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Petrology, geochemistry and geochronology of granulitized eclogites
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Abstract: The Himalayan orogenic belt represents one of the youngest continent-continent collisional orogenic belts
and the collision is still an ongoing process. Eclogites in the Greater Himalayan Crystalline complex contain impor-
tant information about subduction and exhumation processes of the Indian plate. In this paper, we investigate the
petrology, whole-rock geochemistry and zircon chronology of retrograde eclogites in the Nyonno Ri region, Central
Himalaya. The objective of our study is elucidate the metamorphic evolution, nature of protolith and tectonic setting
of these rocks. The eclogites are enclosed within granitic gneisses and occur as lens or bands. Three metamorphic

stages are identified with different mineral assemblages: (D peak eclogite-facies: garnet, omphacite, polysilicate
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muscovite, rutile, and quartz; ) high-pressure granulite-facies: symplectite of clinopyroxene and plagioclase, and
symplectite of biotite and plagioclase; and 3 amphibolite-facies: amphibole in the matrix. Zircon grains of the
peak eclogite-facies stage has an age of ~15.5~ 14 Ma and have chondrite-normalized REE, patterns with flat
HREE and without negative Eu anomalies, whereas zircon grains of the granulite-facies stage have an age of
~12 Ma and show significantly enriched HREE and negative Eu anomalies, indicative of garnet breakdown and pla-
gioclase growth. From the mineral thermobarometry, the peak metamorphic conditions are estimated to be ~730°C
and 1.9~2.1 GPa. The eclogites have a clockwise metamorphic p-T path with the peak eclogite facies metamor-
phism followed by the near-isothermal rapid decompression, then the granulite-facies metamorphism. The final
metamorphism was cooling and decompressing under the amphibolite-facies conditions. The eclogites in the Nyonno
Ri region were formed from protoliths of alkaline basalts geochemically similar to mid-ocean ridge basalts
(MORBs). Relict magmatic core of zircon grains has a protolith age of 890~850 Ma. In summary, we suggest that
the eclogites in the Nyonno Ri region formed from Neoproterozoic MORBs that were subsequently subducted and
metamorphosed under the eclogite-facies condition beneath the Eurasian continent at ~15.5 Ma, followed by exhu-
mation.

Key words: Central Himalaya; the Nyonno Ri eclogites; zircon U-Pb dating; metamorphic evolution; protolith
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Fig. 1 Geological sketch map of the Himalayan orogen (a, modified from Webb et al. , 2017) and geological sketch map of Ama
Drime massif (b, modified from Wang et al. , 2017a)
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Fig. 2 Sample position(a), In-situ outcropped basic rock intrusions (b) and remote sensing image of Google Earth

satellite (c)
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Mg+Fe’ ) 1 B8R 0. 34 ~0. 40, Fs[ Fe’*/( Ca+Mg+
Fe™) 1434 0. 10~0. 16 (3% 2) , #R 28 T WE A1
(Kl 4c), HeFTP R BRREARY Jd &R ARAR, 75 2%
~3%Z[0] , AEIR AR i B v i B0 A A TR i, AR
AT +RH AT I 5 B A e HE IR 4 X IR A8 1R
JZRE BT RSO C AR X P LA A
Ama Drime Hby [X 28 7E 8% /> rp 5 B RRE R A2 B3
A2 AE7E ( Lombardo and Rolfo, 2000; Groppo
et al. , 2007; Cottle et al. , 2009a, 2009b; Corrie
et al. , 2010; Wang et al. , 2017b; Li et al. , 2019;
Wu et al. , 2022) ,
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BES WE TEEMANA (Leake et al. , 1997; [
4d) , Hd K,0 5 0.2%~0. 63%, (Na+K) , 9 0.06
~0.48(<0.5),Si }6.74~7.41, X, [ Mg/( Mg+
Fe ) JHEHTE 0.60~0. 65 Z[E] (£ 3)
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Fig. 3 Outcrops of granulitized eclogites from the Nysnno Ri region (a, b), microphotos of both types of garnet (c, d),

Cpx+P1 symplectite(e, f), Grt+Amp+P1(g) and Bt+Pl symplectite (h) (c~h are single polarized)
Crt— AT A Cox—HRWEA s Amp—FIINA; Pl—fHS A ; B—R=Ht

Grt—garnet; Cpx—clinopyroxene; Amp—amphibole; Pl—plagioclase; Bt—Dbiotite

BHE AT PERES M ZRE, WAl o o 5 R RN A
LA B RHC AT AEALE T AR A ] 181 e bR A Y A
Ko SEEh R gamNaEmia s
BB AEMRH A AFRPR T RHS A 85T
B 2200 (3R 4) , RHC AT An {E2R 23~39,

FUHA BRI 4 2040 R 0 B R ARk A BB
R AT AR S AR,

Zi b, i SR HOE R b DXCR AR R T L
X153 3 AT . © VIR AT A+

WEAT (EF A8 WU RDHE AT + RHC A 5 A ) + 26k
Hobh (R BB+ R A TG A ) + 820
A+ Q) R A : FEAFIEE DL
WAFTER B RO A + RHS A TS S i B o B+ G
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Fig. 4 Representative garnets (left, BSE image) and their profiles (right) (a~d) ; Diagram of pyroxene classification(e) ;

Diagram of amphibole classification(f)

3.2 £25F RETERHLE

FATHEE T 22 MRS AT T 3
HILRMW, EFETE L, BEMES Sio, %
4 45.32% ~58. 53% ,MgO 5K 3. 90% ~8.27%,
CaO & &4 5.30% ~11. 37 %, ALO, } 11.23% ~
18.95% ,TiO, N 1.26% ~3. 87% ,TFe,0, N 11.73%
~18.31%,K,0 } 0. 30% ~ 3. 56% , Mg* }y 0. 31 ~
0.54(F%5), fEMEITE L, HEIIBEARES
£ LREE, (La/Yb) =0.74~9. 63, BA7 Eu 1 F %

(EwEu" = 0.18~0.31), 7EWM K H,Rb U, Ta,
Pb R R B ALY IE SR (HAE Nb Zr Hf R B
R 1 5 5, Sr. Ba BN W B 59 T S5 8 (&
5a.5b),

D380 A B T S RS T R R A TR,
TR T BT A A R R R R . AR e
PR AR i FE v, KBS F R A J0E (W K Rb, Sr,
Ba) il H 23 A LLECSR 03 sl i & AR RS i £ A
15 0 TG AR TH BB A AR B M AR FE AR AN & AR A
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Table 2 Composition of clinopyroxenes for granulitized eclogites from the Nyonno Ri region in central Himalaya

FE& cpx 1 cpx 2 cpx 3 cpx 4 cpx 5 cpx 6 cpx 7 cpx 8 cpx 9 cpx 10
Si0, 54.18 54.57 55.34 54.30 53.72 53.63 52.92 53.83 53.90 53.61
Ti0, 0.11 0.07 0.08 0.13 0.09 0.12 0.02 0.06 0.08 0.06

AL O, 1.28 1.40 1.69 1.35 0.65 1.14 0. 60 0.65 0. 66 0.82

Cr,0, 0. 00 0.04 0.03 0.04 0.03 0.00 0. 06 0.08 0.04 0. 00

Fe,0, 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0.29 0. 00 0.00 0. 00
FeO 7.04 7.27 6.23 7.31 10.01 9.90 9.63 10.13 9.93 9.82
MnO 0.09 0.08 0.08 0.09 0.13 0.13 0.18 0.14 0.12 0.23
MgO 14.01 13. 81 13.78 13. 87 12.58 12.55 12. 60 12.54 12.59 12.27
Ca0 24.09 23.90 23.54 23.89 23.71 22.95 23.57 23.51 23.67 23.92
Na, 0 0.36 0.41 0.72 0.35 0.17 0.25 0.18 0.20 0.17 0.14
K,0 0.03 0. 00 0. 00 0. 00 0.01 0.00 0. 00 0.00 0.00 0. 00
Total 101. 19 101. 55 101. 49 101. 33 101. 10 100. 67 100. 02 101. 14 101.16 100. 87

AETFHL 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00
Si 1.98 1.99 2.01 1.99 2.00 1.99 1.99 2.00 2. 00 2.00
Ti 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00 0. 00 0.00 0. 00
Al 0. 06 0. 06 0.07 0. 06 0.03 0.05 0.03 0.03 0.03 0. 04
Cr 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00 0. 00 0.00 0. 00

Fe* 0. 00 0. 00 0.00 0. 00 0. 00 0.00 0.01 0. 00 0.00 0. 00
Fe?t 0.22 0.22 0.19 0.22 0.31 0.31 0. 30 0.31 0.31 0.31
Mn 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0.01 0. 00 0.00 0.01
Mg 0.77 0.75 0.74 0.76 0.70 0.70 0.71 0. 69 0.70 0. 68
Ca 0.95 0.93 0.91 0.94 0.94 0.91 0.95 0.94 0.94 0.95
Na 0.03 0.03 0.05 0.03 0.01 0.02 0.01 0.01 0.01 0.01
K 0. 00 0. 00 0.00 0. 00 0. 00 0.00 0. 00 0. 00 0.00 0. 00
Sum 4.00 3.99 3.98 3.99 3.99 3.99 4.00 3.99 3.99 3.99
Wo 48.99 48.93 49.43 48.78 48.26 47.58 48.17 48.02 48.25 48.97
En 39. 66 39.34 40.24 39.40 35.62 36. 18 35.79 35. 64 35.73 34.96
Fs 11.35 11.73 10.33 11.83 16.12 16.24 16.04 16.33 16.02 16.07

# (Sigoyer et al. , 1997 ; Slagstad et al. , 2004) , /K
SCHI I 5 B AR OVE R e Tl I (0. 12% ~
1.37%) , LAV S Ce S8, R WA KB HE AL 2
S AR 52 i A /N (I 5a) (Polat and Hofmann,
2003) . 74, Ze fE N AL R SR OC R HAE AR
UG A L R OR B i B, R v VR A T R G 3l
PERIFEHE (Zhang et al. , 2022) . TE4:H] Zr 535
TCER MGG FRATE B Zr 5 FHITE ALO,,
TiO, .TFe,0, FIEASCK R, 1M 5 Si0,,Ca0 5 MgO
BRI ER (K 6a~6e) . 7350 Hi £ITH Nd.Y,
HRITE (Nb) i EH AR TR (N 5 2r 2
RIER R, RYIX S TTRAEAL B fE b ok & AR U
T (E 6g~6j)

£ Zr/TiO,—Nb/Y [EIfff i MM AL i v
TEAME 2 A X (K] 7a) . 7E Ti0,-FeO/MgO
fife  RR OV 5 B VR 2 DL BB B AL (B’ Th) . TE
V-Ti P FE S TR DX 78, (H A R 7

LIRS (MORB) FIR B 7 X A (CFB) A
DRI A i 48 3 % A X, 5 XA (OIB)
s 2 e (AB) K (1 7¢) o 7E Ze/Y-Zr i
b MR ER AR S VEAE T VR XU Xk (E
7d) .

3.3 A U-PhERZE

AT T 5 A & 18 5 A (2C2008
TZ14 ' TZ800 ,ZC2009 . ZC2016) ¥E174% £ U-Pb 4E4L
22 KO ICE WG, A58 4l B AR >90% (1)
AR RIS /NT 1.0 Ga BYES £ R P Pb/ U 4R
[ Z 2R FH* P/ > P 4F 4%

FEih ZC2008 UES A 2 HIE -2 AR AR, K
J980~120 wm, KT A 1:1~2:1( K 8a), FAMH
FEMG (CL) BoR 8 A EZ s, 5 1 K a
(ZC2008) S 35—k 14 I £ sl il 55 1) Bt JE 30y, &
2R ) — A HL B B A% 4549, 1
B (BHZC2008C) 58 KA, i B85 A (3
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Fig. 5 Chondrite-normalized REE distribution patterns and primitive mantle-normalized spider diagram for granulitized eclogites

from the Nydnno Ri region in central Himalaya ( primitive mantle and chondrite normalized values are from Sun and McDonough,

1989; McDonough and Sun, 1995)
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Fig. 6 Zirconium versus major and trace elements of retrogressed eclogites from the Nyonno Ri region in central Himalaya
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2017; AFF, Grujic et al. , 2011) 8,F 17~ 16 Ma (i@
I'1,Li et al. , 2003; Cottle et al. , 2009a; Li et al. ,
2019; Wang et al. , 2021; W4, Wu et al. , 2022)
XF T X SR A7 AR W R R AR LU AU AR —
T2 M 4 A0 vh oM L A4 85 40 F3H Y HREE it
I3 Eu B BB LS O S AR A i
AR (ORI A A ) BA RO A A Lot R oy
FH, A A B A7 A I 0 R R S U 2] 4F R ( Wang
et al. , 2017; Li et al. , 2019; Wu et al. , 2022) ;53
— TR i AR RRORL 5 AH S I 4 (Lom-
bardo et al. , 2016; Wang et al. , 2021) , i E1E &k
VR A 1 P ] DU 2 L R e R B A 1 SR R A
(Wang et al. , 2021; Dong et al. , 2022) ., Fl#H H K
EPAE VRS LURES TR BEINAE A%, M\ 37 Ma %
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Fig. 8 Representative cathodoluminecence images of zircons for retrogressed eclogites from the Nysnno Ri region in
central Himalaya

15 Ma #f A % 2L 1 ic % (Wang et al., 2017a,
2021) . ZEFHE RS (2003) XF H H R b X A% KE 1 Rk s
#iE4T T SHRIMP #5441 U-Pb & 4F 85 T 29.5~
16 Ma [4EIE, JF HAGHCERY 29. 5 Ma i RESURRAL S
AR J5T ) ARG, T XA SCAEE (2005) IUPKE 29. 5 Ma fi
RERURNE A AR AR BT iy B AR, Ah, X5 T Lu-Hf % i)
28177, Corrie %5 (2010) Xf Arun Valley #5522
ARSI AT A - 20 SFRT R AR Y 20.7+0. 4
Ma, NARFE AR T A R AR B E, Kellett 55
(2014) 1551 Ama Drime PN #1438 25 B0 7 (1) 41 F8
A1 Lu-Hf JEAESE AR 38~33 Ma, XM 1Y 225
WBATReEH FAM T AEMETE S A F2 8RR,
1 4t A R KA, X e DA 5 4 HERR 1 BT R
SZM Lu-Hf B WER M, e SHiER Arun Val-
ley Hi X AN FFPEILHS . Ama Drime i [X L)} Ama
Drime X BB E LS RES 8T THLIX. EZR B IX Y

R 25 AH S A FH AR 9 22 55— T o] g2 i A
[l 3 ik 22 T A i 22 i 8, 59— T ] e TR Oy
4 Kellett 55 (2014 ) $2 H () 7] BEAE 12 H0 X A TR 5B 5T
AR — A E S FF 222 20 Ma 19 % 1K 78 i
IEe

AR H TS AFAE 3 2 4, 18 b 35 Th R A e 4
7 I 5V 5 A AL i 45 B AR R AR I AN TR
AEIS T T R AR N S T R N AR (B A 4
#%<20 Ma) , il ERR 2 IR E AR (£ 2.0 GPa)
B 7 1) TR B 55 (4 750°C ), Z AR I AR A
— TR, IR B R R A R A, e
T3 B4 L, m e e TN op ff R | SR A T 1Y)
250, P E RO PO R 2 5 DAVE B S A
R AR B R 1 LA SORTR], IS o R A Y b
FEEEE 2T 60 km, I FF Uf BB TR B T+
(Wu et al. , 2022)
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K6 HEDHNHEALR(RE)BIEFESER U-Pb EEHELER

Table 6 Results of zircon U-Pb ages for granulitized eclogites from the Nyonno Ri region in central Himalaya

wy/1076 )45 % L AE AW/ Ma
B Th/U
Th U ppPU 20 pp/PU 200 *PL/PPU 200 TPLPU 20
2€2008
801 3.39 684 0.005 0.0169  0.0031 0.0021  0.000 1 13.3 0.9 17.0 3.1
802 1.74 432 0. 004 0.0174  0.0050 0.0022 0.0002  14.1 1.1 17.4 5.0
808 1.22 263 0.005 0.0109 0.0035 0.0020  0.0002 12.6 1.3 11.0 3.5
829 1.52 310 0.005 0.0126  0.0040 0.0020 0.0002  13.0 1.3 12.7 4.0
828 3.05 467 0.007 0.0162 0.0043  0.0020  0.000 I 13.1 0.7 16.3 4.2
811 2.85 531 0.005 0.0152 0.0037 0.0020 0.0002  13.1 1.1 15.2 3.7
815 2.68 300 0.009 0.0156  0.0054 0.0020 0.0002  13.2 1.3 15.6 5.4
812 0.50 166 0.003 0.0185 0.0054 0.0021  0.0003 13.3 1.7 18.5 5.4
825 9.29 1173 0.008 0.0146  0.0027 0.0021  0.000 1 13.6 0.5 14.7 2.7
813 2.92 583 0.005 0.0151 0.0039  0.0021  0.000 I 13.7 0.8 15.2 3.9
816 2.61 614 0. 004 0.0118 0.0034 0.0021  0.000 1 13.8 0.9 11.8 3.4
805 1.99 864 0.002 0.0144  0.0023 0.0021  0.000 1 13.8 0.7 14.5 2.3
822 1.96 380 0.005 0.0113 0.0036 0.0021 0.0002  13.8 1.0 11.4 3.6
824 0.77 171 0.005 0.0176  0.0063 0.0022  0.000 3 13.8 1.7 17.5 6.3
809 2.02 517 0.004 0.0138 0.0033 0.0022 0.0002  13.9 0.9 13.9 3.3
818 0.97 442 0.002 0.0110 0.0031 0.0022  0.000 I 14.0 0.9 11.0 3.1
832 1.56 403 0.004 0.0148  0.0050 0.0022  0.0002  14.0 1.1 14.8 5.0
831 1.77 573 0.003 0.0106  0.0031 0.0022  0.000 1 14.2 0.9 10.7 3.1
810 1.55 325 0.005 0.0128  0.0044  0.0022 0.0002  14.2 1.0 12.8 4.4
819 2.18 396 0.006 0.0160  0.0053 0.0022 0.0002  14.2 11 16.0 5.3
830 1.88 543 0. 004 0.0144  0.0034 00022 0.0002  14.4 1.0 14.5 3.4
821 1.96 416 0.005 0.0136 0.0042 0.0022  0.000 1 14.4 0.9 13.6 4.2
807 2.13 323 0.007 0.0120  0.0037 0.0022 0.0002  14.4 1.2 12.1 3.7
817 0.97 451 0.002 0.0146 0.0039 0.0022 0.0002  14.4 1.1 14.7 3.9
820 2.24 456 0.005 0.0128  0.0034 0.0022 0.0002  14.4 1.2 12.9 3.4
826 1.00 297 0.003 0.0157 0.0047 0.0022 0.0002  14.4 1.2 16.7 5.0
806 0.96 498 0. 002 0.0190 0.0041 0.0023  0.000 I 14.5 0.9 19.0 4.1
827 1.68 289 0. 006 0.0197 0.0050 0.0023 0.0002  14.9 L5 19.7 5.0
823 1.08 224 0.005 0.0191 0.0057 0.0023  0.000 2 15.0 1.5 19.1 5.6
ZG2008C
08C10 0.72 187 0.004 0.0129 0.0057 0.0020 0.0002  12.7 1.4 12.8 5.7
08C5 3.24 628 0.005 0.0123  0.0030 0.0020 0.0002  12.8 1.0 12.4 3.0
08C25 1.87 346 0.005 0.0149  0.0042 0.0020 0.0002  13.1 1.1 15.0 4.2
08C16 1.85 464 0. 004 0.0124  0.0031 0.0021 0.0002  13.2 11 12.5 3.1
08C6 3.45 656 0.005 0.0123  0.0028 0.0021 0.0002  13.6 1.0 12.4 2.8
08C3 1.35 292 0.005 0.0116 0.0038 0.0021 0.0002  13.6 11 11.7 3.8
08C11 1.70 500 0.003 0.0173  0.0042 0.0021 0.0002  13.7 1.0 17.3 4.2
08C9 1.51 287 0.005 0.0198 0.0057 0.0021 0.0002  13.7 1.4 19.8 5.6
08C20 0.96 395 0.002 0.0195 0.0049 0.0022 0.0002  13.8 1.1 19.5 4.9
08C16 1.88 448 0.004 0.0165 0.0043 0.0022 0.0002  13.9 1.2 16.6 4.3
08C19 1.63 342 0.005 0.0117 0.0038 0.0022 0.0002  14.0 11 11.8 3.8
08C23 1.22 279 0.004 0.0088 0.0036 0.0022 0.0002  14.1 1.4 10.6 4.2
08C13 1.86 376 0.005 0.0178 0.0037 0.0022  0.000 2 14.2 1.1 17.9 3.7
08C12 2.06 434 0.005 0.0178 0.0036 0.0022 0.0002  14.3 1.0 17.8 3.6
08C17 2.33 323 0.007 0.0135 0.0042 0.0022  0.000 2 14.4 1.4 13.5 4.2
08C26 1.75 572 0.003 0.0126  0.0032  0.0023  0.000 1 14.5 0.9 12.7 3.2
08C7 1.15 298 0.004 0.0146 0.0063 0.0023  0.0002 15.0 1.4 14.6 6.2
08C14 0.88 159 0. 006 0.0221 0.0078  0.0024  0.000 3 15.5 1.6 23.0 7.7
ZC2008R
08R24 30.2 3640 0.008 0.0122 0.0012 0.0017  0.000 I 10.8 0.4 12.3 1.0
08R8 38.9 4420 0.009 0.0126  0.0015 0.0018  0.000 1 11.3 0.4 12.7 1.3
08R10 33.0 3800 0.009 0.0105 0.0014 0.0018  0.000 I 11.5 0.4 10.6 1.2
08R17 33.7 3690 0.009 0.0119  0.0014 0.0018 0.000 1 11.6 0.4 12.0 1.3
08R15 25.8 4250 0. 006 0.0125  0.0013  0.0018  0.000 1 11.7 0.4 12.6 L0
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Continued Table 6
wy/107° I fr 3% EeAR e/ Ma
i a3 Th/U
Th U ppPU 20 Pp/PU 200 *PL/PU 200 TPLPU 20
08R22 35.7 5240 0.007 0.0119 0.0011 0.0018 0.000 1 11.7 0.3 12.0 0.9
08R14 6.11 2500  0.002 0.0119 0.0015 0.0018  0.000 1 11.8 0.5 12.0 L3
08R7 3.2 280  0.005 0.0118 0.0014 0.0018 0.000 1 11.9 0.4 11.9 1.2
08R9 6.90 5160  0.001 0.0110 0.0011 0.0019  0.000 1 11.9 0.4 11.1 0.9
08R19 38.8 5500  0.007 0.0122 0.0013 0.0018  0.000 1 11.9 0.4 12.3 11
08R21 6.2 5030  0.003 0.0116 0.0010 0.0019  0.000 1 12.0 0.4 1.7 0.7
08RI 23.6 3470 0.007 0.0124  0.0014 0.0019  0.000 I 12.0 0.4 12.5 1.2
08R27 5.55 3830  0.001 0.0122 0.0014 0.0019  0.000 1 12.0 0.4 12.3 1.2
08RS 10.9 229  0.005 0.0112 0.0020 0.0019  0.000 1 12.2 0.6 11.3 1.9
08R16 7.2 5060  0.003 0.0113 0.0011 0.0019 0.000 1 12.2 0.4 11.4 0.9
08R2 3.0 4820  0.006 0.0120 0.0011 0.0019  0.000 I 12.2 0.4 12.1 0.9
08R23(2) 4.74 2620  0.002 0.0133  0.0016 0.0019  0.000 I 12.4 0.5 13.4 L5
08R11 28.1 3770  0.008 0.0120 0.0012 0.0019  0.000 I 12.4 0.4 12.1 L0
08R3 18.4 3800  0.005 0.0128 0.0014 0.0019  0.000 I 12.4 0.4 12.9 1.2
08R4 3.2 4210  0.003 0.0122 0.0010 0.0020  0.000 I 12.8 0.4 12.3 0.7
08R25 9.60 279  0.003 0.0124 0.0016 0.0020  0.000 I 13.0 0.5 12.5 1.4
08R23 490 3370 0.002 0.0127 0.0016  0.0021  0.000 I 13.2 0.7 12.8 1.5
T2
7C24 2.01 90.0 0.022 0.0136 0.0074 0.0021  0.0003 13.3 1.9 13.5 7.3
ZC18 2.76 305 0. 009 0.0139  0.0046 0.0021 0.0002  13.5 1.2 14.7 4.7
2006 2.49 326 0.008 0.0179  0.0038  0.0021  0.000 1 13.5 0.9 17.9 3.8
ZC11 2.82 407 0.007 0.0110 00032 00021 0.0002  13.5 L0 11.1 3.2
2C09 1.93 236 0.008 0.0161 0.0049 0.0022 0.0002  13.8 1.3 16. 1 4.9
zc21 3.31 209 0.016 0.0123  0.0046 0.0021 0.0002  13.8 1.2 12.3 4.5
7022 2.39 258 0. 009 0.0141 0.0043 0.0022 0.0002  13.9 L0 14.2 4.3
7C19 7.94 395 0.020 0.0245 0.0057 0.0022  0.000 I 13.9 0.8 24.4 5.7
ZC15 4.37 202 0.022 0.0125 0.0043 0.0022 0.0002  14.0 1.2 12.6 4.3
7031 2.52 357 0.007 0.0166 0.0037 0.0022  0.000 I 14.1 0.9 16.6 3.7
o1 2.08 298 0.007 0.0121 0.0037 0.0023 0.0002  14.5 L1 12.2 3.7
7C03 2.78 354 0.008 0.0157 0.0035 0.0023  0.0002 14.6 1.2 15.7 3.5
7Co7 3.07 288 0.011 0.0106 0.0035 0.0023 0.0002  14.6 1.2 10.6 3.5
ZC16 3.01 242 0.012 0.0134  0.0047 0.0023  0.000 2 14.6 1.2 13.4 4.7
2030 2.73 231 0.012 0.0149 0.0049 0.0023  0.000 2 14.7 1.2 15.0 4.8
7C23 2.56 211 0.012 0.0115 0.0035 0.0024 0.0002  15.1 1.3 11.6 3.5
ZC12 2.28 244 0. 009 0.0161 0.0052 0.0029  0.000 4 18.5 2.6 16. 1 5.1
TZ800
7026 158 1 490 0.11 1.2240 0.0880 0.1233  0.0059 749 34 809 41
7c27 484 481 1.01 1.3540 0.0830 0.1396  0.0030 845 18 869 36
7C28 1410 1225 1.15 1.3610 0.0840 0.1409  0.0032 850 18 871 36
7C13 899 767 1.17 1.4890 0.0930 0.1456  0.003 1 876 18 929 35
2€2009
1789-06 0.52 50.6 0.010 0.0158 0.0087 0.0021 0.0004  13.6 2.2 15.6 8.6
1789-03 0.37 52.2 0.007 0.0390 0.0160 0.0023 0.0004  14.5 2.5 38.0 15.0
1789-04 0.46 54.9 0.008 0.0158 0.0083 0.0024 0.0004  15.6 2.7 15.6 8.2
1789-02 1.04 55.5 0.019 0.0290 0.0110 0.0025  0.000 3 15.8 2.1 28.0 11.0
1789-07 0.68 62.5 0.011 0.0207 0.0093 0.0025 0.0004  15.9 2.4 20.5 9.1
1789-09 0.68 51.9 0.013 0.0310 0.0120 0.0025 0.0004  16.0 2.3 30.0 12.0
1789-01 0.59 65.7 0. 009 0.0550 0.0170 0.0027 0.0004  17.2 2.3 54.0 17.0
2C2016
1615 122 183 0.67 1.2760  0.0990 0.1239  0.0057 752 33 831 44
1613 90.9 158 0.58 1.320 0.0910 0.1337  0.0037 809 21 884 38
1621 209 203 1.03 1.4000 0.1600 0.1398  0.008 8 842 51 873 73
1604 352 589 0. 60 1.4950 0.0940 0.1486  0.0033 893 19 930 40
1611 825 637 1.30 1.4150 0.0900 0.1491  0.003 6 896 20 894 38
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{H.Y it JHREE St PR A i (4 9l N i s i, 2 e
TARAR BT AR oA A 5 (B 13a, 13b,
13e) ;1 Eu/Eu ™ i Bl 45 4585 04 36l /0 1 350, B e 7
IR A A A A K (B 13¢) 5 Th U & &t bl
AW N A (18] 13d (13f) , AT — Lk
R Y 15 A LA A G

TEMR RS b A T A iR B A 2R
JE°A 550 ~ 650°C ( Ferry and Watson, 2007, % 7),
HFE SRS B IR N 730C LA B, SA, A
WA - R AT —RHE A — 1 DE B R 1k B A 3
WEARENE S AR F120 1. 9~2. 1 GPa( Newton and
Perkins, 1982) ., Wu %5 (2022) #4204 0 Zr iR
B3t ( Zack et al., 2004; Watson et al., 2006;
Tomkins et al. , 2007; 5KAHUHSE, 2016) 1A H & 5
PLAEE AR FRRL A A (R AR ) BERE S I 2.1 GPa
iF, 45 3] 750 ~770°C AUEIUIR B S ASAIE 58 B &R 431t
AR A — 2, R IRAT PR h 2 SR B 0 (AR
AR A ORE Y R R PR e 2 730°C 1. 9 ~
2.1 GPa, W& DhiE H HAR (GRAR ) M7 R il
ST AR BT p-T 50 (& 14) , ISR
AR D S R DG R R, 52 31 i He ok 5 A 19 Bt
5 B TR R T 28 A TR 2 R Bl AR T B R
4.2 WBEEMERERE

s S RLAE (R0 R I S AR AR AR A
KA, L LT LR A . 220 1 4 (100 ~
80 Ma) (Rolfo et al. , 2005; Li et al. , 2009 ; Lombar-
do et al. , 2016) ,H o (29 980 Ma) (Liu et al. ,
2007; Cottle et al. , 2009a; Wang et al. , 2017) , #7JC
AR (21 800 Ma) ( Chakungal et al. , 2010; Wang et
al. , 2022) , VI J ity AR (29 450 Ma) (Dong et al.
2022) , Li 5£(2009) AN 110~80 Ma A= D hi
PR 2 ) JE AR T 24 980 Ma F1Z4 1 800 Ma Ml
SRR IS 850 1% . Rolfo 25 (2005) 15 H R 15X
R AR B 5 5 AR 8 28 110 ~ 80 Ma, Lombardo
25 (2016) [RIFEFRFE L) 90 Ma F 220 W 40 Ji 2 4F
%, Liu 25 (2007) 3K FH SIMS #5417 U-Pb J5 #:15 %
Ama Drime Hi Ht P (1B 722) BME A (1 b 58 SR I8
971+8 Ma, Cottle 5% (2009a) F1 Kellett %5 (2014) 1F
ZHLIX S5 T 25 980 Ma HY A AR, Wang 45
(2017) 153 H J2= Hb DX 8 KA AR 5 R 5 v i
LIRS J 1 017. 69. 6 Ma, A H ] fEAR Fe
WA AE A . Chakungal % (2010) F) ] SIMS 4% 41
U-Pb & A3 8NP P5 J6 R AR HE A 1 750 Ma 19

JEUA AR HE T SR 5 AR T 5 A R ) 3 A T
A1 LG B 73S AT 5 . Zhang 2 (2022 ) 3@ [ ]I
H X (GR A ) BB 3R A% 129 1 850 Ma iy
JEAA AT D s SRR A A oo A R
iR i vE

FERT RO A7 28 T AR 2 B RIURE 85 41 7%
PR B Y I AR I, OF B R 8 Y B A AR IR B ol
( Lombardo et al. , 2016; Wang et al. , 2017) , % F i/
EAER R IRE o3 R T HATT P AR 0 A
i TZ F 2C2016 73501 45 T 876 ~ 749 Ma Fl 896 ~
752 Ma 98 oG i AUAFR IS, AF i 3 224 7R 890 ~
850 Ma, Ff HIX S8 8541 R AR AT A A 2 1 e IR 3 5 B
A7, A R Th/U A (0. 1~1.5) , A MR A 3K i
H#E 41 (Hoskin and Schaltegger, 2003) , Kt H 3
HuIX (IR AR ) AR A Y B A 0% S4B T i AR (890 ~
850 Ma)

H E AR M P 3 B LREE 2080 S ALY
Fi LI R AEE, 5 OIB 5 E-MORB H#1iF 2 {1l ( [&]
Sa) o Ti/ VAR AT b 3 PREE 3 B 6 b, Ti o —
MAFIEITER, V WA, —BlE 00T, OIB BAT 42
Y T/ VA T RO U BA B TV,
A LA TV AT g 2, H
AR M BA B 1 Ti/VAH, 5 a8 2R E e
BERAFM(E Te) , # Ze/Y-Zr B R ZHL
AR R BTE TR TP B LA X (K 7d) 25
|, HE AR A BRI TRV TP LR s B
THEAATITB B
4.3 MERR

BN L RO A o A RN ZR R — Y
A3 445 1) e v SR RROHE 5 03 — PP Th i S i s T
WRRLE RS . 3 AMEAR K 45 ) 82 A7 15 e ROk
B IF K 8 B M A A A8 BT (Liu and Zhong,
1997; Ding et al. , 2001; Zhang et al. , 2010; X XU
85, 2014) o MPEEIZAR , 28 BLPE A 1Y 728 e 3 1 ) i
PR ARR , DR g T AR R S R 3 AR A 2 RORE
A 7B BT 7 A AR T BB 5 B BE AR B B P4 ) AR
b £fy B2 AR 2845 5 (de Sigoyer et al. , 2000; Kaneko
et al. , 2003; Parrish et al. , 2006; Guillot et al. ,
2007, 2008) , HHI& T H = L Hr ik RRRL A AL i
Y CEBIL 23 R PRI . D BEE KB P I i 3]
MR Bl & A= A HE 54k (Guillot et al. |, 2008; Li et
al. ,2019; Wu et al., 2022); @ /SN 158
(Grujic et al. , 2011) o HSEHEENE N HFe BRI N s
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Fig. 14 Integrated p-T paths for eclogites in the central Himalayas ( the facies boundaries are modified after Winter, 2001)
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