Faag Fa A OA U W ¥ R E Vol. 44, No. 4: 895~923
2025 4F 7 H ACTA PETROLOGICA ET MINERALOGICA July, 2025

Doi: 10.20086/j. cnki. yskw. 2025. 4204

F-MBERAMURELrETRAETRIERARK
FREHR

SRARAR, P AR
(LR MR R, KB AL S /A R A SC 0%, RPS P95 710069)

W OE. RILZEN TR ARG G, R WFIE I25 A S A A 1 W A S A W BT, I R AR AL
P4 RE) 38 YA DT 50, A 98 5 B LI 55 B AR VR B A R AT T A A 0 s AR A SE A AR SR LA-ICP-MS 48 J3 7
U-Pb AFAR2ERFFT . A AHTER BB ) o A A 225 R s, B LD 2 1 2R = e B R R 211.830-1 0% T 2 438
AR B AR TR B (M, ) ( Bt+Pl+Qz+Re+1lm ) AN AR BT B Bt (M) ( Bt+Grt+Pl+Qz+Rt+. 'm+14q) » &
LA RS RHE R WA R 210837 [IRRE S T 2 AN FTE LB B . FHISEAR B BE (M) (E +Sil+P1\Qz ) A AR
FEBr B (M) ( Bi+Sil+Grt+Kfs+P1+Qz+1m+Liq) o I T BT 7R 2 ANRE S0 WA A8 o R 5 iy 813 ~
821°C \1.08~1.1 GPa f1815~819°C ,0.93~0. 97 GPa, ik E| T W B 245 |, LA-ICP-MS JiltfE A U-Pb & 4545 2
AN R R BHE R R BRI 2291l 451 ~ 425 Ma 455~431 Ma 4152395 Ma /+15~394 Ma, Bi1liZes 5db%
a3 LA e T ARG DT T A LA A A e B LU 2 20 R R AU 23 08 30 Ll 7o P A A R 4, 2 05 T AR AR B

Bl v 1L VE
KER . F-ANGEAERNAL; PeilZess; AV mhal; 7 e U\Py B 4E; iRl & 1 EH
RE4SES . P597".3; P588.3 scrn SR AT A XEHS: 1000-6524(2025) 04-0895-29

Metam 1 piivin and geochronology of metapelites from the Longshan
vomplex at the Qinling-Qilian junction zone
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Abstract: The Longshan Complex located in the Qinling-Qilian junction zone is the key to understanding the tec-
tonic evolution of this junction. This study conducted petrographic observations, phase equilibrium modeling and
monazite U-Pb dating, to better discuss the tectonic implication. Based on petrographical observation and mineral
composition analysis, the garnet biotite plagioclase gneisses sample 211.530-1 of the Longshan Complex display two
metamorphic mineral assemblages: the prograde stage (M,) (biotite + plagioclase + quartz + rutile + ilmenite) and
the peak stage (M,) (biotite + garnet + plagioclase + quartz + rutile + ilmenite + melt). Sample 21LS37 exhibits
two sets of metamorphic minerals during different formation stages: the prograde stage (M,) (biotite+sillimanite+
plagioclase+quartz) and the peak stage (M,) (biotite+sillimanite+garnet+K-feldspar+plagioclase+quartz+ilmenite+
melt). Phase equilibrium modeling constrained the peak p-¢ conditions of the two samples to be 813 ~821°C, 1.08
~1.1 GPa and 815~819°C, 0.93~0.97 GPa, reaching the medium-pressure granulites facies metamorphism.
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LA-ICP-MS monazite data from the garnet biotite plagioclase gneisses show **Ph/™*U ages of 451 ~425 Ma, 455~
431 Ma, 415~395 Ma and 415 ~394 Ma, respectively. The Longshan Complex and the North Qinling Orogenic

Belt underwent similar tectonic processes during the Paleozoic. We preliminarily proposed that the Longshan Com-

plex belongs to the western extension of the North Qinling orogenic belt and has experienced Paleozoic continental-

continental collisional orogeny.
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continental collisional orogeny
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Fig. 1

Geological structure diagram of Qinling-Qilian junction zone (a) and geological structure diagram of the Longshan

area and the location of sampling points (b) (modified after Li Yuting et al. , 2023)
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Fig. 2 Field phet< raj hs\and hand specimen photographs of garnet biotite plagioclase gneisses in the Longshan Complex
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Fig. 3 Petrographic photos of gai ‘et bintiu* p 1gloclase gneis.~="of the Longshan Complex
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quartz in th.\m 'tk of Lamp' s 211537 ( plane-polarized light) ; f—ilmenite, sillimanite and biotite in the matrix of sample 211837 (plane-polarized light )
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Table 1 Representative chemical data of garnet, biotite and plagioclase from sample 21LS30-1
frm ayimaral eyl S o S R @ﬁilﬁ‘] B R RHC A @%P/KT‘E‘J
T R BB Ty m om MR
n=5 n=20 n=5 n=7 n=20 n=7 n=2 n=2 n=4 n=1 n=1 n=1 n=1 n=1 n=1 n=1
Si0, 38.19 38.39 38.58 38.49 38.55 38.81 37.21 37.92 36.90 36.33 36.70 57.19 58.93 56.95 54.57 56.59
TiO, 0.03 0.03 0.03 0.02 0.05 0.02 1.76 1. 66 1.55 1. 84 1.78 0.00 0.00 0.02 0.18 0.22
Al,O;  21.48 21.51 21.66 21.49 21.52 21.64 17.31 17.56 17.28 16.76 18.25 26.80 25.69 26.60 26.06 27.62
FeO 29.20 28.95 29.09 29.12 29.33 29.34 15.37 14.63 16.60 16.55 17.64 0.07 0.05 0.02 1.93  0.51
MnO 0.91 0.69 0.79 0.96 1.57 1.47 0.05 0.04 0.03 0.08 0.02 0.01 0.00 0.02 0.07 0.06
MgO 5.56 5.78 5.80 5.72 5.81 5.61 13.09 13.26 13.09 13.24 13.16 0.00 0.01 0.01 1.46  0.01
CaO 4.70 5.06 4.81 4.78 3.83 3.98 0.04 0.10 0.02 0.05 0.01 9.34 8.17 9.76 8.8 9.92
Na, O 0.02 0.02 0.03 0.02 0.02 0.04 0.24 0.40 0.21 0.14 0.13 6.30 6.68 5.8 5.28 5.70
K,0 0.00 0.01 0.01 0.01 0.01 0.01 9.18 9.13 9.02 8.8 822 0.02 0.05 0.02 1.04 0.03
Cr, 05 0.01 0.01 0.02 0.01 0.01 0.01 0.04 0.02 006 0.15 0.24 0.04 0.11 022 0.00 0.01
NiO 0.01 0.01 0.01 0.02 0.01 0.00 0.01 0.01 0.03 0.07 0.00 0.00 0~ .00 0.00 0.00
Total 100.1 100.5 100.8 100.6 100.8 101.0 94.3 94.7 94.8 94.1 96.2 100. 1 0.0 9.4 99.7 101.0
Si 2.99 2,99 3.00 3.00 3.00 3.02 2.80 2.8 2.78 276 2.72 2.57 .64 2.5 2.50 2.53
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.09 0.09 0.11 100 0.00 0.0u—0.00 0.01 0.01
Al 1.98 1.98 1.98 1.97 1.98 1.98 1.53 1.54 1.53 .50 59 1.: 1.36 1.42 1.41 1.45
Fe** 1.89 1.85 1. 86 1.87 1.90 1.93  0.97 0.91 1.04 1,05 1.v>~0.00 0.00 0.00 0.00 0.02
Fe3+ 0.02 0.04 0.02 0.03 0.01 0.02.0.00 —U:-M\ 0.00 0. 7vy.00 0.00 0.00 0.00 0.07 0.00
Mn 0.06 0.05 0.05 0.06 0.10 0.10 "9.0) ¢ Gu. 0.7 0.0 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.65 0.67 0.67 0.66 0.67 (.65 TRYIN 1.4 1.47 1.50 1.45 0.00 0.00 0.00 0.10 0.00
Ca 0.39 0.42 0.40 0.40 .32 6.2 0.9 =201 0.00 0.00 0.00 0.45 0.39 0.47 0.43 0.47
Na 0.00 0.00 0.00 0.00 09 0.91 .63 0.06 0.03 0.02 0.02 0.5 0.58 0.51 0.47 0.49
K 0.00 0.00 070\ 0.00 0.06' 0.00 0.8 0.87 0.8 0.8 0.78 0.00 0.00 0.00 0.06 0.00
Cr 0.00 016 AU 0.00 0.00 |/ 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00
Ni 0.6 AR (AN 0.0o- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sum 20 8.\ 8.01 8.01 800 7.99 7.79 7.78 7.82 7.82 7.77 4.99 4.97 4.98 5.05 4.98
Xgw  000000.620 0.62 0.62 0.63 0.64
XPrp 0.2z, 0.22 0.22 0.22 0.23 0.22
X 0.13 0.14 0.13 0.13 0.11 0.11
Xops 0.02 0.02 0.02 0.02 0.03 0.03
Xpe 0.40 0.38 0.42 0.41 0.43
Xan 0.45 0.40 0.48 0.45 0.49
S il s 25, G b s AR il P e D AR ) T A R
4 RIEFMIE {iF TR %0 AT LU T34k Fe™ I H,0 #) 7
i, AT LUE S RSS2 5 ROV ) & B AR A

Wit GeoPS V3. 5. 6. 21170 % 1 ( Xiang and
Connolly, 2022) 52 JUAH - A UL, A4 95 S () 1 4
AH 5 X R 8 ) B 43 — 16 BE BRI 2% 1] White
25 (2014) , P9 HEB— BOME I ) 22 BUE P2 R hp62ver.
Dat, 2% [ Holland I Powell (2011) , 75 Y8 Jit ‘5 #F
fir 211S30-1 1 211837 (4= W4 F MnO 1 P,0;
B & mARK (K 3), AT LA Z g A1t Na,0-CaO-
K,0-FeO-Mg0-Al,0,-Si0,-H,0-Ti0,-Fe,0, ( NCKF-
MASHTO) fE B 22 . 24K R A2 AL T 5 SC PRt
ity ST ARL Y 2L 31, R T A P 4005 A o 45 728 I o B 1Y)

FAMRE R Fe’ A H,0 W& B XF T p— A5 1A
R A SO 56 2R LA I p—1 A8 TR AR e 8 2
KEZEMEN , ASCRA (—X BB 5 i i g -
YWAAHE Fe™ .0 FH,0 &,
4.1 #f 21LS30-1

XF TS 21LS30-1 11 5, 75 2 2 O A H,0 Y
S E T B X, U L AR
FIE B 2 AT Fe 43R5 R FeO 1E ALY
BN E R (X, =0) FI2 R 530 Fe,0, VENHE M
) fe KB A (X, = 1) BT R Y FLVE e - X, B
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Fig. 4 Diagram of representative composition profiles of gamnet of metapelites from the Longshan Complex
a,c—FEfh 2108301 fREIEAE T4 (4RJ6) 3 b d—HEdh 210530-1 REVEAE T AR IH A ; e g—FEdh 210837 REMAR TA
(BfwE) 5 £ h—HE Rl 211837 AL AR A i3] i 14
a, c—representative garnet of sample 21L.S30-1 ( plane-polarized light) ; b, d—diagram of representative composition profiles of garnet from sample
21LS30-1; e, g—representative garnet of sample 21LS37 (plane-polarized light) ; f, h—diagram of representative composition profiles of garnet from
sample 211837
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BEARAT B 700 ~900°C PR 1 Il B2 A Ry AL A | 18 5
[l 1R 1.0 GPa, 15 EIFF 5 21LS30-1 MYHZ44
SITEREARL B AT DI EAFTER) X, =0.175( & 6a) .
H, O 25 5 0 HH P A AL 1) 235 21, e ) A 1 A £
P B AR KA ( Korhonen et al. , 2013) . 40,
FoR R 1 H,0 & 2 R BUR AL IR
AL, AR R H,0 &, W2 S8 A2k
6] T R Bl AU i R -X, , B
H T P o B GE A S 1) HL,0 % b, FETHIE X,
PRI B T 1 4 5 7K i Dk 58 4 T K AR A
F/NKE (X0 =0) TIN5, 0% (FE/R 70 1IH, 0

x2 Hm2ALS HARBFA . EZEURSKET WU FHE wy/ %
Table 2 Representative chemical data of garnet, biotite and plagioclase from sar ple 211337
o ey el ey v S o 1'11“#?5@ jfﬁ/*ﬂ@ @;%17?43
i o m i e m Bt #A HRHCA
n=35 n=15 n=5 n=1 n=1 n=1 n=3 n=3 l;3 N oA n=1 n=35 n=5 n=1
Si0, 37.28 37.54 37.80 37.98 37.93 .7.23 6. Z 35.20 3515 7 36.67 36.64 61.62 62.58  60.60
TiO, 0.01 0.01 0.01 0.00 0.07 0.90 2:3¢ 2.1 2.65 2.16 2.50 0.02 0.01 0.05
AL O, 21.02  21.10 21.22 21.35 20.76 20.\.f 18. 64 18.58 18.53 19.29 18.00 23.67 23.12 23.39
FeO 33.14  33.21 33.43 34.% 33.20 5. 20 9.07 19.35 18.23 15.73 15.07 0.08 0.08 0.49
MnO 2.77 2.38 2.79 2.78 .63 230 0.07 0.08 0.13 0.08 0.08 0.01 0.00 0.02
MgO 3.87 4.18 22 3.68 585 2.84 9.41 9.27 9.17 11.48 12.15 0.00 0.00 0.02
CaO 1.35 1\5¢ 170 1. 91 ~l75 1.83 0.00 0.03 0.04 0.03 0.04 6. 05 5.51 5.82
Na, O 0.6 AN 6.08 0.00 0.03 0.08 0.19 0.21 0.33 0.59 0.56 8. 11 8.50 8. 44
K,0 oL 0..2 0.01 0.00 0.02 0.04 9.47 9.36 9.33 9.35 8.81 0.16 0.11 0.16
Cr, 05 0. 6. 0.01 0.02 0.06 0.00 0. 00 0.13 0.09 0.18 0.08 0.05 0.01 0.01 0.02
NiO 0. 00 0.02 0.01 0.04 0.00 0.04 0.05 0.05 0.04 0.02 0.05 0. 00 0.02 0.02
Total 99.6 100. 1 100. 7 101.9 101.3 100. 3 95.5 94.4 93.8 95.5 94.0 100. 1 100. 3 99.3
Si 3.00 3.00 3.01 3.00 3.01 3.00 2.73 2.71 2.71 2.73 2.76 2.74 2.78 2.73
Ti 0. 00 0. 00 0.00 0. 00 0.00 0. 00 0.14 0.13 0.15 0.12 0.14 0. 00 0.00 0. 00
Al 1.99 1.99 1.99 1.98 1.94 1.97 1. 66 1.68 1.68 1. 69 1. 60 1.24 1.21 1.24
Fe** 2.21 2.18 2.19 2.21 2.13 2.24 1.21 1.25 1.18 0.98 0.95 0. 00 0.00 0. 00
Fe®* 0.02 0.04 0.03 0.03 0.07 0. 06 0. 00 0.00 0. 00 0. 00 0. 00 - - -
Mn 0.19 0.16 0.19 0.19 0.18 0.23 0. 00 0.01 0.01 0.01 0. 00 0. 00 0.00 0. 00
Mg 0. 46 0.50 0.45 0.43 0. 46 0.34 1. 06 1. 06 1.05 1.27 1.37 0. 00 0.00 0. 00
Ca 0.12 0.13 0.13 0.16 0.23 0.16 0. 00 0.00 0. 00 0. 00 0. 00 0.29 0.26 0.28
Na 0.01 0.01 0.01 0. 00 0.01 0.01 0.03 0.03 0.05 0.09 0.08 0.70 0.73 0.74
K 0. 00 0. 00 0.00 0. 00 0.00 0. 00 0.92 0.92 0.92 0.89 0.85 0.01 0.01 0.01
Cr 0. 00 0. 00 0.00 0. 00 0.00 0. 00 0.01 0.01 0.01 0. 00 0. 00 0. 00 0.00 0. 00
Ni 0. 00 0. 00 0.00 0. 00 0.00 0. 00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00
Sum 8.01 8.01 8.00 8.01 8.02 8.02 7.77 7.79 7.77 7.79 7.76 4.99 4.99 5.02
Xalm 0.74 0.73 0.74 0.74 0.71 0.76
Xpp 0.16 0.17 0.15 0.14 0.15 0.11
X 0.04 0.04 0.04 0.05 0.08 0.05
KXsps 0.06 0.05 0.06 0.06 0. 06 0.08
Xpe 0.53 0.54 0.53 0.43 0.41
X 0.30 0.26 0.27

An
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Table 3 Effective bulk-rock compositions from samples 21LS30-1 and 21LS37
FE Sio, TiO, Al, 0, "Fe, 0, MnO MgO Ca0 Na, O K,0 P, 05 e J<8 -
21LS30-1 56. 18 1.76 16. 09 11.88 0.28 4.96 3.5 1.92 2.06 0.28 0.83 99.74
211837 72.96 1.37 8.95 9.15 0.26 2.73 0.75 0. 88 2.16 0.06 0.47 99.74
x4 & 21LS30-1 70 210837 THREFEEBTHEAR S E xy/ %

Table 4 The contents of each component in the metamorphic phase equilibrium simulation of samples 211.S30-1 and 21L.S37

FElRES| & H,0 Si0, TiO, Al, 0, FeO MgO Ca0 Na, 0 K,0 ('
X, 6 X=0 2.98 60. 40 1.42 10. 19 9.61 7.95 4.03 2.00 1.41 0. 00
X=1 2.84 57.63 1.36 9.73 9.17 7.59 3.85 1.91 1.35 4.59
i 6 X=0 0.00 61.72 1.45 10. 42 9.82 8. 12 4.12 2.04 1.44 0.86
X=1 5.00 58.63 1.38 9.90 9.33 7.72 3.91 1.94 1.37 0.82
211830-1  6¢,6d 2.04 60. 46 1.43 10.20 9.62 7.96 4.04 2.00 1.41 0. 84
X, T X=0 1.65 76.95 1.09 5.56 7.26 4.29 0.85 0.90-/ 145 0. 00
X=1 1. 60 74.25 1.05 5.37 7.01 4.14 0.82 0.8 1..9 3.50
Xy - X=0 0.00 76. 82 1.09 5.55 7.25 4.29 0.85 2.90 L 4L 1.81
2 X=1 5.00 72.98 1.03 5.28 6.89 4.07 0. 80 .85 1.38 1.72
211837  7¢,7d 2.05 75.25 1.06 5.44 7.10 ‘.20 0.83 0.88 1.42 1.78

T, = AR T

TR B ROK B (X, o = 1) FRAE B i £ O
1=X,0 PR AL BT, 700 ~ 900°C PR 25 (1% gl L B 14
AR, BAE [ E R T8 1 GPa, 5 24 & 211.330-1
1) fre 26 20 G A [ AR T AR SE A 1R 1Y X, =
0. 859 (P&l 61 0 et 3 Wi 19 O 4l HLO XEE
211.830-1%) o o Sy TR HEA T3 (K 4)

TE 700~ 900°C F1 0. 6~ 1. 3 GPa LR IE FE it
SRS 211S30-1 1Y p— ML &] . ALY He T 73 [l
N, [ A 2R B 7E 800 ~ 844°C . 4 4T A1 K )
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0.45) i — A RE M, IR0 813 ~ 821C |
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4.2 & 21LS37

XFRER 210837 15, B2 0 F1 H,0 1 & &,
BT X, M, R X, O T
I B 422 BLAT Y Fe 2040580 FeO 1R R HE 1)
/N E AR (X, =0) FIa #5538 Fe,0, VE A
MR (X = 1) TR A2 TS E o -X, IR
AEFR 4 700 ~900°C B & AR EE VE M A AR bR, 15 [
FEETIH 1.0 GPa, 13EIME G 211837 A4 7E
A LT IRRCEAFTER X, =0.5(& 7a)

P =X [ CRERED 210837 By 4A /K&
g SE A TOR VR R i die /N K i (X, = 0) A
5. 0% (FEIRAYH0) 19 H,0 & = IE R KoK &
(Xyo=1) FRAE ML - X, o EIEIREARAR, K
700 ~900°C PR E 4 ifit B2 1 L A AL A | 152 12 1 )
1 GPa, 15FKES 211837 By H LA A AE B AHZ
W AR SEAETENY X, 0= 0. 44 ([ 7b) , ), 3@ i i
SEIR O 1 H,0 RS 210837 #9 p—r A0 1 R 3k A7
(R4,

1E 700~900°C 1 0. 6~ 1. 3 GPa AT 5 B A+
SREAh 211837 19 p—¢ AT E] . BEELAY R T 3 F
P, FEARZE R AE 780 ~ 820°C , BV £k A B AE R )
<~1.2 GPa, MB o ENFETE<~856C , &MY
W )20 55 ( Gri+Bi+Pl+Qz+Kfs+1m+Sil +Liq ) X 7
— AR A IR R L [l . 792~ 873°C 0. 73~1. 12 GPa,
VEHCA 1A Y S5 X, (0.05~0.07)
IR RHE AR X, (0.28~0. 30) FI3E 5 Ay B
R Ti(0.13~0. 14) #F— LR E M, B E R0
1 815~819°C .0.93~0.97 GPa([&l 7¢.7d)

5 phEA U-Pb L2

FEAh 211836 (44 Ji £ A0RE 22 52 74 1R IR 0 AN L
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Fig. 6 t-X,, t-XHZO and p-t pseudosections calculated using local effective bulk-rock compositions of sample 21LS30-1
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a—1-X, pseudosection of sample 211.S30-1; bft-XHZU pseudosection of sample 21LS30-1; ¢, d—p-t pseudosection of sample 21LS30-1

B EUR TP A 3R (] 8a) o Z0FT A 211836
[ 30 AN R A JURL Y 30 N A5, AR U (3 070 x
10°°~7 755%10°°) . Th( 19 404x107°~53 774x10°%)
I Th/UE A 5.47~10.44(F 5), AN, ME A H
AW RE Eu (72, Euw/Eu” {H7E 0. 41~0. 67 Z

], (Gd/Lu)  fH7E 560 ~13 332 Z 8] (£ 6), MiJ#
AP Ph/ 2 U 4R S Ry 451 ~ 425 Ma, 1EFG 0 FEBL
S (L 9b) iz A BA R T R w4 B
+IERTHAERE,

FE Sh2 1LS37 il Ji A Uk A 4ok 4 [ R sl AN



906 H oA 0 W o & RV

NCKFMASHTO(K fs+Qz) p=1.0GPa NCKFMASHTO(Im+Gri+Qz) p=1.0GPa

900 T 900
i 211837 " b 21LS37\ 1]

) ] u Kfs Lig PI Sil 3

880 Grt IIm Liq P1 Si] — &80 =

860 | 3 860 |- =
u ] - 3
B ] [ -Lig 3

o1 [ Bt Grt Ilm Lig P1 Bt Grt Ilm LigfPI Sil ] C 1

540 - o - 40 e o -~
- 4 HOr Bt Kfs Liq PI Sil ]
o ] F Bt Kfs Pl Sil 7

820 B Grt Ilm P1 il 4 sof g

o [ e
£ 50 1= 800 |- 1
= . - ' ; b
Bt Gt llm Ky Liq Pl E - BtKfs Ky Liq Pl B
12 ] C ]
780 B4 mwf N 7
1 Grt llm Lig Opx ol r 1
2 Grt Iim Lig = L : -
760 3 Grt lim Liq P1 p 760 | Bt Kfs Ky Pl Bt Ky Liq Pl =)
- 4 Bt G Ilm Lig Opx =] = 3
~ Bt Grt llm Ky Pl S Bt Gn llm Lig & £ o
(=] 6 Bt Gri Ilm Lig Opx Pl il g 1
740 |2 7 Bi Gt llm Lig Pl Rt i 740 |- =1
=] E3 8 Bt G Liq PI Rt P B
By z 9B Gr PIRt = o B 1
] 10 Bt Gri 1lm Ky Lig PI R =~ - | KisLigSil

720 e 11 Bt Iim P15il £ ] 720 = UKy GigMy 7l 2BiLigPISil 7]
== 12 Bt lm Ky Liq Pi g ] C ' MKy Pl
= 13 Bt llm Ky Lig PI Rt 5 - 4 BLKyMs Pl

?whlll|||l|||||||||||||||||._|I|||I||||||rl Pl ?!](}—1“|l||||||||||||||||IH|J ST O IR % e 1 1 O
0 0l 0.2 0.3 0.4 0.5 06 0.7 0.8 0.9 1 0 ol 0.2 P 04 05 0.6 07 0.8 09 1
1 » ot &
™ - -l ~ [ - L |
x,=0 Xo 2,=1,75%

13 NCKFMASHTO(Im+Kfs+O1z) ~ 13
[ ¢ ~Liq \m 21LS3 7~ L 211837

: I - o
E Bt Grt Ky Ms Pl it Ky Liq P1] i e

1.2 \ / N\ == —
I Bt Grt Ky Lig PI / TN i i

1.1 |8 > 5 11 B8 N
B > , a
L Bt Grt Ky PI = A L ]

1.0 - = — 1.0 - 5

o - L= ] £ - A
] L = 4 O L i
Q [ A\ Bt Grt Lig 1 Sil = [ 4
= S\ N\ / 7

L S\ = AR e i

09 = — \G - I Gt Ky Lig 1 09 = il
AN 2 Bi Gri PISil - .
[ PO\ J/ 3 Bi Liq Mt P §il = -
- et 4 B Crd M1 P il - -
b 5 Bi Crd Liq Mt PI Sil £ i

Ky : -

08 ™ - = 6 B Crd Liq Mt PI E 08 F —
/ £t Gre MEPLSl 7 BuCrd Gt Lig MUPI B - ]
Sl B Crd Grt Lig Mt PI Sil ) 3]
B 4 Bi Crd Gn Liq P 5il
B 10 Crd Gt Lig P Sil

o 11 Crd Gr Lig P1
07 = 12BICd G LigPl ] 07
B 13 Crd Gnt Lig Opx PI
i 7 14 Crd Gt Liq Mt Opx PI
- Bt Mt P1 Sil 15 Crd Lig Mt Opx PI
0_6_||||||||||||||E|J|t|1||| Ll 11 i oo bl Lo b lan gl bp
700 720 740 760 TEO 800 820 540 860 380 900 700 720 40 760 780 800 520 240 560 880 00
1°C 1°C

7 Bt s 210837 (9748 SR V- i AU 0L o e 4]
Fig. 7 t-X,, t—XHZ(, and p—¢ pseudosections calculated using local effective bulk-rock compositions of sample 211537
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a—1—X, pseudosection of sample 21LS37; b—1—X 1,0 pseudosection of sample 21LS37; ¢, d—p—t pseudosection of sample 21LS37
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45143 Ma 440+2 Ma 438+£3 Ma

100 um
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Cc 2IL569
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100 pm
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d 2ILS70
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K8 Bl iz A M DR s R R JRR S s A 5 T 1R
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Fig. 8 Back scattered electron images of monazite and
2Ph/** U isotope age of garnet biotite plagioclase g eisses

in the Longshan Complex

TLE T HRIFHE

FE i 211569 M4 0RE A 22 b IR 20 s A7
B EARTE 80 ~ 30 pm 2, AR G RN AT
AR T 3e ) ST RS 210869 1 27 AR
AIBURLRY 2700 i, A5 U (3 576107 ~ 7 000
107°) . Th(31 673x107° ~48 986x107°) il Th/U {& N
7.0~10.66(£ 5), WA, MEA LA ERN Eu iy
W Eu/Eu” {H7E 0.07~0.25 Z[A], (Gd/Lu) 8
TE2223~15 441 Z[H] (£ 6), ME A1 Ph/**U
AEHY R 415~395 Ma, 7EM LICREL o (K 9f)
EHMEARH I IIREE ER TR 7MW
FFIE

FEih 21LS70 B 20 Js A F0RE R #4052 8 [ AR
A R ELARTE 50~ 100 um 22 08] (& 8d) o 43#TF
FEAh Y 26 AN BURL Y 26 NI, A U (4 254
x107°~7 656x10™°) Th( 13 013x107°~57 893x107°)
A Th/UAE N 3.06~7.56( % 5) , Wobh, hm A HA
W Eu B 51555 Euw/Eu” B 0. 07~0. 12 ZJd]
(Gd/Lu)  HTE 1 512~5 394 Z[A] (% 6), MEA
H2°Ph/#8U 4EI g 415 ~394 Ma, 1EH +ICE R />
EIh (E oh) iz ke A B o R w4 ER 1
TCETHRHE

6.1 TRIRESH

AR BTGB 1L 2 A8 AR AT T 5T
WA B5 B 4 (2002) X Bl 1L 0 1R A8 BT ) 21 45 e ik 2
FFT RS, N R R 8 A I8 25 AR A T o] 5 45
(2006) AP AR B RCE A M N S A AR it &
SR A (2023) XTBE L 225 A RHS M TN S FLR 2 RHS
R HEAT AR AR ARG N kB T m M N
AR, J& T A R . ASIRWE 5245 2 P Ll A A8
P AR AL 210S30-1 M IHA™ P40 A& Grt+Bt+Pl
+Qz+1m+Rt+Liq, #E— 2 FR e 153 25k 440 813
~821°C 1.08~ 1. 1 GPa, #f \if 21137 WU 6™ 4y
HAH Gri+Bi+Pia Vz+Kfs+1ln +Si +Faq, #E— £ FR &
PRSI 1k 815~ 879°C 0. 93~0. 97 GPa, ik %
TR R RRR A A T

O A S A T AR R Ll 50T 3 40 9 48 AR
B (SRS, 1978; Wu et al. , 1993; VFaE3E
%, 1994; Zhang et al. , 2007, 2009; Wei et al. ,
2009; Song et al. , 2009, 2013; 2= =14 2017; f}
7R, 2020) , X TAUARE 1 LA A48 BT AT LALRI 4
ACEB LA WA A A A 32 AR R B N R
Phves i R 2 MU RS o B R A8 Y, Zhang
(2007 ) X RERE A AT T ARG, A3 30 T 040 AR R
JEAA R 420~510°C /2. 1 ~2. 4 GPa, 58] T i 4f
) p-t BB, Zhang %5 (2009 ) X 6 KE A7 W F 5 64T
TR AR FHAISE A5 1 A D) A8 S R Ol 345 ~375°C
~0.75 GPa, - Hicd 5 T A9 p-r #1375, Song %5
(2009) T+ T 25 B AE A7 R 0 IR R SR A 7
250~350°C .0.6~1.1 GPa, Wei %5 (2009) XFdb 5 &
1 LU PRV S R AT T AR BV AT, 45 T 0
AR R IR R 420~ 510°C (2. 1~2. 6 GPa,ic 5% T
HHEF Y p-t B,

HIEART T Z2 08 Y 208 2 80 1 A0 S0 7428 B A
5T (Kroner et al. , 1993 ; 5K #HH %, 2011; Dong
et al. , 2011a; Wang et al., 2011b, 2011lc; Xiang
et al. , 2012, 2014; BRFF¥ %, 2015; B/ E,
2018; Zhao et al. , 2020; ZHE4E 2021, JH U5 4
2022; SRELEE . 2022) . B/NLLEE(2018) X P ZE I K
KX AR 2 A T T 2R BV ERIESE, 19
HB OB A I R TR A 793 ~803°C | 0. 88~0. 95 GPa,
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(FrUEALIE A Sun and McDonough, 1989)
Fig. 9 Concordia diagram of LA-ICP-MS monazite U-Pb dating and chondrite-normalized rare earth element patterns

(normalization values after Sun and McDonough, 1989)
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JZ NS AR BTV E R, SAHAE (2022) X PH 04
4 R 7K Hb DX rf He SRR 5 4 A8 I3 1) A 1R Y 4 B = R
AT T AR AR ST, A5 B 5 p-o BT, 14
HIEE S ~820°C/ ~ 1. 02 GPa, XI|“#458 45 (2024) %f
M1 b DX 1) 35 A 1R A AR TN SR = R RS S
AT A B ARH AN A T TS, 735115
FIRE &5 1F 790~810%C 0. 99 ~ 1. 04 GPa HI 840 ~
862°C \1~1.19 GPa, B FiFEEE IR B T RRR AT, [AlFE
1053 T4 p-r B (& 10)

FEih 21LS30-1 Z R i AH A 7, (B S) 4
SYIRHTARAR IR TIZRES G T T W e B 1) =5
Bk X, (FE 6d) AT REALFE /R TR, 2 2 HAE /R T
MRS ) p-o o S o NS T LSBT 2L T AR AU A5
F IS, R R = A B (L 10) | PR B L
A AR e i FI 2 R 4 T A IR R R B FR T
BB,

6.2 FTRIEARK

HIT AR - 4845 A 58 B Ll 4425 19 A8 5T/ FH s
RUEAT T — L6/, (THIZT % (2005) i 3 LA-ICP-
MS 541 U-Pb 8 45 X) B L 24 T i TTG Fr Rk it
3T, 1580 T ~ 1.9 Ga BYZE AR 5 o] tH 55
(2006) XF Bl LA FEAR K LA RIEF TR A U-Ph 24,
PG T 417+£1.5 Ma B9 F 48 it 4F # £ 0T .0 5%
(2018) X Bl th 2% & v i) 8 = R KA 24T
LA-ICP-MS #5441 U-Pb 4, AW HZT T ~1. 8 Ga
(AR 5 R A5 (2023 ) 38 2 i R A NS A 2 41,
3 A B B LU 2% i 728 BT 4R % Sl 407 ~ 435 Ma 409 ~
426 Ma, ZAS3CiE i LA-ICP-MS i JE 47 U-Pb & 415
B TREILAE T 4 AR s BH 7 RRCA R A
211836 211.537 .211.869 211870 F{) 4t f& 41 Pbh/** U
AERRSY R 451 ~425 Ma 455 ~431 Ma 415 ~395 Ma,
415~394 Ma, XM EAAERRVINE LA 2 T
AR B

A e U AR AR S AR 915
1.4
i 7 A
oL B! ©#1455-425 Ma
. ®
(i) ;
Lo 329430 Ma
No }‘
21409395 Ma 47
2 08t /[/51406~383 Ma
= TR A
g iy (4 4 LR
£ ple by 3 4
0.6+ A HH ':_' @¥1421 Ma
D)#405 Ma ¢
0.4} BT pos g
ke ]
02k
0 L L . Zz "\ WL\ I |\ W S—
300 400 500 600 700 100 900 1000
H°C
B 10 PSRRI A AR AL BT n p-t PUELZS
(BX7 By, 2024 f2240)
Fig. 1\ S vumary of p-¢ paths from the granulite-
facies metamorphic rocks (modified after Liu Xuefeng

et al. , 2024)
O—Vale-N 2 X AR B SR A RE AR R s KR
AR p-o Pl (RIS, 2021) ; Q—MRFIFHIX S AW A RS
INAEHE B R ZE 5T p-t 3135 ( Zhao et al. , 2020) ; @—FGZ IR 11
WA T AW LA A E BT p-r Bk (B/DLLAE, 2018)
@—VEZIEAL G R X AT AR Y LR B 5 7 BRA AR T p-t B (58
HEAE, 2022) 5 @RI X5 7780 7 11 38 = M INRHC R R
AR p-t B (XS, 2024) ; @B ZR S AR A RHC R
AR p-o B (ARS0) (KR AR O AES 211530-1 Hl 211837
W Wy 20 5 X )
(D—metamorphic p-t path of garnet-biotite-plagioclase gneisses and
garnet-biotite two-feldspar gneiss in the Xixia and Neixiang area ( Liang
Shuang et al. , 2021) ; @—metamorphic p-t path of garnet-bearing bi-
otite-plagioclase gneiss in the Weiziping area ( Zhao et al. , 2020) ;
(3—metamorphic p-t path of garnet-sillimanite gneiss in the western
Qingling Orogen (Mao Xiaohong et al. , 2018) ; @—metamorphic p-t
path of garnet-sillimanite-biotite gneiss on the northern edge of the
West Qinling Orogen in the Tianshui area ( Guo Qi et al., 2022);
(®—metamorphic p-t path of garnet-bearing hornblende-biotite-plagio-
clase gneiss in the Weiziping area (Liu Xuefeng et al. , 2024) ; ©—
metamorphic p-t path of biotite plagioclase gneisses of the Longshan
Complex ( this study) (the black area in the figure represents the peak
mineral assemblage area from 21LS30-1 and 211.837)

BT AC AR 7% 18 Ll 1 A8 A/ B AT T 0F
5% ( Zhang et al., 2007; Wei et al., 2009; Song
et al. , 2009; Cheng et al. , 2016; 345 2017)
Zhang 55 (2007 ) X A6 AR 1% WS R85 64T T 85 A
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U-Pb B4F, 155 489+7 Ma Hl 477+16 Ma P15
EHAS FRIAES . Song 25 (2009 ) 15 BI04 1 1114
TR A AR A2 5T AF ] Y B[] ~ 472 Ma, Cheng 5%
(2016) 153 T ¥ H A AY Lu-HE F1 Sm-Nd 4E#4 7051 4
466.3+2.0 Ma Fl1462.2+5. 6 Ma, HIA N2 A A5 HH
5 T AR

AR, b Z 06 BB T K e R/ S R S
A PRI ARSI B 3 — SRS | 5 04 38 b T
Jb— P AR 78 — ZE AR b DL K 7 Ik 24 A 4 A ( Kroner
et al. , 1993; Chen et al. , 2004; &S5, 2004,
2011; T 1= 4, 2009; K # %%, 2011; Cheng
et al. , 2011; Liu et al. , 2011a, 2011b; Wang et al. ,
2011a; Xiang et al. , 2012; Liu et al. , 2013, 2014,
2015; Tang et al., 2015; FE/NZ 45, 2017; Mao
et al. , 2017; Zhao et al. , 2020; & FHi, 2020;
LA 2022 XFE4E . 2024) . TKESHISE(2011) 18
T X P g XU bl DX R AT 8 A U-Pb ARG A4
G AT BN RO A A 22 B R AR (4402 W) FL R
INEAHAZ BRI & i AR (426 £1 Ma) . A5 &
XoF e T 1L e DX e BRORE R T RS T A L P
AEARABEIE, A5 30 T AR L b X e 0 PR A A
AR A RIS (43240 1a) LA BB A5 B AE I Bt
FIRHAR (415 +2 W) (Ul et il , 2072) , 98 %%
(2021) 3 di LA=CEIMS U fE 47 U-Pb 5 4F Fl 85 £1
U-Pb SEAE 501 TV H Ik — N 2 4 X B AN RS A i
M EATAERS 570 4131, 6 Ma F1 409. 6+1.9 Ma,
BEATAERY 23 9K 408. 8+3. 3 Ma Fll 405. 8+3. 6 Ma,
IO HAC S T AR AE AR, 25 B RTIk, R & 18
by DX 3k S 5 1 - R A T — A e h B
SR = AR o (~ 500 Ma) , 22 )5 3 28 9 46 T
(~ 450 Ma,~ 420 Ma) 944 3 38 fb 3 78 (X1 R 4%,
2013) ,

BEE WIS AR A, LB TR A T 5 &K
BB ARAR2AIE 5 . B/NALAE (2017 ) X P ZR 14 3
LAl ROK H X R AT T HF5T, 49 0 PE R I JLER i Z2 0%
FEEEDT T RRRLE AR S BRI (433 ~424 Ma) F1£f
NEAH (411 ~ 402 Ma) iR 48 i /E H olcis . S8 4L 4%
(2022) 1@ 1t 8 A7 JEAE U-Ph SEAERFSE T P 2040
xR AR A, A5 B AR T Hh RRORL A AH AR B
YERIRYIHR (~ 421 Ma) . JEIRAE (2022) XT84
1 L KRR R AR AR N 5 AT T AR 18 31 T
3 AR AR . 49743 Ma 45243 Ma F1423+7 Ma, Jf
INHALZ W 1S LA VI B R AR T 5 AR B

N OpN R RULESIE/TSIZS R

ARSCHYRE S 211836 Fll 211837 SR Af 5 A B 48
VT, FFC S A A7 4E 0% 451 ~ 425 Ma 455 ~431 Ma
PR 2550 B P 55 P 2R 06 v R JRRORE 25 R 0 1 A2 T
(IR B AR 23 18 B i 36 1 3R A8 Jo 1 FH AR e AR —
., MRESh 210569 211870 SR kLA &A1 [H, Fric &
B e AT AR S 415 ~ 394 Ma 415 ~391 Ma %05
TORRRL A AR A S R AR A R A AR, B
211869, 211570 15 % /9 3l J& A7 4 % b 211836,
211837 fAF4% , Al BR 2 7V Hlda FH B Be i) 22 S vk 4R
FHER . Z5 L TR, B 1 228 A8 AR % 5 AL %
I 3t L1 AT 25 4 2% 728 T A 7R 152 22 95 R — 3K
PCHEWTBR 1L 22 5A 2200 T 54620625 0 WA Ly A
i,

MEdb B2

6.3 HEL=

HEABEAS N A L1 2 I AR 3k 1L i 5
JEEBEL (ASHRT, 1995 5 I Ji A W5 IA Sk HE B i%
1)@ T Mo p Zx Y RIS A &R (2145, 20055
Al AE, 2018) 5 BLAN, FRA 5T 2 A B 1L 2
wF -5 2RI A AR DL A 15 R AE (R SE BR SR, 2002
HRK, 2004) ,IA N H ] BEZLZE I8 1 L1 ) PG 4E
RS (RS2 1994, EBf9R4E, 2023; ZEE
85, 2023) , FORTBIFSEER WL, B LU 55 A () ) b g B
TR B8 T A [ B ) 3 PR35, 4300 a3 43 b o Ky
= oot Byl BRI A R (R&E R, 1995; fif#
ZI55 2005; TRAT0EE 2018) LU A Bty AR AR AR TR
— KA R (T4 20065 #REEF4E, 2017, B0
WESE, 2021)

Y A1 M SR A B 2 B, B Ll A R T AL
ARG - KIS Rl 2 R B AR D
A HEZT 45 (2005 ) 76 Bg 2 5C 1L H X 45 8 TTG R kA
FI AR R ~ 2.5 Ga, BRI R~ 1.9 Gay; T4
NAE(2012) ZE5K )| - e AR e K T A5 248 1< i
FRE S S5 AR A ~ 1,76 Ga, 3R E 4k 7K
YA S AT RS N ~ 1.95 Ga, ~ 2.2 Ga; BE
BRI SF - PO B X A5 21 28 2 RHS R TE AT i
H~ 2.47 Ga,ZEFAFI N ~ 1.85 Ga, FKim iR = fHE
RS TE AR M ~ 2. 49 Ga, Z8JFAE# J ~ 1.96 Ga
(FRALLy, 2018) , BRI ALK A R 5L
% ~2.5 Ga I EHKFF M ~1.97~1.80 Ga 142
R (7 WA A, 2009; T OE M4, 2012; Lu
et al. , 2013; 15, 2017; Tang et al. , 2017; Feng
et al. , 2022) fR4F—BIC SR, PRI AE B HE I B 111 4%
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#r TTG R KA AT e & T Aedb sohi i B 1 BRI A &R
221 1 b ool AR T A el R A2 20 BL AR
W IIER B AR L2,

ARSORT Bl 1L 25 T AR 8 T AT AR B E
I8, IR BN T R A AR B, 45 A ik
B 1L 2 5 b 28 08 3 1 iy 7 iy A AR A AR A ) 2 i
Ak, HEM Bl 1L 2% )y AR AR i R AT e S AL R e
AE R A AT

ZUATE LA 28 7 1 4 YK B E Y il B g A Rl
i, A F AL B ISR R PHaE & R AR AR 1
iz 8 (Dong and Santosh, 2016) , HAKF , FFER
T (~ 540 Ma) B FHE I 4G LR oh, S350 T ZRREE
I 5 TT 4 UL Z2 08 1Y 5 A J G 2l rh o€
Bt (~ 515 Ma) B PHFERFEEM b5 &L Z2 04 sk
FUBHE R A - B R AR A, BB PRI 2 1 X
B, 1 pE A e AL B L 2 R R T R R
AR EAS A B (~ 450 Ma) , —BREEIN)S 74
W PR ARG FF BT 35 S A7 7RI 0 (460 ~ 42, Ma) .
SEALZE I M (458 ~ 434 Ma) HIHE K &5 R ok 2
AER AR Bm , e dh e B (~ 409 Na) (R i
M4 (Dong et al. , 2011b) o A S M, B 144
B T AR LA 5 PR o, 2800 T vy A ARG
Fii il 43 38 1L P
7 ZEiE

(1) il Z v iy A 18 2R = RHS  RRCA HE i
SE T AR B AR B . A AR SR BRI A
BB, U6 3 AR I R 2% R 813 ~ 821°C L 0. 93 ~
1.1 GPa, A R pRRE A AR AR i

(2) LA-ICP-MS 7 & £ U-Pb M 4F 3% 1% 4
AP/ PU AR AR WY, 430l Sk 451 ~ 425 Ma 455 ~
431 Ma 415~395 Ma 415 ~394 Ma , 153 f{) 725 [ 45 1%
EGZRUE 28 T R RRRL AR 06 1 A8 T4 FH D) R AR AR I
YEHIRHREE A — L,

(3) Pethzea nTae 52081 1Ly 205 T A
AR AR 3 = WD HET P L 2 5 R T R0
1 LT B 78 A 5 43, 28 D3 T by A AR i i 4R L
EH,

B ALt F RS X R 3R
BIGep etk & — BN R AR B AR AR 00 A B Bt 0
K F RS A FIF M R 5 A F 57

7 & 4T e B Ae 36 3
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