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3 826°C~88TC, BN 1. 40~1.58GPa, B AFIRZE R BEMEE & AR K 73 765C~825C MLy
1.03~1. 14GPa, 650'C ~750'CHI% 0. 9GPa LA & 400°C~500C #1147 0. 5~-0. 6GPa. "B {13 F# A 1 E 4]
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HWARENESEFEE, JEFERGTHRELMAT SR8 8. Wt d F i ez . Hstf
B D R AR RE G B M L AR .

Abstract The high pressure metabasites, including basic high-pressure granulite and garnet-
clinopyroxenite, having undergone successive complicated retrograde metamorphism from median pressure
granulite facies through amphibolite facies to epidote-amphibolite facies in Shangnan Songshugou area of the
northern Qinling mountain have been recognized with the study results of petrography, mineral chemistry and
metamorphic P-T condition. The high pressure metabasites were estimated to form at temperature 826°C ~
887°C and pressure 1. 40~ 1. 58GPa and its P-T conditions of different retrograde metamorphic stages are
765°C~825C at 1.03~1. 14GPa, 650C ~750°C at approximately 0. 90GPa and 400°C ~500°C at 0. 5~0.
6GPa, respectively, all of which reconstruct a former stage of near-isothermal decompression (ITD) and a

later stage of clockwise P-T-t path. The facts mentioned above connecting with the retrograde metamorphic
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dating of 983+ 140Ma from the high pressure rocks and the remains of ophiolite sheet in Songshugou area
suggest that the formation and uplift of these high pressure metabasites are related to subduction of ocean
crust and collision between continental segment as well as associated with rapid uplift especially in Middle to

Late Proterozoic in the Qinling orogenic zone.
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Fig. 1 The geologic sketch map of Songshugou area in Shangnan, Shaanxi Proivnce
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2.1 AEEHELE

SRS B BB . BRE R, TEAMESRERAHNOEE (30~65%). &
FHEL (35~50%) MABRARMER, T WASLANRKASE. FLEy PR BEH
T b LR RV RRRL A (I R % 1994) , AR E BRI M P REMALRRTLE
HEBEAEAMAR., HSENERTVYASRAEE GO +3FEN Cpx) +H%E
Qz) +24F Rw +#HKA PH, AN ERBOARNARTARIENBAANA
(Hb) M4tk n ERELETRN™Y. IMEaSHESEAR LHEIEH A
A Na,0 G RRE. EEEOMEATEEATESES. B h, ttRFEATEEER Y
BEEMTEERED S, MBELRER (S 1092) MEEHE (BRE 193D, AN
Hp A S Na,O S, RERTFERBERRKZ M, B 5FEEA NaO RN Z L
¥ (Carswell 1990). Hob, H A PHLEARRAFH, G B i Cox, FREEHE
HIEEEEIA (Pyr) H4r (26, 6~~33. 98%) MM E (Jd) RAES T (15.14~16.75%), HEH
fEER B &N 828°C ~887CH 1. 40~1. 58GPa, F WM —ABEGERT .
B, SRR A A ROA R — R A R

2.2 ZB-EENE

RFEHEEMYSBEL, ERCHARENICR, TE4RTWEAERE. BE
. ¥4, fa, PEAEATSERMANG., aAZERER, ERANANG
A[ER, HPmEEEL (D) A8KG. AREFEG Hy) BRAaANE Hb) 2
BMAREREZNANAROHEREGS (B 20, ERESMHIEESERLM Hy 1 Di,,

B2 BRRCAN BN
A RERWBEE &, BHE, B.Opx €% Coxi, B

Fig. 2 Microphotographs of typical textures in granulite
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HENELAAEGRRERES, Bo5msE-be Rak Hy S8 0E8a Oy (8
2B) ., HiBW K W&, Gt+Di,~Hy+Pl+Qz+Mt (# Harly 1984), Gt+Di,+Qz+Pl—-Hy+
Pl+Di, (3 Harly 1989) £l Gt—Pl+Hy+Hb, (3 Sehenk 1984), KB &/KNA (Hb) #
£ Hb, # Di, M, AR E5ERG1EE—E, ABRERMBERN™Y. HK,
ARG B Y i B ] Gt +Di, +Qz + Pl #1 E#H Hy +Di, +Pl+Hb, LA B F 8T Hb,+Pl =14
A EO- WA . HP, Di, FRA LSRR A A P RER AL R ALO, f Na,0
TiARF Di,; Gt LB IR, KA NERADHOE ARG RE G P G R, Xk
WIEHEM, XFATROWAKELSNBRER™ Y, HBRERRABEERIEAYE.

2.3 GEmAE

REABRTIEASAEE, EERGEHRRMIR,. BERERSEW. THAETERT
BLOEERaANE Hb) IdknalsEReRael, THEyERRYE Gi+Hy+Qz
+H,0—~Hb,+Pl+Mt, ¥trd il Di; § Hb, $t4E—8, BREAHNA (Hb,) $E Hb,,
Di, i 4A . XEATEAHREREHEE, (ESHRERN G G MX4; &K
A5 ANAERERRS LS SR E A PRBRNFEXTYEM, ZEa5E/ 8
FEEARE, BROBAMERSREBEHANT. PRAMEEMAR, L Hy. BR, Kf
HETEA SN Gt+Hb, +Pl (FEE) +Qz+Mt+Di,, FREMNA (Hb,) MELARHE
BAERNGER.

2.4 ERANMFARNECR®

BRGE R RREHR, DIEBRBRRIEIRER E R 2R 08 A EFIE, 2 IREE Bl dy
WA, BROANA. FOSTYNESENE, GORFABOBRTRRERESR. XM
BRI B RS, EEWRESH BREANARANETAIBANERSRER
BARNEER, BF G RS 5 ARET Gt BELEHEHETX— 8. HhRRRSb
MEBEBRTYNESEANG. $-FKA. FHAUREE. B4, BKAS.

FRBAMEREHEESERER, CHZEBRTLEXR. ARANSPERESL
MeEsm AR RSN ERSEAEE, SR8 EH R SRR OB a AT
#: makaEm aollnsEskANg (F8) 2. RBAEOHERT Bz EAER
XERFEHAGHE, RAEAEREAGREBEAER TS pEEETZH R,

DR SAR EAR R R A 2 R A D BB L4 &4 Ge+-Cpx, +Qz+Ru
(L5, RBPAALBILERCEH. BEBEIC T 8 H IR 17 3 8 0 A A 1) S AR
FEHRE, MRXETARIEZET2SLERAHEL (Carswell 1530),

OHERB AN B ARG WS RS Hy+Pl +Di,+Hb, +Mt (BEEF) MIEE.

QANEHIE. WABTFANERESRAGE, HERSHE P (PKA)Y +Hb +
Qz+Mt+Di, B, EHFTER.

X P9 A1 1R i AR AR BUL WP ERRRUA AR AR 2, X R0 T ERE AR A
RERMBFANAHBEHESERFAENENFEEBRTHRAUSE, BFHEREEERESH
CE (V1L [ B R 4 31 5 A 1 3E R T B 4
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DB ANEHIE . UEREMANE (Hb,) %48 Di, # Hb, F5RTAEHH-ERG
RyItA RS, H PR TFRASRAAEFREE 2. BROKE TR BINBEREA.

3 Wb FEAVEN S

F1IRKARESARSHELREHAS PARRET W B FREMTER.

() BHRESREREHEEERESHDRBNEFRERGARERRETE PR
RHHA S Gt+Cpx, +Q, HEFE. AREH MnO MO M ALO: BHR S HH . i MnO
HRTLT 0.45% ~0. 64% Z 6, MgO % 6.8~8. 4%, ALO, ¥ 21.36%~23. 37% , H M
READLEEA (Alm) K 44, 14%~45. 7%, BEBWA (Gro) K 16. 4% ~22. 75, EBEA
(Pyr) Bk 26. 6% ~33. 98%; £ M F ¥ MnO ZE4EF 0. 72%~0. 96% » MgO #5% 4%,
ALO, £/T 21%, HIERAR Alm £KF 60%, Gro £/MF 17%, Pyr —fRA15% . &
ARA BB k% MnO FEAET MO SR TRAOEY, FEMASEMNBREREA
SBRHAEE BT — B (Hirajima et al 1987), HM, XEGRAZRAOHAR A
ERRENRETROBRTRTWASPHARE, RSN EEE T aBEER P E
REEAEB B Opx FHXANESHBBSBEANS Hb, PENGEA. R AaMA4A
B bR, SREWRBRECEHES 1092) AR (ZEE 8% 1593) MK AAM
ENDCEENS 1994)% M K & £ SRR A A A 58226l

Cpx, B ALO; & E¥ 5. 91%~12. 8%, Na,0 ¥ 2. 07%~2. 30%, WERELSTFUIDN
15.14%~16.75% , BR/IRG S T(Tsch) L TF 6. 95% ~12.09% ., H Jd/Tsch &N 1.
39~2.30, SRMEHELEL Jd/CaTs>0. S(AHAE 198DMBEEM . HEFFHF
HRHGIETEAEE, AXHA G5 Cox, HHFED N Gt (B) R QA Cox, 451
Ext, B AR G-4 8% 48 E it (Ellis and Green 1979) #l E #7 i (Newton and
Perkins 1982), 14575 HiB & % 828°C~887°C, % 1. 40~1. 58GPa. Gt+Cpx+Qz f
HEHFHERBHENFMET Opx+PlL 38, iX— KN E f Hensen (1981) . Wood and
Hollway (1984)% AdfiiR. #4% Opx+Pl Hga0 i E S fi 2k, HXFF 800C~900CHE A%
H1.4~1.5Gpa. XHAHHEZERETHEHN. KNEARESANLERS RS EXHR
JE &A% BB — MR 1L T AR A L5 48 5 (Ausrheim 1990,

(2) PEMRBAEHENSERVWHSPHESIRARS S, RBERE REREH
(Harley 1989, HH3t4# Di; 9 Na,O H 0~1.03%, ALLO, 4 0.13%~2.28%, Jd 3§ 0.
0~2.52, Tsch ZB4LT 5. 9~9.17 Z 8, 3 Jd/Tsch /T 0.5, MAHy 5Di; R GG 5
Di, 4+ #IE R . S a8 il (Wood and Banno 1973; Wells 1977)M G A-A 8%
GENIT(Wood 1974), BEEE A 765C~825C,EHH 1. 03~1. 14GPa,

(3) HINERMBRANAR Ca(HBETHOL N 1.825~1. 545, Na /hF 0. 67, Si —f/
F 7.50(RL 23 MEIFE), & Leake 19788942, WRSERANAOFHSBENT, L8N
BRANGRBENERANE . EHNGH Al Oy ¥ 12.67%~18.99%, Al"ZELF 0. 737
~1.325 Z[A, FHRF 1. SHILENBET An X 30~68, TEYDEA, PRARES.
MALFEANA-FHEFBFE B (Perchuk  1566)BAFREEF H 650C~750C, FH Y
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Table 1 Chemical compositions of minerals in the high pressure metabasites and their retrograd rocks in Songshugou Area

EENE T80 FE R S A AR B o FE kR 2 M BT B AHBHANER B4 ANHENER
Gu(if) Gt(#) Di; Gt(#1) Gt(#) Diy Gr(#) Diy | Dis Opx Dip Opx [Hb, Pl HbP PI® H-P PI® ([HbP HbP Hb
S0y, 37.706 37.41 51.91 37.17 33.95 50.94 38.91 50.42 [50.89 45.01 51.37 48.06|43.70 49.81 40.12 62.05 40.89 60.16|49. 07 46.03 43.04
TiO, 0.00 0.16 0.8 0.10 0.12 079 0.12 0.69 |0.01 0.06 0.13 0.07|0.00 0.02 0.51 €. 05 .60 0.05]0.47 0.60 0.60
AlO; 19.37 21.36 5.91 20.53 23.37 5.68 22.53 8.58 [2.28 0.68 1.79 1.00|12.67 31.00 18.99 24.27 15.35 24, 62| 8,50 10,97 9.49
EFe0 31,33 24.05 7.85 30.30 24.39 B.36 21.13 6.29 [13.64 35.71 11.64 34.66(19.40 0.15 17.91 0.03 16.98 0.00 |16.47 17.39 14.74
MnO 0.36 0.64 0.04 0.79 0.72 0.00 0.45 0.07 |0.22 0.57 0.11 0.67|0.18 0.00 0.26 0.00 0.14 0.00|0.26 0.32 0.04
MgO 3.77 6.88 10.18 4.16 7.63 9.71 8.42 9.81 [10.89 14.39 11.54 14.29|9.04 0.00 6.21 0.00 7,37 0.00|11.94 9.78 10.58
Ca0 7.67 9.47 20.36 7.51 9.23 20.78 8.52 20.08 |22.27 0.53 22.44 0.62 {12.06 13.87 11.42 6.24 11.81 7,10 |32.77 11.83 14.45
NazO 0.00 0.23 2.24 0.00 0.00 207 1.11 2.30 |0.00 0.00 0,35 0.00} 167 3547 2.22 7.94 1,30 6.851.35 1.52 1.45
K:0 0.00 0.00 0.00 0.00 0.00 000 000 0.00{0.00 0.00 0.00 0.00|0.00 0.00 0.52 0.04 0,76 0.080.05 0.25 0.00
AE 100.9 100.19 99.35 100.56 $9.39 98.33 101.19 "98. 06 [100. 2 100. 94 99. 36 99. 37|98. 69 98. 32 98.16 100. 62 95.2 98.86[101, 28 98,69 94.84
0 12 12 8 15 12 [ 12 6 6 6 6 6 23 8 23 8 23 8 23 23 23
Si 3.002 2.912 1.931 2.950 2.685 1.924 2.932 1.879 [1.937 1.938 1. 954 1.928/6.512 2. 306 5.986 2. 733 6.279 2.699(7.064 6.785 6.632
AlY 0.00 0.088 0,069 0.050 0.315 0,076 0.068 ©.121}0.063 0.032 0.046 0.047]1.488 1.691 2,014 1.260 1,721 1.302)0.936 1.215 1.368
AlY 1.818 1.871 0.190 0.870 1.863 ©.177 1.932 0.257 |0.039 0.000 C.034 0. 000(0.737 1. 326 1. 056 0.442 0.691 0.356
Ti 0.000 0.00% 0.024 0.006 0.007 0.022 0.007 9.038 [0.000 0.002 0.004 0.002|0.000 0.001 0.001 ©.008 0,069 0.001[0.051 0.066 0.070
Fet+ 0.172 0.004 0.000° 0.025 ©0.436 0.000 0.008 0.000|0.001 0.005 0.001 0.002
Fe?* 1.825 1.562 0.244 1.986 1.177 0.264 1.323 0.197 [0.433 1.176 0. 37C 1.161[2.417 0.006 2. 233 0.001 2.181 0.200|1.98]1 2.143 1.899
. Mn 0,065 0.042 0.001 0.053 0.048 0.000 0.029 0.002 |0.007 0.019 0.004 0.023|0.022 0.000 0,033 0.000 0.019 0.00 [0.003 0, 038 0. 006
Mg 0.448 0.798 0.565 0.493 0.899 0.547 0.945 O0.547 |0.618 0.848 0.655 0.855|2.008 0.000 1.382 0.000 1.687 0.000|2.522 2.148 2.430
Ca 0.655 0.790 0.811 0.63% 0.782 0.841 0.688 0.805 |0.908 0.023 0.915 0.027|1.925 0. 688 1.825 0.295 1.945 0.341{1.970 1. 868 2. 386
Na 0.000 0.034 0.162 0.000 0.000 ©.152 0.162 0.167 |0.000 0.000 O.026 0.000]0.482 0.311 0.642 0.679 0,387 0,596(0.377 0. 380 0.433
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 |0.000 0.000 C.000 0.000|¢. 000 0.000 0,010 0.002 0,148 0.004 (0. 009 0,047 0. 000
Alm/Di  ]63.12 45.70 52.02 61.08 44.49 50.84 44.14 52.67 [47.04 54. 52
Gro/Id 11.47 16.40 16.18 19.79 16.46 1514 22.75 16.75| © 2.59
Pyr/Tsch | 14.77 26.60 6.95 16.18 33.88 7.61 31.53 12.09[9.17 5.9

i

D3| Chen N S et al (1993); @S 3| H ¥k A4 (1984).
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700CAkL . RIBE Y 700CH, FHMAINE E S Blundy et al. 199003 K F1H 0. 75~1.
10GPa, ¥X1#% 0. 9GPa, HY TEANEHERRM.

(O RAMNENGERYANATRBERANG . BREANGTHSENARANL N
E. £ ALO, aBEE, —&/AT 11%, A" BB AE 0. 691, JLAERPHEA S An K 12
~17T - BRARTRE. WAFRRFEEE (Perchuk 1966; Plyusnina 1982) K iB f #4
25 400°C ~500°C, HF1#4% 0. 5~0. 6GPa,

4 RIEM PT: B R [
KR "

i Eidihie, Kiym BT RS
AT BAE R P-T 2B MEELZK
HIERERAESG A HETRER
kBB A G P-T &k, URE
F A 3 SE B BB v MR 3 PTe JAL
EemE 3. B3WRT — TR
PTe JALBLE, M T KRS EEETR 022
AORBESREE ATD) REHEE
BERAEREHAIR. AR THRABRE
IR A S e N RS f ITD R 18
R4 W AR E (Harley 1985; B3 REREREEEOHN PT: il
1989)., EAMWEEY, B I1TD $uils GREVHES 1992; FHES 1993 BHEZD
W L BB RS BB R S ey B R BbEPIAb Actt Ep RUHD+RIHQ=Opct

) ; ) Cpx +Pl+H,0, # Spear(1981); Gt+Cpx+Q—~Opx+Pl
O e P KRl T O LA 55 1 2 R (:n), 3 Hensen(lQG])$1G1+Q—*Cpx:0px+Ky;ﬂ Cpx
K HAEHE BT (Harldy 19895 +Ky—~An+Gt+Q, $§ Hensen(1976)
Messiga 1991). Fig. 3 P-T-t path of the high pressure metabasites

SR BHFFEN AR, TS
(1991 WEHFAMAGRARNETHTR :

AMABNA, REPREESETRELANESMHBTRHBRAT4E, Bk, 983+140Ma
MERERET RNEES A ANEHTBRRRERBRIE, W8 ER P ERRS AR &S
ARNEHNBENAHNEAERCZRRNZE. REBEEERBXE S ES A AL RE
B, BRI AR B T L) TRLAERS TRE Y 1271~ 1440Ma A R B R R4 A 983+ 140Ma
MR R AR T H MM B R AT, R R R A AR R R A SRR, AT
T 2 A0 S AR Y TS L P o o R S B T o o TR s MR A LR R R TE
TREA AMRR 199 MRS EREML 1000~800Ma (BREEH 1991; FKFZHE 1994)
BL & %y 450~400Ma (FKFHE 1990 MR RERPBE ST, A€, A HEHN, &
K257 T I v TH B St e 2 T REHEVE M, ZEML B R TIB L T X P Y i 7 S b4, B

B &K &m

E 1 (Gpi)
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JE ¥4 9831 140Ma ZEATFFBE T HOBR] e T+ R 3L/ FTAETE 450~ 400Ma KA1 H) 5 28 H4F )
B, 1 R T SRS E A9 1D 15 S8 406 O 1 MR £ AL B 53X — 1%
R pgfedt. Moo i BB Y & T — IR - REE ST

5 & i

EHE. THEEEERE. BRAGHFERY, HRNEKNEETREES AORER
EERVERR S MEAAE L, M2 T AFERRE . A REHEME AN R R
YERIGEE . S BEREGF—-EBER— 1 FHESEMREE ITD) FERMREE . MEE
HE PTt BLE . BB R AR AL B . WAL RS 7 F , BTl W Bt
WA T —REKHEEE, BT . BT o i AR B TR R o I A 2R
R, MBI, AR AEEEEA A, MISE7E 983+ 140Ma R TR T R
7, 2 S5 7T B X2 F 450~ 400Ma Hi A S IR — Bl . X — BRI LS BB
& SNARRE LFHERSREAERR L,
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