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Late Mesoproterozoic granulite-facies metamorphism in the Oulongbuluke
block of the North Qaidam Mountains: Constraints from petrology, phase
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Abstract: The garnet-sillimanite-cordierite gneiss, which has been identified from the Chahanhe Group in the northern

region of the Oulongbuluke block, consists of garnet, sillimanite, cordierite, biotite, plagioclase, ilmenite, and a
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small amount of K-feldspar. Petrographic observation shows that three stages (M1, M2 and M3) of mineral assem-
blage can be recognized. They are M1: Pl+ Kfs+Gri+Sill+Qz, M2: Pl+Kfs+Grt+Sill+Qz+IIlm+Bt, and M3: Crd+
Bt+IIm+Qz+Grt+P1+Kfs. Phase equilibrium modelling shows that the peak p-T conditions of the garnet-sillimanite-
cordierite rock are p=0.92~1. 08 GPa and :>790°C, and experienced a heating decompression during exhuma-
tion. The metamorphic ages acquired from zircon and monazite U-Pb dating by LA-ICP-MS are 1 133 + 14 Ma and
1 125 + 37 Ma, respectively, which represent the timing of granulite-facies metamorphism. Combining regional ge-
ology with our data, we suggested that the garnet-sillimanite-cordierite rock in the Chahanhe Group formed in an arc
or back-arc system related to oceanic subduction. The magmatic-metamorphic complex belt in the northern region of
the Oulongbuluke block underwent an evolutionary process from subduction-accretion to collision orogeny during late
Mesoproterozoic to early Neoproterzoic, which is a response to the convergence process of Rodinia supercontinent.

Key words: Oulongbuluke block; garnet-sillimanite-cordierite gneiss; granulite-facies; Rodinia supercontinent;

phase equilibrium modelling
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Fig. 2 Geological map of Wulan area
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Fig. 3 Photomicrographs and back-scattered electron (BSE) images of garnet-sillimanite-cordierite gneiss from Wulan area
(AQI16-14-3.4)
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a—the broken garnet is partially or completely decomposed, and the garnet is surrounded by fine sillimanite( BSE) ; b—coarse plate-like sillimanite
in the matrix, and cordierite occurs along cracks of garnet( CPL) ; c—plagioclase with sillimanite inclusion occurs around garnet, and different
biotite with different size occur with cordierite( BSE) ; d—garnet is surrounded by P1+Sil+Bt ( BSE)
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Table 1 Representative mineral compositions of grt-sill-crd gneiss
) art grt crd crd bt bt bt bt pl pl
RN grt-c grt-r crd-in-crack crd-in-crack  bt-near-grt  bt-near-grt  bt-in-erd  bt-in-crack pl-around-grt pl-near-sil
Si0, 37.57 37.43 48.44 48.46 34.48 34.55 34.67 35.02 60. 22 61. 14
TiO, 0.00 0. 00 0. 00 0.00 3.39 3.40 3.05 1.27 0.02 0.00
Al O, 20. 48 20. 29 32.54 32.79 20. 08 19.85 20. 09 21.52 24.39 24.10
Cr, 0,4 0.02 0.03 0.05 0.04 0. 06 0. 00 0.10 0.16 0. 00 0.00
Fe, 0,4 0.00 0. 00 0.30 0.06 0. 00 0. 00 0.00 0. 00 0.07 0.10
FeO 34.54 32.49 12.01 11.93 23.02 23.72 22.64 22.12 0. 00 0.00
MnO 2.98 6.61 0. 69 0. 66 0.13 0.17 0.12 0.20 0. 00 0.04
MgO 2.91 1.50 5.38 5.48 4.78 4.95 5.11 6.34 0. 00 0.00
Ca0 1. 19 1.16 0.01 0.01 0. 04 0.01 0.05 0. 10 7.14 6.19
Na, O 0.02 0.03 0.22 0.19 0.32 0.33 0.35 0.32 7.41 7. 64
K,0 0.00 0. 00 0. 00 0.01 8.89 9.08 9.01 8.86 0.05 0.14
0 12 12 18 18 11 11 11 11 8 8
Si 3.04 3.05 5.02 5.02 2.67 2. 66 2.68 2.67 2.70 2.73
Ti 0.00 0. 00 0. 00 0.00 0.20 0.20 0.18 0.07 0.00 0.00
Al 1.95 1.95 3.98 4.00 1.83 1.80 1.83 1.93 1.29 1.27
Cr 0.00 0. 00 0. 00 0.00 0. 00 0. 00 0.01 0.01 0. 00 0.00
Fe®* 0.00 0. 00 0.02 0.01 0. 00 0. 00 0.00 0. 00 0. 00 0.00
Fe?t 2.34 2.22 1.04 1.03 1.49 1.53 1.46 1.41 0. 00 0.00
Mn 0.20 0.46 0. 06 0. 06 0.01 0.01 0.01 0.01 0. 00 0.00
Mg 0.35 0.18 0.83 0.85 0.55 0.57 0.59 0.72 0. 00 0.00
Ca 0.10 0.10 0. 00 0.00 0.00 0. 00 0.00 0.01 0.34 0.30
Na 0.00 0.01 0. 04 0.04 0. 05 0.05 0.05 0. 05 0. 64 0. 66
K 0.00 0. 00 0. 00 0.00 0. 88 0.89 0.89 0. 86 0. 00 0.01
Sum 7.99 7.97 11. 00 11.00 7.68 7.71 7.70 7.74 4.98 4.97
R 0.78 0.75
Koy 0.12 0. 06
X 0.03 0.03
KXsps 0.07 0.15
Xy 0.13 0.08 0.44 0.45 0.27 0.27 0.29 0.34
An 0.35 0.31

Xy =Fe/ (Fe* +Mn+Mg+Ca) ; Xp, = Mg/ (Fe’ +Mn+Mg+Ca) ; X, =Ca/( Fe’ +Mn+Mg+Ca); Xg, =Mn/(Fe’™ +Mn+Mg+Ca); Xy, =
Mg/ (Mg+Fe®) ; An=Ca/(Ca+Na+K); A-c: T4 A MIREE; Ar: 578 A I35 A-in-crack: A FAREBRHEZETT Y A; A-near-git: I
OB T OB ERNET Y A; Adin-ord ;. EH 40 FIH WA A; A-around-grt: FREEOET A EK AT Y A; A-near-sil: H 4 A FILEN
FEF AR sil 222k

Sps

3.1 A@TA b, HATRAEEA 3 MRS . RGO T 0
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WA | AT T AT A LA 075~ 0,79, (f 5 #7431 A 6 BE 0 8 5 A T 4 T 3
BRI 3 A A157 0 0. 06~ 0. 12 S5ER A AL BB 2 bE A BRAR G TiO, & i MR RS 9 X, ;45
43 0. 03, AR A 3 B 4148 0. 07 ~0. 16, £

HH A AR B A SRR Tio, 7 i Al
FAY Xy, [ Mg/ (Mg+Fe™ ) 124 0.08~0. 13, £7

FF A A B AR AR A it B 4530 0. 11 ~0. 12,1134
BREEERAR A1 iy 51 243 7E 0. 06 ~0. 07 Z [A] 481k
3.2 E=#

BB X, fH[ Mg/ (Mg+Fe™) ] 1E 0. 26 ~
0.27 Z a4 4k, TiO, & H7E 3. 38% ~ 3. 429% Z [A] A%

1 Xy, (K 4a)
3.3 KAMESA

RHA FEA ML RGO T A0, H %
A L AR AT An B[ Ca/(Ca+Na+K) ] 7E
0.33~0.35 ZAZ 40, MBETE AW AN H S 4
LA PR O RHC AT An B2 0. 31 (18 4b) . H
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Fig. 4 Ti-Mg/(Mg+Fe®) diagram of biotite(a) and An value diagram of different plagioclase in garnet-sillimanite-cordierite
gneiss(b) from Wulan area( AQ16-14-3.4)
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(Korhonen er al. , 2012; Li and Wei, 2016), {Bi%
P,0, FEIE LB K A7, I X CaO &5 2 A5 HS AH N 37
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15.55% ,Ca0 2. 23% ,MgO 4. 8% , FeO 12. 26% ,K,0
1.47% ,Na,O 1.51%, TiO, 0.96%, 0 0.01%, H,0
2. 7% (FEIRGYED) I HIZ A A U B p-T 2%
F SR A2 BB BL ) p-T AL

HEEADLR HT 18 DA 3 — Bt B8 ) 27 %04l %2 Hol-
land 1 Powell (2011) & R B MIAS ds62 , )i B A
By, M 25Kk (Bt; White et al. ,2014) , AT 4
(Grt; White et al. , 2014), 2t 8 A ( Chl; White et
al. , 2014) ,EE A (Crd; White et al. , 2014) , 4 %5

£1(Ep; Holland and Powell, 2011) , #H< 41 (P1; Hol-
land and Powell, 2003 ), #f £ f1 (Kfs; Holland and
Powell, 2003) ,4k4k8" (Ilm; White et al. , 2014) 4%
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I3 A7 (Spl; White et al. , 2002) , 547 (St; White
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Kl 5 AR A LEFH A R FE (F i AQL6-14-
3.4)7E p=0.2~1.2 GPa, ¢t = 600~1 000°C 7z FEl N 1Y
p-T B ] A5 B R, &40 A 7F p>0.7 GPa
MIZAF N RROE TR B = B REURE #E 1<800°C 1Y
TLFIN ; 585 A 1E p<0. 55 GPa W &1 FRaEfEAE
B REFREFAET p<0.9 GPa AY X3 ; EAH
2 W AR T Y [l 680 ~ 790°C 22 [ 5 A7 T Fl K A7
R 8 A7 AE T8 T A v R 43 X a5 R Al A KRB
TEF p<0.7 GPa 1>840°C Yl N, LMAEHK AT An
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DX T A 8 A B B8 R R A o D B 3 S 2k
(Py=0.08~0. 12) fii T p<0. 4 GPa .1<850%C 1Y X
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4—Crd llm Lig Pl Spl 12—Bt Gnt Kfs Ky Lig Rt 22—BiGrt Kfs Ky LigMs Rt 33—Bt Gn IIm Lig Rt Sil 44—Crd Gt 1lm Kfs Lig Sil Spl
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Bl 5 £l A LRMET AR (AQL6-14-3. 4) p-T ML E] K2 p-T AL
Fig. 5 p-T pseudosection and p-T path for garnet-sillimanite-cordierite gneiss ( AQ16-14-3.4)
W LA S A F M) TR AR TR p-T WAL ; B AR FHEMI Y p-T B3 ; Gr=Ca/ (Mg+Fe +Ca) ; Py=Mg/ ( Mg+Fe* +Ca) ; An=Ca/( Ca+
K+Na) ; 416524k Jy [ LR
light pink arrow is the p-T path after peak of pressure; dotted light pink line is the supposed p-T path; Gr=Ca/( Mg+Fe?*+Ca) ; Py=Mg/( Mg+
Fe**+Ca) ; An=Ca/( Ca+K+Na) ; red line is the solidus line
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5.1 WikA®

XA & EEH A R RS (AQ16-14-3. 4) 43 3
FER T B4 MU JE AT U-Ph [Gl 7 Z 84 TAE, 854
U-Pb [A]4v 28 1 41 78 Jb 5t e vp sl il B AR A R
FIFIH LA-ICP-MS 5¢ 1%, & H New Ware UP213 34
e ik 22 45 Fi 4 [ B2 MO0 1) ICP-MS, R HER
VER A A AMER A Y B SOK E
RERIFHA ICP, B EHR K2 20~30 s 1)
25 FIMFE S M50 s IREL S5 . SRATER4 ICPMSData-
Cal( Liu et al. ,2008,2010) X #r K 4 i 17 85 26 Ak
B, AR ERAE S AR A $1 J7 VA ] Lin 45
(2008, 2010) , AW AHTl AR h B A2 R 30 wm,
KBS AT AR UE 91500 YEAMR, 55087 5~ 10 A i
B AT 2 ¥R 91500, FXT Plesovice 70—k, X T
U-Th-Pb [Fl{3;  HLIEIEAS R4 91500 (AR 16 R FHZ
PERIE B 5 PEATALIE (Liu er al. , 2010) . K5
U-Pb AFH5 18R B2 6l FIACT- 485 118K FH Tso-
plot/Ex_ver3 ( Ludwig, 2003) 52 i, {# | Andersen
(2002) J7 LA T 0 A Y AL E

da
O \ ‘ 1128%20"Ma

1117+15 Ma

1247463 Ma

® 0@

112416 Ma

MJE A LA-ICP-MS U-Pb [Al{v & & 4E 7 JL 5t Bl
LM ARA FR A W 58 1L, 43 Hr i A AR - Analytik
Jena PQMS Elite %! ICP-MS H1 At 2 Y RESOlution
193 nm 5 FHOLRI M RS, s Prid #Erh, B He
REA, ST HT B OGBS 16 wm, B R
6 Hz, BER B EAIN 8 J/em® . OGS i R RE A FH
S b I AT NIST 610 RHRAX AR A, Akt
44 069 MAMR, BT 10 ASEE L, 08T 2 TR 44 069,
Bl bR ] ICPMSDataCal #2F (Liu et al. , 2010) ,
PR AT AF 05 18 AN B R Tsoplot/Ex _ver3 ( Ludwig,
2003) 2K 15,

5.2 #AMMERFE

B A0 Z2 DUV RN IR A 32 R4 90~ 280 um
A Th/U EA T 0.01~0.53 ZJul, CL K% Bxs
W e A B - A5 B 2 BN RUR B A
PG |, R EIE B A BRI, 32135 T8 B S N 2
F a2 AN TARZE, Sl AR B A FRAE (1] 6a) .

M 2 S EPRBASHEIPIR , K042 70~ 300 pum
ANGE BSE I I &8 43 A Uk B A G (0 1 %
AR )1, 8 2 B AR, 1 35 T Bt P R 45 44
s AN T ARG &R 40 s A v AT WA A AR
A(El6b),

1143416 Ma
-_——

100 pm

141719 Ma

100 pm

Kl 6 fifs LT A4 T IHCE (AQ16-14-3. 4) H S A7 CL IR (a) AV A7 F5 HIOH PR (b)

Fig. 6 CL image of zircons (a) and BSE image of monazites (b) from garnet-sillimanite-cordierite gneiss (AQ16-14-3.4)

5.3 #£AMMER U-Pb EELER

WHZAE AT T 40 A5 4 i il , Herp
TR A% 25 H 7 Ph/ 2P R AR S 28 L 7E 1 417 =
22 Ma 12 26126 Ma Z[8], ik 13145 H 9™ Ph/**Ph
FMAEBARIAE 1 103215 Ma 11 18314 Ma Z[H]
(£2), HENW Th/U [ERFRI/NTF 0. 1, 8541 15

B S BLE T — SRR A — 3 1R B s
JAERR N 1 13314 Ma (MSWD=1.18, K 7a), 5
1 123+7 Ma(MSWD =0. 57) A9°”Pb/**Pb i #L-F14
PR TER 22N —3, FRATINH 113314 Ma 1Y
AR AR AR T HAE B

XA L AEHEAT 140 A 000 s o (3R3,
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Bl 7b) , AP R R 25 > Ph/ P R THI AR i AR
fb7E 1 169178 Ma 1 1 369+50 Ma Z[a], (& FiR 2
BRI 5,8 AN B .45 S P/ 2 Ph A
PIFEWE N 1 255219 Ma (Bl 7)., KA %5 T
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=
s 0.18
0.17 +
Intercepts at 113314 Ma
MSWD = 1.18
Ulﬁ 0 1 L 1 I 1 I 1 1 s
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U
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0.22
e
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(2" Ph/* Pl KA AEALTE 1 04370 Ma F11 166
+102 Ma Z[H], B 1R 22 5 R B0 A, 13 %kl
251 192 Ph/2°Ph AT B4R 1 125+37 Ma
(El7d),

0.08
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0.20 F
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AR K L EF AT RRA (AQ16-14-3. 4) BIFE A1 (a) FVMEAT (b~d) U-Pb 51K

Fig. 7 Zircon(a) and monazite(b~d) U-Pb concordia diagrams for garnet-sillimanite-cordierite gneiss( AQ16-14-3.4)
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6.1 ABYLEFTARRENERER

T BB W S0 ) 1 o0 7R IR 7R B4R e A
FR 5 9 2 ( Powell and Holland , 2008 ; Kelsey and
Hand, 2015) ASCP A A 288 0 ke h o
T RYBEE R A S R AR A A A RAE T M3 B
BB P20 & R B 30T BB A B T B
1, 323 1 RS AR B A8 el | A A 1 A Y
PREE T M3 B R R, BRI, AR SO il i 2%
PF R IR AT An (B R0 S0 (9 1 ) 20 5 3 1]

W), BHE A B An B BR 0630 R ) S Ik F
0.92~1. 08 GPa ZI[H], i JE 0 [F AL iy W S - Py 21 &
BRI 0 W 201 9L BE 0> 790°C | M4 A R By BE RO B 4
YA A AR A SRR A RS SR AR A S (L2, JL 1)
BRAE Tz A W 22 )5 W I e s A R - p- T i
ATt ) I S W I T IR R R Y p-T 3
BN, 8 A BOE AR i, A2 L7 e AR
A, X 5 R 2R LS B 10 A A A A8 B ] LB A
INE A S RHE A R SR A B A — 3, A
I AR R, A A i — 2 i LR s Bk
FVEE T A1 A AH 2k BN RRAE | 555 A 22 A B 1) 4
AR B AR K EH AR S B3
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BN SRACZRIR A 6 ve b b ety AT JRROR, e A A2 JB £ 231

DX Sl b J5 L R AR R B g R B, 1 24 b AR
Bi—m A a1 T 2R K - B, E L
e AR (29 1.2~ 1.1 Ga) FIR 418 (510 ~
410 Ma) B3 -2 03k

o AR I Y A8 BV 32 B SR ARSI A
F a S PR RIZER S b E DU 8 5RO
FANFEHE (Yu et al. , 2019 ; Wang et al. , 2021b) .
Yu 45 (2019) Y5 RN 7 KA AR B W4l & (AW
A+5 LA BB A K A+ A0 THRS
B HAS Tl T 4514 0. 48~ 0. 58 GPa 652 ~700°C ,
AN HARER T rh ool A 09 22 5T 25 1 . Wang 55
(2021b) MYV T Bk A h A i 1 + S A+ A7 2k
AR+ R A+ AR+ N E AR T A S
RO+ AT A+ BB+ + &7 240 1) 1
W™ W G T AT B A 0A TR BE (24 840 ~
900°C ) FITHE G HI Y F1 2544 (0. 7~1.1 GPa) ,

Foby A AR A AR FH 32 2800 AR ZS T A 1 b
P PANFEZAEA A, DL R RRRL 7 M REAE
(Wang et al. ,2018; Li et al. ,2019), 2= 75 Iif %
(2015a) XF X AT A LB 2 RHS R ATl R
BB IEEIE LA 677 ~696°C 0. 32~ 0. 42 GPa;
Wang 25 (2018) iz F AL 45 3 5 T B 3 4T X P4 1) 98 I
R FER P IR i AT TR R 138 T 718 ~
729°C 0. 46 ~0. 53 CPa HyUEIAIE K 4514, 4815 T
WY p-T S Li %8 (2019) 18 1 48 bR
Ko FeVEFRRL 5 1 THERMALCALC AR A5, 45 5]
T 25 800~900°C 0. 55~0. 70 GPa F I A 16 s 51
FGES 1) p-T AL

AR SEAR A SCrb R YA U AT Y D B R A%
PN p-T Ak B3l 5 Bl A QAR B A A AiE A ()
(ZF5 W%, 2015a; Wang et al. , 2018; Li et al.
2019) , B 4 5 T8I R R 00 s TR R A5 (Yu e
al. , 2019) AR KA RIS AR A Al sk
(06 3 R R 2% 2R A p-T 3 AL F#1E ( Wang et al. ,
2021b) , {H T B AHZE A R R A A e 22 5 X B
ERRRL AR 5 A T R AR s A R B R R [ A G
( White and Powell, 2002) ,

6.2 ABIKEBFTARRENTRAR

7 I A 0T AT SRR A 78 B R FH A 14828 5
BA K (Rubatto et al. , 2001) ,t 7] DATE W5 A7 183
ZJ5 B R A 2 A2 K (Hoskin and Black, 2000
Kelsey and Powell, 2011; Yakymchuk and Brown,
2014) o ANEIBYBeA: 4 i A8 8 A B A S [F] 9 1

TCRFHE, B AR R b 85 A it e £ 58
A1 R BTE B A  20 G A G (R OTIRSE, 2004) . 7E
Rt ot A AR K A B A, 30 S AR AR I 15 0 3R
JAE WS 1) 22 5 KN, e A I Z J5 1 p-T #Lilk
AR (BES, 2016) , WIFTATA, AMAY LEFT A
R A HLAa I R R - 25 R 2 AN
WER , A PRI | R T8 8 B A1 (R RRAE , 203 ) 2
A B E AR B A RE A AR A T —
FARGF A — 3k, LA SRR 113324 Ma
(MSWD=1.18), WARZE TixA A AR B/ E AR

A AT LLUE A8 AR FH B B A= K (Johnson et
al. , 2015) , FENE IRV I FE 45 5 ( Yakymchuk and
Brown, 2014) , 76 R & VE F 23 72 rf g 73 f#% ( Yakym-
chuk, 2017), PR, 2 A ] LIS B AR I AS TR By
BofATIC R RS IR B Al T A, 5 45 A
AT U MR W05 Al R I JC R R IR RN )
AR (Willianms et al. , 2007 ; Hetherington et al.
2017) o WNHTETIR AR A LEH A R e T Ry s
£1 TR AT - S5 4, A% 22 S AN 32035 6 B
PN B 4 AN TOIR S5 K, 13 A4S 13 B
(92 Pb/** Pb B4R 1125437 Ma, iZ4F 1%
NARER T s A AR T E AR X 5854 1548
O A U 15 2 31 TR P — 50, AR i P TG e S A I
A3 R A, Bt e Rt A AR A FH AR Y
i,

AP BB 7, A A &7 26T A R e Y 0
W R 25 RN p-T AL BILE 55 4 7] Hb 23 B0 HL AR
AR A 1.1 Ga WUR T R JBR A FILA AR A0 5 AR T
AL ZE AL ( Wang et al. , 2021b) , B ARAS SCANFR
il T 04 IR R 2 A 1 R BRI , AN BB AR - b B o HL 1 R
{H Wang 4§ (2021b ) BRI Ve BT 1 k& FA i A0 h
FR IS TR E 11T 55 840 ~ 900°C. , 26 W% BT ‘2 A1 3 i
ST 1.1 Ga AR BAEH, XRIIZ S AL
THUCE B , W65 014 3t RS (R R 2R 1 2 />
1o T TR B S A T DA e B8 A i 0 ) R
i A S VR FHAC 5% (Wang e al. ,2021b) , K&
840 ~900°C P WA IR B 5 Loty AR AR Sk (4 JRRORL 5 A
g 3 5L 2 915 ] ( KB 800 ~ 900°C ) A —FH (Li et al.
2019) ,iXATRERE 1. 1 Ga & iR BRRL 5 AH AR oA A A5
DI B A B . Wang %5 (2021b) X 4348 141 FE
A PR TR A R U-Ph B 4E N AT 6 T
WL MEGHAE KA 1.1 Ga Myh i 4 AR 4 KTt
AR TRAVE R B, AW ST R A AR A R AR R
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WEHA 2 J5 22 105 T W IR B R 1) p-T I AR B , a0 2R
A SO B A R R A AR R TR RS e R i 1133
~1 125 Ma AYAF 5t 0 3 R T RRRE A AH 04 1 A
AR . I, AR SCHESE B AR A R Bl A R A
(R R 75 A S P FH R 2 X 1. 1 Ga iR i A 3
HIE SR .
6.3 HEEX

B2 A rh oo R B A DL 1. 2 ~
1.1 Ga W46 & iR A R K 1L 5 TR B4 4 JBR
KLt~ INE AR B N RIE . BTN T A —L) 20
T AE A3 20 AR Ktk AR BRARAE B bR A L B A R
S I IR SR U A T 1 135~1 104 Ma Z
8] ( Yu et al., 2019; Wang et al., 2019, 2021a,
2021b; Xiao et al. , 2020) . AT H 2H 3875 B HR BRAR
AE5d F R A B A AR R 1 172 Ma, Z87F A B o
AP K LA I 2B 1 139~1 136 Ma
(REFEIR) .

Yu %5 (2019) A M HA 1 132433 Ma A9 A A
WL IS 7 M s LA TR G i 1 ek Ak
SEREAE HE N LR B T 2 5 1T B 9 Y R 1 A B
Wang %5 (2021b ) MR8 A7l J A AE 21 7RI A R
G2 111 Ga BYZE B AF i, JFAR 4 Ve it i ke A
BFA+EFT A+ XA+ B B+ RHOA + A 98 +EK
B kEaBraahaeima+alra+B otk
KRR+ 47 26 A7 IR W A A, 11545 31 B 0 g 0
9178 R (24 840 ~900°C ) FTHE K Bl A9 1 g 45 4
(0.7~1.1 GPa) , AWFFRIRIGF AR A LEH A R MK
1.1 Ga Y728 AR I8 R 0T B2 298 >790°C | & )
0.92~1.08 GPa BB 44, 1RV 5 & 07 1k 5%
TRRE R IRAS FRVE T, A0 H 21 3R15 19 Mg-Al kL
AR 24 920 ~940°C (0. 54 ~0. 57 GPa( K%k
FAAE) R hool AU D 22 JE RS T RE & Tl
o AR AR T 12 DX Hp oy AR G 0 4 A VR H &
AT v b IR B I R TR AR A T, 25 DX
MEDL , W7 EL T RETE A T 5 22 IR i A R B 9K
A A AR

1.2~0.9 Ga J&MMg/R 8 0 320k 4
W AEARERE N T2 504, 808 &5 Rodinia
KEGIIE A )¢ (Li et al. , 2008) . 7 [ e i
LUy %) i FE 20 i b st 1L v (LG AR 4 3 LR
TP Sek AR b S Zk UHP ARy SeiA AR
G TIZAT 1.0~0.9 Ga mIRAR T (FEAAFESE,

2002b; Gehrel et al. , 2003; # [E%445, 2007; Ma et
al. , 2012; Song et al. ,2012; Tung et al. ,2013; Yu
et al. , 2013a; Wang et al. , 2014; Huang et al. ,
2015; Zhang et al. , 2017; Li et al. , 2020; BkJoH=
4§, 2020) , Z RN 5 Rodinia # KRR A B
Fifi — ity ol 9IK — i Blf 48 40 5C ( Song et al. , 20125 Tung et
al. , 2013; Yu et al.,2013a; Wang et al., 2014;
Huang et al. , 2015; Zhang et al. , 2017) ,3X —HJfY;
IR ) e > O K (I EE ¥ NS CR T R e =
e, A rp 3 LU A8 P 5 47 - b B DY g 2 S B
SUREA 1.1~ 1.0 Ga (43 KA FAE M (Fu
et al. , 2019; Yu et al., 2019; Xiao et al. , 2020;
Teng et al., 2020; fi] JL5%, 2020; Wang et al. ,
2021a, 2021b; FKEHS, 2021, T/NLI5E, 2021),
Z N5 Rodinia 8 R SR #E b i) 0RF e SR
A C (Fu et al., 2019; Yu et al., 2019; Xiao
et al. , 2020; fa] JLE5, 2020; Wang et al. , 2021a,
2021b) o H{H TR, BiCHe A 6 v R K b [ PG S Y
HERFERLHAEAT 1.1~0.9 Ga 1Y Rodinia
[EPNGRIIE Soy N

BeAh, 5 22 JEER )2 7346 0.9 Ga BIAE K B A
A7, BAHIATI H 4 (R & 2800 ) B9 A Bk
WFFE 7 X 2L E B 50 A1 o 58 3 40 BT — 3R BR BT S
LRI RRAE (B A 2245, 2018) , AT B9 3 1L AE
FRRE , PRG54 DX el it o 7Rk, R ATTHED , A
T AR (1.1 Ga) FHITH AR B (0.9 Ga) ,
B 22 AR A I 7 B2 i 2 1 1 A i A 3
flf 42 32t L1 P AL A, S 423K Rodinia 88 R Bl 2R 5
TR B
7T 45

(1) B2 b s a Ay &S0
FIRAZEDTT 1133 ~1 125 Ma 9 JRRRL S 12 5 1
AT, e YR R A5 F D p=0.92 ~ 1. 08 GPa Al
t>780°C WS 2 J5 28 7 1 W UL F A IS 1 p-T
AP

(2) B2ALiE T a A Y RET O R
PR T BRI TR S PRI o VR T A IS AL
IR, 5 22 U IR~ s m i 2 1 1 AR e
1A B Al I L TE AL R 2 423K Rodinia &8 KR
TSRS R R MR S,
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