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Paleolithic obsidian artifacts and sources in northeastern China and South Korea, an obsidian
raw material supply zone (=150~200 km) and a direct supply zone (#>200 km) were identified
within crater Lake Tianchi, which represents a radiation core for both northeastern China and
Korean Peninsula. Comparative statistical analysis of the distribution and artifacts of this region
indicated the following results. 1) The number of obsidian artifacts and artifact types are higher
in northwestern Chinese Upper Paleolithic sites; and 2) obsidian microblade core reduction is
more intense with the size of complete flakes generally smaller in typical South Korean Upper
Paleolithic sites. We argue that significant differences of obsidian distribution and usage between
the two regions reflects availability and size of obsidian raw materials, associated to the distance

from source localities in the Changbai Mountains.

Keywords: lithics; obsidian; raw materials; Late Paleolithic; Northeast China; Korea
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HAT, FREZRACHX W ) SRR A T 24 40 7 (R D) o X segdthl el 5 3
FEERLE T MR AR B BN I A R e S SO R AAETI R IR Biriniil, A 4 b
FE BRI PR SCRUFRIT TR WSCHIEPIERIOT ARG, 2 B0t s i ot DOt R
KENE, FRERLZEZ TS o= 2l s s AR Rk 7R
LA e JRADE AL B ARHERISJE T AR AL DR SR Ge 2, R B SO A MR 2 AL
AATHIOES, ARG RSSOl KRR 11 Adbssthtd, Al AR R B
WIZMELRAEI S 4 TR, HZSULR OO T — R REA i, 275 Al B EAAR
JE X PRIEA B f TN 1AL R A R A o LA A 38 ik AR A 2 DU 20 b o 3 35
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Tab.1 Upper Paleolithic sites with obsidian artifacts in Northeast China

EEFRSL mResy  HEO 55 43 Method!™!
e — (o}
iBthiSite Major materials and their Obsidian b T
S 49
contents (%) content (%) Surface Strata (93.4%) pXRF LAICP-AES ED-XRF
i & 138l Paotaishan' MELHA6%; 114528.5% 17.5% 91 0 v 3 V
%541l Qinjia Dongshan' f1461% 13.3% 60 0
¥ Yanglin Xishan™ FH61.2%; MELE318%  3.1% 55 30
¥ H#Fg 1L Yanglin Nanshan!"” FIRS049%; HUH2136%  6.8% 84 13 v \
#4461 Hunchun Beishan™" 86.5% 51 1 v v v
e . . 12, 13] L 40589
He el Al A Yedian Xianrendong'> f14162.7% 0.4% 0 244 37746
R HB 55 Huinan Shaojiaidian!™ i 25245.6% 31.6% 49 0 \
PP 1L Xintun Xishan™ 100% 0 30 \ V
$EFA % & Fusong Dongtai” — — — N N
FLFAMM Fusong Fenglin!'*"”! 96% 2217 651 17000
#3441 Haigou Jinkuang" A4 A%, BEIRAE334%  11.1% 9 0 \ \
&7 #7 Antu Lixin!"” 21.1% 65 6 V v \
228 ¥b 4274 Antu Shajingou™” 90.2% 77 5 \ R
WYL A7 A\ Liangjiangzhen SRG!'™ 75% 28 0
F1 %75 3% Helong Qingtou"! 84.3% 197 19 v v
F% P74 Helong xigou!™ 69.6% 102 0 v v
FfE 4 0 Helong niuxincun'™ 94% 49 0
F1JE 7K ¥ Helong ershuiping 98% 51 0
FIJg) % Helong guangxing®™ 87% 23 0
FIJEAI Helong liudong**"! 93.66% 138 4 \ \
> YT [26-28] 25916
F17% Kl Helong dadong 99.4% 5752 4389 25340 v v v
FIJE k3% Helong linchang™” 97.42% 30 86
FJ% A7 N\ ¥ Helong shirengou™**?! 99.9% 115 1267 \ R
7 KX Guodong daxue' — — — v N
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2010 4, BFFEN R ZRAEHBIX 18 A& IH A7 g ARG I8 ik 3Lt 440 40 ) ot 1007 stk
77 BG4 e Hodniie 94% SRS A7 il i EORER B ek, [, BRI T b
5 Szt 2R T M DX R S B AR R Y K s SR A Ao SR RGN 1 e AR B X
21 Gbsgt bk s TR A TGS SRR, AR AR X TH A 2 AR S 1 4% ANk )
MEEARTTRMN ERALE, W EBESASE % - 3 RIE L KL A ek
WA TEN AR, AT RAX At A By C. D WUFRRG M A8, HoA a4 i
XAFAE; AASCRIL, A LRIk H A8 bk i SR A TR R ™o I 4R 1 R
ARG, Kbkl O BREE ERR 2 AR E AL, ARG a4 A Y. K
3 DX JEURHR R AR B 22 R AT MERR AT H R, BRI BT RATRE+ 0 A IR A
b, EFEEE 2D ERTUARACHBIX B hE Y0 SRR B B A 3
22 HHE

FUAT, 256 E IH A S AR IR S0 AT RS BN RS, CRBLREE A E
Hl 20 A4k BT (2 2) o ks bk R EEAR PR R E AL IX, BT X R A
BRI N IR Z AW T RGRYE, REEAGIRZ B A T RENEERE, A
W T R IEA Al dh O EEAR, o BRS8N 5RO T BON e M BURME 2. BIRRE,
11355 Py SRR 5 HH R P B L IR NE AR B A 3 R A Y

* 085
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Tab.2 Upper Paleolithic sites with obsidian artifacts in South Korea

[34,35]

i Site Iggﬁﬂ . SR ) S Obsidian artifacts ffiAge (BP) FEYR 53 HTi%:Sourcing method
Major materials i (n) 5 (%) ICPMS LAICPMS PIXE INAA

¥ B Sangsa-ri - - v

K4 HL Jangheung-ri FHE55% 178 26.5% 29796~27361 N
30007~27595

#3)1] B Youngsujaeyul £ 3555.93% 607 8.65% 21240+150 v

18 % §L Tonghyeon-ri F19575.5% 4%

77 B Gigok B WA 545 i 92.3% 19 0.4% 12429~11412 \
14802~13314

| #E )5 Sangmuryongri A7 8£99.1% 268 0.2% \

‘= P B Bupyeong-ri v

[X 5K Minrak-dong 40 N

RASH Hwadae-ri kA PE- A T 97.1% 0.51% 23950+100"

71 H i Poildong 20

FAEIE B Hahwagae-ri kA 3641 984 70.9% 1306 21% 16318~15904 \

=B Sam-ri FHYE91% 67 4% R

£ I Changnae 4

T/ Suyanggae 106 18630; 16400 v

i BP9 Hopyeong-dong ik 1 3£54.2% 1074 21.6%  25852~25013 \
27716~25352

FiH: B Seokjang-ri 6 30781~21265 \

J1 3 Wolseong-dong U0 82% 357 2.76% 32300+3200° N \

3Bk Sinbuk 28 0.8% 29700~19400 v

TRATE < S ANSE A OSL £ 4h, HAtdy h “C £/ //«™ for OSL dates(BP), others are Radiocarbon dates(BP cal)

2) B 8K HRIEMAT XA

3) A B JEA 4 32000 £ A LERERBARE, E¥RYE

WA ZHEFERAFL, —HFFRA M,
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5 B R X JEOREAR AL RRAE AN 1R, 3 el b 0 o i) SR A IR, LR
B2 DU B RAT, AT PIUERIT TE R AR e s A S 0 o Sk A 1R R AR A
i B AL hE Y SRR ok ACE A AR K AL IX, JOER E R o T A R
PNK 1 (Paektusan-North Korea Type 1) 1 PNK2 B2H. PNKI X3 A [ ZRJ6 T B 24, PNK2 X
HiE ¥ D 4L PNKI [ BARUE S A AE — 2 44 7, PNK2 FR SR SR AR AR B Rt
e ESA . SR RERSEEE R U RS A IS K AL X, 72 R PNKL R E
TR T VR, TSR B BT FE A D BRI A ) e PR £ B 5 SR K Ll 1 AR RS 40-50 km
Kb BN e, o R T AR ik i R R B L X UE A, I 30%
RVRE SRR 1 AR 411 H AR o FuH & B B0 TR BRI, JU B A IR R
] g 7P e X S SO S AL

3 PHE IR S A A M SR IS

1968 4, ACHE (755 K ILIT AR HL DX OB A 2 AR R BEt bk rp, BRI A A ] O o bR Rl st bk
5 TR b PR S B0 S I R BRI Ss UYL AT R 300 km 5 SV FEL A Y B ERLEL
FEALN[X (supply zone), BthEFT & SBBIREA 0 (5 EL R R AR LS, B HIX—Va [ DL B JEORZ
fil X (contact zone), BifiFE BE B IANWTIE N, tht Py R ) 5L G R GRIRGE R (B D &
FRHE T BRI 22 0, SRR SN B X P AN B R 0 JE A BB FT g A2 B A= iR
WIS, BATRER E TN EE RIEHIH B AWM 4% MILCET S, 22l DX A JEOR) SR B
HGHEIE I, 5 ER 3 DL AN X R Rt S B IR AR X A EIRLE
it 7 KORAIE 9 i it B0 T ast bk A ] S SR B2 . AR RRAT 5 LA 300 km A 5 SRR 1
PR X S4EA X, AR -0 DX A ae AR A 78 RS 4518 . 1 TH A g i AR
AR, Sz Alia sk TH, #afE— e e b IR HHZI A 55 # WX 25 1) A I FE B
I, A TN A BT TH A2 AL R 5 2l X ) R 2 SRR A T 18 2 408

Whallon #4)Z FRIFAESKAE 2 = Zat A8 g B, mTDICARATRIZE LUK AL AR O I IE A
PRI JEURME R X VG IRt — AN K32 . Whallon $8 H: B2 ABERIAE RCEAT, X80
FERER (regional band) N H/NESJFRERL A AT
MR — A48 123 k. S5 B0 X IR AT AN 29K
47500 km’ fRIXIRAEAZ ML (B 2) o X8
BBl RN AT DA AR B, A 8% 3
B FhAZFA-or3)s  TAHAR X Ikif e 2 6] (1)
T, MR T3 RN RE A e 4ERE I
B K IRIEAZ IR VG Bl . Whallon [ %I/ A5 &
Renfrew %if T~ J5UR} BELFEAER X 152 X o

MR R G, 7EBA HA 2SR, MR
20 FE AR YN 2R 5 b [X 1) BRI 5 i iz aa e AN e I
200 km; IHAT SRR, KR B A s B 1 AR A SRR It SRR T A

s . S5RFEHEENXR
ST 300 km T T 1T S8 AR, . JRFGLBERMER
o [43] o R Fig.1 Percentage of obsidian in the total chipped
BOZLAIA 400 km™ e HEH N, K H stone industry plotted against obsidian source

PR pis i, R AT RE R T4 B R R A distance for Near Eastern Early Neolithic sites™"
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s BRI GRS AT ARXS 738, AT
Rz X N BERBIFE B3, R
TAEAZ ML W, SERR B R O IR
e dE, AR A 2SR R RS N
Wi iEHEE 82 /N T 100 km™ . 454
ARAGEHE X (1) 25 55 DL R SARRRAE, FRAT
W BE K L P Y5 200 km AP 36 BB
R 58 9 10 A 2 B A e 40 5 ) ) 1 4 it
7 X — N LR A R A HEN o

8B 1 L X SE R R N
i CKE R BAAR L i DY & g
HE R RO R R W, AR CRR
A JEURL AT AR o AT P R4 S A A
AU R R A SN, FIRIX A K
RORTHRPEE, SERIbHIX LR E
MARFR I ZH0ethE, &8 T 1L 2R
SR EEMEN X . KT AE 400 km

A (s R 8 9 s b T 5, B 8 e Ok

N N = S & 2 BREE I SIFERE] ft 22 0] 28 25
WIS TR IR By B2 RRERILSIIRREH R MARNA
o ot Fig.2 Distribution of sites with obsidian artifacts
MM %R (B2 . intersected by hunter-gatherer band social networks"”

4 PEESEIRAIN T HIR LU T

4.1 FERMR

HR A0 A 175 $2 Hh 1 B U 34 9ok 2 43t (Law of Monotonic Decrement), 7 7 55 % ol 3505 )
SOME R, AU AR AR R e ) T i 2 e A I L e 5 e R B S R 3 ek ) R
Ko R U FURLIREUME FE IS8 0, T B 2 3 A S IR S A ) 7 3 R sk o ) o B AR
E AR b X Bk i S E . R, T EE R RS AR R, R AR
PRFEARIR, X0 T e T B0 B N R b — SR T R SRS A . AL, ORI R
PERTREARAE o AR I PR AL I R A K Al B REE, Wi s AR R. A
AR, BRRRIRIAAZ . A R4, WReRRE R . Bk, &
ATHR e AP Hh SRR A5 IH A A AR Bl 2R 8. I EE . AR R 2 iR
VU J7 THTHEAT X ELRIE K

A % BB R R P s L R R B 2R T R L B, EEARRT DU B R R MR 1 3k
89, HRBREAAMARAG R I EEE, hESNEERE TR SEBEN R E
HEERVNE, BE-BBRERILEF T SMATE KN LHE, Wb LA S E T E SR, b,

BB 20 #4280 FREACHATT BAEF L, ALUMEHKRLER, CARNRENEFRABEMS T, &
WA HREWNET B BRAMFE R EERX D, X TRAESENRABNWEERKEREF HI T LR %0
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iR, AR H PR TR . R AR AL & B A0S B4 AR Chi Square
test BHAT St AU AL AR B EEE 10T B, 2 EAR YR B A 0 IE S A5 5 A 4 5 R H
Welch T-test Fl WMWU test #4738 2= 57 W A . A 14 vh3aiEat R Studio B
BE, fHH p=0.05 /E N EE M KHE.

42 MRER

Bl 3 R, A E AR AR IX RS etk 2 AR FR AR R K KL T 50-150 km YE ], A5
[ 25 b Hb X BE R At S 67% (n=16) o IX—VEREA 11 Abisthl it SRR ) i o B AR
80%. 200-400 km Ju [l 8 Abth s, FEBEA T IFFI & HUAY 23%, BATE B SE N %
FAvlEhgI b, PEAREA T 5 L E . o BEREAE B SR PR SR 425-810 km,  PEE
FH R S A BN 26.5%, TN 8%, K T A E AR JEHLIX (IR (R 1, % 2) .
MRS R AR E, WHSSEMA . A A A8 FE R REY. +
B R X st ik, Bl A A A AR R R R D, RASE A, s 1A A
FEREAP B (GR3) o HA LA AR, i, #rei v sk A A K
412 cm, JFiEIL 174 kg™ EF RN R
LN — RIS A A KA 53 em, il
& 16.3 kg*o W E A R A4 R B
Z, MWARRINEEAZ. AAZ. B
HERRIMZRY) (R4 .
LA ST A B A ] 2 S
G ECRE, PERICDEIETEREA . W
Ay BBIENME R RE (73.78%) ,
Wi (11.67%) Frfds (7.7%) kzZ, &
HmAa gl (6.07%; £ 3) .
HEPUEARREEZ (5047%) , AH 54
AR AR KA E (43.3%; & 4) .
BRRTE, WHLLE SRR ] () 8 2
ikt (Pearson’s Chi-squared test, p<2.2x10™)
T TH AR AE B
b % 19 S i 7R DL 5 I A R 1
EHAR T UKL, E R ACHL X ) 4040 %
fEEE (p=0.4) CLRJEE (p=0.12) J7if
L [E R M AR B E R, TE
AEKE (p=0.00001) F1F7E 5 E K

RS H U K EATORAS AR, 3 RS EREELE S L
o 8 25 L B X 4T R AR A 2 i [E i kbt Fig.3 Percentage of obsidian (in red) of total lithic
HEAN AP AR 2.6 i (R 5) . assemblages

FRAZRMRAE, AXREBETENRBLAUN. FLHREEL 6 G RBEEQHETRT R TER, AT LA
AT MR BRI By BB A b AR S 4t .

SEEM: B BEATHARGEREFTHEFATERAT AT ETRAKE; K FATAREGEKRE T HITEN
RAKE; B FPOATHERG AR Ae AL RAKE.
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Tab.3 Quantity and proportion of various types of obsidian lithics in Northeast China

®3 PEAIGBXEXEREGH SNBESEEH)

4 ) HF14
itk Site jéﬁé% Ejﬁ B/Tiil l:itﬁ)% X Nﬁiﬁjfde ﬁ'élﬁiﬁl Refu%cied J% Ji Debitage Cli)jflis 1211 Total
cores Microblades tools
¥4 111 Beishan!"! 2; 4.4% - - 4;8.9% 2;4.4%  37;822% - 43; 100%
WEFEARZ)E Shaojiadian!! - - - - 5;35.7% 9; 64.3% - 14; 100%
AJEMIIR Liudong?! 6; 4.5% - 2;1.5%  11;84%  13;9.8%  77:584%  23;17.4% 132;100%
F1Jg Kl Dadong™ 29; 0.5% - 24;0.4%  156;2.8%  548,9.8% 4026;72.4% 784;14.1% 5567; 100%
H1J¥ KR Dadong 20077 - - - - 20;28.6%  45;64.3% 5,7.1%  70; 100%
A1 KW Dadong™™ - 1;0.02% 14;0.3% 201;4.58% 106;2.4%  3598;82% 469; 10.7% 4389; 100%
Fje 3k Qingtou”" - - - 18;9.8%  39;21.4% 104;56.8%  22;12%  183;100%
% [7) 47 Shajingou™” 1;1.3% - 2:2.7% 7:9.3% 15,20%  50;66.7% - 75; 100%
S pE gt Xintun xishan™ - 1;3.35% - 1;3.35% - 28;93.3% - 30; 100%
Mg #kI% Linchang™ - - 1:0.9%  13;11.5%  5:44%  94;83.2% - 113; 100%
A P54 Xigou™ - - - 9;12.7%  28;39.4%  34;47.9% - 71; 100%
FIe i N3 Shirengou®™” 1;25% 1;2.5% - 6;15% 8;20% 24; 60% - 40; 100%
MIFE 47 A\ Shirengou®" 1;0.1% - 11;0.9%  297;23%  98;7.6%  793;61.4%  91;7%  1291; 100%
MIFE 47 N34 Shirengou®™ 2;3.9% - 1;2% 4;7.8% 22;43.1%  16;31.4%  6;11.8%  51;100%
¥#kPG 1L Yanglinxishan' - - - 2;50% - 2; 50% - 4;100%
%% %1l Qinjiadongshan' - - - 1;125%  7;87.5% - - 8; 100%
M & gtk Paotaishan'™ - - 1;6.2% - 4;25% 7, 43.8% 4;25% 16; 100%
AR 8 Niuxineun™ - - 1;2.2% 2;4.3% 9;19.6%  31;67.4%  3;6.5%  46;100%
—k¥RigthE Ershuiping®” 1;2% - 2; 4% 2; 4% 5;10% 31; 62% 9;18%  50; 100%
itk Guangxing™ 2:9.5% - - 1;4.8% 5:23.8%  13;61.9% - 21; 100%
M)Al I Xianrendong' - - - - 1; 100% - - 1; 100%
WEVG 4 Jinkuang!™®! - - - - - 1;100% - 1; 100%
PRITAET 74 LIZ Shirengou ™! - - 1;5% 8; 40% 2; 10% 9; 45% - 20; 100%
St /Total 45;037% 3;0.02% 60;0.49% 743;6.07% 942;7.7%  9029;73.78% 1416;11.67% 12338;100%
*4 HEEREATMNERRSLET
Tab.4 Obsidian lithic class inventories of Upper Paleolithic sites in South Korea®™
L Site Micriﬁfdticores Bla(ﬁsugﬁ\liiﬁgades Retouﬁlii tools J% }r Debitage 7 Total
KP4 Jangheung-ri 4;2.2% 34;19.1% 21; 11.8% 119; 66.9% 178; 100%
%58 HL Sangmuryong-ti 0 23;8.6% 45;16.8% 200; 74.6% 268; 100%
"N1E#R H. Hahwagae-ri 16; 1.2% 575; 44.2% 56;4.3% 655; 50.3% 1306; 100%
73 B Gigok B - 1;5.3% 1;5.3% 17; 89.5% 19; 100%
[ 17 Minrak-dong 1;2.5% 2;5.0% 3;7.5% 34; 85.0% 40; 100%
I ¥ Hopyeong-dong 4; 0.4% 370; 34.5% 24;2.2% 676; 62.9% 1074; 100%
= H Sam-ri - 11; 16.4% 4;6.0% 52;77.6% 67; 100%
£/ Changnae - - 1;25.0% 3;75.0% 4;100%
FE /T Suyanggae 2;1.9% 26;24.5% 16;15.1% 62; 58.5% 106; 100%
AOH L Seokjang-ri - 6; 100.0% - - 6; 100%
J139i Wolseong-dong - 150; 42.0% 14;3.9% 193 54.1% 357 100%
¥k Sinbuk 1;3.6% 10; 35.7% 3;10.7% 14; 50.0% 28; 100%
J# B Poildong - 4;20.0% 2;10.0% 14; 70.0% 20; 100%
1)1 7 B, Youngsujaeyul 5;0.8% 55391.1% 31;5.1% 18;3.0% 607; 100%
it Total 33;0.81% 1765; 43.30% 221; 5.42% 2057; 50.47% 4076; 100%
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Tab.5 Measurements of microblade cores
Hi[X Area  igtdil:Site trZASample fHrh(mm) K(mm) J&.d(mm) RV (mm®)

HEZRIE AR Liudong™ HLP.04001 33.01 29.38 11.69 11337
Northeast HLP.04027 29.68 16.16 6.14 2945
China F1J8 i DadongP” 07DD.C935 224 412 132 12182
07DD.Cl111 15.8 29.1 125 5747

07DD.C1529 228 31.7 14.1 10191

07DD.C899 229 42.6 13.5 13170

07DD.C1175 46.8 347 12.8 20787

07DD.37 26.09 22.77 7.12 4230

07DD.3651 35.81 9.09 14.45 4704

07DD.3814 44.88 29.97 9.79 13168

07DD.2481 40.91 13.99 6.31 3611

704274 Shajingou™ 06ASC:10 18 352 18.1 11468

06ASC:32 20 43.1 19.1 16464

175 #k3% Linchang®™” 07.LC.C:1 35.28 42.95 18.31 27745

Fijg 47 N Shirengou®*) 05SRG.C:18 14.9 17.2 5.1 1307
07SRG.C:40 312 58.2 11.6 21064

145 1l Paotaishan™ 08PTS.C:89 11.84 36.62 12.62 5472

2k Niuxineun™! HNX:06 21.5 27.9 6.7 4019

—7K# Ershuiping™ HEP:1 30.9 48.3 13.9 20745

HEP:2 20.3 36.4 112 8276

Wbk HE Fenglin!®! 15JFMF:122 20 41.3 6.3 5204
15JFMF:123 132 27.5 6.1 2214

2016FFLDSP-163 31.86 50.1 9.75 15563

2016FFL-53 14.49 25.64 9.84 3656

2016FFLCJ-543 14.09 21.92 11.96 3694

2016FFLCJ-550 29.42 50.65 9.64 14365

2016FFLCJ-559 28.38 36.39 8.67 8954

2016FFLDSP-95 27.74 81.36 11.23 25345

2016FFL-194 11.47 21.6 9.33 2312

2016FFLCJ-545 22.25 18.76 8.78 3665

2016FFLDSP-194 13.11 26.92 6.62 2336

2016FFLCJ-549 26.19 18.47 11.6 5611

2016FFLCJ-546 19.66 27.56 14.85 8046
FHIHE Ave 24.8 332 11.0 9684.7

whESouth F{¢i% B Hahwagyae-ri'"! 13 19 11 2717
Korea 14 28 15 5880
43 10 8.6 3698

29 15 9 3915

14.7 224 7.7 2535

25.7 20.5 9 4742

23.4 28.5 7 4668

16.6 23 11 4200

24 19 10 4560
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Tab.5 Measurements of microblade cores (Continued)

Hi[X Area  fthlSite FrASample fHrh(mm) K:l(mm) JEd(mm) AR V(mm®)
[ESouth F{£iZH Hahwagyae-ri'* 30 9.5 10 2850
Korea 48 13.7 8 5261
10 20 8 1600
15 25.6 10 3840
24 16 13 4992
21.3 6.7 6.3 899
17 18.7 8.3 2639
F# /- Suyanggae”™” 18.5 21 12.3 4779
FH4{E Ave 22.8 18.6 9.7 3751.4
i xt L T test between China and South Korea P=04 P<0.001 P=0.12

KT BMEA A BT E, BRATEEL T o E AR AL X H A ) R R P
A N BN i b sg bk R B 3B N S, S E A IR B AR s B A A
FEUER K LA TR Gk R, e e A R K (p=0.07)
WIE (p=0.13) FRARFEMESR: HEERAFNEE (p=0.03) PLAFE (p=0.02) k,
H ] ZR A DX R ot S 2 KT I PRI

5 W8

o ] 2R AT s IR S B 1 20 AT A DL B A 8 i g BRI o T o P, SR
AFFEIATS T Al FBREA I BB AL X NAE 200 km Vi B LA (O HERT . SEBr_EARYE
HATR AT DURTE K L SRS JEURE BRI DX PR A S Vs el B i e it — D i 22 2F 47
150 km, JX—Xil 7 BN Whallon A7 1 LA 123 km D445 1 XIS i ELARAC TR 45
BEARK W X HR R H BT S 248 5 2 800 km LAAR [ e # AR AL gt bk, SR el 1
whk BREA A AR T A IR, I HASRER BAIREIE RIS R &), B AR TONK H
L R HEE S 2 A 7 SR R A 5 L R 8 AR SR K AR A RRER IR St BB 1 W [

B 7 BCREA B T RIS, ORI RN 0T T s ] R RS A ] i AR SR A A AR b
PR T BRI . EDE LR A A B e E R HIX, TR T
T BT i T AT DR AT RE 22 Sk B A AN A D9 F AR, 36 R A2 A P 1)
PE ETFs R ATREMLE N TR RIE i R AR, o BRI R R A B e AR
N AR A5 A1T FRA WHRT A A RS o PR A AR A it o [ e S 0 R =24 e P B 43

P AT A AT BT A 2 57 N RORE B IR A 5F F R R 6 T A S HAE M . G ST
FERH, T [H A A i AR ST 4R % R 2 BRI A RO, IFANEAE W] B 22
S WA GRS LE R, WL BN A A AR ORI R R, (IR L
ZFRE o Ul (B A0 A% AR SR A T8 R0 5 2 R A2 S, BRI R s K
AL, o6 R A BB A T R R A A SE A, AT BEAEAE S 2 B BUR
FHMO. EEBa ) ERULRE L, FhEEE N ERIEIX, X
R ER NSRRI S BRI B IR, DU AT REZ s OR B R] (LR A B4
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i ERd, DL E Lo 0 SRS IR X T B s A R LR AL IX, e 5
(RIS A2 RLAE 150-200 kmoo  FFE A< bt XK BT 70 J IR 5 30 Bk A2 (R X (Y B LA, T
i [ )RR 10 S A BB A X o AE PR R AN T HR B B3 257 AT T, A
Xof EE 3 M BT 52 B A o) s ) S 35 22 S A A B T T DR RO N S R T . H T AR
RSB TCRERE RS, BEhE (9 D RENE o A etad FE 55 22 5 H RAE LA N 70 BT D REAR 22 oK
HE, BT AMRNESIEA R, AR ESJFE Rt — Py e, BEE AR
SR AL A P IS IEAT, DT FUREAN I — 1 DX T A A 9 257 A AN ) AR
Z IR A RS, $R4E 7 — MR RIE RS M . A SO BRI 5 1 R
OCRAEIA %l BURM SR 2 BRI, A BT DO B 2R b5 e~ 1 1 SE AT
BT ST IR S a (R B, R R R BIAWHZ IE 5 5635

Bl AXHEERATMAFRERBFMRLZ AR I, BT RBTH B LT #HE
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