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Abstract There are many geochemical similarities and significant dissimilarities among Adakite, early Archaean TTG suites and
Yanshanian intermediate-acid magamtic rocks (“adakitic rocks” or potassic adakite) in eastern China. Simple geochemical
parameters, such as silica content, Mg* and K, O content, show that TTG and “adakitic rocks” from eastern China are distinct from
adakite, suggesting that they experienced different deep processes. Comparing with slab-melting generated adakite, the early Archaean
TTG suites have higher Si0, and lower Mg" and, potassic adakite from eastern China show lower Mg* and higher K,0. The higher-Mg"
adakites imply that the ocean slab melting generated pristine adakite melts interacted with the mantle wedge. There is little convincing
evidence for a direct mantle component in TTG, implying that accommodate TTG production through melting of hydrous basaltic
material at the base of thickened crust, without modern-style subduction processes. The potassic adakite from eastern China may
predominately experienced partial melting of underplated basaltic rocks ( lower Mg* potassic adakite) , or delimitation-melting of lower
crust and interacted with mantle peridotite ( higher Mg® potassic adakite), and followed assimilation and contamination of crustal
intermediate-acid rocks. Potassic adakite might be generated from a basaltic underplated layer that was metasomated by small melt
fractions from asthenosphere mantle. Adakitic magmatism is then an accompanying product of Yanshannian lithosphere thinning and
magmatism, which may be related to a upwelling of mantle plume.

Key words Adakite, Archean TTG, Thickened crust, Crust delaminating and melting, Deep processes, Mantle plume
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1 515

R HFTER KA U TIC(ERNEK S BE
ERAMERNKE) AT RN ER EAEHRE
PHANZREEGEEN T ORA AN S SRS 345
#5974 ( Condie, 1981; Barker, 1979; Arth and Hanson,
1975; Barker and Arth, 1976; Martin, 1999; Martin, 1986;
Martin, 1987; Drummond and Defant, 1990; Rapp et dl. ,
1991; Rapp, 1997), A% B3 L, EREH TIC HES
Barker(1979) Fri5 80548 MK 1L 1 A BB, LB A HE
H Si0, ~70 % ,ALO, >15% ,Yb < 1 pg/g, Lay/ Yby ZH A T
30,Na,0/K,0 > 1,Sr #l Ba > 500p.g/g, XSEH BRIV 4G 1F b
SEMKOH AR, A8 A NG R B 7R DS
. SZEAMUNEAEREH L T EEF ALK —5
BIWKWET R R EHIES TIG LA
A (Kay, 1972), X & 55 B8 4 N3R5 7% A (Adakite)
( Drummond and Defam, 1990) , HBHIH S X HEETF R
P HFEREANKERA BMEREZTEN A LS,
A R F 3R B Sk 22 A0t A s b B2 Ay 22 (-8 B J K 1L
(Gill, 1981) , ERHFERIABHFIANTH KB LR K
53#5 W ( Atherton and Petford, 1993; Petford and Atherton,
1996 ; Petford and Kerry, 2001) {R{1 T HASHIWBHE T
(Kay and Kay, 1991; Gao et al. , 2001 ; Xu et al. , 2002) F1{f}
FBRGEFE AR AR (Wang et al. , 2003) , XPISHIBRILAE R
SRR & O T IR BTG , REE M K R B FAE
BHRAR hFR G R AN AR EENTIRE L,
Martin (1999) Y NBRXFTLE BT K8y TTG, FH 4
FERRBRETE T 2HUMNR R PIFE, MK TTC
TR K Mg #0 Ni, Cr 85 4 88 ¥ 5 i TR/ (BR A 1R
HIBRE /D) o H2Z AR, Smithies (2000) AN K H TIG 5
BAREENEBFEZT AR, fTERBENSKER
FEABMHERE Y, e & RN iR A SRSy, E
SR B REFIN F AN IR INTE A AT R IR 58 BE 77 LA R 4R
WAR A BEK Y, R URKREE LR AR
( Petford and Kerry, 2001; Kay and Kay, 1991; Sun and Dunn,
1994) , Casitillo et al. (1999) (AN AFC (RI{LIBH K 4378
SR ABBA U ERERE,

EERXPERBBLI KL G/ BASOTR LA,
ENHFEHRAEHESKRERE ALY (F&S,
2001a, b; FKIESF.2001a, b; 4k %, 2001) BFR N “ K1k
RHAE" (adakite-like rock or adakitic rock ) 5 “C %4” Adakite
(FKIBESE.2001b) HRIRIATE A, WHIX H AN REMRT
BB, X TREEA MY REE ST AT AR H
AXRFERRNSU ., REZEBRE AN HERTHREL
WAL ERERESRKFERBIERAL X (BETE,
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1988; BE{%,1990; EHX%,2000) ,HiLHARSE TR
FRER (XEEHEEE,2000; Zhou and Li. , 2000) ,

HTEXREONEREEERERMEH K4 (> 10
kbar ( Winther and Newton, 1991; Rapp and Watson, 1995;
Wolf and Wyllie, 1994) ), LA B & {710 RE B R A9 B B 3B T
BiERBIRNFE, KR X RAHE, HAEFTS) , &
BHERBHRETRE A 5RIATAE R TTC #ITHERN
BEx L, FRERINERERMN LR EOEBET R,
ZEREME- AR RALNER A NS REPERBSLK
WBIETE RS TR LA ER s R 3 R AR

BEA, GBAERMET TR B, %I RS A 1A iR &
BT EATEES Cu - Au - Fe S I AT H B HIH X
i997; Sajona and Maury, 1998; F 3§
%°,2000; Mu=gall, 2002; Defant et al. , 2002 ; Gonzalez Partida
o ai. , 2003; FIR%,2002; K% ,2003) , BEERIARKIE
RASHETERPXR, TREASRAR AR R EEMN
B, EXHE, EREAETURGEMENTER, REHE
PIRAANBREMAXT KNEE, ¥ SRRk,
ARRREFTE ST WER. AX—BHHE, FEiITE
RETEAELBREAFFENRR, EEAN, HX—TB
MBS LSEH B TR R RS Hi (PR AR L5 3
LY

# (Thizhlemort et ai. ,

2 ARSI R RIS S
Bsr B2y

AL 5 B 55 0 0 i B — AR L 7 A A M R B M
PKEA. RE, ARAMEFRESENERNERER,R
FHRERIBRNERESTE 2R, ERAERER
AR FRENE AT ZFEE W ETHAR.
RERXRATBENEMANEZLER AFC IR, T8
AREXEN HIHE T TTC JRiA T A Kb BRI HI2
LA A AR LIME (E38%,2001a, b; FKi%,2001b;
B/NA%, 2002; Defant et al. , 2002; Rapp et al. , 2002) , %
SCRE QU 40 S (R4 s B 10 0 R0 o R v 3 26 K L B R
HIR AR BR TN RERRERNBER,

2.1 BMEEEhFEARHBIER

£1#] Kay (1978 ) #1 Defant and Drummond (1990) %%
Cook 5571 Adak Sy AYIRA LA A AT T IRAHIR IFRET
—RIVAFIRIB AR ER R, XEFERANE,
R THBMBE T RER S BRTE R LA
K2R ERAEEMERRAT L EFRZA, XRKEK
DR AR T 5T, BN 1SS S 58 s fn
WREEER, FREERBZRY, Bt 5APHBH
SHENERR AR R E A IESE (Beard et ol. ,1993) , 40



HAY: RESBRNREALREREASGHY

T MgO .Ni #i Cr,{i SiO, % (Kay, 1978), B T #1% MORB
) Mg’ (Mg® = Mg/ (Mg + Fe) ) #5460, € FF 7 4 i) 45 3 84
Mg’ RiZAETF 60, SEI A A FIEBIZ R A WA R4
MMEIR Mg" <45 (Rapp, 1997), R, —&#FERSHbE
FHBRIEFLE BA MK Si0,( <65 % ) FIF Mg*( >47 ~70)
BN BEAR R AR A 15 (A B B N A R e 4E R (Kay, 1978;
Mahlburg et al. ,1993; Yogodzinski,1995) ,

B A 32 b 0B A 5 TR B (AFC, Yogodzinski, 1995)
MREE LR Mg' #1 Si0, F R A B BB R — N EEF
¥io Cook S8 Mg" (68) 1 Si0, (58% ) 323k 76 2 1LY
FEI0% ~20% @B E B A (Stern and Kilianl,
1996) . Rappetal. (1999) RYXWEHEAFHE LB L TH
LEIAIR, BRYR AN 10% BB BI AT 6 Mg® M 44 FHH 3 55,
B ILTER AT A PR F SRR B IR R EC BT R 5 1T,
T B RAE A HIE B H R EEKYE (Smithies, 2000) ,

2.2 RBZRE/ THEZEREQNWER

TEEHBE (> 40Km) BT 53R, RBEREA T #
HHBHMERSERAR S RAEFFTERUNER
( Atherton and Petford, 1993; ok 1 %5, 2001a, b; Smithies,
2000; Peacock, 1994; Muir et al. , 1995), X—xtBRATRES
AR F ML, — RAR T AN T RE LG5
BRE R E AR, MR ESR IS B P
a¥o

RIEH b T RAAMSENE & ESRBRER, K
FI K Mg" FIRG Si0, BAFAE , Ni, Cr Z LR AR
22,1 HBXARTRAIBBREALHER

HETHRBMORBTFELRAA¥MIER, 5
RAEA¥TEE (Rapp et al., 1991; Sun and Dunn, 1994,
Winther and Newton, 1991; Wolf and Wyllie, 1994; Rapp et
al. ,1999; Peacock,1994) HHIEARENKRHETHELR
HBAZRE RREKSHRARNE ARNESHTTH
EAmMEE, RRY, WE( > 10kbar) KU T LLMEH
BEEN S IURANER + 5 MM SR LRA TS
HIRERILFAFIE . X— S B H/NEBHIEEATEMERR
W Catalina & W, ¥, # #§ Sorensen and Barton, (1987),
Sorensen (1988) Fl Bebout and Barton (1993) f¥BF3Y, %X
AR A RA AN B A N A 5 R B R
ZREF,ICRTHEBIBER 650 ~750C, EHN 9 ~
11kbar, Jerp BB G A5 B BRI 2 B 9 B AR 2 E ik
& R BRA R ALO RKIER & (RIATE ) AMEIE.

KB HOR IR T E T R0 RS B ™ 4 Mk
RHRAAARHEZ (Mur et ol. ,1995) . F38 ( Atherton and
Petford, 1993; Petford and Atherton, 1996 ) .{LEFTIER &1L
fk (Gormet and Silver, 1987) \%JE#7 (Kay and Kay, 1991) .
8B4 B W F Oregon A Klamath Mountains ( Barnes et al. ,
1996 ; Barnes et al. , 1992) FIPEKRIP (FIRE, 2001a, b;
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kiK%, 2001a, b; F4kEE4E, 2001 ; Bames et al. , 1996)
HSHEMXARMRE, FEATRATRAGHABE K,0,
HB RSB CPEAITE.
2.2.2 Wk e ek
Kay et al. (1993) HiCHRE, HuTEE BB A, T

FREORARBERE, I THREANEE X T s s, &
WA BN A] BRI B 25 I Bt T T UT A 08 (SR UTAE )
(Nelson, 1992; &1L, &M E, 1997), KB4 K4 B A
UL, — RSB Y R E WA THE, X REN T
FEREBMIERRFE AR (X — PR 1.2.1) ;5 —Fb
T RS T DT HE 25 A T 375 %5 R 10 4 A0 3 b8 o9 TR AE
ATREBB, ERERS., B EBINR SO ET 8
HX BT RMEE R A, FX — B PR R T R b8
B B T RSy, M- SRR A i RS VT Y A
3% BPE M 20 Si %, % BB bRk B A FE 120 ~ 160Ma

A WA R LAY BA OB SR IR A A R A L 2 T PR T
AR R T HTHFIRE GBS FFLURAT A K
WEY R R A B R AR ERIER., BFEK
HH AR P A AR AL B IS AL K B K R A B B BR L2
FHERZE R TR R C 2B B, XA Eh#
T 3 A AL o Hh5E ) TR 40 S A 7 A G B R A R A 0B
BEXHMAER,

2.3 BMARUEE AFC T3

BRATAR PR EEYLHISD, Castillo er al. (1999) i xfE
3T Camiguin AP, B4 5 B R4 K 2 AFC i3
BA[LAP=ARIETE ., TR AFC L8143 B4 B AL v ik
FF{EN)— 250 B Defant et al. (2002) EAE T iR, B FHHE
R AER B HBURE A ST, EE R AFC i
BATLRNEHNABETEENMEANTE, AXFRFiF
M.

3 TIG RERANPEFLRE RS A
HIRR SR EE

FEABRTERERERAAREIAANFTAEY
HoIRILE MM, 40w Si0, F1 ALO, &t La/Yb MISr/Y
{8,325 # HREE.Y f1 HFSE, MR+ EAMM T LKk
RERESHNAERNERR AT E TR, I Na,0/K,0 It
fHE5E 1(H 1), 8 E Na 1Y Cascades ., Antarctica F1% 5 i
RIXTEEERH . DU HBK TR 165 A SRR KRR s
“CH” RIKFLE (KK, 2001b) , AR 55 A B v %
MIRKTEE . BA BT 5 8wtk B AR 77 7 ot 18] F2s )
LHXR, AMBET FTHESMRRAEL(FERS,
2001b; T4, 7K, 2001a, b), “C B” KXW AR R T8
BEWMHAXNERN “AER" R 0B BRERA
(Na,0/K,0>2.0) , INRPEARBEARETEBREKA
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Fig.1 Mg* vs. $i0, and K,0 va. 8iG, variation disgrams comparing the field for “ Adakitic rocks” from eastern China with early Archaean TTG,

Cenozoic adakite and Phancrozoic Na-rich gamnitoid

TEARA SKEHEXNRMER, KA EMNERS L
HHTFRARAENRRTEREXWAR, EEERERD
FAEIRY B (AFC)ARR, BEME TIRBERIER
BEEAER RS BRI RT] LIREE— AN N k-5 A R
BA AL R RIRIKAFLE R M R L E 2
==

MR EHE RMER SR EMRBTEE AR
SERKRE,KHE TIC, FARKRARENPERTHE
BRAEARFVMURGRERT RN, XBEERANE
(V) B 45 R NS TR b 55 AR UL 478 R 7= 2 1925 3 Lo L
() ZRE T e EBBM S A M8 S Mg"EK,

HEBELME, PERBNRKBIREZTEAR TIC
MRERERV BB K0 FH( >2 %) fIfik Na,0/K,0
B <2) ., X—3¥5 /A5 Cordillera Blanca & 3481l ( Petford
and Atherton, 1996) S E B MBAFRKBLRER T
HoEmBN=Y, FPERBRAREEARAEN D LK
ZRERX A ARG, E RS Blanca A EAHFREK
H, BRETELRAEAFHNRIE,

4 - FRAAFPIR B R R H12)

4.1 XTHRABBEEMKRIERERBHTRAR
TREAFHRMENERA =R, —BRRAAEN
U TIG / RIK T A A A A KA BN — BE R BEE
JE 7 ARSI A KRS B 29 — R A E RRAUES
REWETFERREONWBERT R, RETE BB E
BRI MER AL R R Aok B T LI A A E 05 AR

BREREBREANEA¥LREUTART EKRRALTRE
(KA MORBN =, 4 THWER T RN ESLE) K
580478 (Sun and Dunn,1994; Winther and Newton, 1991;
Rapp and Watson, 1995; Wolf and Wyllie, 1994; Rapp et al. ,
1999; Peacock, 1994) , LB FXE R FZHAEKE S 1 ~4GPa
U T ARMEKLRES 10% ~30% WS ERMEIZEE
Na WIER SR, H B R B 5 — 2 KR A5 L3R 3%
TRRETEAEHE

RAMLRARNER RN RELAERE R (X
RE) M Y (6RA. ANER/SRES) B4, RE
BRAREEXBARINERE L HPEERFE (DX
REFEHBBR S SBRNE-BERFEM&ZEBENRK
Bl; Q) RZRBHNIET VAR, LREREHFERY Y
HuEaA SaSBKaE. ENERKBE LERE
IR TR MFE ; 3) A BB BRI UT-15 AR 2k 4
TS5 LEbEMA A EEAMRRNERE, (H)FEASTR
MRRAR R AR NEWE, HPEMER()RQ2)
PUEFEARIATTAEBERMBS, (3) f(4) NS B IR
BAEE B HME

1 F b A R T b SE R UL- 1 M AL T 48 B IR AE 3R
BRAZ EARNNERMHLY, M TR REHEEEZ
(D (M) =/ BEROEW,

MEEWELBESR (Rapp et al., 1991; Winther and
Newton, 1991; Peacock, 1994; Rapp and Watson, 1995; Rapp
etal., 1999) K E , BEEBORAIENTI BRI LG HE
HLEES TN 1.0 ~ 1. 2GPa(33 ~40km HE) . X R
FEREMERBEENEIENRER. M TAKLRE AR
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A4S TR B 700 ~800CFIE /1 1 ~4GPa, B RAING .
B A M B A B IR K RN PR AR T A R (7]
35 30% ) BB FE ERR 4 1100 ~ 1150°C .3 ~4 GPa, XTREM
SRS e fT R A LA 0 B EE , TS eh 3 T
RS A mBEARTEL.

BT K 8 HE R B P R RAAT R, ERRIEE &
T B/ NMERBRE ( <5% ) 45 BB A X & K M7E R
JRx4E (1 Si0, >70 % ,Na,0/K,0 <2.0) , i 24 38 BF FI i b
BE T E e, EREZ HF Na &K (40 Sio, = 63% ~70 %,
Na,0/K,0>2.0),

HAFM N Ta M Ti SR FERBTERE, HZRE
SAAREH, BRERMGTSLARTE, % K¥S5 Nb.Ta
T BFRESLAT MM EERRANTHRXETE; R
HUREEGRN, S0 A4S0%, i Nb.Ta 71 Ti
Lk AR, Fie, RERENBHSEE=EMNE K
FIE Ti0, ( <0.3% ) MRIEFLARIK, h HB KA AR ™
A B Na FI8E T TiO, (0.5% ~ 1.0 wt% ) H5k w2 M A,
R ERHER R B B A R A S R BB ES h A b T AL, E B R
(4 ~7 GPa) &M T 1K AL, O, (81 K,0 2R BB E Na
MR TR AR ETRERFEGPEEN T
HEh.

REAZWAAFRRIAEBRE THRAHE, AEFE
—S6[al 0, FEAHE: 1) SRV EYWRE T MORB Fi{k&iHr
RZERE(KO0 <0.8%),BOMNHENBEFMNKMZTRE
(IFELRE K,0 MFHEN2.51%; £2RLRA K,0
MEHEN 1. 1%) #THXEBELR;2) TRENSER
(FRAERKTER SHBEMERE) = ENBRRLRR
KFTAE Mg';3) M LM /T 3GPa B H R TFIRAR
T 1 5 M DR 2 B RN 4 AR AT AT o 2 (B
BB ) ) AL RERMNEURBTERBR AT RS
AR A A EEARER, UREIHREVE .

4.2 HAXMRKRERENBNXEES

BRI A KK REER ERA TR E RN 1~
5GPa (Rapp et al. , 1991; Sun and Dunn,1994; Winther and
Newton, 1991; Rapp and Watson, 1995; Rapp et al. ,1999;
Kamber et al., 2002), Wi AR AFETREHRT WES
H, RETHRMBAELIIEHFMS THTH, BBIBREE
A EKTYHE(BINEMBEA) WBKRB#T. BT
M LILE EFMFMIRPRBEAHER, R REBER
RSB ( <10% ) ¥ 7= B4 (FE R AE) (K Na, 0/K,0 [
(0.9~ 1.2) ysi ik, MARRREMBBMBEE(10% ~
30% ) i 7 A BB R T (BURIRIATLE , Na, O/K, 0 >
1.5~2.0), AMPERBYRIEEEARFIR.K
Na,0/K,O {8, Si0, & B R K(58% ~74% ), Hit
BRRARELRBERIERTETEABERNLRER
BHHTHEMEAR K,
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BRETANME TR EERER SR E LILE( D
#% Ba, Th, U, K, LREE, Sr),f15& 5 # HFSE( &0 Nb,Ti) |
HREE f1 Y (Defant and Drummond. , 1990; Kay et al.,
1993) , XEAHERBRATTEHBARN T SO ARG ETRE
HEAEERNER. RBRAREGE SRS REEM
EEMENTEEIN 1.2 ~3.8GPa, 3 B8 T 3 ~4GPa T4
BSLRMIES, PEA CHRARAENMBRTER SR
KB SLREEEFHELU EMNYSEER LILE,HE
# Nb fi R %, 3% 5 8 HREE #1 Y, 8% 5 # Ti, H&,C &
RATAHBH3.8CPa ENRFTREPZRENBERR
LREE 1 LILE, [Fl&} Ba, Th I K § &+ 5%, BIEkXE,
C BRI FIR IR T 4B Cordillera Blanca M4 B 7= 2k B 38
ZNKESE S LREE(La #1 C2) MREE(Nd #1 Sm) . Th,
Ba, 1% U,

1goe

— 3.5GPas K H 1k
3.8GPas Jo th 1k

R R e IR R

—
<
(=3

FE b/ I51 o 3t e
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l i n 1 i L n L i PO S| e (. e
BaTh UNb K La Ce Sr NdZr SmTi Dy Er Y Yb
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Fig.2 Representative trace-element abundance patterns for

potassic adakites from eastern China, normalized to
primitive-mantle abundances of Sun and McDonough
(1989), compared to “ pristine” melts of two different
basalts ( Rapp and Watson, 1995) at 3.5 ~3.8 GPa ( ~
10% ~15% melting) , and tonalite and quartz diorite from
the Cordillera Blanca Batholith ( Petford and Atherton,

1996 )
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ARAONEZXREZBKERERE . Emel e, M
REFEERS ERWERBRARBA N E R AR X IBRIE
B, SR T- P s ARMLME R, R EBHRE
P CHRERERA - EMNHMEYERS 5 (KIE%,2001b),
BEREBHABAKINEFHREREODEHLHABHSE
T AR H 4 B A R B IE I8 ( Burney and Reclus X 111)
(Stern and Kilianl, 1996) , I AR RF EH"RIERE
i) Na, 0/K,0 A (3 ~5) , A BB P EARIPIKR AT A LILE
FE. PAEHBER THERTE LILE M4 sz
HIERIA 08 (EMID) 35 3, 3F46 /R T AT BE AR 2 — D Y E L
CRURZFARFNEE" BX MMM EKKFHMT
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BRFRARK ST T R H WA A B QR 1
FRMBHMEEEF NI LILE,

ERFMHER T FRKRETAREL BABE KM
M TR MBBH =Y. BHEREFLAERERZ
J&5 B 12t 5E LA PR, BT SRR T R 4 BE AR R B A
BT UL T TR UT RO P % K 3L PR 3t 08 1) B0 7 ( 4, K,
2001),

%1 5% b R 18] & A B9 K REOR s (18 SRR 2 A K
Uy R K Rt TE IR oh B 08 R IR AR R A TR 1, (B2
BHE ERA LB R TEHANRER S, b RETHE
0 R st et B B e ) G R e, O B K o 08 b 5 B9
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B RIS (2003 ) HR 48 %3 7 3 5 S5 X R S 3R 3R 1A
S A H) Pb-Nd-Sr RIS R A BRI F MBS, R K T 55 5h
— A KA RKR A TLAE AN RERR, Bt MORB(K¥#+H
HRRE ) BRI BRI TR AR B R 15 5L AR
5 EMI B SRR N B B RS TE R T B4
MBEREAR . BHEBES EHRETFAANE A
BAMTR.

6 —FhAIHBAYEIE!

SFAXEBUTHFEL:

(HFERBEERIEFENAEGE( >160 km, Xu et
al. , 2001 ; Menzies, 1998;200 ~ 250km , X3 ¥ 18 % ,2000) ;

Q)MUBRAMEREDINRYTER(METE,
2002) MK ERFAEREHRATE KB R EROBH
7S (5K 2E ,2001a; Xu et al. , 2002) 5

G)HEABHEN KR TR FRINN L AR
0B, Xt ERBIBGFERFANB2EETEHEX(Xu e
al. , 2001 ; Menzies, 199%;3%) 48 2%,2000; BB %4, 2000;
Zhou and Li, 2000; Xu et al. , 2002; Zhang et al. , 2003) ,#%
KM RE T X A R A BRAR AR, AT X e BL B A
B R T E R E L RN E LR RARREKR
'k,

VEHFELE A AT IX B R 38 4 P BB AT A B SRR
HCRE AN, BB AR b E AR AR A MY o] £ B R RS
BaEH, LR R aT LS A BB (F 3)

(Y HERFENEAOBRSBSERASEFAEE
BE LB R, B LE 5T S H 2 40km E(E 3 a) ;

(2) B =B Att FF i A A B LRI R - AE T X RE IR RN
BRFZ T, B B/ E B B A R 155X —Bin
BRI T 5% (40 ~60km) EMMEHEHAMAB FRATR
(McKenzie, 1989) , A B % N 5 2 & 4 BRBL A FH 78 I R 4%
FERGEE A B BEEREERERM(BHES,
2000) (3 b);

(3) BEEME T RN ERMER - EEHENRER S
(BREEH) S E TR U- AR R LB BB RN E
AR EERSRIA RS S AN REERBREEA
TRER B Huee Ak 5t 0 s SR U LR I B E R B A
P R R, (8 A A B E TR 4 A 18] P9 B P OB, KR
B-FBUAE KBTI BB R MR B R A S B AL (B % 1L
EERBE) o 520N AR TR 5 L T2 B B 3 3 BT R
(AL #s) ML R —RIIBHABES (K3 c);

(4)FEERTEY RS AU RN RE®R, H
HERBPERBOE BB T RS, RFEN
A B BB 0 P A T L B B X R A M R TE
BT —RAH-MEa, X—58 3R iR Ry
SERNER.
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HUAT R, E LR RS B EERA AR ER
FHREXBSER . DHARREEESRBERENK
RIFEBHREERNTREREREFRETEHRE
WEE, YRERAGE T XE—MREHTRRE
BEHSLEN.

7 ik

FERAMBRALERFAE Kl & TTG RAEE fp
ERBEEREER SR HPFEROL-BAEBRFS
M2 AL B EFTTRRERRIAMY &8 B RS R
Y. HPFAEARREY Y QL HBRHAE & AVRYY KRR
AR A AR CEE TR AR S TRREARMT YN ER
RIGEZ—, AED THRBMENTRRRERIBAAN
B Mg! #U4E Si 5 A N E ERBUNK Mg F1F Si0, , P EIRH
RUAAMNE KO0 HAFTRERK RN ES 8BRS
B ARSSAREYRBRERK. FERBREER
BRANYRRE T/ AR RS AR ERNRR
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