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Constraints of late Paleoproterozoic granites in Dandong area on
Jiao-Liao-Ji Belt orogenesis
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Abstract: As a Paleoproterozoic orogenic in the North China Craton, the Jiao-Liao-Ji Belt preserves rich records of
metamorphism magmatism, sedimentation and metallogeny. The p-T-t paths of the widespread high pressure granu-
lites within this belt reveal the subduction-collision-exhumation geodynamic process. However, the timing of conti-

nental collision and subsequent extension is still controversial. In this paper, the petrography, zircon U-Pb
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geochronology, major trace elements and Lu-Hf isotopes of the whole rocks of the Paleoproterozoic granites in Dalo-
ufang Dandong area are systematically analyzed. The results show that the weighted average age of the magmatic
zircons is 1 873~1 869 Ma, and the emplacement time of the acquired granites is Paleoproterozoic. The Daloufang
Pluton mainly consists of gneissic biotite monzogranite, with characteristics of high SiO, (72. 39% ~ 74. 20%),
medium Al,O,(14. 66% ~15.40%), medium CaO(1.35% ~1.84%) and low MgO (0. 07% ~0.35%). The REE
distribution curve is right-leaning with strong Eu positive anomaly. Trace elements are enriched in large ion litho-
phile elements such as Rb, Th, U, K, and depleted in high field strength elements such as P, Ti, ete. It is char-
acterized by high potassium calc-alkaline series of quasi-aluminum to weak peraluminous, and has similar petrogeo-
chemical characteristics to I-type granites. The gHf(¢) values range from —1. 76 to +1. 45, and the two-stage
model ages range from 2 607 to 2 425 Ma, indicating that the magmatic source area is not only from crustal materi-
al recycling, but also from neoarchean to Paleoproterozoic material added to the crust or the formation ofnew crust.
The geochemical characteristics of late Paleoproterozoic gneisses monzogranite in Dandong area are similar to those
of active continental margin arc granites related to subduction, and similar to the metamorphic age of argillaceous
granulites in Ji’an area in the north. It is suggested that the Jiao-Liao-Ji Belt may have been experienced collision in
the late Paleoproterozoic, which provides important constraints for the exploration of the orogeny of the Jiao-Liao-Ji
Belt and the process and time limit of the post-collision extension.

Key words: North China Craton; Jiao-Liao-Ji Belt; Paleoproterozoic; granitoids; geochemistry; zircon SHRIMP
U-Pb
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Fig. 2 Photogragh (a, c¢) and microscope photogragh (b, d) of the gneissic biotite monzonitic granites from Daloufang

Pluton in Dandong area
Bi— R 7B PI—RHAT; Qu—_1 3¢

Bt—Dbiotite; Pl—plagioclase; Qtz—quartz
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Fig. 3 Cathodoluminescence(CL) images and test posiiions of reperesentative zircons of the gneissic biotite monzonitic

granites from Daloufang Pluton in Dandong area
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®2 ARABEEGCRFRRBZEKERNETE (v,/ %) MEMHBLITE (w,/107°) WKL R
Table 2 Major(w,/ %) , rare earth and trace(w,/10™®) elements compositions of the gneissic biotite
monzonitic granites from Daloufang Pluton in Dandong area
RS TW043-1 TW043-2 TW043-3 TW043-4 TWO043-5 D5276-1 D5276-2 D5276-3 D5276-4 D5276-5
Si0, 72.53 72.39 73.00 73.07 72. 60 73.06 73.50 73. 65 73.71 74.20
TiO, 0.16 0.16 0.11 0.12 0.18 0.11 0.10 0.11 0. 10 0.10
Al O, 15.09 14. 96 15.02 14.93 14.77 14. 66 14. 80 15.04 14. 87 15.40
Fe, 05 0.23 0.11 0.08 0.00 0.32 0.35 0.22 0.21 0.16 0.17
FeO 1.03 1.17 1.03 0.89 1.17 0.58 0.54 0.67 0.63 0.63
MnO 0.03 0.03 0.03 0.02 0.03 0.01 0.01 0.01 0.01 0.01
MgO 0.29 0.32 0.18 0.26 0.35 0. 86 0.15 0.15 0.14 0.07
Ca0O 1.72 1.35 1.57 1.37 1.39 1.75 1.78 1. 84 1.76 1.69
Na, O 5.45 4.85 5.32 4. 81 4.80 4.26 4.30 4.45 4.49 4.02
K,0 3.07 4.06 3.55 3.83 4.00 3.74 3.61 3.41 3.59 3.34
P,05 0.04 0.04 0.02 0.04 0.04 0.04 0.03 0.03 0.03 0.03
LOI 0.34 0.35 0.13 0.52 0.28 0.21 0.50 0.20 0.11 0.09
Total 100. 00 99.78 100. 02 99. 86 99.93 99. 62 99. 53 99.77 99.58 99.74
FeO" 1.24 1.27 1.10 0.89 1.46 0.90 0.74 0.86 0.78 0.79
Na,0+K,0 8.52 8.93 8.87 8.65 8. 81 8.03 7.95 7.88 8. 11 7.38
Mg“ 29.47 31.01 22.55 34.24 29.97 63. 14 26. 60 23.74 24,38 13.75
K,0/Na, 0O 0.56 0. 84 0. 67 0. 80 0.83 0. 88 0.84 0.77 0. 80 0.83
AR 3.06 3.41 3.30 3.26 3.39 2.90 2.82 2.74 2.89 2.51
o 2.46 2.70 2.62 2.48 2.62 2.13 2.05 2.01 2.12 1.73
A/CNK 1.47 1.46 1.44 1.49 1.45 1.50 1.53 1.55 1.51 1.70
DI 88.92 89.79 90. 25 90. 17 89.55 87.10 88. 66 88. 09 88. 89 87.74
La 8.45 7.24 7.08 8. 14 9.72 9.26 5.16 5.07 5.63 5.59
Ce 14. 81 12.91 12. 68 14.31 17.67 15.72 7.96 8.54 9.14 9.49
Pr 1. 66 1.42 1.38 1.59 1.91 1.88 0.95 1.07 1.08 1.12
Nd 5.95 5.31 4.97 5.94 7.46 6.89 3.85 3.96 3.48 3.84
Sm 1.07 1.03 0. 89 1.14 1.44 1.05 0. 65 0.73 0.77 0.63
Eu 1.26 1.28 1.02 1.41 1.46 1.85 1.69 1. 68 1.96 1.80
Gd 0.69 0.65 0.50 0.74 0. 65 0.69 0.51 0.52 0.47 0.57
Th 0.19 0.20 0.17 0.19 0.22 0.06 0.06 0.05 0.05 0.06
Dy 0.38 0.45 0.33 0.39 0.56 0.34 0.25 0.24 0.18 0.25
Ho 0.06 0.07 0.06 0.07 0.09 0.05 0.04 0.03 0.03 0.03
Er 0.21 0.22 0.19 0.20 0.22 0. 10 0.09 0.09 0.05 0.08
Tm 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.01 0.01 0.01
Yb 0.15 0.24 0.17 0.16 0.23 0.08 0.10 0.05 0.05 0.04
Lu 0.02 0.03 0.03 0.02 0.03 0.01 0.01 0.01 0.01 0.01
Y 1.74 2.14 1.71 1.82 2.57 1.23 0.99 0.97 0.96 0.96
SREE 34.93 31.08 29.50 34.33 41.69 38. 00 21.34 22.05 22.91 23.52
LREE 33.20 29.19 28.02 32.53 39. 66 36. 65 20. 26 21.05 22.06 22.47
HREE 1.73 1. 89 1.48 1.8 2.03 1.35 1.08 1. 00 0.85 1.05
LREE/HREE 19. 19 15.44 18.93 18.07 19. 54 27.15 18.76 21.05 25.95 21.40
Lay/Yby 40. 41 21. 64 29.87 36.49 30.31 83.03 37.01 72.73 80.77 100. 24
dEu 4.20 4.46 4.26 4.40 4. 00 6.24 8. 66 7.93 9.23 9.01
8Ce 0.91 0.93 0.93 0.92 0.94 0.87 0.82 0.85 0.85 0.88
Hf 3.15 2.44 2.69 2.19 2.51 0.30 0.27 0. 31 0.25 0.23
Ta 0.16 0.28 0.34 0.21 0.34 0.76 0. 81 2.13 0.63 0.38
Th 1.30 2.10 2.61 2.69 2.78 1.32 1.06 0.95 1.04 0.96
U 0.24 7.16 7.75 0.58 1. 64 0.26 0.22 0.54 0.25 0.20
Li 29.73 33.79 24.83 22.25 37.39 38.25 38.28 42. 60 40. 45 40.27
Be 1.15 1.63 1.55 1.21 1.63 1. 11 1.31 1.32 1.12 1.13
Sc 1.47 1.27 0.63 0.76 1.37 1.67 1.73 2.28 2.03 2.01
Co 5.47 4.39 5.58 5.2 5.54 3.48 4.79 4.56 5.00 5.70
Ni 5.58 3.75 3.93 3.84 5.48 3.71 3.86 3.53 5.76 5.49
Ba 987 1 200 941 1 200 1 100 1300 1 200 1 200 1300 1 200
Cr 23.32 23. 66 17.29 15.46 15.56 7.39 4.94 3.98 4.39 2.97
Ga 16.83 16.99 17.59 15.58 17.71 15.01 15.24 15.08 15. 69 15.45
Nb 2.06 3.04 1.92 1.62 3.68 1.41 1.36 0.93 1.55 1.99
Rb 68. 1 105.6 87.4 99.8 105.5 81.0 80.4 76.4 78.3 80.7
Sr 809.5 736.8 736.5 802.7 718.6 874.7 882.2 864.5 871.9 866. 1
A% 11.99 15.82 8.42 9.56 14.42 9.57 8.24 9.05 8.54 9.04
Zr 80.5 59.0 50.5 58.7 76.3 58.5 59.8 63.7 51.5 55.7
Y 1.74 2.14 1.71 1.82 2.57 1.23 0.99 0.97 0.96 0.96
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al. , 2001; Patchett et al. , 2004; RAFICEE, 2007),  “FHFE(Sr &85, Y. Yb S81%, Sr/Y Al Lay/Yb,

FESATRIGR " HE/ T HE (RN eHE(e) THA AR S AR
¢ (IS A AL DX o BT AR % . 15 AT S50 4 e A
("°Hf/7THSf), i 0.281 553 ~0.281 632, Hf(0)fH K
-42.28~-39.80, eHf (¢){HH-1.76~+1.45, —Kr
B HE BERAEWS 1,,, ]2 607.7~2425.4 Ma, £, F
¥IEM-0.980,

5 e
5.1 BRAEBEREA

AR AT 1 AP B ARG A AR AL i
e T 1.95~1. 88 Ga, HAMAIRK v A ek

{EFIXT 5 ) ( EMS A% 45, 2017; Wang X P et al. |
2017; fE =M%, 2017; Liu et al., 2021),
Whalen 45 (1987 $i& ) ) — LE R AEPE Y 70 2 AR O
FUfl (Zr Nb Ce .Y .Ga/Al %) | 4y 3\ Jyix 2t
AR T 1R R A ECE S ML A (Liu et al.
2021), Wang X P %5 (2017) 1A R3L 43 Hi [X k2L 377
() 1 BRI S TUAE b 2 1 2l KBl i1 A0 op 2R e 4 ol
(1425 SR — A 1 R ) 308 DX I 1 FH 4 7= 9, T AR
PR AR AR A S TR I A = A2 T ~
1890 Ma 9 1 BB R, AL AR T VA A AR IE KA
(1 874=18 Ma) FIIAHK A (1 87018 Ma) Hhi¥ ik HA
B e P HERA 2 A AL, R EA PRI T K A A=
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(HEzHh%, 2017)
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(Wang et al., 2017c)

WOk (EM#RS, 2017)
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(FrUEMEYE Sun and McDonough, 1989)

Fig. 6 Primitive mantlenormalized trace elements patterns (a) and chondrite-normalized REE patterns (b) of the gneissic biotite

monzonitic granites from Daloufang Pluton in Dandong area ( chondrite normalization data from Sun and McDonough, 1989)

HOFE R s ml o A R b ) o i A (A% 2
&, 2007) o AT E WK I - 10 - 354 N ooy
AN ke = 1 BUAE B, XN AL 5 B Ak 1
R INE T M SEER AR Rl 0 P, O 5 S 1 DX
WA A T (2491 960 ~1 900 Ma) —2ft 3 T e /8
o 8 5 L0 AE H (Xu et al., 2018; Xu and Liu,
2019) .

ARYATFE R e =1L =5 77 L b DXy oo A
BALR AR RS AT TR XA < A A AT
AEHARINEER TR0 5 LKL Ea 1E 5% fl
TS H BRI 22 AR, R e EA R K
PRI (B 6b) o £ A AR B i & 1 0T
RomR el SR A BIE Y ( an i KA 4
A B AR R A ) S R A R (Kl Ta)
0 HE/P S AR M o A K A I R4
br & (Huang et al., 2002; Chudik et al., 2008;
Wang et al. , 2010) , H-HABALH Zr/Hf {H ( Bau,
1996; Breiter et al. , 2014; Deering et al. , 2016)
Breiter %5 (2014) %% Zr/Hf<25 BIAE B 252150 0 5 4%
SAGK A, TV 20858 5 % 85 A 1) Zo/HE {51
Nb/Ta fH BN AL < I A 5o SRR A5 25 ( Bal-
louard et al. , 2016) ., AR ALK A H) Nb/Ta>5 .
Zr/HE>25, ANRA R ALR HIRIE, 1Ah, &
SRARETE WU RWE A MEA R
A R RV R A A S K A R B 43 B A
Wl BA M LT R S =GR R ER L ITR EE

/AT Eu B 557 IS B9 4#AE ( Miller and Mittlefehldt
1982, 1984 ; Gelman et al. , 2014) , XMW 5L bR -
ST TR M R R A PR N W R R N
(K 6a),

MG A TIFE R A HA R Al 5 Ga/Zr {EAYEES,
Whalen 45 (1987) #2 H1 4% 10 000 Ga/Al=2.6 5 Zr=
250x107° fE R A B SR RIAL R A e A, 3
RENME T, mor 54K s W oy B A R &0
10 000 Ga/Al {1 9% A A 4 4E 54 %+ X ( Linnen and
Cuney, 2004 ; Breiteret al. , 2013) , 5 A BI4E R A
T 25 5 o S VR A 3% A 0 S5 46 K A X
(King et al. , 2001)

A UL B ) R KR U TR, (R B AEAE 43
SAER, BTE 10 000Ga/Al-Zr B I a3 2 ) A 7
A5 X Ta] R A S AR R e Ak . Her s R L R
JUHEI IRVT AR A AR I A8 54 2 B S AN [A] T 43 5
B 1/S BIAE R 7, TTEA A RIAE R AR ks,
KEMFE A BUAE KA 25 e S ad BB b Ze & i Bl
Ga/ Al {EIE NI I (RAETTAE, 2017) (K1 7h) . x4k
FRTEAE R A R ZE A ] Nb—10 000xGa/ Al Fl(K,0+
Na,0)/CaO-(Zr+Nb+Ce+Y) F| 5| & ¥4 & F
ISR A B E X (K e, 7d) . AFET U EA
T, AT 1A AR RS M F S AR A
AR /S BUAE Ko S s, IFAEAE K A i
KA (K,0+Na,0)/CaO - (Zr+Nb+Ce+Y) Fl Nb-
10 000xGa/ Al F 5] 385 F 0 5 178 S RIAE



4717

L i LR i 2

FIHAHIX e AU 1 4E b 1 0 i 1L

ZLE e

%2

6TS T P08TT 85 1870 81°0- 0TIy LI0000'0  LO918T'0  SO0000'0  ¥H9000°0  SEL000'0  SSEOTO'0 6481  SITEPOML
YT 9°TTT €09 18270 L8°0  69°0b— 9100000  TTYIST'O  TTOOOD'O  90S000°0  TLIOOD'O  F6I9I0°0 L0681  PI-EPOML
TP T TLSTT 209 18270 9€°0  6£°0F- 6100000  0€9 180 600 000°0  LLLOOD'O  00E000°0  ILEYTO'0  TOL8 T EIEPOML
LLYT  PU6hT T 809 1820 99°0  STOP- 100000  YE9 I8T0 800 000°0  8ELOO0'O  16T000°0  TSOETO'O  0°SLET  TIEPOML
ST $88TT 6LS 18270 0P °0-  I1€Ty=  0T0000°0  $09 18T'0  $I0000°0  LOLOOO'0  8EF 0000  9vETTO0  TEL8 1  II-EPOML
87T TISTT 09 182 "0 SP°0  08°0P—  SI0000°0  8I9I8T°0  TID000'0  60¥ 000°0  86£000°0  II¥€10°0  +'1L81  OI-EHOML
98Y T 1¥STT 09 182 "0 LP0  TEOP-  910000°0  TEYI8T'O  TID000°0  FLLOOD'O  8SE000°0  IESELO0  STIL8 T 6-EPOMIL
YLST LYIET 796 1870 €8°0-  ¥S'Iy—  L10000°0  L6S18T0 80000070  S66000°0 68100070 186200 60881  8-EPOML
‘98T  89IET 8SS 18270 Ol'I-  10°Th— 81000070  $8S18T°0  800000°0  $ELO00'0  SLZ000'0  TRETIO0 6481  L-EHOML
09T TITET $SS 18270 9L'1-  80°Th—  SI00000  TESIST'O  LOO000'O  TOLOOO'O €61 000°0  SSLTTO0  0°0S8 1  9-EHOML
98T 0°SIET 655 18T°0 81'1-  86'Iy— 91000070 ~ S8 I8CT'0  900000°0  $TLOOD'0  $TT 0000  TIETTO'0  1°698 1  S-EHOMIL
9IsT  1UTT 065 18270 T0°0-  T6°0b—  910000°0  SI9IST'O  SO0000°0 8890000 9L 0000  TEOTIO'0 9181  t-EhOML
STrT £TTe €9 187°0 SP'1 08°6E-  FI0000°0  9P9 I8T'O  LO0 0000  €6£000°0 9T 000°0  8ISTIOO  L'OL8 T E€EPOMIL
€8T 69T T £09 18270 970 IL°0v= 100000 1T918T°0 6000000  16£000°0  L8T 0000  ELETIO0 €198 1  T-EPOML
86ST  0°ETET €65 1820 €€°1-  8TTH—  SI0000°0  9LS18T0  600000°0  €99000°0  80€000°0  L990T00  9°TL8IT  I-EHOMIL
anay iy YOH AHe,)  (D)e (0) JHe og TH  /TH gy, 0T TH Moy og R ITIVA LT (V) il

eaIe guopue( ul uojnjd suenofeq Woaj (cHOAAL )NURIS INIUOZUOW )OI IISSIUS A} JO SU0dIZ nYis-ul 10§ suonisodwod didojost JH-n'T SIN-dDI-DIN-VT € dqeL

VIR E T [ JH-VT XM E 555 SW-dOT-DI-VT(EVOML) R H NN — B2 ENW HYELRYEH € ¥



. e 1y
478 a oA 8 W % & & 9541 4%
25
LI T 10000 ¢
@ A L(TWO043) E b @ A L(TWO043)
O A w(D52
i 27 e
3 ety & AL(D5276)
i O i
Liu efal., 2021 O it
Liu F L eral., 20172, 2017b 1000 Liu, er al., 2021
_ 15t sk . o . )
= E#:42 %, 2007 & Liu e al., 2017a, 2017b
5 i 1 0 2 ri %, - 4 e A
E @ Pl 2007 = EREGSE, 2017
— = H g A B i E
Z ol %% SIS, 2017 : B, 2007
EY Wang ef al., 2020 (] EBLERAE. 2017
¢ : Wang ef al., 2020
sk @ <&
0% o
0 L L L 1 ] 10 1
50 100 150 200 250 1 ] 10
W(ZO/w(HD) 10 000 Ga/Al
1000 F ¢ @ AL (TW043) 1000 ¢ I. A< (TW043)
i O £ (D5276) : & A (Ds276)
A O il [@F R ]
o Liv et al., 2021
Liu, ef al., 2021 S A
100 Liu et al., 2017a, 2017b T 100 A Liu er af.. 2017, 2017b
3 - R
= Bpilt %, 2007 a EFE{RSE, 2017
= S 14k 2
= oY) IS 2017 Z @] ik, 2007
z O| Wangeral, 2020 =) FG q ER#ES, 2017
= A
= i = % Wang er al., 2020
L L deo
(k: O
RS & - 0GT a;! g 8o
(@ @]
i b i i " 'l | i PR Y i 1 L Lo 444l i 1
1 10 10 100 1000 10000

10000 Ga/Al

w(ZrtNb+Ce+Y)/10°°

&7 e iR S A I (a e 35 Whalen et al. , 1987; b 8RARICAF, 2017; d 45 Chappell and White, 1992 )
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BEAh, DAL PR R A 45 Rt B 85k
EWES, T30S AL A ARG A BEKA
T A9 45 W ( Clemens et al. , 1986; King et
al. , 1997, 2001) , ILAA [1VE FABE BEAE)E R
A TEE AR SE TIEETE 710~ 730°C ( EMEARSE
2017; 1= H %, 2017; Wang et al. , 2020; Liu et
al. , 2021) , MK T A BIAE R A (~839°C), H &L
HAr 5 (T81°C) FIArSE B (764°C ) T HIAE b4 4 38 BAIG
RZ (King et al. , 1997) , X5 A BITE K 7= AR
SFIEIEAARST . s SRl W U ARV A Ak
S VR TE 5 A I 25 R R WA X8, ol 750 ~
800°C (Liu F Let al. , 2017a, 2017¢) , 5 A BI4E 5 2+
(25 R B (839°C ) B, TR, i —10 — %y

Tt AT R E 5 e B AN R B G R 2 A

UL AE R HOH R 22 (1) 85 47 U-Pb 4 % 98 kL i
AR ETAE TA ZHAR AR R A, AN FERIE
PG A B ] — 5 A S R GRL X Y HE [R) 67 22 20 B g
ANIF], AEATY 23 O A7 5 25 0 A b 76 1 A A (W et
al. , 2006) , fEeHf(¢) -t Flfg A 7°HE/THE) 1 K]
fift b, KD B B KR A 4% i T 7 s
RGP (K 8a, 8b) , BB AATE LN 7 I8 9
FU Ay T A, I HabE ) BTIR Y (Che et al. |
2015; Guan et al. , 2016) . Bif1 Hf [Ff % —Br B
MR AEWS 1), N 2 607.7~2 425. 4 Ma, AL
("HE/THE) . 2 RURRAE (0. 281 553 ~0. 281 632) il
VT 0 () eHECo) [HEFIE (-1, 76 ~ 1. 45) LI AN
1k H 5T BT AR | i A 8 K AR -l ool AR
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Zhao, 2007 ; Li and Chen, 2014; Meng et al. , 2014
Wang X P et al., 2016, 2017, 2020; Liu et al.
2018, 2020; Xu el al. , 2018; Kai et al. , 2019) , J5
LA S ) Tl M X ERBEAL < TR R K s
PLR RN SR A7 T TR KA I8 A AE X A 5 (A E
%% 2007; Liu P H et al. , 2017; Liu et al. , 2021;
Wang et al. , 2020) , JiRb 7 #0728 BT VE FHAE A e -
0 -8 A 7E ( Zhao et al. , 2005, 2012) ., 1E4E
A LT A A AR i X3 1 oy e AR
FepRs s AT IR 28 BT AR IE , JF DLIC %00 25 iR 9
FE(ITD) M B J 30 45 R il (1BC) BB £ p-T-¢ #1L
HERHE, F8R AN XS i e 1t ool ARG 2 B o
SN G AL vl LR e i b R AR MR L R 22 8] £
Wil — ke ORF o R G 98 Y ) s o R (R R R4, 20155 Cai
et al. , 2017, 2019, 2020) , K A IR B =0
KAGR A BAT W W & Sr RMIK Yb ##1iE, Sr F1 Yb
AT R SR AA B VIR, & Sr K Yb iy#Rik
SOEBOANIE T 5 PR, S 1 b 7 s R4
( Defant and Drummond, 1990; Rapp et al. , 2003; 5K
45 2005)

WIasi A U-Pb @GR B s, XU IR IE
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IR BRS¢ AR IR AR BT P B (XA R 5, 2015) , X
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R T A (Liu e al. , 2017c; #fPZS, 2021)
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Fis TE Ry—R, TR (151 9b) b4 st 7 3 L R 300 00 ) A
B, AT RE R M DE 5 5 X 3 R B 5 o fif i
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BEAh, 3E A -5 2 L e AR AR B A A G
FREE (R 4), Ed oot A 1L 4 (Orosirian ) FF
7, H2050~1 900 Ma &7 M BRIE 7 33 2l L3¢
b IEEIRE ARG IE(ETE 1 870 Ma,, X}
oG AR -3 =5 L T M X AL B oA R R R
W HATIE, GEATEE LM IX B U8 S5 PR AT 7 AR
JEATRR 1890~ 1 870 Ma FIHJHE £ 1 880~ 1 840 Ma
HZAS BRI (Cai et al. , 2019, 2020), ZEH N K-
= PP AR X AE et R A v BB 22 05 T g op
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Fig. 9 Construt discrimination diagrams of Rb— (Y+Nb) (a, after Pearce et al. , 1984) and R,-R,

(b, after Batchelor et al. , 1985) of the gneissic biotite monzonitic granites from Daloufang Pluton in Dandong area
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