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Abstract: The Cambrian strata in the Pyongnam basin in Korea include the Hwangju Group and the lower Bopdong Group. To
compare the Cambrian strata of this basin with those in the adjacent regions and areas beyond. this paper performs biostratigra-
phy research and isotope analysis of carbon and oxygen isotopes of typical carbonates of the Hwangju Group (the Pyongsan,

Junghwa, Hukgyo and Rimchon Fms.) and the lower Bopdong Group (the Mujin and Kopung Fms.). Based on biostratigraphic
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research, the Pyongsan and Junghua Formations should be no lower than Stage 3 and Stage 4, respectively. 6" C values in the

Pyongsan Fm. range from 0 to —3.1%,, Junghua —4.7%, to 2.0%,, Hukgyo —1.0%, to 2.4%,, Rimchon —2.6%, to 0.4%;,

Mujin —1.3%, to 0.4%,, and Kopung —1.0%, to 2.4%,. Synthetically, it is argued that the Pyongsan, Junghua and Hukgyo

Fms. belong to Stages 3—4 of Cambrian, the Rimchon Fm. is around the boundary of Series 2 and Miaoling Series, and the

Kopung Fm. belongs to the Furong Series of Cambrian. And the three carbon excursions in the upper Junghwa-Hukgyo Fm.

(positive) » the lower Rimchon Fm. (negative) and the middle Kopung Fm. (positive) are comparable to the global events of

the mIngxinsi carbon isotope excursion, redlichiid-olenellid extinction carbon isotope excursion and steptoean positive carbon

isotope excursion. respectively.
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T R e 2 6 118 Ml [ 57 38 A 100 AT LA 30 L b g ke
] B} 3998 V2w TE ML B 19 20 A% (Emrich et al., 19703
Scholle and Arthur, 1980).[j R 40 “FH BR ML 2R 55
4 (Kirschvink, 1992; Hoffman ez al., 1998), &
LARM =F/BLARAEWH R KL (Krull er al., 20005
Berner, 2002)8F4B10 5% T Bk [A] 437 2 19 5 & A8 fb. ik
[F o7 25 Hb )23 2 J ok Hb )23 %F e R ) oy i T B
(Saltzman et al., 1998; Zhu et al., 2006 ; #4555,
2011) €A 0 2t I 2 Rtk [ 2 R I8, B4 B
T A S A T e R ik () 67 3 TSR RS . L R T e S g€
20 A= i KR & M A B 1 78 A G (Saltzman et al.
1998; Zhu et al., 2006; B 4 %, 2011) 3L 4 3% , o
] € 2% R AF AR Hb 2 7 51 R0 A P 1 2 50 14 0F 5% IR
T kR (3%, 2009a, 2009b, 2014) , 3K 1F — R 4
HA 2R R X 07 CIERB P, g ar 1 fxlml i
R 5 YA Z 8 /Y KB (Zhu er al., 2006,
2007).Zhu et al.(2006) R 4E FE R R H)Z 6 C &k
M4k, 48 Az B AEFE 10 A HAT 2R L 2 S i
[R5 RIS A o S e 220 A W A it T AR AL
AT DR AE Z 8] 1 6 2R

VR A AL TSRS R (R DR
FERFRHZ R A LR R #0525 .
4 W 45 (2016) 5 1 X ~F- R 4 b 3 M1 RE R )2 462 K
FERERE A0 [F) 57 K AEAT TR0 AL WFIE L I 4 1 e X
LT R AL R A SORE IE— 28 73 B V- 1 7 5 K R ik
i 5 Btk 1) A7 2 AR AR AIE L O 15 408 DX Bt S ] A b 2%
HEFT XS LU, S50 3 228 A i AR R iy % L.

1 MR 5

B A bR R B R R WL R F X A
EWIECE SRR F e R AT WX (Kwon et

al., 2010, Zx AL LA JVE T 24005 3% — 2= e 24
RS SRR B S AR AR L B 5 I VLA 38 A AR (Ri e
al., 2010) (B D).V Z b g 3. FE R R (BO B A TE
B C T FLHE M R LA 2 Ll P AR A A (B B
G M A AL, ER R K EZ 5 MRATER R
AL R B B A TER L Z | (Park, 2012).
FER R Z O EIMBEONT 2= LRI
FIVZH L B 2H RS 4 1 T B 3 (B0 41 ARy
F ) (Kwon et al., 2010).¥F 11 2H i 8 By BT R
s U3 T 2 B A TR AR B DXL 43 A T T e A b R
. E R S R D B BT AR A ROIR B P s R
H o AU R — M 20 ~40 m, £ B 3 250K
LR i R AR SR B — %0 it 1= B B i DO AR, 43 A T
Y 5 25 M X s R oD S S R DA AR
R 5 21 B 5 4 4 R FB R BE — R 300~ 600 m,
A M IX 12~190 m, JLHJE B — B H 350~450 m,
R 589 m. B A £ E AR 0D 7 Y D A AR A
FIVIR 7 A s 4 Ml i B )52 8 — el 115~318 m, b
TR — A 70~250 m, f<JE 340 m. bRk 4
H R T MR R A A B T AR R R A I 1 e 2% 5
T M2 U E ) A A AR YA X MR AR
3t i FB R B — A 10~ 60 m, 43 b [X S 85~
93 m, L #— %~ 30~50 m,. I i 4 m.HwJE70 m. %,
JR 2 FE T R A R A B KA R R A A
T 7 M, DX B — N 150~490 m, 5% JE900 m, JL
H X — R 120~300 m, %2 400 m.dy F 4 EF
PZH= A MM KA EES— 2 H s 5 MR
J2 20 B R b DX R B — Ry 400 ~ 680 mi; 3k & Hh
X — M 140~360 m,H /2 650 m.

2 Y ZE

BN AR B S A K = H 28 (Kim,
1978, 1982) . F ¥ A1 2 (Jong et al.. 2001; Jong
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Fig.1 Simplified geological map of the central Pyongnam basin
B4 A Paek et al.(1996)

and Won, 2002; Won, 2003, 2007; Won and
Kim, 2005; Ri et al., 2009) . J§i /£ 3¢ (Kim, 1988) .
IR AR BRI A S B AL
£ (Paek et al., 1996; Kwon et al., 2010; Park,
2012) (&l 2,14 3).

PP I 2H IS FB S % B BR3E Hoyolithes FIiEE 452K
Protospongia W& BEEEE, &4 8 KL, =0t
2K Hsuaspis coreanicus 5 N T 4L ZE K M A
SR R D A T AL IR K A R
manchurica W, W% A L Archaeocyatus sp.
S5 ORIZE IR B g B AU T A A = HU2E Redli-
chia chinensis i & 28 Obolus detritus, Obolella

Girvanella

kAW Zz LA
Redlichia nobilis Hf. Redlichia coreanica *f .

lunaris , Acrotreta coreanica. T

Redlichia songsinensis . Redlichia saitoi 7
Coreospira rugosa i » ZJ& Redlichia K¥F5IH K,
BT 9 A W (Kwon et al., 2010). 1 Fl4lfx
)2 AL 1 55 TRy

A =M B Hsuaspis coreanicus (B 2a) , i J&
25 Obolus margaritae (B 2¢) s Lingulella manchu-

& A Kootenia longiformis

riensis.

B IR E 5 A Oryctocephalus-Proliostracus
i f M S A R & = 2R Orycto-
cephalus longispinformis (& 2b), O. kobagashi ,
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Fig.2 Representative fossils in the strata of the Cambrian in the Pyongnam basin

a.Hsuaspis coreanicus (P HIZH) 5 b.Oryctoce phalus longispinformis (CEFFH) ; c.Obolus margaritae ("R FI4) ;s d. Bots fordia granulata CAFF
M) 5e.000lus linyuensis QR sf. Lingulella tangshihensis R4 sg. Acrothele asiatica QR4 .2 W, Paek et al.(1996)

fefiem ) , ; s , s
W2 =k EES VRIZEES HETEES Jhi 22 HEEGES
e HFA Proceratophyge Prooneotdus rotundatus
” Blackwederia zone Furnishina furnishi
EPhakeludus tenuis .
e £ Gapparodus biskodus Hyolithes
=2 =
Hwangjuella chonjuriensis — Obolus-Lingulella

th Elratia chuwaensis zone
ES3
i AT Acrotreta
Eﬁt Tonkinella flabelliformis zone

R4 Oryctocephalus Proliostracus zone Botsfordia

Obolus-obolella zone
Redlichia-Kootenia zone

rFURIZH.
X
FE&
R =
4t = Huaspis coreanicus

-
- .
g | - Girvanella manchurica zone Hyolithes Protogpongia

P 3 P £ 5 AR AR W 20 A T 1]

Fig.3 Simplified biozone distribution in the Pyongnam basin during Cambrian period

Oryctocara spinger b A. E X AW Z A
Pianaspis kodairai % . Okrobonnia chunghwanica

A AR IR R A 5T R R B e R ke BLBE L 2E Bots-

fordia granulata (I8 2d) ,Lingulella cf. exilis.
MATH T IR E O I A & A Tonkinella fla-
belliformis # » Z W B CEAFAE Elratia chu-
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waensis . £ KA F)JZHEAH K& = B K
Tonkinella flobelliformis, T. kobayashi, T. optura

kannoriensis ,sp., Szeaspis kannoriensis , Elratia chu-

Dorypyge

manchuriensis » Fuchouia manchunriensis, Ameceph-

waensis s  Kannoriella chunghwaensis ,

alus piochensis , Chunghwaella coreanica, C. okrobo-
nia G HGi LA Acrotreta LA,

SR A 3 2 R b BB A R IR K
E AL KA R AFTE Hwangjuella i 783X 4>
AR ERT FIE A Phakelodus tenuis, Gapp-
arodus biskodus 55 (Jong and Won, 2002). & A —
4128 Hwangjuella chonjuriensis, Goniagnostus
chosensis » Hypagnostus hwangjuensis, Duam-
sanella hwanghaiensis, Damesopsrien %, F I A
28 Phakelodus tenuis , Gapparodus biskodus 55 Fl
Wi & 25 Obolus linyuensis (& 2e), Obolus matina-
lis » Obolus luanhsiensis , Obolus minimus, Obolus
mollisonensis s, Obolus obscurus, Lingulella tang-
shihensis (Bl 21), Lingulella shansiensis, Paterina
lucina , Homotreta shantungesis, Homotreta lisa-
ni s Acrothele asiatica (8 2g) IR Zb17.

WEHEH =3 Proceratophyge cylin-
drica ,P. ensanensis, P.sp.Fl Blackwelderia sp.ft
a5FEatka, F AN Prooneotdus rotunda-
tus-Furnishina furnishi #£9%; T2 FETH
Prooneotodus proconodontus s Furnishins, Wester-

gaardordina » Cambroistodus s Fryzellodontus %,
& EEENEAB Tridontus nakamurai , Cordylo-
dus proarus. 5 W) 53 A0 WLE 3.

3 FEES Tk

MV A FE B R — MR AR T 37 MRRk R R
ARE A AT RS AR A R K (R D R AR &
TEFE A KA 148 B A, 3 TT IS 30 Bk e B e 4
W GRS o AR E 5 ~10 g A A FES, TCTS Y B i
200 HZAA FEBALE 25 °C5H 1002 H, PO, #t
RN R 12 hy F o 72 b il 8 B Bk 23 B 1Y)
CO, “UR.CO, R a5 4R 37 38 A v [ B2
Boc b J5 5 b 35K ) BEAIE 5 T B A () 467 3R b BR AR o S B
% MAT-253 b 58 il Bk 5 48 IR 2 3% A4 000 38 (8 249 AH X
F VPDB(vienna pee dee belemnite) [E Frin E ; 1 1
Z AR L 0.15%0F1 0.20%0. 45 R an 2 1.

1 FHAMEXRRBRENBRMNERERMCERAR
Table 1 Carbon and oxygen isotopes of the Cambrian

carbonates from the Pyongnam basin

130 18

I A
WA 16-Jc-33 —1 —13

Te BT IR 16-Jc-32 —0.9 —15.3

BT K 16-Je-31 —0.9 —15.6

Hz A 16-J¢-30 0.4 —8.6

Mz 16-Jc-29 —0.6 —8.5

Mz 16-Jc-27 0.6 —11.4

Hz A 15-S-17 1.8 —7.6

Mz 16-Jc-26 1.4 —11.7

i M=% 15-S-15 0.4 —7.8
WA 16-Jc-24 0.6 —10.3

Hz A 15-S-14 0.9 —7.9
MK E  16-]e-23 2.4 —9.9
Mz 16-Jc-22 0.2 —9.6

Mz 16-J¢-20 0.4 —10.3

HzA 16-Jc-19 0.4 —9.9

Mz 15-S-12 0.5 —7.8

Hzs 15-S-10 0.7 —9.6

Hz 16-Je-17 0.3 —10.7

VY &= 16-Jc-15 —0.2 —9.9

M FKE  16-Jc-14 0.1 —13.8
MEFKAE  16-Jc-13 0 —9.9
KR4 KA 15-S-8 0.4 —9.7
M FKAE  16-Jc-12 0.3 —9.5

WA 15-S-7 —1.3 —8.8
RS 16-Jc11 0.3 —9.2

WA 16-Ku-2 —0.8 —11.5

& 16-Jc-10 0.4 —14

WA 16-Ku-1 —2.6 —8.1

ok 4 K+ UK 16-Jc-9 —2.5 —12.1
Al 4 B 16-Jc-7 —0.9 —10.3

&= 16-Jc-6 —0.8 —12.6

WA 16-Sh-2 0.1 —10.4

WK 16-Sh-1 —0.3 —11.7

KA 14-]-24 —1.0 —11.7

Feon KA 14-J-20 0.2 716.5_)
WA 15-]-24 2.4 —10.5

KA 15-J-23 1.2 —38.8

Hi A B &k MAE DT A o 7 b, RAOK 46
TR 23 BICAZ T 2 o DA R 1 ke [ 437 3R 20 5 OF 2
2 A PEAN X 26 J5 I 52 e 19 J7 % (Veizer and Hoefs,
1976; Brand and Veizer, 1980; Derry et al., 1992;
Kaufman et al., 1993; Kaufman and Knoll, 1995;
Brasier et al., 1996; Bartley et al., 1998) . A& 5%
FI IR BRER 5 012 C 1 0" O Z IR AR .36 R Je 61O
(ELP NN 2 L R F e N N RS RS € N S I I N D s v
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3 x x sp.» Oryctochephalus sp., Peronopsis sp., Proli-
21: x : x e ‘s ostracus brevicaudatus Saito et Sakakura, Bots-

g ok o x}%ﬂ A*gnAAie . e fordia granulate Redlich , Hyolithes sp.1E 5

Fap oo e . 96 2 % B % Bl (Brasier. 1984; Parcha. 1999;

:‘Z z: o Hgyberget and Bruton, 2008). % = 2H fifi ik JK &
. z;xg m ;mi RIE) Hyolithes sp. MBI A, DL K AMK 4
LTSN L e D G R B L AR BT e —

5"°0(%o, PDB)
Bl 4 P FE R R AL A 07 Co" O HH KK
Fig.4 Correlation diagram of 8'*O and 6" C of carbonates of

the Cambrian carbonate rock in the Pyongnam basin

FE1L 4 B AL 4 AT 45 (2016)

FEBAFFESL B 82 C F 8O 2 [ B A B 5 Y A 06 56
UL S B S AR AT REIC S T DOBLAY B AR R AE .

ME 1T FE S5 afLLAE W, BAFH I —1.0% ~
2.4%0 s FYER 0.7%0 s BRATH — 2.6 %0~ 0.4%,, 1
HRN—0.9%0; R4 — 1.3%0~0.4%, FE ¥ {H R
0.1%0s 1l F 4N —1.0%0~2.4%0 , 1 Hy 0.4%,. H:
L AR AU AR SR A 07 C IR RS AE MR 4
TR S T2 N R 2RSS B W 6 C RS
ety E AL R .

51 AYMEFS5XEMEITLL

KB V- 2 b, v N AR BT L A A N AR S R
A KA Il ~1 850 Ma #l1~2 500 Ma, 73 S s
4 1100~1200 Ma Fi1 1 400~1 600 Ma FY K ZLAF i
W (A% 1E R A5, 2016) 5 3 6 H5CH0 AR 4 b 158 D L L 2L
A WY ) B L B I R R SR T 3 A A R R
B L2 K HE b 2 08 0 U s AR A 0 b 22 Ak HE T
VIEHEIR & BRI 0 Hsuaspis b BT R R
% T & (Paterson, 2005), Kt 7] %] %€ B A T 28 i,
e R ZE A BT RN U BT K A 1Y Kootenia cf.
puntata \Girvanella manchurica 1 Yabe et Ozaki
AU A BRAE AR R (PO T FE RS 0 B B B
(Zhang et al., 2017) K3 4 BF 11 48 A rp A4l |3 19
=M B i A7 (Ameri and Zamani, 2016), Hp F14H B9
H)Z AR S — B R FER G Oryctoce phalus
longispinformis Kim., O. spiniger O. orientalis
Saito O. cf. reynoldsi Saito, O. kobayashii Saito
A AT B8 R F o % I’ 4 (Sundberg and McCol-
lum, 1997, 2003). 242l K BT Eosoptychoparia

KRG — 9 1% (Hong et al., 2012; Sanchez
et al., 2017). WA ATABIBT 5T . F B 0 1B oo
Sl AR B T DL AR IX A b AR OC M 2R X T
(Paek et al., 1996; Choi and Kim, 1997; Park ez
al., 2001, 2016; Kwon, 2005; Kim, 2010; Hu et
al., 2012).Peng et al.(2011) AN BB 5 (2016) 4
5938 3k 2 DR ) 43 AT SRR AE FR ) A7 28 3RS R AE 2 1 O
T A ML AR R R DR L AR A% THE 42 b 78 8 ooy
RTREJE T 17— 248 R4 W1 45 (2016) K BLAEF
T 7 b, PG T 0 A M AE — R R IR Bl [m) 7 2% B
R 5 IR E AL R L DX 52 A, DA Rt B At b XA
e Z (Oman Fll Moroco) AH L 4 458 iF , Hi 0 78
o — B E R o0 i el R PR — T RS AR
M (20092, 2009b, 2014) %t 3k 6 2E i 22 = 0t i
A ) Hb 2R R FE IS 1 N B L 2N b R 2H 53 S
I Hsuaspis coreanicus Wy M Redlichia chinensis
L RBEAT 7 B LT 28R 5 =B FEs D
52 EXLHEMEREKMESH

HR A A b J2 24 % Be 285 b 2 ik R 7 25 A8 fk
FHIECE 5) 2B F R 3 10 A R Zhoxd i € i R 28 —
G A =W v RN R0 AT 2 DR O 7 2 I B, AR 2H
R B I B 8 5 5 — e BT I L R A4 i R
BT I T e S8 1 R B RS S — BB, T AR EK
Xof 1 I G TE MLl [ 37 R VR A% A 6T I DG R AT

BAHATHE AW EREBE T LS Zhu e al.
(2006) 1 & B9 MICE (mingxinsi carbon isotope ex-
cursion) S EXF N (] 6) 37 T F€ 5 20 55 DY i, % Bz
ARSI RE K B (Zhu et al., 2006, 2007).
A N 22 A 1 T O I L 5 U RS LA
R VU8 = AL A Hupeidiscus fengdongensis
B3 (Zhang and Zhou, 1985), Ui Wl 7£ 4% 1 M IX.
MICE 8 4 037 & Ay J8 3 20 1) 5 = I 166 301 381 56 1 By
R FRE =k kb XK IF e & A =it Hupei-
dicus orientalis GHALIL ) (B, 2005) 5~
FERHESE = 107 06 1) 2 5 U HL 00, Tshikawa et al.
(2014 ARy 7K H v 4 b 3 b 2 Btk () 437 3% 00 B 6 T
FHRERLEH R MICE 1EE 0 A1k
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Fig.5 Cambrian strata column and variation of the §'¥C values of carbonate samples in the Pyongnam basin

HZ A E Pack er al.(1996) , 112 ME 25 1 300 m. 3 1141 K rb A 4 8 4 W14 25 (2016)

EER AL E BT Zhu et al.(2006) 1 £ 1) MICE &
17 B (Chang er al., 2017).5 MICE {4 7] L)
XF b6 Y TE A% = 1t B AE b [ 48 R b X (Tshikawa
et al., 2014; FF}+4%:,2016; Chang et al., 2017) .18
MW (Zhu et al., 2006) ., PG 11 F] W (Brasier et al.,
1994 ; Brasier and Sukhov, 1998) .l & K& (Dilliard
et al., 2007). & % & (Maloof et al., 2010a,
2010b) 45 411X — IE A% 1] RE 5 W1 9 A2 )™ J1 (Chang
et al., 2017) F1A HLAR 5 38 0 (Ishikawa et al. .
2014) A5 578 A W) B I B L T VR ) G AR 7 1 R R

$& 5 B R SR AR Y N, A PIL BT RS A e
K2 R E W I E R (Ishikawa et al., 2014;
EFHEE,2016).

MRS B Y 170 #% AT LU R T Zhu et al.
(2006) 4 B i fo T HE B 20 50 40 — i e 48 (55
Br— 53 Br) B4 T 89 ROECE (redlichiid-
olenellid extinction carbon isotope excursion) Z {4,
B 5 Redlichiid M Olenellid 40K 2 HIXT R 0" C
WE{E A T 4.0%0 ~ 7.9%0  fE K P ¥ A1 X, ROECE
HAEX N F =M B Olenellid 45 K )JZ 0 H 1L HEA
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A3 %

Paradoxides B H P 78 BN — KOE R A W) X, X5 g
T =M Redlichiid 46K 2 (445, 2011) 3K K
HEEER ML (Zhu et al., 2004) VZE(Zhu et
al., 2004) . Bt N (47 %t 7R %, 20025 Guo et al.,
2005, 2010, P Je P8 X BL 44 7 fili (Wotte er al..
2007) .35 18y bl (Dilliard et al.,2007)  PEAAFI Ty
Bli (Zhu et al., 2004) 55 )"z L. & ) BLAE € 5K
R TG — e G BR B IE (~509 Ma) , AT AR Bt
SE R W)L JR 2 A BRARME B EE S IR (BE i 2, 201 D).
8V C MR M H X N By = R g A g S —
YR S K | Ot 7 A Y T M B A B R AR R R
(Montanez et al., 2000).7E P4 X EL44 (Wotte et al.,
2007) AERG A Fili (Zhu et al., 2004) 55 & iy i (Dil-
liard et al., 2007) J P4 {H F] I ( Brasier et al.,
1994) 45 3t )3 H BB PR k2 i I ) 5 1) 2 AR
2R (e p gL B 2D X O T B TR AR TR A
UEHE (41155 ,2011; Chang et al., 2017). 91 I-
THIB B8 AR 3k ] o 2R A sl B0 /K AR PO ) B TH3AE S A
1M 1% 5% 5 3 AH Bk R 4R A 10 0 C AR (Montanez
et al., 2000) K344 Sr [ {7 2 1 JZ2 2= 554, i B K
TSR AT B8 & AR T — Uk R AR K L 37 3l B ik
H F 14 (Montanez et al., 2000), N1 S E =1 H1 3)
PR Y I e 0 A W i R s AT ML Atk G e ek L
I 28 B SR K AR B [m) o7 3% 2H WL K A R AR
BB EFA P IA A S Saltzman er al.
(1998) iy %4 1Y SPICE (steptoean positive carbon
isotope excursion) {4 XJ i i 1E ¥ #£. H Brasier
(1993) & M T 35 E P4 # K Z M Steptoean Fi; Hio ™ C
AR TEL 0+ 1%, WA 3%0~ 5%, AL I FE SF- 35 24
A%, (B4 45, 2011). X — FF R I F Glyptagnostus
reticulates Hf )R P (Saltzman et al., 2000), 44
F =0 B Irvingella 7S, (6] 5 & 29 3.5 Ma
(499.0~495.5 Ma) , Fl— U 42 BR M = - 1 2K 4 I (1]
YA (Walcott, 1913). 7E H [ (Zhu ez al., 2004;
JE 5 h4E,2008 ;. Saltzman et al., 2000) . M 5% 72 i
I (Saltzman et al., 1998) .7 1H Fl . (Kouchinsky
et al., 2001, 2007, 2008) . dt & (Brasier, 1993;
Glumac and Walker, 1998; Montanez et al.,
2000) , # M (Ripperdann ez al., 1992; Lindsay
et al., 2005) .7 3% (Buggisch et al., 2003) , Kk M
(Ahlberg et al., 2006) %1 A % % 14+ H L. SPICE
FEF R P S — U IR 0 A XA 4R ok
FIR & C A HLER K 5 B0 iR IR £ o0 C
& £ IE BB (54 %, 2011). Saltzman et al.

(1998) #& 1V 1 ' B 5 A4 AL e 5L 6 14 38 n A1 %
KA CO, U J3E REAR T A A5 42 BR AR AR 28 T 7
A BRI N R R A TR 3B) s S AA HL BT 0 I 7 s
LA, Zhu et al. (2004) I Glumac and Walker
(1998) X I a4 WL A £ M0 ot 8. B 1 5 W0 AR 4 34 5 119
HAOMAE OC, B4 (2011) 8 IA S Ho AT g 5 B B 7k 4k
Py KA A 2. Gill er al. (2011) 76 & BR Y I
K I SPICE 44 iy ¢ — 4 [5) 13 2% 249 3 30 [W] 20 E
A% X T RE 5 A LA FH BT i K o 1 A O

6 4t

(1) 0 PHAE R 32 I A58 4 A o 1 ke ] o7 25 AR
ATREARER 15t DU AR PR B AR AR B N B BT I Y
FEILA 0 C HAE BN 0~ —3.1%,, h F4l K
—4.7%0~2.0%0» BIF A — 1.0%0 ~ 2.4 %0, MAT 2
K —2.6%~0.4% s IETRFETE 2 A rp, T AR
H R —1.3%0~0.4%0 s i FH —1.0%,~2.4%,.

(2) FEFEY )2 22 % L, 456 Hb )2 ik [R) o7 & A8
b ZEH IR PRI A R B N FE R R 55
By v R R ST 4R B0 L 2 DU L MAORE 4R okt
V75 4 5 e G R BT L NG R AR i U e
VANl ol SN ¥ Iy NES SOB I S 2 W v 2 S e =
e [ o7 2% 11 A% WT e H A 2 BRO L 3L

(3) DB R RT3 3 A T 308 il 2% v mT LR
3 A E B R IRE Ok [F AL R FH AR, g PR
A — B MICE 54 AR AF 40 T #8119 ROECE
FHAE L ol E 4 P SPICE 254, Hidh ,ROECE
MRS , MICE 1 SPICE M IEER. DL | 3 4Nk [H]
LA FH AT e 5 501 A W) 1) Tk RN A R B 1Y
ALAH K.

Hift AL R PEHFEAASEE RHF RS
HHMNERRR; AL ZERARAF AL TRA
(No0s.41772192,41322018) e F B A+ F A7 % & K
A a5 B (No. QYZDB-SSW-DQC04281712250) #
B AMBERIEE LR ELEEZR AL ESE
B R T e e A F BAF R AL d ik
WEFRIRAGE AR IS ZLE
LERALEEREL! AL L4 H AR L
R 110 B 4.
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