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Petrogenesis of the Carboniferous granitoid intrusions in Dornogovi Province,
Southern Mongolia: Evidence from zircon U-Pb geochronology, Sr-Nd-Hf
isotope and whole-rock geochemistry

ZHANG Xiao-wei, TONG Ying, ZHAO Hui, WANG Tao and GUO Lei
(Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China)

Abstract: The late Paleozoic granitic rocks are widely exposed in Dornogovi Province of Southern Mongolia, which
is located in the core of the Central Asian orogenic belt. Accurate isotopic dating and petrogenetic studies of the
granitic rocks are of great scientific significance for the in-depth understanding of the crustal evolution characteris-
tics of the Central Asian orogenic belt. In this study, two Early Carboniferous granites (337 Ma and 332 Ma) and
two Late Carboniferous granites (320 Ma and 306 Ma) were identified in Zamyn-Uud and Ulan Badrach. To be spe-
cific, the content of Si0,(76.31% to 77.79%) is relatively consistent with that of K,0+Na,O (8.23% to 8.59%)
in the Early Carboniferous granites, while the variation range of the content of SiO,(72.65% to 76.22%) and K,O+
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Na,O (7.89% to 8.67%) in Late Carboniferous granites is higher than that in Early Carboniferous granites. Both
Early and Late Carboniferous epochs are characterized by weakly peraluminous I-type granites, of which elements
such as U, Th, K, Zr and Hf exhibit positive anomalies, and elements such as Sr and Ti exhibit negative anoma-
lies. Based on an isotopic analysis of whole-rock Sr-Nd and zircon Lu-Hf, the authors detected that the Early Car-
boniferous granites have positive eNd(z) (+3.68~ +4.09) and ¢Hf(z) (+9.70~ +14.90) values in comparison
with young two-stage model age of Nd (¢, =792~753 Ma) and the two-stage model age of Hf isotopes (tp, =721
~393 Ma). The above evidence indicates that the Early Carboniferous granites were partially melted from juvenile
basaltic oceanic crust, under the influence of mantle-crust interaction, showing the crust accretion of the Early Car-
boniferous. Unlike the Early Carboniferous, the granites in Late Carboniferous have higher eNd (¢) (+1. 17 ~
+5.31) and eHf(¢) (+13.68~ +15.21), Nd model age (¢, =984~636 Ma) and the two-stage model age of Hf
isotopes (tpy =442~344 Ma), demonstrating that the material source was mainly composed of juvenile crustal mate-
rials and a small quantity of ancient crustal materials. Based on the existing results, the authors believe that the
tectonic background of the Carboniferous granites recorded the transformation of the regional extensional environ-
ment caused by slab roll-back of oceanic plates during the late Carboniferous to the post-collision extensional envi-
ronment in the later period.
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Fig. 1  Structural sketch map of Central Asia (a, modified after Sengor et al. , 1993; Xiao et al. , 2010) and tectono-stratigraphic

terrane map for Southern Mongolia (b, modified after Badarch et al. , 2002)
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Fig. 3 Photomicrographs of the Carboniferous granitoids in Zamyn-Uud and Ulan Badrach area ( crossed nicols)
Q—a%E; PlI—RHA s Hh—fMINA; Bi—RAH:; Kis—HkA
Q—quartz; Pl—plagioclase; Hb—homblende; Bi—biotite; Kfs—K-feldspar



3 KIS M AR B AR AR R A A

BEAT U-Ph AR08 . Sr-Nd-Hf [R 2 Ftskib 2= e 469

B AR R T8, HA ORRDRLIR 25 4, Btk i i
A A A T (25% ~30%) K AT (20%
~35%) BFK A (20% ~ 35%) . BB = BEF A N A
(~5%) 55 (18 3¢) o
2.3 Ulaanb-7-5 S1f

Ulaanb-7-5 Z+ & F 5 2% ELEH 55 V5 5 30 km
Ab, HER AR 500 km®, JE FLA AT FER 20 PR Al .
AREM S H)ZE (K 2¢), ixAWREERIELK
AEB A, FE T B (0 A R A 40 (0, HLAT DKL 25 44, Btk
M3 B A 3 B A 0 (25% ~ 30%) | IE K A
(30% ~45%) FHAT (15% ~20%) B HEFiff 1A
A (1% ~5%) FH(F 3d)

3 Tk

3.1 %A U-Pb ERESDH

T U-Ph AR A, 4Ty i a A Tk
VeGSR, I AE N H BB R F Tk, A
TR MU P R IR 25 O B R R e S A
SUBL TE T SR 2 B 7 B IR S I AT T
FS R B B &R (CL) Y4T4% . 854 U-Pb
SE AT 0 PG 2 i o 8 A o RGO PR L
#EAT, R B9 W C U7 ik 4r 0 A LA-ICP-MS i
SHRIMP , Fr &Il 5 K/ 35 um, K FH Plesovic F5
TR A 91500 FHET AR IE, FI A Glitter X411
R L E M IT R IR I AN E AT 1SOPLOT 2
3453 (Ludwig, 2003)
3.2 FEMHETESN

AL 3 A G AR 17 SRR T T
ERNITAE, Ao ( F TR MiE T
) TEINE K EF 1 ACME iR 52 56 %5 F1) ] 4A-4B
FIDX AR (5 i) #4720 4, FRoc R M X
RO CICTE L (XRF) FIARA 58 TR T & 5t
TE(ICP-ES) , ot 7o 28 1 FH A S 5 55 B T 1A BT i
L (ICP-MS) #E4T53 M o
3.3 A Lu-Hf R E4SH

B Lu-HE R 250 il i TAE 76 [ b SRt
2 B b ST 5T BT K Bl 2 0 2 S 5 58 B, T A
JTIE LB S AR T 4245 (2007, 2009)
3.4 Sr-Nd EfZEHH

224 Rb-Sr Fll Sm-Nd [Flf =TEA NEH ERM 4L
AR K2 FH R B T3 ( MAT262) R 17 [l 37 4 By
Wi Sr/%Sr (B F' N/ ™ Nd {1 43 51 % Se/*Sr =

0.119 4 FI"“*Nd/"Nd=0. 721 9 #1T/ 1F., NBS987
FREERYSE Y St/%Se fH 4 0. 710 207 14, JNdi-4ul H5
FERPER S NA/ N {E - 0. 512 12411, pfrid s
MITELEHE AR UL Chen 25 (2002, 2007)

4 MRS R M

4.1 A U-Pb FRPIHE

(1) Ulaanb-8-3 F1{&

TER AL B ARE L (M1498-3. 1, IF K46 B A 1k
M1498-1. 2, fEixi A lik) Fhas A dn A iy, HOp s 32 22
SRR AR ECSRUNR 5 R AR S & B
W ORNE A DA, B A KK A T 50 ~ 250
pm Z[E[( £ 100 ~250 pm) , KGR 1:1~4:1
(F 4a 4b)

ERAERG A (M1498-3. 1) K A3 20 A 45, H:
15 A4S Ph 5E9F ST DUGIER, Hix 15 A~ 57 Ph/ 20U
AL BB AR 351 ~ 328 Ma 2 [a] > Ph/>*U MIAE
4RI 337.0+4.0 Ma(MSWD=3.0, N=15), IEK
A6 B4 DK (M1498-1. 2) A f 230 20 4> g, Horpr 3 4>
Pb SH T LAAIEE, HoAy 17 4507 Ph/ P U ARk
AF 338 ~326 Ma Z 8] > Ph/™*U IIAF- 2458
332.0+2.0 Ma(MSWD=1.0,N=17) , iZ44EH)E
FAA A BRI T A AR B R (3% 1,81 5a.5b) .

(2) Zamiin-8-1 51k

CL @{%ﬁﬂ?, Zamiin-8-1 ‘A Kb K5
(M1288-1. 7)) M A JB0RE 52 K R K 8, R4
Bia B B R - a5 G B R G A B
i ELAEAE B0 00 P RO RRAE , HL SR B R AE . A
fi P A BURE S 2 KR B o M S AR B
A KB 50~230 wm, KSEH R 1:1 & 3:1(K
de) o HEESTPLBRIE T 24 A E P TR U-PD TR
PR HT, &5 3 TR e AR B 5 5, Ph/ 20U
AEHTE 321 ~315 Ma Z[H],*°Pb/** U INBCE 345
3319.8+0.9 Ma(MSWD=1.7,N=24) . iZFEH
T Zamiin-8-1 %12'§5/‘JQ§FIEEII$W7\( 5¢), UtHiZ e
TRIE BT A At

(3) Ulaanb-7-5 #14&

Ulaanb -7-5 A & IE K AE 54 4 (M1287-5. 1) #
ai RS A1 2 R K R D BIOR KR S R
R BEEH 35~180 pm, KFE N 1:1~2.2 :1,CL A
T DL BT A 2B R R B R A SR B A R AE
(El4ad)  FLBkEk T 54 &K H SHRIMP 2% i 47 T



470 H oA W ¥ k& 95 40 4%
a
12
M1498-3.1 .
100 pm
342 Ma 330 Ma 330 Ma 342 Ma 337 Ma
b 8
100 pm
—
331 Ma 334 Ma 329 Ma 332 Ma 328 Ma
100 um
319 Ma 321 Ma 320 Ma 318 Ma 320 Ma
d
M1287-5.1 ‘I ‘ 3 4 5‘
100 pm
——
305 Ma 305 Ma 305 Ma 304 Ma 311 Ma
O LA-ICP-MS #4U-Pb J451 % 2 Q He iRt

4 FLIT PR 2= AR X A 5 2246 B a5 1 B OO (CL) S5

Fig. 4 CL images with *Ph/™*U ages for zircons from the Carboniferous granitoids in Zamyn-Uud and Ulan Badrach area
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U-Pb [RI 0T, 45 58 /R Ph/7*U 4RI A T 311
~304 Ma Z[a], *®Pb/?*U IIACE 4514 A 305. 9+
4.7 Ma(MSWD = 0.25,N=5) fRFE T HIKK45 5
AEIE (L 5d) , BEWIZ A R E i T W A e it {H RS
T Zamiin-8-1 F/4

4.2 FHARIKWFEFE

(1) Ulaanb-8-3 F1{&

Ulaanb-8-3 F K = AR R ik 80 R & &
AHARL, A2 b 0 LA K, AR AE 02 Si0, (76. 31% ~
77.79%) .K,0 (4. 40% ~ 4. 86%) % & i1, Al,O,
(12.03% ~12. 64%) MgO (0. 04% ~ 0. 08%) . MnO
(0.01%~0. 02%) P,0,(0. 01% ~0. 06% ) & 1k,
HAl Ca0(0.05% ~0.09%) \Ti0,(0.05% ~0.09%) .
Na,0(3.57%~3.83%) &t —M (£ 2) ., Ak
16 K,0 — Si0, FE(E 6a) L4375 A w8045 i P X 3,
HEA 5588 s M (K 6b) .

IERAE A R P e R B AR
#£(SREE = 119. 36x10°° ~ 180. 69x 10" ),%iﬁ?
+IC & /7 5% 5% [ LREE/HREE = 2. 52 ~ 5. 73,
(La/Yb)y=1.54~4.83], HA BN H Eu 5%
(8Eu= 0.07~0.12) , 7EWR M & B/~ Th La Nd,

_— {LU‘I' H'HI; i ?IJ
(}ll»lllll 1 | I T R

45 50 55 m} 65 70 75 80
w(Si0,)/%

6 FLIT AN L 22 ARSI X A 2k 42 AL

Zr Hf IE5% ,Ba Sr Nb Ti 5

(2) Zamiin-8-1 74

TR AR EEITE SO0, FE A
(72.65% ~ 76. 13%) , 1 X} & % ( K,0 = 4. 38% ~
6.13% ,Na,0=2. 54% ~3. 51%) , ik P,0,(0. 06% ~
0.11%) . TiO, (0. 06% ~ 0. 24%) . MgO (0. 16% ~
0.32%) . FEabHA ARG B B0 ik 4 5T e M
(¥ 6a.6b) .

TRAGK A PR TR SRR, H AR
R (52.58%107° ~126. 40x107°) , R & i + o £ 4y
SR [ LREE/HREE = 2. 07 ~5. 30, (La/Yb) , =
1.36~4. 87, HEF 1) Eu 71 5% % (8Eu=0. 10 ~
0.47) . 75506 b f e o0 28 Wk W L, = 48 Th,
U.Hf G, 541 Ba Nb St P Ti ;LE (1A 7¢.7d)

(3) Ulaanb-7-5 1A

Ulaanb-7-5 [ERAE K G FE S, Si0,(74. 85% ~
76.22%)  Al,0,(12.92% ~ 13.47%) .Na,0 (3. 99%
~4.25%) K,0(3.93% ~4.30%) Fl Ca0 (0. 31% ~
0.49%) & B E, MnO( ~0. 04% ) Fl MgO (0. 35%
~0.38% ) SR, DCLERE S AT S F S A A 5
AR o 14 (1] 6a ,6b)

3.0

(K 7a.7b)

[ b

L

JUR R

A K,0 —Si0, FI5IE# (a, & Peccerillo and Taylor, 1976) Fl A/NK —

A/CNK K f# (b, #& Maniar and Piccoli, 1989)

Fig. 6

K,O versus SiO, diagram (a, after Peccerillo and Taylor, 1976) and A/NK versus A/CNK diagram (b, after Maniar and

Piccoli, 1989) of the Carboniferous granitoids in Zamyn-Uud and Ulan Badrach area

IERAER AR TR Bk 77.93%107° ~103. 31
X107, ERRE B A7 e /3B, o] DL R A 1
JCE 55 [ LREE/HREE =6.39~7. 07, (La/Yb)
=5.34~6.31], 5519 Fu 5% (8Eu=0.37~0.47) ,
FERUETC R R X & ff & 4 Th La, Ce Zr Hf JC

Z, 71 Nb Nd Ta P Ti %FICEK (Kl 7c.7d) .
4.3 A Hf BRI RYHE

(1) Ulaanb-8-3 #{&

TERAE R (M1498-3. 1) FIIEKAE i 7k (M1498-
L2) B A — B HE[F A7 &R R AE, 288 E 2] %0
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Table 2 The major (w,/%) and trace element (w,/10) compositions of Carboniferous granites in Southern Mongolia

i IERAER A
G M1498-3.1 M1498-3.2 MI1498-3.3 MI1498-3.4 MI1498-3.5 MI1498-1.1 M1498-1.2 MI1498-1.3 MI1498-1.5
Si0, 76. 50 76.85 76. 31 77.35 76.53 77. 64 77.58 77.79 77.45
TiO, 0.09 0.09 0.08 0.09 0.09 0.05 0. 05 0.05 0.05
Al, 04 12.51 12.29 12.55 12.31 12. 64 12.03 12.20 12.10 12.20
Fe,0," 1.16 1.11 1.01 1.15 1.17 0. 86 0.88 0.89 0.88
MgO 0.08 0.07 0. 06 0.07 0.07 0. 05 0.06 0. 06 0.04
MnO 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.01 0.01
Ca0 0.35 0.34 0.31 0.26 0.35 0.20 0.26 0.19 0.29
Na, O 3.57 3.59 3.73 3.61 3.62 3.66 3.79 3.71 3.83
K,0 4.74 4.65 4.86 4.70 4.77 4.65 4.54 4.62 4.40
P,04 0.04 0. 04 0. 06 0.02 0.03 0.04 0.01 0.01 0.01
Cr, 05 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0.00 0.00 0.00
LOI 0. 80 0.90 0.90 0.30 0. 60 0.70 0.50 0.50 0.80
Sum 99. 89 99. 89 99.90 99. 89 99. 88 99.90 99. 90 99. 90 99.91
Ni 20. 00 20.00 20.00 20. 00 20. 00 20. 00 20. 00 20. 00 20. 00
Sc 2.00 2.00 2.00 2.00 2.00 1.00 1.00 1.00 1.00
Ba 147.00 122.00 141. 00 115. 00 133.00 54.00 57.00 46. 00 40.00
Be 7.00 5.00 9.00 4.00 8.00 4.00 6.00 6.00 3.00
Co 0.90 0.70 1.20 1.00 0. 80 0.80 0. 80 0.90 0.90
Cs 4.20 4.30 4.80 5.00 5.30 10. 70 6.70 8.80 8.50
Ga 15. 00 15.90 15.50 17.00 15.30 18. 10 16.70 16. 10 17.40
Hf 4.50 5.00 4.60 5.50 5.60 4.70 4.70 4.20 4.20
Nb 9.30 10.50 12.30 12.60 11.70 13. 60 13.80 13. 40 11.20
Rb 196. 70 200. 60 209. 30 216. 50 198. 80 239.90 214.90 209. 80 237.70
Sn 3.00 3.00 4.00 3.00 4.00 4.00 4.00 3.00 6.00
Sr 26.50 23.00 25.50 24.20 21.10 25.60 26. 80 23.50 15.00
Ta 1.20 1.10 1.40 1.60 1.30 2.00 2.00 1.90 1.50
Th 24.30 29.30 29. 40 29.90 30. 10 33.00 34.90 29. 60 34.90
U 1.80 2.20 2.40 2.00 2.00 2.20 2.60 2.30 2.40
v 8.00 8.00 8.00 8.00 8.00 15. 00 8.00 17.00 17.00
W 0.50 0.90 1.70 0. 60 0.90 1.20 1.10 1.00 0.50
Zr 119. 60 124.50 111.10 133.30 128. 40 90. 40 93.30 93.20 85.00
Y 35.60 41.90 39.80 50.20 46. 40 37.00 51.50 37.80 34.10
La 30.90 24.90 23.40 33.30 36.30 32.10 16. 10 26.70 28.70
Ce 63. 00 52.20 52.20 69. 00 70.40 46.50 38.60 45.50 43.70
Pr 7.02 6.27 6. 05 8.27 8.23 10. 07 5.20 7.72 8.63
Nd 24.10 22.90 22.00 29.90 28.90 37.80 20. 00 29.70 35.60
Sm 4.98 4.94 5.00 6.94 6. 14 8.87 5.45 7.47 8.82
Eu 0.24 0.23 0.23 0.24 0.25 0.20 0.12 0.15 0.14
Gd 4.93 5.29 5.04 6. 82 6.07 7.33 6.10 6.13 7.42
Th 0. 86 0.98 0.95 1.23 1.10 1.31 1.22 1.13 1.26
Dy 5.53 6.42 6.21 8.16 7.42 7.81 8.21 7.15 7.61
Ho 1.30 1.60 1.56 1.98 1.78 1.61 2.04 1.57 1.62
Er 4.16 5.26 4.86 6.12 5.67 5.10 6.58 4.87 4.92
Tm 0. 65 0.82 0.78 1.01 0.89 0.85 1.10 0.85 0.87
Yb 4.59 5.60 5.47 6. 66 6.35 6.31 7.49 6.38 6.23
Lu 0.71 0.88 0.88 1.06 0.94 0.92 1.15 0.93 0.90
Mo 0.30 0.30 0.30 0.30 0.30 0.40 0.30 0.70 0.90
Cu 1.60 1.30 3.60 2.20 2.50 2.10 12.00 3.60 1.40
Pb 12. 50 16. 10 14.40 18.40 14.90 13.90 20. 50 15.90 13.00
Zn 19.00 16. 00 18. 00 21.00 26. 00 18. 00 27.00 21.00 16. 00
Ag 0. 60 0.40 0.90 0. 60 1.00 1.20 0. 60 2.10 1.20
Ni 2.00 1.60 1. 40 2.10 1.90 9.30 8.30 10. 80 11.50
As 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Au 0.10 0.10 0.10 0.10 0.10 0.20 0.20 0.20 0.30
Cd 0.10 0.10 0.10 0.10 0.10 0.20 0.30 0.40 1.50
Sh 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Bi 0.50 0. 50 0. 50 0. 50 0. 50 0. 50 0. 50 0.50 0.50
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gk 2
Continued Table 2
s ZRAERA ERAERSE
FE M1288-1.6 M1288-1.7 M1288-1. 8 M1287-5. 1 M1287-5.2 M1287-5.3 M1287-5. 4 M1287-5.5
Si0, 72. 65 74. 87 76.13 75.26 74. 85 76.22 74.98 75.61
TiO, 0.24 0.16 0. 06 0.16 0.19 0.18 0.18 0.18
Al,O4 14.72 13.73 12.83 13.47 13.18 12.92 13.33 13. 14
FeQO3T 1.45 1.01 1.00 1.16 1.42 1.30 1.42 1.30
MgO 0.32 0.22 0.16 0.35 0.37 0.37 0.38 0.38
MnO 0.02 0.02 0.01 0.04 0.04 0.04 0.04 0.04
CaO 1.58 0.95 0.38 0.43 0.49 0.31 0.41 0.36
Na, O 3.51 3.12 2.54 4.09 4.25 3.99 4.13 4.14
K,0 4.38 4.88 6.13 4.29 3.93 3.93 4.30 3.94
P,05 0.10 0.11 0. 06 0.07 0. 05 0.04 0. 05 0.06
Cr, 054 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
LOI 0.90 0.80 0.70 0. 60 1.10 0.60 0.70 0.80
Sum 99. 82 99. 88 99.94 99. 88 99. 88 99. 88 99. 88 99. 89
Ni 20. 00 20. 00 20. 00 20. 00 20. 00 20. 00 20. 00 20. 00
Se 4.00 4.00 3.00 2.00 3.00 3.00 3.00 3.00
Ba 815.00 417.00 61.00 541.00 494. 00 492.00 518. 00 465.00
Be 2.00 7.00 1.00 4.00 4.00 6.00 1.00 1.00
Co 2.10 1. 60 0.70 0.90 1.90 1. 60 2.10 2.10
Cs 5.60 11.40 5.30 1.30 1.50 1. 60 1.20 1.40
Ga 16.20 15.50 14.10 10. 30 11. 50 11.90 11. 50 12. 20
Hf 4.40 4.00 2.00 2.30 3.60 3.50 3.00 2.70
Nb 4.70 3.70 3.50 5.60 8.50 7.50 7.50 7.10
Rb 122.00 171.70 187.90 113. 00 111.00 114. 40 123.90 110. 30
Sn 5.00 7.00 5.00 1.00 1.00 1.00 2.00 1.00
Sr 134.90 75.10 20. 20 150. 90 138. 40 135.70 141. 50 134. 60
Ta 0.50 0.70 0.50 1.00 1.20 0. 80 1.30 1.00
Th 10. 20 9. 30 6.30 12.00 17.50 15. 10 16. 30 14. 20
U 1.80 2.50 2.60 1.40 1.40 1.30 1.40 1.20
\4 16. 00 13.00 8.00 15.00 18.00 17.00 18. 00 19. 00
w 0. 80 0.70 0.90 0.70 0.70 0.70 0.70 0.50
Zr 142. 40 104. 50 40. 00 81.40 98.90 87.30 92.90 86.70
Y 31.60 25.20 28. 50 17.00 22.00 21.30 21.40 19. 60
La 21.30 13.00 6.00 16. 30 21.70 22.60 19.90 20. 50
Ce 50. 10 29.90 16. 80 31.80 40. 40 40. 00 39.00 39.70
Pr 6.00 3.75 2. 14 3.53 4.52 4.83 4.43 4. 46
Nd 23.00 13.00 7.90 13. 60 15.70 18. 00 15.40 18.20
Sm 5.14 3.50 2.54 2.29 3.35 3.72 3.17 3.05
Eu 0. 80 0.47 0.09 0.35 0.42 0.44 0.43 0.41
Gd 5.32 3.59 3.20 2.30 3.05 3.51 2.76 2.94
Th 0.85 0. 66 0.67 0.38 0.47 0.50 0.46 0.45
Dy 5.47 4.24 4.97 2.38 3.73 3.29 2.94 3.11
Ho 1.14 0.90 1.09 0.57 0.72 0.71 0.61 0.59
Er 3.24 2.64 3.10 1.64 2.10 2.40 2.41 2.00
Tm 0.47 0.40 0.47 0.30 0.40 0.35 0.35 0. 31
Yb 3.14 2.72 3.16 2.19 2.62 2.57 2.61 2.45
Lu 0.43 0.39 0.45 0.30 0.39 0.39 0.35 0.36
Mo 0.30 0.20 0.20 0.10 0.10 0.10 0.10 0.10
Cu 11. 80 9.00 1.20 3.60 1.40 1.70 1.20 1.20
Pb 4.20 3.40 3.60 6.70 7.20 6.50 6. 80 6.50
Zn 25.00 19. 00 29.00 40. 00 31.00 28.00 29.00 28.00
Ag 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Ni 5.40 3.50 1.50 1.20 0. 80 1.00 0.70 1.10
As 2.50 3.80 5.50 1.90 1.10 1.30 1.10 0.50
Au 0.50 0.50 1.20 0.50 0.50 0.50 1.10 0.50
Cd 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Sh 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Bi 0.10 0.10 0.30 0.10 0.10 0.10 0.10 0.10
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Fig. 7 Chondrite-normalized REE patterns (a and ¢) and primitive mantle-normalized trace element spider diagrams (b and d)

for the Carboniferous granites

WphL/B8U AR I, T°HE/THE {6l 0.282 851 ~
0.282 981,sHf () {4 T 9. 70 ~ 14. 90 ZZ [a] (*F-15
12.83) , 1, 4FE ¥R 721 ~ 393 Ma (“F 1 524 Ma,
#3).

(2) ZamiinUud-1 &K

M1288-1. 7 FEfh R BEHC T 15 BUEA R E MR ES
A AT Lu-HE R4 R WK 0r TAE, MRS #
WO Ph/ 7 U 4F 14 B, "CHE/THE {H S 0. 282 972 ~
0.283 016,sHf(¢) {4 13. 68~ 15. 21, -1 14.49 15,
AEIA Ry 442 ~344 Ma,F 390 Ma( £ 3)
4.4 Rb-Sr #1 Sm-Nd [E) i Z4H1E

(1) Ulaanb-8-3 A&

IERAEX A (M1498-3. 1 F1 M1498-1.2) [ Sr-Nd [F]
B Z AT Se/*Se( 0. 807 827 ~0. 814 757 ) Fl
SNd/™Nd(0.512 668~0. 512 778) . L) 337 il 332
Ma 4F #% 31 5 % 46 Se-Nd A 7 & 4 i, ) th
(¥Sr/*Sr), {HM 0. 703 78 ~0. 703 99, eNd (1) {H }
3.68~4.09, BB Nd [Flfi = A AE I A 790 ~ 750

Ma(#%4),

(2) ZamiinUud-1 A&

TRAERG A (MI1288-1.7) BY ( TSe/% Se), {H A
0.701 71, eNd(¢) {HN 1.17, 1y, N 980 Ma; IF K
A6 A (M1287-5. 1) 4l U-Pb & 4E45 5 306 Ma it
B YS/% Sr), {HM 0.704 27, ("UNd/Nd)
B4 0.512 516,eNd (1) {4 5. 25, BBt Nd [Ff
FAEAENE Ny 640 Ma(F 4)

5 e
5.1 REFER

FLIMT 2 — 1 2% [ AT o b X R i A B 7
(IERAERAEFIER AR A K A/CNK /N T 1.1,
&4 K. Th Nd Zr Hf %0%, 5 # Ba Sr.Nb P Ti
FIOUER, H Eu ABOR AW, BA 7 5 A0 Ry
HE X SE BRI AR 5 1 UL b o R AR AR e 7
st A (IE R AL M A KA ) 8o B
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R3 BRLARLERETREG Lu-Hf B EHIE
Table 3 Zircon Lu-Hf isotopic data of Carboniferous granites in Southern Mongolia

BE R t/Ma  SYb/TTHE TTu/'77HE THETHE (YCHEZTHE), eHE(0)  eHE(r)  tpw/Ma afy/Ma fow
M1498-3.1. 1 337 0. 138 398 0.002 031 0.282 933 0.282 921 5.70 12.70 465 537 -0.94
M1498-3.1.2 337 0. 126 861 0.001 912 0.282 978 0. 282 966 7.30 14.30 398 432 -0.94
M1498-3.1.3 337 0. 146 097 0. 002 275 0.282 995 0.282 981 7.90 14. 80 377 400 -0.93
M1498-3.1.4 337 0.084 973 0.001 351 0.282 973 0. 282 965 7.10 14. 20 399 436 -0.96
M1498-3.1.5 337 0. 143 229 0.002 124 0.282 989 0.282 975 7.70 14. 60 385 411 -0.94
M1498-3.1.6 337 0. 127 089 0.001 883 0. 282 969 0. 282 957 7.00 14. 00 411 453 -0.94
M1498-3.1.7 337 0.122 293 0.001 816 0.282 914 0.282 903 5.00 12. 00 489 577 -0.95
M1498-3.1.8 337 0.121 082 0.001 965 0.282 900 0.282 888 4.50 11.50 512 611 -0.94
M1498-3.1.9 337 0. 148 419 0.002 217 0.282 938 0.282 924 5.90 12. 80 460 528 -0.93
M1498-3.1. 10 337 0. 189 806 0.003 247 0.282 994 0.282 974 7.90 14. 60 388 415 -0.90
M1498-3. 1. 11 337 0. 088 045 0.001 398 0.282 964 0.282 955 6. 80 13.90 413 458 -0.96
M1498-3.1.12 337 0. 168 301 0. 002 666 0.282 908 0. 282 892 4.80 11. 60 510 603 -0.92
M1498-3.1.13 337 0.078 763 0.001 254 0.282 908 0.282 900 4.80 11.90 491 584 -0.96
M1498-3.1. 14 337 0. 181 245 0.002 717 0. 283 001 0.282 983 8.10 14.90 374 393 -0.92
M1498-3. 1. 15 337 0. 164 223 0.002 502 0.282 980 0.282 964 7.40 14.20 402 437 -0.92
M1498-3.1. 16 337 0.078 330 0.001 238 0. 282 852 0.282 844 2.80 10. 00 572 712 -0.96
M1498-1.2.1 332 0.102 438 0.001 691 0.282 922 0.282 912 5.30 12.20 476 560 -0.95
M1498-1.2.2 332 0. 147 850 0.002 331 0.282 933 0.282 919 5.70 12.50 469 544 -0.93
M1498-1.2.3 332 0.153 612 0.002 540 0.282 908 0.282 892 4.80 11. 60 509 604 -0.92
M1498-1.2.4 332 0. 135 012 0. 002 260 0. 282 935 0.282 921 5.80 12. 60 465 539 -0.93
M1498-1.2.5 332 0.078 383 0.001 303 0.282 858 0.282 849 3.00 10. 00 564 702 -0.96
M1498-1.2.6 332 0. 107 998 0.001 833 0.282 945 0.282 933 6. 10 13.00 446 511 -0.94
M1498-1.2.7 332 0. 146 342 0.002 259 0.282 964 0.282 950 6. 80 13.60 422 472 -0.93
M1498-1.2.8 332 0.111 222 0.001 824 0. 282 880 0.282 869 3.80 10.70 540 658 -0.95
M1498-1.2.9 332 0.159 186 0. 002 464 0.282 900 0. 282 885 4.50 11.30 520 622 -0.93
M1498-1.2.10 332 0. 127 879 0.002 061 0.282 954 0.282 941 6.40 13.30 436 494 -0.94
M1498-1.2. 11 332 0.092 415 0.001 549 0.282 851 0.282 841 2.80 9.70 578 721 -0.95
M1498-1.2.12 332 0.124 021 0.001 987 0. 282 945 0.282 933 6.10 13.00 447 512 -0.94
M1498-1.2. 13 332 0. 163 689 0.002 518 0.282 963 0.282 948 6. 80 13.50 427 478 -0.92
M1498-1.2. 14 332 0.093 970 0.001 577 0.282 981 0.282 971 7.40 14.30 391 425 -0.95
M1498-1.2. 15 332 0. 165 351 0. 002 650 0.282 975 0.282 959 7.20 13.90 411 453 -0.92
M1498-1.2. 16 332 0. 150 355 0.002 645 0.282 959 0.282 943 6. 60 13.30 435 490 -0.92
M1288-1.7-1 320 0.073 216 0.001 525 0. 282 996 0. 282 987 7.92 14.22 368 408 -0.95
M1288-1.7-2 320 0.072 752 0.001 504 0.283 001 0.282 993 8.10 14.40 361 396 -0.95
M1288-1.7-3 320 0.077 447 0.001 629 0. 283 020 0.283 011 8.77 15.04 334 354 -0.95
M1288-1.7-4 320 0. 065 545 0.001 456 0.282 996 0.282 988 7.92 14.23 367 407 -0.96
M1288-1.7-5 320 0.075 266 0.001 645 0.282 985 0.282 976 7.53 13. 80 385 435 -0.95
M1288-1.7-6 320 0.167 799 0. 003 446 0.283 031 0.283 012 9.16 15.07 335 352 -0.90
M1288-1.7-7 320 0.094 327 0.001 993 0.283 025 0.283 014 8.95 15. 15 330 347 -0.94
M1288-1.7-8 320 0.075 913 0.001 655 0.282 991 0.282 982 7.74 14.01 377 421 -0.95
M1288-1.7-9 320 0. 089 063 0.002 047 0.283 027 0.283 016 9.02 15.21 328 344 -0.94
M1288-1.7-10 320 0.082 418 0.001 726 0.282 982 0.282 972 7.43 13. 68 390 442 -0.95
M1288-1.7-11 320 0.077 991 0.001 638 0.283 013 0. 283 004 8.52 14.79 345 370 -0.95
M1288-1.7-12 320 0. 127 649 0. 002 606 0.283 027 0.283 012 9.02 15.10 333 351 -0.92
M1288-1.7-13 320 0.090 516 0.001 964 0. 283 001 0. 282 990 8.10 14.31 365 402 -0.94
M1288-1.7-14 320 0.113 614 0.002 320 0.283 009 0.282 996 8.38 14.52 357 388 -0.93
M1288-1.7-15 320 0.070 331 0.001 482 0.282 986 0.282 978 7.57 13.87 382 430 -0.96

®4 BEERHARLIERSE Sr-Nd B RHRK
Table 4 Sr-Nd isotopic compositions of Carboniferous granites in Southern Mongolia

Findns  /Ma YRb/¥Sr YSy%sy I, Sm/"™Nd "Nd/ ™ Nd Ina eNd(1)  tpw/Ma feuna
M1498-3. 1 337 21.69 0.807 827  0.703 78 0.1249 0.512 668 0.512 392 3.68 790 -0.36
M1498-1.2 332 23.44 0.814 757  0.703 99 0.164 7 0.512778  0.512420  4.09 750 -0.16
M1288-1.7 320 6.63 0.731 887 0.701 71 0.162 8 0.512 627 0.512 286 1.17 980 -0.17
M1287-5.1 306 2.17 0.713 709  0.704 27 0.101 8 0.512 717 0.512 516 5.31 640 -0.48
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