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Fig. 1 Structural map of a high— and ultrahigh—pressure metamorphic belt in the south Sulu terrane (modified after Xu ZQ et al.
1—Mesozoic granite;2—Ductile “thrusting” ;shear zone (DF, - DF,);
3—Lithosphere fault (TL. F.—Tanlu fault;JX.F.—Jiashan—Xiangshan Fault);
4—=Strike—slip fault; 5—Angular unconformity; 6—Main hole site of CCSD
[—Shear tectonic imbricate slices of high—pressure/low—temperature metamorphic rocks in South Sulu: I,~Guannan shear tectonic slice;
I,—Lianyungang shear tectonic slice; I.—Yuntaishan shear tectonic slice; II—Shear tectonic imbricate slices of high pressure mid—temperature
metamorphic rocks in South Sulu; III=Shear tectonic imbricate slices of ultrahigh—pressure metamorphic supracrustal rocks in North Sulu:
I1I,—Qinglongshan—Fangshan shear tectonic slice; III,—Maobei shear tectonic slice; III.—Shihuzhen shear tectonic slice; III;—Shilianghe shear tectonic
slice; IV—Shear tectonic imbricate slices of ultrahigh—pressure granitic metamorphic rocks in North Sulu:IV,—Sangingge shear tectonic slice;

IV,—Kangrishan shear tectonic slice; IV.—Cangshan shear tectonic slice
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Fig. 2 Microphotographs showing four stages of retrograde metamorphism of eclogites from 0 = 2000 m of the CCSD main hole

a—Weak retrograde metamorphism ;b—Partial retrograde metamorphism ;c—Retrograde metamorphism ; d—Strong retrograde metamorphism

Abbreviations: Ae—Aegirine—augite; Am—Amphiboles ; Grt—Garnet; Omp—Omphacite ; Q—Quartz; Sym—Symplectitic coronas
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I-Retrograde process from the fresh eclogite to the partial retrograde eclogite;
II- 1l - Retrograde process after the complete retrograde metamorphism of omphacites.
Metamorphic reaction lines: (D—Kennedy™ ;2 —Bohlen and Boettcher®;@)—Holland™¥;
(@)—Massonne and Schreyer™ ; 3—Holland™ ; ©—Goldsmith® ; @—Holland" and Waters®; @—Holland®”;(©-00 and (1)—Evans*’
Mineral codes: Ab—Albite ; Amp—Amphibole ; An—Anorthite ; Chl—Chlorite ; Coe—Coesite ; Cpx—Clinopyroxene ;
Czo—Clinozoisite ; Di—Diopside ; Dia—Diamond ; GIn—Glaucophane ; Gr—Graphite ; Jd—Jadeite ; Ky—Kyanite ; Lws—Lawsonite ;
Pg—Paragonite ; Phe—Phengite ; Phl—Phlogopite ; PI-Plagioclase ; Pmp—Pumpellyite ; Qtz—Quartz ; Tlc—Talc ; Tr—Tremolite



226 G 5]

i 5 2005%F

0.30~0.35 Gpa fE Ry aR B2 BB Be il Ik, WARZE 5
X L A SR 1 3 R 2 S B KB B M 4
(18 2 o TR A e Py AR A8 B i

TAh, RGNS S N A+ R A R A
fb I IR 251 1921700 °C 1.4 Gpa F1 600 °C (1.1 Gpa
S SOME A 58 A IR AR R (B T 2H o R (6
D) | 3% IE 45 55— KB Bl 45 i Fe [ 1R A%
o 3o R 4 3R 2% A A R B K o B AR R o 3R A I
1F R R R AR AR AT AR R R, 2D R T L
LR AT 1 58 43 1B AR S A ke IX 73 1T A5 i e T A I UL
B 2 AN R i 3R A2 5T B B S T AT 1Y

K A I T B 5T B () 6), 7T LAAR B
A ARV S () AR A8 sk R 8 1 3 A I A R
TR TR 2 AN KB B, 43 30l % 07 AR AR A2 B ) 2
KB B, 82 LAGRE A 5 43R AR i Ry 43 b s, A8 T
WA 3Tt B A 800 °CAe AT ) 2.8 Gpa VA |,

3 RO ITIR AR e

KEWFFEGERR I, R — 25 B 2 (Ll A
FMHEAEE SRR Z A A, i AR
HE (100 km VAT ) TRAL SR [F1 5 T H 5% | I 787 b
PriRad Bt S T T & AR TE AR B S T A T b
W2 AT Ay B A LR R A b 5 4T 3R ) A D sl s
KFPrR AR E AR A BEE . anaE m B 1R
FHE Rt ] B A0 i R AR S el 4

S W L 5 T T IR (R AR SRR AE
SEA IR SRR PT AU | X K — 5 65 5 7R S
HERRRE 7 BT IR S FEAE T 43 B HHE T

(S 7/ a8 [ < o378 N R L& S
AP AR ph B — R | — R T R B A
W | R T, IR Al e iy iy 1) B R 3 —
PR & R, FE0T 6 A A PR B (break
off) ; Tl AR AR B F 28Rk 25T Il NN 1 & &R
J BT R 55 30 0 A A B R AR e R BE 22 A5 0k 2
Ji AR ¥ B4 Al B 7 T R B i) BB 4R T O & T
Tk | 22 AR 30 Rl 0 T O T 9 RN S A e R
(AR 5 45 IO A v 7= 2 4 i 55 ) L% 1 10
R S B 28 IO (1) J 30 A TR B TR B R T AR | PR i
2 TP R B R T A U RS AR R AR IR AR
A IR R R ) T s e AR IR A R,k /N FRARE
AT ok R da TR SRR HE— 2 B )y, Z R
25K 28 7 W R R TR B 2 12 dR Tt AR it R R

AR JENFR 73 F AT A 52 R R LB AR THE AR,
BATIRAS AR T AR A R UL, US4 /Y
SEANIBAR O ARAS | AT A I R s (9 DR AT IR B B
TR 22 T R OB A8 T AN AR 2318 A2 o (RIS — KBy
BB AR50 ), T A el o TR A S A8 46 T B, U 22 1
TR AR AN AR AR BT (VAR IR B BERYIR AT .

4 4k

(1) R & W A 0 A AR A B R 78 o A B rp [
KBERFA 45 FFL 0~2 000 m A VE A Y 38 42 ot o 7 ]
G3R 2 KBBS00 A IH % Z H Y 5 — KB BRI 4%
WEATH R Z IR M E R B B, SURT 204 4 AN TE By
B R ORAR BT AR aR R T R AR T A SRR AR T
AR AR R AR T 8 4 I SR S A
(58 4R AR T

(2) RAS T B W AL S R R AR
A A A DN A R B R A A, B
BEL A3 /D B i BN S W A R R TN A+
Ve e R AR U s e S Uit S i e
R EMEAT

(3) 45 o R e U 300 728 o Ui R 697~831 °C, T
J1°R 3.0 Gpa £ A7 #4318 8 it By Bl R 629~
776 °C, Fs 714 1.2~1.6 Gpa; iR 7228 it B B il = 43 51 Ay
550~650 °CH1 0.5~0.7 Gpa, 5812 48 5T By B 19 I B
300~400 °C, i 7124 0.30~0.35 Gpa,

(4)  WEHEA B HT IR 23 A 53 Sk WA K B B B, 36
— W B R T A U B R R DT R (IR S AR L D TR
21 T 5 — KRB B 3 faR A2 BRI 4 AR AR ), 2R
T BRI S T (R Ak & D T
55 R B B R A o AR AR ) | ) 43 R AR AR T
B BC i g A 1 o8 AV R, IE 2 X3 X TR
W B bnak

B AR AT A O R R S o AR A5 B 8K
PR S ARFRE AN R AR S AR E R B, EE
PR A 3R O o5 1 1 ok R T A ) B R AR R
12418 Bl B RN A AR 0 SRR S S 4 L
DIl S 7 A ST AT A M R A AR A
SO A AR AL TR B AR — IR
e BRI R0

% % 3k (References) :

[1] Chopin C. Coesite and pure pyrope in high—grade blueschists of the



ERP RSN R

BERARSE v [ R BB B R T AL 0~2000 m AR FE A 418 A8 i 7 227

western Apls:a first record and some consequences [J]. Contributions

to Mineralogy and Petrology, 1984, 86(2): 107~118.

)

Smith D C. Coesite in clinopyroxene in the Caledonides and its
implications for geodynamics [J]. Nature, 1984, 310: 641~644.
i B VAR B AR O SE L rh [ R B RR AE AR R TR AL (100~
2050m ) i WE & AL TRIE). A A 5] ,2004,20(1) . 27~42.
Zhang Zeming, Xu Zhigin,

=

Liu Fulai, et al.

(100 —2050m)

Geochemistry of

eclogites from the main hole of the Chinese
Continental Scientific Drilling Project [J].
2004, 20(1): 27~42 (in Chinese with English abstract).

[4] VPR ZE. o [ OB B 2 Bl R TR R 2 H bR R ) 20 R ). A
%4R,2004,20(1) : 1~8.
Xu Zhigin.

Acta Petrologica Sinica,

The scientific goals and investigation progresses of the
Chinese Continental Scientific Drilling Project [J]. Acta Petrologica
Sinica, 2004, 20(1): 1~8 (in Chinese with English abstract).

[5] ¥ KT V8 58 Wk O Jie . T 2R R AR o i) R I A TR o e A B T

FE[]. HUBTFEHR, 2003, 77(4):510~521,

Yang Tiannan, Xu Zhiqin, Chen Fangyuan. Transformation from

the Donghai eclogite to amphibolite in the southern Sulu UHPM

terrane [J]. Acta Geologica Sinica, 2003, 77(4): 510~521 (in Chinese
with English abstract).

TiF PR AR, 0 1 1], 8 R AR 45

o A B 2 A 2 AL

43~52.

o KB R 22 B R E L 100~2000 K
HAFUETE ). A A FHR,2004,20(1) :

=

You Zhendong, Su Shangguo, Liang Fenghua, et al. Petrography
and metamorphic deformational history of the ultrahigh —pressure
metamorphic rocks from the 100—2000 m core of Chinese Conti-
nental Scientific Drilling, China [J]. Acta Petrologica Sinica, 2004, 20
(1): 43~52 (in Chinese with English abstract).

Xk ke VP B A 20 22 A5 R I R RE R B R A AL % A i
DXAE B T R o ) s 3R A 2 2 5 R g s A AR A A A U
). %415 41,2004,20(1) : 9~26.

E

Liu Fulai, Xu Zhiqin, Yang Jingsui, et al. Geochemical characteristics
and UHP metamorphism of granitic gneisses in the main drilling
hole of Chinese Continental Scientific Drilling Project and its
adjacent area [J]. Acta Petrologica Sinica, 2004, 20(1): 9~26 (in
Chinese with English abstract).

VFRE SR S W R ok A IR i T — g T AR T B 4T IR A
K ATIBALHI[)]. HBTFHR,2003, 77(4) : 433~450.

Xu Zhigin, Zhang Zeming, Liu Fulai, et al. Exhumation structure

@

and mechanism of the Sulu ultrahigh —pressure metamorphic belt,
central China [J]. Acta Geologica Sinica, 2003, 77(4): 433~450 (in
Chinese with English abstract).

VRRRER SR PR W], XAk A b R RE R 2 Bl 48 E AL 1200 KA i

FE B AR TE 35 00 26 AT (). 5 40 27 41,2004,20(1) : 53~72.
Xu Zhiqin, Zhang Zeming, Liu Fulai, et al. The structure profile of

E

0—1200m in the main borehole, Chinese Continental Scientific
Drilling and its preliminary deformation analysis [J]. Acta Petrologica
Sinica, 2004, 20(1): 53~72 (in Chinese with English abstract).

[10] #2822 XA ke, 58 A ke A vl o il 83t Ll e o 30 0 i S A

FE LK 12 4 175 9 7 66 5 4R ER ). B R
463~477.

2 4,2003,77 (4) :

Yang Jingsui, Liu Fulai, Wu Cailai, et al. Two ultrahigh pressure
metamorphic events recognized in the central orogenic belt of
China: evidence from the U—Pb dating of coesite—bearing zircon
[J]. Acta Geologica Sinica, 2003, 77(4): 463~477 (in Chinese with
English abstract).

[11] W W5 A KRR s A I LA e 5 R Al R 9 TR ().
YL ML T, 2003, 27(1) : 1~11.
Pan Mingbao, Chen Huogen, Wang Hao, et al. Progresses of fun-
damental geological gesearch in the south margin of SuLu orogenic
belt [J]. Jiangsu Geology, 2003, 27(1): 1~11 (in Chinese with Eng-
lish abstract).

[12] XUAE R sk i B VR G B 5 (AORE s T B = 4 =S
BT 4R ,2003,77(1) : 69~84.

] 43 A 7).

Liu Fulai, Zhang Zeming, Xu Zhigin. Three—dimensional distribu-
tion of ultrahigh—pressure minerals in Sulu terrane [J]. Acta Geolog-
ica Sinica, 2003, 77(1): 69~84 (in Chinese with English abstract).

[13] Ellis D J, Green D H. An experimental study of the effet of Ca up-
on garnet—clinopyroxene Fe—Mg exchange equilibria [J]. Contribu-
tions to Mineralogy and Petrology, 1979, 71: 13~22.

[14] Powell R. Regression diagnostics and robust regression in geother-
mometer/geobarometer calibration:  the garnet —clinopyroxene,

geothermometer revisited [J].

1985, 3: 231~243.

Journal of Metamorphic Geology,

[15] Krogh E J. The garnet— clinopyroxene Fe—Mg geothermometer—a
reinterpretation of existing experimental data [J]. Contributions to
Mineralogy and Petrology, 1988, 99 :44~48.

[16] Yang A. A revision of the garnet—clinopyroxene Fe’*~Mg exchange
geothermometer [J]]. Contributions to Mineralogy and Petrology,
1994, 115:467~473.

[17] Ravna E K. The garnet—clinopyroxene Fe**~Mg geothermometer :
an updated calibration [J]. Journal of Metamorphic Geology, 2000,
18:211~219.

[18] Holland T J B. The reaction albite = Jadeite +quartz determined
experimentally in the range 600 —1200°C [J]. American
Mineralogist, 1980, 65:129~134.

[19] Holland T J B. P—T path from Cpx—Hbl—PI symplectites[R]. A
first report was presented at the Mineralogical Society Winter
Meeting in Derby, 2002.

[20] Waters D J. Clinopyroxene —amphibole —plagioclase symplectites in
Norwegian eclogites: microstructures, chemistry and the exhumation
P—T path [R].Derby:Mineralogical Society, Winter Conference,
2002.

[21] W% AR B AR S 4 B A8  AF . 7R 2R 0 R ) e T R R A (M.

BUBL ;o R 57 A 1998,104~114.
You Zhendong, Han Yuqing, Yang Weiran, et al. The UHP—HP
Metamorphic Belt in Eastern Qinling and Dabie[M]. Wuhan: China
University of Geosciences Press, 104~114(in Chinese).

[22] Kennedy C A, Kennedy G C. The equilibium boundary between



228 G 5]

i 5 2005%F

graphite and diamond [J]. J. Geophys. Res., 1976, 81:2467~2470.

[23] Bohlen S R, Boettcher A L. The quartz—coesite transformation:a
pressure determination and the effects of other composition [J]. J.
Geophysical Research, 1982, 87:7073~7078.

[24] Holland T J B. Experimental determination of the reaction paragonite
= jadeite t+kyanite and internally consistent thermodynamic data for
part of the system Na,O —ALO;—SiO,—-H,O, with application to

eclogites and blueschists  [J].

Petrology, 1979, 65:293~301.

[25] Massonne H J, Schreyer W. Stability field of the high pressure

Contributions to Mineralogy and

assemblage talc +phengite and two new phengite barometers [J].
European Journal of Mineralogy, 1989, 1:391~410.

[26] Goldsmith J R. Plagioclase stability at elevated temperatures and
water pressures [J]. American Mineralogist, 1982, 67 :653~675.

[27] Evans B W. Phase relations of epidote—blueschist [J]. Lithos, 1990,
25:3~23.

[28] Coleman R G, Wang X M. Ultrahigh —pressure Metamorphism
[M]]. Cambridge University Press, 1995, 528.

[29] Cong B L. Ultrahigh — pressure Metamorphic Rocks in the
Dabieshan — Sulu of China
Press, 1996, 224.

Region [ M]. Beijing : Science

[30] Schrever W , Stockhert B. High pressure metamorphism in nature
and experiment [J]. Lithos, 1997, 41:1~266.

[31] Liou J G, Cong B L. Goedynamics for high— and ultrahigh—
pressure metamorphism [J]. The Island Arc, 1998, 7.

[32] Chemenda A L, Mattauer M, Malavielle J, et al. A mechanism for
Syn —collisional rock exhumation and associated normal faulting:
results from physical modeling [J].
Letters, 1995, 132:225~232.

[33] Chemenda A L, Mattauer M, Bokun A N. Continental subduction

Earth and Planetary Sciences

and a mechanism for exhumation of high —pressure metamorphic

rocks:New modeling and field data from Oman [J]. Earth and
Planetary Sciences Letters, 1996, 143:173~182.

[34] Liou J G, Zhang R Y. Ultrahigh—pressure metamorphic rocks [J].
Encyclopedia of Physical Science and Technology, Third Edition,
2002, 17:1~18.

[35] Michel F, Wei L, Nicole L B. Where is the North China—South
China block boundary in eastern China? [J] Geological Society of
America, 2001.

[36] F A5 I Bl Bk 0 DR AR . R 5 45 oo TS — v S 728 J T e A 3
28 KB g2 0 ). bR 2F AR, 2001,75(1):14~24.

Suo Shutian, Zhong Zengqiu, You Zhendong. Extensional tectonic
framework of the Dabie—Sulu UHP—HP metamorphic belt, Central
China, and its geodynamical significance [J]. Acta Geologica Sinica,

2001, 75(1):14~24 (in Chinese with English abstract).



%324 52 R RS o R R AR R T2 FL 0~2000 m AR S 14 1R A T gt 229

Retrograde metamorphism of eclogites from the main hole (0-2000 m) of the
Chinese Continental Scientific Drilling, Donghai, Jiangsu Province

LIANG Feng-hua', SU Shang-guo’, YOU Zhen—dong’, ZHANG Ze-ming'
(1. Key Laboratory for Continental Dynamics of the Ministry of land and Resources of China, Institute of Geology,
Chinese Academy of Geological Sciences, Beijing 100037, China;
2.China University of Geosciences, Beijing 100083, China)

Abstract: The main hole of the Chinese Continental Scientific Drilling (CCSD) Project is located in the eastern
part of the Dabie—Sulu ultrahigh pressure (UHP) metamorphic belt. In the 0 =~ 2000 m long core, all kinds of e-
clogites account for >50 percent and most of them have experienced difterent degrees of retrograde metamor-
phism. According to the retrograde degrees of the dominant minerals garnet and omphacite in the eclogites, the
process of the retrograde metamorphism may be divided into two major stages and four substages:the first major
stage, which may be further divided into the substages of weak retrograde metamorphism and partial retrograde
metamorphism,and the second major stage, which may be further divided into the substages of retrograde meta-
morphism and strong retrograde metamorphism. The general trend of retrograde process is as follows: garnet was
gradually replaced by pargasite or epidote+biotite and omphacite was replaced by symplectitic coronas of amphi-
boles and plagioclase; the jadeite content of omphacites decreases gradually in the retrogression and part of om-
phacites are transformed to aegirine—augites. The P—T conditions of eclogites are as follows: the peak stage, 697
~ 831°C and ~3.0 GPa; the substage of partial retrograde metamorphism, 629 -~ 776°C and 1.2—1.6 GPa; the sub-
stage of retrograde metamorphism, 550 ~ 650°C and 0.5—0.7 GPa; the substage of strong retrograde metamor-
phism, 300 - 400°C and 0.30—0.35 GPa. According to an integrated study of the petrological and mineralogical
characteristics and P—T conditions, it is deduced that eclogites underwent a process of two—stage exhumation: the
first major stage witnessed nearly isothermal decompression, suggesting fast exhumation (eclogites experienced
retrograde metamorphism of the first major stage during this stage) and the second major stage saw decrease in
temperature and pressure due to slow uplift (during this stage, eclogites underwent retrograde metamorphism of
the second major stage). The complete retrograde metamorphism of omphacites is not only the marker of distin-
guishing the two major stages of retrograde metamorphism but also a marker of distinguishing the two major
stages of exhumation.

Key words: eclogite ; retrograde metamorphism ; exhumation ; Chinese Continental Scientific Drilling (CCSD)
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