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Fig.1 Tectonic sketch of Northeastern China (left) ™ ~**! and geological sketch of Duobaoshan area ( right)
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Fig.2 Hand specimen and micrograph photos of the granodiorite in Luohe pluton
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Tab.2 LA —-ICP -MS zircon U - Pb ages of the granodiorite in Luohe pluton
JCE /10 ¢ [ 3 O B2 AEHE T iR 25/ Ma

) Th/U 2% Pph/ 207 phy/ 207 ph/ 206 ply/ 27 ph/ 207 ph/
Pb Th U 238 lo 25 o 206 py, 28 lo 25 lo 206 py, o
1 3 103 87 0.84 0.0268 0.0004 0.1834 0.0071 0.0496 0.0018 171 2 171 7 174 85
2 3 106 80 0.75 0.0266 0.0004 0.1832 0.0097 0.0500 0.0026 169 2 171 9 194 121
3 3 104 65 0.62 0.0265 0.0004 0.1820 0.0066 0.0497 0.001 8 169 2 170 6 181 84
4 3 101 63 0.62 0.0262 0.0003 0.1822 0.0075 0.0505 0.0020 167 2 170 7 217 93
5 3 92 56 0.61 0.0263 0.0004 0.1804 0.0131 0.0498 0.0035 167 3 168 12 186 162
6 3 94 49 0.52 0.0265 0.0003 0.1862 0.0075 0.0509 0.0020 169 2 173 7 235 92
7 4 124 83 0.67 0.0264 0.0003 0.1849 0.0067 0.0509 0.0018 168 2 172 6 235 81
8 2 84 51 0.61 0.0263 0.0004 0.1769 0.009 1 0.0488 0.0025 167 3 165 9 141 120
9 3 104 70  0.67 0.0264 0.0004 0.1756 0.0092 0.0483 0.0026 168 2 164 9 114 125
10 2 87 46 0.53 0.0262 0.0003 0.1775 0.0073 0.0490 0.0020 167 2 166 7 150 98
11 4 130 72 0.56 0.0263 0.0007 0.1856 0.0224 0.0512 0.0061 167 5 173 21 252 276
12 3 118 76 0.65 0.0264 0.0003 0.1816 0.0063 0.0499 0.0017 168 2 169 6 193 77
13 2 81 60 0.74 0.0269 0.0004 0.1869 0.0115 0.0504 0.0029 171 3 174 11 215 132
14 3 102 73 0.72 0.0266 0.0004 0.1806 0.0073 0.0492 0.0020 169 2 169 7 158 93
15 3 80 60 0.75 0.0268 0.0004 0.1823 0.0098 0.0493 0.0027 170 2 170 9 164 127
16 4 137 121  0.89 0.0269 0.0005 0.1823 0.0085 0.0491 0.0022 171 3 170 8 151 105
17 4 131 76 0.58 0.0266 0.0003 0.1867 0.0059 0.0510 0.0015 169 2 174 5 240 69
18 5 189 130 0.69 0.0263 0.0003 0.1824 0.0052 0.0503 0.0015 167 2 170 5 209 67
19 4 149 113 0.76 0.0265 0.0003 0.1824 0.0058 0.0499 0.0015 169 2 170 5 192 72
20 3 114 82 0.72 0.0261 0.0004 0.184 4 0.0081 0.0513 0.0022 166 2 172 8 254 99
21 3 102 64 0.62 0.0263 0.0004 0.1828 0.0078 0.0505 0.0021 167 2 170 7 216 98
22 4 125 91 0.73 0.0262 0.0003 0.1820 0.0066 0.0504 0.0018 167 2 170 6 212 81
23 2 84 46 0.55 0.0258 0.0004 0.1802 0.0084 0.0506 0.0023 164 2 168 8 222 107
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Fig.3 Zircon CL images of the granodiorite in Luohe pluton
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Fig.4 U -Pb concordia diagram (left) and weighted average age (right) of the granodiorite in Luohe pluton
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Tab.2 Data table of major elements, REE and trace elements of the granodiorite in Luohe pluton
FHICR &/ % RS H

A/ Fe, 05/ HUFpE
CNK  FeO $i¥lo
Gsl3 65.58 0.66 15.65 1.66 2.69 0.090 1.67 3.17 4.36 2.94 0.21 0.50 0.97 0.62 2.36 46
Gs164 65.88 0.64 14.81 1.93 2.52 0.083 1.63 3.18 3.84 3.26 0.21 1.16 0.95 0.77 2.20 45
Gs217 66.94 0.68 15.69 0.97 2.45 0.079 1.16 2.43 4.48 3.54 0.21 0.58 1.00 0.40 2.69 42
Gs220 65.86 0.73 15.83 1.21 2.45 0.084 1.16 2.51 4.62 3.53 0.23 1.00 0.99 0.49 2.91 41
K it ocE G /10 7°

W7 la C Pr Nd Sm Eu GI Th Dy Ho Er Tm Yb Lu LREE HREE YREE
Gsl3 29.5 67.8 8.03 33.0 6.37 1.65 5.98 0.89 5.13 1.00 2.83 0.39 2.51 0.39 146.35 19.12 165.47
Gs164 33.4 72,7 8.92 354 6.85 1.41 6.15 0.93 4.99 0.96 2.78 0.39 2.53 0.37 158.68 19.10 177.78
Gs217 40.1 84.1 10.1 40.7 7.90 1.84 7.19 1.05 5.88 1.12 3.27 0.43 2.79 0.42 184.74 22.15 206.89
Gs220 35.1 97.9 10.2 42.2 8.40 2.01 7.62 1.11 6.25 1.16 3.31 0.45 2.92 0.42 195.81 23.24 219.05

b

#= S0, TiO, ALO; Fe,03 FeO MnO MgO CaO Na,0 K,0 P05 fefeft Mg*
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Gsl3 7.65 0.80 4.63 11.75 73.0 699 6.06 1.24 8.40 0.67 412 223 4.90 23.2 0.18 12.54
Gsl64 8.31 0.65 4.88 13.20 87.0 601 10.6 3.04 9.60 0.91 386 214  6.30 22.5 0.23 10.55
Gs217 8.34 0.73 5.08 14.37 103 830 11.0 2.03 12.1 1.18 348 287 7.70 25.6 0.30 10.25
Gs220 8.43 0.75 4.18 12.02 103 812 9.66 2.12 11.8 1.12 363 206  7.00 26.6 0.28 10.54
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Fig.6 Chondrite — normalized REE patterns (left) and primitive mantle — normalized trace element patterns

(right) " for the granodiorite in Luohe pluton

4 ik
4.1 HEHE

BRI AL B DK e 0 AL R 2+
RHCE + BCH + M+ N R0 2

W AT B AT RGBT RUAE B o R
HAH ThY &5 Rb & & sl iE (& 7 (a),
(b)), B T BB R A AR (s . 7EK,0 -
Na, O (B 7(c)) o, FEREE A T RIE R A X
S, DRI A R L B I T RIE R . FE TR
HHH Rb/Sr H R T 0. 55 J5UHA b Y Rb/Sr i



w1 s

F s RIETLZ I ARE A 41 U - P ARES B BR AL AR5 ik K 3 R S - 57 -

0,035 T AT AR B N K Rb/Se fE R
0.18 ~0. 30, 4~ F 5E i 55 H F i 4 & () Rb/Sr
H 22 8], 1 B A R X n] BB A H 52, [R] ) 52 3
T HOE AN [R)FE R TR Gy o LA, BT R AR
BN K 5 1 Nb/Ta k5 10.25 ~ 12. 54 (5 ¥4

WY RS 5 (K 2) o B, BRIE IR 4k
FE b IR S o DR RSB IGS €0 folok B 1 1) 7 0
/N TRE T £ RORE A AR A 2 IR XA % B
AT A AT 5 S TR, 30 A Lk 4
PG, WA DX LA A5 A, ] B B Bk B O

10.97), 55t M b (Nb/Ta = 17. 8) M 2448 FEAKEFARWERE T HOWRE ", ha¥
K, 5 Hi5E (Nb/Ta=11.4) P i e i, kot IRATERIM =Y. B, 40 A R 76 B TN K A i
ZWRME (18 6) I+ Nb Ta P . Ti (A MAE R T AROR UGN %2 T #5250 501 Bl I3 508 U5 )
P S LSS W T T v 2 g Mg A D) 2 B T MR A
15F 35 5 ©
A
o 30 i A
=] 4 '
fg o g2 % A
6 s = 20¢ el DRAERE L amgeps
3f 151 A ety
STUAE B 7+
060 8|0 160 120 IO60 8IO I(‘)O 120 2 2 l 3 4 )
w(Rb)/10-0 w(Rb)/1 06 w(KZO)/%

B7 HAEAHERRKE Rb-Th(a)™ [Rb-Y(b) ™ 1 K,0 -Na,0(c) "' #| B EfE
Fig.7 Discrimination diagrams of Rb - Th(a) ™! Rb-Y(b) ™ and K,0 -Na,O(c) " for

the granodiorite in Luohe pluton

4.2 MERESW

FESHTE R, - R, MIRSFREERI A (11 8(a))
v A FRE A TR L 0 X, 2 I T 5 A
A i DN IO T BT b 5% T 17 o R 2 46 16 g 3 2
B, /£ (Y + Nb) - Rb EIf# (& 8 (b)) A0
(Yb+Ta) —Rb FEfg 2 (E 8(c)) kb TF
AL 5 48 5 2 IX o A A T B AE 45 22
m% Sr &l (1 8 (d)) H¥% A Sr i Yb g%

EIX HIE R R T8 % /N T 1 GPa, S W
w%&?ﬁE%FDEMEM&W§?%m%E
ARz LB 7 A T TR s e
23 Y S5 4 90 VLA, AR S BT AT B T
5 AR ) 7 PR35 . ST X B A R D2 o X
R = B B RS PR = Ay
—FLOR B R b7 7 LA R T i LA, 45 R
A BT AT B T R BRI AR AT

TR 5 DX AL 3B A 4 1 3t X L 5 1 48 B IR K

EHHEW N (183.2 £1) Ma, H¥RIK v & ¥k, B
R EETI DN TSUE. $78: R B | A< S TR VN
Z R IR INK A AER N 177 ~175.9 Ma, A
SRR T sk Bl gt
AR T X KB KA 4RIy (175.2 +
2.2) Ma, REHAN R IX H =B E XA T 18R
(168 1) Ma, — 3 H [a] fif 88 —i&% 1L J5 ¢ 1k, 5
R R (IR S~ PPN A SIS
FAF WY 7y (168.09 £0.95) Ma, B J5 filf 48 46 i &
FAE, AT WLAF T X % A 300 1 DX R R 2 b i
(183.2 ~175.9 Ma) &b T V¢ 724 vl 19 15 3l K fili
NGIREE, R R R D 9] (175.2 £2.2) Ma
RS (168 £1) Ma &i?j@il‘ﬂéﬂé
(Bl — Bl R IR BT, 2 5 5 A8 Ry I B AR ER B

—A 1 A I S EEW{EME;%E@P‘H’E
FH W A A R RERE - J5 Rl 9 R VR T, T REZ
B 5l — R R ST M S R



+58 - th S 2023 4F
2500 1000
[ A2
20001 HRANTER
e
2 100
1500 iUI' N 2
=]
! 5
A . m YR =
1 000 - )
KA
10f
PR
500}
06 600 1200 1800 2400 3000 12 10 100 1000
R, w(Y+Nb)/10-6
()R, — R, F3& $R5E ) 1) 1 fige (b) (Y +Nb) - Rb &l
1000 1000
R 800
FSriYb
—_— | . - ERStER YOI AE K
« 100F RN A6 & sk e
2 f‘ . 600
= S
= =
=1 KRAE R A 2
= 400} N
1or AR *
s Qv I 7 i
t 200 | IESHE YD &S YU AE i A
riask=
. RS YRR X
: : 0 . . .
1 10 100 0 2 4 6 8
w(Yb+Ta)/106 w(Yb)/106
(¢) (Yb+Ta) —Rb Kfi# (d)Yb - Sr Efi#

B8 RiaAAEMEKAKEHIERE

FI 7 B R

Fig.8 Discrimination diagrams of tectonic setting for the granodiorite in Luohe pluton
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Zircon U - Pb ages, geochemical characteristics and geological significance of
Luohe pluton in Duobaoshan area, Heilongjiang Province

FU Anzong, LI Jinming, LV Shijia, SHI Guoming
(Heilongjiang Institute of Natural Resources Research, Heilongjiang Harbin 150036, China)

Abstract ; Petrology, geochronology and geochemistry of Luohe pluton in the connecting areas between Great Xin-
ganling and Lesser Khingan Mountains were studied to intensify the knowledge of the tectonic evolution in the mid-
dle part of Xingmeng orogenic belt and discuss the Jurassic tectonomagmatic evolution in Duobaoshan area. The
results show that Luohe pluton is mainly composed of medium fine — grained granodiorite and fine — grained grano-
diorite,, with a small amount of granodiorite porphyry developed in the middle of the pluton. The zircon U - Pb a-
ges of the granodiorite is (168.09 + 0.95) Ma, indicating that it is emplaced during the Middle Jurassic. The
granodiorite is characterized by high Na, high K, low Ti and low P in major elements, and low Sr and high Yb in
trace elements, with depleted HREE. And weakly negative Eu anomaly is in REE distribution, which makes the
granodiorite belonging to the high — K calcium alkaline series I — type granite. The Triassic and Early Jurassic sed-
imentary in the study area and Great Hinggan Mountains were deficient according to the discrimination diagram of
tectonic setting, which means that the granodiorite of Luohe pluton belongs to the post — collision granite. Com-
bined with the characteristics of the early — middle Jurassic intrusive rocks around the study area, the Luohe plu-
ton is considered to be formed in the post collisional tectonic environment after the closure of Mongolia Okhotsk
ocean.

Keywords: Middle Jurassic; zircon U — Pb age; geochemical characteristics; I —type granite; Luohe pluton
(REHE: HEH)





