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Geochemical features of the black rock series in Xiamaling Formation, eastern
Yanshan area, North China: Constraints on its sedimentation
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Abstract: A black rock series occurs in Xiamaling Formation, eastern Yanshan area, North China. Major and
trace element compositions of the representative rocks were analyzed in this paper. Five samples have varying
major element oxides (e.g., Si0, =53.00% ~78.83% , Al,0;=1.20% ~17.57% ). Their PAAS-normalized
REE patterns are HREE-enriched with positive negative Ce anomalies, which is the typical feature of modern
seawater. These samples show high A1,0; and TiO, values (1.31% ~18.48% ); their U concentrations (aver-
aging 3.95 %10 %), Th/Sc ratios (0.97~1.26), Th/U ratios (averaging 3.50), and chondrite-normalized
REE and continental crust-normalized trace element patterns indicate that terrigenous detrital materials signifi-
cantly contributed to the deposition. The Ba/Sr ratios (9.28~22.79), Co/Zn ratios (0.01~0.29) and related

diagrams show that the black rock series was evidently influenced by marine hydrothermal activities during its
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precipitation. However, the proportion of hydrothermal fluid in original solution was less than 0.1% . The ma-

jor and trace element ratios, Ce/Ce™ ratios (0.82~0.93) and tectonic discrimination diagrams also indicate that

this black rock series was probably deposited in the deep-water anoxic environment of a continental arc setting.

Key words: black rock series; marine hydrothermal activity; geochemistry; Xiamaling Formation; Yanshan area
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Fig. 1

Geological sketch map of Chengdes Yanshan area Cafter Zhu Gengxin et al . » 2000)®
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1—Quaternary; 2—Paleogene; 3—Jurassic; 4—Triassic; 5—Permian; 6—Ordovician; 7—Cambrian; 8—Changlongshan Formation of Qiang-

baikou System; 9—Xiamaling Formation of Qiangbaikou System; 10—Jixian System: 11—disconformity; 12—unconformity; 13—fault; 14—

thrust fault; 15—reverse fault; 16—location and serial number of the sample
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Fig. 2 Columnar section of Xiamaling Formation in Chengde, Yanshan area
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Table 1 Major (wy/% ) and trace (w;/10~ %) element content of black rock series in Xiamaling Formation,
eastern Yanshan area
5 PM21-1 PM34-1 PM22-1 PM34-2 BK-3 FE5 PM21-1 PM34-1 PM22-1 PM34-2 BK-3
" i 5 HE T Wit L., OB " b Tk Rt ., Sk
Eoxia . " o Rt s Feica . " o Mt
Tl U T U iR A T b Kb
SiO, 78.83 68.74 73.27 62.44 53.00 (La/Yb)pans 0.51 0.59 0.41 0.24 0.73
AlLOs 9.36 10.55 9.47 17.57 1.20 Ce/Cepans 0.92 0.89 0.82 0.93 0.91
TiO, 0.38 0.56 0.45 0.91 0.11 Cenom -0.02 -0.04 -0.07 -0.05 —-0.04
Fe,O5 0.73 2.65 2.38 3.65 27.60 Co 4.12 5.15 4.10 1.72 14.37
FeO 1.65 2.90 0.29 0.64 0.25 Ni 27.71 51.01 50.50 3.24 38.04
CaO 0.47 0.57 0.83 0.19 0.12 Mo 0.36 2.50 17.73 0.69 3.75
MgO 1.90 4.64 1.28 1.70 0.04 Cu 5.42 51.33 66.15 3.99 19.36
K,O 2.65 2.64 2.74 5.90 0.24 Zn 24.24 864.20 105.90 21.29 50.03
Na,O 0.89 0.83 0.78 0.14 0.04 Ga 14.97 14.54 13.90 25.01 1.62
MnO 0.01 0.03 0.02 0.01 0.01 Tl 0.23 0.55 1.10 2.84 0.70
P,0Os 0.27 0.16 0.63 0.02 0.01 Pb 7.56 9.99 17.64 454.10 165.50
LOI 2.73 5.38 7.73 6.66 17.21 Bi 0.05 0.25 0.62 0.66 0.23
Total 99.88 99.63 99.87 99.83 99.83 Li 28.00 57.94 18.46 29.08 6.36
La 21.48 26.47 24.15 13.53 5.12 Be 1.72 1.00 1.33 2.35 0.11
Ce 45.83 54.22 46.36 24.64 10.02 Sc 10.49 10.01 11.43 16.79 2.00
Pr 6.08 7.38 6.92 2.73 1.25 Cr 32.27 49.01 36.21 42.45 8.30
Nd 23.27 29.58 28.36 9.78 4.70 Rb 98.89 71.33 116.84 228.50 11.27
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Eu 0.88 1.24 1.42 0.68 0.18 Zr 117.40 153.00 109.30 227.80 82.60
Gd 4.08 5.22 5.42 2.67 0.86 Cs 1.66 1.85 4.77 11.61 0.69
Th 0.74 0.88 1.03 0.67 0.15 Nb 9.55 11.60 9.45 24.64 1.29
Dy 4.38 4.80 6.19 4.88 0.81 Ba 505.56  1193.50 442.97 492.80 47.41
Ho 0.88 0.96 1.30 1.05 0.15 Hf 3.60 4.71 3.59 7.58 2.63
Er 2.73 2.87 3.97 3.39 0.47 Ta 0.77 0.97 0.95 2.10 0.13
Tm 0.49 0.51 0.68 0.62 0.09 W 1.47 1.25 1.51 3.11 0.29
Yb 3.08 3.30 4.31 4.15 0.52 Th 10.28 10.06 11.14 21.13 2.12
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Fig. 3 TField and microscopic (crossed nicols) characteristics of black rock series in Xiamaling Formation, eastern Yanshan area
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Fig. 5 Major and trace element discrimination diagrams for black rock series in Xiamaling Formation, eastern Yanshan area

M 0.46 ~0.60 B, A 7KAKS 259 09 3T 54 8 55 .
Jones 25(1994) N4 Ni/Co fH 7T LLH M AL B )5 46 5. Ce JUZE X SAALIE J5 £ 44 AR Ab o Tl BBk
1, Hod Ni/Co>7.00 A48 - DA Ni/ Co=

5.00~7.00 B R T EA B Ni/Co< 5.00 K H AL

Wright

45 (1987) % 5 X Ceanom = lg[ 3 Cey/(2Lay +



CORE VIR

Mkt ) AR BER TR 41 SR (0 8 Rt MR 2 2 R —— o TR T (4 5k 693

Ndy) 15 WA Cepom< — 0.10 RARFAIET, Ce,pn >
—0.10 FREREIREE . TR T B 2 A A R
pnV/(V+NDIEA 0.39~0.97,*F3°4 0.74, Ni/Co
fH4 1.88~12.32, V%4128 6.70, Ceanom A — 0.09
~—0.03CK 1, B BREEIET. 25 E, AN
N B U A RR A R TR T B2 VR 7K RS MR RV 7K SR AR B
55
4.3 MESR

UAEA, [ A 27386 T U 20 T8 IR 4 i 7
ST AT TIRAWES, JE3RA T — 288 A 1.
AR S A (20070 3K 15N U 21 kK A RS A
SHRIMP U-Pb €45 R A1 368 Ma, i i F H g4l
TE BT oo v AR, AT 5 | R T L5 U 3 i Ak 1
KA AT S . A EHRT
T L U A B S R AL 2R AE, A R HOR T
ESRRH A oA O ) S 9IET 55, mRE 2 i A 1 o AR
TEER I TR 5%, HEAEI AT B84 Rodinia # K FiL
SR R DURR M 23 2% ) 1. o SCHRE S, 20065 4 4044
20060, F¥75 KA (2007 )4 H U 41 Ui B HF 5%
AIRERIUG . dhAh, 75T B4l b e 5 OK
grm R, HB A SHRIMP U-Pb 4E#51 320 + 6 Mas bif
FAAEAE (20100 A 1] BE 2 Seb v h ol b — I 34 Ak
A=, IR AT IS UL RS R AN
P SO I T A G 5. LA K, BN
R i 20 ORI R A 3 PR, B oo AR
A Qb v E It A (R R 38 T S5t M AEZE AN RN

Sugisaki 25 (1982 il i X} YA A MnO/ TiO,
FUARL FRIRIE 7 5 DA Ry K o 3 R 30 it B 855 T 1 1
BUAZE— BN T 0.5 TR T TF R RV ERRBE (D0
BUAZIAEIL 0.5~3.5. AR EEAAE R MnO/TiO,

40.01~0.09, KW H PR T A ZHH 5. Murray
201990, 1994) G 1% LU T AN [ F4 s B4 355 v 4k T 7
(1) Ce/Ce™ fH, RIMM R HAE B KR Sk i 1)
Ce T 57 B WIS : VEHH B A Ce 0, Ce/Ce”
30 0.29; RKiF@ B Ce 1 579, Ce/Ce”
V3920 0.5: KRE %t 55 Ce 1578 1 JEH Ce 1E
S ARICHTI T D08 41 BB R Ce/Cepans =
0.82—~0.93 (& 1D, R HTERL T KFfiiiZk. Bhatia
ZE(1986) T — F A A= fl = A FH DA S i B s
TERS I [0 A6 38 5 5t B 1 A ST 24, La/Se -
Ti/ZrvLa—Th—Sc & Th - Sc - Zr/10 ElIf# 75 N 5
WL A0 RAR AT B8 JE T K Bl & 90A B8 (I 6a,
6b» 6¢) 5 M7 TG T AR B4 AT — R B 1) A b AR R A
MOHLLHE, 2006 RIS, BB i 75 2% 51k i 24
()9 B AT B0, Ay PR A R R I R o 52 B G
VE R g4t [ Up A0 00F s K ok 5 gER B, 0 8 7KL
Wi Y A4 TS ) B R N I Ay R R R TR B 5 % T
AL Sy ) DUk BB AT ) SCRE. DR, AR SCHEI R 1
U B8 B AT R BT 5 R A v A O B K i B

I 5

5 4k

ARSI B A T A B 5 N B 8%, ) e
WZRB N BIRAA KGN —EREAERUET T A4
HERA =50 AT . BTN O B RASE RY K
Y5 Sy K kR A Ay, DUAR A K 5 i R A
(<O 1T9%OMRGWM: @ & R TR KW
(R K R AR BT, W] BE Y 18T 5 AR R AT o AH G 1 K
it 5% RS ¢

of \ a ® HLRRERS
[ A BETH
ol Y * BRI
Bl > REH
W B SREBTREE
L
SN
z 0 _“&“ \_ ________
20FY e ET T
= \ 5 EIQ ™
R . -
1 " 1 M 1 i 1 M 1
2 4 4] 8 10 Th Sc Sc Zr/10
w{Layw(Sc)

Kl 6 HaOE RGN 5 B ## (3 Bhatia and Crook, 1986)
Fig. 6 Tectonic discrimination diagram for black rock series Cafter Bhatia and Crook, 1986)



694 = AW W

»2,

H 344G

Ju ok
b2 ST

Bt EFOdT AR P AF ] AT ROR R
FERAERRTAEE AN, T TR,
FANNIFE T EE SR IATFHISE, FFER
Fodp st KL BT 2R EN, Erb— iR T RAH.

References

Alexander B W, Bau M, Andersson P, et al. 2008. Continentally-de-
rived solutes in shallow Archean seawater: rare earth element and
Nd isotope evidence in iron formation from the 2.9 Ga Pongola Su-
pergroups South Africal J]. Geochimica et Cosmochimica Actas 72:
378~394.

Alibo D S and Nozaki Y. 1999. Rare earth elements in seawater: particle
association, shale-normalization, and Ce oxidation[ J J. Geochimica
et Cosmochimica Acta, 63: 363~372.

Bao Zhidong, Chen Jianfa, Zhang Shuichang, et al. 2004. Developing
environment and control factors for source rocks of Middle-Upper
Proterozoic in North ChinalJ]. Sci. China (D), 34(S1): 114~
119Cin Chinese).

Bau M and Dulski P. 1999. Comparing yttrium and rare earths in hy-
drothermal fuids from the Mid Atlantic Ridge: implications for Y
and REE behaviour during near vent mixing and for the Y/Ho ratio
of Proterozoic seawaterl J 1. Chemical Geologys 155: 77~90.

Bhatia M R and Crook K A W. 1986. Trace-clement characteristics of
graywackes and tectonic setting discrimination of sedimentary basins
[J]. Contributions to Mineralogy and Petrology, 92: 181~193.

Chen Jianfa and Sun Xingli. 2004. Prelminary study of geochemical character-
istics and formation of organicmatter rich stratigraphy of Xiamaling for-
mation of Later Proterozoic in North Chinal J 1. Nattural Gas Geoscience
15(2): 110~ 114Cin Chinese with English abstract).

Du Rulin and Li Peiju. 1980. Sinian subgroup in the Western Yanshan
[A]. Sinian Subgroup of China[ C]. Tianjin: Tianjin Science and
Technology Press, 341 ~357(in Chinese).

Gao Linzhi>» Zhang Chuanheng, Shi Xiaoying, et al. 2007. Zircon
SHRIMP U-Pb dating of the tuffbed in the Xiamanng Formation of
the Qingbaikouan System in North Chinal JJ. Geological Bulletin of
China, 26(3): 249~255(in Chinese with English abstract).

Hatch J R and Leventhal ] S. 1992. Relationship between inferred redox
potential of the depositional environment and geochemistry of the
Upper Pennsylvanian( Missourian) Stark Shale Member of the Den-
nis Linestone, Wabaunsee County, Kansas, U.S.A. [J]. Chemical
Geology, 99: 65~82.

Jones B and Manning A C. 1994. Comparison of geochemical indices
used for the interpretation of palaeoredox conditions in ancient mud-
stones[ J]. Chemical Geology, 111: 111~129.

Kato Y, Kano T and Kunugiza K. 2002. Negative Ce anomaly in the In-
dian Banded iron Formations: evidence for the Emergence of Oxy-
genated Deep-Sea at 2.9~2.7 GalJ]. Resource Geology, 52(2):
101~110.

Kessels K; Mutterlose J and Ruffell A. 2003. Calcareous nannofossils
from late Jurassic sediments of the Volga Basin (Russian Platform):
evidence for productivity controlled black shale deposition[ J]. Inter-
national Journal of Earth Science, 92: 743~757.

Lei Bianjun, Que Hongpei» Hu Nings et al. 2002. Geochemistry and
sedimentary environments of the Palaeozoic siliceous rocks in western
Hubeil J1. Sedimentary Geology and Tethyan Geology, 22(2): 71
~79Cin Chinese with English abstract).

Li Shengrong and Gao Zhenmin. 1995. REE characteristics of black
shale series of the Lower Cambrian Niutitang Formation in Hunan-
Guizhou Province, China, with adiscussion on the REE patterns in
marine hydrothermal sediments[ J]. Acta Mineralogica Sinica, 15
(2): 225~229Cin Chinese with English abstract).

Liu Yan, Zhong Ningning, Song Taos et al. 2011. Kinetics of marine
oil shale: a case study of Xiamaling formation oil shale in Yanshan
Regions North ChinalJ]. Journal of Jilin University(Earth Science
Edition), 41(1): 78~84(in Chinese with English abstract).

Lu Songnian, Li Huaikun and Xiang Zhenqun. 2010. Advances in the
study of Mesoproterozoic geochronology in China: a reviewl J 1. Ge-
ology in China, 37(4): 1002~ 1 013Cin Chinese with English ab-
stract).

McLennan S M. 1989. Rare earth elements in sedimentary rocks: Influ-
ence of provenance and sedimentary processesL AJl. Lipin B R and
McKay G A. Geochemistry and mineralogy of rare earth elements
[J]. Reviews in Mineralogy and Geochemistry, 21: 169~200.

McLennan S M and Taylor S R. 1991. Sedimentary rocks and crustal
evolution: tectonic setting and secular trendsL]]. Journal of Geolo-
gy, 1: 1~21.

Murray R W. 1994. Chemical criteria to identify the depositional envi-
ronment of chert: general principles and applications[ J]. Sedimenta-
ry Geology, 90: 213~232.

Murray R W, Buchholtz T Jones D Ls et al. 1990. Rare earth element
as indicators of different marine depositional environments in chert
and shale[ ] . Geology, 18: 268~271.

Mutterlose J» Pauly S and Steuber T. 2009. Temperature controlled de-

position of early Cretaceous (Barremianeearly Aptian) black shales in



CORE VIR

b AR BUR U 4LR 0 RIT R M ERIL 2 AL

Xt FLUTRRAE I 2R 695

an epicontinental sea [ ] ]. Palacogeography, Palaeoclimatology,
Palaeoecology, 273: 330~345.

Nameroff T J, Balistrieri L S and Murray ] W. 2002. Suboxic trace
metal geochemistry in the eastern tropical North Pacific [ J 1.
Geochimica et Cosmochimica Actas 66: 1 139~1 158.

Peter ] M and Scott SD. 1988. Mineralogy, composition, and fluid-in-
clusion microthermometry of seafloor hydrothermal deposits in the
southern trough of Guatmas basin, gulf of Californial J]. Canadian
Mineralogist, 26: 567 ~587.

Qiao Xiufu. 1976. Investigtion on stratigraphy of the Qingbaikou group
of the Yanshan mountainss North ChinalJJ]. Scientia Geologica
Sinica, (4): 246~265Cin Chinese).

Qiao Xiufu, Gao Linzhi and Zhang Chuanheng. 2007. New idea of the
Meso-and Neoproterozoic chronostratigraphic chart and tectonic en-
vironmentin Sino-Korean Platel ] 1. Geological Bulletin of China, 26
(5): 503~509Cin Chinese with English abstract).

Smith P A and Cronan D S. 1983. The geochemistry of metaliferous
sediments and waters associated with shallow submarine hydrother-
mal activity (Santorini> Aegean Sea) [J]. Chemical Geology, 39:
241~262.

Su Wenbos Li Zhiming, Shi Xiaoyings ez al. 2006. K-bentonites and
black shales from the Wufeng-Longmaxi formations( Early Paleozoic,
South China) and Xiamaling formation( Early Neoproterozoic; North
China)—implications for tectonic processes during two important
transitionsL ] 1. Earth Science Frontiers, 13(6): 82~95Cin Chinese
with English abstract).

Sugisaki R; Yamamoto K and Adachi M. 1982. Triassic bedded cherts
in central Japan are not pelagicLJ]. Nature, 298: 644~647.

Sun Xingli> Chen Jianfa, Liu Wenhuis ez a/. 2003. Hydrothermal vent-
ing on the seafloor and formation of organic-rich sediments-evidence
from the Neoproterozoic Xiamaling formation, North Chinal ]]. Ge-
ological Review, 49(6): 588 ~ 595 (in Chinese with English ab-
stract).

Taylor SR and McLennan S M. 1985. The Continental Crust: Its Com-
position and EvolutionlMJ. Oxford: Blackwell, 1~328.

Toth ] R. 1980. Deposition of submarine crusts rich in manganese and
iron[J]. Geological Society of America Bulletin, 91: 44~54.
Tribovillard N, Algeo T J» Lyons T, et al. 2006. Trace metals as pale-
oredox and paleoproductivity proxies an updatel ] 1. Chemical Geolo-

gy, 232: 12~32.

Tyson R V. 1987. The genesis and Palynofacies charateristics of marine
petroleum source rock[ AJ. Brooks ] R V and Fleet A ]J. Marine

Petroleum Source Rockl CJ. Geological Society Spreial Publication,

Blackwell Scientific Publications, 26: 47~68.

Wang Hongzhen. 1999. On the international stratigraphical chart and
stratigraphic regionalization of Chinal JJ. Geosciences 13(2): 190
~193(in Chinese with English abstract).

Wang Jie. 2002. The Geochemical and Potential of Hydrocarbon-produc-
ing of Likely Source Rocks in the North of North Chinal DJ.
Lanzhou: Lanzhou Institute of Geology, Chinese Academy of Sci-
ences; 1—65Cin Chinese with English abstract).

Wang Liyuns Luo Shunshes Zhang Mins ez al. 2009. Characteristics of
sedimentary facies of Xiamaling formation at Beizhangzi area,
Kuancheng, Hebeil J 1. Petroleum Geology and Engineering, 23
(3): 30~32Cin Chinese with English abstract).

Wang Tieguan, Huang Guanghui and Xu Zhongyi. 1988. A fossil oil
pool on the basement of the Xiamaling formation of the Upper Pro-
terozoic in Longtangoul]J]. Oil and Gas Geology, 9(3): 278~ 287
(in Chinese with English abstract).

Wang Zuodong, Liang Mingliang, Zheng Jianjings et al. 2013. Molecu-
lar fingerprint of source rock of Xiamaling formation of Meso-Neo-
proterozoic in North Chinal ] ]. Natural Gas Geosciences 24(3):
599~603Cin Chinese with English abstract).

Wright J, Schrader H and Holser W T. 1987. Paleoredox variations in
ancientoceans recorded by rare earth elements in fossil apatitel J 1.
Geochim Cosmochim Actas 51: 637~ 644.

Wu Chaodongs Yang Chengyun and Chen Qiying. 1999. The Origin and
Geochemical Characteristics of Upper Sinain Lower Cambrian Black
Shales in Western Hunanl[ ] ]. Acta Petrologica et Mineralogicas 18
(1): 26~39(in Chinese with English abstract).

Xing Yusheng, Gao Zhenjia, Wang Zigiang, et al. 1989. The Upper
Precambrian of China. Stratigraphy of China. No. 3L MJ. Beijing:
Geological Publishing Houses 1~314Cin Chinese).

Xu Xiaochun, Wang Wenjun, Xiong Yaping, et al. 2009. REE geo-
chemical characteristics of the Lower Cambrian black shale series in
Shitai area, Anhui Province, and their geological significancel ] ].
Acta Petrologica et Mineralogica, 28(2): 118 ~ 128 (in Chinese
with English abstract).

Yang BY> HuBs BaoZ Y5 et al. 2011. REE geochemical characteris-
tics and depositional environment of the black shale-hosted
Baiguoyuan Ag-V deposit in Xingshan, Hubei Province, Chinal JJ.
Journal of Rare Earthss 29(5): 418~436.

Yang Hongmei. 2006. Implication of the Depositional Environment and
the Tectonic Setting of the K-Bentonite-bearing Black Shales in the
Xiamaling Formation, Early Neoproterozoies North Chinal D]. Bei-

jing: China University of Geoseiences (Beijing), 1~53 (in Chinese



696 = AW W

»2,

H 344G

Ju ok
b2 ST

with English abstract).

Yang Jian, Yi Facheng, Liu Taos et al. 2005. REE geochemical char-
acteristics of the Lower Cambrian black shale series in northern
Guizhou and their original significancel J 1. Chinese Journal of Geolo-
gy» 40(1): 84~94(in Chinese with English abstract).

YuB'S; Dong H L, Widomb E, e a/. 2009. Geochemistry of basal
Cambrian black shales and cherts from the Northern Tarim Basin,
Northwest China: implications for depositional setting and tectonic
historyl J 1. Journal of Asian Earth Sciences, 34: 418~436.

Zhang Shisan. 1988. Research and Application of sedimentary layer of magne-
sium and aluminum content[ J]. Bulletin of Mineralogy, Petrology and
Geochemistry, (2): 12~13(in Chinese with English abstract).

Zhang Shuichang, Zhang Baomin, Bian Lizeng; et al. 2007. The Xia-
maling oil shale generated through rhodophyta over 800 Ma agol ] .
Science in China: Series D> 50(4): 527~535(in Chinese).

Zhu Zhengjie, Zhu Changsheng, Cheng Lijun, ez al. 2011. Elemental
characteristics of the Lower Cambrian black rock series in Cheng kou
district, Chongging and their genetic significancel J 1. Journal of
Mineralogy and Petrology, 31(2): 66~ 72(in Chinese with English

abstract).

Bt o 32 5% 30k

SRR, BREkA . SKKE, 5. 2004, JbAEh Eool RURIEG K E
g R =0T ] P EER: D, 34 T T D). 114~119.

Wik, VBRI, 2004. HEALHich T SR 4L s A ALUZ B Bk
MAFRFAE R RRHRL ], RS HERF, 15(2): 110~114.

FLabgk, 228555, 1980, MLVERGE HESLAL P EZEBWSC].
Kt REFHEEHOR RAL, 341357,

RbRE, TRARNE, SR, S 2007. BALE AR T DG4S
B4 SHRIMP U-Pb E4EL]]. HUFLmAR, 26(3): 249—255.
TR, W, 8 T, A% 2002, TR AEAURE BT 1 HhER AL A
FRAE R UIBRIEL) ], IR SR f i 5T, 22(2): 71~79.
2SR, TARAE. 1995, WHES X 2B 410 60 R A LR AR i
R ROKDIRE M LT ] 5 2A 4, 15(2):225~229.
X, BT, RO, MR 2011, WA U 0 AR 05 Bl ) S RAE
—— ARG R SIS A T BT ] AR R AR AR, 41

(BT 1): 78~84.

WEAAAE, ZEbRdh, AIRAE. 2010. PG AR 3t AR A2
FURERIRVEL] ], P E T, 37(4): 1002~1013.

FrFR. 1976, FH DHEMZ TR ). Rk, (4): 246~265.

TR A, Tk, kAR, 2007, PRI B p -0l A2 A
SR A B ML) ]. HUFE R, 26(5): 503~509.

SO, AR, SRR, 4. 2006. fER AL B TR HEIL T
TR 2L I AT R BRI e PR 2 AR A M S B T S AR Py B 38
Fpm L ] WA ETZ, 13(6): 82~95.

AR, BRER, XS0, 4. 2003, W RAKIE S 5 A & A LR
JEIB IR Z—— LR AL el A B R 4 i) .
HFRIE I, 49(6): 588~595.

TM. 1999, KT EEGEROMZR 5 EMZ X RI0)]. JiH
JR, 13(2): 190~193.

£ A 2002, HAbdbdB R oo AT e KU A M SR AL AR AE & A
W IID]. 22 M i ERRA B2 M ST, 1—65.

Fiz, PMAL, 5k 8L 5. 2009, WHALTE AL T HLIX R SR 4
PORURAFAEL ). ATl i s TR, 23(3): 30—32.

R, POONE, AR, 1988, I BRIV T AR IR A RS
w BRI D, A RS, 9(3): 278~287.

MR, WS, AR, AL 2013, Edbrh- Fooi AN B4R IR
HOTHREUFEL) ], RASHIRENE, 24(3): 599~603.
SRR, MRIE, BRILE. 1999. PG B (5 R M BRAL 22 R AE R A

B EATERE, 18(1): 26—~39.

AR, FIRE, T EM, %1996, Fiooihi s, pEMZRIM]. b
5 MR R, 1—117.

e, EI0fR, BRI, %5 2009, ZHCA & RIS R A R
FICE M IR AL R R X)), Bk, 28
(2): 118~128.

Mg, 2006. HALALHF oA B0 4B 0 R UTRLER 5 ALK
Wb R D). Jbst: PEMERS, 1~53.

Mo 8l SR, X ¥, %2005, BYALB AL RM L0 F BB
SERRAE RS R i XD HURRRE, 40(1): 84~94.

K= 1988, PIBUE AR BN S B MBS KNI ], B
ATHEERALZE AR, (2): 12~13.

FKAKE, KER, L8, 5. 2007. 8 4L% 4 AT i 41 B HE R0
NIRHMTCATT ], P EEE D, 37(5): 636—643.

RIEA, RKA, BALZE. 2011, FTHRYR X N RS B s R
IR AERAAE X LT ], 96 4, 31(2): 66~72.



