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Retrograde metamorphism of rutile in garnet— biotite— plagioclase
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Abstract: With the example of garnet— biotite— plagioclase— gneiss from Qiliping, western Dabie Moun-
tain, the P— T pseudosections were calculated in range of 0. 3~ 1.5GPa and 450~ 650°C by using the
latest thermodynamic data set and the sofiware THERMOCALC version 3. 33. The stability of rutile, il
menite and sphene in such gneiss were discussed, and the retrograde meamorphism from high— pressure of
rutile in this sample was analysed. The results show that rutile is generally stable in higher pressure than
0.75 GPa, and in lower pressure within a narrow temperature range; sphene is stable in conditions of
0. 35~ 1.40GPa and lower than 565°C, and the coexistence of sphene with rutile is stable in a narrow an-
nular range around the sphene stable domain; the rutile can be stable with ilmenite together in a large P-
T range of more than 475°C in temperature and less than 0. 75GPa in pressure, but the ilmenite is only
stable in domain of more than 570°C in temperature and less than 0. 55 GPa in pressure. The transforma-
tion of rutile into ilmenite in this gneiss and the water content in the rock system may corstrain the retro-
grade metamorphic condition in amphibolite facies as 0. 55~ 0. 75 GPa in pressure and more than 570°C in
temperature.

Key words: rutile; ilmenite; sphene; retrograde metamorphism; garnet— biotite— plagioclase— gneiss;

western Dabie Mountain

:2011- 04— 11
: (40872056)
(19%6-),



2 41
( .
) ,
i} , (
L2
e )
[3- 5]
[3-6] [6-12] [13- 15]
[16- 19 [2- 23 )
[,6J 7
(3 [22-23] I~ 2mm
P-T (50% ~ 710%) , (20% ~
(-2 30%) (8% ~ 16%) (<
, 10%), (< 2%)
[24-27]
, 0. Imm,
Imm, , Fe/(Fe+ Mg) 0.4
, , Fe3+
’ , s Imm, 0. Imm,
0. 8mm,
- 24% ~ 27%,
[B- 33
5 2 2
, Si= 3. 46; ,S1= 3. 22
- ’ . O 31’1’1’1’1
- ) ) 0. 2mm;
(- 0. Imm, 0.1~ 0.5
, 0. 2mm



42 ( ) 2011
+ + + + (1)
, + + + +
. + (1)
+ + + + +
+ + (v)y (1
2 1,
3 , 565°C
1. 15~ 1. 40GPa, 565C
0. 75GPa I I
3.1
(D
MnNCKFMASHTO ( MnO - ,
Na20- CaO- K20- FeO- MgO- ALOs— Si0:— H20 1. 15GPa 565 C;
- Ti0,- 0,0 Fe; 05) P-T . ,
_ 550°C; 1. 40GPa
[34] [35] [36] I( 1)
[ 3] [37] [ 3] s
[ 3. 40 ,
, (D
(H:20) 1
0. 75GPa ,
\ 475°C P-T
’ , v( 1)
(mol%) Si0>= 64.03, Ti0>= 3. 06, AbOs= S0°C 0. 55GPa :
10. 81, FeD= 7. 27, MgO= 5. 38, MnO= 0. 11, CaO= * + * *
4.22, Na,0= 3.59, K,0= 1.44, 0= 0.08; (1 V)
H,0= 4.75( H.0 0.7GPka
) ; .
P-T 0.3~ 1.5GPa
450~ 650°C THERMOCALC
( 3.33,2009 ) (2003 ’ ] ’
te— ds55. txt) 3 . H0C
| 0. 9GPa, 650C
1.5GPa,
3.2
P-T ( 1 3.3
+ + +
+ + + (L; ,
1. 5km 2.4~ 2.6GPa 570~ 5857C



43

- ru

( )

(garnd) ;

(' magnetite) ; mu.
(rutile) ; sph,

P/GP,

X1

MnNCKFMASHTO (+ru+q+H20)

1.4

1.3

1.2

1.1

1.0

0.9
0.8 [ENNE
0.7
0.6
0.5
0.4

0.3
450

1:ggllawmu
2:ggllawmupa
3:ggllawmupao
4:ggllawmupaoep
S:ggllawmupaep
6:ggllaw mupnegchl
7:ggllawmupachl

8: ggllawmupachlepsph
9:ggllawmuchlsph

10: ggllaw mu chlpasph
11: ggllaw muchlpasph-ru

12:ggllawmuchlpaepsph-ru

13: gglmuchipasph-ru
l4:§§lmuchlgasgh
15:gglmupaepsph
16:gglmupaeposph
}Z:gg}mupaos h
:gglmupasp
19: gglmuchlpabisph
20: gglmu chlpabisph-ru
21:gglmupabisph-ru
22:gglmupabiosph-ru

X2
P-T
gl,
(muscovite) ; o,
( sphene) .

( glaucophane) ;

500

23: gglmupablosph
24: gglﬁahms
25: gﬁ bpabiosph
27:Shbpipabiosph
:ghbplpabiosp
28:gglhbplpabiosph
29:gglhbplpabisph
30:gglhbplpabiosph-ru
31:gglhbpabioepsph-ru
32:gglpabioepsph-ru
33:gglmupabioepsph-ru
34:gglmupabiepsph-ru
35: gglﬂableps -ru
36:gglhbchlpabiepsph-ru
37:gglhbplpabiepsph-ru
38:gglhbplopabiepsph-ru
39:gglhbplchlpabisph-ru
40:g§lhbplchlpabisph
41:ghbplchlpabisph
42:ghbplchlpabisph-ru
43:ghb Ichlgnblersph-ru
44:gglhbplchlpab

550

TIC

45:plchlpabiepsph-ru

46:gplchlmupabiep sgh—ru

47:plchlmugabiepsp
48: plchimu biep sph-ru
49: plchimupabiepsph
50:gplchimupabiepsph
51:gplchimupabiep
52:gplchlpabiep
53:gplchlpabiephbsph
54:gplchipabiephb
55:gplchlpabiephbilm
56: gplchimupabiepilm
57:gplchimubiepilmmt
58:p hlmubiepllm
59: plchlmubiep mt

60: plchImubimt

61: plchImu biep ilm mt
62:gplchimubiephbilm
63:gplchimubihbilmmt
64:gplchimupabihbilm
65:gplchlpabihb

epsph-ru 66:gplpabihbilm

Bl ARREFHK RS P-THH A
Fig.1 P-T pseudosection diagram calculated for the garnet-biotite-plagioclase-gneiss
: MuNCKEMASHT O ( + ru+ g+ H,0)

’

(585°C)1#1
hb,
(omphacite) ; pa,

: bi,
(hormblende) ; ilm,

[ 2]

(paragonite) ; pl,

600

(biotite) ; chl,
(ilmenite) ;

650

67:gplchlbihb
68: gplchlbihbilm mt
69: gplchlbiilm
70: gplchlbiilm-ru
71:gplchlbihbilmmt-ru
72:gplmupabihbep
73:gplmupabihbepsph
74:gplmupabihbsph
75: gplmupabihbosph
76 gplmupabihbo
Ipabihbo
ggbl:) pabi
79 gglhbogabl
80:gglopabi
81:gglo abi
82:ghbplomupabi
83:gglglomupahi
84:gglhb o mupabi
85:gglhbomupa
86°g§Ihbplomupabl
88: Ibhblolmu ¥
gglhbplomupa
89: gglplomupap

’ s

2 7 I~V
(H,0=
(chlorite) ; ep,
law,

(plagioclase) ; g,

4.75mol%)

(epidote) ; g
(lawsonite) ; mt
(quartz) ;

m’

’



( ) 2011
p-T ™ : - ;
585°C |22-7 23, 47]
, P-T (1 s 2 W% ,
AB) 1. 25GPa Ren (2008)
+ , 0. 75GPa
, , ’ ’ [22]
; ()
[45, 46
’ 4.2
1 , ,
( H:0=4.75 12l ,
mol%) , , ,
A ,
2 ;A 2 P_ T [52] 2
A B )
[13 2 ( 1) ,
+ B s
7 [23]
? ’ ) P— T
B
4 o
» 0. 55~ 0.75GPa
( 1. 0GPa ,
) , 570°C P-T
9 1 B 2 2
_ » (21 ,
’ : Fer 05 [22,34, 3- 54|
) P-T

490C  0.38GPa,
467°C 0. 66GPa 566 C 0.20



45

0. 75GPa ,

0. 75GPa :
565 C, 0. 35~ 1. 40GPa;
, 0. 75GPa, 475°C,
570°C ; ,
570°C, 0. 55GPa

0.75GPa,

(1. , 2008, 27 (4): 520- 530.
[2] ) , .. -

[J]. , 2008, 27 (4): 466- 473.
[3] , . —
[J]. , 2002, 9 (4): 267- 272.
[4] YANGJS, BAIW J, FANGQ S, et al. Silicon— rutile —
an ultra— high pressure (UHP) mineral from an ophiolite [ J] .
Progress in Natural Science, 2003, 13 (7): 28 - 531.

[5] . , ..
[J]. -
, 2006, 31 (4): 533- 538, 550.
[ 6] ) , , . CED
[1. )

2006, 25 (1): 61— 70.

[7] ZACKT, KRONZ A, FOLEY S, et al. Trace element abun-
dances in mtiles from eclogies and associated gamet mica
schists [ J]. Chemical Geology, 2002, 184: 97- 122.

[8 ZACK T, VON EYNAT TEN H, KRONZ A. Rutile geo-
chemstry and its potential use in quantiative provenance
studies [ J]. Sedmentary Geology, 2004, 171: 37— 58.

L 9] ; ) . . CED

(1. . 2005, 21 (2): 465- 474.
[ 10] , ) )

. 2006, 80 (12): 1835- 1841.
[ 1] , . ,

[JI. - , 2008, 33 (4):
487~ 503.
[12] ) , , . CCSD
: LA- ICPMS [J1.
, 2009, 25 (7): 1645- 1657.
[13] , , ,
U- Pb : [J]. ,

2001, 46 (19): 1655- 1658.

[14] LI QL, LISG, ZHENG Y F, et al. A high precision U-
Pb age of metamorphic rutile in coesite— bearing eclogite
from the Dabie Mountains in central China: A new con-
straint on the cooling history [ J] . Chemical Geology, 2003,
200: 255- 265.

[ 15] MATHIEU C, OPREILLY S Y, GRIFFIN W L, et al. Hf
isotopes of MARID (mica— amphibole— rutile— ilmenite—
diopside) rutile trace metasomatic processes in the lithos-
pheric martle [ J]. Geology, 2005, 33: 45- 48.

[16] , .

- [J1. , 1999, 9 (4):
280- 283.
[17] ) , ,
100~ 2000 [JI1.
, 2004, 20 (1): 119- 126.
[ 18] ) , ,
: [J].
, 2006, 80 (12): 1827- 1834.
[19] , ) ,
[J]. , 2008, 82
(5): 612- 624.
[20] , , .. -
L. ,
1997, 19 (2): 93— 98.
[21] , \ ) -
[J]. , 2005, 27
(1): 6~ 14, 20.

[22] REN M. Tianite— ilmenite— magnetite phase relations in
amphibolites of the Chynov area ( Bohemian M assi, Czech
Republic) [J]. Acta Geodynamics et Geomaterialia, 2008,
15 (3): 239- 246.

[23] TROPPER P, MANNING C E. The cument status of tianite
— rutile thermobarometty in ultrahigh— pressure metamos
phic rocks: The influence of titanite activity models on
phase equilibrium calculations [ J]. Chemical Geology,
2008, 254: 123- 132.

[24] , . [J].
, 2003, 10 (4): 341- 351.
[25] , ) ,

PT [JT. )



46

( ) 2011

2009, 25 (9): 2078- 2088.

[ 26] , )
[J]. ( ), 2009,
26 (1): 85— 89.
[ 27] , , P-T
[J]. (

), 2011, 28 (2): 85— 90.

[ 28] HACKER B R, RATSCHBACHER L, WEBB L E, et al.
Zircon ages constrain the architecture of the ukrahigh— pre-
ssure Qinling— Dabie orogen, China [J]. Eaith and Plane-
tary Science Letters, 1998, 161: 215- 230.

[ 29] HACKER B R, RATSCHBACHER L, WEBB L E, et al.
Exhumation of ultrahigh— pressure continental crust in east
central China: Late Triassic— Eady Jurassic tectonic um-
roofing [ J] . Journal of Geophysical Research, 2000, 105:
13 339- 13 364.

[30] ZHONG Z Q, SUO ST, YOU Z D. Regional— scale exten
sional tectonic pattern of ultrahigh— P and high— P meta-
morphic belts from the Dabie massif, China [J]. Inema-
tional Gedogy Review, 1999, 41: 1 033— 1 041.

[ 31] ZHONG Z Q, SUOST and YOU Z D, et al. Major constit
uents of the Dabie collisional ogenic bek and partial mel+
ing in the ultrahigh— pressure unit [ J]. International Geolo-
gy Review, 2001, 43: 226- 236.

[32] , ) ;

M].
, 2002.

[33] LIUX C, WEI CJ, LISZ, et al. Themobaric stucture of
a traverse across the western Dabieshan: implications for
oollisional tectonics of the Sino— Korean and Yangize cra-
tons [J]. Journal of Metamorphic Geology, 2004, 22 (3):
361- 379.

[ 34] WHITE R W, POMROY N E and POWELL R. An in— situ
metatexte— diatexite transition in upper amphibolite facies
rocks from Broken Hill, Australia[J]. Journal of Metam or-
phic Geology, 2005, 23: 579- 602.

[ 35] GREEN E C R, HOILAND T J B, POWELL R. An order
— disorder model for omphacitic pyroxenes in the system ja
deite— diopside— hedenbergite — acmite, with applications

to eclogite rocks [J]. American Mineralogist, 2007, 92:

1181- 1189.
[ 36] DIENER J F A, POWELL R, WHITE R W, et al. A new
thermodynamic model for clino— and orthoamphiboles in

Na,0- Ca0- FeO- MgO- Al,O;— Si0,—- H,0- O []].
Journal of Metamorphic Geology, 2007, 25: 631- 656.

[37] COGGON R and HOLLIAND T J B. Mixing properties of
phengitic micas and revised garnet— phengite thermobarom-
eters [J]. Joumal of Metamorphic Geology, 2002, 20: 683
- 696.

[38] HOLLAND T J B, POWELL R. Activity— composition rela
tions for phases in petrological calculations: an asymmetric
multicomponent formulation [J]. Contributions to Minerale-
gy and Petology, 2003, 145: 492— 501.

[39] HOLLAND T J B, BAKER JM, POWELL R. Mixing prop-
erties and activity— composition relatbnships of chlorites in
the system MgO— FeO— ALO,- Si0,— H,0 [J]. Europe
an Joumal of Mineralogy, 1998, 10: 395- 406.

[40] MAHAR EM, BAKER JM, POWELLR, et al. The effect
of Mn on mineral stabiliy in metapelites [ J]. Joumal of
Metamorphic Geology, 1997, 15: 223- 238.

[41] POWELL R, HOLLAND T J B. An inemally consistent
themodynamic dataset with uncertainties and correlations:
3. Applications to geobarometry, worked examples and a
computer program [ J]. Journal of metamorphic Geology,
1988, 6: 173- 204.

[42] POWELL R, HOLLAND T J B, WORLEY B. Calculating
phase diagrams involving solid solutions via non— linear
equations, wih examples using themocale [ J]. Journal of
Metamorphic Geodlogy, 1998, 16: 577- 588.

[43] HOLLAND T J B, POWELL R. An internally consigent
thermodyn amic data set for phase of petwological interest [ J] .
Joumal of Metamorphic Geology. 1998, 16: 309- 343.

[44] . ) ,

Na O- CaO- K,0-
FeO— MgO- ALOs;- SiO, - H,0- O (Fe,03)
[J]. , 2009, 25 (1): 124- 138.

[45] GUIRAUD M, POWELL R, REBAY G. H20 in metamos
phism and unexpected ehaviour in the presewvation of meta-

morphic mineral assemblages [J]. Joumal of Metamorphic
Geology, 2001, 19 (4): 445- 454.

[40] ,
[J]. , 2007, 13 (3): 507- 514.
[47] X P+ Mg+ F= Si+ Al+ OH
[J]. , 1996, 41 (9):
811- 814.

[48] YEK, LIU J B, CONG B L, e a. Ulwrahigh— pressure
(UHP) low— Al titanites from carbonate — bearing rocks in
Dabieshan— Sulu UHP terrane, eastern China [ J] . Ameri-
can Mineralogist, 2002, 87: 875- 88l.

[49] LIU J B, YEK, MARUYAMA S, et al. Mineral nclusions
in zircon from gneisses in the ultrahigh— pressure zone of
the Dabie Mountains, China [ J]. The Journal of Geology,
2001, 109: 523- 535.

[50] LIU FL, XU Z Q, KATAYAMA 1, e al. Minerd incle
sbns in zircons of para— and orthogneiss from pre— pilot
drillhole CCSD- PP1, Chinese Continental Scientific Drill
ing Project [ J] . Lihos, 2001, 59: 199- 215.

( 55 )



55
65. [J]. , 2003, 22
[ 10] , ) (11): 731- 737.
[J]. ( ), 2009, [13] s , , .
26(4) : 32— 35. [J]. , 2009, 25(2): 1- 4.
[ 11] s s R . PAC/ [ 14] s s s
[J]. , 2007, (1. ,
23(17): 84- 86. 2010, 30(3): 48- 50.
[ 12] ’ ’ . - ( )
( 39 ) , [J]. , 2005(3):365- 370.
390mmx 190mmx 190mm, 15% [2] T .o
[M]. : , 1997.
[3] ) . )
[J]. ,2003(2): 13-
4 15.
[4] , . ,
[J]. ,2006, 20(2):359.
1) , [5] , ) [J].
> > , 2005, 19(2):67.
, [6] KHATE D, CHAUDHARY R. M echanism of geopolymeriza-
, , tion and factors influencing its development: a review|[ J].
Mater Sei, 2007(42) : 729— 746.
2) , m.
[J]. , 2006, 26 (4):40- 42.
28d 5.28 M’P " o ’
’ ' " [J]. ,2006, 20(2) :359.
27. 49M Pa, 15% ( )
[1] ) , ,
( 46 ) [53] WHITE R W, POWELL R, HOLLAND T ] B, et al. The

[51] LIU F L, ZHANG ZM, KATAYAMA I, et al. Ulwahigh—
pressure metamorphic records hidden in zircons from ampht-
bolites in Sulu terrane, eastern China [J]. The Island Arc,
2003, 12: 256- 267.

[52] CHU HANG, WEI CHUNJING, SU SHANGGUO. Phase
equilibria of HP— UHP mica— schists in Jiangling, eastem
Dabieshan orogen [J]. Progress in Natural Science, 2009,
19: 973- 982.

[54] )

efect of TiO, and Fe,O; on metapeliic assemblages at
greenschist and amphibolie facies conditions: mineral equi-
libria calculations in the system K,0 - FeO- MgO- AL O,
- Si0, - H, 0- TiO, - Fe,03[J]. Joumal of Metamorphic
Geolagy, 2000, 18: 497- 511.

, 1988, 8 (4): 348- 357.

( )



