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Intrusion of the Cambrian Burd Gol Granite Massif into the Proterozoic metamorphic rocks of the Zamtyn Nuruu and
molasse-like sediments of the Boomyn Khudag Fm. culminated the collisional events of the Caledonian evolution in
the SE part of the Lake Zone, Gobi Altay, SW Mongolia. The monotonous leucogranites of the Burd Gol Massif have
a high-K calc-alkaline, subaluminous to slightly peraluminous geochemical signature with an intermediate initial Sr
ratio (*’Sr/*Sr,, = 0.7064) and rather unradiogenic Nd (&3} = —1.5 and —0.2). The laser ablation ICP-MS U-Th-Pb
radiometric dating of monazites and zircons from these rocks yields intrusive ages between 506.4 + 5.4 and 513.4 +
4.3 Ma (20). The final stage of magmatic activity is documented by the Ar—Ar dating of muscovite from a pegmatite
dyke at 485.1 + 3.2 Ma. The granites intruded and thermally influenced the terrestrial clastic sediments of the Boomyn
Khudag Formation, whereby the thermal metamorphism of sediments was characterized by a muscovite growth. These
new data argue against the previously assumed Permian age of the Burd Gol Massif and the Lower—Middle Devonian
age of the Boomyn Khudag sedimentary formation and illustrates the terrestrial evolution in this part of the Lake Zone
during the Cambrian.
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1. Introduction

The Central Asian Orogenic Belt (CAOB) defined origi-
nally by Mossakovsky et al. (1993) and subsequently
studied by number of authors (e.g. Sengdr et al. 1993;
Dergunov 2001; Jahn et al. 2004; Yakubchuk et al. 2005;
Kroner et al. 2007; Windley et al. 2007) originated be-
tween the Siberian, Tarim and Sino-Korean blocks. The
accretion including a number of arcs, microcontinents
and obducted oceanic crust gave rise to a complicated
collage of lithotectonic units forming one of the largest
accretionary orogenic belts in the world (Jahn 2004; Yuan
et al. 2007) penetrated by numerous granitic intrusions of
ages ranging widely from Neoproterozoic to Cretaceous
(Jahn et al. 2000). Although the number of radiometric
and isotopic data has increased rapidly during the last
decade (e.g. Kozakov et al. 1999, 2001, 2008; Jahn et al.
2004; Kroner et al. 2001, 2007; Jian et al. 2010 and oth-
ers), the further well-focussed study of intrusive bodies
can clearly shed new light onto continental growth in this
part of Mongolia.

This paper describes the late evolutionary stage of the
Cadomian orogeny in the Lake Zone of the CAOB based
on new geochemical and radiometric data on a small

Burd Gol Granite Massif and sedimentological charac-
teristics of terrigenous siliciclastic sediments in its roof.

2. Geological setting

2.1. Regional overview

The Mongolian part of the CAOB is divided into the
northern and southern domains, separated by the suture of
Main Mongolian Lineament (Tomurtogoo 1997) (Fig. 1).
The two were classified by Marinov et al. (1973) as Cal-
edonian and Hercynian orogens, respectively. Badarch
et al. (2002) postulated that the earlier, Proterozoic and
Lower Palaeozoic rocks occur in the north and the later,
Lower to Upper Palaeozoic in the south. In the area of
junction of the Mongolian and Gobi Altay ranges, these
domains are represented by the Lake Zone and Gobi
Altay terranes (Fig. 1), respectively.

The Lake Zone Terrane is built by island arc volcanic,
volcanosedimentary and sedimentary rocks with ophiol-
itic remnants and local granitic and granosyenitic intru-
sions (Badarch et al. 2002). The island arc was formed
between Cambrian and Ordovician on the Neoproterozoic
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Fig. 1 Simplified tectonostratigraphic map of Mongolia (according to Badarch et al. 2002) with the position of the studied area and terranes men-

tioned in text.

oceanic crust. Subsequently, after the main accretion, the
area of the Lake Zone Terrane was overlain by Silurian
and Devonian marine and Permian to Mesozoic clastic
sediments, and intruded by the Ordovician, Devonian and
Permian volcanic and plutonic rock sequences. The Gobi
Altay Zone is interpreted to having originated in a back-
arc/forearc basin (Badarch et al. 2002). Lower Paleozoic
metamorphic complexes intruded by Variscan granite
plutons are documented in this part of the Gobi Altay
Zone (Economos et al. 2008; Hrdlickova et al. 2008).
The studied area is situated at the western tip of the
Gobi Altay Range in SW Mongolia, approximately 740
km SW of Ulaanbaatar and 20 km E of Chandman vil-
lage, north of the Chandman Khayrkhan Uul Mt., along
the river Burd Gol (Fig. 1). Geologically, the Burd Gol
Granite Massif belongs to the southernmost part of the
Lake Zone, close to the boundary between the Lake Zone
and Gobi Altay terranes. The Lake Zone in this region is
composed of a tectonic collage of deep-water sediments
with ophiolite remnants of the Khan Taishir Forma-
tion (Markova 1975; Zonenshain and Kuzmin 1978), a
slightly metamorphosed volcanosedimentary complex
with silicified limestones of Neoproterozoic to Cambrian

age (Markova 1975; Hanzl et al. 2007a) and by meta-
morphic complex of the Zamtyn Nuruu Mt. Range. The
metamorphic rocks of the Zamtyn Nuruu are supposed
to be of Neoproterozoic age (Rauzer et al. 1987; Kroner
et al. 2010). The metamorphic complex is covered by
terrestrial siliciclastic sediments of the Boomyn Khudag
Formation (newly defined as being of Early Palaeozoic
age) and Permian volcaniclastic rocks (Rauzer et al.
1987; Buriankova and Hanzl eds 2007; HanZl ed. 2007a;
Hanzl ed. 2007b) (Fig. 2).

2.2. Geology of the Burd Gol Granite Massif

The Burd Gol Granite Massif forms a suboval body with
outcrop diameter of 10—-12 km. The southern boundary
is tectonic and corresponds with the Chandman Rupture
of the Bogd Fault (Baljinnyam et al. 1993) separating the
Lake Zone and Gobi Altay terranes here. Other contacts
are intrusive and tectonically reworked in most places.
The boundaries are partly covered by Quaternary sedi-
ments in a flat terrain.

The Neoproterozoic Zamtyn Nuruu Crystalline Com-
plex is exposed north of the Burd Gol Granite Massif.
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Fig. 2 Geological sketch map of the studied area of the Burd Gol Granite Massif with sample locations.

This high-grade metamorphic unit is composed of the
alternation of various ortho- and paragneisses with inter-
calations of marbles, amphibolites and micaschists and it
is intruded by number of small magmatic bodies (Hanzl
ed. 2007a; Buriankova and Hanzl eds 2007; Lehmann
et al. 2010). Enclaves of amphibolites and paragneisses
ranging to mica schists common in the northern part of
pluton provide an evidence for original intrusive relations
between Zamtyn Nuruu Crystalline Complex and Burd
Gol Massif, subsequently reworked by younger faults.

Also the contacts with sandstones of the Boomyn
Khudag Formation are tectonically reworked, but ther-
mally metamorphosed sandstones were found in large
septa within the pluton. Silicification and occurrences
of Cu mineralization in sandstones and siltstones at its
exocontact indicate a hydrothermal activity.

Permian volcanic rocks with dacites, rhyolitic lapilli
tuffs and ignimbrites, prevailing over rare basalt lavas
and lenses of conglomerates, sandstones and siltstones,
cover all the above-mentioned rocks. The remains of flora
with prevailing Rufloria sp. found near the western mar-
gin of the pluton indicate an age close to the Early—Late
Permian boundary (Hanzl et al. 2007a). The position of

the Permian rocks is also influenced by younger strike-
slip movements and they are reoriented, together with
sediments of the Boomyn Khudag Formation, to asym-
metric tails along the Burd Gol Granite Massif.

2.3. Previous age determinations

The metamorphic age of Zamtyn Nuruu orthogneiss
was determined by Gerdes and Buriankova (2007) as
Early Cambrian (524 +17/-13 Ma, U-Th-Pb LA-ICP-
MS zircon dating). Somewhat lower ages of 517 + 5 Ma
were provided by the U-Th-Pb LA-ICP-MS zircon dat-
ing of small granite and diorite bodies which intruded
this metamorphic complex (Gerdes and Buriankova
2007).

The detailed studies by Kroner et al. (2010) provided
a number of new geochronological data interpreted in
a broader geological context. Their dating indicates
Mesoproterozoic protolith ages for the Zamtyn Nuruu
crystalline basement (inheritance in granitic gneiss 950 +
16 Ma). This corresponds well to the unpublished zircon
radiometric data of Gerdes and Buriankova (2007) yield-
ing 940 + 44 Ma in coarse-grained orthogneiss.
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3. Analytical methods

Eight samples were studied and analysed using various
geochemical and geochronological methods. List and
localization of samples is presented in Tab. 1.

Whole-rock chemical analyses were carried out at the
Acme Analytical Laboratories, Vancouver, Canada. Major
element contents were determined using ICP-OES, fol-
lowing a lithium metaborate/tetraborate fusion and dilute
nitric digestion. Loss on ignition (LOI) was calculated
by weight difference after ignition at 1000 °C. The rare
earth and most remaining trace elements were analysed
by INAA and ICP-MS. Whole-rock analyses were inter-
preted by the GCDKkit software (Janousek et al. 2006).

The Sr—Nd isotope analyses were performed in the
Radiogenic Isotope Laboratory of the Czech Geological
Survey in Prague on Finnigan MAT 262 thermal ioniza-
tion mass spectrometer in dynamic mode using a double
Re filament assembly. Long-time averages for the Sr NBS
987 and Nd La Jolla reference materials were 0.710246
(20 = 0.000026, n = 25) and 0.511852 (26 = 0.000014,
n = 23), respectively. The decay constants applied to
age-correct the isotopic ratios are from Steiger and Jager
(1977) (Sr) and Lugmair and Marti (1978) (Nd). The
(e,) values were obtained using Bulk Earth parameters
of Jacobsen and Wasserburg (1980).

Zircon and monazite were analyzed for U, Th and Pb
isotopic compositions by Laser Ablation Inductive Cou-
pled Plasma Mass Spectrometry (LA-ICP-MS) technique
at the Institute of Geosciences, Johann Wolfgang Goethe
University Frankfurt, using a Thermo-Finnigan Element
II sector field ICP-MS coupled to a New Wave UP213
ultraviolet laser system. For zircon, the laser spot-sizes
varied from 20 to 40 pm and were placed based on the
SEM and CL images of the individual grains. The typi-
cal depth of the ablation crater was ~20 um. Monazite
was analyzed with 16 to 30 um spot size. In both cases,
the data were acquired in peak jumping mode over 900
mass scans during 20s background measurement followed
by 32s sample ablation. For further details on analytical
protocol and data processing see Gerdes and Zeh (2006).

Independent age dating was performed by measuring
the “°Ar*/*Ar isotopic ratio in muscovite at the Central
European Ar-Laboratory (CEAL) in the Geological Insti-
tute of Slovak Academy of Science, Bratislava, equipped
with VG 5400 Noble Gas Mass Spectrometer and special,
in house built Ar gas extraction line. Samples had to be

irradiated with fast neutrons/neutron capture and proton
emission reaction in Nuclear Research Institute, ReZ,
Czech Republic and the Ar—Ar data were subsequently
acquired during step-wise high-frequency generator heat-
ing with electronic method of gas detection. Step-wise
progressive outgassing of the sample was done mostly in
8—10 temperature steps from 610 to 1250 °C.

Each separate value on the Y axis in the age plot is
corresponding to a single degassing of the sample at the
given temperature. According to Dickin (1997) each Ar
gas fraction is plotted as a bar, whose length represents
the volume as a fraction of the total gas — 3°Ar released
from the sample and whose value is the corrected
“A1/*Ar isotopic ratio. The identification of the “plateau”
or “mean” age is very important for determination of
reliable age — it corresponds with choice or extraction of
a series of adjacent steps, which together comprise more
than 50 % of the total Ar released.

The monazites were examined in detail using a CA-
MECA SX 100 electron microprobe in the Joint Labora-
tory of Electron Microscopy and Microanalysis of the
Masaryk University and Czech Geological Survey (Brno,
Czech Republic). Operating conditions were 15 kV an
accelerating voltage, a beam current of 80 nA and a
beam diameter of <1 mm for monazite and 5-10 mm for
monazite alteration products. Peak counting times were
20 s for major elements and 30—60 s for most of minor
elements. Uranium was determined on the U M line
(counting time 60 s, detection limit 270 ppm), thorium
on the Th M_ (counting time 40 s, detection limit 250
ppm) and lead on the Pb M line (counting time 240 s,
detection limit 130 ppm). The following standards were
used: U~ U, Pb—PbSe, Th —ThO,, P - apatite, Y — YAG,
La—LaB,, Ce - CeAl,, Pr—PrF,, Nd - NdF,, Gd - GdF,,
Sm - SmF,, Dy - DyP.O ,, Er — YErAG, Al - almandine,
Si — andradite, Ca — andradite, Fe — andradite, Mn — rho-
donite, V — vanadinite, S — baryte. Data were reduced
using the PAP matrix correction routine (Pouchou and
Pichoir 1985).

Microprobe monazite analyses were used for mona-
zite dating (CHIME — chemical Th—U-total Pb isochron
method) assuming that all Pb is radiogenic (Parrish
1990). The monazite age was calculated with the method
of Montel et al. (1996). Lead content was additionally
manually corrected for Y L, Th M, and ThCz overlap on
Pb M . Besides mentioned overlaps, the analytical preci-
sion of Pb on the M_ line is higher than on M, line where

Tab. 1 Location of the granite samples from the Burd Gol Granite Massif and sedimentary profile

sample HO161 H0272 H1072 H1073 RO127A, B 321/9/03A  321/9/03B sedl')':‘oeffl‘l?ry
N coordinate 4532711 4529054 4533135 4536633  45.35967 4533128 4533128 45.42594
E coordinate 98.24071 9827132 982185 9822707  98.22949 9821835 9821835 98.07233
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no significant overlap occurs. The monazite structure is
strongly resistant to metamictization and the loss of Pb
as a consequence of accumulation of radiation damage
by a-particles is not likely (Meldrum et al. 1997). The
homogeneity of the data file was verified by the construc-
tion of the Th*—Pb plot (Th* equal to the theoretical Th
content which would produced the measured Pb for the
calculated age.)

4. Characteristics of the Burd Gol Massif

The sub-oval body of the Burd Gol Massif is exposed in
the shallow valley of the Burd Gol river N of the Chand-
man Khayrkhan Uul Mt. The massif is lithologically
homogeneous, being composed of leucocratic granite pene-
trated by numerous dykes of subvolcanic basalts, andesites
and dacites and frequent quartz veins. Aplite and pegmatite
dykes are exceptional. No significant effects of ductile or
semi-ductile deformation were found in the pluton, which
suggests a post-orogenic evolution. The wrapping of the
structural trends (Hanzl ed. 2007¢) of the Boomyn Khudag
Formation around the contacts with the Burd Gol Granite
Massif and faulted boundary with adjacent units indicates
a rotation of the granitic body due to later post-magmatic
strike-slip movements. The southern part of the massif in-
corporated to the structure of the Bogd Fault was deformed
and locally mylonitized in the tectonic mélange related to
the fault (Valtr and Hanzl 2008).

4.1. Petrography

The granites of the Burd Gol Granite Massif are mo-
notonous, homogenous leucocratic (muscovite-) biotite
granites, fine to medium-grained, pale grey or reddish in
colour. The main minerals are quartz, perthitic K-feldspar
and plagioclase of albite to oligoclase composition.
Biotite and locally muscovite are subordinate. Euhedral
to subhedral plagioclases with oscillatory zoning are in-
tensely sericitized in the cores. Subhedral alkali feldspar
commonly contains microcline lamellae. Kaolinization
of feldspars is relatively common. Small biotite flakes
frequently enclosed in feldspars are partly replaced by
chlorite. Apatite, monazite and zircon occur as typical
accessory phases.

The analysed samples RO127A, H1072 and H1073 are
all very similar medium-grained leucocratic granites with
biotite and euhedral feldspars, whereby plagioclase of
oligoclase composition slightly prevails over K-feldspar.
Quartz grains show slight undulatory extinction. RO127B
contains muscovite flakes in addition.

The samples 331/6/03A and 321/6/03B are leucocratic
medium-grained granites to granodiorites with phaneritic
texture. The mineral assemblage includes quartz, feld-

spars of albite to oligoclase composition and sporadic
muscovite. Titanite and monazite are accessoric.

The sample H0272, which represents a deformed
granite from the tectonic mélange at the southern margin
of the massif, differs slightly from the other samples. It
has distinct planar fabric defined by biotite, grading lo-
cally to banding, and a markedly higher mica content, in
particular of biotite. The crushed titanite is an abundant
accessory phase. The differences from other samples are
noticeable in chemical and isotopic characteristics, sug-
gesting that this sample may not have originally belonged
to the Burd Gol Granite Massif. In any case, it was
strongly deformed and altered during its incorporation
into the tectonic zone of the Bogd Fault.

The massif contains scarce pegmatite and aplite dykes
with thickness up to 1-2 metres. One of them (H0161)
was sampled and its muscovite subjected to the Ar—Ar
dating. It was a coarse-grained quartzo—feldspathic rock
with muscovite flakes up to 2 cm in size.

4.2. Whole-rock geochemistry

The presented analytical data represent lithogeochemi-
cal samples collected during the geological survey of
the Zamtyn Nuruu area (Hanzl and Aichler eds 2007).
The list of samples and major-element data are in Tab.
2, trace-elements in Tab. 3.

Intrusive rocks of the Burd Gol Granite Massif can be
classified as granite in TAS diagram (Cox et al. 1979).
Except for the sample H0272, which falls into field of

Tab. 2 Whole-rock major-element analyses (wt. %)

sample HO0272 H1072 H1073 RO127A RO0127B
map sheet L-47-101B L-47-101AL-47-101A L-47-89V L-47-89V
rock granite granite granite granite granite
SiO, 74.99 70.52 72.60 72.99 70.82
AlLO, 14.23 15.37 14.81 15.37 16.01
Fe,O, 0.98 1.52 1.39 1.27 1.49
MnO 0.01 0.02 0.02 0.01 0.01
MgO 0.08 0.53 0.34 0.25 0.49
CaO 0.30 1.46 1.14 0.81 1.75
Na,O 4.18 4.86 4.59 4.61 4.50
K,0 3.84 3.93 4.20 4.10 3.56
TiO, 0.02 0.23 0.21 0.18 0.27
PO, 0.02 0.09 0.07 0.08 0.04
LOI 1.00 1.30 0.50 0.50 1.10
TOT _C 0.03 0.21 0.05 0.02 0.14
TOT_S:CO, 0.01 0.04 0.01 0.01 0.01
SUM 99.65 99.83 99.87 100.17 100.04
A/CNK 1.23 1.03 1.05 1.14 1.11
K,0/Na,0 0.92 0.81 0.92 0.89 0.79
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Fig. 3 Geochemical classification of granites of the Burd Gol Granite Massif. a — Q’~ANOR diagram of Streckeisen and Le Maitre (1979) based
on the Improved Granite Mesonorm (Mielke and Winkler 1979): 2 — alkali feldspar granite, 3 — granite, 4 — granodiorite, 5 — tonalite, 6* — quartz-
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rillo and Taylor (1976).

alkaline granite, the rocks are classified as granites in Q'—
ANOR diagram (Streckeisen and Le Maitre 1979) based
on Improved Granite Mesonorm (Mielke and Winkler
1979; Fig. 3a). Granites show little compositional varia-
tion (except for H0272; Tabs 2-3), silica contents range
from 71 to 75 wt. %. They are high-K calc-alkaline (K,O
=3.6-4.2 wt. %; K O/Na,0 = 0.8-0.9) (Fig. 3b) and have
subaluminous to slightly peraluminous character (A/CNK
= 1.05-1.14). The Rb/Sr ratios (0.09-0.13) with Ti, P and
REE contents are low (TiO, = 0.18-0.27 wt. %; P,O, =
0.04-0.09 wt. %, ZREE = 87-252 ppm). Only the sample
HO0272 is compositionally different (Rb/Sr = 6.05, TiO, =
0.02 wt. %, P,O, = 0.02 wt. %; ZREE = 62 ppm).
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Chondrite-normalized (Boynton 1984) REE patterns
are relatively well fractionated (La,/Yb = 30-99; La /
Sm = 5.3-6.6) with negligible to slight negative Eu
anomaly (Eu*/Eu* = 0.7-1.1) (Fig. 4a). The pattern for
the sample H0272 is different (La /Yb, = 4; La /Sm
2.8), also by having a profound Eu negative anomaly with
the Eu contents below the detection limit (Eu/Eu* less
than 0.06). The NMORB-normalized spider plot (Sun and
McDonough 1989) displays a marked depletion in Nb, Ta,
Ti, P while K, Pb, Nd and Sr show a slight enrichment.
In addition the sample H0272 is strongly depleted in Ba,
Sr and Ti (Fig. 4b).

4.3. Isotope geochemistry
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Fig. 4 Trace-element characteristic of the granites of the Burd Gol Massif. a — Chondrite-normalized (Boynton 1984) REE patterns; question mark in-
dicates an Eu value below detection limit (which is plotted); b — NMORB normalized trace-element patterns according Sun and Mc Donough (1989).
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Tab. 3 Trace-element analyses (ppm, Au in ppb)

sample H0272 H1072 H1073 R0127A RO0127B
rock granite granite granite granite granite
Ag <0.1 <0.1 <0.1 <0.1 <0.1
As 2.7 0.5 <0.5 0.8 1.1
Au 1.1 0.6 1.4 <0.5 0.7
Ba 47.0 927.7 719.1 941.5 1222.5
Be 3.0 1.0 1.0 2.0 1.0
Bi 0.6 0.1 <0.1 <0.1 0.1
Cd <0.1 0.1 <0.1 <0.1 <0.1
Co 0.8 2.1 2.0 1.9 2.6
Cs 5.7 3.0 1.3 1.2 2.5
Cu 8.4 15.5 15.1 8.3 4.1
Ga 21.2 17.8 19.8 21.7 19.7
Hf 1.5 2.9 3.6 3.0 4.5
Hg 0.01 0.02 0.02 <0.01 <0.01
Mo 0.2 0.5 0.2 0.4 0.3
Nb 10.3 3.2 4.7 3.0 2.2
Ni 1.9 2.8 2.5 32 4.3
Pb 8.8 7.7 6.7 6.0 5.5
Rb 218.3 81.2 98.6 72.1 80.6
Sb <0.1 <0.1 <0.1 0.1 <0.1
Sn 4 3 2 1 2
Sr 36.1 625.9 396.9 659.9 851.8
Ta 1.1 0.3 0.7 0.2 0.2
Th 10.7 7.3 15.0 6.8 19.0
Tl 0.1 0.1 <0.1 <0.1 0.1
U 4.4 1.3 1.4 1.4 2.5
\% <5 18 15 17 27

w 1.3 1.8 0.9 0.4 0.3
Zn 12 32 37 30 33
Zr 314 113.3 115.7 119.1 161.6
Se <0.5 <0.5 <0.5 <0.5 <0.5
Sc 4.0 2.0 2.0 1.0 2.0
Y 22.3 5.4 5.0 4.0 5.4
La 11.4 23.1 26.1 20.4 61.5
Ce 23.7 453 513 41.9 120.6
Pr 2.51 4.39 4.89 3.98 12.09
Nd 10.2 14.5 16.9 14.7 44.9
Sm 2.6 22 2.5 2.4 6.4
Eu <0.05 0.63 0.46 0.62 0.98
Gd 2.79 1.30 1.44 1.26 2.95
Tb 0.54 0.17 0.18 0.18 0.33
Dy 3.31 1.04 1.04 0.70 1.40
Ho 0.70 0.18 0.15 0.12 0.17
Er 1.91 0.58 0.45 0.28 0.40
Tm 0.30 0.06 <0.05 <0.05 0.08
Yb 1.81 0.52 0.36 0.20 0.42
Lu 0.24 0.08 0.06 0.04 0.04
Rb/Sr 6.0 0.1 0.2 0.1 0.1
K/Rb 146.0 401.8 353.6 472.1 366.7
Ew/Eu* <0.06 1.14 0.74 1.09 0.69
La /Yb, 4.25 29.95 48.88 68.77 98.72
La/Sm 2.76 6.60 6.57 5.35 6.04
Ce, /Yb, 3.39 22.53 36.86 54.19 74.27
YREE 62.0 94.1 105.8 86.8 252.3

Two samples of the Burd Gol granites studied for Sr—
Nd isotopic composition differ markedly from each
other (Tab. 4). The high present-day Sr isotopic ratio in
deformed medium-grained leucocratic granite H0272
(®7Sr/%Sr = 0.82951) reflects high Rb/Sr ratio, obviously
due to a high biotite content, and hence a significantly
high time-integrated amount of radiogenic Sr. In such
situation, it is difficult to calculate precisely the initial
87Sr/%Sr ratio, as it varies rapidly with age and also the
influence of the Sr and Rb analytical uncertainty is sig-
nificant. The initial ratio calculated for the presumed age
510 Ma is strikingly low, but considering the associated
error it may be realistic. It can be hardly useful for petro-
genetic considerations; on the other hand, it gives another
independent argument for the mid-Cambrian maximum
age of the pluton.

The second sample R0127B is a leucocratic, two-mica
granite from the central part of the Burd Gol Granite Mas-
sif. It has significantly less evolved strontium (*’Sr/*¢Sr =
0.7084), with initial value *’Sr/*Sr_ = 0.70639 (Tab. 4).
This feature is corroborated by its slightly peraluminous
nature and Nd isotope geochemistry.

Both the samples show a rather unradiogenic Nd
(&9 = —1.5 and —0.2) with correspondingly high two-
stage Nd crustal residence ages (T?) = 1.3 and 1.2 Ga)
(Tab. 4).

4.4. Geochronology

A first hint on likely Cambrian age of the massif comes
from the microprobe study of monazite-bearing granite
samples from the central part of the Burd Gol Massif
(321/6/03A and 321/6/03B). The electron microprobe
monazite dating yielded ages between 536 and 497 Ma
(Tab. 5), in contrast to the work by Rauzer et al. (1987),
who assumed a Permian age.

Two granite samples from the Burd Gol Granite Massif
(H1072, H1073) were dated using U-Th—Pb zircon and
monazite analysis (Tabs 6-7), pegmatite sample HO161
using Ar—Ar method on muscovite.

Zircon grains from sample H1073 are clear to cloudy,
colourless and mostly long-prismatic with a length of
150-200 um. The CL images (Fig. 5) display variable
oscillatory zoning consistent with only one stage of
zircon growth except for a single zircon grain. Zircons
show a prismatic core, a dark oscillatory-zoned mantle
and an uneven, 5-30 pm wide highly luminescent zone
in between. Seventeen spots on 8 grains have been ana-
lysed (Tab. 7). The U contents vary from 40 to ¢. 700
ppm yielding Th/U ratios of 0.36 to 1.6. Fifteen spots
define a discordia with upper intercept of 504 + 19 Ma
when forced through zero; nine of them are equivalent
and concordant with a concordia age of 511 =5 Ma. The
latter datum is interpreted as the best estimate for the time
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Tab. 4 Radiogenic isotope data

Rock Age Rb Sr

Sample SRb/ASr ¥7Sr/*Sr 2 s.e.? (*’Sr/*Sr)3

P type (Ma)' (ppm) (ppm) ( )
HO0272 granite 510 218.3 36.1 17.7108 0.829507 12 0.70078
RO127B granite 510 80.6 851.8 0.2739 0.708377 08 0.70639

Sm N g /iiNd NG/ N 2 s.e. (ONSNd), 630 TR
(ppm) (ppm) ' ‘ (Ga)
26 102 01541 0512418 07 0511903 -1.5 130
64 449 00862 0512260 07 0511972 02 120

! assumed age based mainly on geological evidence;

of granite crystallization. Two analyses of the core yield
a concordia age of 1 511 + 10 Ma (MSWD = 1.5) and a
mean 2"Pb/*Pb age of 1 508 + 10 Ma. The core therefore
probably represents Mesoproterozoic inheritance from
the granite protolith.

Only monazite was recovered from sample H1072.
Grains are clear to slightly cloudy, yellowish, usually
idiomorphic, equant to prismatic, and 60 to 200 um in
diameter. The U contents vary from 560 to 2100 ppm
with Th/U ratios of 8.6 to 127 (Tab. 6). Thirteen spots
on 13 grains yield a concordia age of 506 £ 6 Ma, which
is within error of the mean Th-Pb age of 513 £ 5 Ma
(Fig. 6). These are interpreted as reflecting the crystal-
lization of the granite and indicating that the granites
H1072 and H1073 were formed during the same mag-
matic event.

The *Ar*/ *Ar age obtained from muscovite of the
pegmatite dyke cutting the granite of the Burd Gol Gran-
ite Massif (sample HO161) corresponds to 485.1 + 3.2
Ma (Fig. 7). Considering the low closure temperatures
(~300—400 °C, Hames and Bowring 1994) for Ar—Ar sys-
tem in muscovite compared to the closure temperatures
for U-Pb system in zircon and the likely time span of the
massif evolution, in which the pegmatite dyke reflects the

data-point error ellipses are 2c

0.092} g
0.088t H1073
0.084

D

]

":\Q 0.080

o 511.3 4.7 Ma

§ 0.076 MSWD = 0.93

9 spots
0.072

Intercepts at
zero & 504 £+19 Ma
MSWD = 0.37

0.068} 420

0.064
048 052 056 060 064 068 0.72 0.76
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2 standard errors of the mean for the isotopic measurement (the last two decimal digits);
isotopic ratios with subscript ‘i’ and epsilon Nd values (&3,9) were all age-corrected to the ‘Assumed age’;
two-stage Nd model ages (Ga) calculated using parameters of Liew and Hofmann (1988)

final magmatic stages, all the geochronological results
are in accord.

5. Characteristics of the Boomyn Khudag
Formation

The Boomyn Khudag Formation defined by Hanzl and
Aichler eds (2007) corresponds to a part of sedimen-
tary rock sequence described by Rauzer et al. (1987)
as an undifferentiated Lower—Middle Devonian forma-
tion. It is exposed in a narrow NW-SE oriented belt
between Boomyn Khudag and Khooroiin Khudag (Fig.
2) at western tips of the Zamtyn Nuruu and Unegt Uul
mountain ranges. These sediments do not contain any
palaeontological record that would enable to determine
their age. They unconformably overlie the Neopro-
terozoic metamorphic rocks of the Zamtyn Nuruu and
form the footwall of the Permian volcanics. These
sediments were intruded by Burd Gol Massif, which
encloses thermally metamorphosed septa of sandstones
in its northern part. The lithologic character of these
metasediments corresponds to the Boomyn Khudag
Formation.

Fig. 5 Concordia diagram showing the ICP-MS analyses of zircon grains (a) and CL images of zircon (b) from the sample H1073.
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Tab. 6 LA-ICP-MS U, Pb and Th isotope data of dated monazite grains from granite H1072

Isotope ratios® Ages (Ma)
No. 7Pb* U Pb® Th° *Pb  *Pb +26 *Pb +20 tho! Pb 420 **Pb +20 **Pb 6 *Pb 126 *’Pb 196 208Ph 126
(cps) (ppm)(ppm) U 2%Pb 23U (%) U (%) W6Ph (%) *Th (%) U 35U 206Ph #2Th
Mzl 15757 883 1715 76 1147 0.08340 3.0 0.6575 4.3 0.69 0.0572 3.1 0.02608 1.7 516+ 15 513 £44 498 +68 520+9
Mz2 110894 2015 1225 22 724 0.07980 3.2 0.6381 3.6 0.89 0.0580 1.6 0.02553 1.8 495+ 16 501 £36 529 +35 509+9
Mz3 53621 1724 473 8.6 25002 0.07958 2.9 0.6318 3.2 0.90 0.0576 1.4 0.02536 1.7 494 + 14 497 £31 514+30 506+9
Mz4 80458 2099 1129 19 1044 0.08110 3.2 0.6479 3.5 0.90 0.0579 1.5 0.02530 1.7 503 + 16 507 £36 528 +34 505+9
Mz5 43512 1229 506 13 2690 0.08224 2.8 0.6509 3.3 0.87 0.0574 1.6 0.02574 1.9 509 + 15 509 £33 507 +36 514+10
Mz6 27371 561 1919 127 306 0.08099 3.4 0.6420 3.8 0.89 0.0575 1.7 0.02522 1.9 502+ 17 504 £38 510+ 38 504+10
Mz7 46928 1430 1386 36 8770 0.08367 3.0 0.6620 3.3 0.92 0.0574 1.3 0.02611 1.8 518 +16 516 +34 506 +29 52149
Mz8 17262 1160 1024 32 9037 0.07956 3.0 0.6266 4.0 0.75 0.0571 2.7 0.02593 1.8 494 + 15 494 £40 496 +59 51749
Mz9 39495 1214 1151 36 10275 0.08100 2.9 0.6420 3.3 0.89 0.0575 1.5 0.02614 1.7 502 + 15 504 £33 510+34 52149
Mz10 53508 1300 456 11 906 0.08310 3.3 0.6636 3.7 0.90 0.0579 1.6 0.02585 1.7 515+ 17 517 +38 526+35 516+9
Mz11 14183 978 1981 79 6151 0.08207 2.8 0.6496 3.6 0.78 0.0574 2.3 0.02603 1.7 508 + 14 508 =37 507 +50 519+9
Mz12 225776 1723 835 15 494 0.08086 3.4 0.6394 4.1 0.83 0.0573 2.3 0.02542 1.9 501 £ 17 50241 505+51 507+10
Mz13 182702 1567 1055 23 355 0.08268 3.0 0.6566 3.7 0.82 0.0576 2.1 0.02570 1.8 51216 513 +£38 514+46 513+9

* within-run background-corrected mean 2*’Pb signal in counts per seconds. ® U and Pb content and Th/U ratio were calculated relative to monazite
reference and are accurate to approximately 20 % due to heterogeneity of the reference monazite. © corrected for background, mass bias, laser in-
duced U-Pb fractionation and common Pb using Stacey and Kramers (1975) model Pb composition. *’Pb/>5U calculated using 2*’Pb/2Pb/(*3U/***Pb
% 1/137.88). Uncertainties are propagated by quadratic addition of within-run precision (2SE) and the reproducibility of standard (2SD). ¢ Rho is
the error correlation defined as err?Pb/?**U/err’Pb/>°U.

Tab. 7 LA-ICP-MS U, Pb and Th isotope data of dated zircon grains from granite H1073

Isotope ratios* Ages (Ma)
27ppr  U®  Pb® Th® 2Pb W6pp* 426 2Pb* 420 2Pb* +20 27Pb 206pPh 27pb
Y ) Gemepm U PPy U @ MU g "Rt g M wy 20 my 20 wpy 20
zrl-a 105231 362 105 0.47 23668 0.2671 1.8 3.4790 2.0 0.09448 09 090 1522 30 1526 27 1518 16
zrl-b 102753 573 165 043 6540 0.2618 2.4 33820 2.5 0.09366 0.8 095 1500 37 1499 36 1501 15
zr’] 5763 175 15 0.57 1111 0.0791 1.8 0.6131 54 0.05623 5.1 033 486 26 491 9 461 114
zr8-a 5055 158 14 047 5801 0.0819 1.8 0.6429 3.1 0.05693 2.5 0.59 504 16 508 9 489 56
zr8-b 4205 227 20 047 5023 0.0838 1.9 0.6538 4.4 0.05661 4.0 042 511 23 519 10 476 88
zr3-a 16379 262 32 1.10 1509 0.0822 23 0.6650 55 0.05869 5.0 043 518 28 509 12 556 108
zr3-b 16848 216 28 1.17 2164 0.0831 2.8 0.6572 9.8 0.05734 93 0.29 513 50 515 15 504 206
zr3-c 16321 695 262 1.09 1305 0.0773 1.9 0.6149 3.6 0.05766 3.1 0.52 487 18 480 9 517 68
zr4-a 53409 572 287 1.57 1679  0.0738 2.7 0.5835 3.7 0.05731 2.4 0.74 467 17 459 13 504 54
zr6-a 145805 311 68 0.36 1480 0.0746 3.0  0.6028 6.6 0.05859 59 045 479 32 464 14 552 129
zr6-b 195358 261 54 042 1018 0.0839 3.6 0.6668 4.2 0.05765 22 0.85 519 22 519 19 517 48
zr2-a 4778 257 22 0.50 2477 0.0825 2.1 0.6453 4.6 0.05672 4.1 046 506 23 511 11 481 90
zr2-b 4978 265 22 0.38 5676 0.0817 2.1  0.6475 3.6 0.05750 29 059 507 18 506 11 511 64
zr2-c 4619 252 22 0.48 4119 0.0825 24 0.6454 3.6 0.05672 2.8 0.66 506 18 511 12 481 61
zr5-a 895 40 3.7 0.68 1409 0.0830 2.6 0.6535 5.1 0.05714 4.4 051 511 26 514 13 497 97
zr5-b 1981 97 9.1 0.58 2253  0.0872 2.5 0.7039 4.7 0.05852 3.9 0.54 541 25 539 14 549 86
zr4-b 77424 323 68 0.60 2022 0.0718 3.1 05624 6.1 0.05685 53 0.50 453 28 447 14 486 117

* within-run background-corrected mean *’Pb signal in counts per seconds. * U and Pb content and Th/U ratio were calculated relative to GJ-1
reference and are accurate to approximately 10 % due to heterogeneity of the GJ-1 zircon. ¢ corrected for background, mass bias, laser induced
U-Pb fractionation and common Pb using Stacey and Kramers (1975) model Pb composition. 2’Pb/?**U calculated using 2*"Pb/?**Pb/(***U/**Pb x
1/137.88). Uncertainties are propagated by quadratic addition of within-run precision (2SE) and the reproducibility of GJ-1 (2SD). ¢ Rho is the
error correlation defined as err?*Pb/?*U/err*’Pb/>U.
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Fig. 6 ICP-MS monazite age of granites from
the Burd Gol Granite Massif, sample H1072.

5.1. Sedimentology

The Boomyn Khudag Formation is formed mainly by
conglomerates. They are characterized as red to light
brown, massive, matrix-supported, poorly sorted, un-
graded cobble conglomerates. The conglomerates locally
alternate with small lenses and layers of medium-grained,
massive sandstones. The cobbles of average diameter of
¢. 8 cm (A-axis) and maximum size of ¢.1 m are well-
rounded, consisting of gneisses, basalts, undifferentiated
volcanic rocks, cherts and quartz in particular. Matrix is
composed of grains of quartz, K-feldspars, plagioclases
and rock fragments. Biotite and carbonates are also pres-
ent. The massive cobble conglomerates correspond to
lithofacies Gm and massive sandstones to lithofacies Sk
(according to Miall 1978 and Bridge 1993).

Red to purple-red, very coarse- to fine-grained arkosic
sandstones and arkoses with layers of mudstones and
siltstones occur in the hanging wall of the conglome-
rates. They are poorly sorted, being composed mainly of
subrounded to subangular grains of quartz, K-feldspar

207Pbl235U

500

Yo} 0

208pp232Th age

and plagioclase. Quartz grains predominate; K-feldspars
and plagioclases are present in variable amounts. Micas
and ultra-stable minerals (zircon, tourmaline, rutile), ore
minerals, zoisite, epidote and monazite are the common
accessories. Sharp fragments of vitrite and volcanic rocks
are rarely present. Basal matrix is composed of clay mi-
nerals (locally sericitized), chlorite and carbonate.

A section, 43 m long, of arkosic sandstones and ar-
koses with layers of mudstones and siltstones has been
studied in detail (Fig. 8). The sedimentary profile is situ-
ated near Ondor Ovoot Uul (see the asterisk in Fig. 2).
Four lithofacies (Fm, Sh, St and Sm according to Miall
1978 and Bridge 1993) have been recognized within the
logged profile on the basis of sedimentary textures and
structures.

Lithofacies Sm consists of massive very coarse- to
fine-grained arkosic sandstone and arkose. These are
poorly sorted and contain clasts of red-brown mudstones,
which are concentrated near the base of the beds. Semi-
angular quartz and feldspar grains occur as the commonly
recognizable clasts. Normal grading can be observed to

Age HO161 K/Ca
520 T 1000
500 plateau age = 485.1 + 3.2 Ma L 800
480 1 600
60 total gas age = 486.0 + 3.6 Ma 1 400
440
420 T 200
Fig. 7 “Ar/*Ar release spectrum from 400+ ' N N ' y N i N N 0
0 10 20 30 40 50 60 70 80 90 100

muscovites in the pegmatite dyke,
sample HO161, Burd Gol Granite
Massif.

% *Ar released
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Fig. 8 The log of the sedimentary profile of the Boomyn Khudag Forma-
tion studied in the vicinity of the homonymic well.

fining upwards of sandstone grains. The bases of the
beds are mainly sharp or erosive. Bed thickness ranges
from 0.4 to 2.0 m. The Sm lithofacies commonly passes
to lithofacies St. Lithofacies Sm represents 45 % of the
studied profile.

Lithofacies St is characterized by medium- to coarse-
grained trough-cross-bedded arkosic sandstones to
arkoses. Darker small layers of fine-grained sandstones
emphasise cross-bedding. Bed thickness ranges from 0.3
to 1.5 m. Lithofacies St represents about 34 % of the
logged profile and mainly passes gradually from sand-
stones of the lithofacies Sm.

Lithofacies S& consists of fine to medium-grained,
horizontally laminated arkosic sandstones. Sandstones of
lithofacies St often pass to sandstones of lithofacies Sh.
The thickness ranges between 0.2 to 0.5 m. Lithofacies
Sh represents only 6 % of the studied profile.

Lithofacies Fm is formed by red mudstones, siltstones
and very fine sandstones, massive or parallel laminated.
Rocks alternate in layers from first millimetres to first
centimetres thick. Lithofacies Fm occurs as interbeds
within lithofacies St or Sm. Lithofacies Fm represents
15 % of the studied profile.

5.2. The thermally-metamorphosed arkose
septa within the Burd Gol Massif

The rocks are represented by medium-grained red ar-
koses to arkosic sandstones with intercalations and lay-
ers of siltstones and mudstones. Sedimentary bedding is
preserved; locally, small-scale structures such as cross
bedding can be observable. The mineral composition
corresponds to original quartzo-feldspathic arkoses with
no preserved matrix and with the relics of the rock frag-
ments, stable minerals as zircon and rutile are relatively
common accessories. The newly formed muscovite por-
phyroblasts, quartz recrystallization and extensive silicifi-
cation bear evidence of thermal and fluid affection during
the granite emplacement.

6. Discussion

The Lake Zone forms a belt of various rocks of Neo-
proterozoic to Lower Palaeozoic ages rimming the Main
Mongolian Lineament from the north. It is a part of the
eastern segment of CAOB which is considered to be as-
sociated with the Early Caledonian tectogenesis (570-510
Ma) (e. g. Kroner et al. 2007).

The southeastern-most part of the Lake Zone is
formed by an accretionary wedge developed south of the
Baydrag basement Block (Bibikova et al. 1990; Kotov et
al. 1995; Dergunov 2001; Kozakov et al. 2007; Windley
et al. 2007; Demoux et al. 2009). The metamorphosed
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rocks and terrestrial sediments of the Lake Zone were
intruded here by the small Burd Gol Granite Massif,
emplacement of which corresponds with a period of
thermal reworking of the Lake Zone at ~500 Ma (Krdner
et al. 2010).

6.1. Depositional character of sediments in
the roof of the Burd Gol Massif

Conglomerates, sandstones, mudstones and siltstones
of the Boomyn Khudag Formation are terrestrial sedi-
ments deposited in arid and semiarid conditions. The
lithofacial transitions Gm—Sm were mostly caused by
catastrophic sheetfloods. The facial association could be
the most likely interpreted as sediments of debris-flows
deposited in alluvial fans eventually or as cores of levees
of a braided river (Ramos and Sopefia 1983; Miall 1996;
Bridge 2003).

The Sm-St-(Sh)-Fm facial association corresponds to
products of coarse-grained water flow sediments (most
probably a braided river), deposited in intermediate to
distal part of an alluvial fan. The facial association may
be interpreted as sediments of levees and transverse bars
(Ramos and Sopefia 1983; Miall 1996; Bridge 2003).
Other possible interpretation can be a “channelling” typi-
cal of the distal parts of alluvial fans. The occurrences
of Sh lithofacies in association with sediments of alluvial
fans and coarse-grained water flow point to a periodic
existence of sedimentation in a rapid flow regime and to
a tendency to overflowing of the channels. The processes
could have been seasonally and/or climatically controlled.

Within the northern part of the Burd Gol Granite
Massif are preserved enclaves of amphibolites, gneisses,
micaschists and septa of arkosic sandstones up to sev-
eral tens of meters across. While metamorphic rocks are
easily correlated with the Zamtyn Nuruu Metamorphic
Complex, geological pertinence of sandstone xenoliths
merits discussion. Volcanosedimentary complexes lying
north of the Zamtyn Nuruu Complex (Khan Taishir and
Naraan formations) are completely different in lithology
and geological position. In addition, SHRIMP II ages
from detrital zircons in sandstones corresponding with the
Naraan Formation suggest a maximum Early Devonian
depositional age of the unit (Kréner et al. 2010). There-
fore, only sediments of the Boomyn Khudag Formation
can be correlated with the arkose septa in the Burd Gol
Granite Massif.

6.2. The age and regional correlations

The zircon and monazite ages of ~ 510 Ma reflect the
crystallization of the pluton. Muscovite Ar—Ar dating on
pegmatite dyke in this granite provided an age of 485.1
+ 3.2 Ma which corresponds to final magmatic stages of

the Burd Gol Granite Massif during the Late Cambrian
to Early Ordovician. The magmatic age of the Burd Gol
Granite Massif is well comparable with published geo-
chronological data from the Lake Terrane (e. g. Hanzl
and Aichler eds 2007; Kroner et al. 2010).

The plutonic rocks in Tuva region in Russia yielded
ages of 512 = 4 Ma (Pfander et al. 2000). Jian et al.
(2010) described the high-K calc-alkaline, peraluminous
granites of Tsagaan Pluton situated 200 km NE from Burd
Gol, emplacement ages of which were determined to 514
+ 10 Ma, with an 558-646 Ma inheritance. Demoux et al.
(2009), who collected a series of geochronological data
from Baydrag Block, described syntectonic granitic rocks
519 + 9 Ma old from the Taats river area. The garnet
granite from southern domain of Tatsain Metamorphic
Complex (Kozakov et al. 2008) yielded slightly older
zircon ages (532 = 9 Ma)

Mesoproterozoic inheritance of zircon grains from
Burd Gol granite ranging between 1.508 and 1.511 Ga
corresponds to the concept of the Lake Island Arc formed
on Late Neoproterozoic oceanic crust and developed
during Cambrian to Early Ordovician presented by Ba-
darch et al. (2002) based on data of Kroner et al. (2001).
Demoux et al. (2009) determined the inherited zircon
ages 3.12 and 1.99 Ga of rocks of Baydrag Block and
1.84-1.83 Ga for the rocks of Bumbuger Complex north
of the Lake Zone.

6.3. The geotectonic position of the Burd
Gol Granite Massif

Major element geochemistry of the Burd Gol granites
points to evolved rocks with subaluminous to slightly per-
aluminous affinity; the low Rb/Sr ratios indicate relatively
primitive source of magma. The REE patterns are well
fractionated but mostly lacking sizeable Eu anomalies.
Isotopic composition shows rather unradiogenic Nd
(e319 = —1.5 and —0.2) with correspondingly high two-

Nd

stage Nd crustal residence ages (T2} = 1.3 and 1.2 Ga),
corresponding to the Precambrian isotope province of
Central Asian Mobile Belt according Kovalenko et al.
(2004). Significantly less evolved strontium (*’Sr/*Sr_ =
0.7064) shows a little fractionated crustal source with low
time-integrated Rb/Sr ratio.Trace-element signature is
marked by the depletion in Nb and Ti which is indicative
of arc magmatism (Wilson 1989; Draut and Clift 2002).
A magmatic-arc setting is also indicated by the geotec-
tonic discrimination diagrams of Pearce et al. (1984) and
Schandl and Gorton (2002) (Fig. 9a-b).

Following the geological relationships, the Burd Gol
Granite Massif intruded at an active continental margin
geotectonic setting. The possible role for assimilation
of the roof represented by gneisses, amphibolites and
clastic sediments may be indicated also by higher K,O
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Fig. 9 Geotectonic discrimination diagrams for granites of the Burd Gol Massif. a — Geotectonic discrimination diagram Rb vs.Y + Nb of Pearce
et al. (1984). b — Geotectonic discrimination diagram Th/Ta vs. Ta/Yb according Schandl and Gorton (2002). Explanations: syn-COLG — syn-
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and Pb contents and slightly peraluminous character of
the granites.

The granite sample H0272 from the southern part of
the massif close to the fault boundary with the Gobi Altay
Terrane differs in its Rb/Sr ratio, trace-element signature
and REE pattern from the rest of the dataset. It could be
well correlated with leucogranites in tectonic mélange of
the Unegt Uul Mt. (further east) which yielded zircons
518 + 5 Ma old (Hrdlickova et al. 2008).

The Burd Gol Granite Massif and Zamtyn Nuruu
Complex represent the southern part (in the present

coordinates) of the Cambrian collisional zone. Follow-
ing the geological maps of the area (Buriankova and
Hanzl eds 2007; Hanzl ed. 2007a) a hypothetic profile
was drawn across the ancient subduction zone through
the units in the SE tip of the Lake Zone (Fig. 10). From
the North to South, it is oceanic crust preserved in the
Khan Taishir ophiolite complex (Perfiliev and Kheras-
kov 1980), tectonic mélange of the high-pressure Alag
Khadny Crystalline Complex (Hanzl ed. 2007a; Hanzl
and Aichler eds 2007; Stipska et al. 2010), slightly
metamorphosed, relatively deep-water ramp sediments

N
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Fig 10 The hypothetic scheme of the post-collisional situation of the Lake Terrane during intrusion of the Burd Gol Granite Massif [in present day

coordinates, according to Hanzl et al. (2007b)].
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in a tectonic wedge and microcontinent represented by
the Zamtyn Nuruu Complex with terrestrial molasse-
like sediments of the Boomyn Khudak Formation in
the hanging wall (Fig. 10).

7. Conclusions

The Proterozoic high-grade metamorphic rocks and con-
tinental clastic sediments in their hanging wall (Zamtyn
Nuruu range at the SE tip of the Lake Zone of the Central
Asian Orogenic Belt) were intruded by the Burd Gol
Granite Massif. The laser ablation ICP-MS U-Th-Pb
zircon dating constrained its magmatic crystallization
at 511 £ 5 Ma (20), in agreement with the monazite age
of 513 = 5 Ma. Muscovite “Ar/*Ar dating of pegmatite
dyke cutting this granite yielded an age of 485.1 + 3.2 Ma
timing the latest magmatic activity in the region.

Geochemical signature of granites indicates evolution
in an active continental magmatic arc from the relatively
mature crust (¥’Sr/*Sr_ = 0.7064; 59 = -0.2 and —1.5).
Presence of ancient crust in the source of the Burd Gol
Granite Massif is proven by the occurence of ~1.5 Ga old
inherited zircon cores.

The sediments of the Boomyn Khudag Formation on-
lapping the metamorphic rocks of the Zamtyn Nuruu are
indirectly dated as Cambrian, because they are affected
by thermal metamorphism caused by the Burd Gol granite
intrusion. Conglomerates, sandstones and siltstones of
the Boomyn Khudag Formation are of terrestrial origin,
deposited under arid or semiarid conditions in alluvial
fans environment. Sedimentary character and transgres-
sive position on the metamorphic rock of Zamtyn Nuruu
indicate molasse-like character of the sediments.

The Burd Gol Granite Massif is a magmatic body cut-
ting Proterozoic metamorphic rocks and Lower Palaeo-
zoic terrestrial, molasse-like sediments in their hanging
wall. Thus, the intrusion post-dated the Early Cambrian
collision within the Lake Zone Terrane. As it lacks any
effects of internal deformation, it can be designated as
post-orogenic in relation to this event.
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