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The p — ¢ conditions of granulite facies metamorphism in
Tongbai area, Henan Province

ZHANG Cui_guang, WEI Chun_jing and ZHANG A_li
( Department of Geology, Peking university, Beijing 100871, China)

Abstract: T here are mainly felsic granulites in Tongbai area located at southern fringe of the
North China plates. A study of the mineral chemistry and the features of the mineral
paragenesis and the calculation with thermobarometers revealed that the granulites in Tongbai
area were formed under the p — ¢ conditions of 700~ 840 C and 0. 61~ 0. 85 GPa, belonging
to typical medium_pressure type, and the geothermal gradient is approximately from 28 to
31 'C/km. The granulite facies metamorphism probably occurred at the late stage of Early
Palaeozoic.
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AN [ [ 25 3 5% Ml RELRRORE 25 22 T4 AH AT AN R A IR . ZR V45 ( 1990) A A Hil A JBRORE 725 T2 1
4 700~ 900 °C, s JIETEE A 0. 6~ 1.0 GPa; #{E55( 1997, 1999) 45 H 74 v 11 N bR KL A 42
Jiik t> 987 £50°C p 22.0~ 1.6 GPa il t> 700 °C p= 1.4 GPa %% % [ Bl 45 5 1 42 i
fEH]; Kromer 55( 1993) v 58 41 BRORE 5 42 Jit 4% {1 4 827~ 840°C .0. 95~ 0. 98 GPa. Zhai
Xiaoming( 1996, 1998) LA BRKL A Rk S 6 Bl A 600~ 700 C, Hs JJ 0. 55~ 0. 70 GPa, il = ]
AR TR0 A AR R, A A M R 25 T T o £ DA 25 A - A RRRL A
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AT R DX ARA P\ BT 224 g S (T R Ay 1 P Ui 28 11 2R 9 358 ) il 4 DA I A A AR e A, %o
TR 1L X (AR ZR 08 g 20y . i A X0, 5 5 R 1) v R AR B R SR DN A R
FHE R A - S AR O X S 22 0% B i FEREA M:-i-;ill M BREERE . SEbF
BEEZER AR/ A 0Es KA KA RHC A A Ak . - BRERE ) — 5
SRKHA AN - MBS EE. Z0REE D 3 EBS AN thllr‘“f’ij( LM 41 KB
o SRR LB B R R RSB EAL T B RRRL S . LATAR 2248 (R, 1990; 5K %2
E, 1995; Zhai Xiaoming, 1996) ) TA 43X — i X (¥ JBRRE 7 52 K /INAS S8 1933 68 A4 70 Al 1 K T A
H R R, B AL VEANAT 50 R I, IX A6 B4R 2 1) (K BT U bR 5 32 B Dby Z80ek 9 204 T
FGRAZ FUE I RRRL S . PR, FEAR X BRRL R — AN 29 0. 5~ 2.0 km B8 128 54 . AR BE
AT WOk, BRORLE A AR AE I AR 410~ 350 Ma( Xu Bei et al. , 2000) .
A X FRRLE M A A AT 5y 3 28 KRR JEVERRR A A A &0 B bR . SRR
ﬁMJ (B, R AR KT 50% , AN EEE BT B ORI i BB
SHNZI R 0.4~ 3.0 m, BAH— BN 0.2~ 1.5 m . BTG DALE N Opx(RTHEA) +
cpx(Lﬁﬁz;Hﬁfﬁn PI(BHEAT) + /= Gar( A8 ) + /= Hb( N4 KT BB ST 2 4
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Fig. 1 Geological sketch map of the Tongbai_Dabie orogenic belt and geological sketch map showing
the distribution of granulite facies metamorphic rocks in Tongbai area
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(24 95% LA L) B WA A N: Opx+ Gar+ Bit( Bz BE) + Pl+ Qua( £15%), — IS
(O 5 5 20% ~ 30% , F1 92 KT 10% o B RRRLG — M BB BUIR JUZAR, AR50 S v 44
FUE AR, BBRKANZ 0 0. 4~ 1.5 m, Bl 0.2~ 0.8 m, fTIIABIEN . 4
R IRREEAR D 3 AAT, BRGEZAR VNEBSIR, A4 0.3~ 0.6 m, 24 0. 15~ 0.3 m, H
T WANAN: Gar+ Pl Kfs(FHA) + Bit+ Qz+ Sil(WWZf) .

2 EEYWRHE

AR R S N AR A RO A SR BE, AT AR RRRLE AT B R
FEA RN . BRRLE AP AR DRy W& 1.

1 FRESBEPREBET RS (we/ %) BHEESH

Table 1 Representative mineral composition and related parameters of granulite facies
4 T99- 100 T99- 34 T99- 36 T99- 166
i Pl Cpx Opx Gar Opx Gar Bit Pl Pl Kfs Bit Gar Hb
Si0; 53.35 50.04 50.86 38.58 52.06 38.07 38.10 58.75 062.41 ©5.50 37.84 39.11 42.64
TiO, 000 0.26 0.00 000 000 000 616 000 000 021 532 000 210
Al,O3  27.43 2,95 1.34 20.53 2.35 21.15 1517 26,24 24.06 19.33 15.69 21.78 11.64

FeO 0.24 12.74 30.05 2851 26.97 29.66 14.54 0.00 0.00 0.23 10.85 27.11 16.89
MnO 0.00 0.46 0.67 65 0.17 .77 0,00 000 000 000 000 032 025

1.
MgO 0.00 10.52 16.50 4.39 18.55 6.82 12.35 0.00 0.00 0.00 1593 10.21 8.94
Cal) 10,91 21.25 0.90 7.23 0.19 2.98 0.00 8.58 5064 0.96 0.14 1.19 11.79
NaxD 7.38 0.72 0.00 0.00 0.00 0.00 0.00 607 7.87 350 0.00 0.33 1.59
K20 019 014 0.00 0. 00 9.48 0.14 0.17 10,22 9.18 1.54
Total  99.50 99.08 100.32 100.89 100.29 99.45 95.80 99.78 100.15 99.95 94.95 100.05 97.38
0 32 6 6 12 6 12 22 32 32 32 22 12 23
Si 9.791 1.910 1.962 3,017 1.976 2.992 5.629 10.499 11.025 11.867 5.540 2.984 6.476
Al 5.928 0.133 0.061 1.891 0.105 1.957 2.639 5.522 5.005 4.124 2.705 1.958 2.082
Ti 0.000 0.007 0.000 0.000 0.000 0.000 0.685 0.000 0.000 0.029 0.586 0.000 0.24
Fe 0.037 0.407 0.969 1.865 0.85 1.950 1.796 0.000 0.000 0.035 1.329 1.730 2.145
Mg 0.000 0.599 0.947 0.512 1.050 0.799 0.000 0.000 0.000 0.000 0.000 1.161 2.024
Mn 0.000 0.015 0.022 0.109 0.005 0.051 2.720 0.000 0.000 0.000 3.477 0.021 0.032
Ca 2.145 0.869 0.037 0.606 0.008 0.251 0.000 1.643 1.067 0.186 0.022 0.097 1.919
Na 2,626 0.053 0.000 0.000 0.000 0.000 0.000 2,103 2.696 1.230 0.000 0.049 0.468
K 0.044 0.007 0.000 0. 000 1.787 0.032 0.038 2.362 1.715 0.298
Xug 0.655 0.499 0.222 0.551 0.296 0.602 0.723 0.419
Fe'' [ Fe™ 0. 038 0.028 0.073
Ab 54.50 Alm  58.298 Alm 53.717 Ab 55.70 70.90 32.60 Alm 55.769
An 44.50 And  3.503  And 3.329 An 43.50 28.10 4.90 And  3.363
Or 0.90 Gross 17.088 Gross 7.217 Or 0. 80 1.00  62.50 Gross 0.000
Pyr  17.396 Pyr 33.582 Pyr  40.153
Spess 3,715  Spess 2,154 Spess  0.715

T99- 100 166 2Lk BERL s T99- 34 U MR REL ¥1: T99- 36 M Mfk ar HUE 5 v e thdb nto o X G2k B il
SFHTELCEPM = 810Q) A, 43 Hr4e 15 kV MBIk, 20 nA 7.

(1) kA WTRMRRRCE ML A Fka T, — BRI 0.5~ 1.0 mm, DEGEF] 2



%3 R A6 A T AT BERE A AR BRI p — o SR AF 245

mm, i WRHCA 9 WA S5 am . BRI a A D BB A 53. 7% ~ 63.3%, Bk
BRI 16.2% ~ 33. 6%, 555K 7. 2% ~ 22. 1% . Hop e piks i b A5 40 A s, K
SRR 5 P S B A B, R A B . YA R RE PR A 55 7% ~
61. 4% , F5EREA 0% ~ 2. 2% , ST 34. T% ~ 40. 2% . A X A K8 A0 34T W B 1) e 20 2
i, U B AT RRORL 2 A AR B H Ik 3 11 . S5 UG Hs b He B BB oA
R4 oA L (B 2) , Rl R RRRE 25 rh A R A i B3 200 TR RS A T i e S IR e BB 2 1]

(2) W4T A5 WA DL S PR R B TR 2 v, L a0 AH 22 158 O Rk R 0
Fi(FE3), ALO; K 1.06% ~ 2.94% , CaO 4 0. 19% ~ 0. 90% , Xy, H 0. 470~ 0. 628, JHE JFk
R PR T A ALOs BUIE, FEATE 1.06% ~ 1. 78% Z 1], Xy, A 0. 470~ 0. 588 A 5
JTLIRRRE TP PR R T R AT AT LA RS 5 3 A b, YO 8000 s CaO 35 BELAIR, Ko
£ 0. 19% ~ 0.40% 2Z.[11]; Xy A 0. 551~ 0. 628; AlOy B IEMERRRL 7 i, FORES o S b 7
1.79% ~ 2.94% Z.[i] . FREA T JEPE BRORLE b, JEe s A8 40 TaE v @ 4 (&
3),ALO3 H 1.46% ~ 3.49% ,NayO 4 0.57%~ 0.79% , X w, }0. 655~ 0.692 .

Alm+Spess Wo
Alm+Spess

60%

Gross Iyrope

1 2
3 4
/- o\
Gross Pyrope
yARVERVERRV A M VARV Y
2 FiKIAi0 Alm+ Spe- Pyr— Grs [f# En s
Fig. 2 Alm+ Spe- Grs— Pyr diagram of garnets B3 FERiA A4 Wo- En- Fs 4
1 =l BT BE KL 25 b A7 KR A1 2 — SR E Reynolds ( #it Dahl, 1980)

Rang (GRS ( Buick et ., 1998); 3 —#) A2 X
R IR ( R RA %, 1999): 4 —#112Y Adirondack
FlE P TR ( Frank et of ., 1997); 5—4RHEEJEW
Pan— African 417 @4 Fe BERL#H( Appel et al., 1998); 6—F

Fig. 3 Wo- En- Fs diagram of pyroxene
from granulites
LR ORI R WA SR AT 1 G RE A
2—HRUGE R 3 VA 4 BRI A 5 3
A 87 2R T 3 6 TR 24 ( Guo finghui et al. HNEAT: 6 —BREEIREAT; [ B BEPE IR 2 A B
1996); 7 —JEPEIRRRL A 8 —ICHEMURRR S 9 —IRRREE e T IR
Ml s

(3) MINA EERTIEPERRR A T, # A b 440 SEa 0 Lhih(n . LAY T
FWAIENA EWERIEN AN A, SR A IR, b 5 AaRAILAE . AICIV)
1.52~ 1.79, Al( V) 0.332~ 0.558, Ti 0. 24~ 0.562, Na 0. 369~ 0. 468, K 0. 298~ 0. 505 .
FLAT IR AH F11 DN A (194 55 Ba kpyrum, 1968) . 1 [N A7 g e 0148 i P~ 4 .
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(4) BB WTRRRCE A LA A . U SRR R (s 4l o, &
EK, TiO2( w u/ %) 5. 43~ 6.75, Xy M 0. 485~ 0. 662 . AN[flf AP B B LA K .

(5) KA BKAMTZ, B A An B 36.9% ~ 57. 1%, Ab 3 42. 3% ~ 61.9% .
FRIACTRRRE 25 R A 4 K 7 8 TP R Ta o JEPERRRCE An 4 36.9% ~ 44. 5%, Ab
53.2% ~ 61.9% ; KT RERL A An b 38.8% ~ 57. 1%, Ab b 42. 3% ~ 59. 6% . #1471
PARAE TS A, Or 4 62.5% , Ab 4 32. 6%

3 RRLE AR AR S At o 4% 1

HEPEA ) A RIU(FEE T FURRRL 7 B RR R A B0 R ) P AR b, U
gt Tl vt TWQ B EAT il e b 57, LA R WK 2 3 J&l 4.

*2 RETER C
Table 2 Calculations of temperature
RAJES SEFERRRLE(T99-100) KAERRRRIEL (T 99~ 34) A7 KR 20T R

GPa Gar= Opx Gar- Cpx Cpx= Opx Gar— Opx Gar— Bit  Opx Gar- Bit

0. 65 804 706 811 727 763 770 708 708 715 720

0.75 804 709 814 733 763 770 713 714 719 725

0. 85 804 712 8l6 739 63 770 719 719 723 730

R 1 <02 31 4 1 5 6 7 6

1 —Dahl{ 1980); Z—FEllis & green ( 1979): 3 —Granguly ( 1979): 4 —Wood & Banno( 1973); 5 —Harley( 1984); 6 —
Dasgupta ef af ((1991): 7 —Brey & Kohler( 1990) .

=3 ENitERx GPa

Table 3  Calculations of pressure

AT 28 5 R

SEVERRRIZH T 99— 100) (L TERRRE 43 T 99~ 34) i
AWN i3 l (T99- 36)
_— Gar— Cpx
C [’n;); Cpx - Opx-= Pl Gar— Opx— Pl- Qz Gar— Opx GASP
- Pl- Q¢
- Oz
700 0.671 0. 645 0. 789 0.624 0. 615 0. 703 0.619
800 0. 742 0. 688 0. 838 0.701 0.752 0.703 0.782
850 0. 777 0.714 0. 862 0.739 0. 821 0.703 0. 873
Perkins & . Perkins & Perkins & Chipera ( 1985) . Koziol &
Sl Newton :J?:jlgs“;r o Newton ?;g};g; o Newton
( 1982) [ 1982) Mg Fe [ 1988)

HUTETFH 3 Al S 0 JBRORE 5 B A T S B RRORSE 5 1 06 30348 i3l J3E . ) 4% AP K 08 R RRORE
FH(T99- 34) HMEG /3 1= 708~ 770 °C, p= 0. 615~ 0. 838 GPa, #1219 (]
4A) A S SR PR RS } 1= 705~ 770°C, p = 0. 63~ 0.82 GPa, [l TWQ 5145 % 1=
700~ 840°C, p = 0. 61~ 0. 83 GPa; FETEBRRL L (T99- 100) HI AL 4Ll it #4 H 1= 706~
816 C,p= 0.645~ 0.777 GPa, & 4B 28 i W /R (i KV 4 t= 705~ 815°C, p = 0. 65~
0.74 GPa, JH TWQ tH5L45 5 1= 735~ 760 C, p= 0. 78~ 0. 85GPa( 7F 1% i [ Py JT 42 )2 I &
B ) s RRORLE AV AR T B 25 A0 R B8 B (T99— 36) FIAEGeili [ 422 H P 4C 1158
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Lo TR - TWQIIAN9?
T99-34
0.9 - - GARN-B(90)
. Brey & Kohler (1990) -] BIOT-M(91)
Harley(1984) 35 fi __~~<|ZPPLAGF 1.(88)

0.8 - Somanath Dasgupa ctal (1991) =

0.7 1 Brey et al (1986)

Perkins & Chiperal (1985)
o B
0.6
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Fig. 4 p- t diagram based on calculation of the granulites in Tongbai area
A — BRI (T99- 34) : B —IEERERLES (T99- 100) : C —JBKLZAN 5 407 B (T99- 36) : M2k 4 L4
il T T ST AL, H e HE Dy FUb i SR 92 O B TWQ e B ST AL, S e HE Dl JUbR 2 S

Rt=T705C,p=0.63 GPa, H TWQ 15455 t= 712°C, p= 0. 69 GPa. Zi L Lith 845
B, A3 R BB (AR 45 E g 1= 700~ 840 °C, p= 0.61~ 0. 85 GPa.

4 ow

FEVESE(1990, 1997, 1999) 5 Kroner 25( 1993) 545 Hil k1 BRRE 2 1 i He 4% 1 3¢ v, SL R AL
SRR VAT AT AL A AR 40 M, T A B (A Gt s e SE T 45 . Zhai
de(}mmg( 1996, 1998) i tH A i Hs 2 A1, 3L 32 B2 5t DRt DLANIf 5@ PR BE AR TR 58 T A% 4530 s
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VS5 B T SEPE, R BT MORRRLE DX T P 20 5 1 20 B IRRORE 25 103 s 45 8, A DM B

—a AR INFRRLE) SR — TR (TWQ %)

235 SRAE DAy il A1 JBRORE 5 A2 0T 1) 2 A1
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Fiz. 5 p- t diagram of granulite facies metamorphism

14 41 86 0 5 2 — iR R WF Reynolds Rang fIf F JBE 85 %5 ( Buick etal . .
1998) 3 3 — P4 28 F oo 1% T JBRRE 23 ( L %’r’“‘.T 1999) ; 4 — 414 Adirondack
ol JEL HE R RS ( Franketal ., 1997) : 5 — #4122 J& W Pan— African 4 &5 J&
R RE 25 ( Appeletal ., 1998) ;6 —1E ||:l\:| i E T B A TR BRRLE ( Guo
1996) ; il 5 .pr.fL 1 46 A 251 F Ernst ( 1988) : GS —&¢ )i ¥4
My EAM —2E 67 10 (5 M AM — M T 3 Al BC — R 55 Al mi 2R 1 i
I H BBE R PP 5] A Harley ( 1989) 1 LG —1{I% 1 IR KL 5 MG — v 1 8 Fit
P HG — 0 RRRL ;s AT (Lw) + B8 E(Jd) = B A7( Zo) + 4z BE( Pyg)
+ 0z5] FlHolland( 1979) : 41 ( Ab) = Jd+ Qz5| Fl Holland( 1979) : # &b
( Ky), ATSIFZ0EEAT( And) A AE FEE A1 ( Chl) + BESEJEAT( Crd) = Gar
5| Fl Powell & Holland( 1990) ;: Cpx + Gar+ Qz= Opx+ P15 [ Green &
Ringwood( 1967) ; Hb= Cpx+ Opx+ H20 4| [1 Lamb( 1988) ; ¥ = £} i i (1
il B9 51 A Vielzeuf & Montel( 1994) , PatiaoDouce& Beard( 1995, 1996) ,
Montel & Vielzeuf( 1997), Stevens et al({ 1997)

jinghuietal . ,

AR T RRORLE (R 20 A DX, A45 T A1 IR R DR 20, ARAS Hh RRORE 2 R 1Y

NG R g A AN 7
BRURRRE A FH R 3 s
ik Hs. 25 S W A7 AN ), X AR W]
AE A 70 06 S A8 BT I, 1 T )R
P A B At 2% A AN 4 0t
SIS K I0 . R A RR R
AL AR T -
RIVEATIEZR (] 3) W] S0 KR
b AR I O A I A
diL_ 850C. MK 2 F

b, AR BR R A A AN [R)
-T T S 3L At by 19 I R BR
P By M BRRE 7, JEA I
A i R 5 R R A 2
[a] .

M BRRL S A&
KA, BN Cpx+ Gar+
Qz= Opx+ PI FE0 T Kl 461 JRR
B 1 sy b BB A R
R AN 8 T v He BRORE 55 A
FEORR R 5 S 2 BE S AL
W49, 1 st e e A R
i PR ANEE R R
BE K 28, B AN o
820~ 850 °C; i [N A1 77 fiFt Hth
2552 K B R A AR, TR
iy N A TR JE KT 700 TR
AT B S) .

JE L L s T R A RRRE 5 AR 5 4 4F &y 700~ 840 °C, 0. 61~ 0.85 GPa, J& T #iL (1)

RS BB 2, MR B AR R, KB 28~ 31 C/km .
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