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Table 1 Microprobe analyses of hypersthene, clino-pyroxene in charnockite
wi/ %
SiO, TiO, Al; O3 FeO Cr; O3 MnO NiO MgO CaO Na, O K,0O
1 P35-1c¢ 51.54 0 0.14 30. 15 0.08 1. 37 0 16.02 0.41 0 0
2 P35-1r 49. 44 0 0.48 37.18 0.13 0.4 0. 26 11.51 0.55 0.2 0
3 Ys-lc 51.27 0 0. 68 31.8 0 0.75 0 15.01 0.22 0.17 0
4 Ys-1r 50. 06 0 1.55 34.42 0 0.72 0 10. 08 0.59 0.49 0
5 P36-6 50. 77 0. 14 2.58 28.58 0 0. 46 0. 14 14. 66 0.17 0. 44 0
6 Ys-4c 51.77 0.07 2.4 24.33 0.27 0. 38 0 18. 84 0.17 0 0.09
7 Ys-4r 52.31 0.16 2.15 25.48 0.17 0.19 0 17.71 0.18 0 0. 04
8 Ys-5¢ 51. 85 0 2.44 30. 6 0 0 0 12. 69 0 0.29 0
9 Ys-5r 50. 31 0 2.95 32.5 0 0 0 11.93 0 0.23 0
10 Ys-6¢ 52.83 0 1. 36 28.91 0 0.77 0 12.02 0. 89 1.11 0
11 Ys-61 52.29 0 1. 38 31.02 0 0.62 0 11.28 0.58 1.16 0
12 P35-1 52.18 0.02 1. 16 14.95 0 0 0 8.41 20.02 0.57 0
13 Ys-8c 50. 99 0.12 1. 36 13.32 0 0.48 0 11.83 20. 28 1. 36 0
14 Ys-8r 50. 22 0.11 1.4 14. 45 0 0.49 0 11.24 20. 74 0.74 0
15 P35-3 53.37 0 1. 36 9.33 0.03 0.55 0 13. 33 20.07 0.93 0.01
w, % s/ %
TOTAL TSi TAI M, Al M;Ti M;Fel" M;Fe?t M, Cr M, Mg M; Ni M, Mg
1 P35-1c¢ 99.71 2.01 0 0.01 0 0 0. 06 0 0.93 0 0
2 P35-1r 100. 15 1.98 0.02 0 0 0.03 0.27 0 0.69 0.01 0
3 Ys-lc 99.9 2.01 0.03 0 0 0. 09 0 0. 88 0 0
4 Ys-1r 97.91 2.05 0 0.08 0 0. 31 0 0.61 0 0
5 P36-6 97.94 2.01 0 0.12 0 0 0.01 0 0. 86 0 0
6 Ys-dc 98. 32 1.99 0.01 0.1 0 0 0 0.01 0. 89 0 0.19
7 Ys-4r 98. 39 2.03 0 0.1 0.01 0 0 0.01 0. 89 0 0.13
8 Ys-5¢ 97.87 2.08 0 0.12 0 0 0.13 0 0.76 0 0
9 Ys-5r 97.92 2.03 0 0. 14 0 0 0.14 0 0.72 0 0
10 Ys-6¢ 97.89 2.11 0 0. 06 0 0 0.22 0 0.72 0 0
11 Ys-6r 98. 33 2.09 0 0.07 0 0 0. 26 0 0.67 0 0
12 P35-1 97. 31 2.06 0 0.05 0 0 0. 45 0 0.5 0 0
13 Ys-8c 99. 74 1.92 0. 06 0 0 0.17 0.16 0 0. 66 0 0
14 Ys-8r 99. 39 1.92 0. 06 0 0 0.13 0.23 0 0. 64 0 0
15 P35-3 98.98 2.01 0 0. 06 0 0.19 0 0.75 0 0
/%
M;Fe?™  M,;Mn M, Ca M; Na Wo En Fs WEF Jd Ae

1 P35-1c¢ 0.93 0.05 0.02 0 0.87 47.11 52.03 100 0 0
2 P35-1r 0.95 0.01 0.02 0.02 1.2 34. 89 63.91 98.43 0.13 1.45
3 Ys-1c 0. 95 0.03 0.01 0.01 0.47 44.9 54.63 98.7 1. 31 0
4 Ys-1r 0. 87 0.03 0.03 0. 04 1.4 33.35 65. 24 95.95 4. 05 0
5 P36-6 0.94 0.02 0.01 0.03 0. 39 47.17 52.43 96. 45 3.55 0
6 Ys-dc 0.78 0.01 0.01 0 0. 37 57.39 42.24 100 0 0
7 Ys-4r 0. 83 0.01 0.01 0 0.4 54.93 44,67 100 0 0
8 Ys-5¢ 0.9 0 0 0.02 0 42.5 57.5 97. 54 2.46 0
9 Ys-5r 0. 95 0 0 0.02 0 39.55 60. 45 98. 06 1. 95 0
10 Ys-6¢ 0.74 0.03 0. 04 0.09 2.18 41 56. 82 91.03 8.97 0
11 Ys-6r 0.77 0.02 0.03 0.09 1.42 38.3 60. 28 90. 71 9.29 0
12 P35-1 0. 05 0 0. 85 0. 04 46. 14 26.97 26. 89 95. 46 4.54 0
13 Ys-8¢ 0.07 0.02 0. 82 0.1 42.68 34. 64 22.68 89. 68 0 10. 32
14 Ys-8r 0.08 0.02 0. 85 0. 06 43.17 32.55 24,28 94. 3 0 5.7
15 P35-3 0.1 0.02 0. 81 0.07 43.32 40.03 16. 66 93.23 6.77 0

* 1~11 . 1~4 ,5~8 ,9~11 ;12~15

12~14 ,15 c.r N ,P
s ( ) . [137.
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Table 2 ILaser Raman microprobe analyses of fluid inclusions in charnockites

W xn/ % S48 /%
HE  EOEH AR XN
COe CH,4 H:O H:S N:(8O:) CGHy GHs CO: cO CH: H;O MN:(Hz) H:S CH: CiHg
B O0: S FIHEEE() Fob 62.3 0.6 349 0.8 1.4 88.2 8.1 2.7 1
5286 BHELBEEJV) Ak 14.7 2 79.1 4.2
ﬁmﬁfmﬁ] WHEREEOV A% 2.4 1.2  76.6 0.8
¥y
i T 00, SE P HERE ) % 34 9 50 o 68. 6 13.3 (3.0 9.1
B OO M AHAREE L) % 78 @2) 80. 6 19. 4
& CO: SHBHARHK ) Hx% 17 3 746 3.7 C;I:Z 76.3 7 1.8 4.9 ‘
CsHs .
525-12 B CO: HaBEEJD A% 75. 7 11.3 5.8
At ERIE 3.2
HNEE  wmammay FE 152 L9 BL5 0.7 CSI:G )
. B CO: Mg B (I L% 85.2 6.4 (8. 4) ~
E CO: WA Bk (Ib) HWE L5 10.9 1.7 (3. 1.6
- " CO: Sl FHaREdla) A% 194 2.5 757 1.2 82.5 9.8 7.7
WHOREAV) A 40,8 1.4 56.2 1.6
S0, &
0, SRRl ¥ 35 7 58 70.9 8.2 (7.9) 130 2
’ w
EHmEiE B CO MBI FE T 3 20 5
Ys-3 MR SRR REE IV A% 29 57 (14) 47.0 10 211 251028 ;
. Q
- =i
B N S HEEEVD) ¥ 6 46 48 &
B N, SASE RV H# 18,2 81.8 s
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I N,V :DGt+Sill
=Sp+ Q-+ Sap(Sengupta, 19951713 @ Gt + Sill= Sp + Q(Sen-
gupta,1995171) ; @ Hy + Pl= Py + Gt+ Q(Berman, 1988L8]);
Q-+ Ab+Kfs+ H,0O s
(W. Johannes F. Holtz, 1999[197)

CO, ,
(
),
, CO, ,
a(H,0)=0.1~0. 3, ,

(1]

(2]

[3]

[4]

[5]

[6]

L7]

) o CO, )

,a(H,O) 0.65~0.75,
( 6).,
References[ 1:

DROOP G T R. CLEMENS ] D, DALRYMPLE D ].
Processes and conditions during contact anatexis, melt escape
and restite formation; The Huntly Gabbro Complex, NE Scot-
land [J]. Journal of Petrology ,2003,44(6) :995-1029.
VALDECIR D A J. Elemental and Sr-Nd isotope geochemis-
try of two Neoproterozoic mangerite suites in SE Brazil: Im-
plications for the origin of the mangerite-charnockite-granite
series [J]. Precambrian Research , 2003, 119(1-4) :301-327.
BROWN M. Migmatites— Evidences of fugitive magma fro-
zen during migration [ A]. Abstracts for 30th International
Geological Congress[C]. Beijing, China. 1996.2: 610.
SKJERLIE K P, PATINO D, JOHNSTON A D. Fluid ab-
sent melting of a layered crustal protoloth: Implications for
the generation of anatectic granites [J]. Contrib Mineral Pet-
rol, 1995, 122.62-78.
NEWTON R C. Charnockitic alteration: Evidence for CO;
infiltration in granulite facies metamorphism [J]. Journal of
Metamor phic Geology . 1992, 10(3) :383-400.
CHEN Bin, ZHUANG Yuxun. Petrology and petrogenesis of
Yunlu charnockite and its granulite inclusion, western
Guangdong, South China [J\1. Acta Petrologica Sinica .
1994,10(2) :139-149 (in Chinese). L s

[Jl.

,1994,10(2) :139-149. ]

YOU Zhendong. The progressive anatexis in migmatite com-

plexes within the Yunkai uplift, South China [ AJ. Abstracts
for 30th International Geological Congress[C]J.1996,2:615.



266

[8]

[10]

[11]

[12]

FEarth Science Frontiers 2003 10 3

ZHOU Hanwen, YOU Zhendong. Radioactive element distri-
bution in the granulites and charnockites of the Yunkai Pre-
cambrian basement and their petrogenetic implication, west-
ern Guangdong [J]. Earth Science— Journal of China Uni-
versity of Geosciences, 1996,21(5);:529-535 (in Chinese).
L , . R
[J]. .1996,21
(5):529-535. ]
ZEN E-AN. Using granite to image the thermal state of the
source terrane[ J]. Trans Roy Soc Edinb Earth Sci, 1992,
83: 107-114.
XU Huifen, CHENG Yuqi.

Petrological characteristics of

Archean biotite orthopyroxene clinopyroxene plagioclase
gneiss and enderbite and their relationship of origin [ AJ.
CHENG Yuqi. Symposium of Early Precambrian Geolog-
ical Research in North China Craton[ M]. Beijing: Geological

Publishing House, 1998. 137-145 (in Chinese). [ .

[A]
[M]. .1998. 137-
145. ]
SHEN Kun, SHEN Qihan, XU Huifen. Metamorphic fluids
related to anatexis in Gongdanshan Block, Yishui County,
Shandong Province [J]. Acta Petrologica et Mineralogica ,
1998,17(3):193-205(Cin Chinese). L s ,

L1l
.1998,17(3) :193-205. ]

SU Shangguo, ZHOU Xunruo, GU Delin. Characteristics,
ages, and geneses of charnockites in Yishui area, Shandong
Province[J]. Earth Science— Journal of China University of
Geosciences, 1999, 24(1) :57-62(in Chinese). [ s

(1. ,1999,24(1) :57-62. ]

(13]

[14]

[15]

[16]

[17]

[18]

[19]

SHEN Qihan, SHEN Kun, GENG Yuansheng, et al. Geo-
logical Evolution and Composite of Yishui Complex, Shan-
dong[ M. Beijing: Geological Publishing House, 2000. 1-176
(in Chinese). L , , ,
[M]. ,2000. 1-176. ]

SHEN Qihan, XU Huifen, ZHANG Zongqing. Precambri-
can Granulite in China [ M. Beijing: Geological Publishing
House, 1992. 69-109(in Chinese). L s s

s [M]. : .
1992. 69-109. ]
ZHAO Guochun, HE Tongxing. The mineral indications of
anatectic charnockites in Taipingzhai area, eastern Hebei
Province, China [J]. Journal of Changchun University of
Earth Sciences, 1991, 21(2):143-150(Cin Chinese). L

1. ,1991,21(2) ; 143-150. ]
SU Shangguo,GU Delin,ZHOU Gengxin. The p-T trajectory
and its tectonic significances of granulite facies metamorphism
in the Yishui area, Shandong Province [ J]. Acta Petrologica
Sinica ,1997,13(2):113-126 (in Chinese). [ s
s . T
[J]. ,1997,13(2):113-126. ]

SENGUPTA P, KARMAKA R, DASGUPTA S. Petrology
of spinel granulites from Araku, Eastern Ghats, India, and a
petrogenetic grid for sapphirine-free rocks in the system
FMAS[J]. J Metamorphic Geol » 1991, 9:451-459.
BERMAN R G. Internally consistent thermodynamic data for
minerals in the system Na; O-K; O-CaO-MgO-FeO-Fe; O5-Al, O~
Si0,-TiO,-H, O-CO, [J]. J Petrology ,1988,29:445-522.
JOHANNES W, HOLTZ F. Petrogenesis and Experimental
Petrology of Granitic Rocks[ M. Berlin, Heidelberg, Ger-
many : Springer-Verlag, 1996.

OCCURRENCE OF THE RESTITE MINERALS IN
CHARNOCKITES AND THE PROCESSES OF
CHARNOCKITE FORMATION IN YISHUI AREA,
SHANDONG PROVINCE

SU Shang-guo, DENG Jin-fu,

LIANG Feng-hua,

ZHOU Xun-ruo, GU De-lin

(School of Earth Sciences and Mineral Resources , China University of Geosciences ,

Beijing 100083, China)

Abstract: Charnockites are classified into three types in the Yishui area, Shandong Province, namely:

enderbite, garnet-enderbite and hypersthene-trondhjemite. Charnokites consist of restite mineral and

neocrystallized minerals. The shape of relic minerals is mostly irregular and the crystal boundaries are

crenulate. They usually occupy the interstitial position between the neocrystalline minerals. Neocrystal-
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line minerals are usually euhedral-subhedral crystals. The processes of charnokite formation are as fol-
lows: The underplating of mantle magmatism had caused widespread amphibolite-facies prograde meta-
morphism (M,) in the Yishui area. The addition of mafic magmas to the base of the crust and/or as in-
trusions into the crust made the crust moderately thickened. Subsequently, the intensive magmatism re-
sulted in the local peak granulite-facies metamorphism (M;). With the lower a (H;O) in the system,
there would be no melting at this stage. With the weakening of the mantle magmatism, the heated crust
experienced near isobaric cooling, causing the second granulite-facies metamorphism (M;). At the same
time, with the a(CO,) decreased and a(H, ) increased, a large volume of crustal melting was thus gen-
erated. During the melting process, refractory minerals, such as garnet, hyphethene and clinopyroxene
were preserved as relics. As the melts recrystallized, the euhedral-subhedral plagioclase and K-feldspar
were formed, resulting in present feature of charnockites.

Key words: charnokite; restite minerals; processes of charnokite formation; Yishui area, Shandong

Province
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