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Geochemical characteristics of massive blue schist in Yilan area, Northeast China
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Abstract: Heilongjiang mélange distributed in Yilan area of Heilongjiang Province is regarded as the tectonic mélange with features of
suture zone. Some metamorphic basic lavas consisting of quite a few metamorphic minerals without directional characteristics are
named massive blue schist. The existence of large quantities of glaucophane, a characteristic metamorphic mineral, indicates that
these basic lavas have undergone high P low T metamorphism. Geochemical analyses of major elements show that all the samples
have the following characteristics: Si0,<53% , Ti0,>2% ,and NayO+ K,0=2.77% ~6.41 % . Geochemical analyses of trace ele-
ments reveal that the fractionation between LREE and HREE is quite obvious and the distribution pattern of REE is right oblique,
with 1o negative Eu anomaly in the chondrite-normalized diagram. The Na,O+ K, - SiO, variation diagram indicates that metamor-
phic basic lavas have characteristics of alkali basalt, and the NbX 2 -Zr/4 ~Y, Ti/100 - Zr - Sr/2 and Ba ~ Th -~ Nb - La diagrams all
suggest that these metamorphic basic lavas have characteristics of alkali ocean island basalt (OIB). The above understanding provides impor-
tant evidence for the research on subduction of the palaeo-ocean crust between Jiamusi continental block and Songnen continental block.
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Fig. 1 Distribution of Heilongjiang mélange in Yilan
area(modified after 1:200 000 Geological Map of Yilan Sheet®)
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KR 8—HRKX
I —Sino-Korea plate; [ —Songnen block; [l —Xihot-Alin terrane;
N —Wandashan zone; D—Dunhua-Mishan fault; @—Jiamusi-Yilan
fault; ®—Mudanjiang fault; @—Tongjiang-Mishan fault; ®—Cen-
tral Xihot-Alin fault; 1—Heilongjiang mélange; 2—intrusive rock;
3—Mesozoic; 4—Cenozoic; 5—sampling point; 6—national bound-
aries; 7—fault; 8—study area
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Fig. 2 Diagram of N3,0+ K;0- SiO,(a, after Irvine and Baragar, 1971), FeO' ~ MgO - ALO;
(b, after Pearce et al., 1977)and TiO;, - MnOX 10 - P,Os X 10(c, after Mullen, 1983)
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1—island of expansion center; 2—island arc and margin of active continent; 3—middle ocean ridge basalt; 4—ocean island basalt; 5—continental basalt;
OIT-—ocean island tholeiite basalt; MORB—middle ocean ridge basalt; IAT—islandarc tholeiite basalt; CAB—island arc calcic-alkali basalt;
OlA—ocean island alkali-basalt
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Table 1 Major element (wg/%), trace and rare earth element analyses ( wg/10™¢) of massive blue schist
. R ¥y
S 1 2 3 4 5 6 7 8 9 10 11 12
Sio, 40.47 46.07 44.95 46.27 46.70 46.33 42.48 43.36 44.28 46.67 46.93 47.76
TiO, 2.48 3.66 4.02 3.78 3.78 3.85 3.92 3.40 3.81 3.81 3.78 4.89
ALO; 16.64 12.81 13.18 12.73 12.90 11.80 12.85 13.10 14.37 11.89 12.25 11.55
Fe,03T 12.29 15.17 15.22 16.09 15.40 16.97 14.80 13.64 14.66 16.78 16.13 15.24
MnO 0.20 0.13 0.14 0.10 0.10 0.11 0.13 0.14 0.11 0.11 0.11 0.11
MO 4.40 5.20 5.34 5.56 5.24 5.73 5.46 4.56 5.12 5.72 5.64 4.94
Ca0 13.3 6.87 6.55 5.74 6.05 5.89 8.62 10.78 7.24 5.53 5.64 5.77
Na,O 1.36 4.51 3.57 3.30 3.31 3.44 3.04 3.9 3.02 3.48 3.61 51
K,0 1.41 1.9 2.53 2.49 2.57 2.26 2.62 0.55 2.40 2.31 2.30 0.65
P,0s 0.42 1.30 1.47 1.07 1.08 0.98 1.37 1.13 1.28 1.07 1.09 0.90
LOI 6.56 2.75 3.35 2.87 2.77 2.58 4.44 4.89 3.22 2.70 2.65 2.86
Total 99.53 100.37 100.30 100.00 99.90 99.94 99.73 99.54 99.51 100.07 100.13 100.38
Mg* 0.41 0.40 0.40 0.42 0.39 0.41 0.40 0.41 0.41
La 22.1 48.6 48.5 35.712 45.2 27.56 36.82 37.2 55.82 28.03 27.54 28.4
Ce 58.2 124 127 97.01 119 76.27 102 99.09 140.5 77.07 77.81 77.2
Pr 8.67 18 18.2 14.42 16.8 11.55 14.26 14.23 19.65 11.56 11.81 10.8
Nd 45.5 92.7 93.2 72.59 83.2 59.06 72.85 72.03 97.52 58.37 61.37 54.8
Sm 13.7 24.4 24.1 19.5 22.2 16.37 19.66 19.08 26.25 15.94 17.24 15.1
Eu 4.82 8.44 8.11 6.364 7.29 5.205 6.382 6.512 9.713 5.154 5.301 5.14
Gd 14.8 23.8 23.3 20.01 22.5 16.69 19.93 19.76 27.65 16.2 17.61 14.9
Tb 2.23 3.24 3.13 2.576 2.88 2.134 2.489 2.462 3.545 2.106 2.265 2.19
Dy 11.2 14.1 13.7 11.71 13 9.782 11 10.86 15.88 9.71 10.33 10.1
Ho 1.71 1.79 1.78 1.585 1.76 1.371 1.479 1.448 2.095 1.345 1.429 1.42
Er 3.58 3.18 3.27 2.869 3.12 2.552 2.606 2.543 3.594 2.515 2.671 2.78
Tm 0.39 0.29 0.3 0.302 0.31 0.28 0.28 0.26 0.34 0.28 0.29 0.29
Yb 1.91 1.25 1.28 1.211 1.26 1.161 1.049  0.9924 1.321 1.1 1.139 1.33
Lu 0.22 0.14 0.14 0.119 0.12 0.1145 0.1024 0.09299 0.1277 0.11 0.1128 0.14
Rb 38.4 25.17 35.24 37.94 41 34.49 39.78 12.42 37.02° 34.08 35.23 25.17
SREE 227.43  389.1 401.3 323.9 380 264.59 330.69 298.984 441.03 263.572 272.15 249.76
Sr 399.04 650.57 680.8 665.7 781 588.6 495.8 1139 1012 517.1 492.8  650.57
Ba 135.9 314.6 419 483.3 511 448.1 398.9 71.06 45.3 436.8 441.8 314.6
Nb 20.72 37.15 40.35 42.05 43.4 45.26 41.04 39.98 45.91 39.55 21.43 37.15
Ta 3.836 3.428 4.014 3.528 3.65 4.095 3.363 3.241 3.852 3.369 1.253 3.625
Zr 200.79 602.07 653.4 641.3 641 624.4 595 547.2 637.7 593.6 610.6  602.07
Hf 4.55 15 16.6 16.69 16.4 16.23 15.02 13.41 16.94 15.42 16.07 15
A\ 218.18 162.96 171.7 222.6 222 224.1 201.3 184.7 228.1 219.3 197.6 162.96
Pb 2.475 1.796 2.628 2.466 2.628 2.002 2.449 2.342 3.956 1.797 1.873 3.154
Th 1.11 3.4 3.69 2.386 3.17 3.196 2.488 2.1 3.099 2.335 2.815 3.4
U 0.5 1.04 1.51 1.69%4 1.54 1.565 1.538 1.186 1.779 1.414 1.482 1.04
Sc 22.46 7.16 7.7 5.79 5.6 7.8 3.72 3.009 4.539 7.159 3.693 7.16
Ni 175.12  58.65 65.15 70.35 60.9 89.08 48.85 48.18 76.39 71.29 66.9 58.65
Y 33.86 48. 711 46.68 34.87 42 32.5 33.42 31.5 48.29 29.49 31.93 48.71
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Fig. 3 Chondrite-normalized REE patterns (a) and trace element spidergram (b) of massive blue schist
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M4 HolREEHATEHARMR ()M NbX2-Zr/4- Y B (b) (3 Meschede, 1986)
Fig. 4 Diagram of element compatibility (a) and NbX 2 - Zr/4 - Y(b) of massive blue schist(after Meschede, 1986)
Al —HARKEZRE; Al -HRAMBEZRENRNNEZ XS ;B—E & MORB;.C—R AR L RAEMAKILMLRE;
D—X WAL REF N & MORB
AT —intraplate alkali-basalt; A [l —intraplate alkali-basalt and intraplate tholeiite; B—E-MORB; C—intraplate tholeiitic basalt and volcanic
arc basalt; D—voleanic arc basalt and N-MORB
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MORB—middle ocean ridge basalt; IAB—island arc basalt; OIB—ocean island basalt

BRI , B A BT b S o e mE  BE A B
BENE, HEURBRAMNERERHZITSERT R
HMEELERE, BHRBERARE. LR EKE-HATEEF
HISER IR A TR AL ST R s ), e M LA P 4 |
RLIR A A B B 8%, B FHT K 2 ARG ST R IR 2%
BEAMNENEERHE, BEEFHERNA 154.7 Ma 9 Ar-
ArF 5 166~175 Ma ARG M A =8 Ar-Ar E 5 0] HE
SR T L HT T BT — K 3R RIS SRR

AR 2 X BRI B 8 B9 ER AL 4R 1E , 24 ]
UAHE M SR A RN B R 5. PERIEL T =4
B 1 B WO PR B RREAF 7E T IR oo FLAE 00 & B AR B AL, (B2
R AT, B RN A E 8 T b %,
FRLATE 2 AR FF R FH A0 30 i 1L 6 2 48 24 & 2 49 ( Thomp-
son and Ridley, 1987). ZFRERFR, EHELEX BET
FEEPERANBA FPLHS FEFOEL, BE— A
WRAT LA E Y, BPJS 749 85 o 3 72 P 4R IR 14 1 1 R £
BRBEBKRE BRGE B E%,1994), X —d B
JEHFA T RA B, SR BB FRERNGNTE
BELETT R R Ve A 3 B R

BRI TS ALK A Be (SR i 04 %, 2006) , BB 17T 5 ¥ AE AT I
A R PR R IE TR AR B s TR R AR R £

B FH YHS RS AT e R GA R, Bl
MREREPAHERBNEEEKLREE(RBEE,
2006), % /8 SRV HEAERBHER G, FERBEME,
BEBERRB(RAER), &M ENGRRAERIHE,
TS Y ERARAZESHRNENAREED. MKZ
KSR B B S S M E I ER B A A
FHAEROTE R TRV R, EL7EJ O BB (BeR FF SRR A TR
RBIHRINET , B T AR (e 3 R T bk B e, EAT R
JRA RAEA T s SHAM B R 2 (8] 7 P FEAR it B SR
5 e

(DRZHEKRRE AR ERMETRE.

MK X B A8 # R E R FRERRA BRI
5ZRA,

YRR BT 135 B9 RS B T AR 3R 5 44
mp bz A B KR,



428 =)

a5 % % & &

BaH

(R Z X YR 5T AR ] 5 F e 0k 2 i, B4
AW RS Pl R 2 (8] FEFER i B A IT R

References

Burke K C, Kidd W S, Turcotte F, et al. 1981. Tectonics of basaltic
volcanism. Basaltic volcanism study project [J]. Pergamon Press
Inc., 1286.

Cao Xi, Dang Zengxin, Zhang Xingzhou, et al. 1992. Jiamusi Compos-
ite Terranes{ M]. Changchun; Jilin Publishing House of Science and
Technology, 45~126(in Chinese).

Cuinchi C and Ricard Y. 1999. HP/LT metamorphism and dynamic of
the accretionary wedge[J]. Geophys. J. Int., 136: 620~628.
Emst W G. 1988. Tectonic history of subduction zones inferred from
retrograde blueschist P-T paths[J]. Geology,16: 1801~1 804.
Frey F A and Prinz M. 1978. Ultramafic inclusion from San Carlos, Ari-
zona: petropgic and geochemical data bearing on their petrogenesis

[J]. Earth Planet. Sci. Lett., 38: 129~176.

Hofmann A W. 1997. Mantle geochemistry: the message from oceanic
volcanism{J]. Nature, 385: 219~229.

Irvine T N and Baragar W R A. 1971. A guide to the chemical classifica-
tion of the common volcanic rocks[]]. Canada Journal of Earth Sci-
ence, 8(5): 523~548.

Li Jinyi, Niu Baogui, Song Biso, e al. 1999. Crustal Formation and
Evolution of Northern Changbaishan Mountains, Northeast China
[M]. Beijing: Geological Publishing House, 46~49(in Chinese).

Li Shuguang. 1993. Ba-Th-Nb-La discrimination diagram of the forma-
tion tectonic setting of ophiolit[J]. Acta Petrologica Sinica, 9(2):
146~ 157(in Chinese with English abstract).

Lin Soulin, He Man, Hu Shenghong, et al. 2000. Precise determination
of trace elements in geological samples by ICP-MS using compromise
conditions and fine matrix-matching strategy [ ] ]. Analytical Sci-
ences, 16 (12): 1291~1296.

Liou ] G, Maruyama S, Wang X, et al. 1990. Precambrian blueschist
terranes of the world[J]. Tectonophysics, 181: 97~111.

Meschede M. 1986. A method of discriminating between different types
of mid-ocean ridge basalts and continental tholeiites with the Nb - Zr
~Y diagram(J]. Chemical Geology, 56(3~4); 207~218.

Mullen E D. 1983. MnO/Ti0,/P,Os: a minor element discriminant for
basaltic rocks of oceanic environments and its implications for petro-
genesis[]]. Earth and Planetary Science Letters, 62(1): 53~62.

Pearce T H, Gorman B E and Birkett T C. 1977. The relationship be-~
tween major element chemistry and tectonic environment of basic and
intermediate volcanic rocks[J]. Earth and Planetary Science Let-

ters, 36(1): 121~132.

Schilling J G, Zajac M, Evans R, ez al. 1983. Petrologic and geochemi-
cal variations along the Mid-Atlantic Ridge from 29 degrees N to 73
degrees N[J]. American Journal of Science, 283: 510~586.

Song Haifeng, Zhang Xingzhou, Wang Yue, et al. 2006. Origin and
evolution of sodium amphibolites in metamorphic basic volcanic rocks
from Yongquan area of Heilongjiang[]J]. Global Geology, 25(1):
10~15(in Chinese).

Thompson A Band Ridley ] R. 1987. Pressure - temperature ~ time ( P-
T-t) histories of orogenic belts[]]. Mathematical and Physical Sci-
ences, 321(1 557): 27~44.

Wu Fuyuan, Yang Jinhui, Lo Chinghua, ez al. 2007. The Jiamusi mas-
sif: a Jurassic accretionary terrane along the western Pacific margin
of NE China[J]. Island Arc, 16: 156~172.

Ye Huiwen, Zhang Xingzhou, Zhou Yuwen, et al. 1994. “Ar-*Ar age
and its geologic significance of vein crosstie in glaucophane-schist,
Mudanjiang arealJ]. Journal of Changchun University of Earth Sci-
ence, 24(4): 369~ 372(in Chinese).

Zhang Xingzhou. 1992. Early Collision History of Jamusi Terrain-Stru-
cure of Heilongjiang Melange-Petrologic Evidences [ D ].
Changchun; Jilin University(in Chinese).

Zhang Xingzhou and Zhang Yuanhou. 1991. Existence of blueschist and-
greenschist: new evidences of structure evolution of Heilongjiang
melange[ ] ]. Journal of Changchu University of Earth Science, 21
(3): 277~282(in Chinese).

s B %

WOE MK, KON, %, 1992 EAE AAIM]. KB . HFHK
BB AR . 45~126.

RS EER, K H,.% 199 KELItBERENERS Kk
[M]. dext . R RRAL, 46~49.

FERYE. 1993, KEBRE 4 B B 55 A9 Ba-Th-Nb-La ¥ BIEMR(]].
EHAER,92): 146~157.

X EAE. 2006. BRITFEFHBEREBREIAEEL[D]. FHK
FHA A,
Kige, kMM, BR, %. 2006. BAET MR KA RS XL
PR A R R EA()]. HER M, 25(1):10~15.
B, WM, BRI, %1994, AT K I H E P HORF IR
ACALPArF R R H R E X)) KEBFERER, 24(4):
369~372.

KM 1992 HEABIKM R TR S — BB ITE RHWE-SA
2 (D] KF HHKE.

MM, KTE. 1991. BRHESSRAAE: BT ERRERLE
WEH#)). KEBFTFBEFR, 21(3):277~282.



b B R 2 M SO 22 MR SR (B RRAE ...

= TR, SR, BEMR,  EBK, Bsse, HUANG Ying-cong, ZHANG Xing-zhou,
XIONG Xiao—song, WANG Yue, ZHAO Liang-liang
(== R WML SR, FRK, s as, HUANG Ying—cong, ZHANG Xing-zhou, WANG Yue, ZHAO Liang-

Liang (5 MRS HEREL 254 B, 54K, K45, 130061),  BE/MA, XTONG Xiao—song (1 [H i}
e RE ST, JE5E, 100037)

s H AT % AeEISTIC]PRU]

HELT) 4 ACTA PETROLOGICA ET MINERALOGICA
i, &0 - 2008, 27 (5)

W51 AL 3K

1. Zhang Xingzhou;Zhang Yuanhou Existence of blueschist and—greenschist:new evidences of structure

evolution of Heilongjiang melange 1991 (03)

2. B IR RO A S SR 1992

3.Cao Xi;Dang Zengxin;Zhang Xingzhou Jiamusi Composite Terranes 1992

4. Burke K C;Kidd W S;Turcotte F Tectonics of basaltic volcanism. Basaltic volcanism study project

1981

5.Li Shuguang Ba-Th-Nb-La discrimination diagram of the formation tectonic setting of ophiolit[H#f¥l]

3 ]-Acta Petrologica Sinica 1993(02)

6.Li Jinyi;Niu Baogui;Song Biao Crustal Formation and Evolution of Northern Changbaishan

Mountains, Northeast China 1999

7. Irvine T N;Baragar WRA A guide to the chemical classification of the common volcanic rocks

1971 (05)

8. Hofmann A W Mantle geochemistry:the message from oceanic volcanism[#F3CHF]] 1997 (6613)

9.Frey F A;Prinz M Ultramafic inclusion from San Carlos, Arizona:petropgic and geochemical data

bearing on their petrogenesis 1978

10. Ernst W G Tectonic history of subduction zones inferred from retrograde blueschist P-T paths 1988

11. Cuinchi C;Ricard Y HP/LT metamorphism and dynamic of the accretionary wedge 1999
12, JOIERK PRIETEA A PO E 1979
13, 5k sk oo 5 Wi A ) A RV RS A BT 1991 (03)
14, GRMUN FEAI AR IR LIRS s SORVE A R I SR (A A8 ] 1992
16, 10 gk Ji 4 S0 PR X 7 P BROIR TS B I AT 40Ar—39Ar4E RS [ 1Tt R X 1994 (04)
16, AU gKDCM ;TR PROB T R M DA BT K B A PR A AL Bt D36 ST = 1 St iR
2006 (01)
17, XN TEORTE Aty (50l R B A 7 L 2006
U s LR PR 5 RIBa—Th—Nb—La A il P % DI TIRE 30T - A1 2% 4k 1993 (02)
19, ZFHER A AR K dbBUb e B RS AL 1999

20. Zhang Xingzhou Early Collision History of Jamusi Terrain-Stru—cure of Heilongjiang Melange—

Petrologic Evidences 1992

21.Ye Huiwen;Zhang Xingzhou;Zhou Yu wen 40Ar—37Ar age and its geologic significance of vein crosstie



http://d.g.wanfangdata.com.cn/Periodical_yskwxzz200805006.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e6%98%a0%e8%81%aa%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%85%b4%e6%b4%b2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%86%8a%e5%b0%8f%e6%9d%be%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e8%b7%83%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e4%ba%ae%e4%ba%ae%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HUANG+Ying-cong%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHANG+Xing-zhou%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XIONG+Xiao-song%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Yue%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHAO+Liang-liang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%90%89%e6%9e%97%e5%a4%a7%e5%ad%a6%e5%9c%b0%e7%90%83%e7%a7%91%e5%ad%a6%e5%ad%a6%e9%99%a2%2c%e5%90%89%e6%9e%97%2c%e9%95%bf%e6%98%a5%2c130061%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%90%89%e6%9e%97%e5%a4%a7%e5%ad%a6%e5%9c%b0%e7%90%83%e7%a7%91%e5%ad%a6%e5%ad%a6%e9%99%a2%2c%e5%90%89%e6%9e%97%2c%e9%95%bf%e6%98%a5%2c130061%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e4%b8%ad%e5%9b%bd%e5%9c%b0%e8%b4%a8%e7%a7%91%e5%ad%a6%e9%99%a2%e5%9c%b0%e8%b4%a8%e7%a0%94%e7%a9%b6%e6%89%80%2c%e5%8c%97%e4%ba%ac%2c100037%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e4%b8%ad%e5%9b%bd%e5%9c%b0%e8%b4%a8%e7%a7%91%e5%ad%a6%e9%99%a2%e5%9c%b0%e8%b4%a8%e7%a0%94%e7%a9%b6%e6%89%80%2c%e5%8c%97%e4%ba%ac%2c100037%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-yskwxzz.aspx
http://c.g.wanfangdata.com.cn/periodical-yskwxzz.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhang+Xingzhou%3bZhang+Yuanhou%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e21.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e21.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9b%b9%e7%86%b9%3b%e5%85%9a%e5%a2%9e%e6%ac%a3%3b%e5%bc%a0%e5%85%b4%e6%b4%b2%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e22.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Cao+Xi%3bDang+Zengxin%3bZhang+Xingzhou%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e2.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Burke+K+C%3bKidd+W+S%3bTurcotte+F%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e1.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+Shuguang%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_.aspx
http://c.g.wanfangdata.com.cn/periodical-ysxb98.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+Jinyi%3bNiu+Baogui%3bSong+Biao%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e8.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e8.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Irvine+T+N%3bBaragar+WRA%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e7.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Hofmann+A+W%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ022146117.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Frey+F+A%3bPrinz+M%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e5.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e5.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ernst+W+G%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e4.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Cuinchi+C%3bRicard+Y%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e3.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%8c%83%e8%bf%9c%e6%88%90%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e30.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%85%b4%e6%b4%b2%3b%e5%bc%a0%e5%85%83%e5%8e%9a%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e29.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%85%b4%e6%b4%b2%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Thesis_Y171430.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%8f%b6%e6%85%a7%e6%96%87%3b%e5%bc%a0%e5%85%b4%e6%b4%b2%3b%e5%91%a8%e8%a3%95%e6%96%87%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e27.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e6%b5%b7%e5%b3%b0%3b%e5%bc%a0%e5%85%b4%e6%b4%b2%3b%e7%8e%8b%e8%b7%83%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_sjdz200601003.aspx
http://c.g.wanfangdata.com.cn/periodical-sjdz.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e5%bb%ba%e8%be%89%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e25.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%9b%99%e5%85%89%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_.aspx
http://c.g.wanfangdata.com.cn/periodical-ysxb98.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e9%94%a6%e8%bd%b6%3b%e7%89%9b%e5%ae%9d%e8%b4%b5%3b%e5%ae%8b%e5%bd%aa%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e23.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhang+Xingzhou%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e20.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e20.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ye+Huiwen%3bZhang+Xingzhou%3bZhou+Yu+wen%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e19.aspx

in glaucophane-schist, Mudanjiang area 1994 (04)

22.Wu Fuyuan;Yang Jinhui;Lo Chinghua The Jiamusi massif:a Jurassic accretionary terrane along the

western Pacific margin of NEChina 2007

23. Thompson A B;Ridley J R Pressure—temperature—time (P-T-t) histories of orogenic belts[#b3CHiF]]

1987 (1557)

24. Song Haifeng;Zhang Xingzhou;Wang Yue Origin and evolution of sodium amphibolites in metamorphic

basic volcanic rocks from Yongquan area of Heilongjiang[¥iTi£]=Global Geology 2006 (01)

25.Schilling J G;Zajac M;Evans R Petrologic and geochemical variations along the Mid-Atlantic Ridge

from 29 degrees N to 73 degrees N 1983

26. Pearce T H;Gorman B E;Birkett T C The relationship between major element chemistry and tectonic

environment of basic and intermediate volcanic rocks 1977(01)

27.Mullen E D Mn0/TiQ2/P2Q5:a minor element discriminant for basaltic rocks of oceanic environments

and its implications for petro—genesis 1983(01)

28. Meschede M A method of discriminating between different types of mid-ocean ridge basalts and

continental tholeiites with the Nb—Zr —Ydiagram[#F3CHIF]] 1986 (3-4)

29.Liou J G;Maruyama S;Wang X Precambrian blueschist terranes of the world 1990

30.Lin Soulin;He Man;Hu Shenghong Precise determination of trace elements in geological samples by

ICP-MS using compromise conditions and fine matrix-matching strategy[#h3CHIF]] 2000 (12)

L AT LUK, JSPE. . Bt ST I ST A A BT DTG 3] A0 2010 (7)

2. BABER]. XUAIT. 24 s AL BT FEA T S b YT X A AR - ST e B A 2 R A
A2 DRI 3] - MR 2010 (2)

3. BT BIIE. WP, . FLILHE R AT T MR X T 4 R U-Phs 4 DI S0 ) - 4 4

2009 (8)

A http://d. g. wanfangdata. com. cn/Periodical yskwxzz200805006. aspx



http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e19.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Wu+Fuyuan%3bYang+Jinhui%3bLo+Chinghua%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e18.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e18.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Thompson+A+B%3bRidley+J+R%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_10.1098-rsta.1987.0003.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Song+Haifeng%3bZhang+Xingzhou%3bWang+Yue%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_sjdz200601003.aspx
http://d.g.wanfangdata.com.cn/Periodical_sjdz200601003.aspx
http://c.g.wanfangdata.com.cn/periodical-sjdz.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Schilling+J+G%3bZajac+M%3bEvans+R%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e15.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e15.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Pearce+T+H%3bGorman+B+E%3bBirkett+T+C%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e14.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e14.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Mullen+E+D%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e13.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e13.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Meschede+M%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_10.1016-0009-2541(86)90004-5.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_10.1016-0009-2541(86)90004-5.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Liou+J+G%3bMaruyama+S%3bWang+X%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-yskwxzz200805006%5e11.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Lin+Soulin%3bHe+Man%3bHu+Shenghong%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ024956106.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ024956106.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%97%ad%e5%b9%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%94%e5%87%a1%e6%a2%85%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%91%e5%ba%86%e9%81%93%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%91%a3%e6%99%93%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e6%8c%af%e6%af%85%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_ysxb98201007005.aspx
http://c.g.wanfangdata.com.cn/periodical-ysxb98.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e8%8b%b1%e5%88%a9%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%b0%b8%e6%b1%9f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e4%bc%9f%e6%b0%91%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b8%a9%e6%b3%89%e6%b3%a2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%9f%a9%e5%9b%bd%e5%8d%bf%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_zgqydz201002008.aspx
http://d.g.wanfangdata.com.cn/Periodical_zgqydz201002008.aspx
http://c.g.wanfangdata.com.cn/periodical-zgqydz.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%97%ad%e5%b9%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%84%a6%e4%b8%bd%e9%a6%99%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%91%e5%ba%86%e9%81%93%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%91%a3%e6%99%93%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%94%e5%87%a1%e6%a2%85%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e5%8f%ac%e5%86%9b%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_ysxb98200908015.aspx
http://c.g.wanfangdata.com.cn/periodical-ysxb98.aspx
http://d.g.wanfangdata.com.cn/Periodical_yskwxzz200805006.aspx

