ma) WMPA (Ma) Ca/K$ Comments
+20 +20 +20
M25
biotite 197.2 £ 4.8 198.1 £3.6 201.0 £3.6 0.003-0.068 Five steps plateau
K15
biotite 210.0 £ 4.6 211.1 + 4.0 2119+ 4.0 0.018-0.089 Six steps plateau
W78
biotite 208.5 +3.6 209.8 +3.2 209.4 +3.2 0.015-0.132 Seven steps plateau

* — Inverse isochron ages, ¢ — estimated uncertainties (2 sigma)
T — Total fusion ages

# — Weighted mean plateau ages

§ — Apparent Ca/K ratios
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mometry of Watson and Harrison (1983). For the most
granite samples, the obtained values are relatively high,
¢. 800°C (Machowiak and Stawikowski 2012).

6. Results of “°Ar—3°Ar dating

Due to the absence of large enough zircon grains to be
analyzed by SHRIMP (>50 pm), Ar—Ar dating method
on biotite concentrates has been applied in order to con-
strain the emplacement/cooling ages of the individual
facies within the BGC Pluton. Taking into account that
greisenization may potentially disturb *“*Ar/*Ar isotope
ratios in micas (e.g. Smith et al. 2005), dating samples
have been collected far from the greisenization zones.
The field and microscopic observations further helped
to select the samples with fresh and homogenous bio-
tite.

The biotite concentrates were prepared from the most
representative samples of three main granite varieties of
the Baga-Gazryn Chuluu Pluton (Fig. 2): (1) fine-grained
equigranular granite W78 (Fig. 3a) from the western
margin (46° 12'38.9" N, 105° 58' 19.3" E). (2) medium-
grained porphyritic granite K15 (Fig. 3b) coming from
the NE part (46° 13' 38.4" N, 106° 05' 26.6" E), and
(3) coarse-grained porphyritic granite M25 (Fig. 3c) col-
lected in the central part of the Pluton (46° 12' 55.9" N,
106° 00" 48.1" E). The results of ““Ar—*?Ar radiometric
dating (Tab. 3) are documented by the plateau and inverse
isochron diagrams (Figs 8-10) and also presented in a
synthetic table (Tab. 4).

The three analysed biotite concentrates from the
BGC granites yielded weighted mean plateau ages of
209.4 + 3.2 Ma (20, fine-grained granite W78), 211.9 +
4.0 Ma (medium-grained granite K15), and 201.0 + 3.6
Ma (coarse-grained granite M25). The **Ar/*Ar isotope
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initial ratios seem to be overestimated, as the inverse
isochron diagrams are partly non-linear.

7. Discussion and conclusions

The Late Triassic cooling ages from the Baga-Gazryn
Chuluu Pluton in principle confirm the previous K—Ar
dating (whole rock, biotite and K-feldspar) and the in-
terpretation of regional geology (e.g. Kovalenko et al.
1971a, b; Tomurtogoo et al. 1998-2002). Surprisingly,
the youngest age was determined for the coarse-grained
granite from the inner part of the intrusion. This disagrees
with Kovalenko et al. (1971a) who assumed that the
coarse-grained variety was older than the finer grained
granite types of the BGC. However, radiogenic Ar could
have been diffusively lost from biotite due to thermo-
dynamic disequilibrium, initiated e.g. by temperature

fluctuations and/or greisenization in the BGC granites.
Therefore, the obtained ages should be treated as minimal
constraints and caution should be exercised in interpreta-
tion of the obtained age differences for the three textural
varieties of the BGC granites.

The advanced greisenization of the granites is testified,
inter alia, by their modal composition, in places enriched
in lithium micas and other minerals connected with such
processes. Also based on the field observations — com-
mon occurrences of mutual interfingering between at least
two types of the granite — it can be assumed that the time
intervals between the successive magmatic pulses in the
BGC Pluton were short enough to sustain plastic behavior
of the contacting varieties of granites.

Relics of the rocks which are considered as transi-
tional to volcanic facies were found in the envelope near
the NE border of the Pluton (Fig. 11). These felsites
characterized by large K-feldspar phenocrysts and very-
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Fig. 9 Photograph of a (?subvolcanic) rock transitional between granite
and rhyolite.

fine-grained groundmass are taken as an evidence that
the BGC Pluton was a shallow, possibly subvolcanic
intrusion with volcanic cover. The presence of weakly
developed, narrow contact aureole around the Pluton also
supports the relatively shallow emplacement level of the
BGC intrusion.

The trachyandesites occurring near the BGC Pluton are
most probably older than the granite intrusion, although
no cross-cutting relationships were observed in the field.
However, the trachyandesites are structurally conform-
able with the sedimentary cover of the Pluton.

The BGC granitic body is situated adjacent to
regional-scale dislocation zone connected with the Mid-
Mongolian Tectonic Line (Tomurtogoo 1997), a large
tectonic lineament, which formed as a result of the
Mongol-Okhotsk Ocean closure (Donskaya et al. 2012).
While the collision in the eastern part of this oceanic
domain took place in Middle (Tomurtogoo et al. 2005)
or Late Jurassic (Zonenshain et al. 1990) or even in
Early Cretaceous (Cogne et al. 2005), it probably pro-
ceeded diachronically, in the “scissor-like fashion” from
west to east (e.g. Bat-Ulzii et al. 2004; Machowiak and
Stawikowski 2012). This would explain the younger age
of the closure recorded in the eastern part of the tectonic
suture and the older age in its western part, where the
presented plutonic body is located. However, the BGC
granites did not form during the subduction and colli-
sion stages, which in the studied area took place in the
latest Paleozoic (e.g. Bussien et al. 2011) but rather due
to post-convergent activity of the suture zone area in the
extensional regime.

The geochemical signature of the BGC Pluton gran-
ites as well as the zircon saturation temperatures may
indicate a shallow, crustal source subjected to melting
at relatively high temperatures. The granites crystallized
from completely molten magma, which is evidenced

by an absence of restitic enclaves. The feasible model
would be partial melting of continental crust due to its
basal heating by mantle magmas rising into the shallow
lithosphere (Machowiak and Stawikowski 2012). The
contribution of mantle magma in the melt seems to be
possible, although at the current stage of study, without
isotopic data, difficult to prove. However, it seems to be
more likely that the role of mantle magmas was limited
only to be a heat generator, which initialized the crustal
anatexis.

Indeed, as the nearby Adaatsag Ophiolite (c. 30 km
to NE from the Baga-Gazryn Chuluu area) was dated
as Carboniferous (Tomurtogoo et al. 2005), one should
assume, that the closure of Mongol-Okhotsk Ocean in
this part of the suture commenced not earlier than in the
Latest Paleozoic. This is additionally documented by the
Late Paleozoic age of granitoids in this region (Oyun-
gerel and Ishihara 2005), which are most likely connected
with subduction/collisional setting. On the other hand, the
younger, anorogenic granites of Mesozoic age (Oyungerel
and Ishihara 2005), including the BGC Pluton granites,
intruded already in the extensional regime (Machowiak
and Stawikowski 2012). The current “Ar—*Ar study of
the Baga-Gazryn Chuluu Pluton confirms the Mesozoic
age of the A- type granites occurring in this area, and is
the step to elucidate the evolution of magmatism near the
Mid-Mongolian Tectonic Line. It indicates the necessity
of follow-up radiometric investigations on granitoid rocks
of similar type, located in the vicinity of this important
structural zone.
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