BIE WHIRNEERARSY

“SH EAEDGE RE T RS SR, HIRIMEMILR . Bt T
FEASE R EZE IR A S P R “ DN EAER B N RIEER, e
TG TSGR RTAZ

TR A S EGY 2 AR aud, IF BT AR 2 H . JAghiesk, HEr
AT EZEAES S AR B NRE IR R R AL A DU AR AL
WIS, BRI TR 0. EEAEYEE, DU TR Y By
LMEKE, #E BRESMTIBMGEESEG 5 AR 2 R RETR R AR € A8
FHEZE, RUESHRIARRR RS XA OA L ETE R, wftky. FAER. TRl
%, AR PR EIER T, AR RERRIBAE RS . A E T
TR — RIS, XS CAEWIA TR T N MRS Bn ok .
EEEMBH, NRREMIE L EWSE, CIN. Mg/Ca S HMEMLESH: A 5%
FasE RN R U AR SO RN R, AR AR

3. 1 WWADTIR I S8

AR RWIATTRR S KR AR B AW S 5 LUK R SElA TR B ) 22
4L E SRR E S, WAL R BE R RS T % A
NERSHTF LI E MRS IEERBSHAEEIRTURB sl iz, bk is 8
JFIAAT

311 &KE

BRERIRTRY T &K 8, M ToR— s tE 24, s
T ITVE T LA € -
(D HKEW, () SEETEW, (90 ZHEER, B

Wi — W, ¢100

Bl
ey
>
I
&
R

W, 100 =

LK W: E/KE (%); W,: ,é\?ﬁi(g)o
XTSRRI &, X — Bk, HETRERT 100%, #— AT H .
(2) FKESSBEZ RR, Rl:

we M g100 = W We 100 = VS90S 00

Wt Wt g\NS
Aot gws: FISERR (KRG L
gds: JH su i [ (TR L
RFIMC B AR SR B, ML T (P BIEAZH Gk, Fik,

W =
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15T SO R K ERIRIR T 38R F IX FhRoR 77 ik

I H E PR B KB 7, e 3~5g ARSI E T FER4EN, 78 105°C
BETN, & 6~8/MItEEEMES, WaliHEHIARNES/KE. e X5 UL T
PR, WA RS K sy, B2 AN BT A A AR R AR

FKE (W) AU — DA BB S8 BBy, SKkEREA i
R KA ) 20 A B X (HEanson, 1981). FERLKIMIR 5 4035 (R 7K X RN A kLA 45
KIE SCRFA X, JURYE KBS ER; MEWA BRI, KBS .
DIRIE SR EIKE, BT ZESMERTEmN, BRZMETEEKERIK. SKER
T [ AR EEAZ R AR R OUIURIER (RSP 8 FARL); @ TR
FFFE; @RSLE; @AMIahfE AL L HAEm [A] 324k (H&anson, 1981).

HAEBAT, MG BR] i B 2R O — b 58 85 B R IR L e Bk
B (JARMTBRYYESEO W2 R 28—V BAAE A B G R . Bk, ATA
RIARRLCERAR ) IR ECE AR IR, DIRR &K EA RN B AR, H—
AR TR OC R

W (XD =Wpq + Keeln (2x)

AW OO: FEVTBRPIRRE x b lom JERUTRZE it &K &
Wo.i: RZVIY (0-1em) BB 7KE:
Ks: DRI 50 AL
K AR S A ity HLAB IR TR B o A K/ B th i e 3 /0 Rk
RUAER S o lER] S HERUE RIS g o Sl HEAEWARITRKX GERRIXD) AN
MASFEZER A R, i FURIte . DB L R ARSI R IR, B i VE
ACHER: AR SEREFEARARA BU TR Y, TIRRMIA IR H A (Ko EAR, RZIFR.

312 REE

I o (BUFRIBEE, $Ai A g/ em® ) RIRUTIRMIZE A SRR T B 1 5
. PrEERRE NI, RIS T TR PR 2 BRARARTE N AR AR . AR B T LA
K FHZ5E EE B E  (Krumbein and Pettijohn, 1938) E{H F4IA R AT (Axelsson
and H&anson, 1971):

_ 100 o,
100+ (W + LOI°)(p,, -1)

p

1B K R TR, KR LR 35 39 1.00g / om® I, %7 AT T

A LOI: FLARE (W) MR AR (LER);
W: /E:ﬂ(%;
o [EREIRLIHE (g/em®),

ZAHR T AR (o) 56K W), BHREE (LOI® EINBR 2 o,
2SR, BOEH TWBTIRY (Axelsson and H&anson, 1972), H1i& ] T EEIIRA
(Ericsson, 1973). {EASFEMIFIRGISHF, Wik S EmEPEAIt, JFEEmme, e
TAEE. (EEFZRE, FAE o . MARFITUEEH, EaKEATY 75%H
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BT, BN A HER X R BRI, oo (EXT o (ERIFEREAH 2SN, ST A
BRI o o (BXS o M IR, HWhA R IXUTARY o 22 DA 3485 B2 Dy 2.65 i O
I8 NE, HEBKE RN 50%EE D 5, BT RTER AR 1 o 06— IR T 2.60~
2.85 G N (Ingelman and Hamilton, 1963; Keller and Bennett, 1970; Richards, 1974),
PR — AR o= 2.6 THEGE R . KEWE, B SER:

. 260
100+1.60(W + LOI°)

BB AR . SOKEMA IR S & =5 Z A NENKR, e
TR AR A Rt 20 B AR

313 BEE

ket (Loss on Ignition) S2FELE—EMIEIRAAIE T, PR IRIRMIAR ) o5 FE i i
M te. FEabEA ZRALEMG, BT A SR e e R AR T 2 R AR
WA AR o RSB AT RE,  DRIBRRR R EREE RO A dh SRS L i I & . i T
MRS, AR, HtRKELEPAEBIR AR & B EE.

T H R SR B IR TR R T RUTR I LE 550°C T8 5 /N, TITRRY) b 4 K 4
AN e, (H—Lb i 25 S oK U SLBE T R b S th 4 kB, ek EmTH
&R

W, -W

Lor= We=Wr J100 = 959" L1060
Ws gds

X LOI: keskiE, AR T EE (W) HH2EERR;

Wr: JoHFR A ) = A

gds: FHWFIRITY (SFyify) #Hi,

gir: ARSI .

KDk, WAviARY G LS & R, — B APPSR A 7y, F
AEPBET S A R AN ORAT A A LA B B A SR AR T R R AR 2 — .
TAVA NI G Z R AEDRIER, VIR R SR 486 KRR 5
TSR, o ER AW RIMEEN 2, A, SHEANSER N, Fit, F
BLBR ) & EHE AN AR & 2S5

KT RERES AWK ZAYRIK R, A 20%E#T 75T, Cato (1977) WNTE
— B SR T AT LU Bk A IR MU S B . KRRt Fe R B, fEAE
KPS KM PEOKX, TRIRENR S i, ek BB, (AR R KA
OX, JURPIMAENR & EIK, RARIME, SoRPERESHVA S EZ A EINR
# (RNBESE, 2002). 5 EHBIRA IR A LR & B Sk & ik sk — & A1
HEHEVIFRR G/RE, 1989). RIMLTE— & 41 N n] LR e 2k & il TR P b A LB )
& (Digerfeldt, 1972; Cato, 1977; H&anson, 1983). ANk & & Sk kB 0] —KfA
ARGFFIAR DA, o) Sify BUMRERLAC W ) 5 TR B i s FLEE RIS RIS /R 2R RS =W X R 2
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DRI M BRI CGESRAASE, 1992) R, JIFWIFHIANKES R (TOC) HEkE
(LOD 2 [a] (A AH S mT LA ST DA R [31 )3 i«
TOC =0.48+LOI — 0.73

FERHZT e . RAERR R KT 10%00 74 T DU B B 5 2 —Fng 5
BUBR & 5 (ERE R EAEAR /N A X — T B 7 VAR AR N HER

HLIE 1973 4F Carter (1973) SiG1E, N4 =K R AL TR e e AR 1 =
O NAHIRHIA NI @A Y= 2, @ UUARY) b BERS A AT P4 M 34 S 2% 4F

VIR AR S RS S KEZ A AR, sy, AR S
B 5 EKE AR 7 oA . IR A AR A Ve SR E A LR & 2T
I R LR P 6 o k>

3.14 KifE

WURLIR K /INFRVERLEE , JOURL Y B ARVERLAR, 85 FRAR R RN RLEE o A PRI E,
RIZRMEMEAARUE . AMBE— R UAREER (d) Row, SRR SRR E BRI E
180 B W DRUBURE T RAS B NASE I e AR R X, 3@ 3 I =AM K EAR dos HHIRIEAR d)
NEEEAR dyo

DURRYDRURIAL B2 (R0 8 B2 HLARRER I K 3 0 5« 35 MPTAR 22 (AT 75 (Friedman and
Sanders, 1978) HA T4 EEM R X AT HE SPHRUTRMIBIR 429, ST 74
A RIFME . IR W& WESERESE, DRSS RAR S TR
AHRFEEE N Y, AR IR A (BREE. [BIFE). dM. HEE fLBRREE. Bidtk &
SE [) S5 S it b o RN b 30 kb 57 55 5 T I DTARARRALE

3.1.4.1 BEMTH R

FLEEMAMTEIRZ, HAT B R EEATIRE . #O6E. ik, BREGE
DRSNSk s

IENIRE 273

UURE I FE AR AN FDRLAR IR BURLAE TR P PR BEANIR], B 5 R o A F) — b g
%o ERIEEATRERATHE MREIEARR GEF A KD Pl R , &
PR BRTRLAE RO VR R R AR TR . TR R RAR UL TR EEAN R, K
FOUREL TR TR BERLER, /NIRRT R RS, DA THARR e 0K X R AR o

FARRGERE: B ek =AFE M SIAAE 500ml 2 1000ml (15 5 B A s
P, ARSI EI e Can 20mD AR IR E R, SRS RAE T s e
FRETH S A A UL TR IR TR, 4 B AE [ AP 22020 T o R ) B ) B, Y DMRER 1%
IS 200 S FRREA o R AN 295 B DR RO T B E S At mT AT 5 R E 20 A

VURRERIMETNE N Z ST N OB L. IIER R, IS A IEFEDTE
PR AL R I e P TR e MR B — /N B VB, D LR B AR AL o IR B B
2, (S AT 7 S M ER IR B R R ER AL 7%, PSR R AT LT, 1 Je AR 23 i
FnFEFvERN, LB a IS B 7, (SRR AU AT REIR D, Sa iR i A
AHATIME: QETHE. VAR L E T S IELE DT R I B 3 e, @UTReA:
e MR B E B AL S B UTE R R
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gx FRmR,  PA b =M B 7 v R A R RN AR B a% s HoE H TR R R R Ta
W2 RO . E A0SR T 63 wm N H RS> T 1000, W ETHEARRAE A

2. Woti%

WOGIE AR HOE R BIBORLS , R0k R 5 O™ AR AT S B 30 Sk R FE 43
fio HEOLH KB IIEOE, &Y WG — R ERA 10mm &4 AT, 1ERA BRI
THEOL N ZPATbEE S RIES SRR G Ee iEddE iy 20— e | Rk
SIHLBCE BPPATR IR A, SPAT R R AU IS, — B0 el S5 — i B 1 AE
%

M4, MG ERARZ A ARRZNE? BRI AE . KB5S
(/N URLER /DN, B 5 il ) ) B bR . X SEAN[R] A FE I U il s IR
BT R — RINVE AN FEPEARROGEE,  HIX U ) B 22 B PR A
Airy B . Airy BEH AL S E FE RS S, BB RUE AR R B IR R B/ (R
s BRANEIRT R B HIRLAS s ARG BRIGRRE, L5 2R AR R0 1 4
BEE . XFERNEET I FE — RVFOGRZIES, B FERARBR U FGE 5
R RS, HEmBRTEN, A K KBS RHX S (E S AT B A, ]
PATS Bk FE 23 AT

3. sk

0 73328 — P B AR GeRL BE IR 7 v o B A S TR Tt A R RS 0 9 LA D3R B
I3 e TR E S o TR TR PR e AT DA BN 0 R 45 ) B — R AR R (1) a2,
AT DL AN S IR [F 2 2 SRR R E s R, R E R E . TRk E
F L IR, ARG 2ENTHEESF TR INERARIRY FRY 0.63um. 4
8T F Ok, ) A A K PR FE MR D TR K 4y TR RIS SRR R
1%[I7K 5y, WA AHRE A AN/ N2 1 BURL A Bl 45 718 23K (Miller, 1967). Y0 feid A
T-UAkL R RPFISE AN RL R DRI N A TR

4. BREIG

EHESEATEEME . CCD gk (BEEIEND. BIERER THENSEH B
gy B AR SRR B BB O S R E5 8IS CCD G Sk MR RAE R A& 4
FITHEA, RIS S EUR AT A GRS A B, TH S AR R TR, AR
PSR T AR A AN R R AR, FEGETT HE BT e IRk Y IR b B, el T LATS
FRLE AR -

P 3 v B BTN B (R RORE AN B A, 6 R — AN b mT DL I B 43 1) g it
172 O SRR m R A SR B B St o B T AT RLEE A A, A B SR B R 4%
AR TS

5. HFHE

P BELYZ: M 7R R, A R S8 N R R R R BH ) — ks BE I 5 v o X R v 2 AR AR
SORLTE 8 — N/ LI (8], (548 T /L AR R 23 2 Tl HETE 7 /N L R ) 5 FR A
R /N L 1P i P L A 28 A P D B O P55 2 AT o /0N FL B i PR FL BEL /N5 DR PR A AR e
IEEE, AN RDRAR B RORE % S gk /N FLINT s /N L R R B 4 32 488 7 AR AN [R] R/ () | RS
Ty RN IX LE A S 3T A B T AR BRI 43 A 1 R KRR A TR BE I
BT FH B JOR 30 2 5 P Ik BB A R 2 3 R K

3.1.4.2 B EH R
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KRR G REZMITSR, R ILIIM T PESHK. ZKR2H (mm), K>S
Cum) 5 R GEE LR s R 2053 fEADITR S p AR E » 7 % (Mu
ller and Farstner, 1968a, b) f A MH: #>63 um; b 2~63um; Fit<2um.

Q53 RIIE - E e
O = — log, (d)

B © = — lg, (d/dp)
L d: FRLESE (mm);
do: FRIEFTRIELAE (I mm);

O TCRENNIRLEE .

R 3.1 JIBRBRLRIZR (FE Kohnke, 1968)

OE KB FEEAR 540 R (Friedman and Sanders,  1978):

ORI ES A 5270 A€ T = 22 i = ol P S D1 R R S E RO VP

QAT IIE . P2 WS ESESIS R T

@ KL B 2 1 S PR URE T A% FR 220K 43 2 1) o0 B33 D

@ B T B R B R EE A T BRI A2, BN BRI T A

MR, RS LGSR — R R, AT DA EERA N — AR PRI, (E R AR S 5
B, —EEHE VMRS s Rk, A 0ESRHS-207 E R DU RE (R
JEE 3 A RFAE o

3.1.4.3 BB 5 ¥

WAL R SRR IME . PR AR WE 1S5S,

1L FEfE (XO

PRERRLEL A3 (M4 S . I DA BERR R, MARRDTRRA T 1T 3920 J1 8 GRED .
R TURA T B E AT — 2 RS E IR X 5T RO 93 A o

SFYME AT I A 7505 T LA E B 25% Y 5% B R RTRL A L 16% 5 84% L &
ERPREFEAER TSP 34, B AR R A 20 A1 h 2 E b (ELAT AT — 000 A A Bl 22 (.40 AR C P
31), Elj:

¥ = Dy + Py + Dy
3

K 3.1 IEAANR /A7 i 28 K
(B: X: FHE, o WRERE
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PR R RS BN IR RITTRRIN EE S SRR~ 3k
BEKEZ MR REKH: RPN B AE TS HERUE A A ISR, HarAmie
LB/, (HAERAF; ERKIX, B TEREIT X DR E RS (o 3, HER
TER 2 LT — ity , Rbife— B A ffaBlECR. MR 22 (Cahill, 1981).

2. A

BRI 2 BRRLAR, B KSR ORI . 67 BB, AREIURATR 2k 110G
B (3.2,

Pl 3.2 FLAT A [ i 45 (KA 23 Ao 1 26

3. FEH (My)
R T aAR 8 G EET) ki, Bl
My = D5

FEIEmAS S, PR TP e T mAs S, e TP AME. ek, Xt
TIXRER A AR, PR BT A S A T R e S A PR A

4. trifEfRZ (o)

AT RAA% T 2 PRI SR

o= Dy, — Dy +®95_q)5

5. LR (S
AR EOR HY -

R B Fh ik 280 (So) EAIAIEST% 3.2 1, S, <0.35 F850 1B 1 frkE B4
So>4.00 KRk 2

R332 LORHMERFERL. SN KMIETEARE (Briggs, 1977)

oIk AR BRI R bR . I8, ez Ik RECE AR AR MUKAR Y S R
TR ;WM DA BT R A 7 i Bl o R AT 5, MRV HOK TR Vb W IR B A
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WV Ir s B 4F, MR oy e fe i

6. I Cag)

S AT PRLEE Z3 AR B R, IR RIS S T B AR B . oy i, T 3T
R, T IEA A E I BOH DT A8l IR WA, P38 A B R T )
¥ah.

AT AR

o5 = Dgs+ D5 - 2Dsg

M 05 N-1.0~-0.3 B, FRWARIMRS S 058 0.3~1.0 B, FIRIIER RS,
R s CFRUEEZS ) mT DLRE B 1) B 2K P FBTRL R & #2 2 (Thomas, 1972; Damiani and
Thomas, 1974: Sly, 1977. 1978). W HPkEb A IEMAS, &L RS 20 9 il .

7. RIS EERE (KD

Ve 25 A2 FE BT FE A3 A () PR R R 2 Lk, AR o il 2 1 2 o A il 2R i T R
AT R R

q)95 _q)s
2.44(D,, —D,)

FERIECMIFROARERS, FHIFONTIES, LSRR IS (R3.2). 1§E
BRESE I 5 b S A SR 0 A h 2 B Y 3 i e

3.1.4.4 HEMMHEX A

S GOARRLEE A 73 T, 7T B S e % AR E R R . A B e P B 1) E 7 B
LU IS ST RE 1o — D ERIZAORL i bR T mT R sQEAT o

Jerer? 3

T (4/3)erer’

S

K 3.3 Uil 1R/ 5 BRI 2 RV O 2R, i P R S PR TR B 2 5 PR i/ 1
s, B, BT TURYE AR R AL, JEHE KA 3.4 Rom 1AL
(Shephard, 1954) KRNI FE ALK TURRPIRLEE 45 4 70 22l = M =Tl
MRS B AR L. BB RBNA Tonm s (WP R A L RPBURRDAE) A=
Jetn s CHIRD—ipib—Rh ), BARdr 4 oMo g iore it B L B R0 g o Hoke .

Kl 3.3 Fikikifs Sl kR I R (Kohnke, 1968)
(SEER T2 % )y 2.65g/cm® IERIRBIRE; ML X REi Bk 2 ek, HABERKRKARRER)D
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K 3.4 WRAVUARIRLEE MIZ5 K 7028 (HR A I g2

WADIRIRIRLEE | S /KB SRR B =38 L [AF(EAE — TR AR NERC R .
AR YRR 5 &K B Z IR R RAE T FIEZ R

QUURIIRIE . BN E/KERR T IR S SRR, T E R TR .

QAN G &, SRAMEMITRINSKE, EA R,

@ [E A TIORL I PR NURLIEE 73 AT o T RERZMFURIORL A LR T . RSB SEE, DRI
KRR RE AN [F) 0 RLEE R o

@ %t F K X AR ks RS R ITR (0<D<4) SKi, HAHURSEARGHK (5
LOI<5%). & /K& SRR ] 1) 2% R AEAN RIS A R AL 2 TRV 22 A LD

OB RIIR (4<P<Q) HIAHLRGE, fEFMNE EA REA IR

©Xt TR LI (©>9), hTEKERZREZLS, HAZMERIEER, B
LAE 7K B P AR 2 T AR SR Bt o5 B A /I i B A 22

315 HSH

MBEHEaA2 20 28 )\ ARG R — T8 2R Cagy N T3, i, #H
AR I, o H K B ZR R RO, WE AU, rT A2
bb. WESHAET L - o S A SR A AU UAR P 81 T A3 B R DI S,
An (1991) FERFFUHE VAL T 4 - o LI I R AR R L, & L3RR A A
IR IR AR, 3R — AR5 TR S TR 57 3K P 2 S e 0 585 D 40 U AR AL R AR 8 4t
Bio IR B 3 WA B AR A S 2 DU LB TR TRR ) AR A FT RE B2 [R]— e R AU A AL 1Y
P, WO AR A S R BT R TR RGBS DY 28R AR . 1K — R I BRI OB v 1 5
FUAE VY 2030 o7 7 B IS LA G, th AT S IR 1 R Bl 7 vy AR 7 ) B
XHBVATUR Y A PR ME AR S R A B — AN B AR 73, A TR HEAR
R B, P UARE R L SRAT I R B A 45 2 o R s 35 Sl R 3 TR
I FEUESE, VAT R LR MK 2RI 5 B 5 sl A\ o Bl DK &R s shid e Ay
Ky WIDOKRPIRE T AR L8 ACE A RIBERAAE. B, WA TR b R P MR R
A BLS R SRR S AR XA AR e . BB A S B TR N, H TSR 2 R
XM RINA TR YT WA R DR AR AL S B (Yuetal,, 1990).

3.1.5.1 Fapdgmpn X

ML B FAFE LSS, AT o i = K2

1. YRR

TERINNMEEAAAERITE LT, A BRENE I 7= A AR 55 10 e ) S R I, BN $T
WM. tfase, K40, HiRa%%.

2. it )
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TR AN INRESH A AL BB (R4 . LRI e ) 4 43 BUR T4 M2 A B
HEL, R4 T AP IR, ETCAMINREAAAAERS, X LE R R ) 7 1) & 24 L JE 2
(1, WORSREYE . (B— B IMNEHAEAE, X LETEFFHE /NG ek 23 A 37 )5 TR HEB N
T . W LR A SR BT, BT, ST BaRES

3. BRHEYEN )

A LT IR TN RESH A AL I 50 S HR AN, e OB TR o BRBEVER Wt 2 A 31
HEwEHES 72, AT Aoy R SRR REPE R DR SRR TR P R IR REYER 0 S 1)
HEZ (miws, (HEEIRREGEIRTY, RIS EdHRE AR S RIVER . B0 % RIS
CHNFRERT) HIS M B, R SRS 2 [ AR R 52 &K ,  AE TS InRE 37 i 7
Rl o DL SCBRREE R 0 RERAT ARG AR IOBRREVER W) 2 BN R ATk
IESRERNE

FEIGRLIE 48, LR (RIARLE 0.01~0.001 w m I, FHAT 5 I REME Y AR AL,
BAEH INEHAFAERT, F P SmamE 2 S itk GH— A5 TR, TR A R R i
T WL PP R CGRIUAFLREA SR AT IREYER 4D, AURL R R P (R IX R AT SRR it
TR o

3.1.5.2 #a A4 &G e A%

1. itk Z (XD
WAL 2 R ARV ARG F RGO AR RS o RS HTR Y R S A G SR A, SR H H
YRR S B R, — MRS, BRI R B, WAL RAE & . S H0E )k
WL T WEEARRAE, R RO it bor R A 236 BH SR KT SR R 22 W R 40
2. B (Xep)
FRIEA IR AN R, DI R R R AE R, Xep B A RAE:
Xir — XHF

Xep= ———— X 100%
7o Xir

Horb X IR, Xpe: WRALR . ZS BT T E M W TR 5 (R AR o
LERREEY) FUBRRAR RN RN T 0.02 um), EEHE R, HH IR WAL R
PERITTRRIR /N (BRI X e <Xip)o BRI, Xep 1E3G KR YT tH A W I ) i 4 22

3. WAISEIRFME (SIRMD

fRAE 1 RRTRL (T ANz s FE T BelAE w45 2 0 i K . & BE S0 P28 BRI
MRS EAEKR, XA nmERE. S8, ZER2y MAEETT A R ke
AR . AEANFE )2 SIRM AELEZRBEVED YIRiAE/NT 0.0 um B, BERIAZAL RIS, 4
FAAERKT LumBf, MIEGFHR. SIRM SRR (SIRMX) BT DL K2 R0 4
HE, Biztbftmnt, KRR LUREE . 84 N RN URBEET Yoh F.
4b, SIRMIX AT ARG P ki, M E R, BEEIRES B 0.04~1 nm IR
A B, AT RE BA/N T 0.04 wm BT 1w m FIRRCA 3.

4. JEW S FIEE CARM)

T RE S AE B SR E IR T PR RS AR RE (100~0mT) S1EEM 9k (0.04mT) 1S
IS AL, 2PAFAE G R AR Ut LR RS (E R, 5 R R S E
HHEIEMRIER
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5. IRWEZH(S)
X3RS SIRM (A BIRE Sl it LA a1 3y, D6 5 0 10 iy A AR PR sk, I Tl A 1
hnsg. WAEAFE R (n—20mT, —40mT , —100mT 25), ] LIS AN S 15
_ 100(SIRM - IRMkn)
e 2SIRM

Ho k N AR, AN ZRFEERL (mT), IRMymr NANE S AR R 1250 R .
XASHT CLAR e X B, W S {EAERE3A N —40mT 5 —100mT I B Af A
3 90% LA b, FRBIFE S DRGSR 9 3 o TR0 BN AN 2 B S im0 S ml
75 F|—300mT i, S EAEEVRIRIK.

H A5 B0 5 TR RGP S B AR A

OMS2 B FF2 AREMARMAL, ZAERERAE Z 7l , A2 BF AN 8 BEAL 2R 1) 3 24X 38 s @Dual
REAZR PR Sk, F 118 2 9 8 DR P R SR R AR A R LA (Xep)s @NEERHE T 11X
JKME 1A, FE R K2 SIRM. S 4.

3.2 WAV AL

H AT TR 2 B e o Bl ks (R A ot S EL 5 A A b ) A i 3 RV
8 BRI, — AR A TR TR AL A 2 2 SR DN A A 5 73 DDA 5%

2 IR R R BORE T3 VRO S UTRRI AL 2 0 i e ke ok, BIVRTERASAT R30I &
FRA B XA KB G R . ST VUM s b2 M e 2 — e RO a], By
CAUTRRMIIA) 3 TAR ZEEE B — A7 B EREEKFEI 70 TARAE R M AT 2 GRFPRHE
b, ARIRRFE T4, FRAER AR GUKFED T 50 HIEX R — SR R 4
i, WTUASRIG VR 2 A ORI SEIRALE B

XHUUARID A AT 20T, AT LRI O AL s S (1 T IR iy S i okt 72
FINRITOAR B T, AR RAE T ORI P S B A dr pi k. AR L+48
R T RIL,  WATTRRIC S S B I AN 1A AR B A AL, BRI N 381
JI BRI AIC KB A . FIRNSRATIRIC R M6 B0 7 AR IGEZ) —T5
i, PARIX =2 (e A AR .

321 YIBRPmRRIE L

DU A 25 0 2 I SRR o0 AT BE S W T DURR AT By () vl M Ly S0 A BR85S
N T YUY AR A B AR R o AT AR — AU AR S A E 2 BRI A B
EVE IR G, VF2 GRS 1A 2 2/ HusE i b IR Ess & 1F H % i
SHILEWE GRS BRI s, RAHHTCR Ao TIE, 1 BTt
AIFESHRZ WA, XS B H e m.

TEWIADIR LR N (3R 3.3), EZILE Si, Al, K, Nafil Mg 5% T i FE KT
RAA (494 80%). EAXIE, WIKEFEELA 5N Ca, Mg, Na, K, HCOz, SO4 Cl,
NO; 5. HUCHIRIREE TE . Bk AN, AHEFANED FEETE (Mn, Fe,
S) ZJIMNRETLRAS, AETFRYIN 20%; WMEITCR4 S (Hg, Cd, Pb, Zn, Cu,
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Cr, Ni, Ag, V%) fEUVIHIFIEAE] 0.1% (Kemp %, 1976).

2 3.3 WATTRI AL e Ry E (Kemp 28, 1976; H&anson, 1977)

3.2.1.1 %21k

FERERHENAVIRRY Y, B8R 45, BRIREE — ik, DLRCHENURSETOR A HE A,
KRPINER ARG, HETCERM BT V20 I L E Ay . FSABRIR 2 A4 A
JFGHA R EEYURRY),  TREAEREARES B SIS . A PRI & B WAL, BRIk
TREIEPA A WU R 25 B A B A 5

HeW s 2k, BmE. wredmrh, SOORTA. . &0, Z&F LT
R, WMy WA s . BREERE LI B AEE, MRt SENULED
Zitr. BREBEG TN YH; MRS RFRIE S SEahb eyt , AR
TRV, BRI LUEE 2%.

3.2.1.2 %k

il

BrEEILEI, B RSHCREA S R Z2 MR EREA S, REHE
B, BR AR E D E FRLR

BRI Pt R IR 2 B IRt R 22—, MY HFBEE R 2 BUR /KM e b A2 4a )
JRaG A B s R Jue R &R . EJL TR, BT HEORE AR AiE TS KL
MK BB SHEG B A KA (1 S 2 ORI, IR IR R IR P AR
KI5 (Vollenweider, 1968; Rohlich, 1969; Golterman, 1975; Wetzel, 1975). i
NWIKH R ERE, K~ A s, 8RR TURMN . Bk, SRy
i B EAE, RI—J7 T m] DR DU A S (A E s 55— D7 T a] DL =1k,
I KR S FRACEERE .

VAR RGN B 1) 32 EOR IR A2 :

QA& A HIRAAER . LLBEK AT [Cayo(PO4)s(OH) 1 N E , 1X—RIR IS5 R AR RS ITIE
(R — JEC A R IR 1T SN o R I R MG BARMK, (A DEGI SN OL, e Kk
HHb XS R E A .

QuHth: BT BEAEREH, A XA KR — S . RE R BRI, Bt
HEEF R, KA =R 10 544 .

@HBIX PERIE Vg /KA DAL R K): 20 2B BLsk, TS K BHkR 2 o £
WA EFRACT RS R B E R 3R, MU EE Bk B B s Tl T LA AL AR B
FLT SR LR, BB L) @S, SRR T AR EE M.

3.2.1.3 4 & 1T%
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B E 4 R a4 R 2 e L E KT 5glem® (428 . 1%Lk H 4 J8 7T 2K ] TR AR M A i
PRI, JF HEAE SHENMTCHUER S & TR e s e mnEs. EeEaiii
Y RIS N 0.0%, H UMb AT s AR DT BADUEY) S EE U
SR, H T A E X L & R e R m it es T KRS, A E S RICR TR
XK A S, FTLOX e E SR 51 T ANTIRCR IR S8, 3 VRS e N 252 1)
INEEYD o

HEJRIRIE AR/ KRS (Farstner and Wittmann, 1979):

O %5 A RAAEH

QW A FI 4RI Tollkn T

© & JE 4R/ A A s

@ Jar T R[] 4 P ek 4 R PRI 6 A P 5

® N FI N HIHEMY) .

He RSl R HRK EAKHRR TR S NBH A S R g
1. EEREFTMIUAER S ERE, ERRBRE PSRRI ESBEBHEY T
PR SE S TUA PP SUEALL, EITRYHR I E SR A AT SERR R, FEE
IR 7 Hh 25 2 RN 54

A AR I E e B S, e B S TR EA L (Krenkel, 1975).
19 e “ Tolkddy” B, AAILRETRY P ESRBIKRERE S . BT AJEEIm
B ES)E, FEH Cr, Co, Cu, Zn, Cd, Hg 1 Pb. WAVIRWIHEL RS ENE
EWE, NBATETS e s AR TR IR R . IR, B RTR FBRT TR R S R o
RIS A 2 AL, YA N IBIVAT I 55 K I 25 A 75 YR & @ e 7 s 5 g s .

VI 2 B4 83 Z BT A2 BN AL 55— AN R 2 T e A1) 8P, 1 Bowen (1966,
Farstner and Wittmann (1979) %5 CUx) 5 4@ B 1 (1) = BEALERAE L 21 MEHE -

O HH T2 R B SR L 4 S B R0 B AT = S L SR A 7T, T AT B A8 AR 4052 B9

@ HE 4@ ] 5 3 B WYY Bk € 45 A

© 4 J@ AR ) o0 R A VR

@ TE&EE A TR, MM 740 rEE

G T HEE 8 v DR M A R R E B e e R, ditl, A
TER R Thee&a T k.

PAppb (H05r2z—) SBBcER, IR ERIRERISI TR A: Hy, Ag 1 Cd;
mel ppm (H A2 —) FHIRILE, ©FE As, Co, Cr, Cu, Mo, Ni, Pb, Sn, VAl
Zn %, U=w S HIEItE S Al, Ca, Fe, K, Mg, Mn #ll Na %,

EMAIREE S, BERTENAEEA o EZE, — Rk, DB FREAHIRTE,
HEMaE, mHEHEESEUMSRIE, B cro,” B Cr Wtk K. WALty
SO AT AR A R G0, DRI YT O AR A7) (1 55 1 A R T 2 10 TR M 1

T E 48 DRSS NS S SRS &, BT, BTSRRI e a1
SHRHE N, A, SEAY) . IR LA NS G, B BRI 1)
Sefgl o HEEE pH EAR. AR BT P TEHLDTAR Y B 4wy e F B B B R, 1X
SRR LT SR E SRR, W g . SE EA IS REEMIA A S R G,
FEB T YRR R e, B RTIESDIEBKBRIER . KREEEESRNEMELSE pH 4
TR SARTIEOR, et LU R U BRI R e g, ZIEE F R 2R 1L
WK, A LB TR R I H #E
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ETAEVMNERTESERESRNOFEL, L ESRFENZAILRE 2. KRk
< B IR L) > BT DM BRI A, (DR I — R BE ST mT = A A 4

BMEZ, PR EEETR AR E AR NAR RGN, AREGRIEL.
T B I 8] R LR BE RS AR 5 281, EBERR A ANV 2 A5 S H

3.2.2 WAEVIRT VIR

WRAE T WA DTAR R ), H HoRIEF 20 WBL R =38 (38 3.4):

(LD A=Y

AT YRR T AL IX, — 2 i B A mits . WM. RS
BEvE LA R NG BRI 4y, CLEATRIA AR A R R SRR TR+ . fth
AET DR 2E 53 T HR A DT VR A L e e O AREAE , AR N R MUEIE IR G R . R E
AENPIRBERERR SR B L AIRIR 25

(2) WAET)

WAET W2 B TR E R, ST BEEUIRE 2 IR RN %, 2
KA A A B B R s . AR IRORL DT R E AT AE R I T — 4 TR s 1Y
IHEIA . . @ FERATEAY, AR SR G, 8 rEMER <RI @
FEAS BRI, BRIERES FUTIE A R 2 H TS G EH R pH B EER: ©8kE
VI AR AL pH (AN A8 S5 45 1R 18 I O3 T AR Ak

(3) BAT

H AT W) 2 H TR R AL 22 A BE S5 A T BT DU . At BT 90 F0 P AR
WILEE 52 4540 b 18 Ak BOd kY A o T T BT 0 R, — RO A TR, DRk
THE AT PRGN R R RCE B =Y. 4TI ) B g0 1 iR A [ AE 5 VR 2 1)
(P4, TS 1 Regilfe WK o R IR e, Bk, HAT YRR EZ,

WA ), R RN s N ). PR ERE, B AERE AR
LR SR, R ZEOR AL AR FMER R B Tk - BERR AN S N2 AEDTAR )
WA W2, RADEE Y Candrfifq) BErTDAoa A A, dm] LA N AE AT E AR
Al

x 34 WMTTRMT M ETT Y EHRE, 1989)

3.2.2.1 B £

RECESR UL, BRIR RIS Y WA IR A 4y . 7 A R A TR, B
g SR A AR R — IR 2H 5y AR 200V R B IR 6 285 2 2 bl v B R b X 8 KUAk
FIBRTT R o X T AHRR. IR 35 AT [ 78 R H XS5 4 52 X P 7 22 3809
FITUE B o 5 il pAth AR SRR AR 280 2 T fil /. (CaCO3) =/ [CaMg (CO3) o]. WZE
TEFHRERN IR £E . ARSI S X, TR, SRS ST Y2 R XACER, f#
AR K SRR s & Ca® B T HCO; BT
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CaC03+H,0+C0O, «>Ca*"+2HC0; "

CaMg (CO3) ,+ 2H,0 + 2CO, < Ca®*" + Mg®* + 4HCO0;~
PRI, 33K X (3K T & A BRI Ca®™ HCO5 B CO5° 5 4k mi i 441 ik 3e
i, A DA SO A SO BRIR SR I LE .

TEVIERSHR, 7K AAR PV AR 1 — SRR AR P52 AR K A TP 2 1 5 7 AR A Y A P e
. ERACGHIA A ER N, BT EERe OB K RIS, TR
A5 REA o T ELER T AR RV R B L R P T v A, BT LA, R KR AT A
PN A T R A T T B

FH X S FH T PR B PR G 2k oA 0 B B0 OB A v B A R8s NI JES o 6 BB IR (KT e v
D5 A N UTE IR R 5 AR B e A K, R R OR AR AR A AT
B, B R A KR ) AR, R DAVA A B I I TS I A A

F—MESMEERE R, AR I AR SRR T pH ST A DUEER .
Ji A TR EERE pH AT =, FIRBRZ G A AR R pH (B TR 2~3 AL
WA, R AR A T R T s . B BT TR, TR R A,
RPN T A M R UL R K 2 SRR I, BEWE R AT A, A
IXEEIRETH ) pH B TN 0, SR LERHIR Y

FEFRAKIBE AR5 B 1 b A B 6 7 2 v 1) AR I AR W IR R 7 A 1) S LRI 11
Jis AEEA WAEBRER E 0 RN B DU P (R iR 2 AF o R AR P s (T , B ER #h T
W . EHEHBRE AT, DU R R R R B, EENL AR
WS RRTIR BRI A, 18 BRI 65 TE UG S5 0 R B E 7 A AR R T R i Bk 34« 18 Wetzel
(1970, 1972) HIWFFT, XECH MU ETERRFEC 1 IRBR SR, e TREIRAFEDT
B . BIia— 280 A AR R ISR AE IR R NP AE I, KRBT A
- R R TR R 3L R4S 5 (Callender, 1968; Miller, 1971; Degens, 1973).

3.2.2.2 AR H £

H5E EER AT (Si0) BB A R EERR SR W2 ) . FEAR ZHERR 62K
Ty, AT LAVE S — ORI T, X R MOV ERRERR B . R I A R R P A
AT RERR SR R B A K R AT RS HE N o AT LA, RERR LA ) 43 A A= 1,
KRS, HMIR e B, JF H DA /NSRRI R ok 78RR /iyt
R, DIERP SR (52 wm) Alb g (>63 um) HEER T 5 N3 (Miller and Fé&rstner, 1968a,
1968b), TfiiX Lk g 4H 43 R ) 32 B2 A e A A

BT IX L )2 A A, BT CCEATT R T s XA IR 2 . TR S T EAT]
gER IR EYE, AT FEAT R VPN X SRR AR I T R 4 2 AR B BT R A B

TERAZ/NT 2um B LR ANR A sy, A KEMERE Y. &t yeiies
B R B K ER (RIFE SR R T 5AKKRAE R BUREIERTE R . 5
e LRERRER LK, BOZEEN BT FE X ) SRR i i 2R 2

Sy el & b SIAEE S R SR A AN, B Y A e R
A A EIRRHE, BTS2 AR Y 507K 2 R A R A8 e, 1% et 57 5 280 - Ik
GEA R, T YE THER AN, HhEAEMESE RNmAEZE EEF R EA
DU T, B2 \THER S CHH R 275U TEHES 1) SR 7R\ T A A R B8 J5 7 B
HED, XL HFREU ZERS =ER RS, B RE— AR ER—
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AN NHAR Z R o 85 12 2 IR A4 A SR AT, 3 U B 5 2 2 ) BRI PR BH 25 - FIUK
& ARV S AT o DRI, 6 TR B F2c#ie i) Bbsh, e e B A& KE, mT
WORLZE/N, FLBREER, ARG RO A BRI R IAR, A T RS E M H . 74
F R MR K, AR 22 AL B S I AR R AR O

B LAY Bt W B B S 710 BB B AT R 45 AR B B RO AR I B 25 1 X i B
VER B M5 AL — 7T 5 HE 1 i APTIEE A STt i &, 07
M, B0 e BRI AR A 45/ I REFR MR (Stumm and Morgan, 1970). Bt4b, Zitw”
VIR 2T SENL SIS, 1218 Jenne  (1977) [OWFFE, Al L0 MR A —F0 T
VEA LT (LA 1 5 )T

RAEWADTAR A P RER T ZE 4 K B AN I RERR A5, (E R ISR A ke T
DU ) N A R o A B ) N A SRR R 3 N SR B R 1 STO, TTRUE . 725
BRI PRI I, AR SRR R VE 10 R G A . IR SR M K
WelichiE, DMEEHS B SIS & SR, WARRART), HiER7 s
DUBE BB . EFELE TR, REEEMRERR 25T ] LK IR BI0RAF s T7E 5 — Ly,
TR A AT RS 1 PR A R 1) SO, M LATEAE, B FL YU FIAR BRI, e dntt ., fek st
A B ()2 R U S AN G TR , A Ees JE s 5 2 R i
T AR AR LR A VR I I B BE 30, LT AEVTRUZ TR 10cm Y581 (Jones and
Bowser, 1978), iRk FIABIR IR HATEAE R . — M REMIMERE, BT eI
AT R TR SRR W N E R DAL, N AR Rk e R AR, A A
TR RSB R R A 2 R e

3.2.2.3 mAbLdp £

TR A7 T R A v (B A ) 5 2 AR AR Bk . T R A0 20 T 0 BB e 2 A
SO, 23bJE Ny S%, XA A AR RR IR JF AR o 763 S AR AR B R 6 v (1 S R R A AT
WUE sy A, o —FE 5 HoS. YA Fe? IAEAE S350 T M 1 FeS (13T
VE o TR B 75 EEAE 58 A8 SR TR I B

E— RV M R R, AR AE AR N BT (FeSy). Richard (1975) 4R,
A S BELE B/ LSRR RS 0L AR gk 2L AT o TERZHTRY - KRG, REE R
JRBR — BRI T FeS 7] FeS, IFEAk o (BN e, SR e K2 HUE ML AR,
FeS IR ALAE FH AN B A= P DT -

A BRI B T B e BEAE BB I8 S5 26 At N IEAT, BRI K2 e TR = &
E AR, 7RI B Y S A B AR AR, FUIE A 58,  DABUGE I
JREALREE] 100mv BAR o (EJE BT FeS /2RI fdit, Fril, LA FeS JE4h &gk, R4
IE JFE AL pH B 2R I, R BRMEE R e/ 2. H5L b, FIERT FeS
PRI “PEBE”. &t nl@ i U 5K 2 R PERE . @it 5 H e o R MR B,
IS 43 e )8 . FeS TR AR Al DIAR M BB I Re 7T FRAIS, RO BEAE DTAR
1) ] 5 g TIE PR AE S Bk A E S 5 .

3.2.2.4 %, BifLdmk

H AR B E SR YR Bk ALY . AEACIAERL Y. tEAh, BRIETT S S
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JURMERR #h A o 23 HICIRZAS IRk DA R #h UKL« oMLl LT R R L 1) 484 52 R T X
R T IR, PObre S AR . TRV R — A TRYIT . K2R
WAEA D A AR, SR TUR Y T AR B A R A A s S I . A ) R ik
) 3 B F R AL IR SR L B AT pH B ESSRRYE BRI pH B2 AF T, SR
BRUEEAMBRIIEAAAAE, A I A B % 200mV LR pH B AP PERFIERS, =4
PTHOE FE —ek, FEREPREREFER R L. HH, Fe® B T REATBIIILIR
K P e BAROE [ B . AR AL Eh ZRSERRAR, U A BR ARV AR R BRLAL
BALEWIHIE DT TR HIEFTIRIBAALRT, ks T RA R =k, JFEBT
VET K. pH BRI AHA M T 2SR R E

HT AR SR AR T T2 X BB, BT LANRER, e iR 2 LK i 2B
FoEREEN KR, £, WITBRRIEA AR . AR 72 g ] A
FEEEREIIRI R A 17, PTG R B A fa i, XA JC N5 .
P, &H MBS IRIE S TORY),  H BT IR X w8 IR A e IR iR R
JRULT . ARSI SR RUKE 5, Bl KR T30 26 T, TREA AR A ik
TR AR SR A SR AL T

AR, AT A AR 23 HIOR 30 A & ™ ) A R e B2 2 R SO AT SR TR R A
TERRRERIEE R SRRMBUAME. DO B ER B, 2 h TR 41
T I PR UK A AR IR 25t

UL A S HERR TR

Ol ERIBE AT o

QHWLEGEE . — A NUIRERSE T A AR, JF BN S .

@G EY —FVIIE. WERBURINE A, B =2 577 A LIt ).

CLEAFIAL AR 2, PuE TAMNBEGS BEACGH ). AN, G &N
By g &, T HAEIR KRR RZ BB WA RS 5

— Uik, EFNAVURYIR, B S R R T AU S . OB X
T ARBEACA O VB AL R« (HAES B X U, BEACA B AT BE A S AL .

BT, SRR AR B 7 F) — WA A A R A A AR K . TR
FAAECR TSI RFE . BRSOk, KRR Eh . & TR BL RSN IR ot e oy
o PUOMBOKIR M (I A SRR X s b /s, KAk ERESLREAT I, Bl TR
P e ) A A P — B o K IR A G I 38 v, ABCREAS (RSS2 (R ORR A o ] DU AR [R5
RSB, BEFRWT, MAEBCA BRI T SR, mAEREACA T
HUBEAAT AL AN HERLE SR AN R XA (Williams,  1976).

Jla /R B e i B AN B A TR Y T B A B . IXRREAERCE (MR
BA) BRI, WA B R A LR

3.2.3 PRI ENBALEY

FEARZ WAV, AHUB AT S Rt e AR Z B AR A LB, W] LR
ABIGOR PR T R ANETTRY b AT SR R LR IR Ay, B — Dt
B A T e O A LR, E TR ) SR IR A Y SR O B eI

AHUBRAL S P B S S PR PRIV Y 0 R vt DX 400 0300 )« ot St e X1 ) G
B, XL A FE DRI B A LU, HAR & ERR TR X A4RIE, HA5#hm A
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L P

KUK, SR NI 7 B BE B WAL H R B g i . JoE TRk
R MmO, ORI A MU L2 B 55— 2 DL A e A
F, ZRTEFRVFEA RS, FIA P W5 .

3.2.3.1 Bt eh

JE3 B o 2 B2 AR B AR T AR B, B BR T DR SRR, ] DR B AR
ALRLEE SRR DR T, AT 2 BRI TR A B R X . AN RS,
JEFEACE VIR T AR 2 DUAR P S A HURK IR 32 555040, 1 HXE B RARE LA VR 2 WL &,
R ) A2 o JeB R P 2 A LA M S = S

J§ 58 R B A ALk TG 2 2L R

C: 45%~60% 0O: 35%~40% H: 3%~5%
N: 3%~5% P: 0.5% S: 0.5%

ST R TR o — M L b (RSB o R A, (HR A T R R R R R
KA G, R4 BRI IF LR ZR (Gjessing, 1976).

JE TR AE ) 52 B AR B B AR AE T TR BRI, 16 R0 B R 1) e L AL SR K
JRER BoKEY) . BB . S0 1 &R IS A R 2 2 A 2= & R,
Fok— P B ARAE T LA A A RS . B IR, FRHESH R E AR . BT H 2
R T eat e FYERER) “AMREEMIER AR DAk, &8 BIEER R ARG B 8774
WIBERRIE e r=AE U 2 8RB R I

JEEE A SRS R AR g, X UTARIAR T E O RE s, 2 b B A 1
e ZE R (1) o XG5 S TR B B R A s e e &, fEERedI, REE
BRI, EATHARR - WXGHYE, mHTSFZ HE T RAEDER N, AiiE
JEENEYEAE T IME &REEMNEETT. BT E S EER TR Eg S
TERTLDAREEY, 2, #SESBMEEIEN, U, XM5&EE SRS dEs EE
a8

JEFEA G AT DA SO B = ek, BRI, FEE SR E R DU S R R
FE k. SR EE LA RIS 5B TR A RN, SRR 6 FE AT
TR IR ER X TR - RS S IR BAE A o AT CN IR B — I R0 2 TR A 5 W v
EIRREHA EENE X (Bostran, 1982). JEMF S5 HEHNLAEYI KRR, "JLid
MAEFYE, AFENEA TR B RRE A TFEY. RN, SaPiRRY e 5E
i ] PGB (Povoledo, 1972).

JE3 58 5 0] DA el vE G ORR A ) pHARL, & 7 J BE R B TRR ) R R R PR AIE (pH 9 5~6) 6
[FIS, BTN EARR - e, ek BEAZMAINER . HS5KRERgGMHEL, R
TR RE SN, AR AERIR SR AR IR E A S h, B R AL & A O FRAE pH
A F B R SR b, E S R EE I TR T RRACAE F (R BB YEAS S RAL R BRI
EHRARGUTR) .

DURR A A F o 1) 2 A TR R

© B 5 5 AT ARSI & S A A ML S B

Q JEFE R REME BN AR - Bk - BERR IR B B, S2maElva I E TR .

® JE A RA 782 pH AEZ R BIE .
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PRLUE, T SRR b AR Wi 3l B S R AT e IE [ I — TR A AL &4 B0t
—Igz A s > & SRR HRT, SR TR AR SO T4k 2 S AN AR
/At ot 2L PN B 6 S St] 1 P > SR & ey B 1 0 i 2 ) B IR (B3 RUIE 2
S R

3.2.3.2 AMirENES M

bR EAEY) () BRIk BB IURR 7> 1. EATHE
AHUFEA R B — € RE N, Bcn . R s, (HIEAGRAE T
eI A A R 2R, R8T R BRI RGE R, AR —EnEMER
o BT, BV S-SV Qi 7 BN 4 A A oy AR (R,
BoKACEY CBFEILUT B RIEMAIARR R . 31X 4 BEDbREHED T, BHRAEANT
ZHRRIEMMEAR X . MRS, REMER A ERERZ, TUETFS
MR ARIIRAE TR, EE T KAV A5 BB Mk, \EAR (R KEY)
FEEBMHLSES, HEITHENENRERLS . £ UH T, B EZ 1 EYREL
EWRERIEI T, B, DTk B WE. BAAIRRSE, T B R XA bR S AL
YIRS, SR PARIEDU AR A SRR ERE [FIA R 4L AE .

1 BRSNS |

(L MRk, FEEEE

VIR EMIR Z R Zox s TEAIMCEY, WiSE, wh3E. nhRSREEE
R IRIRINZ AR T EANRE 5 5 AR AL 7 7 IR R DL A E B SE B AR,
Al B 5 SAENUR AR CIEAEIRRED AR 78 a5 TR R Ra U s IX 2 I1 k.
T BRI EH, ShF R (GURRIHT R ER AL 2305, I b i FAB 03 85D 48
SN FIRE L S AR S R RN A, PRI BRI K Ty S A L7, i b
LKEs

(2) BEHAkA&NE, A

IR SR LB E AL S, AFTERL, WEVRSITURRA LR, HUa i
MR EHEN T, FLD 7 —MERMERNYE - AN LR, TR
Mrf . RIRR BEAE R SR LR X sg e R AT JRUa A st Herp
WA= br EVFEEYIR R 2 DI . R AAAE . XML RS, R AT
MR A — R A, IEBRA TR E R E R (FER A A MK EREED, e (ff
AN RS RE RO HANEE ), TR B AL, SR E AT PR B 1 SR 6 B A AR iR 2
RS E R AVEE bR S OyIX e “istfe” FEMfLIEE, W TAREA
HUT RIS S SR AT . T 454 1 (A 3G IR AR A, AT T IE#la LR 5 =
A VIRARE TR 5L

(3) FHERISLAAL

EVIRREME IR Z BA =485k . eI A DU o e A, 5 E ) L AR
WEEFeAL, BISZARSER . — AT BRI 5~ Ab T DU E R G IR S 4 ASE 2R BE R
LA AN BB SRR, BRI AL T D B AR . KEBAEDIREY RA L
AAXIFRAL, AT SRR FR A, Rtk Ot miii) AR
S A AR R X R B 22 [ S A A K S A AR 22y T L €03 - J5a - T SEALBRML 0 0k
TR PRIk, AT RS (8 A8 B A bR B SEAARAL 2R DU B E A T TR
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(4 FEM, BHMHEZ, oMh)

VbR BV R A Sy, BARIX G bt TRk — e W, EFRMEEE 5 TR,
SR IR R, TEAT— B A AL TR A R T DU R EANIAMNAAAE T RS
MUBH, BAETE TR R R K.

H AT Al AR SR EMA T ILEM. HHIARR. 826, EPRRR G
J5. MRIRE . HHUBRA S . (eGSR R LG5 M A CE IR 20 EH, Wi 65 (Cus)s
Wil (Coo) AF2iE (Cos)v =i (Ca) VUG (Cuo) FILSFMIMA, J0HIEITHIMN T
o BRWAIER S, HASEE, 4RSS TaE. k. XEEMirEY)
A H R AR, BRI IRAT AT LAFS 4 R 2 M AR b SIS S S, BARSE,
FENAE,  DASBRHRANTR] 15T 7]

(5) —Ue/EWbr EMHA R IE—H

— R, VIR BRI TS S A . IR — bR B R IR TR
SE I AR BV TR € PRI ST IR, DR B IR SR bR S DI RE . AR S
St i AR MR A AT 2 T 2 R R Eom e B R AR

2. FER

(1D AR I

TEAR R R I T8 IR Co- 3 K0 M B 2R C R AL A YY), X e 4
TCRAHFTRR (4 3-FEE-3, 5- R 45 M ERERA 3,3- — HJk N M ik
FRATARI . BAR CRIUEH BRI ER R I, (AR RZHORR MK R )
e EWIEEK A C10 Cln, He2: )LEE). C15 (4n, JAWERE). C20 (4n, FEEEAN —SAEE).
C30 (i, MEMGMMELD 8L C40 (LN, XUELEEEES) . fEVFZ AT, AR
THERBCEAE RS T 0 IR A R R R 5, RAE XML& iRE 15—
TE A TSR, T H AR & T A S M A% 8 X (HRR 2 30 L ER AL 4185
—F, BATH XL SR NIRRT W

B T RER AL LAAE, RIS I EH S 5 [ A 2 IV 2 B RE BTN . iX
BT B, B B BRER. BRI ERTAEMTEN M — RIS IE . TR
B LR O IE B A AN, FTREH I “3kxfsk” “ShxTRE” 5 “REXR” MiE
YW

ERZH AR T, DS AR R I G5, BRSO T,
CLE R R 28R a RS EEATA AR« 76 2 B A Btk iR b R0 T 1R, I
HET DER A R . 7ERLTRY T IR 25 AR, (H nld i el R ik
%K.

HiF AR R R IR AL A I S e T TAR A B TR ORER S EY T
fRILATREMSE TR R ENRIRIE:; @ENTZRMEAEIEHXR: @ ENIgii 5554t
TUURRI AN PUAR D FA  )

HTRRR G AEMEERFEEN, FFEE Zamm, efdEE & TENE s
. MH, BE%E TR E AN S A R AR T, X e AT A
PRI KT B RER DD o 0, AR AN e 78 SR i v (1) 2 B RN 4 58, J2TE Treibs X Hb
WRFRI 4S8 2 ST s VR UE A R SRR T A P e R AT AU IR 1) S — AN D7) (O AE 4

TERR R I B T BRI R . 56— JOR IR R R s B e A X ANV R 1
PRICEARESE, DA [F) - AT A U PR R 2R ER e &9 7, TR LS e 4t &
FhE BRI 150 T o XN IEREANE F X KR A B AR AL 2= 7, IF B
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T 1 O AR I 2 A AR 2R ) R A AR DG e A R A Bl . X SR A R R R
T T EA R TGRSR R o Im b S sCE 1 T SRR . 5 28 TR
K36 5 IR IR B H S RCE E AR, B, AT R A WL ok A s 1
AR, BRI R . BRI e 28 R S AR B R AT, IR
TEFEHEIR 2 A E I FR IR SREE (5 B XM LR L ae F T X o At
DURI R IR 2 57 I 0 IR R AR SR DR AN U

(2) itk

F 07 B A A D AN M S 1) B L2 s oy, B EES . JRAESIY). o m S A
TE W P AE R TE AR A SIS, i T& 8 2 MBI AR TR, DAZERFILfR 4 40
rimshtt. Kawamura 7EAFF 50 H AR EE BV 13 20m 20 R B, ANHLURIAR 7 R 5 P
TR I & B L C18: 2/C18: O mIME Sy S AL Fahs, Bt C18: 2/C18: 0 LhfH
Xof L F AR A A B R B

NI RR IS BRI 4455 (DL C15~C30 BRETEFE V15D CPIA W] S BRAH TR « IS & S5 A
WX GURA A LIS AT DTk o 200 T8 R 28 B T R AE /N T C18 BREE Bl 4 (B A AR 34 B K
TR YY) C20~C34 JulE = A B AR 35, Frbhisr CPIA (AR n A i AR
HUB LRSI . Cranwell (1974) e, & FRBUSIAA T308 7200, iy g
IR K] CPIA {5

IERIITR = C1972C20" (L/H) & M NI EEDS . BRI 5 AR i S R D AF G S N B 1
N—NEUFFabR . B W IERE TR LIH B 3R B P J50E HUBR A5 N ARG 3 I, R A
EiERN L RSP S = L BT

3.3 WHHITRR A S HL

WA YA A F SRR AR B 45 773850 L H Y. B, 4 K
EEMIN AR K B2 BT ORI E JR ke, IFRILH B R IE TR K

FESEETT T, PRI WK RN E IR LG G A AP G, B ORI RE L4
B2 HEHIRAMGHA; 5T, KR ERERE — BB, i H AR FHKIX TR
VIR o IX AU R DU T B AR 32 t S SR A (S ANl ) AR5 1K), 597
AR 0 e B S £ BT R AT HUBDRL SR (R SRR AL 50 . T, 2 FHDOBIE S
FEE AR RS AE TR R0 0 TRAR _EHEATIN, AT RE A e B R AR A7 R, A
LA HREE R A R B

AR A EE DU E Y, Bk, KA. SRS HESh ) S AT
AU IR 5 AN AE S R G R A E R

3.3.1 JRIEER

JERMBESE LI RN H 4 JRAE I, IR T T B e, B KT UIRIR I s iR
HIERSS, AAER A ARG Sk BB A #E.

BrubZ ANEfF A e LIS B, KR AR - DEHRARE, e
AL AP AR (AR e D B8, UL RNEE o Al IR
KR I A AE AR A LE B T AR TG ArFFa8 K ™ AN L35 ER32R (Hutchinson,
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1975),

ANFAT R AR VE TUURR D R e, R AR 2K

H e AR SR P A R B AR LA, Rl rts, SH T/ERZ Sk
PR AR BT I, A TR R AT 0 2K B R AR RGN
SHIHE BT LR DT, A7 EH TAE B Hutchinson (1975) AT 1S .
Round (1957, 1960, 1961) & X4 [ H ey vh (e AL B kAT 1 — RAIWHFL, fEiX L
WA TR A W SR S AR 5 LS, SUREAEEEE BRI E KB KRIL, H
HED2 T EPBNE RS S EREY R AR R M, R, S5
BT AR TR AR, MESREA S AN RIIBHEEE.

KT EENAERKGEFIRE A LGSR, PEBT No e DARs, BRI
AR PR AR K2 AR G IR 2 A B BR 1) 22 T 52 Al S FRANS TR o S%oF 1ht Ta) AT L A8 P B e
(Kuokkel) i [X B 263y AL AR v i A3 BESE (Persson, 1977), {EiXEeiir, 4k AE:
O EEAT, (HLEENIE i DLEIE R AE DU, Je AR SR A P R R B I
BB AR MR R R T e FoRAE KA BRI DE IR AR T, FAR AR =00 Fok
A 1E R TNA B inss .

N RN B TR, e R UUR AR v RESE nT LA AR, I,
— HEERPE IR B R 1, WS DI LR R R . TRV TR R TH DL R £
KARTT DAL WAE S, 11 HCHE R oK A O 58 AV R 58, wl DAl U B e AR
BRI BNRE /). T B e AR EERIE R A A £ 5)) (Round and Happey, 1965;
Round and Eaton, 1966), W&f7 T-UTARYpZ 1 FI 40 Mo = A8 B2 B BeistIa) 9 bR s, T
PR EAG  VE A SRR S E TR T R E SR, Rk, BT S EIK R E IR %
PERRAK . Jansson  (1978) JE it LA N-15 JE47 (1) B # S 36 AR &P S48, R
IR S GRiE AR SO WU IR LR K Hr B B 0, XS SRURAR 25 5 35 2 B AT IO 4L
MTRE. FAMNENEEIS AT DA 78 S BT s & B K I 28 . DRI, RS0
] NALBRAK R, I S AR A WL T 20K OGS o HiEt 21 B ok i, AT AE—
SEFEE R T WK E A . BRI, AN RCK e AR B 2R 1R 2 — PO B, M
PG AR RG ARG 5, FELA S A7 ARG W AT A . 2 B 5 7R i
FIRE T R 2 B, SITE Y IR AG S AR R 50%~80% % Sl e b AL ARk e, B
SRR (7 FRAN A AR AR BRI SR I AR K, (R U SR e e, i B H %
(B SR AL AR F ) R Il BIBURIR S, HONTEAEBERFIA

TR R IE B R A A BB AR, IF BAE TR R A AR e I, B
PL, VU R A A P2 R R AR R R BRI AR /D R A AE e A A v v o
XY E—REBAR, MEREMYECRERERIEM, A EHSIGH ., AR,
TEREFVEE R —MEE, N4, FREEMENBIGER TREYE, %
AP AEK AT R R A F R BRI R, DR I W B R )
HEIFAES B IE AU A B SRR A B, 38 T AR ARG I R & sl b T S B B TR I RS . 7
A, RS RS TR AR I SR A B S, TR R (R SRR FE AN (R, TSR
L UTARY AR T AH A A

A PR RAE VTR B ARARER, XA ARk A 4 Fl B . R AR
#: Melosira italica (E4E#E)E) BIE TXFERAL, EAEMIAKIERIA . B9 PoKHEH
DUEHCK, WER. AT HP RIFE R,
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3.3.2 REEY)

FTEAKAE REEY), RIGAIRTT LK AERY), KREHCE WY, thsh, ek
IKEEE, A H 25558 Chladophora.

KAV B B HERIRES, B UEANERA (REUHDIRZED IE TUiRY b, B
R 5 AR K R . AT dE—2 0 o IR R Y — S S IR I T K 2 by
I KB A — BT K R KT AT “PiK” Y —4 b T KL T
B R E T K R B A KR 2 1 R BB R 08 1 1 — P B L IR B R R B, IF
A SIS FEMIPREE X o 751X Lyl B 1 A PR R ORI, A s s A 2
R R HOA R A AN R R B R AR SR TE A A R s 2 T RS E A

Y 5D WA BB R T e Bt VF 2 MAYIIR 2T, H R R R
ERHCL B E IR, ik A e DL B SRRy . R BREY) S T DO X R X
B, IR R K E S TR R AT B, R E IR R R 5l R E T
FMNTTRR E R n A RS . fEREYISE T RR I LS, KR IS R RN
F K, Horo i IR0 R R R, RSO gk i, HAUE
ST ai KT ANk BB E R 50%LL . (Barko and Smart, 1979; Welch, 1979). #Hfz, ftRf
W F A DA R 7 1), B MOKAR AR %, 1% R 70 R AU AR 1) ) Pl e o R R v
(AL - S S AT, T IX AR B it 3 T HE G EX e T AU T % R PR A 2 R A B A T O AR 1 R
M o

(&)
H

3.3.3 JEMEEHESHY

FEBNHTIRMIRZ, WREFRELZ AR, Horh Ay SeshWfe e hiftid
H—t. ERAEVFZHEIT, R RN R RS B 5 — B [l WAl R AE e
I3 BB I T AR K e ORER K A B ERAE A S 4 R BO AR A, e
Jl R L T KA

SR TC A HESI RN & T ORI R 208 13RI AT SR O Y7, EATHICE T AL
Yoo TRARHEYD . 4 LRI ERESRKIEhY . O T IR RO, eAa s AR T
BRI AT, [ €+ B e A BE 3. shfE TR iig sle] LS| R TTR
R FT oA, XFP B IR RONEVIRBEIE I, e R R TR B RORL AT ) s 72
AUAELAR F AR 23 TR &

A RPN AR A A H B4 A7 T 1 ) iy Berner (1980) 1R e, {ERA K

5T H AT RN E D o X RS RO T AT B h A 73 I L R 3 A il iR 7
M. BRI 2 5 7 IA K I KR 4675, 8 Brinkhurst (1974) Xf
ARSI U EESCR, CHGR BT FR R B m M. X BT S Er /v 4 —
SRR A Sh A EE, Foh i POk 51 B Wetzel (1975) HIZEAE, M5 B HEWIA i)
AR IR A S A 70 R A

3.3.3.1 KRGS T B LA

1. RSk
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A2 LU R R 7 sRAEAF . RS BT RUENEME TR
YR eSO, B RTT AT o JEAE ST X 3 PR ss 26 A LA e 2 K@
RECENATEAEY, (HREEAREINSEE RS, B2 R W, ARUARE
AN E, 8 SANRKTTERYH, RAESVREENEE, RWeqaBTnd
ARG — MUk, BTHAYRRAC, AN T AP s
i 7 B B b AT AEARAG .

2. Bk

2 MR A I NS, (HHARZ 2 A AR RNZ Y, 152 B
LRI R AFTE, W EATE AR S RE, &5 WIE U LI e
LY/

3. HEXAKTHM

X SRR TR A AE BT R R R b 1 — 28 (R — KR, (RIS AB 2 AT 3l 1 3
M EER T Z

KEBGKFEERIAR, K 1~5mm, . BHIIN, HRYENIE R,
TERZHOIATTRR D R R AR R 2R [ 5 B2RIA HL

A AR 22 R, s R IR PR SR ST ST MK ST N DU R, TR R R K,
FEBIATT A s e P g B, e AT LA R s TS 7R E TR R E Y,
7 T AT E DU R TH B & UK P AT . (EXE H AN, SEBIOR HU R R 4 i
RESTAEWR o KEBEEBRAHGENTIRYIH 2~4em &, BT REE N DURAIRIE 15~
25cm, FEGIEEIRSE BRI R IX — R, I BCNE BN “AYiEE 7. IREHEER
R DAL EI S, AR MR E 15% AT IR, A R B B R 2 5
EEI . SR RIS v (S RE & T AR E R EE NS, el
KBS AR S NG Y K.

SEBIIA R A A A A UBURL & FE e A4 . Brinkhurst (1972) 55 AKX 5EE
AR A B ST LR, e R BRI P & TR h AR

4. W&

IKEEEH NN EY), DI EMEEh Y (nfh) MR et e o, ek e
B (AT 200 KD, KEEATRBUTAT &4, SUEARE RS R, A KR8 sk o8 “
B, EAYLTPA S /N TS « KR — % 5 IE I E FR S H IR I
FHIRHE .

5. HFENEN

A L H SEN S E BRI R A B ik FL AN BR300 2B 3 R

(D NEREFZY: AN, A5 T 2R e m Tt
MRmE, @l TR, ERZ TR, EARIFEIE IS, BB uElE A
WEENE . M. BEREIE/ N . X RINPITEDTRRY) o E SRV AN RE =G A BT T
e B AT AR T, EA R EATEA RS KRR (550000 MA/m?), AL I 2K H
FEENPILEIX — 7 T B A A S

(2) HdF: HE KRR 3om, Fifik, HRDUH M E MR . HIEEi1EE
TEPURRAI R, B0 U7k 08 2 V5 Ui S R R sh ), R o e SR e R TR )

TROK R R R I8 A LR A KRB, TN T 15C UL ERKE, HEFAER,
AT B PR T 308 37, JUHOE B T AR AW IR WS H EKE R RA

(3) Z 2 HahW: Kk 2om, 18 WV, #ETERENT R AT . 55ER
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WK RIEE R H AR K BB KA (Asellus aquaticus), 2% K& H BILE A 3B H e
A FIREPI KGR L, DR KA N E .

(A R R REZBRRGAER SN, BoKkbhRAELERVNME, Hf
PLEE U EF 4B H (Hyalella azteca) /% Pontoporeia affinis £ N E . X S8k K B 5249504
KL 05~2 cm, HAWSMAT.

(5) SREENH: HEAATE ARV T, DR AT KR AR AE )
R

SRR H SN R A MRS R, SHIF H a2, el aimsha i
BEEERAEKIER, B=TEBME, HETMAEE,

Pontoporeia affinis 5 & ¥ifi & S H 72 S AN ] j A2 T BT 8 B R TR AE 7K AT 9 1) A%
3, M I ETTHRRE, wTEIEAT A M SRR AR AH{L. Pontoporeia J& ¥ /K A i 14
Y, EEATETE EFRINIRRESCRIRZKE . fEEK, Pontoporeia RAEJURRMIZK M
R, B A ATE HLBNBTRE (<0.05um) (Marzolf, 1965).

6. BARZNY)

P it K3 R R AR S A AT 2 R RS BB 5 2R A R RS2 2R 2 i DL

W2 R SE IR AR, ADEONRIEEY . RN R RS AR T LR I A, T AT
R IO E . BRERTE (RERFDR IS #0 ivash, Wasnl = Mre &2 . e
TTEA R 720, Frel, AREKE BRI e, @54 eEm NS,
Frig B g =2 <l DRI, A R i R IR AR AT IR . AT RR A SR TH I AR
AR, AR il g A m AR KT R A SN T e, S e s = U S K
VEN T ovb, TS PRI AT RS e . IR DA S L R R RN BNy
‘Y.

o R DL P 6 A A 5P 9 A TR DL e 9 o Sl AN TR, X e 5E 28 AT Sk
fil . ARAIER. EATIH AR AR TP, A BRI R B, TR SR ER, A
YIRS RIE DR 32 BN e S RN A Y TE ORI R T /Nl s . T s2 I
WATLER PRI B ), i 32 AU RE DA Sl A

7. Bl

RIEFHE S PRI Z R, RS BOK B R AAE R B FME. RIS
BErp, BRI B2t AU B AR K RIS, K2 B A
ER B AER .. REAREES, BMMEREI AR 4hid, HH. b
MBS, SR ARTEARE. HAMEEEH . S H . B0 H s H i R R,
HARS IR R IZHEAT 1) o AR B0 U BRI KR, 15 86K DA T o 3 s
& BB ST T U

XOHH. BWH. KEHREHEE Rl BATEENRSRHE, XEPRLE
2R, BE Y RRE KB B TEL R B, WRETEAR N R R S e
HAESL .

PN B KA R HCRIRHIE . BB R R 2 B SRR T T

(1) 58EH . BT REHRIE, HIAKRB B G2 I AR AR 7 i, ek
AERE AR oy BRI R ER A s A B fE T A o BRI i
MEAIEKTH B2 /T, RES 10~20 REBEAGIFE . I B EEOKER I B, 7%
LI R

(2) Wl H o XIS R SAE /K A BT H AR R T IR R B i 8] o 24 E AT O B LR 3
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KT, WEEATARCRAA = =R G K, i, 25 RK PR GE
H/NT 2cm) DUHT, f2eid 20~40 BN RE . WM H AT B B0 — 8 (A
), H TR, 7 AR R SR . iz B OO R R R B e, (AR — e R L
W REMT 52 A HLYITG S

(3) wHHA Chali). AFKPHRZ, ERERITIIHERKX N . #08H fEE R
BAEWE TR 1~3 S22 A, HIBERMT e i, (HR 55 X, 408 HA RN,
e H A0 =MRNI1E

(4) XCHH. OfFEEmE. gL, ENRa NN, HAR 250 i s F
WA A SR ) B B T o B NFR AT, L S A S E ORI
L 4 R BOE £ T LA B ER) —EBL L, R AT ERS b o S0 o R SR AT IR
(EABAT D KOl AR AT IR, I AR 3QAE /K T B R CA R A  A 1 L i
AR R AR, BRI ENTRES S ARA R T

MO XU H o 55— AN B WHFURGF IR g . 72w E IR, XL R E
PH SR R FEEIOA B BORR RS I 2 . MeBCR B AT B 2R 4
CBHRD AKRASY, AR B35 — e B RS AR o, 3 =il dUETRAE TR, A IHE
RIEPIE A, IR SR BOV IR TR AN, ARENEFRETRYT, EHEE
H i A3 B TR A KT b TR RS2, IXR RS S - S2 TR IR T R . e IRRE S K&
SESRAFRE D AR o WIS AT B AR T B s SN R R Eh Y

(5) BRH (BHHRID. RGN &, HRTHX, RRERNREFHTHE
o EERGEENTHEM T BN FEIERERF, 5T IRBIRZ B A 148,
FETUE IR UL LR E IR I R # R BUA B H B R AIAEAE .

(6) #H (). HAMmFY Oy —8, Hhafm =14 miB. B R K
WH TUEGRY T, T =R N, g SRR R, (E Dy B Y A
Wirh A YRR IR A AR, T EL KN, B AR R R T A R

3.3.3.2 @A P IRAGE A BE 6 5 Fn A AE

EEIE R X VTR S B K X TR AR EE, LTRSS R KA, AT e ik
FEWATRA IR 2 FEVE . 2 AR B E A BB IR

—BORUEL, BT MR, ARSI, AP K E AR RE A IR L AR N
MR o BRI R B TUR Y R R AE AE AR, 5 B K O TTRR AR B B A 3R A
ZFE, AR F5K &S A PAIAE . IR 2 IR Sh YIRS KU EAT IR, 3
TR TR AR 2 T A I EESK o TIAEGR IR, ORI I SRR FEAE A LR, DAER &
ANEH 2 BB, AR BE R A S AR R R AFAE . FERKHIR X, S0 b ISR IR
MZEBEAATEY) SO TAETTE IRl A KB RT Pontoporeia . Bk, 72K
ZHAIHARA T, AR 2 S KR RS AR IR SRR o8 B e TR A B R B0
HRARBENEEYE, OGRS AR B A R R0 E At sh Y Lhasie], i i ftay
ENFENEY. WL, EVE (FEED KRR, EREFRINa T, RS
PORERI YR — SR T D, X5 Ei N EA B R . ERE TR,
MK R E VR A i RER S0 FH KA TR AL, IR, BOKUTAR Y Y
ok R R AR R (B S E TR TR AR R RAT 2 B A R 58 — R0
{8, XA AR UASEBIIA BN, 1 H B W10 2R 7 3 A3 e X R i A28 SN &
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3.3.4 40

Y AT B A FE R AE DT BT JE Rl A . AR TR P 0 Al v A Y
Wi ORI AS B (A, T ELHOE R AR E PR IEAEAR KRR R _E RS WA WK AL 23R 85 . AT
TR B AL, JRAE T E AL BER] IR I BURCR AL S a7/, it HLid m] DAAR
NEEIR. Je B BN BRI, 1K 2 B B A0 e M SR Ak S ) Bk B TEH LR Y
SACAERI RIS e ax IR EE AT IR, AR Z A B s A A — L2 54 (i
NOs, SO/ 1 COp fENHFEZME. Kk, YU -h A0 G W ERARLE BT
Wb BUE IR TR WIRRAERL (A 3E

R, ARG AN BUGR T AE Y A S . RIS RS, W
AU 3 2 IR O MIRIER I . 65 ol T 200 5 sh i 32 20Ksh J A ML st aa 1,
MUY T A I 2 — s Tk OV L840 T ] — S BRAE ki, JF H.
MIE R T P S RE R AMGISM)

3.3.4.1 XX FT 2 Z0mBA NI

1. AN EAAE AR AR

(D WHHEH. 22 UERMERSEETAIEN, WEdREARN 2285,
Rltk, fEAVALEI ER Y, R m B & 5 & iR d . EKEmR,
Y pH EACT 9 i, &EELL NH, B, BT AR TUR Y B WL 43 A
S ENH, AEDURA LUK BEIA R Z K R i & . SRITAE L7 S TR UK TR
Gt — RV UHE B I EAR B, 20T DU AR N IR 2h . IR Sh A AR 2 4
H118 NH,OH 1 HoN,OH &5 rp [ =ik AT T 21, X e = #i A dase , @ R LA
KEFEE,

SV AE Y SR ) A B A SR R T RS R AR I L R . A AT B (A R 2R 4 A
SRR 5 IR S AN T B 28, X B4R B 2 A0 22 O LS 97 B TR A S . X Fh 3 FRAY G
JERAL AW EAAE FH RS 2 RS B KIE TR CO,, LABEE LR & . A Ak S b At
1) s Be 5 4 -84kceal/mol,  FH R RS 73 A2 75 2 A BT A R 2k i FE H = A 1

R SN 7 B, (H L N FRTE S IR FEAIR S 0.3mg/L IS {15 BEREAT » SR R SR &
R T HIREE TR T A RO e R S R R O EFUE TR, REVIRMEA
W EUKTER: OTEE BRI, TEI AR BTE G S S R K .

AL R BT pH E, FEAE pH {A<5 B 2RSS . B, 76 & 855 rii AR A
FRAGISATE S 2R 2 AR R R R R B K

(2) WAESERH . BEMEHZ B EAYVE R RGERN . dEAVR SN ER T, f
WU TR e A B E T2k . BN R TR EE N, WL THEE.
FEB S /NERBE & o IR SEAHTR 2 RN, BME BATTRE R AU %459 NOg'. # H O, B NOy’
YE R34k, NhEE AR AR TR R B RBURAH R . s8R, Rl 2
BT B 2R BT TR A LA SR TS AR, 8 7 M B A B T ) TR AR P AR — 2 RO A AH
FHIENALEY (Golterman, 1975).

TR, I 2820 1 R AR G bl B IR A, X ERE BN EF = .
XTEE R IE A IR R . H T R R R AR T IRE I BE (Eh~300mV), FirLL
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fEIALES ARG, TURPR AT IR EWE I EE T, HEZ& W2 Ny, (HAE AR
HH [ 5 Wb R B, R AR R R B U1 il SR MG 2R S R
R WIATTRR A B A T PR AR A I AR o, S SO A B 2 T B T A
B RER—F. BTRMBEOvaTRETR, RRERRIEREDL, HEREN
& M o

Bt EAE R T AR E R BN B EL, RO ISHA A Lk, i H S
HPLERA A LT OL N, AR ER IR JEAE I BL NH AU N 4501, H— IR
B LB EE . BRER RN A FEAERISE, I8 R RAE . HRER1E N
2 R RIS 5 SR SR Al DR AE 2 T SR A Y . 6 A iAok A, X
S RIAELE L, 8 LA AR NH, .

() HAEMEH. UAEE (N R CEIFFEN LT, FaEEAEH K —
FlRs R G DU A R S AR o ] U1 P2 MR8 AT R A8 USR5S AR, EAT TR
EFRTMEYD, IR A BRI R O o I e AT AT i L A
i AL AR o A BRI, 0 EoR TR b [ RUE W RS PRI 2, TTAE TR
YRR BLRA IR AR -

B T SRR Ak, IEAT SR AR (V3 - SRSl th RE [ e & 8 H KA,
PR AR TR

2. A SR FAE AR

eSS TS A IE R, BlinEE A RS ThEAERE (SH). K
Bb, AU IR iV 3 BOA R 1 IE BERBR AL BT 38 SR A ) mT AR 2 T A st A
RIFAEE, ERIEEFEMT IR (HS)o

MEETCHLE 77 16 P 7 K RE R B IE BRAR, XA AT 0 A PR 35— R IR
TRL 2 i & S 22 Bt g e TR AL B S OT R B R IARAE AR N . B AL S S 2a i
SRR, WK TR — D AAONBREREL, JPRIRER B T R AR
i A SRR, PR X S 1 ) IR T R AR A 2 (B AL 2 v, Bildn BB T 40K
HIE R TR YIIR I 55 — RAERAL Y S RIAL 2O HUE R B LR AT 1 R AR, BAIE
TCRMMUTARAEAIANR, R, ASRER iR AL ERIIR &L .

BEAN, LR & 4 iR th REAER A AL E IR EEEEAT, BN 1 7 2 e A AR
I SRR T KRB DR, i BUE AR AR B 2 B AE TR R K

FEER A AL SRR E T v, BRI T I8 S 2 S A TEAT R AT 1Y, X e
W AER A O, IR K& A TR .

HE M A SNt AR, R NIRRT, IR AR,
R Eh = AL 1, 725 RN AT L) 52 SRS B AR I, 2 B 732 AR PR . XA
SRR 3 N 5 T 18 AR s 4 R S N AR R AL TR £ (14 S N A el B i e s+ it
Bt R T Jem A0 3t S B T R 52 PR

B T AEBSN, BRI R B AR I RE R SR H A 1. 1R HR 5 A B AR B R A
RIBLA, 20 B 2R P BRAL S AR R WA DT T — MR E R, WA A &
MZE IR R FE B o B A S B A P AIHE R R A AR IR A L i . B ER
—AMRERL AW, BT LUEARE TR A SR S S RN K A, DR S R AR KA
Y BICER R e T LS I, B A R S K R B A R

R BIRE S SRR, A SRR XA AR R B e, X LR
R, G R UTRY) R IR R
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3. BRI EAAE I FNE A

BB Bk ar B2 Re e R 2k CTHID A9k Q) BRHRARIRER . A LA 1L
M HE RN A E R MU ERHE. FEEE. G wE SR EE, SR
PRI FE RIS R, (HUR HAMEIRAK, K28 1lkcal/mol. R A SL4H & AnBi AT B B
M) (Thiobacillus thiooxidans) kAT B J& 4L W4k (Ferrobacillus ferrooxidans) #e
7E pH {EAKT 3 MSRERPEIR BT HR AR TS, FEIXFRRI pH B 261 N Z AR i AT 2k (1) 1
VAN E A TR, i AR S IR e — 3547 2 4 B 1 S AR

TEHPEERBRE pH E R, BRANw 5 AL JF A 2 3T o4, XE 9w R
R & S A B A - I8 i R AT b P A e s Y

JURR k40 il A Ak 0k R A A (D ERGUARE SN Jem B, BT A nmEE
i, FrRMH S KBRS TIXANERE, AT 5 TRBI . SR 204 )5 Z e
Yo HHL T KL R R A TR, W T X PP IR A o B

IEAh, AGERAK B RNk 1R R 1) S R A A R R R AR A, R R R A R A AL T
DUEPITIRUT ok, EAREE 2R S AL 1R IR RE &

TEIRJE AU, B (D R JEAE R S — e 1B & — N EAEd 2, A
R R A WU A A JE I . (B2 QD 20 B 348 S FH 9 SI258 FiTiE B (Ottow
A1 Munch, 1978: Sérensen, 1982). IXELRIULH, kAL J5fE & S8R #h 1)k )5 E
REJJRRSS 610, AN YRR ELFER LG, RERR EhE IR 4R B Re R (D /AR I H
T4k, Sérensen FIFVEUTRMIFTERISEI0 R, BRI AEMDIE JFAE I ki AR A P ad I
TERSE s, H7efieE b REE. Hok, FONBAUTRY 4 & B Sk ee 11 5261
AR RS A EVIMBLR, RERIR TR, 1B e E S A= 0 & 515 H
PR AN o 0 SEEE B IV TR P R TR R I 3 S A R B A PR SR8 R A B T
DAEREN, IBARKEWE, EEFRE MUY, BRI KRS m et 5
TAERE ST IR SR A3 AR G0 IR 6 57 AT IR K B B I 2 B4 ROV X ARl R i, 31X
& BT A I DL R A b X BRIGER AR, BUAH IR 2K & B AR i e

4. REEEH

RIEEE ] EZR ARSI PRE Yo R E R, a5 SR AE RN B SRR FE
T 7K AL A A8 AT 4 K B B A= A E SR R A FH ) U

REEAE R BRHIE & A WA IRZ 1 DAL R — 2 T IS RS A A P4 R RS2 Ak . 7EIR
AIEEH, 5 RER T EMAERIFRAE AN, KIAE R E S TR T 24 Eh 5
RGN FHATE . Bk, AR REE B AR o] 2 A R A R RS, B I
VER AR E S E IVFIRAE T o T8 R EEVE s 2= CBEFNIR, e 18 NUTARY)
RO 25, B TR DREEAE YR IR s B g — AP T

5. HLGERI AL

FR Gt (T e — PR AR PR A I R 7 DA GAE Db AT RPN, m] FH AR A
HLTF 520k CURITHGEAT . FRGE R 1 i A Bk Bk 1 R 45 = A 8 21X — 1 L R I A
ReE Rk A A BCR AR A .

A A FE G R 20 TR R DA AR AAS R R R IR (1) SR B A B, T 3 A — 2 R G 2 R
AR FHBETR . DR, HBenT LA EAR SR R AHUR = A, Xl f e 51t 2t
(A AL TR (1) DR AR e EAE FARBR R 11

7 AR HBE R AT T S A DRI, R SR AR TE-200~300mV A AIE R FLAL T o
TEA N BRI SR I PTAR H, FGE 7= A B Bk Uit 2 IR U R R A P ) B 234
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7E B2k i E AR sy, DU TR TR G 2 e S, Y6 ik — e fE R, SiEH
FIAKATR A A . IXABERRAE B e A FE v] DAZE TR Y R 51 i B P sh, i
J TR 220 K oz e B e AN vl D J/E A (Ohle, 1958, 1978).

3.3.4.2 Rk EFHEE KK AN E T ik

WEE . THE B B AT T U R A s s 2 AR R, SR DU i
HH 2 A ' P 5 R T BEAEL 2 AT L2 A4 DL 5 T -

O X EE BLRh Bl 14 5

@ XA [F) b S 20 A A 7 e T DU

@ RAPH) PR h A — B EIFRAE B AR T AT B R RS R E

XPRAE T ANFREE « AN A LB 4 32 5 FU A AR A TR ok Ut A0 2 IR SR B
RRATRE. (Ha2, MATBBRRIEH A NERNER.

1. Ak &

BHARE A ER, AERFEICZIRAN, HEZWHZ CO.. HIt, WY
o AR ) R T R LR A BRSBTS CO, & M LU BRI 2, N | COy
RE A8 AR 0 T TR I 40 T = PRV, Bl 1 9IRS SR A7 HE e A st )
TR, BUESEIG BRI R R 2. AN, BRANRIAL, CO, b mT LA H e AW BRI A
FAr=As, Je AR B R B CO, tH 2 — ANl r) FL R 22 R R

2. BRI AL (ERD

VORGSR B AL, A i i L S2 AR AT SRS 5 A 1 PR B B R A, AR
PGSR, 2R AR . 2RI S Eh A RREA . Bk, P
W AR S AT T DA i B A R B (VS B B R P RS, Bl —FhbR .

BRI TR I, AR SAIE [ AT AN — i 158 B B v S T H 7 A B o ) 2 R
TEBIE, BT BRI LA AE s AR, R A BRI I R EUK TR R . 7R
T UK RDTAR P e B S 1 Eh BRI 40 R 35 301

3. Mk RGEEE (ETSA)

- 5 (1) 200 B PRI B S IR AE FELTHIs RGuTs b, W SR A —Fh B 8 i =4
BN THF324, ol UHIXF R R AT 8. N B FHis RAER, 2- (X
MIOREE) -3- OWREEERIE) -5-ORFEPUME ALY, fFR0T - Y mEEE (INTD, B HER T
SR RS R UQ-ZH A E b 4 EWIE Xt - PYMEEE,  H =4 -fill
FEDYMeEe-FE 2T, W] A O BETHIEAT 2 AT o IR M T R AR ) e B R BRI AE IR B,
LT DR e ok (10 A P ot - s DY A 8 2 A LS o ) S8 TR AN 2 BRI, IR B R, 4
DS BB AR, BT IS L — . TR RGNS B TR B R A AN TR AR
WP AR FH R o BRI AN I AR A 40 M 3 ik v 1, BT LR R I ASTE A1

TEIRHMAE, BEIRYNE IS S A ST ETSA NS5 R, (B2 H B T Uiy
A LA P PR Bl ) IR 45 SR AT 52

4. HHFEE

FUHFER I 8 AN E AR B AT I A AR SO Y v R AT 8 2 D E 4 TR B
PERIES T, AR R FE R S DU S A0 15 sh7E SRR A A R SR R A
R AR YV, MEA AR FH T 7 AR AE 0 DA = M B FAEA G R N, 4R
IR T BEA RE S LS P R . —Metthid, 75 0 MR P S i ) “ iR, AN AE
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AR, RERAER BRSNS, Bt maesE, (E5R4T SCRCHAT

5. WS B2

JR O 5, A BRI 2 5 TS RGOS BEVEAR AL, R e T IS B
(P3N, T H M AR P A 2. ISR e, B TR BT R 1
% (Pamatmat 1 Bhagwat, 1973), & AN T.HFZARPUMESE L) (TTC) Bl AT
TTC J& RKAETE BB M A S FEXT ML UM S (INTD) Pl R RS INT # .
VUMb (TTC) HIEJFAE A Z BV EAAEM T, BrLL, RO EA KIE TR 7 E A
WP R,k DA DY M A IR AR F 0 b I G 3, ] A DA e DRAEG A% R R U
W R

6. HednmE iy

MIRIE T E B O, Z AN B TR MR MER CO, 2 Ab el =&, 1&
VIR - KRG B TR R FER R, — T MR I HAS S 0% s RIREM, BRER 2R
FER B HS A CHy (1724, 8% I 34 S PR 56 () 200 B R 2 7 FE o P 400 1 PR 9% s 12k o

3.4 AT IR E S 5L

DURRRE G SR UURR A P B s LT M e 5 o BL A WL B I AR —, =TT %
gy GRS B TR BN IE. ORI TR A G, R MR IITRUIASS,
HOIRELWS K BTG o YOG TR IR DURRILE DURRIS B s Z A e . fb%:. &
V&R FTEDTAR Y A S B YR A6 UORR ) 5 I A R ST P T R e, ol 238 RS
AT IR — M BOR, TERFAM RSk b R s S mT BB USRI & o AR LT Bt () A 1) 43
NIRAE DU I B R AE DR . FEDURR I R 7= 2R 10 3 B2 DR 25 A i 1 AR OB A S R
REATIRRE (primary sedimentary structures), Bl & FR IRZE . S EHLE, E0T
TR YUAR 2 5 R[] 45 2 w7 b 4 [R) A2 AR T AR FH BT iR i i (i 38 is) T & 1Eh
JRA IR R, EARAT T B WA SSUTAR B S R GURR A Jo3 1 O R B B 2 A S5 7 T S R
JE A TR R I R R DUARAR . HITRR A S M L BAR . MIFEDUAR ISt RS e . B
VB FHEE BT P A (TR R 38 TR 9 IR AE AR 3 (secondary sedimentary structures), Wi4&
& ARG, En DURBUCE . AR TR IE 1 SR 1 i n] 40 =28 (R 3.5):

#*35 YIHMIER

OB A IR ME, TRUTIRIITE SR . DI R BTG A A, ERUAGRE .
SEYPRERAE I T AR UURIE ;. @A IR UTR IS, SR UORIN IR ORY] A i 4h
f R DTTESE LAV E AR DO T BRI T B ORI, e K2 o e
TR R SEA S R R AR Y, R T IRAEVUR G, @ BRI TTRRMIE, $8HEY)
T Bl A AR R JTURR ) 2 T B3 P A 358 B R O ) 5 IR
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3.4.1 PR EKYTR &
PR A TR R - TS RANME . MR A AR T R R BRI S
3.4.1.1 Rk
TRBNH I S B B AN WL ORI, R TRRITE RIS A TR R b el T A
ENTEYTRRPIFR T S A 0T B 2 A I I AR

1. FHItIE
Z A AR R LSRR, FEARR. MR, JELHE. PR, &

=

P

ZIR .
(D ¥R

BIRFRIACHI T R PTARY 5 WL B SR T EBUZ TRHIE 2 — o B R AR DT LE K IR
PBARBRIE FH T T B — P U 00 Y DR A AR P R T R

—ANEIR AN E R AR AR, AP AN S . R, B
PR W, WA R L, 6P LRI — RINE T8 P47 5050 S 9 I AT
A, AT AP O R AR AR (] RN AR 2. T IR B SR B [R) B iz sl s sRR 5 1 1) 2
S, I SRR R 25 2 S AR IR B R, 42 R mT KB s /KR . TR Ak
R POLPEIR. TR, MR,

OQWKBIR. . FKFAEFH T LR DR P 2R H T TR BB R T K IR« HRe AU
POREE TR AR, S SRR, Mg, SRmst. dikny e
PR KRR B A

RAFEENRAKEIR, BN BN RRHSZE. U2 MRTRGUZ DL — AN 817K
FRRRSUZ AR FIFRSUZE IR M E B RG, HifA RSB RR, ki
Ak 35° o $E T AR SUZ A AR AR AL 10 5 B R e T AR VIR /7 TR B DL R T
A, — ik, MERENIELA, fTRSZMESNELE L E—~1E—~S .
INEIERBE L CRERIGAD A RIT MR K LT SUZ R THRRIIREE L (%
A MAAFTF R EEERIONLATRLUZ . JHe S M EN, JURYAS el 2+
TR ZE, AIARSUZ A I .

TESKBIR A, o UURY R R ek v e N5 JAt TR v B R 2B i, TR LG KRR A
AEERTESMU, 5 —J5TH, TEESEMAT, BRIBRLH T R ERR, M T 8 %EE
BT FrLA, MR 5 P PE BT SUZ I AMIU RO R, At 2 Ui, A1
YL BA ERR

@IRIR . RN (wave ripples) i iR F T 3635 45 MUY e 1H BT P A= 1 9%
IREIRIZE . EAIME — R E, EE THIRERE T e, 1w HAERI = A
MR

FEHITR BB IR T ORI /N R 3R B A BRI RREEE . K DL TR AL
FEo — ok, RS TR B IR B LIRS T I, TR AR B E AR N £

TRRR EER B TS b, Wi, WIPPSERss, —Boh, KiEE 2~10m
THEANRE A IR IR o TR BRI IR A AR5 8 X ikt 3t — 25 Rl 3 SRt R ) AR AR S R e
BIR.

@O IALIWIR . KRB IRAE TR AS 2 (RS R R I TR AR, I AN 82 1%
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TRFR NI PR A S B IR . A RO R N RS FUE B AR DL TR 2
M Lo e RERRIR N R T EFREE . XMERS IEE BRI, HEE
ATEHE, P —BEUE, PIRIRERR .. ISR AR 5E 20A7 5 A0 B A9 /K I IR BRI
JRABML, HOR R ZEH IAERD L REAS & A EE 91 b e ol V8 JE v I

@ TWIIR . 1EERAKIX, ANIF 7 7K I TR (R i B AR (R  BEAAE T AR R DTN
VT BT TR B IRFR 2 AT IR e — M AN IR 7 ) iR PR 2 B 4 DA b )R 4 &
M AR T RCAE P B IR KR T 1)« 3P S S (AN R, I R IR TR 25 R P 3
MIEFEEREZE.

TR F B G TR AR [F) B A7 AR B A A [R5 [ IR AR K X, A9 G B0
VR, AT DURIETE 330 140 IR - BRI IR AR - /KT R .

® BUEPIR « SO IR AL BT /KA T BB I VR B /K S0 e B IR T T 2 ke AR AR
RIZE R, AR B TRALE H ALK S

(2) 4HiRR

YR FHAH /N KT I Z A F BT TR BRI R R IR 125 o 47K A7 R BRI RR 2 1 2
BTk Z Lo, AMEMTTRR R, TERGEEK, FRMpTARYIERT, ERAmR.
WRR A ARFEMIR, AR PREE . 4HR ATV A FR R UUR PR TH (8] B 58 1 5
FEAE Y A — AR, IR . R K IR X

(3) FELkrt

I 4 R EORR 5 AR KR 2R B FR U IAERD 2T B BB 08 S5 V8 AT A S S
Pl 263 . RUONERD A EIFIFFI RS EIEHE, MR B4,

FIE R ZRE AT TR 7 M fd, F LR BRI Am, K—Bh 20~
30cm, AHEEJLE=KE] 1 HEK . B2 AR S 2 PATH/NEE, R e R TR 2L R
YRR e . RIS LRHE AR PATEEMET b, 2R R e, EEW
TR, = AT E RIS

(4) MR

MR KRV SRR E T B s, KR o B A KRR, 5806t
R =R 22 T S5 3. BAE S R MEE REM R ERNIRH b R ER
NEE, BT =M. RS

MREE BT R MRS GBERD) MR, MR i AES I R
EARH ., FGEM B EVERPR, BIOGEM &, W N Em R AR, — MR EAT TR
WA R FIEATIREE I, K2 RE TR S, £2REFH KRS dRE 08
BET) S PAT /KT AR i B HE I I SR, AR, B A .

(5) EZIE

KI5 ) SR AR SR RO AR ) 2 T 32 S I i 220l sl 220 o s S P I8 Ry 1 21
BT HEIE (tool marks). 7EFARUIARMH, JLHEERE K b, XK MR WAR MR —
P, AR ZHUERE R AT, MRV RigtrE 2 —, FLe mRRiE ] 11k
AT KT 1]

2. |ZPRMIE

JEEEVTRRY) ) i BB —, RIBVURYIRZDUR B A MiIE . & 2 s i
MR B, RLEE. TEAR. HEF DT M BE By NSRRI B TUURRR T 7 ) B AR BoR
k. EELETURYIURRE A s 115 F B i, RIS EE R —

(1) AR
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T B EORE 2 B DAZH 2 URL DR 3 A R TR G, BT AS FAH B
17, WHZUIE . AR EREERER, WEE=XKE Im DLEASE, —yLE
KENEA K

AR R TR EE IR AR S, —MTCATEAT NS, OSBRI A AWM. — R
Rila) FIHAR A, (H NN S AR, X AT RE R H R RIS BE 7 E N R K IR DU
B — Rl AR MR B T03 A A, FHORL ) g, O RnT e & & Fh
AN R ANFIORE (1) B AR TR I E5 SR, K2 H0d A8 R B 8 T IX Pk e,

MR B ks A AR H () N IE s AR R H . e AR IR AR BRI A, W AREE R .
IEAk, BIEVEMA R UIRE R . KUK &5 ST E R = AN 2 Sl T8 (1) J5) PR I 2E
Kl R S K LR GTRE . LR AEYREPE R . IR L S oK IR S A T R A X R 2
B, H—RRICIMERN, AEERENER.

MRS B TR 32 T AR (I s AR 2 . ' R ER B T BRI R X,
b - BIRAERA S, RO L=KE] 2em. A I B 0] T8 Rl i AR 2 2

(2) KFPEH

K Z R RARI U P i E B EERAL B RHIE R LUZ BIE S 4 H 2R T
ITHEF AT TR, JBE—BCA =K. SO0 iR R, B Y E EEE LT
TR ET RN H R . X R0 E B AT R B Le AR RV SO AR 59K 8l 11644, ETF
YR s R TR ), DRI R AR KA bR & . B EBERE TP, T8, U
IR~ FERDURR LA R 28 R A SR K BUR B A BE N Ui+ .

(3) HEEH

LHZEH— R85 )2 R AT RS FIRISUZ BT SUZ 24 R0 2 )2 8RN BT
JGo XFPYURER TR PRI . TR BRFIE AR T (RPETHD SAHARH G I BAlR
BT Z2FAFRMIURRES . ZE = TR R RN, HAKR. BR. REL
FOAFE R, HA SRR thAe K. EE A T8 TR AR ik R 2k A b, 2
TEAT 0 e BRI R L N T R Z 3R

(4) “PAT)ZHE

SPAT E B SR B ) A T IR B SUZ AR FPAT 0 5F e pof D . BRI E B, 2
IR BIHZ e 7 HCTE RO B A 2 B B S K =y S 2 1 T T FER IR BB R, SAUKE 2
H, AHSBRE, SUZRIEREJUEK, SUZMEAEW RIS, WEH S #HHF, I
AR . AT E B SRR B I AR, W LT W, SRR IR

(5) TeAPEIR =

XA EHE RN R, THERBEAEENHEL T, WKBIRSE IR
FE 7] BT A% (9 [ 9 )b 07 T BT T BT P BB UTARAA I o TR IR 2 BRAE I R AR SR A
WP =AML LR+ RE .

(6) B2 =8

K —FPANREES AT, S BER HHRNAS AT AT Y SR AN B M I S 2
H, AR R NI S, H MG KRR R LS.

X Z BRI AR TR BT LUR B o BT LA OR 40 1 FRT AR P HE AR
B B A R R A L — (B I RO ORI s AT DA AR SR AP B B
H VORI R E /KBS ) A8 BRI 5 A 2 BT . F T35 5 2 3 A R R 22 ol
e, e 5 A 2 DT B B BR A AN B

(7)) BRIRS BARFIE R Z B
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EAVRIEKS) S0 S B IEOUN, m AR B VIR R . 7R SRR IRE 2,
WL R R BWEE A, BRI BIRA . KRR IS B, BRI Tia
BE RN OR . AR E R E AT Eef . P BRI R as BB S, AT ik
W POIRFIEEDIRZ

EREMEEE AN AR, AT DUESEIE . e E TR E TR A A A,
FLTE RS R SR~ 3 ) R A RS A O o TRV ISR = A AT R bt LB

(8) KPEHEZEH

KRR KT EOE AT ARSI TTRUZ S BRI Z B . B2 R — %
K, HEALLUREHE R, WA ULEAEEN . BT A TSR, R
M2, HRTWARTESE THRERE. EIERICIRZEEE MK %484~ , mRer
ARV DUE BOX R E 3 FERG R s, TR IE R DU Ty, KRR R it K
BRI CASER TR, TRV 2 S b 2 ) B2 2 HE . B i A K AR b R 3R
BRI R A3 T L BAME R R AR A, nT DA A X R 2

(9 #HEER

BT GBS A RS 2R E . JEE— &N T smm ISR
PEE A BT AR EEE . X P E BT BOR B TR 00 7= R R TR L i) e A A
MRS MR XM TR, Wk, EES RS E, Wl UK
(1, AR T AR

SIS, R AR N 7 2, WIS SR R R EUZ 5 P TR
JRSUE B AE BT BGEAR R SRR R BT = AR A 2 R . 2RI
EW AR E . il HEFIRN. BSBEMAA R OmIR 2 S e Ty
TERRI B E AR () B YRR S 2 A8 EM BRI AR 2 B . TEZR A Ay, 1T /K I J
WA, AT LU R AN R 78 R 36 2 58 LA R A 2 2

3.4.1.2 BRATHME

T[] A2 AR AL 3 A DURRIAE D URR 2 5 B [ 45 s 2 1T, 52 R i A B DR R KR T R
ARFERE AR, @ERT L. FREREZEB—NEN. SEUTRYE
FERIERR R R Z R 2R, FERES, DR, BILBE . 8. e,
DA S GURRAY TR A (4 B AE 45 o X RA s 7RI RAD o AR TR R S5 mT L3, B2
IR FIVKEIR AN, Ho A — A Z ORISR . MIR/K BRI, 53 ARG A 21
M, ST KE -

1. I

A IE S U R EERRE KT e 2 2 BJa, T2 R R e 7 3 T
DIRIRETERIZS), RTINS S RTRRZE TR AR 2N
FeREAS BRI 28 B AR PR iR 2 T |, KANAS—, ML= KB LHERARSE, R —
MUK BN LK, TE5E 0] 2 A4 ELHES .

GG T 1 53 AT AN S TRR A B (1 BR 1) M — 2% A R 0 o R AR TE B K M PR R i 2 |,
{E SRR P B IE R, AT

2. BRBCIRA

IR 3 B TR SRR Z FI R E, TERRS R E SR REER T
P 2 SR S W T I B N B R AR IR 52 A0 T A o DA B3 D Bk /N A LB K B BOR AN 2,
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BUR B BB ARSI, TR T DU SO, R n] DL 58 AL . B ERBUR T Z
KRB R S5 %, R ERR RS . BRECIRIMA I NS T DL A i, IR B C
I HIEUZ -

BRORFOBARAA 1E 1973 A0 A PR TAE T8 DT . B B X R4 18 TR 2 — i da
ANPOE VTR E F BT LA o

3. WEEEIIE

HERRLE R b (0 R [ 5 DUAR 75 B A R I A A= 30 W BB A2 1 B ) A2 T
FMIEFONEIREIE . EaFENE A st 22, WIRATRE E W RS WEEiEZE
()R E— T JUECK R L m A B EIA LK, 8 R g, lm A fe,
— ALK, TR KR R LA HL.

SRS B R R ARETORRRE . B DR SRR R . R, (YRR
HREREEESFEM . WEWIERZKE THEARBEAPSETTR S, 2K
) RIFFR & ZMIEER RIS PR K E .

4, AGEH

5 ZHRRAET R EZ B — MR Z N ISUZE, R e 5 2 284
[P —Fh AT . AT B LD “mR” ERBEEA “BRY RERBUNFHIE. S5
EARF, AEEHELEBREES, BARESN, WA ARLIE .,

6 ZH RN Z R iR, Sehbr DR HEZR R RER. (B2, TR S
Z AR B R E S EHRIEANR R . CAEMPERRASE P RET, ElRiH
PR E .

5. BERMIEFIYT i is

PR AEIE 2 TS K TR IFE B FLIR R ST E R T, B3 RITAR I A
SEALBUKIA Ligsh, phkia)E It sh il Sin B dh, Al 2 AR 402 S TE A L R
WS . HEA BN 1~50cm, 4% B, K EWrskafm, @ e EHSE.,
R IE & LT ATAR Y

MR T A KBS AR g I DO R ) B SR BT R TR, AT DAYE L BT RN
1M 7R ST, 80 B RN R OST i /N B sl N B E, BTG . ZAIE AR /N,
HEAE—MRAELZKE] lom. YT EAIE R RE SEARMIEAL, ERHEEENWE, FE
KINE NI . XEHE L K E T WM PR =AU A .

3.4.1.3 A HEMiE

7= 1 (exposed structures) 7& 45 CLYURR FIPTAR P 2R 18] ) &R 5 5 T KSR I BT
B RPN IE LSRR BRI, IR SRYTRRIAIE BT UK 2 55U FI R SR % DT oK
Fo RAZASFEFRIN. Nl BEEEUKE. 450K BHOGIRINEE . X EeE fa] AZESTAR Y
KA SRR IRIE . X RMERA LR E ol R o] LLa &t B KA T
UTRRIASE T, Forh E B W VR SARIPIR ., W IR, 7R RO
Yidh, BRI IE HAFCE U AT R B ORI 24 e W S 8 B R T ORAUR, M B TR it
FRIREE, 1 HLE m] A I SRR 2

1. WIRAKEIR

R A2 T 9 PR VR FE AR BT AR 2 3R T P ) /N it . W R M T B RV, W
JREFIEST, JUEA R SR B MEE: W GRIBEE, i 2EMEE, 18—
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I PR, AR TR S BEAN R RS I RR . B2 I, MR E A
B AU MILT, A Z ARG SR FREE TRk TR R S T IR
UM

UKEITAEDIRYZEE L, ABRT ORI R HRIZE, Hfdit R, AR
AH, G =S ZAT

2. TR KT S e 2

TR B R YU = 2R i /KT R B TR T T i gt . fEfRm b, TRE
PURCIR: FETE R L, TREWRE V. TREKE TR TR IR =
17T =

TR YRR 2 2R (8] Bt e /K 22 DO BRI ) R A b8, WA s . 0. =48
WP W MR I

K WA 2R 2 TR R AE KT W K e B 2 SR EE G I By, SRR, H
AEA VIRE, W8T EARAERATTR Y

1Be B FE AR IR AL 32 B R R AN R A BRI AR, 808 SR A .
IR AT AL AN T2 K MU BEAN T o

3.4.2 2B A

XA IERAEDURB AR PIRUASS Bh s . VAR TRIA . DTUE S DML AAE D 1R DT
RAJR R BN FR T AL i o o 1) 22 RO B R A Bl A R R P AR B, & IR AR
BRI, PO R R B SO K, (B BT 17 AR ORI B b e
A W ILEA RAREIR . BRAh. DIRME . S5, IRIERESE .

3.4.2.1 dAREFR AR 5L

FEE BRI, UK SRRV RAER VTR R T B EE (B )5 I TR
TR 2%, NIRRT BB R H AR BN . A R S i JE R L e se X, sl
A PR BRI EMI R TSI, SR R AR R R BB o

ARG K2 7 T 5 AR A DRIV R BRSO

3.4.2.2 LAk

ARG EERE TARRLURYI R, A B 1 22 K G S AR LB A T
B B A ST . e AT SR G R BRI (iR SR, An SR 1 HEA
TR FRIR T AR IR B AR IR AL i

1 IR (s PR B 5 S HRAR LRI AT 5%, S5 A0 22 BB R 5 M R SRS LREAT K
IR Bh e HH ) S IR AAG 1 0 T by, IR b L, W

3.4.2.3 ##

AT AEN IR G, BRI 4K, BUEE TS BRI A Y]
RHIZES . GRIAREECR, BISUR. BRIR. 0K @BOR. ASRIREE, K/
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A WILZARBH A K, BERHEFIEIUK. SN A RS R bS5 . Htid
ARE 2%, AFILEPR BOAR. PRIREE . ENHETIRURE ol LU A=, BaT L A
BRR ABLZARBAS IR Bt 23 A o

OZI SO LKA IR EE . BiALER. RIREE. RES. BERREAELSE. EAIH S —
SERPEEA I BB ARZIBLAKWAR Ja 7T 7 A2 L e A o B 28 7 (R TBUR IR o

3.4.2.4 5B I mEME

A AMIEERIR S A IR 2K E, A% BERE. A SR EN AT
o EAERIE ERIONERSS R AT e Rk ae, Hodh w8 LA
RY, AETH ERSZERRNRE, FRAARARIE, ZRSHME. REE. Tk
HRE I L E AR

BHESL 20 1 [F) O [ AR S B e — L T AL R )3 o B AR R 1L 2 (RO AR
FEHFIH PN E VIEES, ZHIENLRAICE T, WRICE . R T, A
TG R 2 AT A bk

3.4.2.5 tkEME

W S 3 — A R Eh W PP B B B R R I, IR i B AR R R AT K
T 2R 2 AW, 2EANE R SARSOUR TR B B A =, Boh, 07 V IR R
SERPEAA iR R DL, BUCH LTI A S

I 2 R0 3 Y 8 PR R BRIR SR TR R AR MR, TR BB T RIS, M BRIR ER TR
MR, Glia], ey B, s bt R K A R A ] A I AR T T T e

3.4.3 VIR HE M

A BT IO KA 36 A 8 25 3 Bl A T AR SORR ) T s P A 38 B T SR 0 25 A
R, AR AEYEGE . G A A K IE R HOR LSS .

3.4.3.1 AR iEAME

A R A AT RIRLE S . R R RS URAT AR
Pt B RORAIRIE, NRREE A, QFEEEE, ek, (=875, #IN. il

1. ik

JETE SRR A HEA Y W 2 BVU 2 A8 B AT B, EVTRRY)ER T st B N R E.
KW el g s AT, HEA—errmte, WarFoN T,

2. €k

€2 T HEZN ) (Blanid Rah¥n. W, MERRSE) EritiyRm Fe
TSR BRI, ARG B AR IR . 55 R B e S5 -5 WA ) 2 T R k17 T2 s P 3 2 B At /N

FECIRIRIE .
3. fE Rk
{5 B2 EE R . SRR e A, EPUARYIRE LR ARZE. X
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Mg K2 RAGLE . B —E@ARIIMYT, RN BERATEARBR T2 3h V) i 6 1

oy

4. IR

BTUBTR L, BT SIITE AR W 45 PRA ORI P R s . 8 S s T Ak
EEMNCEIBER

BB, 5 TR AEMIPTR SIS, K2 WS A BTIRA R e)
T 7E3E . FEVIRRRR I, IR — RIS — (15 T iAff [ 7 e (B 1o

5. el

LRI EAE . B R R AR A AR R TR R LI . B AL RO
H, AL SRR EE R, WA PUR 2R MEBURIK . BhifLEE R
BN TSI s K

3.4.3.2 ALk

FESRAEAEG IR h i 2, AR AR DUAR AL 3 38 AN [RI R R A BEOR BB T T 7 2 A 3
AW GEIEA) MR TAMEE . EPLEn R, AT B R AR ORI
ERWOR, SoR RIS, ERTERIS)ZE . BORMIIE A f R RS S e B e
2R B35 A B TR AN [R] B B BB S AR 3t e 52 A TR R OB

BRI A AR F G BARE S AR TR S R A R, el T
FEREDIRIA S BT R . — ok, MR H K BTSSR . KR LR
WA B IS BT o B0, FERIAYE R TR A 8 A A7 BAE IR S G R B K
A R AR DAL 3G T BB AN G o A, FEDTARM IR HE AR PR 58 (0 = Sy i BT 2 A
TALR), BB A AR E BRI

3.4.3.3 A4 kg

HIZE A B R A R AN SRR I AL (8 — R B R B AR TR i . — Bk
MRS I S BRI A K, S ML TR ) A ) AR 3 B8 2 A (DA B AT D
BB 2 A0 Y 2 B A P L2 R AR BRI -0 PR o V2Rt 2 DR T AR D BT RS ) — i B AT AN
FIESSUZMESRTIR MG . Y GRth, THURZ) MEE GRE, AHURE) MR
SUR BB E 2 A R AR RN, X R R T 382 A A KR
WEE, M SEREMAG TR . BEAAGEEDIE, WERR. FBCR. HEIR, AR,
BOR JRIR, IS ST H VIR AR

3.4.3.4 HAARE

FEZSMMTIRL phBUPIRS AP WSS, WA & MEYAE K. HEY
SET )G, EATRIIR B B R TR SO EAIRGE,  TT DL R BUREAL S PR A7 TR, 10
FRIFE B 2 0 il i e A TR e Y b Fe S A I 6 7

3.4.4 WIEVTRH KIEL B E
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WA FESUZE (varve) FeFE—F N TR TR M SUZRTTRY) . Varve — A
B2 ST 5K DeGeer $i H SR IR UK ) 1 il 7K AR A4 T T e R R PR T AR
RIUK )N S0)E(De Geer G, 1912). {HEEEWT 78 TAEMIIZDERN, ATTEMREE 0T RN 5
B R IA — AN IR ISUERGTR Y. i, AT T “HFE8U27 RERRb
JEH ) varve 8% annual laminations(XI38%5, 2004), MiZHE 1 ANESUZE AN EE £ 1948 %
NEZEFI I SUER 2 NZETTLZ (seasonal laminae); 5255w AR B 17 SUZ IR
SERI IR B RR 2y “40U2” (laminae BY lamination ).

3.4.4.1 FL AWM mEEA

—RORUL, WA THAELUZ T A T 2 Fi R % . O’Sullivan P E (1983)45 |
AU AR B SUZ B R N (D AEMME IS, —AMEERmE
SR IR FEARRT T K R AR B2 1 K, 3 HI A Z IR (2) WIKIEHZ—
ANERERIIAEL, R R B AR, I SUZ S5 K45 DLRAE T R A2 Ak
NRZIR ;s (3) WATEIR B AR A P2 RIS 5T () A N 2 R 52 B A T ARk i ds ) o
MEZ, WATTRYEL)Z IR G R ER € B AT, 5 3 )2 ) U B A7
PRl IT AT E SR R R Y

AT SUZ T (18 53— MR AR AE S0 B S5 M RN 2 BOR HEAT 4 2811, (HAN[R]
(1 & BRI 3 B4R 202 2R R IR 58 45— 8 (O’Sullivan P E , 1983; Saarnisto M , 1986;
Anderson R 'Y and Dean W E , 1988; Kemp AE S, 1996; Brauer A, 2004). & 3.6 JHgh 45 T
HARESUR R IRI 7, AEICEEA EASCIRYE TR U SUZ B AR M o A
W BFAELUZERN 5 9 3 MR (1) BEFLUZE (clastic varve); (2) AEVIMHFLZ
(biogenic varve), UWIFEHEEFLZETE; (3) M MEFLUZ (chemically induced varve), 4
T RATLZE . SR FL2 . BRBTFLZE.

3.5 FzE VAV — e R R GRS . K] 3.5-a IR IR 2 i ML) Kassjén
R B IS 4402 (Saarnisto M ,1986 ), — MESUZ H = MNRERARIMSUZ A, Hh A
o Z R MR AR, H ARG MARE)Z, B =i a Rk e g2 3.5-b
Fios 215 Holzmaar ¥4 FH0 A (ORE 2402 (Brauer A |, 2004), —/MEQZHFE. B K=
EAFMER RS Z A EWE L E A s B 3.5-¢ B2t ZOrich Wi (7 i f
Y7 (Kelts Kand HsUK J, 1978), HARASUZAERMRAEKTT B, EZ) Kt
UUVER) CaCOsy, MR ELSUZ WA &AL, R KETU; Kl 3.5-d st
JbEE— AN P B B R AR SUZ R E (Saarnisto M, 1986), FEX M WUZEIR A B HIIA T, .
K2 B /K AR S 1R] JEG 38 & Ak I KA 32 B8k, DTRRII R Ak I S S A DT T 3RAS B 1)
WEBE, AR A ZR K, W ERE T A AU T2 A, SR
Fe?* STRALY I ST B Ak 2k 18] 3.5-e T /2 JEig (Dead Sea) H[X )75 & h a4l
JZ(Brauer A, 2004), HHSCH ZERIAE E & H 2 28 ROR R R EUK S IR R R K
MSUZ, TR Ve FIRE 2 i TR G 2 T2 4 2R Ky N R == R 42 o e IS a3 Nl
TR T T o

£ 3.6 BT ANRASOHATURR Y S 8UZ KB 155
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K35 IHTUARY SRR ISR

() Hidt Kassjon IR B HELUR, AMELUR =048, Bk ey M Bib B2 RN, K EREFEAH
FiE @R, e Lo — W2 IR 45 Z (Saarnisto M, 1986); (b) {&[El Holzmaar HIHWIFREFEAELR, — MEGUZHER
R [FIZ 95 ek g J 2 AN & 22 10 3 £ 2 4R (Brauer A, 2004);  (¢) it Zarich Wi T R AES)Z, Hhikeag)z: Bia,
WREOLUZ: EEEMA LT (Kelts K Fl HSUK J, 1978);  (d) i b8 — AN A& BRI SUZRHE, BT A C IR
SR WK BRI A SRR, 1f B Al DIRGZRE . LFHREHTTRI Y (Saarnisto M , 1986); (e) FLIfFHIX
AR LZ, WONEEZRWEIER AR, SRS IAETR, REKNAZEZ R BFE YA (Braver A,

2004).

3.4.4.2 MEFHEEWFRERE F %

BT AN [F PR S o (AR A2 s & PN R RFAE, PRI H RTIEAS v] B g — N o8 T4
GURT T PR HEAGIR RS o X T SUE SR 2 BE ORI G F a0z k0, A RN
AR YRR A 5 3 T3 AT T SR T A 400 1 B U gt mT DA R RO A ) B e T B U
(Ojala AE K and Tiljander M , 2003). SR X} J5 FE 80 ) AV R R SUZ KB, b 2
Bl w3 A ) ' 2 AR B A T OB W B AH A O R AT AT (Lotter A F
and Lemcke G, 1999). &2, FLUZWIT TAEH L AURYE TS0 K BARHE 215 5 1E 1)
FERMTTEE, X2 IR EUZE TR I AL FR RN ey 23 30 1 PRI B ) Al

1. BRI IS)Z 741

T2 R E P TUR IS O R, AR LR UA I R (1) &R
Hh S BAZIEPRTESUZ R B SR i gy, 38 A B BRI Ty s (20 ZTER
BNMIELLIAT IR . N T A BIELUZ LT, Rl oK - YRR i A 45
AR, R E R DL ERESER A B AT S AROE AT A SRR LA
1RZ, 140 Kullenberg 541 Livingston 7 ZE45 L. Usinger 5 ZE4iH15555 . Leory #1 Colman
SF AT T VEAN R GE i AR S 805 9 (Leroy S A G and Colman S M, 2001). Hidr, %%k
E S HUREEARNT T T A SRAF K - TURRA ST IR 6] 25 (1 2R JZ TR R g — A
HEGTHR(Wright Jr H E |, 1980). A AREHURNE ZERTHLEC S, 18 v LA &S 52 MUl
51 o

B DU A O TE AR 2 BB (RAFAEEIR. A CIIA R . i m O TE S = 347 51
TE, HPT AR, THE A BB R BRI AT G e — B R O BN, T8
SR R TAEMRL, T AR ORAE RS L 5 ST 2 5 1 BT 55 72
0SB B YU R TR Z B PR S5 48, IR B 7 £ 2AFE S S &5 (core
logging). MEAH. X SFEAMAH. B A%, RETEALLHERE S EIBGEE . i
T EE BRI B A= N EASUZ

2. FLUZRBE R B
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FEGUZA FT AT S S i ) SE IR RO B FE AR A . X A, LR
B Fer A BUR o A A 4 - BB I 4555 (Pike J and Kemp AE S, 1996) , H
T BUR S AT B R TN 1 F - BB R R Bl U R R IRGE . AT OO R
o FB . ERS RiEt. B 7 BB E AR U R BB oA+, AR
#Jr (large thin section) & H A [ pr BT ESUZTHEAESYZ G (varve micro-facies)
AL 5T B FH AL o

(1) AR RIEROR

FIVEDURR P 5 Al 22 K R R A F T B . e B s e G o th F &
X E AT SR TR Z S, AT LU # T e A=, @S s I aUZ
FRFARR, FH DR @ RN LR H R . 450, JRERIEER, &
HATESUZH A M — DN EENEMFR Fnl Xt Tyt R IR, FaU2 BRI EE
HETTRRY R UL, 58 B IR FE TR BOCE g T PR SR A . AEMIE K
AR, EBRUURYD b B FLERIK I ISR RIS IR ] 2 e o R B B, HAT R A
bl 5 ks 1 7 v P A, BIPRGE A R - R T 1% 7% (Shock-freeze and  Freeze-dry
technique) F7K - TAEH - A NESZ #7715 (Water-Acetone-Epoxy resin).

POEA YR - BT R PUEATR - AR TR 7002 K LB A 7K 2 8% 56 1 A elods
DRI EE R, B P AN 22 4= ()% s (Lotter A F and Lemcke G, 1999). 17 vk (18 A
R AR R 1971 4, HATE PR EIR 2 580 = ACR MM O . BARPIE BRI . O
SR EENFEE TR, dERT. FAHSKHNMEE R ZEAE lem W& @
H TR B G R G G IR R S MR 2, SR 5 IO BRI U 25 28 ok 2
5 7ref, fEVIRMI R R: % Tl ARG TR R T 1ds v, RSB r
Koy @RITRERITURRYNB NN EM NG, 7 Ik 5k B AEFLBR (<0, B REnT A
TR B = R 2 T AT . BIRE RITTRRMIE s 8 | R 4 N B E S Bl ©F
5 R A S R e T, RGBS v b, SRR B R LS il R — 5 JEL R (1) R o

K - R - REM BRI SR FIHK - AR - B IRAS 45 iR e K
)72 1988 4F Clark J S (1988)HR & VH VTR AE SUZ W FUR SRR K I 58 o IXANTT %
BAFENAME: B0, ¥ RTMEEET (W 1lemX2cmX0.75cm (Lamoureux S
F,1994) HRAUTRAYIE SHREUEDIRIFE G, REBESEE, RN REIALSE T,
DIINTRER, FF i b B FLBRACGE R 5 BRI S B84, LS8 BRI 7K 4 38
OB, BRI AR M IR AU T RS2 AR, RIS FEZ) 50°C R st 48 /i,
fEASHE S B, SRS SE S, FERIH B i R Guihi onT AEAT 5 A S i
(IR o B I 75 2 6~8 R INF[A] , 45 R 75 2 B 48 2~ 3 YA Bl el M 48 i (Thiljander M
Ojala A, Saarinen T et al , 2002;Lamoureux S F, 1994).

PUEA VR - W T B ITIEFIK - AR - PR T 22 375322 B #1802 FAREI T
I FH B Nl 1) R I v, AN VA & B RRSS, (BfErE & B IEkiG. P
R - VW UR TR TR B s, BISK S & mik 85% il X ANk, (Had, 2
R BRI AR B 4a 5 59k, USSR TURY) . DI it
Y. TOER R CAGRKERE 7K AT HRAR RIS e GBEE B 8D 5555
R X UTURR I I R AR 25 F i R sa e, AR 0K S R R P T A7 802 )& BE DN = 1T o
SR YTURR T 2R AT 8] 75 4710 43 B R B 13 912 285 RS X S ML) AT 52 o 7K - PRI - PRS2 #6077
AR RIS Wi, Lo RIAF @ REe At thAh, R —LefE RS B B an oK 2 2 A
AL T DA S 2 350 P i S 55 75 2R /Do ISR S 21T 85%, KT 7% 2]
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P 2 Al 2 FEUSR TR R o, Bk, X T s Im e K& s A i A [
SEUURIIR T R AR A AR, SRIGAHINTTRI IR SO A AR, AT
1 J5 B NIL R TG (Lotter A F and Lemcke G, 1999).

(2) HEREEAHS X HLERAHBA

RGBSR K BIEW BRI, 84 ] DLE & i & R AR A R
Guit A ORI AT, REATHELUZ T — MR R AR A 25 8 2 S5 1R A0 R
[N IEAT, RN TR P IR 0 € 38 AR A AR R Gl . (EX T — S S R SUZ K, a2
TR T — BN A2 5 A4 B o ok

X S R HRAH R — b PRI T TC R 1 & R DU MR, ARV TR SUE W 5t
(7 AR RS S TN, Saarnisto M, (1986)HE#FEWF S SR K & HITTARY th R Gi Al
XA T e TR, X SR IR B AR (R BRI T X 2 7@ AR ik Blik X 6
FE EAEARFRMEE. 2 X SRFLTRYEOR, SRR, SR RIESUZESRICE 2 1)
X P2k, BIAE X 6 B = AR B ERGR R 0 B G T 2 28 38 1 AR 0 R IR 802 U=
ARER R EIS . X B AR T DOl f ot as Ao i, R oI S
I EE R AL 015 B (Tiljander M, Ojala A, Saarinen T et al , 2002; Ojala A E K and
Tiljander M , 2003; Ojala A E K and Francus P , 2002). FH T~ 0o 025 #h T g id i X B2k 3E
B o) AR, DRI E AR B IR 5 5 S R AU EE N O E N X 9 4%
RRAHEAR I RE,  DLRD#4E BT,

(3) He2BREE T

FIFEE B B SR BB Wt BB Xt TR 2R 1 58U
FH 2 AT R SUZRHE SR AR SUZ TR AR B R, B ] ARt o AT - 802
MEEMAESEE, WA, QUZMAE AL 5%, B Pitk&en and Huttunen
FXH BB M EE 735 2R Ponttdampi IIAESUZ 450, — MEELSJE (4] 0.4~
0.25mm) H—MREZEM—/MREZH, ZEIA SRR, UESL T —FUTR R
45K (Pitk&nen A and Huttunen P, 1999); Ojala A1 Tiljander F FH 374K 2% BB % 25 2= i
# Alimmainen Savijarvi Wi#T & UTARYIR AT T FESUZF 511114 (Ojala A E K and
Tiljander M , 2003). E AR EIT JLAFEE AL UG 0 A A o1 A BORAE AR SUZ Wt 9
(PR3 TARK Rt R, (H 262 BB HARA N2 H i s v & SURI R oA iz 4
YN

(4 BB HEA

E1& 5341 (Image analysis) & 7E—MNEUG B im@EE = BHir, Mk e &6 i
A, BREESHVRMERREE TR, BT EsEoPiih, Pt ib 75 v K
1%t BRI A HTAE R AR, BEE . Biafiibi %SS4, KtETJLER
TEAELURBE T TAE R o AE R A HTBL ol R DU A . TR S5 10 240
FER A R R 25 R N VEH (145 )8 (Francus P, 1998 ; Petterson G , 1999 ; Francus P,
Bradley R S, Abbott M B, et al , 2002). —~8854 FJEUE BT )7 513 e = A E 2P IR
(Saarinen T and Petterson G , 2001): @ EIZHIZRAT . 185 2 F) A B 1) A B 8l £ 74k
FREEARMF PR RT . K X A MRS G RE SAERAN; oK
BAbH . FEHPRAESE Pt iR B G E:; BB ar (NE. ZERbE
RS o SONIFB MR B a4, e g ami, B, B, KA Hhm
PAEVASEISE R =R N I TN A Ea

FI B A BB T BRI ESUZ KB Fsa TR AT B 70 10 = 2 H B i A4
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SUERI G MESUZEE . W X G 2se B2 AR MAESUE T4 (Tiljander M, Ojala A,
Saarinen T et al , 2002). F| £ AL U 0 BT HoR BEAT AR SUZE B B SR AT 95 ) — B
FEAWIEAT 221K BUANKIBE A TARSRNT, X TR ARG SR oAk, BI& >
T 75 AT DL 2 (1) 45 SR (Zolitschka B, 1996), {EG Ui N 3D TRR MIAF AR VE 2 A8 4k
HIUTR IR, BRI AT G I AR S IR, By B Sl AR ME AR R4 50 7 A2 1 )
B AE DL E SCRLER AR A5 K (BN & JLIRER G IR SUZ A IAESUZ (Wright Jr HE
1980). K&ttt B et B SUZBEEE N T a4 R, Rl R ELUZ
L FEm - BROANZARIER T, BRI SR 2 7R ) . Lotter
A1 Lemcke (Lotter A F, Lemcke G, 1999)\ N F AL EE 73 tr B A FEAMN 77 ZESUZFA
Sebn R B B8 R QUR R R & LA T rT BERY R IVE S AEAS TR, BRONTHEE
LA RS2 28 I8 75 Bl B e N AR E 0, SeAE2 —HFEmT i TR . &
SR (AR CEoin 3= ZEEAT 4 70 B 2P DendroScan) 7E H 3 AL B2 5 HEBEE A
THIBGE, A LLP A n] SEH 45 B (Ojala AE K, Tiljander M, 2003), {HE i H B 1R
BN ZIRER . RN 4 A S B BB R G AT T 4ESUZ T

CDRE EE R RTAT K %N

XFEEGURE N B SUZ BT W SR AR BEHIA N 2= AR, R PR A
S () SRR AR S A . A R BT (SEMD R AT LLER At i 43 2 1) 402 45
HBMEE, Rl RAERA TR (EDS) Jaw] LLVEAIHBHI SO R, R i &
TR FSUZ N HIAL M RAE LB E SESUR R “ 47 DIRIERT, HAEWNADIRRYIEESL
AT EEEH 2 4R 23R, H AT C4 2 HEEMH AT 5T T B (Pike J, Kemp AE S,
1996; DeanJM, Kemp AE S, Bull D et al, 1999).

4 T R IR RO p g ) 23 Box SO R R T R (BSED A1 T 1R
(SED. FHIUMN 72 m R R 15 B AR b 0 S5 R A s mli e 7= AR 1, 7 A2 1R 7 IR FR
THE CEHUNRED FESHR e RERD KPR TREE S dRERRA
EONEURHIERE . W RORLAN SR, A SN #h 55 H AT A B R 2 IR e (D
S T B R HD, BT DU A S EUR, 1A LB AR SR IR S IR -1 34 S P
iX, B HUN R8BS, P AERCIBAER. S BT BUEA AT R ETTIRSU=
HIARUE R e A s BaRA D), IERT DU BEFLRREE . AW & DI 451415 B
(PikeJ, Kemp AES,1996; DeanJM, Kemp AE S, Bull D etal, 1999). /XK H T2 &g
BT 5 H AR B 7R AR AR SRR P A Y, BRI ) O T O e IR T RO
anHITEAS M, BRI AR R T R R B R R R RS S, SXUH B0 T
FNHEUEZEERL,  m A — kT R AT SRS SR RHE R B (nsyZ B A S it A
T iAo

3.4.4.3 HRLE G R EAH

IR BERAG E o PR RS AR IS, BRI AR T S A RS .
5 2R TR B AE — N 7T DL EL I B R SUR FFAC ORI A K A5 J2 11 i 24170 e R 7 %
HEE S EHESURBERAE 58 1 3OA 2 KBTI IE AL W [RIFERT, X ST ERIRANEL
ARICIF AT AR E HINLUZ (<2000m), 1] HABASEE X 0 H ORAEAEAE VIS0 N I UL
A E . Brr AL BB T SR A FEARAL I 18] 51 23 A m] LGS H an BB LB & B4R
AL, ABWTVEM G AE YA G IR . U O Fr 23 T R ISR X AR A i —
BAE, HEREIRHR I T TAE R, e B S a2 AR EETH, HAEE
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U FE R Z e B ) 73 R . ARG 2 A B I d Rl B4 0y CUnRE s ffl
A1) AR I EE R LU AL E . WA (b ) BB EIE A AR 22 2 3 AR 19 A
WA . 5C BB LE, WHUN BT & (BSED s S5 2 18] 1 b e 22
PR T B R

BEE TH RN AN A R, B AL B T b SR 2 O — MR R R I BOR, X
THWNAEZORYL, AR, R HEABOAME, BT a il smasREgz
T FLUREENE . DU i RS AN & ST A M AR . B AR
SUZTHECE FZ RN RAE FE (e i, B AL R I MR R SR I SURSEAREE I TT rp aofg
RAFFEINEEEM . BLAh, i R RORZ H AT R FAUZ I S 1~ R
P HeR B A AE B AP I T —, BRI RIS &, EITRESURAE
15 7 AT B T R S N

2% XM
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