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Evolution of metamorphic processes in the Neoarchean mafic granulites of the Qingyuan

Terrane in northern Liaoning, North China Craton

Abstract. Multiple interpretations exist regarding the tectonic evolution model of the Neoarchean North China
Craton, requiring a more in-depth study of metamorphic processes. Systematic petrographic observations, mineral
chemical analysis, phase equilibrium modeling, and zircon dating were conducted on the basic granulites from
Qingyuan in northern Liaoning to elucidate their metamorphic evolution processes and geological significance. The
selected samples of mafic granulites were divided into the garnet-bearing domain (19DJO7-GD) and garnet-free
domain (19DJO7-NGD) , with the garnet-bearing region displaying a banded and inhomogeneous distribution. Both
domains exhibit two generations of granulite facies assemblages. In the garnet-bearing domain, the first-generation
metamorphic mineral assemblage includes garnet + clinopyroxene + orthopyroxene + hornblende + biotite +
plagioclase + quartz. Notably, the first-generation plagioclase ( P1l,) exhibits a complex compositional zoning, with
anorthite content (x,,) increasing from the core to the mantle and then decreasing towards the rim. Similarly, the
titanium component zoning in the first-generation amphibole ( Amp,) follows a pattern of increasing from the core to
the mantle and then decreasing towards the rim. Based on mineral assemblages and corresponding component
zoning, it is inferred that the first-generation granulite facies metamorphic process followed a counterclockwise P—T
path, involving a pre-peak P-T rise stage and a post-peak P-T drop stage. Phase equilibrium modeling constrains
the peak conditions at 0.8 ~ 0.9 GPa/900 ~ 950 °C, indicative of high-ulirahigh-temperature ( HT-UHT)
metamorphism conditions. Zircon dating results yielded a post-peak cooling age of 2498+6.9 Ma (MSWD=0. 39).
Considering the regional “dome-and-keel” tectonics, the counterclockwise P—T path, and the metamorphic timing
of supracrustal rock nearly synchronous with late-stage TTG magmatic pulses, the UHT metamorphism of the
supracrustal rocks is believed to be controlled by the unique Archean vertical tectonics/sagduction system. The
second-generation metamorphic assemblage is characterized by locally formed coronas or symplectites of garnet +
quartz + clinopyroxene, representing high-pressure ( HP ) granulite facies metamorphism associated with a
Paleoproterozoic orogenic event.
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YNGR DA TP SN T Il A R A B R i
WZREHEEAAR “SE-H (dome-and-
keel) 7 M3k, I KPR — Rz A2 IOR/
FAGARTZF TTG ( tonalite-trondhjemite-granodiorite )
SRR, NEWRAEESEZE (M. Collins et
al. , 1998; Hickman, 2004; Lin and Beakhouse,
2013; Anhaeusser, 2014) , XEERFHE) T 4
AR A A A4S BT /E ] ( Condie, 1981) . Brown
(2007) F1 Brown and Johnson (2018) Xt 17 I~k
O R AR B S R, RRRLA AR ST E R P-T
244 0. 65~1.40 GPa/800~1100 °C, Hb A BEAR
B, KT 775 C/GPa, X & L — = i RRRL 2
RZ W R EF ) P-T B3k, AHE AT & 14
AFAES L, BN, Mezger et al.  (1990) AN 5
WF R 7 il ( Superior Craton) ) ~2.7 Ga K%
FEWN  (Pikwitonei) RBLATE T KB A KRR B
Jayananda et al. (2012) NN A IR R v Hr
( Eastern Dharwar Craton) "PHBAY ~2.7 Ga 85 KL
HARES TR A G AR, ok A b v i iE
FLARMARIY ~2.5 Ga JBRKLAS BN AL BT 2 H 1Y 30
7% (sagduction) ¥y & %] (Duan et al. , 2017; Liu
and Wei, 2018; Liu et al. , 2020, 2022a) , X K
HRRORL A 3R 58 A 728 B A B9 AIF 5T AT DL AT 5
SRR S0 0 A AR T B2 AR BT O IR

[F] 5 b HAb se fm — A, Aedb e him B A

XEHS: 1006-6616 (2023) 05-0736-21

BRHEEZRMEI T S (Zhai and Santosh, 2011;
HHESF, 20205 T3 MRS, 2022), RZHF5RY]
Ao e i 3 AR AR Bl B K T R 5T A T Rl AU
B (~2.50 Ga) KA T N AH-JFRORL A AHZZ B
M, R THIE LAY b A 3 B 5 A = A W] A
W 5 G P PR 5 I % A= B o - filf 48 A OC (Zhai
and Santosh, 2013; ZEB[E, 2019); HHHAF 5]
TR LA 56 (Kusky et al. | 2016) ; 5 Hbhe
A ¥ (Geng et al., 2006; Kwan et al. , 2016)
XU RSE AL 1A [F] Y 0 A5 MR R P-T AL B
i, HAfINA MRS AIE R4 . (W0 Liv et
al., 2020) s EFE R P-T B (W Zhao,
1995; Wu and Wei, 2021); i bR 7 A £ 58 7 —
JBEid R AR P-T B (40 Duan et al. , 2017;
Zhang et al. , 2019; Lu and Wei, 2020) , Kb, 7%
B OR O R FeE AT Z BT ST, LA BT i R
JffE I AL, I #E— 2B 3R 0 A b v i 38 Kl e
L3814 A 3 AR
RN T e AL g AR B, H KRR
A TERT R AT 28 T 1 £ TR AH — JRRORE 5 AF 28 BT
e (7 ¥ 4 %, 2005a, 2005b; Peng et al.
2015; Wu et al. , 2016; Li and Wei, 2017; Wu and
Wei, 2021) , R&ERFRFEEHZTT T A N A AHAE BT
YER, dds 7 et e A p-T Bk, g IR R
0.7~1.0 GPa/750~890 C (Wu et al. , 2013; Wu
and Wei, 2021; Liu et al. , 2022b), RA K H .
LT FEIIRP IS S Hh X 58— 8RR RL 7 A
Rt , (B R AR B A g AT B S, b,
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T 5T b AT Ry A B 1 A i R AR TR 2
B, ALEE b 08 AT AT OC B 2 9] A4 3 A AL (Zhai et
al. , 1985; Wu et al., 2013, 2016; Li and Wei,
2017) , FEESCE rhAT 5 A 1 1o A4 i AL 1Y (7 ¥ AR
4, 2005a; Pengetal. , 2015; Wang et al. , 2016a,
2016b; T HESE, 2018; W, 2020), LIEK
R A B 3 )TV A 3 R ] (Wu and Wed,
2021) , Vi it ReJe 48 16 4L B T 2 L 7 1 [R)
WpRTeA TEY, REIW WS- H i (Collins
et al. , 1998; Francois et al. , 2014), K T it —
PRV Tl A7 Ry A GG 00 B0 g s AR o, R S R
TERRRL A M AL & =T, &R T EZ W
WEFE . SCEE I 2 0 ¥ 5L b A 2R V) b IXBE P JRR AL
FHHRRGUAE A AL AP R R B A
EACFTTE, AR T AR A AL 3 A

1 W H =

A T 3 A AL i Y Ak R O AR R B 5T 1 A,
FEA PP A [R] A 1 A B — R R A Oy
Aedb s b AL s YA R E e, B SRR £
Hr . Jerd MURARHBEE (I 1a) o BT H SRR £
Wb RTE ~ 1. 95 Ga BEHIE WL T 75 #F bl B A AL 2% 4
e, e b R R B AR SR AE ~ 1,90 Ga PFGIE LT
AREBBGE PRI -3 =357, BJa AR . VIR AE ~1. 85
Ga PFETE W T AL b #i&E 1 AF (TNCO) FIEE A
484t P PIE (Zhao et al. , 2005, 2012) . 45 — Fh
R, TEH R AR (~2.5 Ga) flREANG
RPN TE W T A2 db 5C F7 i@ ( Zhai et al., 2000,
2005; Zhai and Santosh, 2011), B J5 75t o6 7 4%
(£72.0~1.82 Ga) £J7 1 2445 — I vp — 186 A= - hlf 48
GF-RAME R, BT E8A, BB, K-
-5 B AR A Sy A b s b 2 S R
W REE (RE . PEERREEL) 7E2.5~2.4 Ga Kk
flf 4% % B ( Kusky and Li, 2003; Kusky et al.,
2016), FHAEdLEhm b /e 2.3~1.9 Ga H728
NSRRI Z%, B, b him e 190~
1.85 Ga 5 R H KM & A w1, AL e hrim AL
RN S -3t I3 (Kusky et al. , 2016)

10T TR H R H b e 5 R e g AR R (A
la), HAMAE “SFHE-Jod" Wik, WK
FEH TTC i (3 = WA T - A A8 i Ji - 1E 1<) [N
Ki) -6 BT R KA b & R A 4, TTG

Ji -8 b R R R R, TN A W LR AR
R TE RN EEZE (K 1b) , F R R
TTG -6 i T 7 R A A 3K B A AR S s T 3L
BB R 2.57~2.49 Ga (JTHIAE%5E, 2005b; [
M55, 2014; Peng et al., 2015; Wang et al.,
2016a, 2016b; Wu et al. , 2016; F RS, 2018; Li
et al. , 2020; ¥ 2020), I HEMTMER
EFEG DT T AN SR - RRORLA AR AR VR, AR
EWE N 2.55~2.42 Ga (A FI%, 2014; Wang et
al. , 2016a, 2016b; Li et al. , 2020) . ¥ 5t Hi {4 1y
KRAMTE LA AMFA, aEILAm
M RIT4H (Zhai et al. , 1985), 1 T 4H L) #E HL
wLORKMNE, BEAamINE, BRERK K
ARG RS E, TR EA AR DR
PR XA A M E ST Y 40iE
HEZEHRKMNA . BB R KA 4K,
bR A LA SRR, L RCA T BE N hE
BEA . R R - BOIRUE; B R TTH L
BABKAME., A E. BHKRMNE. W@
B g FoR BEA S, R T RE Oy B K A
e -2 BT RA | Bt Al | A R o
DL KRR #h o B AR IR, RoTH M AE
AR AN 2.55~2.43 Ga (T 4E%E, 2005b; 1
%, 2014; Peng et al., 2015; Wang et al.
2016a, 2016b; Li and Wei, 2017; Wu and Wei,
2021), Li and Wei (2017) ¥ 21035 1 20 i) % 58
A IR O 3R IE ) 43 ol A R R S 4 B
ANFRB I L A R b R G B A oG, o
BEMZAFAAMETERLER, FERRK L+
JCER, HAT R sl R AL R T B X R
A A F TR B A,

T M AR S8 A AR 2l ol A AR T AR T B
(E2), efMEATH KGN TTC B H KA fl R
54t Duan et al. (2019) F1 Wu and Wei (2021)
38 Bk AR 5T SR R 2 DT T A DN A R - i TR R ORL A
MAEAER, HAIEE R P-T 3k, WeE &0
J50.9~1.1 GPa/720~780 °C . %127 i 6] Jy ~
2.12 Ga, ZFJREIFIA] N ~1.85 Ga, HAF R AE Al fig
55 Hb 58 3 TR 1L A G
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Fig. 1 Tectonic subdivision of the North China Craton and geological sketch map of the Qingyuan Terrane

(a) Tectonic subdivision of the North China Craton ( modified from Zhao et al. , 2005) ; (b) Geological sketch map of the Qingyuan
Terrane ( modified from Wan et al. , 2005b; Peng et al. , 2015; Li and Wei, 2017)

BUIRA, =MERTaE)ZT N, TTG i R &
RARTE, HAAT W RN~ R EH Bk,
BLMERRORL 5 R W BRULBUS B2 R RRRL A B
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W (K 3a) . B HEEFRORL A B9 G0 b AL i
AT FNRE DT RE AT o R RORL S 1 43 DB A AR
A (K 3a, 3b),

2 EEFEAMN

2.1 EERDHN
WFFERE bl 19 x5 32 6 70 3 P 20 M T b I

iR (ALIT) MAH OGS = SE L, AL ER A
HLERRR & 55 B IR R 6 (ICP-OES) , MK
ZRWNE 1,
2.2 EHEEMTYHE

WAk 24 50 A1 66 1 7 b 50 K 24 b Bk 5 25 a) B
2 GE ) TXA-8100 B -5 A ML F PR 4R, K40 .
JNEE L R 15 KV, O 10 nA, R EZ N 2 um
(MR B BEE R S wm) , ] SPT AW 53 Fha-
YA R b AR

FEME KL AR T 19DJ07 TR 5 R A Y X e
AR, KA TEIE 0.4~1.0 em (& 3b, 3c¢),
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Fig. 2  Geological sketch map of the Qingyuan area showing lithological distribution and sample localities ( modified from Duan et al. ,

2019)

AR (19DJ07-NGD) W4y, 40510 41 —
MEFRRL 7 A R OB A B o A 45 M AR 3R
TP R 2, £ 3,

(1) 19DJO7-GD WB P A 4 WA R B8 o
SrHAREA (5%) . BREA (15%) . ®J5E
1 (6%) . fAINA (28%) ., Bt (1%) . #K
i (40%) ., A9 (3%) M sk 8w + B %0
(2%) . HAMWABERDRAE Fgh (K 3d—3g) .

ORI Gty Ml Grt, W52, Grt, J i IE—
FHIE, KB O0.1~0.5 mm, 5Ok & A W1
K (AREERL) (K 3d), Grt, BT
x..= Ca/ (Mg+Fe+Ca+Mn), x,, (BRI A ER
SEO) | xg, CRRBRAEERSED | x,, (BEERA
JEEOR A3 B0) MK G 2 e, DA B il O R IS
(0.26—0.21); x, BA 5 x, MEIHEFHA (0.13
—0.10) 5 x,, RIMHE x, MR, IAZHEE

T (0.59—0.65); xg, HA 0.02~0.03,
BARBON L) (K 4a), Grt, fEH 0.1~0.2 mm %
SR B0 A K AE FL A o™ B L (1 3dL 3g) s
Grt, 2R, F 5 4k A P4 AR K Cpx, 8 G
WA mEE (K 3f), T Grt,, Grt, B x., B
ik, 70.19~0.24, B2 x,, F&, H0.60~0.68;
xp, 4 0.09~0.13, x,, 4 0.02~0.03,
PR A AL Cpx, A Cpx, P&, Cpx, fE N E
Wiz —, BE 0.2~0.3 mm, fliiEk AR (A
3d. 3f); T1fi Cpx, MJ& 0.01~0.02 mm A fhFE Y i
wral e AR A, AR KT A B N A R R (K 3E
3g) . Cpx, Ml Cpx, BA HHBLA B M A1 5T xy, =
0.46~0.51, x,,=0.29~0.36 (Morimoto, 1988) ,
B HEA AL S Opx, M Opx, PIZE, Opx, J& ki
J£0.1~0.3 mm B —2F AL HORBORL (1 3d,
3e); Opx, H AR T &% 048 Jot 25 44 38 i — % A1 )]
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Fig. 3 Outcrop photo of supracrustal rock, and field outcrop photo and microphotographs of mafic granulite 19DJ0O7

(a) Interbedding of mafic granulite ( containing garnet-bearing and non-garnet-bearing domains) with iron-rich metasediments, with

outcrops displaying light-colored veins formed by partial melting; (b) Outcrop photo of sample 19DJ07, which contains fine bands of

garnet; (c¢) Scanned photos of sample thin-section, categorizing the rocks into garnet-bearing domain (19DJ07-GD) and non garnet-

bearing domain (19DJO7-NGD); (d and e) Comparative microphotographs of two generations of garnet, where Grt, and Qz form

coronal symplectites, and two generations of orthopyroxene (Opx,,,) and three types of amphibole ( Amp,,,) are developed; Amp,

occurs as inclusions, Amp, as one of the main minerals of rock exhibits blastic texture, and Amp, is fine-grained and grows around

pyroxene; (f) Microscopic characteristics of locally superimposed metamorphic combinations in rocks, showing the development of

symplectites of Grt, + Qz+ Cpx, and two generations of plagioclase (Pl,,); (g) Microscopic characteristics of two generations of

clinopyroxene (Cpx,,); (h) Homeoblast texture in 19DJ07-NGD, with Amp, enclosed by pyroxene and two generations of plagioclase

(P]I/Z)

The lines labeled with a and b corresponds to the composition zoning profile in Fig. 4; mineral abbreviations are according to Whitney

and Evans, 2010; Warr (2021) : Grt—garnet; Cpx—clinopyroxene; Opx—orthopyroxene; Bt-biotite; Amp—hornblende; Ilm—ilmenite;

Pl-plagioclase; Qz—quartz

F1 FRHMREMBRHNENESERSUREFERMABNEREENS

Table 1

Bulk-rock compositions and effective bulk-rock compositions of samples from Qingyuan terrane

ICP-OES 4 #7145 2| () 4= 5 1 43 % 1/ %

i - - A/CNK Mg

" Si0,  Ti0, ALO; Fe,0, MnO Mg  CaO  Na,O  K,0  P,0,  LOI &
19DJ07 50.20 1.46 12.86 15.15 0.21 532 10.41 3.10 0.59 0.18 0.17  0.53 0.41
v FH 7 AH T 0455 480 04 % v A 4 13 FEE OK 93 B/ % Y B

FE - - Mg A/CNK &1 g

H,0 S0, ALO, Ca0  Mg0  FeO  K,0  Na,0  TiO, 0

19DJ07-GD 2.07  52.89 8.45 11.38 7.23  12.87 0.38 3.12 117  0.44 0.36  0.57 B 5
19DJO7-NGD ~ 2.68  51.83  8.79 11.22 9.22 10.64 0.41  3.41  0.99  0.79  0.46  0.58 Kl 6

. Fe,0, &4k; LOIBEKH; Mg" =Mg0/ (MgO+FeO,,,); A/CNK=A1,0,/ (CaO+Na,0+K,0)

B, R ~0.01 mm (& 3e. 3g)., MER ML
FEA BHER M A B4, v, (=Mg/(Mg+Fe+Ca) )
=0.39 ~ 0.46, x,, (= Ca/(Mg+Fe+Ca)) =0.0l
(Morimoto, 1988) .

WG A A 45, MAINA AT LIS Amp,, Amp,
1 Amp, =2k, Amp, FIEZ2 0.01~0. 10 mm, fE
HRT A SR A AR R AR (B 3e, 3g);
Amp, BN EERGT Y2 —, KJEH0.1~0.5 mm,
i —+F A (K 3d—3g); Amp, ML, HiJE
9 0.01~0.05 mm, 4K THAMT YL (K 3d—
3f) . P& Hawthorne et al. (2012) 4, =28
AN #8)E TAEIN A ( (Na+K)*=0.59~0.75,
(Al+Fe™ +2Ti)“=0.87~1.20) , Amp, R4 Ti &
# N 0.19~0.27 p.f.u. (per formula unit) . Xy, =
0.41~0.47, Amp, Wy Ti & &N 0.17~0.25 p.f.u.,
H B DAZ 08 3] 0 35 - 2 P 380 30 40 e A 14 i 43 B
W (Kl 4b); x,,=0.39~0.47, Amp, 1Y Ti 7 &t fix
i, 40.14~0.21 p.f.u., x,,=0.44~0.46,

WAL By, A1 By, B2, Br, A ECEA
B, KN 0.01~0.1 mm; Bt, I, KEHN
~0.01 mm (& 3d, 3f); P25 =B o AL,
%y, =0.45~0.46, Ti &N 0.27~0.28 p. f.u. .

BH AT LA A PL, AT PL, B35, Pl oA fhIE—
I, BEH0.1~50 mm (& 3d, 3e. 3g).
PL B o, DA 3008 3 T 5 75 B0 N SRR IR (0. 42
—0.45—0.40), ¥4 Pl, PR LAEKT «,, BILAY
ShER (0.26~0.36; [ 4d), W] g IR B IC
R4E L M, (Liu et al. |, 2020; Zhang et al. , 2020,
2021) , #4 PL, Ok A% «,, BAK, KZ 0. 36,
Pl, — A K AE BN AR R g Mtk , v, BAK, H
MAZFR BN FBFEAR (0.32—0.22), R FEHE P,
40 (0.01~0.05 mm) .

HRYE W) 00 25 48 Ak 2 i 43, AT DA 43 i =
AN B AL A, RIER — AR 0 R B, AR
— A o AH 4 B B DA B S AR T B B, AR —
5 ST A B B W 4 R Grt, +Cpx, +Opx, +P1, +
Ty 55— W78 T [ AH 48 00 0 0 41 5 06 300 B B A
Pl 1) 22 00 2 06 5 B B A B e A 4 AR K B AR TN A
RARMBKASE, SMERMNTWAEH G, +
Qz=Cpx, M5 A& b LA & Opx, . P1, Al Amp,

(2) 19DJO7-NGD W& ¥4l £ v 45 W o TR L4
Boo il M REREA (10%) . BEEHA (T%) .
NG (37%) . Bt (1%) . B A (43%) .
AIE (1%) REKBRT +RESD (1%) (B 3g. 3h),
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F3 FRMEEMRR AR S 19DJ07-NCD HRRET W HRE S
Table 3 Selected microprobe analyses for mafic granulite 19DJO7-NGD from the Qingyuan terrane

WY Cpx, Opx, Amp, Amp,-C Amp,-M Amp,-R  Amp, Bt, P1,-C P1,-M P1,-R1  PI,-R2 P1,

Si0, 52.38 50. 88 41.82 43.01 42.78 42.28 42. 86 36. 81 59.73 59.53 59. 67 63.35 63. 18
TiO, 0.07 - 2.39 1.55 2.18 1.63 1. 40 4.70 - - - - -

AL O, 1.23 0.39 11.72 10. 57 11.37 11.53 11.48 13.48 25.94 26. 61 25.77 23.45 23.67
Cr, 04 0. 06 0.03 - 0.03 0.07 0. 04 0. 04 0. 06 0.03 0. 04 0.03 0.01 0. 04
FeO 14. 21 35.60 19. 44 20. 67 20. 25 19. 18 19. 86 22.74 0.08 0.08 0. 04 0. 06 0.36
MnO 0.20 0.53 0. 10 0.11 - - - - - - - - -
MgO 10. 20 13.75 7.56 8.65 8.03 8.71 8.71 9.27 - - - - -
CaO 22.29 0. 47 11.73 11.92 11.65 11.99 11.77 0.13 8.49 9.02 7.50 5.03 5.56
Na, O 0.50 - 1.75 1.37 1.61 1.62 1. 46 0.08 6. 67 6.01 6. 61 8.36 8. 11
K,0 - - 1.34 1.31 1.23 1.25 1.31 9.52 0. 14 0.16 0.17 0.19 0.23
Total 101.16  101. 67 97. 85 99. 19 99.24 98. 31 98.93 96.84 101.15 101.46 99.81 100.50 101.18
(0] 6. 000 6.000 23.000 23.000 23.000 23.000 23.000 11.000 8. 000 8. 000 8. 000 8. 000 8. 000
Si 1.976 1.984 6.383 6.451 6.421 6.388 6.422 2.816 2.637 2.619 2.658 2.786 2.766
Ti - - 0.274 0.175 0.246 0. 185 0. 158 0.270 - - - - -

Al 0. 055 0.018 2.109 1. 869 2.012 2.054 2.028 1.216 1.350 1.380 1.353 1.216 1.222
Cr - - - 0. 004 0. 008 0. 005 0. 005 0. 004 - - - - -
Fe* 0. 024 0.014 - 0.316 0.123 0. 142 0.252 - - - - - 0.013
Fe?* 0.424 1. 147 2.481 2.277 2.420 2.282 2.236 1. 455 - - - - -
Mn - 0.018 0.013 0.014 - 0.010 - - - - - - -
Mg 0.573 0.799 1.720 1.934 1.796 1. 961 1. 945 1. 057 - - - - -

Ca 0.901 0. 020 1.918 1.916 1. 874 1. 941 1. 890 0.011 0. 402 0. 425 0.358 0.237 0.261
Na 0.037 - 0.518 0.398 0.469 0. 475 0.424 0.012 0.571 0.513 0.571 0.713 0. 689
K - - 0.261 0.251 0.236 0.241 0.250 0.929 - - 0.010 0.011 0.013
x (W) 0.57 0.41 0. 41 0. 46 0.43 0. 46 0.47 0.42 0. 41 0.45 0.38 0.25 0.27
y (0 491) 0.01 0.01 0.01 0.01 0.01

H:x (Grt) =, =Ca/ (Fe2++Mg+Ca+Mn); y (Grt) =xp, = Mg/ (FeZ++Mg+Ca+Mn); x (Cpx) = Mg/ (Fe2++Mg); x (Opx) = Mg/
(Fe** +Mg) ; x (Amp) =Mg/ (Fe* +Mg); x (Bt) =Mg/ (Fe’ +Mg+Mn); x (Pl) =x, =Ca/ (CatNa+K); y (Pl) =x,, =K/ (Ca+tNa+
K), F#& Y. -C, &#; -M, B, -R, ##B; KA, -RLAND, -R2 Wi, 9790 FRA AX BF R, -7 Brazai

IEFRML, 2~ 12 TR BN R %, 13~24 FTHIHALN p.fou.

A0 LA RO A R AR AR S5 A
S5t

BARWE A AR A ALY, KIEE 0.1~0.5 mm,
WERH &N AR (K 3g, 3h) . R H
x,,=0.28~0.32, x,, =0.47~0.51, &7 £+
%, = 0.39 ~ 0.41, x,, = 0.01, W & Morimoto
(1988) W2, 153 B0 WA FIRME AT

FNA ALy =28 (K 3h): Amp, Amp,
Al Amp, . Amp, A& R} HE A B0ORHS A H i f 2R A
Ti K 0.18~0.24 p.fou., x,, =0.38~0.44,
Amp, FiJEH 0.1~0.5 mm, BE—FHE, Ti &
N 0.17~0.29 p. f.ou., H 5 50 AZ 5B 2] 08 35 7
i B AR AR A R 3R (18] 4e) 5 x,y,=0.37 ~
0.47, Amp, SR E ~0.01 mm BYMIE Bk, 4 K
FEMEATJEE, Ti &4 0.14~0.24 p.fiu., x,, =
0.42~0.48, =X MNAMK (Na+K)" =0.40 ~
0.75, (Al+Fe’ +2Ti)“=0.49~1. 32, #¥E Hawthorne
etal. (2012) M4r38, KR PAJE TN A,

=

25, 26 fTI AN %

AR URL R T A N A B BN A BB B TN A
BABEH0.05~0.1 mm AR, x,, =0.42, Ti &4
5 0.27 p-fu .

REAH PL L PL W, Pl ORMIE, KB
0.1~0.5 mm (& 3g, 3h), Pl, By x, MAEZEEE] M
ERF = A B AR (K 4e) . AT PL
- o, — A 0.42~0.45, WILH x,,
EHAE 0.40 £ 47 [H 2360 WURL A% B« 7T LA
K% 0.35, K& 4> Pl UK AN L &6 1 «,, FAK
(0.25~0.33), AREICERE R E G AR | 254
(W Liu et al. , 2020; Zhang et al. , 2020, 2021) .
PlL, MABIE FkL, R ~0.1 mm, L5 X,, MBS
FNHFBEAL (0.35—0.24)

HR A WL5E B 1) 5 A1 2568 B By i 43, ml A& 43
WA B A G B AR T S B B )
HE Opx+Cpx+Pl, +Ilm+Amp | DI S5 B HI M B A K
FINA . RHA RHE R B AHZ 4L & Opx+Cpx+P1, +
Amp +Bt+Ilm+Qz UL K & M7AE BT~ 4 Pl,, G2 HE —
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0.70 A Xy O Xo, O X5 @ xg, 0.24
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0.45F
« 0-40F
~ -
= 0.35F
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19DJ07-GD % Amp,, ¢—19DJO7-NGD ) Amp,); d, e—SIIRK AN »,, B4 A, x,, =Ca/ (Cat+Na+K)
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Fig. 4 Composition diagrams of representative minerals in Sample

(a) Grt, chemical zoning profiles in 19DJ07-GD (x,, = Fe*/

[oxh 4

0.3mm

Xopen Xpys g WULZEHE) ; b o— LAV N AT B9 Ti WA R4 (b—
(d—19DJ07-GD i) P1,,

19DJ07

(Fe™ +Mn+Mg+Ca); xg,, %, , and x, follow this pattern,

respectively) ; (b and ¢) Typical composition zoning of Ti for Amp, in 19DJ07-GD (b) and 19DJO7-NGD (c); (d) Typical
composition zoning of x,, (=Ca/ (Ca+Na+K) ) for Pl, in 19DJ07-GD (d) and 19DJO7-NGD (e)

YT T B Amp, U P62 3 HE A I B
3 AFAAEEM

BT LREE ST WA G Ly A sy, TR
NCKFMASHTO ( Na,0-Ca0-K,0-FeO-MgO-Al,0,-Si0,-
H,0-TiO,-Fe,0,) 1k & ', F| ] THERMOCALC
3.45 (Holland and Powell, 1998) FI#k J7 2% % 3 i
ds62 (Holland and Powell, 2011) #E4T T #0) 1i &
THE . I W) AR BE - g (ax) BB AL 45,
G A (White et al. , 2007, 2014), fiN A,
FHEA . KEIK (Green et al., 2016), &7 # f1 .,
< HF (White et al., 2014), #K A (Holland
and Powell, 2003), #k#%" (White et al. , 2000) ,
A Al G2 43, BB Rl A B9 H,0 RO fH
JEARAE T-M (H,0/0) R ufhem, DLk

WA E AL H &5 PR WL A — 2 ( Korhonen et
al., 2013), JF HIXHERAE 1Y O {H 7T 3 G0 A ol il 2%
o A U TE 1 TG Y B4R R L R FE AR T R O R
FIRERY TR VE B0 AR AL (W1: Dos
Santos et al. , 2011; Cao et al. , 2011; Korhonen et
al. , 2012) .

Sk YA A T PR G b AR i 1 S B A O
A 8804 5 3 1 BE JR 43 B0HE A7 AR 1 i A AU
AR EHRmAE RN WAS . 790 R 55
FA2=m oy AT AT EAT R, T A AR A
BMARBIIIET R 1T,

19DJ07-GD ) P-T ML &I K (Kl 5) o, P-T
JEE L 0.2~1.2 GPa/700~ 1000 °C , {EAH T W
HAKIREH T AMAN v, FHEZE, SKAOW
x,, SR RMINAR T SRS, FBAALA
4 Grt, +0px, +Cpx, +Amp, +Bt, +P1, +Qz+1Im £ & Y
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T 5 2 0.75~0.92 GPa/780~810 °C, #E Y
IEHILH G Grt, +Opx, +Cpx, +P1, +1lm+Qz 7] DL 45 H —
ANEE K B IR E I BBl 0.75 ~ 0.9 GPa/860 ~ 980 C
Amp, FE R Ti &8 (0.27 p.fou ) XINEHEK
24900 °C Il BE A5 155 K52 LAY oy, (A% -1
- EB. 0.420.45—0.36) HBEH, FHEL
JHE I fy e 301 B ) AL AT DA A A 4k 1R 0.8 ~
0.9 GPa/900~940 °C . K#E P, /Y x,, MAXHE 318
PP 30 P 39 S T e S R AR B A L (BT 4d)
A LLEA Y — 3 i B A AR B GE, H B /ME 0. 36
T B 0 [ R 2 20 B 1000 1 A5 A — B, wy, =
0.25~0.33 By A & WAR 3R 25 W [ AR 42 25 1 T 1Y
BT 2R, AT AR s e A 45 8 i, Amp,
AAZ 6 380 i 3 T R ) 2 I Y T 4 BR A

P/GPa

700 750 800

O P—T WL ] 1] B A B0 A 2804 A LR L

(0.17~0.25 p. f.u. ; [ 4b) [AREXT R 2 306 4T Y
wALEGE, Erh AN A Em T S EEEEL T M
DN ) e KRR 8, AT D R 2 o DN A e B
Al , WIRBERIR R F L, CLAE4 5, MINA R
FEIZ P K (Sajeev et al., 2009) ., L 19DJO7-
GD AR B — 22 £E 900 C VL b, s i T2 %)
J5 AT i A DXl Y 3R 7 AR Ry O A A R I, S
W) AR A 1 B0 I AN B B 1B S v, T ep I £
X, B RAE (0.20) /NF S« f/ME
(0.21), ¢ i £ Vi Ak ) 05 5 B I R e 2 R v
A, AINA, BaRUKARIBEAERK,
19DJO7-NGD W) P-T WKl (K 6) H, 7¢
AR A AR i i TR A v, FE LK
LR A TN A/ T S (E 2k WL % 21 Y T AH 46 41 &
19DJ17-GD

850 900 950 1000
T/C

Cri— A ; Cox—RARbEA s Opx—RI MG ; B—Raf:; Amp—MINA; Im—E8H; PI—RHCA; Qu— AR, L—IE Ak
K5 # &% 19DJ07-GD £ NCKFMASHTO & £ T ¢ P-T W #| W A % P-T #. 3¢
Fig. 5 P-T pseudosection with proposed P-T vectors for 19DJ07-GD in the NCKFMASHTO system

The effective bulk-rock compositions used to calculate the P—T pseudosection are shown in Table 1.

Gri—garnet; Cpx - clinopyroxene; Opx —orthopyroxene; Bt—biotite; Amp —hornblende; Ilm —ilmenite; Pl-plagioclase; Qz— quartz;

L-melt
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Cpx+Opx+Amp, +P1, +Ilm+Bt+Qz 7& # 1 [ H 4% i
W Fa g 7 — DB P-T X5 0.3~0.9 GPa/740~
830 °C, M IE G ¥4 A Opx+Cpx+Pl, +1lm=+
Amp FaE1E<0.9 GPa/>840 °C i T8z X, K4
Pl, W2 K x,, (0.45) HFl Amp, fcir Ti {5 LA
FEWE IR R 2 A ~ 0.9 GPa/>950 C, IFfi T
ARARA ST, PO x,, MAE S 5] 41 i 38 B 1%
(0.45—0.40) XF Ly 4 Vg 5 R L % e 9 3 £k B B
FA S Pl B AIK x,, = 0. 35 A A S DX 3
T E il — B, 7E W 5 B R S 8 ke TR A AR v
A A2 Gri+Cpx+Tm+L = Opx+Amp+P1 ()78

12 NCKFMASHTO (+Cpx+PI)

a1t Bt L

1.1

1.0 |

0.9

0.8

P/GPa
(=)
~

0.5

0.4

TR BT AR TR R (B 6) , TR B X AR RS EIH
W, MEPR AN TE, BRAOR x,, FEIE,
ST e DA S 8 S v B P SRR Y PLL Y
x,, BN (B de) LA K MAAZ 0 20 08 350 7 w5 15 2
MFBREACH) Amp, 19 Ti B R4 (B 4e) #PXT R
H AW (B 6) . fERI 6 X, <
0.35 M EZK BT FAHL M & 4T (P, Ak
B x,,=0.24~0.35), RBILAREA KT IR
TCTIE L JR 8 X8R, I FLid s 1 e ] e A 2k
LAY E (M. Liu et al. , 2020; Zhang et al. ,
2021),

19DJ07-NGD

-=th29--- fJ A T Ti=0.29 p.fu.
0.3 -emandSe- B iy, =0.45

0.2

700 750 800 850 900 950 1000
T/C

THEE P WL BT A A A e i AR 1
Grt—fifif1; Cox— RREA ; Opx—R T ME A1 Bt—Bm 85 Amp—M A f1; Um—EKERT; PI—RIK A Qz— A3, M—®kY; L—
Ll
B 6 # & 19DJO7-NGD # NCKFMASHTO 4k & Tty P-T #L#| @ & & P-T # it
Fig. 6 P-T pseudosection with proposed P—T vectors for 19DJO7-NGD in the NCKFMASHTO system
The effective bulk-rock compositions used to calculate the P—T pseudosection are shown in Table 1.
Grt—garnet; Cpx—clinopyroxene; Opx—orthopyroxene; Bt—biotite; Amp—hornblende; Ilm-ilmenite; Pl-plagioclase; Qz—quartz; Mt—

magnetite; L—melt
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0.19), A3 % 1Y TIMS 4E# (1065.4 0.3 Ma;

4 %%E!HE{JQ ? 2SE) JLF—3% (Wiedenbeck et al. , 1995), %2

15 20 LA, IR 9 4> Plefovice 5 41 192 Ph/ U

19DJ07 M5 A U-Pb AR i e R 70 A B4 8 336.7+2.3 Ma (2SE; MSWD =

Mredb st K241k 1w 5 b 52 8 A 20 30 & SL 0.76), 13 % ) TIMS 4F# (337.1+0.4 Ma;

EoE i, MARAY 16 DRSS 1 91500 £9°7Ph/*Ph  2SE) JLF—% (Sldma et al. , 2008) ., 4 19DJ07
TS 35 4E # S~ 1066 + 24 Ma (2SE; MSWD = B e R G SR 2 R L3R 4

x4 BRUEEMERAERER 19DJ07 BEFA U-Ph B EHIE
Table 4 U-Pb isotopic data for zircon of mafic granulite 19DJ07 from the Qingyuan terrane

my, . R IE 7 Y TR 3 %K L e ¥ 1F J5 (O 4E I/ Ma
e o Th/U  ppy 26 pp, 27 ph/ 7ph/ R Y
/%107 /%10 255y lo 28y lo 2065 lo 25 py, lo e lo 206 lo

19DJ07-02 101.76 412.86 0.25 10.65807 0.13565 0.47126

e

00469 0.16398 0.00215 2494 12 2489 21 2497 10

19DJ07-03  51.98 196.22 0.26 10.71738 0.13947 0.47578 0.00477 0.16333 0.00219 2499 12 2509 21 2490 10
19DJ07-04  48.30 139.87 0.35 10.99687 0.14640 0.48107 0.00487 0.16575 0.00228 2523 12 2532 21 2515 10
19DJ07-05  53.26 325.75 0.16 10.94539 0.14137 0.48217 0.00482 0.16459 0.00219 2519 12 2537 21 2503 10
19DJ07-06 128.79 844.01 0.15 10.79254 0.13826 0.48447 0.00482 0.16152 0.00213 2505 12 2547 21 2472 10
19DJ07-07  40.22 299.79 0.13 10.02721 0.13068 0.44111 0.00442 0.16482 0.00221 2437 12 2356 20 2506 10
19DJ07-08  65.81 378.36 0.17 10.56486 0.13723 0.46878 0.00469 0.16341 0.00219 2486 12 2478 21 2491 10
19DJ07-09 130.96 600.06 0.22 10.41049 0.13488 0.46489 0.00464 0.16237 0.00217 2472 12 2461 20 2480 10
19DJO7-10  73.42 402.44 0.18 10.73260 0.14078 0.47718 0.00478 0.16308 0.00220 2500 12 2515 21 2488 10
19DJO7-11  66.82 356.87 0.19  9.28255 0.13476 0.41464 0.00432 0.16232 0.00243 2366 13 2236 20 2480 12
19DJ07-12 113.78 578.19 0.20 10.29161 0.13614 0.45722 0.00458 0.16320 0.00222 2461 12 2427 20 2489 10
19DJ07-13 111.41 737.56 0.15  9.23818 0.12275 0.41160 0.00413 0.16274 0.00222 2362 12 2222 19 2484 11
19DJ07-14 203.43 816.71 0.25 9.01265 0.12004 0.41360 0.00415 0.15799 0.00216 2339 12 2231 19 2434 11
19DJ07-15  63.08 385.86 0.16 10.64258 0.14333 0.47371 0.00477 0.16289 0.00225 2492 13 2500 21 2486 11
19DJ07-16 206.75 1201.80 0.17 10.52492 0.14108 0.47749 0.00479 0.15981 0.00220 2482 12 2516 21 2454 11
19DJ07-17  72.53 658.48 0.11 10.17297 0.13737 0.45181 0.00454 0.16325 0.00226 2451 12 2403 20 2490 11
19DJ07-18  64.62 505.23 0.13  9.92018 0.13627 0.43789 0.00443 0.16425 0.00232 2427 13 2341 20 2500 11
19DJ07-19 187.81 605.52 0.31 10.36092 0.14190 0.45673 0.00461 0.16447 0.00231 2468 13 2425 20 2502 11
19DJ07-20 149.38 794.16 0.19 10.48069 0.14522 0.46511 0.00471 0.16338 0.00232 2478 13 2462 21 2491 11
19DJ07-21  84.37 195.32 0.43 11.03961 0.15985 0.48406 0.00497 0.16535 0.00245 2526 13 2545 22 2511 12
19DJ07-22  42.54 105.08 0.40 11.30560 0.16854 0.49434 0.00513 0.16581 0.00253 2549 14 2589 22 2516 12
19DJ07-23 182.24 738.27 0.25 10.49468 0.14943 0.46203 0.00469 0.16468 0.00240 2479 13 2449 21 2504 12
19DJ07-24 244.23 1085.32 0.23 10.65064 0.15172 0.47204 0.00479 0.16358 0.00239 2493 13 2493 21 2493 12
19DJO7-25  64.29 368.52 0.17 11.16502 0.16189 0.49423 0.00505 0.16378 0.00243 2537 14 2589 22 2495 12
19DJ07-26  23.78  90.03 0.26 10.84158 0.16602 0.47499 0.00496 0.16548 0.00260 2510 14 2505 22 2512 13
19DJ07-27 118.49 469.57 0.25 10.82470 0.15872 0.47761 0.00488 0.16431 0.00246 2508 14 2517 21 2501 12
19DJ07-28 189.31 415.74 0.46 10.75754 0.15893 0.47502 0.00486 0.16418 0.00248 2502 14 2506 21 2499 12
19DJ07-30 110.41 481.92 0.23 11.37164 0.16921 0.50097 0.00513 0.16456 0.00250 2554 14 2618 22 2503 12
19DJ07-31  61.79 367.00 0.17 10.98146 0.16769 0.48513 0.00500 0.16410 0.00256 2522 14 2550 22 2498 13
19DJ07-32  67.73 402.17 0.17 10.84644 0.16660 0.47944 0.00495 0.16401 0.00257 2510 14 2525 22 2497 13
19DJ07-33  67.66 392.51 0.17 10.09102 0.15580 0.45204 0.00467 0.16183 0.00255 2443 14 2404 21 2475 13
19DJ07-34  65.52 378.32 0.17 10.81767 0.16843 0.47610 0.00493 0.16472 0.00262 2508 14 2510 22 2505 13
19DJ07-35  84.03 436.80 0.19 10.84746 0.16919 0.47914 0.00496 0.16412 0.00261 2510 15 2524 22 2499 13
19DJ07-36  34.40 165.27 0.21 11.82197 0.18984 0.52046 0.00545 0.16467 0.00270 2590 15 2701 23 2504 14
19DJO7-37  93.49 513.01 0.18 10.45095 0.16536 0.46574 0.00483 0.16267 0.00262 2476 15 2465 21 2484 14
19DJ07-38 236.83 533.72 0.44 11.00081 0.17540 0.48221 0.00501 0.16538 0.00269 2523 15 2537 22 2511 14
19DJ07-39  62.63 397.06 0.16 10.76432 0.17279 0.47288 0.00492 0.16502 0.00270 2503 15 2496 22 2508 14
19DJ07-40 133.93 631.49 0.21 10.78947 0.17337 0.47623 0.00495 0.16424 0.00269 2505 15 2511 22 2500 14
19DJ07-41 119.66 453.45 0.26  9.96767 0.16727 0.43971 0.00462 0.16432 0.00281 2432 15 2349 21 2501 15
19DJ07-42  38.24 322.60 0.12  8.54360 0.15262 0.39138 0.00420 0.15832 0.00330 2291 16 2129 19 2438 36
19DJ07-43 109.38 638.11 0.17  9.70541 0.16596 0.42941 0.00454 0.16384 0.00285 2407 16 2303 20 2496 15
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E XY
mp, My R IE S B IR 6 3K bl BEIEJ5 4/ Ma
6 _s Th/U  *7ph/ 2P/ 27 ph/ *7ph/ 0 ph/ *7ph/
/x10 /%10 235 Pb 238U lo 206U lo 235Pb lo 238U T 206U 1

19DJ07-44 54.78 318.28 0.17 11.09025 0.18957 0.48858 0.00516 0.16454 0.00286 2531 16 2565 22 2503 15
19DJ07-45 166.15 718.67 0.23 10.62991 0.18102 0.47511 0.00499 0.16218 0.00281 2491 16 2506 22 2479 15
19DJ07-46  41.68 224.75 0.19 10.17533 0.17866 0.45097 0.00480 0.16355 0.00292 2451 16 2400 21 2493 16
19DJ07-47 80.44 469.36 0.17 11.09185 0.19323 0.48948 0.00518 0.16426 0.00291 2531 16 2568 22 2500 16
19DJ07-48  59.47 356.07 0.17 10.89295 0.19184 0.47708 0.00507 0.16550 0.00296 2514 16 2515 22 2513 16
19DJ07-49 193.31 1136.34 0.17 11.10746 0.19455 0.48858 0.00516 0.16479 0.00293 2532 16 2565 22 2505 16
19DJ07-50 75.63 196.47 0.38 10.99443 0.19778 0.47885 0.00513 0.16642 0.00304 2523 17 2522 22 2522 16
19DJ07-51  77.89 429.49 0.18 10.69287 0.19419 0.47206 0.00504 0.16418 0.00302 2497 17 2493 22 2499 17
19DJ07-52 217.58  772.49 0.28 10.96441 0.19950 0.48128 0.00513 0.16513 0.00304 2520 17 2533 22 2509 17
19DJ07-53  85.53 491.85 0.17 11.16913 0.20522 0.48972 0.00524 0.16531 0.00308 2537 17 2569 23 2511 17
19DJ07-54 47.44  259.81 0.18  9.94901 0.18611 0.44208 0.00473 0.16322 0.00352 2430 17 2360 21 2489 37
19DJ07-55  70.21 391.66 0.18 10.15480 0.18917 0.45024 0.00479 0.16358 0.00351 2449 17 2396 21 2493 37
19DJ07-56  41.09  112.69 0.36 10.93995 0.21216 0.48010 0.00528 0.16515 0.00325 2518 18 2528 23 2509 18
19DJ07-57 16.18  52.24 0.31 11.38073 0.22959 0.49261 0.00555 0.16745 0.00343 2555 19 2582 24 2532 19
19DJ07-59  94.50 524.18 0.18 10.73346 0.20448 0.47358 0.00511 0.16427 0.00317 2500 18 2499 22 2500 18
19DJ07-60 123.63  631.05 0.20 11.23814 0.21513 0.49341 0.00533 0.16508 0.00320 2543 18 2585 23 2508 18

B A URL R B o R AR, A B T BAR
HZ10~100 pm, KJEHHA 1 1~5:1, B5AM
CL EM& W 7 H NI 451 b TR . %2 ik,
DB R G AR SR A, DB A -k
it BAMBEA S H G RK6A ) R 6
Mga (& 7a), 57 A U-Pb [Al i £ 5 Br s
T Ph/?Ph 2 MAF 4 Bl A 2508 £18 Ma F| 2497 +
10 Ma, fINACES4E Y g 2494, 7+4.4 Ma (MSWD =
1.7), #EFE A2 S AR R 2498+£6.9 Ma (MSWD
=0.39) (B 7b), &4 Th/U=0.11~0.46, (Lu/
Gd)=41.4~111.9; KR HA BAH Eu 7,
WA IE Eu %% (Euw/Eu” =0.29~1.3); &
TR EHR EFWE R (B 7). R AL
TR R R R WY, B A F] RE AR K TR A A AR
g (Vavra et al. , 1999; Rubatto, 2002; Corfu
et al. , 2003) ,

5 i

5.1 TREKTRE

FE TV TR R 5 M ORR KL A 1 5 AH 2% R AE AR
AR, A T A AR BB B, A 0 AT IR
Th e 2 06 B By B . W S U VA AT Y B R )R B &
75 5T B B o

g B T 0 T S T B B R AR R O o 1
BB g, WK 4b, 4c Fras, JGig 19DJO7-
GD B H&-NGD, Amp, [ Ti B4 FRHF 4B 5 B0 H A%

P 30 0 S R P ) 300 R AR Y B A R L AN IX
B Amp, 18 K% Amp, A o Ti H (0,27 ~
0.29) FH/RIEWITEJE K 900 ~ 950 °C, M A% R H] 12
PRI Y T E T A 0 B A0 TR IR O AR L TR
e 4d, 4e o, Pl MAZFR 08 A = 1Y «,, B
Gy PR A THR TR A R (S,
6) . MK T HEM WA A BT A A (-GD I
-NGD ¥J°5 Grt + Cpx + Opx + Pl + Ilm = Amp) K
HE S B ™ 49 S5 1 2 4 DU 25 A 0 3 Y K 1 Dl 0.8 ~
0.9 GPa,

19DJO7-GD FI-NGD W J5 ¥k J& % 21 i 72 2 LA
Grt+Cpx+L = Opx+Pl+Amp W) /R B, TE I R
mARAagIHFEmNA A, ANAERK; BKA
R EN T x,, BEAC (B 4d, de), AN AEH
FHEH Ti FHEML (B 4b, 4e), KI5, Bl 61
B EE R R ], LAY Ak A2 7T LU -NGD (19 1
WA H e THFE, Mi-GD A RAMEE Tk, FA
Ja & Rl H B AR Mg ME, A AT A
g, WK s, K6 FR, B R R SRA& LT E
WL, SARSHHEMLHAEGSH BT 0.70~0.78
GPa/~800 C /) P-T %:1F,

19DJO7-GD FI-NGD #{ & & T & A A &,
JEHLI-CD EREE, &M DL Grt, +Qz
Cpx, W5 B /e R AR B 58 — 309 %) Opx,/Pl, H
FRAE (B 3f—3h), FUA A R 900 400k A8 & 45
FAT I 2 22 ), B AR 19DJ07 AT ol oo i AR A 4F ik
e, 002 Grt,+Qz = Cpx, T AMAXNAET T
WO (~1.85 Ga) R JEBRKL A A AR FR Y
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Fig. 7 Analytical results of zircons from mafic granulite 19DJ0O7

(a) Cathodoluminescence images of selected zircon grains showing the inner structures and analyzed locations with the identification

numbers as in Table 4; (b) U-Pb isotopic concordia, weighted mean age diagram, and U-Pb age distribution diagram showing the LA-

ICP-MS analytical results; (c¢) Chondrite-normalized REE patterns of zircons ( normalized according to Sun and McDonough, 1989)

FMEHE B AR A+ AW PR H SR A T —
. Duan et al. (2019) N KHiZJG NS 4 A0 F
TGRS SR p—T Bk, W AE S b ool AR AR L s
AL S Y b 7 4 R 3 LSRR DG TE B R MK i
ZA0SRk TR K AR — ool AP A AR S Y R
AP EB T RUNERA BB MG (.
Yang and Wei, 2017; Lu and Wei, 2020) , Yang and
Wei (2017) @ AT A 2% Lu-Hf FF0 407 %
FHE) TR BB A Qz A8 OE RS G A
Grt, E 88 M 1.79~1.77 Ga, TETE MK & B &+
B A+ A1 S R s R Y R R T RROR S v
KT TR AR IR 0 ok, TR A BE MR R ORL
19DJO7 [RIFEZ P 1ty 7o b AR i R JRR A 25 A A8 JoT
i, JF B TR T B A 0 IR T R B B
() e IR AR/ S5 WA R A
5.2 ERERTR

FEVERRRLS 19DJO7 (85 A7 ic sk T8 Kl AR
178 B AR 7 2508+ 18 ~2497£10 Ma, HIALE Y4
% 2494. 7+4.4 Ma (MSWD=1.7) (K 7). "EFH;
A AR FLEZ IR AT S, Ze TEIE T

ARENHEME (Watson and Harrison, 1984), ff
D SR S NG o N BT R A DT U - i A A B N
(Roberts and Finger, 1997) , M4 7E 0§ J5 B IR 20
RE AR PR AR LS AR T DL U A
AR TR A1 — I SR U R ¥ A AT B B B ] ( Kelsey
and Powell, 2011; Zhang et al. , 2013; Wei et al. ,
2014; Yakymchuk et al. , 2014, 2017), W& 8 Jif
R, GHFEAMRAEZIIX B T AE, TTG -4k
R R A K A AR R 2,57 ~2.49 Ga, 1R
T T HAZ LT E 5 A TN 2A A 26 58 5 19 728 AR i Oy
2.55~2.43 Ga, JFHTE 2.51 Ga, 2.49 Ga, 2.47 Ga
BRI s RRORL A A 2R 5T 1 R BUARE IR R 2,50 ~
2.46 Ga, JFHAE 2.49 Ga, 2.47 Ga ¥ IEH . FF
LI 19DJO7 ARAF 558 A i AR 10 0% 48 o3 47 3% 5 0 TR
iR LB A DN S5 — BRORE 5 A 3R 58 A8 T AR i S AR
— 5, FFEX W TTG B -8 ix 7 3 10 ol i 30 ik e
WA (B 8) . = T A Rid b oot 4848
FAES I JE R A DL =8, oy ool S AR i g
HRAETFEHRBARNZMT, AR FEEAEK; &
T B 0 AR S S e U R AR — AR R R
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2005b; E1BH%5, 2014; Peng et al. , 2015; Wang et al. , 2016a; Wu et
al. , 2016; Li and Wei, 2017; Wu and Wei, 2021) . TTG Jfi-1£ i 5
FRE A B9 45 SAE R (JT AR 4, 2005b; Bai et al. , 2014; Peng et
al. , 2015; Wang et al. , 2016a, 2016b; Wu et al. , 2016; F HE 4,
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Fig. 8 Age summary chart of different rock types from the
Qingyuan Terrane

The ages of other amphibolite-granulite facies supracrustal rocks
(Wan et al. , 2005b; Bai et al. , 2014; Peng et al. , 2015;
Wang et al. , 2016; Wu et al. , 2016; Li and Wei, 2017; Wu
and Wei, 2021) and the crystallization ages of TTG-granitic
gneiss (Wan et al. , 2005b; Bai et al. , 2014; Peng et al. ,
2015; Wang et al. , 2016a, 2016b; Wu et al. , 2016; Wang et
al. , 2018; Li et al. , 2020; Yuan et al. , 2020) are shown in
the diagram. The age data for the investigated samples 19DJ07

are presented for comparison with other research data

5.3 KMIHEEX

FEVERRRL A 19DJ07 il sk T B EF RS P-T #1
W, A G TR IR T ES 0 B R0 S RO R R &
FIAHZ AR BT B (F9), WM AR 451 0. 8 ~
0.9 GPa/900 ~ 950 °C, X L b i & B 30 C/km,
T J M R SRR R A A P - T Bl 5 3 4R B K G
R A A Fe A LT — 8, HOR R AR (F
9; Liu and Wei, 2018, 2020) . 7 J5 b {4 H A7 it 7
B H “SE-JBEME" (K 1; Collins et al. ,
1998; Hickman, 2004; Lin and Beakhouse, 2013;

Anhaeusser, 2014) , Jf H & 5¢ & 48 i i ] 5 TTG
J5T — 46 b1 JoT I T 2l 1Y) R 4 Kk o S A AR [R] (18T 8)
H I T JRR R R 3R e A8 VR P AL S O
FEAT I T 0]/ DU A8 3 AR 14T ¢ (40 : Duan et al.
2017; Liu and Wei, 2018, 2020; Liu et al. , 2020;
Wu and Wei, 2021) DUTEAS Y& AR AL HE DA i 72 .
AT IR R T A R A ER TTG -4 5 i
FHIMIG RIGZ R R K DA —1
Pfk, BMABE K “TTG A3 WE" WURHES, XN 0
AR G TTG A /A A S BRI %
A, BRI R 5T A B R R A T I s TR Y
A5 B4k (Duan et al. , 2017; Liu and Wei, 2018) .

5 2 K A D R 5T e 1Y AR B AL P-T Bk
(19DJ07, LW18, LW20, Wu2la il Liu20, & 9)
8 R AR L 0 I R A e R DA R 0 R O
6], fHUEE I EAR AR L, FBXT B K2 30 ~35 km
WA R, X UL R e A R T & D1 T O R
PGSR, AR U ) T P IR A, FE 5L
b, ARl B IE AR R B B A A TN A - BB A R
FEHICERE T AN P-T ik, DFEEMIX A
B, K £7THE-TTC A AR “SkE-k
B W, Hdom KRR ANAHET AR T
JF 55 P=T 8158 (Liu et al. , 2020), 1fi# K
FRBRBL 25 A1 28 78 55 W Ic 5% 45 6 i £ AL P - T Bk
(Liu and Wei, 2018, 2020) , 4 *%f 44t 7 57 18 4
Bl B KA e 5e m Hog e BRI R [E P-T—1
BB IS, Yu et al. (2022) #EAT T —RIIEH
BT, TA S 3 AR W] RE J2& 7 R HiL 0 AT AH G 19 Hh

BR324 BL T R AR A
6 %t

3 3 X A DX R JRRORE A R AT I T A Y
g MERILAE | AP AL DL R S A AR AR AR
oY, FEAB LT IJLA A,

(1) ¥ R b AR JE M R R 10 5 T 3 i 41 1) P-
T, W R &R 0.8 ~0.9 GPa/900 ~
950 °C, WEHT LAFHR TR N F2, W R Sk B R B R
WA,

(2) A AP 45 5L 3R W TR A48 Ky AR e 19
1o Tk — 8 75 T R R 5 R A BT AR R AR AE ~2.50 Ga,
X TTG 51— 46 i1 575 9 1 2l 1 06 91 1k o Bk ]
—3; SEXE EME - SRR S
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Fig.9 A summary of the P—T-¢ paths for Neoarchean supracrustal rocks from the Qingyuan Terrane with comparison to those from the

TR HLIX . 19DJO7 S SCHRAFITAE AL ; Wu2la S Wu and Wei (2021) RIEAH KA AN A, BAMX, LWIS Al LW20 4 Liu and Wei

Eastern Hebei Terrane

For the Qingyuan terrane: 19DJ07, the investigated sample of this study; Wu2la, Neoarchean garnet amphibolite in Wu and Wei
(2021) ; LWI18 and LW20, granulite facies supracrustal rocks in Liu and Wei (2018, 2020) ; Liu20, amphibolite facies supracrustal
rock in Liu et al. (2020). The wet solidus of mafic rocks ( WS) is after Lambert and Wyllie (1972) ; the amphibole-out curves:
Amp-out-a is from Wyllie and Wolf (1993), and Amp-out-b is from Sen and Dunn (1994 ) ; the garnet-in curves; Gir-in-a is from
Winther and Newton (1991), and Gtr-in-b from Liu et al. (1996). The distributions of metamorphic facies are from Wei et al.

(2017) It is pointed out that the granulite facies include normal granulite subfacies (<900 “C) and UHT granulite subfacies
(>900 C)
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