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Abstract—We present results of geochemical and isotope (Rb—Sr, Sm—Nd, and Lu—Hf) studies of the early Paleozoic plagiogranitoid
associations in the south of the Lake Zone in Western Mongolia, which formed at the island-arc and accretion—collision stages of the
regional evolution. According to the petrogeochemical composition, the early Paleozoic plagiogranitoid associations of the island-arc
(Tugrug, Hatan-Hunga, Udzur-Hunga, and Bayasgalant plutons, 531-517 Ma) and accretion—collision (Tugrug, Mandalt, and Dut Uul
plutons, 504481 Ma) stages are high- and low-alumina rocks. The recognized types of plagiogranitoids, with regard to their trace-element
composition, indicate that their parental melts were generated from MORB-type metabasites at >10—12 kbar, in equilibrium with garnet-
containing restite, and at <8 kbar, in equilibrium with plagioclase-containing restite. The Sr—Nd isotope data on the rocks and the Lu—Hf
isotope parameters of their magmatic zircons show two groups of plagiogranitoids, with different sources of melts. The first group includes
plagiogranitoid associations of most plutons (Tugrug, Udzur-Hunga, Hatan-Hunga, Bayasgalant, and Dut Uul) with isotope parameters
(eng = 8.5-4.6, (¥'St/%6Sr), = 0.7034-0.7036, and &, = 14.7-11.9) indicating the juvenile nature of their sources. The second group in-
cludes plagiogranitoids of the Mandalt pluton; their isotope parameters (gy, = 1.4-0.2, (!’St/*¢Sr), = 0.7053, and &,; = 7.2-5.4) indicate
that the parental melts were generated mostly from enriched-mantle metabasites. The Hf isotope data on inherited and xenogenic zircons
(664-519 Ma) from the early Paleozoic plagiogranitoid associations of the southern Lake Zone permit us to separate these rocks into three
groups according to their g values (14.5-12.8, 2.9, and 10.6-6.7). The Hf isotope parameters of magmatic and inherited zircons, with
regard to their age, indicate that the source of the parental melts lacked rocks with a long crustal history, such as the early Precambrian as-
sociations of the Dzavhan microcontinent.

Keywords: granitoid magmatism, geochemistry, Nd—Sr—Hf isotopy, Central Asian Orogenic Belt, Lake Zone in Western Mongolia

INTRODUCTION

The Lake Zone of the early Caledonides in Western
Mongolia is a late Neoproterozoic—early Cambrian island-
arc terrane (Dergunov, 1989; Dergunov et al., 2001; Ba-
darch et al., 2002), part of the Caledonian superterrane of
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the Central Asian Orogenic Belt (CAOB). The Nd isotope
data on the late Neoproterozoic and early Cambrian volca-
nic complexes of the Lake Zone, along with their geologic
structure, age, and geochemical features (Jahn et al., 2000a,b;
Jahn, 2004; Kovach et al., 2011; Yarmolyuk et al., 2011,
2012) led to the conclusion that the juvenile crust formed
from depleted mantle sources in the oceanic island-arc and
plateau settings in the late Neoproterozoic—Cambrian (570—
490 Ma), with involvement of ancient crustal material (sedi-
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ments) in subduction zones. The subsequent accretion—colli-
sion processes involved paleo-oceanic and island-arc
complexes and the Precambrian Dzavhan microcontinent.
Late Neoproterozoic—early Paleozoic intrusive rock as-
sociations are widespread among island-arc volcanics of the
Lake Zone, with granitoids being predominant and gab-
broids being subordinate (Fig. 1). These associations formed
in island-arc and accretion—collision settings and have dif-
ferent ages (from late Neoproterozoic to Middle—Late Ordo-
vician) and petrogeochemical and isotope characteristics
(Kovalenko et al., 2004; Rudnev et al., 2009, 2012, 2016;
Yarmolyuk et al., 2011). It was established that gabbroid
and granitoid associations in the northern and central parts
of the Lake Zone are dated at 551-449 Ma and are charac-
terized by positive gy values (9.0-5.2) and low Sr isotope
ratios ((¥’Sr/%Sr), = 0.7034-0.7048) (Kovalenko et al.,
2004; Rudnev et al., 2009, 2012, 2013; Kovach et al., 2011).
Information about the geologic structure, age, and petro-
chemical composition of granitoid and gabbroid associa-
tions in the south of the Lake Zone (Tuguruk, Tugrug, Ud-
zur-Hunga, Hatan-Hunga, Mandalt, Bayasgalant, and Dut
Uul plutons, Fig. 1) is given in more detail in our previous
paper (Rudnev et al., 2019). The formation of plagiogranit-
oids and gabbroids in this segment of the Lake Zone took
place at 531 to 481 Ma and was related to two geodynamic
stages of the regional evolution: island-arc, 531-517 Ma
(Tuguruk, Tugrug, Udzur-Hunga, Hatan-Hunga, and Bayas-
galant plutons) and accretion—collision, 504—481 Ma (Tug-
rug, Mandalt, and Dut Uul plutons). According to the
petrochemical composition, the above plagiogranitoid (to-
nalite—trondjemite) associations belong to the calc-alkalic
series and are similar to plagiogranitoids of the northern and
central parts of the same belt. Along with magmatic zircons
with an age of 531 to 481 Ma, xenogenic and inherited zir-
cons' were found in the studied plagiogranitoids (Rudnev et
al., 2018, 2019). Four age groups of xenogenic and inherited
zircons (~664, 570-560, 545-531, and 530-519 Ma) are
recognized; they generally mark the main stages of island-
arc (volcanic and intrusive) and ophiolite magmatism and,
probably, the magma-generating substrates involved in
melting during the formation of plagiogranitoids. The ab-
sence of xenogenic and inherited zircons older than 664 Ma

! Xenogenic zircon is zircon borrowed by granite melt from the host rocks.
It is older than magmatic zircon and is usually well-faceted. It lacks signs
of dissolution of crystal edges and faces and can have rims of newly formed
(magmatic) zircon formed at the stage of crystallization of the granite melt.
The presence of such zircons does not affect the isotope composition of the
granite melt. Inherited zircon is zircon from the source of the granite melt.
Such zircons are also older than magmatic ones and have an oval core,
which is probably due to their partial dissolution in the granite melt, and a
rim of magmatic zircon marking crystallization of the granite melt. Some-
times, there are thin light rims between the cores and magmatic rims, which
suggest interaction of the melt with the inherited zircon. The light rims and
magmatic rims can have an intermediate isotope composition. Inherited zir-
cons not only mark the age and isotope (Lu—Hf) composition of magma-
generating sources (substrates) but also affect the isotope compositions of
the melt and magmatic zircon.

from the early Paleozoic plagiogranitoids in the south of the
Lake Zone (axial part) suggests the remoteness of the island
arc of the Lake Zone from the early Precambrian terranes
(Dzavhan microcontinent).

The goal of this research work was to elucidate the condi-
tions of formation of the parental melts and the type of mag-
ma-generating sources for the early Paleozoic plagiograni-
toid associations in the south of the Lake Zone, which
formed during two stages in different geodynamic settings.
Based on the earlier geological, geochronological, and pet-
rochemical studies (Rudnev et al., 2019), we obtained new
data on the geochemistry and isotope (Sm—Nd and Sr—Nd)
composition of plagiogranitoid associations in the south of
the Lake Zone (Tugrug, Udzur-Hunga, Hatan-Hunga, Man-
dalt, Bayasgalant, and Dut Uul plutons) and on the Hf iso-
tope composition of zircon generations of different ages.
The information obtained makes it possible to determine not
only the formation conditions of the parental melts of these
plagiogranitoids but also their magma-generating sources.
Using the Hf isotope characteristics of magmatic, xeno-
genic, and inherited zircons also permits evaluation of the
contribution of ancient crustal substrates to the genesis of
granitoids at different geodynamic stages of the regional
evolution.

METHODS

The contents of major components were determined by
XRF at the Analytical Center for Multi-Elemental and Iso-
tope Research, SB RAS, Novosibirsk, using an SRM-25
spectrometer (analysts N.G. Karmanova and A.N. Toryan-
ik). The contents of trace and rare-earth elements were mea-
sured by ICP MS on a Finnigan Element mass spectrometer
at the same analytical center, following the technique by
Nikolaeva et al. (2008); the errors of their determination
were <10%.

Sm—Nd isotope studies of bulk samples were carried out
on a Finnigan MAT-262 (RPQ) mass spectrometer at the
Geological Institute of the Kola Science Center, Apatity.
The Nd isotope ratios were normalized to the value
16Nd/"Nd = 0.7219. The error of determination of
147Sm/"*Nd was 0.3% (26). The blank contained 0.06 ng
Sm and 0.3 ng Nd. The average '**Nd/"*Nd value in the
INd;-1 standard during the measurements was 0.512090 + 13
(N =15). The values of g,(T) were calculated using modern
chondrite reservoir (CHUR) parameters ('*Nd/'Nd =
0.512638, 'YSm/'**Nd = 0.1967) (Jacobsen and Wasser-
burg, 1984). The model ages Ty 4(DM) were calculated from
the data for the depleted-mantle reservoir ((!**Nd/'*Nd), =
0.513151, Sm/'"*Nd = 0.21365) (Goldstein and Jacobsen,
1988). On the calculation of the model ages by the two-stage
model (Liew and Hofmann, 1988), the average crustal value
of "Sm/!'*Nd was taken equal to 0.12 (Taylor and McLen-
nan, 1985).

Rb-Sr isotope studies were performed on an MI-1201 T
mass spectrometer at the Analytical Center for Multi-Ele-
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Fig. 1. Schematic geologic structure of the Lake Zone, after Tomurtogoo (1999), simplified. /, sedimentary deposits (Cenozoic—Mesozoic); 2,
volcanic and sedimentary deposits (Silurian—Devonian); 3, volcanic and sedimentary deposits (late Neoproterozoic—early Cambrian); 4, granitoids
(Devonian); 5, granitoids (late Neoproterozoic—Ordovician); 6, gabbroids (late Neoproterozoic—Early Ordovician); 7, ophiolites (Neoproterozoic);
8, faults; 9, plutons and their numbers: 1, Sharatologoy; 2, Hyargas Nuur; 3, Ayrig Nuur; 4, Bayan Hayrhan; 5, West Bayan Hayrhan; 6, Har Nuur;
7, Gundguzin; 8, Bumbat Hayrhan; 9, Hayrhan; 10, Three Hills; 11, Bayan Tsagaan; 12, East Bayan Tsagaan; 13, Tavan Hayrhan; 14-15, Bayan
Tsagaan Nuruu stock; 16, Dut Uul; 17, Bayasgalant; 18, Mandalt; 19, Hatan-Hunga; 20, Tuguruk; 21, Tugrug; 22, Udzur-Hunga; 23, Tungalag; 24,
granitoid plutons of the Dariv Range; 25, ophiolites of the Dariv Range; 26, Hara Chulu; 27, Hutul; 28, Sar Hayrhan; /0, areas of intrusive mag-
matism: [, Hyargas Nuur; II, Har Nuur; III, Bumbat Hayrhan; IV, Dut Uul; V, Hatan-Hunga; VI, Tugrug; VII, South Darvi; VIII, Haan Tayshiri.
Inset shows a schematic tectonic map of Western Mongolia. Precambrian microcontinents: DZ, Dzavhan; SG, South Gobi; LZ, Lake Zone island
arc (late Neoproterozoic—early Paleozoic); accretionary complexes (early—middle Paleozoic): MA, Mongolian Altay; SM, South Mongolian.
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mental and Isotope Research, SB RAS, Novosibirsk. The
error of ¥Rb/*°Sr determination was <1%. The average
87Rb/3Sr ratio in the VNIIM and ISG-1 standards was
0.70800 + 0.00007 (N = 30) and 0.71732 + 0.00010 (N =
30), respectively.

The isotope composition of Hf in zircons was determined
with a Photon Machines Eximer 193 nm laser sampler on a
Nu Plasma multicollector mass spectrometer at the GEMOC
Analytical Center of Macquarie University (Sydney, Austra-
lia). The measurements were carried out in the helium atmo-
sphere, with a laser beam 40—65 um in diameter, a frequen-
cy of 5 Hz, and the laser fluence of 8.44 ml/pulse. The
correction procedure and used values are described else-
where (Griffin et al., 2004; Pearson et al., 2008). To control
the reproducibility of the results and the stability of the de-
vice, we used the TEMORA-II and Mud Tank standard zir-
con samples. The g, values were calculated based on the
78Lu decay constant (Scherer et al., 2001). The model age
T(DM) (relative to the evolution trend of the depleted man-
tle) was estimated from the following isotope ratios:
(Y"*Hf/'THSE), = 0.279718 (for 4.56 Ga) and °Luw/'"Hf =
0.0384. The current '"Hf/'7’Hf ratio was 0.28325, which is
close to the average value in MORB (Griffin et al., 2000,
2004). The model ages 7(DM) are the minimum ages of the
source of magma from which zircon crystallized. Therefore,
the model age 7(DM)“™" was also calculated for each zircon
under assumption that magma melted from the average con-
tinental crust with the isotope ratio '"*Lu/'""Hf = 0.015,
which, in turn, also melted from the depleted mantle (Griffin
et al., 2000).

PETROCHEMISTRY AND GEOCHEMISTRY
OF GRANITOIDS

Petrochemical and geochemical description of plagiogran-
itoid associations of the Tugrug, Udzur-Hunga, Hatan-Hun-
ga, Mandalt, Bayasgalant, and Dut Uul plutons in the south of
the Lake Zone was made on the basis of more than 90 wet
chemical analyses and 35 trace-element and REE analyses.
Table 1 presents results of analyses of the studied rocks.

In petrochemical characteristics the plagiogranitoid asso-
ciations correspond to normal calc-alkalic granitoids with
low to medium contents of K,,O and Shand’s index of 0.80—
1.27 (Rudnev et al., 2019). According to the trace-element
composition, they are subdivided into different geochemical
types.

Plagiogranitoids of the island-arc stage. At this geody-
namic stage of the evolution of the Lake Zone, the rocks of
the Tugrug, Udzur-Hunga, Hatan-Hunga, and Bayasgalant
plutons formed. The plagiogranitoid associations of these
plutons differ significantly from each other in the contents of
trace elements and thus can be divided into two types. The
first type includes the rocks of diorite—tonalite—plagiogranite
association of the Tugrug and Udzur-Hunga plutons and

plagiogranite associations of the Hatan-Hunga pluton. They
are characterized by medium contents of Rb, Sr, Ba, Nb, Ta,
Th, and U (Table 1, Fig. 2), low total contents of REE
(15.1-63.5 ppm), domination of LREE over HREE ((La/Yb)
~ = 3—11 to 35), high Sr/Y ratios (>70), low contents of Y
(1.6-12.2 ppm), positive and negative Eu anomalies (Eu/
Eu*; = 0.8-1.7), and negative Nb, Ta, and Ti and positive
Sr anomalies (Fig. 3). The contents of REE and trace ele-
ments, their indicator ratios, and the arrangement of compo-
sition points in the ALLO;—Yb diagram (Fig. 2) show the
similarity of the above rocks to high-alumina tonalite—trond-
hjemite—granodiorite (TTG) complexes (Arth, 1983). In the
binary Si0,-MgO, (CaO + Na,O)-Sr, Y-Sr/Y, and TiO,—
Cr/Ni diagrams (Martin et al., 2005; Castillo, 2006), the
rocks of the studied associations fall in the field of high-sil-
ica adakites. In the Lake Zone, plagiogranitoids with such
geochemical characteristics are also found in the West Bay-
an Hayrhan (Yarmolyuk et al., 2011), Bumbat Hayrhan, and
Har Nuur (Rudnev et al., 2009, 2012, 2016) plutons (Fig. 2).

The second type includes the island-arc plagiogranitoid
associations of the Bayasgalant pluton (tonalite—plagiogran-
ite and plagiogranite, 524-523 Ma (Rudnev et al., 2019)).
Compared with the rock association of the first type, they
have lower contents of Al,O, and Sr and higher contents of
Y, Yb, Nb, Hf, and Zr and form isolated fields in the binary
diagrams (Table 1, Fig. 2). These rocks show medium con-
tents of REE (XREE = 48-66 ppm), low (La/Yb), values
(1.7-3.1) (mostly because of the high contents of HREE
(Fig. 3)), low St/Y ratios (5-11), negative Nb, Ta, and Ti
anomalies, and no positive Sr anomaly. In the contents of
AlO;, trace elements, and REE, their indicator ratios, and
the arrangement of composition points in the AL,O,—Yb dia-
gram (Fig. 2) the rocks of the Bayasgalant pluton are similar
to low-alumina plagiogranitoids. In the Lake Zone, plagio-
granitoid associations of close age and similar composition
are found within the Sharatologoy and Har Nuur plutons and
the Darvi intrusion (Rudnev et al., 2009, 2016).

Plagiogranitoid associations of the accretion—collision
stage. At this geodynamic stage of evolution of the southern
part of the Lake Zone, plagiogranitoids of the Tugrug, Dut
Uul, and Mandalt plutons formed. In petrochemical compo-
sition, the contents of trace and rare-earth elements, and in-
dicator ratios the muscovite—biotite and biotite plagiogran-
ites of the Tugrug (late phase, ~504 Ma) and Dut Uul
(~481 Ma) plutons virtually do not differ from the plagio-
granitoids of the Hatan-Hunga pluton of the island-arc stage
and are also of high-alumina type (Fig. 2). In the binary
Si0,-MgO, (CaO + Na,0)-Sr, Y-Sr/Y, and TiO,—Cr/Ni
diagrams, their composition points fall in the field of high-
silica adakites. In the Lake Zone, high-alumina plagiogran-
ites of similar trace-element composition (Fig. 3) are also
found in the Bumbat Hayrhan and Har Nuur plutons (Fig. 1)
(Rudnev et al., 2009, 2012, 2016).

In contrast to all the above plagiogranitoid associations in
the south of the Lake Zone, the quartz diorites and tonalites
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Table 1. Contents of major and trace components in representative samples of plagiogranitoid plutons in the south of the Lake Zone
of Western Mongolia

Component  Tugrug pluton Tugrug pluton
Diorite—tonalite—plagiogranite association (early phase) Plagiogranite association (late phase)

PM-31- PM-37-11 PM-37-11 PM-37- PM-37- PM-19- PM-20-13 PM-7-13 PM-37- PM-24- PM-40- PM-38-

11 11 11 13 11 13 11 11
Si0,, wt% 5777 6045 6231 6325 6381 6428  67.82 7115 7121 7156 7188 7258
TiO, 0.45 0.44 0.40 0.44 0.43 043 0.20 027 0.03 0.02 0.03 0.03
ALO, 1910 19.20 18.35 1870 1780 1722 17.80 1504 1670 1533 1605 1595
Fe,0 6.28 539 493 422 440 471 2.40 2.63 234 255 175 2.15
MnO 0.10 0.08 0.08 0.07 0.09 0.09 0.03 0.07 0.06 0.06 0.03 0.06
MgO 2.86 2.14 1.74 1.49 2.02 1.75 0.62 0.86 045 0.49 0.49 045
Ca0 6.53 5.65 5.13 5.04 5.20 5.06 453 2.66 1.70 237 1.74 1.30
Na,O 471 477 498 5.28 443 4.65 5.04 454 5.47 5.19 5.99 537
K,0 115 1.05 1.05 0.74 1.42 1.26 1.06 1.87 1.42 1.28 0.73 1.36
LOI 121 0.89 0.69 0.82 0.86 057 0.95 0.53 0.75 0.60 0.95 0.81
P,0, 021 021 0.20 0.17 0.14 0.19 0.12 0.09 0.05 0.05 0.03 0.04
Total 10037 10027  99.86 10022 100.60 10020  100.58 99.70  100.18 9950  99.67  100.10
Rb, ppm 15 14 13 12 19 13 9 25 14 9 8 15

Sr 890 912 895 949 823 791 823 587 690 668 901 652
Ba 389 396 415 348 388 441 372 512 696 583 321 570
Y 1222 1137 11.03 7.68 1050  9.19 3.59 7.02 422 455 5.50 8.64
Zr 65 114 108 88 79 97 73 64 73 56 66 64
Hf 1.65 258 2.62 1.96 2.09 2.70 2.01 1.97 1.75 1.58 1.60 1.53
Nb 1.91 1.87 1.99 1.40 1.99 1.97 1.01 333 1.59 1.45 1.72 1.66
Ta 0.09 0.10 0.11 0.08 0.13 0.1 0.09 0.29 0.11 0.11 0.11 0.11
Th 0.86 1.29 1.09 0.53 237 1.81 142 2.19 0.46 0.48 0.53 0.40
U 030 0.40 0.46 0.23 0.72 0.73 0.60 0.65 0.17 0.14 0.13 023
\% 122 102 87 83 87 97 41 32 19 20 17 16
Cr 30 36 22 54 29 31 50 27 46 2 23 38
Co 19 16 13 11 13 11 5 5 3 2 3 3

Ni 23 16 14 18 15 11 6 7 11 3 1 12
La 9.82 11.71 1020 665 8.95 1144 689 7.88 7.06 5.90 6.49 5.74
Ce 2174 2478 23.90 1538 19.81 2610 1397 1918 1455 1207 1347 1182
Pr 3.00 3.8 332 2.16 2.67 332 1.65 2.54 1.81 1.39 1.59 1.40
Nd 11.98  13.13 13.64 8.93 10.95 1284 634 925 6.40 4.96 5.78 5.3
Sm 244 2.84 281 1.95 237 2.56 1.14 1.89 1.16 0.95 1.05 1.06
Eu 0.76 0.83 0.86 0.69 0.72 0.83 0.52 0.47 0.28 0.29 0.28 0.29
Gd 230 232 228 1.56 1.99 220 0.89 1.53 0.92 0.81 0.86 1.19
Tb 033 030 033 0.24 030 0.29 0.13 0.19 0.12 0.12 0.14 0.18
Dy 1.92 1.80 1.75 1.17 1.65 1.52 0.59 1.08 0.63 0.67 0.71 1.08
Ho 039 0.36 033 0.24 030 032 0.12 0.22 0.12 0.13 0.15 023
Er 1.08 0.93 0.95 0.72 0.90 0.88 037 0.62 033 0.43 045 0.66
Tm 0.16 0.14 0.14 0.10 0.15 0.14 0.06 0.1 0.06 0.08 0.08 0.11
Yb 0.96 0.90 0.87 0.63 0.96 0.99 0.40 0.72 036 0.50 0.56 0.69
Lu 0.15 0.13 0.13 0.10 0.15 0.15 0.07 0.11 0.06 0.08 0.09 0.11
SREE 57.04 6346 6151 4053 5188 6258  33.14 4579 3386 2838 3169  29.80
(La/Yb)y, 69 8.8 7.9 7.1 63 7.8 11.6 74 13.1 8.0 7.8 5.6
(EwEu®), 1.0 1.0 1.0 12 1.0 1.0 15 0.8 0.8 1.0 0.9 0.8

Sr/Y 73 80 81 124 78 86 229 84 164 147 164 75
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Table 1 (continued)

Component  Udzur-Hunga pluton Hatan-Hunga pluton Mandalt pluton
Diorite—tonalite—plagiogranite association Plagiogranite association Diorite—tonalite—plagiogranite association

PM-18-11 PM-16- PM-19- PM-19/1- PM-37-13 PM-36-13 PM-34-13 PM-26-14 PM-25-14 PM-21-14 PM-23-14

11 15 11
Si0,, wt.%  57.53 6021 6258  74.88 71.82 72.40 73.70 58.05 59.29 64.68 67.20
TiO, 0.50 0.55 042 008 0.13 0.10 0.10 0.66 0.57 031 0.41
AlLO, 19.25 1860 1727 1420 15.87 15.47 15.32 17.42 17.13 17.40 16.14
Fe,0 6.47 6.00 562 214 1.93 1.89 1.69 5.81 557 441 2.92
MnO 0.13 0.10 0.10 002 0.07 0.06 0.07 0.08 0.08 0.05 0.03
MgO 3.8 2.64 227 023 037 031 037 3.48 3.80 1.46 1.60
Ca0 7.10 631 543 3.09 2.42 2.19 1.81 5.94 5.72 3.66 3.87
Na,0 4.16 432 417 421 537 5.51 5.59 472 472 5.02 4.69
K,0 0.83 0.90 089 037 1.22 0.96 1.03 1.28 0.97 1.49 0.86
LOI 1.25 0.80 107 041 0.92 0.59 0.87 2.15 1.27 1.04 1.50
P,0, 0.16 0.16 013 002 0.06 0.07 0.05 0.22 0.20 0.1 0.13
Total 100.66 10059  99.96  99.65 100.16  99.55 100.61 99.81 99.30 99.63 99.34
Rb,ppm 9 10 9 4 14 10 11 28 22 32 22

Sr 809 781 720 597 592 540 521 805 781 727 739
Ba 363 373 500 285 746 649 883 440 335 468 360
Y 1050  9.05 8.26 1.59 291 537 412 13.42 11.08 2.86 291
Zr 29 60 56 43 59 51 51 111 68 75 106
Hf 0.87 1.39 1.53 1.28 1.64 1.49 1.48 2.76 1.92 2.01 233
Nb 0.83 0.92 096 029 1.45 1.12 1.01 3.44 2.79 243 2.85
Ta 0.05 0.06 005  0.04 0.08 0.06 0.06 0.24 021 027 0.18
Th 0.46 0.26 0.63 1.96 039 023 0.14 3.11 2.80 2.83 485
U 0.26 023 021 030 0.11 0.11 0.09 111 0.60 0.84 0.60
\% 162 143 115 21 13 8 7 109 93 50 45
Cr 42 48 37 95 44 60 24 110 126 135 51
Co 22 19 13 4 2 2 2 16 16 8 10
Ni 22 18 15 30 11 8 9 56 69 30 41
La 474 435 477 750 329 252 243 15.52 12.40 9.10 11.62
Ce 10.62 9.97 1063 1492 7.03 5.75 5.54 33.10 27.18 16.23 18.53
Pr 151 1.49 1.55 1.40 0.85 0.78 0.73 3.85 320 1.50 1.50
Nd 6.99 6.36 6.11 4.60 3.60 3.41 3.00 15.80 13.30 5.40 4.90
Sm 1.75 1.53 122 0.60 0.68 0.69 0.66 352 2.84 0.95 0.86
Eu 0.73 0.62 052 029 0.19 0.16 0.20 1.09 1.03 0.58 0.45
Gd 1.81 1.57 145 041 0.56 0.71 0.64 2.89 257 0.74 0.56
Tb 0.30 0.24 023 0.05 0.08 0.12 0.10 0.46 035 0.10 0.08
Dy 1.65 1.36 136 0.18 0.43 0.75 0.58 237 1.96 0.46 0.38
Ho 033 027 028  0.04 0.09 0.18 0.13 0.48 0.40 0.09 0.08
Er 0.90 0.77 085 012 0.29 0.54 0.40 1.24 1.05 027 0.23
Tm 0.14 0.12 013 003 0.05 0.08 0.08 0.19 0.16 0.04 0.03
Yb 0.93 0.71 089 018 0.36 0.55 0.53 1.13 0.99 027 022
Lu 0.14 0.11 0.13  0.03 0.06 0.08 0.08 0.17 0.15 0.04 0.03
IREE 3254 2947 3011 3038 17.56 1632 15.11 81.80 67.58 35.78 39.46
(La/Yb), 3.4 41 3.6 28 62 3.1 3.1 93 8.4 228 35.6
(EwEu®), 12 12 12 1.7 0.9 0.7 0.9 1.0 11 2.0 1.9

Sr/Y 71 86 87 375 203 101 126 60 71 255 254
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Table 1 (continued)

Component  Bayasgalant pluton Dut Uul pluton
Tonalite—plagiogranite association Plagiogranite association (late Plagiogranite association
(early phase) phase)

PM-38- PM-35- PM-30/2- PM-30- PM-31- PM-28- PM-29- PM-33- PM-10- PM-13- PM-4- PM-63- PM-62-
14 14 14 14 14 14 14 14 11 11 11 08 08

SiO,, wt.%  66.31 67.95 70.14 72.17 73.05 71.50 72.33 72.54 68.60 71.36 71.78  71.27 71.27

TiO, 0.47 0.44 0.34 0.33 0.31 0.30 0.29 0.23 0.21 0.18 0.16 0.03 0.15
AlLO, 15.06 14.80 14.29 13.43 13.57 13.76 13.78 13.50 18.10 16.25 16.20  15.45 15.70
Fe,05 5.30 4.94 3.93 3.99 3.35 3.45 3.39 2.97 2.24 2.29 1.77 2.35 2.19
MnO 0.11 0.11 0.09 0.09 0.09 0.07 0.07 0.08 0.03 0.05 0.03 0.05 0.05
MgO 1.58 1.56 1.17 0.79 0.75 0.84 0.76 0.64 0.52 0.38 0.34 0.50 0.50
CaO 4.01 3.89 3.01 2.64 2.42 2.52 2.39 2.60 3.73 1.94 3.00 3.75 3.56
Na,O 4.11 3.85 4.40 4.16 4.24 4.15 4.07 4.29 5.33 5.15 5.02 5.03 5.34
K,0 1.04 1.20 1.35 1.60 1.04 1.76 1.81 1.44 0.62 1.33 1.11 0.49 0.48
LOI 1.02 0.81 1.32 0.72 0.78 0.66 0.75 0.76 0.77 1.25 0.75 0.88 0.70
P,0, 0.09 0.09 0.07 0.06 0.06 0.06 0.06 0.05 0.06 0.05 0.07 0.04 0.03
Total 99.11 99.64 100.09 99.98 100.27  99.09 99.71 99.09 100.21 100.23  100.23 99.84 99.97
Rb, ppm 15 22 24 28 23 28 30 25 7 20 15 9 6

Sr 255 224 215 151 174 217 232 235 672 416 481 563 462
Ba 337 372 385 454 482 717 762 613 274 575 487 422 409
Y 22.72 22.18 22.96 28.80 30.78 27.86 27.65 27.88 5.38 6.61 6.27 9.34 5.97
Zr 139 160 144 168 151 141 148 119 92 90 71 99 394
Hf 3.23 3.59 3.55 4.17 3.84 3.36 3.51 3.04 2.07 2.28 1.93 2.26 9.26
Nb 3.10 2.93 3.01 3.26 3.31 3.83 3.41 2.94 1.15 1.52 1.52 1.19 1.46
Ta 0.21 0.21 0.24 0.24 0.24 0.24 0.18 0.24 0.07 0.11 0.09 0.08 0.11
Th 1.82 2.12 2.60 2.62 2.66 2.69 2.85 2.13 0.36 0.48 1.03 0.66 0.63
U 0.63 0.69 1.05 0.95 1.11 0.99 1.02 1.15 0.18 0.21 0.21 0.21 0.83
v 62 64 41 26 26 24 23 21 17 13 13 13 10
Cr 47 30 43 88 41 44 55 56 7 57 8 15 16
Co 10 10 7 5 5 5 5 4 3 3 2 3

Ni 18 12 11 11 8 8 13 15 21 30 18 21

La 7.47 8.41 10.04 10.42 10.22 10.18 9.05 6.29 291 3.41 4.98 3.95 3.49
Ce 17.31 19.03 21.76 24.10 23.40 23.19 20.61 14.747 593 7.28 9.80 8.72 7.64
Pr 2.05 2.20 2.50 2.88 2.86 2.88 2.46 1.92 0.75 0.91 1.22 1.17 0.88
Nd 8.80 9.20 9.90 12.08 12.07 12.33 10.54 8.77 3.03 3.68 4.97 4.36 3.92
Sm 2.50 242 2.42 3.15 3.29 3.25 2.73 2.45 0.63 0.88 0.85 1.05 0.85
Eu 0.84 0.79 0.72 0.80 0.78 0.61 0.53 0.61 0.21 0.15 0.19 0.30 0.24
Gd 2.40 2.38 222 2.80 2.89 2.92 2.51 2.47 0.59 0.80 0.75 0.89 0.63
Tb 0.42 0.42 0.42 0.55 0.58 0.56 0.54 0.53 0.09 0.11 0.13 0.15 0.11
Dy 291 2.79 2.89 3.71 3.90 3.57 3.56 3.59 0.57 0.71 0.73 0.84 0.75
Ho 0.64 0.64 0.63 0.80 0.87 0.73 0.78 0.78 0.14 0.16 0.15 0.16 0.16
Er 1.93 1.92 1.97 2.47 2.68 2.25 2.38 2.40 0.41 0.49 0.44 0.50 0.48
Tm 0.32 0.31 0.33 0.42 0.43 0.38 0.38 0.38 0.06 0.08 0.08 0.08 0.09
Yb 2.07 2.07 2.20 2.80 2.97 2.68 2.51 2.50 0.43 0.52 0.52 0.50 0.70
Lu 0.32 0.32 0.35 0.43 0.44 0.41 0.38 0.39 0.06 0.08 0.08 0.08 0.15
YREE 49.98 52.88 58.35 67.41 67.37 65.96 58.96 47.82 15.81 19.26 24.88 2275 20.10
(La/Yb), 2.4 2.7 3.1 25 2.3 2.6 24 1.7 4.6 4.5 6.5 53 3.4
(EwEu*), 1.0 1.0 0.9 0.8 0.8 0.6 0.6 0.8 1.1 0.6 0.7 0.9 1.0
Sr/Y 11 10 9 5 6 8 8 8 129 63 71 60 116

Note. The contents of major components were determined by XRF at the Analytical Center for Multi-Elemental and Isotope Research, SB RAS, Novosi-
birsk, using an SRM-25 spectrometer (analysts N.G. Karmanova and A.N. Toryanik). The contents of trace and rare-earth elements were measured by ICP
MS on a Finnigan Element mass spectrometer at the same analytical center, following the technique by Nikolaeva et al. (2008); the errors of their determi-
nation were <10%.
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Fig. 2. Discrimination diagrams for the early Paleozoic granitoids in the south of the Lake Zone. 7, 2, Tugrug pluton (/, diorite—tonalite—plagio-
granite association, early phase, 531 Ma; 2, plagiogranite association, late phase, 504 Ma); 3, Udzur-Hunga pluton (diorite—tonalite—plagiogranite
association, 517 Ma); 4, Hatan-Hunga pluton (plagiogranite association, 521 Ma); 5, Mandalt pluton (diorite—tonalite—plagiogranite association,
495 Ma); 6, 7, Bayasgalant pluton (6, tonalite—plagiogranite association, early phase, 524 Ma, 7, plagiogranite association, late phase, 522 Ma);
8, Dut Uul pluton (plagiogranite association, 481 Ma). The results of rock analyses are listed in Table 1. Diagrams: SiO,—Rb, SiO,—Sr, SiO,—Ba,
Y-Nb, and (Y + Nb)-Rb (Pearce et al., 1984), WPG, within-plate granites, ORG, oceanic-ridge granites, syn-COLG, syncollisional granites,
VAG, volcanic-arc granites; Y/Nb—-Yb/Ta (Eby, 1990), IAB, island-arc basalts; OIB, oceanic-island basalts; A1,O;~Yb (Arth, 1979); Eu-Yb
(Turkina, 2000); SiO,~MgO, Sr—(CaO + Na,0), Sr/Y-Y, and Cr/Ni-TiO, (Martin et al., 2005; Castillo, 2006). The diagrams show that the studied
early Paleozoic plagiogranitoid associations are high- and low-alumina TTG complexes. Triangles in the Eu—Yb diagram mark the domains of the
element contents in melts produced under dehydration (solid lines) and aqueous (dotted lines) melting of the sources of TH1, TH2, and MORB
(Rapp et al., 1991; Beard and Lofgren, 1991; Rapp and Watson, 1995) in equilibrium with five types of restites (Turkina, 2000): I, P1 + Cpx + Opx,
1L, Hbl + P1 + Cpx + Opx, 111, IV, Hbl + Cpx + Pl £ Grt, and V, Cpx + Grt + Hbl. Pl, plagioclase; Cpx, clinopyroxene; Opx, orthopyroxene; Hbl,

amphibole; Grt, garnet; LSA, low-silica adakites; HSA, high-silica adakites.

of the Mandalt pluton (~495 Ma) show high contents of
MgO, P,O;, Rb, Nb, Ta, Th, U, Zr, Hf, V, Cr, Co, and Ni
(Table 1) and form an isolated composition field in the
Si0,—Rb, Y-Nb, and Y/Nb—-Yb/Ta diagrams (Fig. 2). In the
contents of trace and rare-earth elements these rocks are also
similar to high-alumina TTG complexes.

RESULTS OF ISOTOPE STUDY
Sm—Nd and Rb-Sr isotope characteristics of rocks

The studied plagiogranitoids have different Sr—Nd iso-
tope characteristics (Table 2, Fig. 4).

The early- and late-phase high-alumina plagiogranitoid
associations of the Tugrug, Udzur-Hunga, Hatan-Hunga, and
Dut Uul plutons are characterized by high positive values of
eng(D), varying from 8.5 to 6.1, T y(DM) = 0.74-0.58 Ga,
and low Sr isotope ratios ((*’St/**Sr), = 0.7034-0.7037). In
the ey,—age diagram (Fig. 4), their isotope composition
points fall in the field of island-arc complexes (volcanics and
granitoids) of the Lake Zone (Kovalenko et al., 2004; Rudnev
et al., 2009; Kovach et al., 2011; Kroner et al., 2014).

The low-alumina plagiogranitoid (tonalite—plagiogranite
and plagiogranite) associations of the Bayasgalant pluton
show lower values of g, (6.8—4.6) than the high-alumina
ones. However, the g, values of the two associations partly
overlap.

High-alumina plagiogranitoids of the Mandalt pluton dif-
fer from all the above plagiogranitoid associations of the
southern Lake Zone. They are characterized by low gy, val-
ues (0.2-1.4), older Nd model ages (7 (DM) = 1.23—
1.12 Ga), and high strontium isotope ratios ((¥’Sr/%¢Sr), =
0.70527). In Fig. 4, their Nd isotope composition points lie
between the field of the island-arc volcanics of the Lake
Zone and the early Precambrian rocks of the Dzavhan mi-
crocontinent.

Hf isotope systematization of magmatic zircons

Analyses of magmatic zircons (Table 3, Figs. 5 and 6)
from the island-arc plagiogranitoid associations of the Tu-
grug (sample PM-26-11), Hatan-Hunga (sample PM-34-13),
and Bayasgalant (sample PM-31-14 and PM-28-14) plutons

showed narrow ranges of g, values (14.6—11.9) and model
ages (T = 0.7-0.5 Ga). In the g, ~age diagram (Fig. 6)
they form a compact composition field near the line of the
depleted mantle.

Magmatic zircons from plagiogranitoid associations of
the accretion—collision stage of evolution of the Lake Zone
have a wider range of Hf isotope parameters and thus can be
divided into two groups. The first group includes zircons
from the late-phase plagiogranites of the Tugrug (sample
PM-34-13) and Dut Uul (sample RM-62-08) plutons, cha-
racterized by high positive values of g, (14.2-9.3) and
To?® = 0.8-0.5 Ga. In these isotope parameters they virtu-
ally do not differ from zircons of island-arc plagiogranitoids.
The second group includes magmatic zircons from the pla-
giogranitoids of the Mandalt pluton, with lower gy, values
(7.2-5.4) and Tp3™ = 1.0 Ga. As seen from the &—age dia-
gram (Fig. 6), the studied population of magmatic zircons
from this pluton forms an isotope composition field isolated
from the fields of zircons from the other plutons.

Hf isotope systematization of inherited
and xenogenic zircons

The inherited and xenogenic zircons from the regional is-
land-arc and accretion—collision plagiogranitoids have a wide
range of ages, from 664 to 519 Ma (Rudnev et al., 2019). The
Lu—Hf isotope study of these zircons shows significant varia-
tions in their isotope parameters (Table 3, Figs. 5 and 6).

The inherited zircons from the early- and late-phase is-
land-arc plagiogranitoids of the Bayasgalant pluton (539—
535 Ma) are characterized by a narrow range of g,(7) val-
ues, 12.8-14.7, and T(DM)*""s'= 0.7-0.5 Ga. In these isotope
parameters they do not differ from the overgrowing mag-
matic zircons and from the magmatic zircon from the island-
arc plagiogranitoids of the Tugrug and Hatan-Hunga plutons
(Fig. 6). These zircons form a single composition field near
the line of the depleted mantle. The inherited zircons with
ages of 664 and 545 Ma from the island-arc plagiogranites
of the Hatan-Hunga pluton show lower g, values (e;(664) =
10.6 and g,4(545) = 6.7) than the overgrowing zircons (ey{(7)
=14.0-12.8).

The inherited zircons from the regional accretion—colli-
sion plagiogranitoids show a wider range of e,(7) values
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Fig. 3. Chondrite- and primitive-mantle-normalized (Sun and McDonough, 1989) multielement patterns of early Paleozoic plagiogranitoids from the
south of the Lake Zone. a, b, Tugrug pluton: a, early phase, b, late phase; ¢, Udzur-Hunga pluton; ¢, Hatan-Hunga pluton; e, Mandalt pluton; f, g, Bayas-
galant pluton: f; early phase, g, late phase; /2, Dut Uul pluton. Gray field marks the composition of adakites, after Martin et al. (2005) and Castillo (2006).
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and can be divided into two groups according to isotope pa-
rameters. The first group includes zircons with an age of
540-524 Ma from the late-phase plagiogranites of the Tu-
grug and Dut Uul plutons. They are characterized by a nar-
row range of g (7) values, 14.0-13.8 (Table 3, Fig. 6),
which does not differ from that of the inherited and mag-
matic zircons from the island-arc plagiogranitoids of the
Bayasgalant, Tugrug, and Hatan-Hanga plutons. The xeno-
genic zircons with an age of 530-519 Ma can also be in-
cluded into this group. They are found in the Mandalt pluton
and were borrowed from the host rocks during the pluton
formation (Rudnev et al., 2019). Nevertheless, they do not
differ in isotope parameters (e,{7) = 13.9-13.5) from the
above-described inherited zircons of the same group.

The second group includes inherited zircons with an age
of 563 Ma present in late-phase plagiogranites of the Tugrug
pluton. In contrast to all the inherited zircons of the first
group, they are characterized by low e;(7) values (2.9) and
an older model age (7(DM)“™' = 1.3 Ga) (Fig. 6).

DISCUSSION

The trace-element composition of plagiogranitoids and
the formation conditions of the parental melts

Study of the petrochemical composition of the early Pa-
leozoic plagiogranitoid associations in the south of the Lake
Zone showed that they are calc-alkalic TTG (Rudnev et al.,
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2019). These rocks are subdivided into low- and high-alumi-
na types.

The island-arc stage of evolution of the southern Lake
Zone (531-517 Ma) is marked by the formation of low- and
high-alumina plagiogranitoids. The early-phase diorite—to-
nalite—plagiogranite associations of the Tugrug (531 +
4 Ma) and Udzur-Honga (517 + 4 Ma) plutons and the pla-
giogranite association of the Hatan-Hunga pluton (521 =+
3 Ma) are predominant. In geochemical features, indicator
ratios, and trace-element and REE patterns they are similar
to high-silica adakites (Figs. 2 and 3). This fact suggests that
the parental melts for the studied associations were gener-
ated from N-MORB in equilibrium with the Hbr + CPx +
Pl £ Gar restite at >10—12 kbar during the subduction of the
oceanic plate.

Within the southern Lake Zone, island-arc low-alumina
plagiogranitoid associations are found only in the Bayas-
galant pluton. Taking into account the age (524-522 Ma)
and geodynamic setting of formation of its rocks and their
trace-element composition, we assume that the rocks formed
through the partial melting of MORB-type metavolcanics in
equilibrium with the Hbr + Pl £ CPx + OPx restite in the
basement of an island-arc system at <8 kbar (Fig. 2).

The accretion-collision stage of evolution of the south-
ern Lake Zone (504481 Ma) was characterized by the for-
mation of only high-alumina plagiogranitoids. These are
rocks of the Tugrug (504 + 3 Ma), Dut Uul (481 + 3 Ma),
and Mandalt (495 + 8 Ma) plutons. Judging from their trace-
element composition and indicator ratios and the arrange-
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Fig. 4. e ,—age and g€, diagrams for early Paleozoic plagiogranitoid associations of the Lake Zone. /-8, isotope parameters of plagiogranit-
oids in the south of the Lake Zone (Table 2): /, 2, Tugrug pluton (/, diorite—tonalite—plagiogranite association, early phase, 531 Ma; 2, plagio-
granite association, late phase, 504 Ma); 3, Udzur-Hunga pluton (diorite—tonalite—plagiogranite association, 517 Ma); 4, Hatan-Hunga pluton
(plagiogranite association, 521 Ma); 5, Mandalt pluton (diorite—tonalite—plagiogranite association, 495 Ma); 6, 7, Bayasgalant pluton (6, tonalite—
plagiogranite association, early phase, 524 Ma, 7, plagiogranite association, late phase, 522 Ma); 8, Dut Uul pluton (plagiogranite association, 481
Ma); 9, Paleozoic granitoid associations of the Lake Zone (Kovalenko et al., 2004; Rudnev et al., 2009, 2013; Kovach et al., 2011); /014, isotope
parameters (Kovach et al., 2011; Kroner et al., 2014): 10, sedimentary rocks of accretionary prisms; //, sedimentary deposits in association with
volcanics; /2, oceanic-plateau volcanics; /3, island-arc volcanics; /4, back-arc basin volcanics; /5, plagiogranitoid associations in the northern
and central parts of the Lake Zone (Rudnev et al., 2009, 2013). In the & ,—age diagram, the gray and speckled fields mark the evolution of the Nd
isotope composition of island-arc volcanics of the Lake Zone and Precambrian rocks of the Dzavhan microcontinent, respectively (Kovach et al.,

2011; Kroner et al., 2014).
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Table 2. Results of Sm—Nd and Rb—Sr isotope studies of early Paleozoic plagiogranitoid associations in the south of the Lake Zone

No. Sample f/[g:’ o X :Z;rg/ NN en(D) ﬁ;(DM'ZSt)’ Bl SRbAST (TS1/%S1), 0y (SIS, e(T)
ppm ppm

I PM26-11 530 2761 1393 0.1198 0.512753+8 +7.5 648 151 874 004984 0.70412£1 07037 2.0
2 PM-3811 504 0911 533 01033 0512643+7 +6.1 739 156 600 007510 0704134 07036 4.6
3 PM-17-11 517 1.805 716  0.1524 051291148 +8.3 72 715 002913 07036822 07035 6.2
4 PM-34-13 521 0531 279 01153 0.512776£9 +8.1 585 112 526 006355 0.70399+6 07035 53
5 PM-25-14 495 3.094 1401 0.335 051244327 +02 1226 227 800 008224 0.70585£3 07053 +19.1
6  PM-23-14 495 0867 574 0.0913 0.512369+10 +1.4 1123 - - - - - -

7 PM31-14 524 3.502 11.69 0.1811 051281848 +4.6 - 217 166 037692 0.70621+3 07034 7.1
8  PM-28-14 522 3.081 1197 0.1556 051285149 +69 - 257 202 036885 0706411 07037 33
9  PM-62-08 481 0.791 4.00 0.1196 0.512828+11 +8.5 525 75 576 0.03759 0.70384x7 07036 5.1

Note. 1, 2, Tugrug pluton (1, diorite—tonalite—plagiogranite association, early phase; 2, plagiogranite association, late phase); 3, Udzur-Hunga pluton (dio-
rite—tonalite—plagiogranite association); 4, Hatan-Hunga pluton (plagiogranite association); 5-6, Mandalt pluton (diorite—tonalite—plagiogranite associa-
tion); 7, 8, Bayasgalant pluton (7, diorite—tonalite—plagiogranite association, early phase; 8, plagiogranite association, late phase); 9, Dut Uul pluton (pla-

glogranite association).

ment of their composition points in the Yb—Eu diagram
(Table 1, Fig. 2), the rocks melted out from metabasites in
equilibrium with the Hbr + CPx + Pl £+ Gar restite at >10—
12 kbar, i.e., probably in the basement of the crust thickened
after collision. In contrast to the rocks of the Tugrug and Dut
Uul plutons, the plagiogranitoids of the Mandalt pluton are
richer in MgO, P,Os, Rb, Nb, Ta, Th, U, Hf, V, Cr, Co, and
Ni. This suggests a different composition of their mafic
magma-generating source enriched in incompatible trace el-
ements. The composition points of these plagiogranitoids
fall in the field of OIB in the Y/Nb—Yb/Ta diagram (Fig. 2),
which indirectly indicates the relationship of their mafic
source with the enriched mantle.

Isotope parameters of the plagiogranitoids and their
magma-forming sources

Nd-Sr isotope parameters of the rocks. The island-arc
and accretion—collision plagiogranitoids in the south of the
Lake Zone show wide variations in isotope parameters (Ta-
ble 2, Fig. 4) and thus can be divided into two groups, prob-
ably formed from different sources. One group includes pre-
dominant high- and low-alumina plagiogranitoid associations
with gy, = 8.5-4.6, T ((DM) = 0.7-0.5 Ga, and (*’St/*Sr),=
0.7034-0.7036. High-alumina (adakite-like) plagiogranit-
oids of this group compose the Tugrug (early and late pha-
ses), Udzur-Hunga, Hatan-Hunga, and Dut Uul plutons, and
low-alumina plagiogranitoid associations of this group form
the early and late phases of the Bayasgalant pluton. Al-
though the low-alumina plagiogranitoids are characterized
by lower g,,4(7) values than the high-alumina ones, the rang-
es of the g (7) values of these rocks overlap (Table 2,
Fig. 4). In general, plagiogranitoid associations with such
isotope parameters formed from juvenile sources, which
might have been rocks of the “Caledonian” crust of the Lake
Zone and/or metabasites of the subducting plate. This fol-

lows from the fact that the plagiogranitoids of this group are
similar in composition to adakites and their isotope compo-
sition points fall in the field of the Lake Zone volcanics in
the gy,—age diagrams. Another evidence is the arrangement
of their composition points near the mantle trend in the g~
&g, diagram. In addition, these plagiogranitoids are similar in
isotope parameters to the early Paleozoic island-arc and ac-
cretion—collision plagiogranitoids in the northern and cen-
tral parts of the Lake Zone (gyy = 9.0-6.6; (*’Sr/**Sr), =
0.7034-0.7039), which formed from juvenile mafic sources
derived from a depleted mantle reservoir (Kovalenko et al.,
2004; Kovach et al., 2011; Rudnev et al., 2009, 2013).

The second group includes only the high-alumina plagio-
granitoids of the Mandalt pluton, characterized by low g,
values (1.4-0.2), a more ancient Nd model age (1.2-1.1 Ga),
and (¥’Sr/*Sr), = 0.7053. Plagiogranites with such low
eng(7) values and, obviously, of different genesis have been
revealed among early Paleozoic paleogranitoids of the Lake
Zone for the first time. Taking into account their geochemi-
cal features, melting conditions, and Sr—Nd isotope param-
eters, we assume that the plagiogranitoid magmas were gen-
erated mostly from metabasites formed from an enriched
mantle source (e.g., OIB and uplift and plateau basalts).

Note that we have not found early Paleozoic plagiogran-
itoid associations with lower g,4(7) values and ancient mod-
el ages indicating the contribution of ancient Precambrian
crustal sources (e.g., the Dzavhan microcontinent rocks) to
the generation of granite melts. The absence of this contri-
bution is also evidenced from the age of inherited zircons,
664-531 Ma (Rudnev et al., 2019), corresponding to the for-
mation of the early Cambrian island-arc (~545-520 Ma) and
Neoproterozoic ophiolite complexes (Haan Tayshiri, Bayan
Nuur, and Bayan Hongor, ~670-560 Ma) of the Lake Zone
and adjacent areas.

Hf isotope systematics of magmatic zircons. The carly
Paleozoic island-arc and accretion—collision plagiogranitoids
in the south of the Lake Zone are divided into two groups
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Table 3. Lu—Hf isotope composition of zircon (LA-ISP-MS) from plagiogranitoid plutons of the southern Lake Zone

No.  Point b Hifrato £ U-Pbage, 7 +sg  [OM), TDM)T,
SHETTHE  1SE VSLu/TTHE  1TSYb/TTHE Ma Ga Ga
Tugrug pluton
Diorite—tonalite—plagiogranite association, early phase, quartz diorite, sample PM-26-11
1 11 0.282832 0.000007 0.00038 0.014071  0.282828 539 13.5 0.3 0.59 0.62
2 31 0.282839 0.000009 0.000460 0.016590  0.282834 534 13.6 0.3 0.58 0.61
3 41 0.282837 0.000007 0.001035 0.039825  0.282827 529 133 0.2 0.59 0.63
4 51 0.282845 0.000007 0.001610 0.062214  0.282829 525 133 0.2 0.59 0.63
5 6 1 0.282838 0.000008 0.001044 0.041210  0.282828 531 133 0.3 0.59 0.63
6 91 0.282833 0.000009 0.000950 0.0359 0.282823 539 13.0 0.3 0.59 0.63
7 10 1 0.282854 0.000006 0.001049 0.041742  0.282843 536 14.0 0.2 0.57 0.59
Plagiogranite association, late phase, plagiogranite, sample PM-38-11
8 11 0.282833 0.000014 0.001600 0.061967  0.282818 512 12.6 0.5 0.60 0.66
9 21 0.282815 0.000030 0.003122 0.150251  0.282785 519 11.6 1.1 0.66 0.73
10 31 0.282844 0.000022 0.002671 0.121976  0.282819 497 12.3 0.8 0.61 0.67
11 41 0.282825 0.000009 0.002656 0.113615  0.282800 495 11.6 0.3 0.63 0.71
12 51 0.282775 0.000016 0.004099 0.185945  0.282737 494 9.3 0.6 0.74 0.86
13 6 1 0.282813 0.000021 0.003435 0.155388  0.282780 508 11.2 0.7 0.67 0.75
14 71 0.282888 0.000023 0.003307 0.135621  0.282857 504 13.8 0.8 0.55 0.58
15 8 1 0.282841 0.000021 0.002551 0.110958  0.282817 497 12.2 0.7 0.61 0.67
16 4% 0.282874 0.000017 0.002364 0.097648  0.282851 524 14.0 0.6 0.56 0.58
17 6* 0.282531 0.000021 0.001725 0.076166  0.282513 563 2.9 0.7 1.04 1.32
Hatan-Hunga pluton
Diorite—tonalite—plagiogranite association, quartz diorite, sample PM-34-13
18 11 0.282841 0.000018 0.001226 0.048961  0.282829 517 13.1 0.6 0.59 0.63
19 10 1 0.282879 0.000011 0.001505 0.061863  0.282865  Sl11 14.2 0.4 0.54 0.55
20 21 0.282863 0.000010 0.001709 0.066046  0.282846 527 139 0.4 0.56 0.59
21 31 0.282819 0.000010 0.001170 0.044442  0.282807 531 12.6 0.4 0.62 0.67
22 6 1 0.282825 0.000011 0.001988 0.079916  0.282806 501 11.9 0.4 0.62 0.69
23 71 0.282843 0.000011 0.001988 0.081029  0.282824  5l11 12.8 0.4 0.60 0.65
24 8 1 0.282862 0.000008 0.002087 0.086047  0.282841 528 13.8 0.3 0.57 0.60
25 91 0.282853 0.000010 0.000682 0.024066  0.282846 529 14.0 0.3 0.56 0.58
26 1* 0.282678 0.000028 0.004673 0.17501 0.282630 545 6.7 1.0 0.90 1.07
27 11* 0.28268 0.000031 0.001048 0.036287  0.282667 664 10.6 1.1 0.81 091
Mandalt pluton
Diorite—tonalite—plagiogranite association, quartz diorite, sample PM-25-14
28 6 0.282695 0.000016 0.002063 0.081611  0.282676 496 7.2 0.6 0.81 0.99
29 9 0.282679 0.000014 0.002995 0.126419  0.282651 495 6.3 0.5 0.86 1.05
30 10 0.282649 0.000017 0.002386 0.102548  0.282627 495 5.4 0.6 0.89 1.10
31 20 0.282648 0.000019 0.00219 0.086309  0.282628 498 5.5 0.7 0.88 1.10
32 29 0.282665 0.000015 0.002802 0.12001 0.282639 489 5.7 0.5 0.87 1.08
33 30 0.282667 0.000016 0.001653 0.068401  0.282652 486 6.1 0.6 0.84 1.05
34 44 0.282651 0.000020 0.002157 0.088437  0.282631 490 5.5 0.7 0.88 1.10
35 47C 0.282696 0.000022 0.002838 0.110018  0.282670 489 6.8 0.8 0.83 1.01
36 7* 0.282872 0.000024 0.002985 0.105791  0.282843 519 13.6 0.8 0.57 0.60
37 14* 0.282855 0.000014 0.002175 0.084230  0.282833 530 13.5 0.5 0.58 0.61
38 28C* 0.282869 0.000012 0.002276 0.090088  0.282847 525 139 0.4 0.56 0.59
39 28R* 0.282857 0.000010 0.001513 0.057713  0.282842 520 13.6 0.4 0.57 0.60
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No.  Poin Ly-Hf ratio e UPbage o0 g TOM), TOM™,
SHETHE  1SE VSLW/THE  V6Yb/THE Ma Ga Ga
Bayasgalant pluton
Tonalite—plagiogranite association, early phase, tonalite, sample PM-31-14
40 1 0.282832 0.000010 0.002023 0.081783  0.282812 527 12.7 0.3 0.61 0.66
41 2 0.282836 0.000011 0.002905 0.119927  0.282808 522 12.4 0.4 0.62 0.68
42 14R 0.282885 0.000011 0.001711 0.069563  0.242868 523 14.6 0.4 0.53 0.54
43 17 0.282856 0.000019 0.001553 0.062645  0.282841 523 13.6 0.7 0.57 0.60
44 20 0.282849 0.000014 0.001732 0.063166  0.282832 528 134 0.5 0.58 0.62
45 22 0.282826 0.000009 0.001844 0.072787  0.282808 527 12.6 0.3 0.62 0.67
46 23 0.282879 0.000009 0.002081 0.085800  0.282859 522 14.2 0.3 0.54 0.56
47 24 0.282846 0.000016 0.002239 0.088423  0.282824 521 13.0 0.6 0.60 0.64
48 25R 0.282838 0.000013 0.002280 0.090936  0.282816 525 12.8 0.5 0.61 0.66
49 30C 0.282829 0.000015 0.002635 0.103288  0.282803 525 12.3 0.5 0.63 0.69
50 34 0.282845 0.000010 0.002019 0.078544  0.282825 525 13.1 0.4 0.59 0.63
51 42 0.282878 0.000011 0.002346 0.094866  0.282855 528 14.2 0.4 0.55 0.57
52 48 0.282911 0.000012 0.002359 0.095548  0.282888 521 15.3 0.4 0.50 0.50
53 26C* 0.282871 0.000010 0.001855 0.071511  0.282852 537 14.3 0.4 0.55 0.57
54 35C* 0.282884 0.000013 0.001948 0.080363  0.282864 535 14.7 0.5 0.54 0.54
55 44* 0.282854 0.000011 0.001898 0.073978  0.282835 538 13.8 0.4 0.58 0.60
56 S1* 0.282865 0.000014 0.001946 0.078417  0.282845 539 14.2 0.5 0.56 0.58
57 52% 0.282882 0.000015 0.001965 0.080692  0.282862 536 14.7 0.5 0.54 0.54
Plagiogranite association, late phase, plagiogranite, sample PM-28-14
58 2R 0.282874 0.000009 0.001743 0.066531  0.282857 520 14.1 0.3 0.55 0.57
59 3R 0.282851 0.000008 0.001882 0.073573  0.282833 523 13.3 0.3 0.58 0.62
60 4C 0.282865 0.000012 0.002035 0.071724  0.282845 515 13.7 0.4 0.56 0.60
61 5 0.282885 0.000011 0.001884 0.071449  0.282866 524 14.6 0.4 0.53 0.54
62 8C 0.282839 0.000010 0.002708 0.105087  0.282813 521 12.6 0.4 0.61 0.67
63 11C 0.28287 0.000009 0.002799 0.111326  0.282843 519 13.6 0.4 0.57 0.60
64 12C 0.282854 0.000011 0.002312 0.089169  0.282831 526 134 0.4 0.59 0.62
65 13C 0.282846 0.000009 0.002173 0.084285  0.282825 520 13.0 0.3 0.59 0.64
66 17 0.282851 0.000010 0.002069 0.082588  0.282831 519 132 0.4 0.59 0.63
67 20 0.28287 0.000009 0.001730 0.063929  0.282853 525 14.1 0.4 0.55 0.57
68 21 0.282854 0.000011 0.002062 0.077746  0.282834 523 134 0.4 0.58 0.62
69 23C 0.282873 0.000014 0.002136 0.087301  0.282852 521 14.0 0.5 0.55 0.58
70 25 0.282854 0.000010 0.002707 0.10281 0.282827 528 13.3 0.4 0.59 0.63
71 27 0.282873 0.000010 0.001494 0.056631  0.282858 526 14.3 0.4 0.54 0.56
72 34 0.282846 0.000010 0.001833 0.070747  0.282828 523 132 0.4 0.59 0.63
73 2C* 0.282837 0.000012 0.002762 0.111405  0.282809 535 12.8 0.4 0.62 0.66
74 4R* 0.282871 0.000011 0.001620 0.056146  0.282855 538 14.5 0.4 0.55 0.56
75 12R* 0.282852 0.000009 0.002018 0.076985  0.282832 535 13.6 0.3 0.58 0.61
Dut Uul pluton
Plagiogranite association, plagiogranite, sample PM-62-08
76 11 0.282833 0.000011 0.003345 0.142074  0.282802 488 11.5 0.4 0.63 0.71
77 31 0.282892 0.000012 0.001059 0.037891  0.282882 492 14.4 0.4 0.51 0.53
78 41 0.282865 0.000014 0.001695 0.066706  0.282849 506 135 0.5 0.56 0.59
79 42 0.282885 0.000010 0.001961 0.083739  0.282868 475 13.5 0.4 0.53 0.57
80 51 0.282864 0.000012 0.002443 0.108474  0.282842 487 12.9 0.4 0.57 0.62
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Table 3 (continued)

Lu-Hf ratio

] crust
No. Point pe,,  orease ooy Lgp  T(OM) TOM)™,
VSHETTHE  ISE VSL/TTHE VSV B/ATTHE Ma Ga Ga
81 61 0.28286 0.000014 0.001430 0.056881  0.282847 490 13.1 0.5 0.56 0.61
82 9.1 0.282897 0.000022 0.001323 0.055181  0.282865 477 14.2 0.8 0.51 0.53
83 2% 0.282849 0.000012 0.001540 0.063003  0.282833 540 13.8 0.4 0.58 0.61

Note. C, core, R, rim. A Hf isotope study of zircons (Fig. 7) was carried out at the same local points as the earlier U-Pb isotope study (Rudnev et al., 2019).
*Points where isotope measurements were made for xenogenic/inherited zircons; the rest are the points of measurements for magmatic zircons.

according to Hf isotope composition, which correspond to
the groups recognized from Nd—Sr isotope parameters.

The first (main) group comprises the rocks of island-arc
plagiogranitoid associations (Tugrug, Hatan-Hunga, and
Bayasgalant plutons) containing magmatic zircons with a
narrow range of g, values (14.7-11.9) and late Neoprotero-
zoic model ages (0.7-0.5 Ga; Table 3, Fig. 6). This group
includes plagiogranites of the Tugrug (late phase) and Dut
Uul plutons, which formed at the accretion—collision stage.
Magmatic zircons from these plutons have a wider range of
isotope parameter values (e;(7) = 14.2-9.3 and T(DM)*st =
0.9-0.5 Ga; Table 3, Fig. 6), which largely overlap with the
values of zircons from island-arc plagiogranitoids. The simi-
lar isotope characteristics of magmatic zircons and the simi-
lar Nd isotope parameters of plagiogranitoids differing in
composition (high- and low-alumina) and formation condi-
tions suggest that the rocks formed from metabasic sources
of similar compositions and ages derived from the depleted
mantle.

The second group is the high-alumina plagiogranitoids of
the Mandalt pluton. The hosted zircons are characterized by
much lower g;(7) values (7.2-5.4) and older model ages
(1.1-1.0 Ga). In the g (T)—age diagram they form an indi-
vidual field (Fig. 6). The lower g (7) values of magmatic
zircons are correlated with the lower ey,(7) and higher
(¥7Sr/%Sr),, values of these plagiogranitoids. This, along with
the rock composition (Table 1, Figs. 2 and 3), suggests that
the parental melts for the Mandalt pluton were generated
primarily from metabasites formed either from a weakly de-
pleted mantle source or from both enriched and depleted
sources.

The magmatic zircons from the studied plagiogranitoids
overlap in Hf isotope parameters with the zircons from
island-arc plagiogranitoid associations (560-510 Ma) of
the central and northern Lake Zone (ey(7) = 16.5-11.2,
T(DM)*st= 0.9-0.5 Ga) (Kovach et al., 2017) and with the
magmatic zircons from gabbroid and granitoid associations
(538494 Ma) found south of the Altay aimak (Haan Tay-
shiri intrusive area, Fig. 1), on the southern slopes of the
Haan Tayshiri Range (eg(7) = 14.3-2.5, T(DM)*™'= 1.3~
0.5 Ga) (Janousek et al., 2018).

Hf isotope systematics of inherited and xenogenic zir-
cons. Based on the results of U-Pb isotope studies of inher-
ited and xenogenic zircons from plagiogranitoids, we divid-

ed them into four age groups: ~664, 570-560, 545-531, and
530-519 Ma (Rudnev et al., 2018, 2019). According to the
Lu—Hf isotope parameters, we recognized three groups of
these zircons.

The first (main) group comprises predominant inherited
zircons (540-524 Ma) and scarce xenogenic zircons (530—
519 Ma). Inherited zircons are found in the island-arc pla-
giogranitoids of the Bayasgalant pluton (539-535 Ma) and
in the late-phase accretion—collision plagiogranites of the
Tugrug (~524 Ma; Table 3, Fig. 6) and Dut Uul (~540 Ma)
plutons. They are characterized by a narrow range of isotope
parameters (eyd7) = 14.5-12.8) and late Neoproterozoic
model ages (0.7-0.5 Ga) and do not differ from the mag-
matic zircons of the first group in the same rocks (gy(7) =
14.7-11.9). Note that the similar isotope parameters of in-
herited and magmatic zircons suggest their formation from
the sources of similar compositions and ages. Judging from
the time of the formation of inherited zircons and their CL
images indicating their magmatic origin, these zircons crys-
tallized in the igneous rocks of early Cambrian island-arc
complexes (granitoids, gabbroids, and volcanics).

This isotope group also includes xenogenic zircons from
the rocks of the Mandalt pluton (530-519 Ma), similar in
isotope parameters (530-519 Ma) to the above inherited zir-
cons. As established earlier, these xenogenic zircons lack
traces of dissolution and overgrowth with magmatic zircons
of later generation (Rudnev et al., 2019). Therefore, we as-
sume that they were borrowed by granitoid melt from the
host rocks (early Cambrian volcanics) at the depth of its for-
mation. Most likely, the estimated isotope parameters reflect
the isotope composition of the source of the host volcanics.

The isotope data on the inherited zircons of the second
and third groups are scarce and, therefore, permit only pre-
liminary conclusions. Nevertheless, they show that the
sources of different ages and compositions that formed at
the island-arc and accretion—collision stages of the regional
evolution were involved in the formation of parental melts
that produced plagiogranitoids in the south of the Lake
Zone. The second group includes inherited zircons
(~563 Ma) from the late-phase plagiogranitoids of the Tug-
rug pluton, with g, = 2.9 and a model age of 1.3 Ga. Zircons
with such isotope parameters have been found in granitoids
of early Paleozoic age for the first time; therefore, it is still
premature to draw conclusions about their sources. Taking
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Fig. 5. Cathodoluminescence (CL) images of zircon grains from plagiogranitoids of the southern Lake Zone. Red circles mark the points of U-Pb
isotope studies of magmatic and xenogenic zircons (Rudnev et al., 2019), and yellow circles, the points of their Lu—Hf isotope studies (Table 3).
Above the line—age, Ma, below the line—ey;, values and 7(DM)“™, Ga. Tugrug pluton: sample PM-26-11 (quartz diorite) and sample PM-38-11
(plagiogranite); Udzur-Hunga pluton—sample PM-17-11 (quartz diorite); Hatan-Hunga pluton—sample PM-34-13 (plagiogranite); Mandalt plu-
ton—sample PM-25-14 (quartz diorite); Bayasgalant pluton—sample PM-31-14 (plagiogranite) and sample PM-28-14 (plagiogranite); Dut Uul

pluton—sample PM-62-08 (plagiogranite).

into account the magmatic nature and age of these inherited
zircons and the geologic structure of geoblocks adjacent to
the Lake Zone (Fig. 1), we can assume that they might have
formed from products of destruction and erosion of igneous
rocks (gabbroids and plagiogranitoids) of ophiolite com-
plexes of close ages (Haan Tayshiri, 573-565 Ma; Baya
Nuur, 565-560 Ma; and Bayan Hongor, 577-569 Ma) (Gib-

sher et al., 2001; Buchan et al., 2002; Kozakov et al., 2002;
Terent’eva et al., 2010; Yarmolyuk et al., 2011; Jian et al.,
2014). To check this assumption, it is necessary to carry out
additional Lu—Hf isotope studies of zircons from rocks of
ophiolite complexes of the same age located near the studied
early Paleozoic plagiogranitoid associations of the southern
Lake Zone (in particular, the Bayan Nuur complex of the
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Fig. 6. ¢,—age diagram for zircons from early Paleozoic plagiograni-
toids of the southern Lake Zone (Table 3). Designations follow Fig. 2.

Dariv Range and the Haan Tayshiri complex of the Haan
Tayshiri Range).

The third group unites inherited zircons of different ages
(~545 and 664 Ma (Rudnev et al., 2019)) from the island-arc
high-alumina plagiogranites of the Hatan-Hunga pluton. In
Hf isotope parameters (g;(545) = 6.7 and g,(664) = 10.6)
they are intermediate between the zircons of the first and
second groups. These isotope parameters suggest that the
inherited zircons of two ages resulted from the melting of
metabasites of depleted mantle sources, but a definite con-
clusion about their origin requires additional geochronologi-
cal and isotope studies. We can only assume that these zir-
cons formed in sediments resulted from the destruction and
erosion of late Neoproterozoic island-arc rocks (granitoids,
gabbroids, and volcanics) and Neoproterozoic ophiolite
complexes (e.g., the Bayan Hongor one). We need addition-
al geological, geochronological, and isotope studies to con-
firm this assumption.

Note that we have not found older inherited zircons with
lower values of Hf isotope parameters indicating the pres-
ence of ancient crustal substrates (e.g., the Dzavhan micro-
continent). This fact apparently indicates that the island arc
of the Lake Zone is far from ancient Precambrian blocks
(microcontinents), at least those dated at 530485 Ma.

CONCLUSIONS

(1) According to their petrochemical and trace-element
compositions, the early Paleozoic plagiogranitoid associa-
tions of the island-arc (531-517 Ma) and accretion—collision

(504481 Ma) stages are of the high- and low-alumina
types. High-alumina rocks (Tugrug, Hatan-Hunga, and Ud-
zur-Hunga plutons) are the most widespread among the is-
land-arc plagiogranitoid associations (531-517 Ma), which
are similar in trace-element composition to high-silica ada-
kites. They resulted, most likely, from the partial melting of
MORB-type metabasites in equilibrium with the garnet-con-
taining restite at >10—12 kbar during the subduction of oce-
anic plate. The rocks of the Bayasgalant pluton (524—
522 Ma) are low-alumina plagiogranites. Their parental
melts formed through the melting of metabasites localized
in the basement of an island-arc system in equilibrium with
plagioclase-containing restite at <8 kbar. According to their
petrogeochemical characteristics, the accretion—collision
plagiogranitoid associations in the south of the Lake Zone
(Tugrug, Mandalt, and Dut Uul plutons) are of high-alumina
type and formed through the melting of metabasites in equi-
librium with garnet-bearing restite in the basement of thick
crust at >10—12 kbar.

(2) The obtained Sr—Nd isotope data have revealed two
groups of plagiogranitoid associations of the southern Lake
Zone, reflecting different sources of their parental melts.
The first group includes most of plagiogranitoid associations
formed at the island-arc (Tugrug, Udzur-Hunga, Hatan-
Hunga, and Bayasgalant plutons) and accretion—collision
(Tugrug and Dut Uul plutons) stages of the regional evolu-
tion, with isotope parameters &y, = 8.5-4.6 and (*’St/*Sr), =
0.7034-0.7036 indicating primarily the juvenile sources.
The same is also evidenced by the similarity of the plagio-
granitoids of this group to adakites and by the arrangement
of their isotope composition points in the Nd isotope com-
position field of the Lake Zone volcanics. The second group
is only the Mandalt pluton plagiogranitoids with g, = 1.4—
0.2 and (*’Sr/%¢Sr), = 0.7053. The Sr—Nd isotope parameters
of these rocks, along with their trace-element composition,
suggest that the parental melts formed mostly from metaba-
sites derived from an enriched mantle source.

(3) The Hf isotope studies have revealed two groups of
magmatic zircons in the rocks of the studied plagiogranitoid
associations. The first group includes magmatic zircons
from the plagiogranitoids of the Tugrug, Hatan-Hunga,
Bayasgalant, and Dut Uul plutons with high positive g, va-
lues (14.7—11.9) indicating the depleted composition of their
magma-forming sources. The second group is zircons from
the plagiogranitoids of the Mandalt pluton with isotope pa-
rameters g,{7) = 7.2-5.4, which suggests melting of a basic
substrate (oceanic uplifts, plateaus, and islands) derived
from a relatively enriched mantle source. Thus, the Hf iso-
tope characteristics of magmatic zircons and the Sm—Nd
isotope parameters of the host rocks indicate an inhomoge-
neous composition of the magma-generating sources of the
plagiogranitoids and a heterogeneous composition of the
crust in the Lake Zone of Western Mongolia.

(4) The Hf isotope studies have revealed three groups of
inherited and xenogenic zircons (664-519 Ma) in the early
Paleozoic plagiogranitoid associations of the southern Lake
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Zone. The first group includes inherited and xenogenic zir-
cons with ages of 540-519 Ma and g, = 14.5-12.8 found in
the rocks of the Bayasgalant, Tugrug, Dut Uul, and Mandalt
plutons. According to the isotope data, they do not differ
from the magmatic zircons of these rocks, which indicates
predominantly early Cambrian magma-forming sources of
similar composition and age. The second and third groups
include single grains of inherited zircons from the rocks of
the Tugrug and Hatan-Hunga plutons, which show lower
values of isotope parameters (g,(563) = 2.9, £,(545) = 6.7,
and g,,{664) = 10.6). This suggests a less depleted composi-
tion and/or more ancient age of their sources.

(5) The Rb—Sr, Sm—Nd, and Lu—Hf isotope data show
that the parental melts for the early Paleozoic plagiogranit-
oids of the southern Lake Zone formed far from early Pre-
cambrian blocks having a longer crustal history, such as the
Dzavhan and other microcontinents.
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