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# 5-15 FlZK Ay BRIt R(%)
HELLIC HEER 4B Si0, | ALQO, | Fe,0, Fe® |MnO |MgO |Na,O} K.,O | Ca0 | TiO, |P.O:
B ZKs0,-12] 74.47 | 11.58 3.83 0.95 § 0.08 10.72)0.60 | 1.76 | 0.36 | 0.86 (0.09
Qr ZKo.-11} 63.43 | 19.29 6.91 0.23 lo.2510.200.11]1.06]0.04} 0.59)0.09
1y
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ig
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ZK.0s-7 | 51,13 | 27.00 6.32 0.24 j0.08|0.77|0.,04|2.80|0.30]0.6610.13
7K., -6 | 53.49 | 26.38 5.56 0.14 {0.03|0.68|0.02|1.92]0.26} 0.56]0.13
ZK,0.-5 | 75.39 | 12.57 3.50 p.58 | 0.20] 0.55]0.11]2.13|0.02 ] 0.51 |0.06
Qy ZK.os-4 | 69.15 | 16.41 5.06 0.32 | 0.28|0.54| — {1.85]0.18{ 0.45 {0.09
ZK0-3 | 65.69 | 18.31 4.92 0.35 |0.16 | 0.59 | 0.03 | 2.06 | 0.20 | 0.50 |0.09
ZX .. -2 | 73.61 | 14.10 4.26 0.71 [0.3710.39]|0.06|1.43|0.19 1 0.32 {0.07
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B-12 | 67.31 | 17.85 5.03 0.45 [0.04 {0.29 (0.11(0.11]1.94 ] 0.57 |0.09
* 5-17 FUBG%HERLHSRD
HE (G OURG 4 s S0, | ALO, | Fe,O, FeO | MnQ{MgO | Na,O| K,O { CaO | TiG P,0,
Qg l B-7 | 71.39 | 13.22 4.20 0.32 }0.06]1.20 | 1.03}12.09)0.71]0.84 i).ls
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B-3%(59.21 | 17.60 | 11.73 0.16 | 0.06;0.73]0.17] 2.24 }.0.26 | 0.83 |5.11
Qe B 2 | 75.47 | 13.03 4.23 0.40 }0.0310.33]0.04)1.1310.19°10.43 |p.05
L oB-1 | 76.18 | 11.00 5.85 0.42 | 0.0110.2610.06) 1.0310.21)0.31 p.06
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$i0,/ALO, |

CaO+K,0+Na,O
BRSNS FeO/Fe,0, Ca0O/MgO K,O/Na,O Al 0,
(Kiff) (Baf)
ZK50s-12 10.715 0.551 0.359 1.931 0.306
ZKy0,-11 5.581 0.074 0.099 6.343 0.073
ZK 05-10 7.612 0.281 0.373 12.173 0.100
. ZKy0e-9 7.363 0.351 — 15.679 0.139
. ZKsos-8 3.087 0.084 0.264 22.942 0.117
b ZKoou-7 ©3.214 0.084 0.280 46.084 0.135
" ZK505-6 3.442 0.056 0.275 63.102 0.098
ZKs05-5 10.100 0.368 0.026 12.746 0.215
ZK 0,4 7.152 0.100 0.253 — 0.033
ZK ;-3 6.089 0.158 0.244 16.952 0.149
ZKy0s-2 ©8.860 0.370 0.350 15.682 0.141
ZKs0s-1 5.375 0.059 0.234 31.584 0.193
FE#lE 6.549 0.211 0.229 20.435 0.142
T ZKy0y-9, 10(E B . ZK 0, 12K TEHD) 24 Uk 1 K K TR 7,
® 5-19 HR24EEULHBHEL DL
Si0,/AlL0, _ Ca0+K,0+Na,0
BAHS FeO/Fe,0, Ca0/MgO K.O/Na,O AlLO,
‘ (Kif#i) (Baff)
H-1 7.692 0.069 0.156 2.826 0.236
H--2 7.895 0.067 ¢.225 4.605 0.207
-3 7.746 0.059 0.209 4.095 0.236
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H--12 6.400 . 0.199 0.273 11.609 0.139
SERiE 8.711 0.078 0.434 6.355 0.173
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SE#E 9.042 0.122 0.359 7.08 0.203
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KOZEBANM BN EREPE AR BEMBRGEHBEE: CaO, MgO Na,O NHEA RS
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524 FlLBAZHRERNTRACYEN HE0RRAE

AEIE |

mERE o (P* | S8i0, ALQO, | Fe.0O, FeO Ca0 MgO K,O Na,O
Qiv : —0.84 ‘i'l..9'3 —18.38] +23.26| +16.67) +12.50] —2.36 —12.75
Qi —0.43 | +7.38 | ——20.64] +20.93] —72.22| —28.35 --22.88 —77.95
Q.. —1.23 | —4.01 | +22.59] —27.91] —36.11 '—50.96 -—36.80 —77.45
Q. 4+1.34 | —0.90 | +15.21] —24.03| —38.87| —46.58] —31.45| —91.18
QL —4.07 | +24.72) +2.93 ] +16.28, —66.66) —73.08] +1.18 —91.67
Q;:l —14.17] +56.34 f'6.50 +31.36] —9.89 | —30.77| +2.59 —92.65
Qll,l\/ ‘ —7.36 | +37.37 --19.45] —16.94] —42.46) —39.42] +10.85 —80.54
Qf) -+12.19] —12.47| ~52.14] —2.33 | —65.28 —78.37| —23.82 —86.27

b

>

P‘=tﬂ%—f—%,l’%ﬂﬁ'5}ﬁ; mAELTEACHER: s ARAFEESLREFIRA P HELHER , Sn> o,

PRHIEE, A“+"&%, BRI Ym<aft, PAHRAE, A~ &R, AWEE,
¢ REENE SIS R AERTRE”, 19764, hERERL R T K

AR W

BTERERCRLERERPRBNEROILER, PHRALHFOLERLLRTE RN
EHL B Fe,0,; FeOMBILHENTE, URERBHERHED, EREE
&k, TEHELAEINX R, MSBEEHRK FeO 1R pUIESL DR M, Fe.Os
NI BB AR B, Ak, AEHLBRSEEL RN &SRR, RET -1MAZFENNE

=]

wh o

#5-24 RERER, Fe,0, RLE QY. (KA EY) 5, Hibg k ok QL.
Q' Q¥ HERI A BE, KRB YN SEANE LTS, 2 Q. KFe, 0, M fig
HE S REE, FNaEREREOAMERTE—BRL, BEAEZML, AEH
B L L+, HFe,0, AR B 1 K FeOR AR Ik A 18 25 % 12 i i 0, 3X 76 5> 12 W1
Be47 + M RAL B 76 s B R e SR R s i T B SR T TR, BB, b
S ik ALO,, Ca0, MgO, K,O, Na O3Bl 4k i A % #hik .

5. HMsEd, Eh, pH R Sr/Ba (%t

SN BILBEARE R, SELHEENEHAHG. hIRbFERSITRY
RmREE. BSENIROERNRE, BE. Eh. BREmEMER, DU EmREsImAR
Myt P ss A LR, £ LRBHE D, BNREN UMK, IFWEREEREET,
B EEESMERERNEEE, REEHBLEXBRRTRENEL, mish
Rk, K pH, Eh ENSRAKBREEHYW, Hit, BRENEBERHS AR
WAEEHEE LR ES BHEA0, mFEs-2588, o™ Dk HE%HHE.
QL —Qil H R ZHELA R B O, —Qt ZKso, JL] EH Sr/Baiy b EREE M N8/,
PHIE t BB M M2/, T Eb A&/ B FT A 0 BB LLBOT R, Bk,
BARBEAMMEA LRENELES, HE HBLESKERAMEL, THERRER

@ XL, KEHEPEAHHLERK LR RARE OB, SNESELRENERRLUETHETE).



A LR BB,

x 5~25 WA ESr/Ba.pH. . Eh{§

w B R H o4 &8 B Sr/Ba pH Eh(mV)
Qiliyr B-7 1.0 7.40 1 360
Qi £1-6 0.5 7.90 1320

. K5 1.0 7.40 1350
Qi

o El-4 1.0 7.80 1 350

» i1-3 0.5 7.10 1330

Q' Fi-2 0.5 7.30 1350

H-1 0.5 7.60 1340

-1 1.0 8.20 1320

-2 1.0 8.00 1360

-3 2.0 7.10 1329

B-4 1.0 8.00 1320

H if-5 2.0 8.00 1310

b6 2.0 7.90 1310

-7 1.0 9.30 1200

M-8 1.0 7.60 1340

-9 1.0 7.80 1320

H-10 3.0 7.20 1360

Qi 11 1.0 7.30 1310

H-12 1.5 8.30 1310

. 7K 11 2.0 7.00 1310
Qi

ZK05-10 3.0 7.20 1310

. ZK, 3 1.5 7.30 1 300
Qs

’ 7K., 8 3.0 8.10 1310

ZKs, 7 3.0 7.20 1330

ZK.,,6 3.0 7.00 1 300

ZK -5 3.0 7.10 1300

B ZK.p,-4 1.5 7.90 1330

ZK:M_3 1-5 9.50 1 220

ZK.,.-2 1.5 7.00 1300

ZK s -1 2.5 7.20 1320

5 H 2 1.5 7.60 1 360
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1. By A SRIE

AR K ERL IR RE, v oA SR AR NEARLL, BR, BT &R E
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Fio PRI ER M b A ok B L, (B R A FRAEAEIR AR B L BB UL B3R
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(1) ERET ey Haat

FRKHA KGR QL. ZEANFWEERLEA. WA, REET . B0%.
BEV WA, BAO. RERE VR, kZAABA%. Ry hEERRG AR,
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(8) WEY Wi
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2. EYHNBRERBARELISR

By e RE. BEOTo SROHAAD TRITPER, AR AN ENS
AR BT BN R R R X EER. SEh R, miEfmEKREm
DURRHUE S, W BAE AR LB SRR bR, NXAE SRR, BT
F¥ (ZTR), BASH A EERRAERRELMEERT L.

Ty winlRERKAEAS T ERWEANAT. (U BEHRTMALL; (2) #it
TR BB S R &R, WES B RGEETH KBNS KRS EHFRERER S,
— e B X E MO — 2 B IREY, RETAEXHR R,
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B T AU AR S AN T8k, FrUAFURX SR bR RIS I B M B R 4, R R
b At SULORIER S ok s Ry (515 8
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R ZTR G, 308 20 T R R 003 BRl & SR M BF s bn. FRIBMS I 4 19 12 R
th, BPWRAANE, EEDBREYT W5 KRR Y2 RN REE, T EFTRH
*t, RAZEESBESE HEMNEG SHRERTEFIEL RO EMLS, HEaK
T R E A% R, R EREE L (LES-29).
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BRI ETIR ., FHIE S % DS SR REAT WALt BEER—
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Hofth 55 ie BT R 7R ok = SHARELE TR B OB T & B, FIE N Ly ERE D H
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5-28) (B 5-31),

% 528 FUSHEHES XEHHELTHAE
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4 | an PRI BT SRR PATI-RRE
Qthi, PHE BRT JRPHE G (PHE-FREHE
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Qt,* MO PHEFRPHE AT B TR R
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K3 X AT MR R MEE, ML R Y kL0 B RAR, HeE Y
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ELEM
MG K
AL K
SI K
K K
CA K
TI K
FE K

CPS
10.210
299.633
406.091
32.740
19.762
1.316
59,378

WT%
ELEM
1.028
21.544
23.442
1.543
0.884
0.061
2.966

WT%
OXIDE
1.704

20.707
50.151
1.858
1.236
0.103
4.241
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LY ARWREEMRL

MR R (SEM) BISTA B REMHE, MEHMRFERHREHEARK
it S E R L. AEBRRES IR —FHESSN T, FRRESHFIIRAR
T ILREILE., BAERT AR R AN ORAX -k, AEBELRFET
#FRE S, EERAPR, MEAHEREERNLIE, £ERLSIRS T, GEBD
BARAFE, WMARNRMNPFREERRERSAGT, BBHN. BB RO RITRE R
BERERERS, £—BE FRAEMREHERMIR, Hit, REMHRE LB
S g B R T AR E R L, MEFRIWEREN. BRE, #mEnliiimhR
B, HSBABRERERETHELNRE, BAREFLSEZMESEARER £ 1
X, ARLBEKBGIRGIEST TREVIF ML, —Bh, ARBRRE S ST
R A, 1EERIAIR 2 & FOT B A i 5 1R T A T USRI R A IR R T
FUoe | RBHBIES, EARUBERRT, ARBEREDHALEMRMOIRE, KEE
S AR EERA -2, 82, SAAMBENAERIIBINE T aXBHR
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W, EMERXEVSHELAIFERER, LARBEHEELS, Tkl rRREE—
WM AR, Rigk & UIB MM S MAHIE RO ORI, BHULTAH
BT R A EA R B R AR,

s LS LB DU R e T R R R R R A LB ST 77,
—ERNERBWETTR RN ERE TED MR, B, HTEAR TR
VURBREE, BRI SR KB R TR A RS W — S AR, M, SHENEREL
VLR BT IR B 8 7 AR SR TR, |

1. #EnHEko%E

S ILENLATEY, IR ESATURERMEEE CREkEEEHRER),
TERERE G, HARBREREE SO Z—, B, BRNEQGBIEETBEAT
AAAREA, AR, FERERREARSFERLAKIRAE (RIRAGH
LEAR) A SRR T Y A R W E AR S S R T 1% B R 5 I 2 R R
TEH, BRI BB R Y & R R AT LLRF .,

$ER AR Bl 0.2—0.5 mm MR, Wi 2—3 8 WAXDR, REETHLMTE
%, ZMAXWRREORED, G, %R, ALERAMHR, BREEKNE, X
BRI, BEMEHABELTS, RESHT, 28, #H%. RTOAED, ETR
F#T, EEKEESHARD 208, BFERTRESL ARKESRERRLE, &
S e E WA EDR E T AT BHSE T REMEG SR ENLH, HERAAERRE
THESE B T %, TR A R E WA R M BT, SR kEA
P sh—e B BRI % 4 A BROO™, BEE G15%), —# (26%—T5%). FE
(2%—25%). RHE (<2%), HFMTE, i F5A LSRR R BRI KN
RREHEMEWHENED., 2ELERA (H5-35), REAKEREEMREDERL
MEZEHI D AMEEOERENTE, ARAMME, ERXBEE, KRTER
H L ZE B R AL,

2. FEUHRHRTDENFE

Wit B R AT, USEMURMARES%, EREFEHEM. B, 4
AT ERBREEE RSN REFZANMERF, KR REE T A 5 & F R
o T A HAE AT BT 2 B, (LR IR i A IR 038 B 4 - 3 o SURE AT AR L O T
A, XA TR, RS ERT ARRME R AR, it
ERURFETHH 2, HREREFRRCATRGEFRREEHNEENE, Xk
TRAEAE R RIPFHE T B R WAL, B Ef B LR B L R R R
. FELPIEA EBRRESEELE—TBRE T LR RABERAE, BFL, HER
MAER. WSRO, FRMEE, BEERAE EOMEEN. SRBROML, %1
bi. SR, SO, MR UUEASR, BMESS, BMEOHBESRS. H TETHRM
b, ERTANAHRE WIS IE KB RESE (& 5-29) 5/ X wIRHE
SeBUR R EHAEMCALL 82, DAESR MR R BN i E, B K SRR ERE. £E
W BLAR TR HEAIE B 1 2 T P A DUBE MORTEAFIE A — 007 . LA — T 7 IR AR B St 7
. TR A RIR M EBIB S T KB R KR A7 L 8 (R 5-29), H
B R B B K B DU BRI
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5-35 NIIEEY. EREEATMERT S R B
1. STS%FE; 2. 5% —T5%—H; 3. 2%—25%TFE; 4. <2NIRR
(EBEIE, 1989 4)

(1) Bk AR

WA, REAEBNATNBERBEREE. EIDIEAT, AEMEAE
%mm,%ﬁﬂﬁﬂ%ﬁﬁ¢,%%%ﬁﬁﬁmﬁﬁ,%E%Kﬁﬁ%%ﬁﬁgm,%ﬁﬁ
Eﬁﬁﬁﬁoﬁ#ﬂﬁﬁﬁﬁﬁﬁ5¢&ﬁgWﬁﬁﬂ\&ﬁm&‘m@ﬁ‘@ﬁﬁﬂ@%
Myt AETHR, ARE—THLUNEHKAEKEGEERS, XAaXBhiiEELL
BARIEAREE . BIETHWERTH WME iR ST A b T30 A 5 e B R
ﬂO%%,ﬁ$I%ﬁ@ﬂ%ﬁﬁEﬁ%E%ﬁﬁ%@&ﬁﬁoﬁ%ﬁ,EE%&T%M%
REEEEFRERXAERE, 2K& 10 XA RMBSEAR, & 4 B I853 1R A& Lk
ARMETEE, BB RN E B B E RS E RN R R R . BR, WBBET
BEERE, EEURBEISSHMNLGOASRE, HAaRENhERREL LAELR
AT EYES, XHALEAEENRAE LFRERE, K REE O AR
EMA B BRI, XFHEEESRANSA, REAKIMERRBAZEER,

(2) ZHERIYLR G FAHE

W 5-32 . 5-20 ek E, BAR T H L. ¥ HWiEek Ak LBahmazRy
BEEERE N, FEED. EREH, e, Bor. WENiSARE A (B
B IL_o); EEREAMMER, RREhAEPRREIANEREO, “V7iEdiii
Bl (ERR I,_.. 1), MXSEREETEE, EOA%—-HFHERNKBEY L ARA
ﬁ%ﬂﬁ%%mﬁﬁmm%mm&%m%%ﬁmm%%T%ﬁﬁ%%%ﬁ;I%%@ﬂ@#
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¥ 5-29 FRANBEKEMNEXD N R EHE ST
DLBVERIE A X B M O Fx W O£ #H 8 1
BRI (1)%&%@1}&&1@, RELXE, 2REER; (2)EBREA LHEEBEER (3)F .
FHER G, SRR G (4)REESIOI I e RakK
., M (Fikrgee, BRIRRED; (2)5BE240a%%, RAEHR: (3 )/MNkAHE
(DFREmERERELA, SRR, REER; (2)NREORTT, LHEBAE
AN (VA FRMBEBE, PIrREELmESMER; (OREEGETER (5)FAF
FRGCREESH: (6)EAFEDHER, Bdigt; (7)EFEER ISR ASIOIE
(1B R Fk TR AR b, HERE XA kB RERER: (2)5h
V5 &85 BRI, AATELE: ()EXREETRBASM VI IERGLNI; (4)EM
EREZL, MEREO, B RRm g
M BLER b (VSRS AER, ERZESRTBERERR; (2)FRE VIERETETE (3)F
! “V ISR IR, /NIA SR Oy (4 )3 1 W A 18 o TR0 A 22 O 0 R I8 DR 8
(1)FRc BRI, PURBPIEGAREUSME; (2)F NFERE O, BriRESIRE
B E HES, WO RRFEMN; (3)FREREARTV ES, Bd/boiaRMERE: (4)
AR E % BRSO MITEY
(1)BEr2EAR, BEFENES: (2)XRERENERND, HFToBREo%, T
RAKFE | LbANAXTR LT (3)REMNBESE, EARGH . gL (4)REXRBRSIHIED
EATHAR NG EDR
W (1B EREELERRSSEHENIAS; (2)FLHAREELH., Bthknas

Wl OFEBAEAE; (3)RMmMH & Em i RRE,

Y OBZIEWNER, 1906 RUMABRERR AN, FHERBGL.

BURR A RKMR R TS RAE, MR, BBRMASE,

(3) fb&tE MR E S

fL#Emh, JIEMELEREREARERETAHIHAB., nEn AW T HFWRE
W H G, KAeRLBRaBER e, BdaRPasRaRe LAY L
MEMBLER ., miFMmit. FMAERERIIRES (AR L), FH5IAERERHRER XY
MEREHMRPRAARE RO CBA TS (BRIV), ZEBHRB—AFE, kIR

HUBLAE, SRk SeEnBatrem, L,

R

R BE b SR ABEIE

MERBHAXEDHARREMERES, FUBBKHHADE FRLAINRINE. (1) U

RA%THUL., ¥R ERHKACEIHABRMARDRAESWAS R, BANSRE
Q. #E, B, MEE., SFEREHNGT. HeRERERANIE; (2) Ba%K
K HENSHYRENAXDRELBLUERE O, “V RBREGY. WERANAAN
1E, RAKTIBZRSE; (3) LAERSAMMS, BERNEA BT HEEBREFELL V™
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Ferdite, WEREN, FORERGAARM-ERITBFRE, (DAR%TEWL, X8
KAGKTHRRHSHLARNL L E LD 2Rttt BB, R
BB SO ENAARE, BERUEKIRERER2E, X230 K HIERIRE %
¥, SEIHE. BERERMEE SO, BEH AR, BEANGEELEERMPER, R
F A RE (LR A R e, URE UK R I — A AR IR, |



SBARE  BILTok)IgE R kRIS

HEAKREOTR, TURGARKNGHREBHE B TR, BNLEHLRSH 2 —
3Ma s, REEKNIERERGOEREME. BHUHE LIRS ERE, i
ZERFWS R RBGE, EERNKE HKNERAERS, RATEHERY
%miﬁo EE%%VE s ﬁ%_.mj[1\2\3\4,8\9\}.0\27\30\45]o

BERMIE, ANERPREHESMSE, RS RRENE T, DRIk
DiEfE PR, DTS 2 AR B & T A0 M B BRI MEATR A . A SR E RS 22
MR BFURE &, ERFLENEA)IFERBE TRARMARLIER,

FEMLHH, IKHHEREEHE, KEFRKESEHEL, SBK)IRT RAR
LA R UK R MR R, oK RIS MBS, AR T R BRI fixttt,
BMLTBEMBEE. IR S ME mEEsiNntR, BNLEdBEf 2t
HURSEFRBRHXREHHAREENHEL,

H—A kI R H R

Pl B 7k BB SR 2 25 S Pt B G120 Tornvmonse) | i sk st gt ook 1| BTV £
AR, Wh, il kSRR IE K I A A 4T, R A, R AR
EFREREAERAERER, RHEUREAER, BA, REBSEESIHEET,
BREERSRMADHER, RGN SH UMD DB, BSBEER%ERRI
BUpIAEAER, AR ZMN, B, EEBEH 5HH% MR SMIT B A%
MERIT R AR MEABRS, BT RE BN MANERA, SRR EREH, F%t
TKINERD S, B, BORFRMZFSRADWIER, F—TRAR, AR
TEABEIWIESE, EMURIE. SHAEMBRIEREEE. (1) RAKEELRERnERN
IR M, (2) Kk, B/ i BBV S W R A E R, (3) okit
P IBAGTTR, XS MATIEE, RN IERRBE, B4 85 AE KR
HRENRIERL, EEEBML, LENRAREE, BNERANESR, Ehms
o b BARRIAE . BFRA, RRRE LSRN, RAe R R
PR RS, B, X A R A ) B DB R L 6 T AT T 8
HIEMWRE, EBRE —H A R TR TR,

1. KB (U ES)

ERBKIIBEIEBANEE, LESGTHLUGKE, B, i REHbLS
P, BREE, BREEES 500 m DLE, M8 IR IS A e AR R R A
#, BT REREAMERE. SRRARZE, (TRIHKN, KLROnEE. ©
EEKNUBAT, RREAREENUBALE, TRUAHE. LEMAH, KA. B
#(H 6-1), MEVERBAM NPT M,
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% 6-1 BUHREUS— %
e I WOk % fE JAARE
r3 - (m) ) =
2 s | AMAERAH AT, BRELY | K#%2000m, &
RE | HEMH 1050 1“Ja%%@& ﬁmJnmﬂ& T asom pm A
ET i T " -
B | KRR 0 a0e | BEAHCAIRAAKSYE. BEABH. | K30k, &
A BB 5 S R 20040 2R 2 H
o e | AR | ool BHAKFAKBE. FEBEAKRE | Key2500m, %
1km ° B E B 250m 2 AR A
o | B WIS A RR A B E K E. BADE s 2 000m , %
#OE | ET o 250—750 | gy IR = %mﬁﬁzmﬁé@@ama
%iokm 890 | pliu s AR m, 2K MR
e | A B WA K ALEBE. AXE. AR | & 2200m, %200
BB 380—1050) g pe e e i A7 B LR Sk, BlREA
b | BEUEL | o0 oo | MBIEATIEDY . KRREBHEDE | K 2000m %
Jyikm | 2 RAEEFARE, WAL A BB 200m , Sk HY
. FRU B MG EWE, RKAREBEFAR, | %% 2000m,%
EBW \Zgkm | P00 | smaAmE 250m , 2
W% b MR REDEFAR, 5088 #72000m, %
wowgp | DR L ol AR RTRE. FRREED | K 2500m, %
A em v S ERRBUA . HBEEEEUL 200m , LA HITE

TR UBAES IV,), RSl UB R REE R, AR 8 I 2
e TSR, T AT S km A, MUARIBLL TR 2, A D
S AT, FLAREE AT, WA, AREIRAREDYVHA.

UAHbE Dy B e, K20, EEARAW,

FT4LRE.
ARy 200 m,

ARk 4 km,

AWEL 700 m,

AmTRERERAAEDE, RKAAXDE
AHWBCLERL 00 m, HFGhERBAME, REBRETRK: FHAISKER
A b b B A R L R O A

#hi

AR eELRARER, ERBZ LARKenD R LRERY . KikaBhneka
LHKREEEDE. AEEHRAR, RAEERHF, oEfZE, KR, ARENHER
TR, Wi EBERRAS, FEARR M, AR AT M5 R A Bl R R A E
Mshi A -3, Hik, AABRAZBRENEA GERRZUA". nREEREY KL
B, BEFEALESHPL TRV HAR, R4 KEMNREEARTR, WEHEE
AEAMAETY, HTIRLI>HERBER. ABRBESHA T NERE, Sk,
AN, kiR ERBEAEH, KNS E R, T ARk EHBER, BRAN



follkiE, BEILENAEDSRREHER, mARk, KA TOERRR, AilEzix
Wi TN, BAAELNAER FBRE, ZANESERLRS, kBEESL
Wiz g, AR ELEILEE, MEEeN, EERES AHAEESBELMBEY.

KB UR, T RUAsRmER s00mit, URAHMADEMSHE 24 (EK
IV, BHEN, FiE, BHELETER 1350 m, A 0EEREEY 1200m,  +# 3 km,
Y 170 m, BHEAARNLTEHER, KEFRHNEAFEILISEML, © HiRLA,
WpE AR, BEREEFER, BARA/NER, AN, BEEEEAR, BRENY}
AR, IR BARRS, HERKEE @ IBRERCTDLERGE: O MERER
WEBAE, WAREAELLREHEEN—R2 L, SEFRAMYHERAGEDS. KA
TR SBER, B RRAE S, 1082 £ b E MR K 2P LR RS, R RIS A%
T 1 F 59 S B e A W Ak R FIR B T R 05 by B3 9h, 1986 EEPRE LR A LR
P, HRLET RS, Be it bl RE5IEHNER LN EMR B RO,
DR A SRR, 1A%, MLHEANERA RITRYBRR SRS, SERMHFR
BHTHIX ok LB M R e 2 — By, KRR Rer LRERE, Hiki
BT R =8, Bk (B V). KECHIE b2 b f B Kk itd , SRR
BENUE, B8R, $RONSIESAEE, SEHERMERNEGER, RERESRR
W RE, WiARTA,

2. B&

TR E A 1T B2 IS s e MR sl , BRIE AR RIET WM
Bk, EANEAHENRAFSRLSHTRE, HPREELZENNBGE, ROREA,
EARA. BHREADERINES S, BLESRANFEE TR,

EAEA(EK V) EETHRGEEERRUAZE FHMBELRBERAKARE
W AEBESFRAR. ZAREES RS, SERESH(UA) YKL, &
HFEFHRUBZE, ARARMAKNE, BARNUEES, FHEEREATUSE,

FKEA RTFEKZBHOL, Trhaszt, 5HRAUEARCLEHERE, %
—BA.

WOsAR HTROZERE, A EEEskrRs, AR THULEHER. &8
Fhasl—N, 2088 HEKGDENET, B2 LR0TREDUBHAS,
W12 b, HRSOEM, —Hbe ORISR R, b ABTER, BaARARIERLZEA
Mk, REHAEETRAZE, KWOEEEETE, WENEERNEETS, R
KWERFRE 2 BRARE,

3. AkJ#EO

BT RS, Kby, BARTEMUARCL, H A K)GEHMEDBE., KD
URAOIARTEN, HARY FARLESRIFN, DA, FOLhRIURARE.
FHEpSAR, SARE. SRHEFOAEKEGETR, ERARAAEN, ARERERR
Wb, kR AR, BT, LR ONAEILEALRS, ARFREREL, BU
WA, R bRk ERFER, RME, YKBEHARETHRAE, BBLH, KEAR
TR RS, TERA T b s . ok PR PR T T R Rk 1 HATE

B s, MR TEAAKNA b EALM, AT A FRIR T, % 0 R A



BFAIIHUBERZEL, ARG~/ 0 HBE,

4. vkt |

EhKONE SRS AL, Kk SERR, —EF0, K3 EREE g,
FOEBCO TR, SREREERARLSENERY, BURTAKHFOL, ETRE
—EITH, BRZBkIR, X TEA ZE LR Bk N U A I R BB, B,
L BN B RABA AT ES BRI CINGE, . Kbk, Ehikeh sFgemk:,
FHRKFE, KASLKIHEIFHENFREMIRES, BT HE, FUBE XS
Ak 10 &4k, FEAELA K EEBIGETIT, |

FEACHORER V1) T /AREEE 2 km, KB IALAZ kML, BEE KK
NUBARENEE L, REFLILREFLELE, HERERTEHEARBREBEEE K
ARSEFER, KHERR G MEALTE 50°, M 107, kK 300m, % 260m, FE
100 m; SFRCAER 1200 m; HERECATFE, BEALES, KRR, VA ik
S5, ACHRDOTREE, MAKHFRERI O, SFREBAE SRERILH KNGS, i
A A0 G IR TR M B, Sk I T L B 3R T K Sk D ZE 0 (AR VL) 5 75 K Sk IR 20—
30m, HOMmANY RO, HRRHREESE, ROEIARTARY, EETERES
ﬂ’_f’w ) .
ERACH MTFEE SRR, EMERILR, BHRARD 1250 m, AhhELREES
R AR K FA R, KK 300 m, fE# 250 m, AK3ARAEES 207, HEES 100m,
BRFHR, |

BTgCE MTIFEES 3 kmih, #2500 m A4, BHAELRWFLE R
WREA. KUERE, ZRE. BRS. AXERKEAURERMHBASFAR, A
%29 300m, 9 200m, JK3OEEESMN, FEHHE 70m, |

AT S SACHER, RETARMER, HREERAR. O HBREKERIZR

a

A R CSERISRO A A, BT R AR R BBRARF =, F (FHARY) HE

175 QTSR TTRERE A0k b, 55 L M Mk 3 FOP LR RGE 8,409, B, Bkt
NRERIE G 2 . RPN, IR, REEW, B4EnR
i, RRETEE TRAWLE . WAK 2 MEER AL, #E LUz FRERT
A B SE 28], RISk ok R AP Bk FTLL, (U
“H B SOM R R BB ERACH, B0 RIEBATTSEFMIE%, Tk bkl
RER i, 8 E AT SEH A L, TR RSB Bk R B AR B R A
I, EARERACE, ERARES, @ Mlfkiikst R TREKENTRE,
AR R AT R RIS . AR, EBRT R, BIAZ, SRk i,
FHRHARE, SARIE., BEATERE RN, FREIALH RO E, HH
O OCAEE, RS AR RN, IR LA R, R
N, ok ECHE R B ARG RA N, BTN Sk HERE
f%F, - RSANREMBDEL, @ HRYUCHEBREREA BY. BRE
KRS, BEHEt, EEOHENAXR, RTEXYKISRECERHNS
TR HAE IR, BN, AR DL — B E Tk Ol TR, AR



SFRARERRER,

BEWRANUBE, EABTKNERKERMAMER, T, BEHMERFNERD
$ER, RERFAUTILARR™. O XEABEHENX, DHRaak: © Efhit
ERMTARRE; @ XEAhHRERAANEHGBK, X TXLHERRA, iEH—2
TYVROHRY, N —-FainERHALE,

WRBRETURA MRS RS, AXBAE, BABENERERRE, BANRH
FEH IR, PG HERANEESkE, B, EES5HASARMNEALRE
LEYN %A, WEETEMNRAMES S NE AR, B ERY™ RIUENE
F, R AT M AR ARG, Sh3h hYE AL G R AR AT . R A
FEIMAHE, R EARRGRI, WHENE LTRIVERE, BRI, 0
%, Mgt ARss. EUmEEkIaM, FHARETRAGEL, X—AH8RN®
— R ERS SREERE R RERA WG, AR, RRHEEESHERER
%, SNENHROTE LR REE T Xk, A IR MK IVUBR A TS, At ¥ A IR
flis, i SRR ABE, Wik, Ak, IPFERREENRES, WHRIET
HOMERRESHE, Hik, ARARNEBEESHEAKRRET TN, B2, XERHE
RO R AL E BRI A (M UBR), REALEMERK BRYux—
R A SRR 4R 0 TR O BL R ESR, XA RME— TRy k. WIRE, Sl sd
RV A PR B e A I A B, BIRA RBFTRB I EER . X R L B
i, WFEG, PRI AT R WREAM S XERMLr XS =, B
HVHGEE, £, RTEUBSPRERKERERE. ANAERERIES, WAk
WAKE, URAHZRNRELRN, AhRASEKNTIBW, X254 BITHE N
W17 3 Sk A B L B S B o) A5 R AE RS 2 — By, R TA S MBI SS  BAFIE, 01
B2 R B L X R R E, SR (BIURER) REMRK)IERRE, +2
IEHFA BRI,

5. XERR®T

BT ok Sk B e ok BT R 302y, I Pk SRAKNORIRIE AR R R, HHER e
UMY, TRELKTNEI. Bl HBEEE, £l BRI FHERR, Mk
Pk, B, SES%H, WTARERHERRE, EEREM. L EMkEFRLT
a2 JLBRR T,

Fibkokes (M VIL) ERTERGER, BRREL, XBHURARTS. £l
MR AR, RETRARHAGEY Y, RAAXDEZ L, BRALK-dEER
ORRIRTE ki, HNPTRRI A, FOARMIREERE R 1000m 724, Jb7R-PETERE 1300m,
AeTi-FE 7R R AL 2 750m , KA ER MR IRALTE S At FEF KA LA KB IR,

gfmitas EETHELELEERUBASEHH AL, LERRLEDREL, B
Wi, PR R, ks hER AT HANRREE AR, &8
FAZH 1000m, FEESbAS 2000 200m, FERMEMILEA —HAMA, ERAERK. &5
RS MR MR S A OB Rk IR, ZEPATE MR L TR L GR R R S 320m), A
B REARIEEG (BAKHE 3 m), Bk, MkEEHHE, KEREELRRE
Ha, AL L PR O I TR LR B SR BT



6. k%K

MFHRNEABRMRABFE L, RELK, ARNEHASHL, %8 RS E BT KK
RifnR s, HEOLCFRINEES ki, XHHRBERAKRE. HAHRE ST
TEA PR A ML 6 M T — AT LB, 3 5h, 28 F K b 2 He o o O] o w7 L B ph B e S0 A5
B, KRERKFERDEBRAR, KERKEETEREAHEN, B &2 £ 1000m,
TREARHEEABENRAAEDHHLR., AREBERF, KEILEAD &K 1660
R,

7. ki

WA S HAT KN U A pSAI RO, B2 mEa R LB BKBRHE R
EFASRA OB T, SRk DGR ERERTFHKRERB KA, B,
MFAMTHUEBSR LA RETRAKKRBIEHRE(BER VIL),

8. ki

EXACLENE, RO B SRR, £k, MFREK I, BikaRH
1000—-1300m #ws500mp) k-, ££1000m, Hu Ak 20—25°, HIEHABBRBERCHN
BREGAEY, EREE LA EHRAEER, HMigAa LML M E.
B0, DEESHAT AKX .

9. 7I¥

MF IR, LTFRAUAKINIUSZRIGTITIRIE, FERKS MM, 3R
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(5) 7RIt ok it e ok 7k SRR B UL B 47 B HEFR (L 22 45 AF

ORI R B SRR, Bh, Wk, BB, 44, UERFERILE
MR HRALE R BB E RN, &4 FEIR 0k 6 B ok ok SURU R B i B A5 R
YR B, EIEEIEI & MANTB MR TE, BibwmEXR. KiLE%. pHF1 Eh
ERRL, WTERPRESHEESHEREASKMGEE (BE FLE 20Y%, &
6-3),

(6) RINTLR S Ao Fh 1T

KRR ABRE , Ik B A0 kK DT BV K MR S A L AP i A5 M 1 (BB X 2 310 2),
TR EURR KNI B, 5 SRR S AL B, W AR R, Sk
BFEBEAGE A Ak UL B IR RSB IR R LR R B 2, Rz, BHREE Mk v Bt
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XU ER BB h %, He PR — MR MR R Anst, BUAn7 3 R0hL 2 T 1947
B, JGSRETOCACEITH 8%, BiMm—8R BRIy Bik, flamika, 28%. 22
MokEE RS, BJS 0% 2 E kia Ak R h R AR, BBRERE, TERHMKEYS,
W)W £ R iR B X ey i A R, HE BRI RKRE,

(7) At £ AR T ok KA M UL B rh VAL A S 4E

M L % ok B ok B (koK 0T B =) Bafa By sy AT, R K SOT By b i by 4B & 2
ARAR(BRELEE ). RAHD AR AR AR EREAN
ER, FHik, MEBHERS ST FEANESREFLUANES, SRS KMHEEREZ

(8) AL EFFIMEREMR

ki, Rk R BN RNAR, EXBEEF EAARR. BRER -
ik, RERTFFFIOLTXRRS FENN. DRARKYBHILEY, KIIBEMRR
FE—AHIE L, BERBEINE. FAENRERRR LS, WERR L E LR S
MEREIR, DB EMhaY. BSUEBeE, FIR ST MR B
2%, MR E MBS R Lz B B AR NI, RRR R R R
AEEEOE, RETHLME ENLHERER, B, fE Rk, BRAH. K54
KL SR AERBE Tk, Bk, #EEHEMHWE, £k EREED
FBz—, WRAETIRIIR > Bt btk A RAA T gD r k.

WK, BTSRRI kB RS, WAk )R 0hHkTE, oKk M A R R SR 23 A
WeHE, B, IEudn, 3tk Aol R X B — g 0k N Bh ) i il AR

% 6-2 hES S MEREEAN, [FANIR R
s 'k E A H A RO
ok U RE) FEOD  |mEee | pmeeen
KEE | KRR K R K kBB wEm | aEm K R
A REAS) | KE/D%A ERKI KA W B
EAM | Uk | EEE-DEe | SREAE | med | EE-EE |[HLmEs-mws
Kb | om0 | REREEE | BmAM | & W | W OR S A A
A | kRl | A REE | BZEAM | R R | BWL-EER [RE-Lmek
R B K& ool o | mA A
W | Bk | mhemxs | BSAM | ATW | kmE-mEL | CER-#KE
ok % 1@ oy | ki R
Mokl | B OB | mm-ERe | SRk / ? BR-H Tl
ok KR o | ' - % F U
Wk | km-mm | omER E— R WAL T L
wm | ko | oo g | 2ol & wm | %
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MEERAAMBRORIE, ENEEBTE KB S%, BGiEE, Yl bhE
BIF, RiE. EREAXRFAEMGR, BI2KE, BELURRE A XBE B L, &k
Afyget, WE-TIA G/ PHIEMETH, FIUMTH, 4 EMX—-FENEETHR—
VIF R YL Hh IR R,

Wi B JLA G E R ER, AR ERRE T REMISIEAR, 855 10X %Ik
MRS T KRR 220

JKIaH (Quw)

KEBABOKEHAR) (Quv,) (7))

B L -k B ] ok 46 (Qunyr)

P L ok 3 (Qfiro)
K3 - 5 L T ok 3 (Qirer )
K5 vk 34 Q")
0 PR -k 4 [ ok 48 (Q5)
B ok 34 Q")
K HE-6 B 6] vk 38 Qi

K Hk vk Q)
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BLtE FOLESMENE

s

fa B o Hr

BEURENETBRE, ELEanE, WERAAFEHE. HREEAKR, &5

2%, BRENLanfaR i, B4 MAREST
UREMBRE . HTEANT AN E SRR
Lk, EELHRETTL2EREHRY
SR (B 7-1), REA—/HmEE 4 &
BER, LEXKH, &wl. AOY%. X
WL EMAEe, KBS, BN, &IRIE,
PR 2% B RHELK ZKos, ZKo -, 2591 i
TTRGEEMEHSH, LobrHEd 130 &bk, K
P 60 R RPRBAFEEAEHRTER.

1. BPLSMER

Pl X I B B n a s,
TELRFRBOED RS, HhARFHE
HpibBrdi 36.9020—98.50%; A 1L B
RZH9%—43.90% A MBIV, &R
IIE 10%EAT . AEEHER D, LA
WiEBy A (Pinus) L%, AR EHD
R EMAY (Lalia), # (Cupressaceae), i

—
N
© ST

— Kty
&

[ ]
ZK 50 o. Rl #

4;@?-

o UM RHEHA

0 3 6km
b

R 7-1 Nk RS E e
@ fuby LR AL

AR IER SR (Cedrus), %
{4 (Podocarpus), ## (Tsuga), EAMHEBIW LR (Quercus) Bl £, Itk £ #f
(Betula), ¥iA (Alnus), T (Castanea), #HiPk (Juglans), ¥y (Ulnus), #f (Salix),
F (Moraceae), RZF (Rhamnaceae); HARYEIEPTEEAN AL AN EH L, &F
(Ilex), HiME: (Quercus, glauca), ¥ FE (Liquidambar), i (Rhus), KEF (Olea-
ceae), #F} (Lauraceae), k2% (Magnolia), W (Tilia);/NAKE Y ILE A # (Carylus),
Z%& (Caprifoliaceae), #:8Y (Ericaceae); F & i # 1t ¥yLL# (Chenopodiaceae), &
(Artemisia), EEF (Ranunculaceae), JEIGFl (Labiatae) %%, FHRAEFH (Lequmi-
nosae), #H% (Rosa), M (Polygonuan), FHFt (Compositae), KAF (Gramineae),
T A&FF (Liliaceae), H.nft (Araliaceae) . £EF (Umbelliferae), A (Caryophy-
llaceae), # (Cyperaceae), Fii (Typha) %; BAHMPpI T EERKEE (Polypo-
diaccae), & # (Selaginellaceae), HIF] (Gleicheniaceae), REME (Pleris), B (Pleri-
diun ) FIE B4 (Filicales),
T & B R rE T,

— 103 —



(1) RHk B

KRS HEETREFREEAVER, #hEB 20 mPL |, HERPANESERERT
i REABRAARS 12 muia G LRAR., AHBRE 10 MERETT RS
Hr, SRE7THRESPRAERESNRELR, FiFT 1022 kftam, HEBAA LK
KA HIER ST, BB EER 47.0%—81.0%, BEAHMER L 7.3%—45.3%, Bk
HhBEFRER DY 4%—17.3% ., AXEHBIERLUR AT, BEEERTEL A LHB
60% kA, HkBGME, o 5B AN 2.2%—32.2%/ 1.9%—16.1%, B4, ER
HLPBAAJHE=LFBMEAGEDIER, mER, PRANAE. £F.FRGE;
HAKEWIER AN, 2%, AL Ak EnTELE, B EERES, Hid
HOR, EWE. HF, BES. AanEE BEXHEWRFHIEHA LSRN,

Q
o Qo '
S a %o
B g 8 $ 8
| vk : ° 3 o4, =238
E | B g 2 v-§ %g_ g:% Té:§§
‘Péwi(m) 4 g 5% “3% 55 E“&g
a I -1 & e
& 222H0 £< K&
'E'i:* a %\ A uli
1 [ 1
# i H X
% i .
: ! A
" RN
. R 8 EM
2’3\ i :l’
af :
2.8 ) 0 10 100 101010 @ 10010 10 0 10 10
77
,.////
0047 2

B 7-2 AHedtmbER
.35 2 BABOKHE)

MEBER (B7-2) BY, HEATHETRSH 3 AREE. T#H, DRATHHE
A, AL ARy EE BN, RPRBERES, AHERH R, KR hEH R
il TRAMEARSIEHELR, B, ERLAERGNFREDER. 11, R,
S AR Iy & BORE B, SHTEE A 45.3%, TEAE, HREER, KFHE
iR R e B, T4, DL Rt a0 s MRS A, ZiEHESIER R E
B, EAMNEANREEENSG, BRRE—chE. BERERTRN, KeEa
ERUtE, KOEDEGEAZE, BA Y 3 Mall, HRGERTRILREEDHE, ZE
A- 2.5 Ma #f,

(2) gEwliEm

Lol FRHEA R RS 3—4 km ib, HFEFRE 193 m, AR B WAL A A
GRENHE, B2 15 m, A TERLEO6, HL6RG, LEAMRRAVHRLGER., &%
AT RERERILH RS2 B, HHERES 1.8—1.5 Ma,
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LRE R 8 ek il i, AR RA 3RS AR LA, YT 339 B,
Mgy gt (R -1 )F L, FHERRBRSMEA T L, HEAAFERES, LHE
By AN 5626 —66.9%, HAMMBILEIKRYZ, 4H24.3%34.1%, BFBL, LH5%X—
11.2% . AEHEBHERELE LB FHESECARMIERRE, fihBnRER B, "t
Wi, WRERE R4 M B R, R EGEM L, HPLERh
R, WAMEAHE. . BB M. R, F. REY. SAkHEpthig, EHEFETRE
Min, EAEEAMTREMEER, L, EAESENLBOE -ETE.

x 7-1 sRLNEERgIHE
N N iz Bz . . / e
S e | BEU|SEUSRI] gy | G gl | Sxsl
far \\\ gy
Ko - 2
Pinus 63 36 53 Lequminosae 1 4 2
48.1 24.0 44.5 0.7 2.7 1.6
Juglans 1 Ericaceae 3 9
0.8 2.3 6.0
Carylus 4 1 1 Scrophularaceae
3.0 0.7 0.8
Betula 4 4 Compositae 1 2
2.7 3.4 0.7 1.6
Castanea 3 3 2 Artemisae 3 16 18
! 2.3 2.0 1.6 2.3 10.6 15.1
Quercus 15 15 10 Gramineae 3
11.4 10.0 8.4 2.5
Ulmus 1 2 Selaginellaceae 2 1
0.7 1.4 1.5 0.7
Moraceae 1 1 Gleicheniaceae 7 8 6
0.7 0.8 5.3 5.3 5.0
Liquidambar 1 Pteridium 1
0.7 0.7
Acea 5 1 Hymenophyllaceae 2
3.8 0.7 1.5
Rhamnaceae 3 4 Ceratopteris 1
2.3 9.7 0.7
Chenopodiaceac 3 20 6 Polypodiaceae 2 3
2.3 | 133 5.0 1.5 2.0
Ranunculaceae 11 19 7 bk a%k 131 150 119
8.4 12.7 5.9
Rosa 1 2 2
0.7 1.5 |

1.2

(3) AAYEHE"

M FERSEREHOAY., SN THIKBGNRR, LARENE, FE2.4m,
AEETFhARREKEZE.

AHERAEKBAREHRATRABLE, XPUREESRTRE £, L42.7%. £
ERARER, ASEGERKT, TERENEIEY, AR, R R #IHESIER
BASCASE, BEAMESH, EXHESER G 15.2%, URFAFEE, RRAIENF
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e,

(4) s HmE

fi T AL R 20 km, AMUSLARBREL, KOGYIRAGE, E6.2m, HET
PERAERXRARGADE. RUADTAEZE,

LM E A 8 Sk, BB WERNEIRERPRABBILA, AE7-2WLLHN,
A A RUARETEGER FRY, EB61.5%—75%, HPURAE, SHEBRSHH
37.5%6—49.6%¢, AIRAANNBHL. #, E. BEEHB T, EERKEEF. EFHE
PR E 0% EA, U, EMRAFES, RERAANHERSER RS, B%.

(8) JuiLixal &l

(UARRYI AN iR 4 VR < B3 O S E 151 P A RN g SRCR 8 ) SEUE €40 L Al B e R 3
REEWERLZ, PEEARBRE o RS LR, EBARBRGEYLE, JE5.5
mo

FERITE R O Bl T Tl o7, SR RE s B RARENR B, KK
579 K, MIEBZEMR 7-3 AN, ME THHMLLLE Y, RBAaLUARFEYIES
Ji%, 15 36.9%—64.7%, HAPRMEES, oRlhf S5 11.9%6—28.496M8.9% —
12.1%, BHLCERABIGM,. Bk, #. B . R, W BREKES. ZXEDER
W2, h29.8%—37.9%, LARMME RS, & HBHEHM 23.8%—2526MM4.7%—7.8%,
BAHmBRTAERN, BAfKkEd, dRERRA TN P, AHEED, HEE—, 4
Arh KR T BEMN M, SREmike.5%, Ro—REO, B, BEAARE, KEME

& 12 FAMIEmARSitE

R T R R e T NI R R
INE AN I — WA N |
il o N fal - N |
r3 s S| e | ) | (@ £ O~ (©) | (D) | (@)
Pinus 39 51 5 Arlemista 2 ;2
37.5 49.6 1.9 1.9
Tsuga 1 Gramineae 1
0.9 0.9
Juglans 2 Ericaceae 1 2 2
1.9 0.9
Beiulu 1 2 Oleaceae 1 1
0.9 1.5 0.9
Corylus 2 Selagineliaceae 2 1
1.9 1.9
Quercus 23 13 2 Gleicheniaceae 1
22.2 14 .4 0.9
Castanca 1 Polypodiaceae 28 17 1
0.9 26.9 16.3
Rhamnaceae z 03295 4 104 104 17
Chenopodiaceae 6 4 3
5.8 3.8
Cruciferae 1
0.9
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% 7-3 XA Y EBBKITE
ik o bl f | %l %%
Te (BB @ wmomn flwm | m |
e L N el Pl Flr el
’&ﬁ; \-\. \\\
T IO (378 )
Pinus 29 135 |10 |3 !32 Rosa 5 2
28.4;’22.411.9 2.923.9 3.2 1.5
Cupressaceae 3 |7 2 Lequminosae 1 1 1
2.9/ 4.5 2.3 1.0{ 0.6 0.7
Salix 1 Labiatae 4 9
1.0 2.5 6.7
Juglans 9 |7 Artemisia g8 |11 | 4 1
8.8/ 4.5 7.8/ 7.1 4.7 0.7
Betula 4 4 2 Graineae 1 1
3.9 2.5 2.3 0.9 0.7
Corylus 4 3 2 Cyperaceae 1
2.5 3.5 1.5 1.1
Quercus 13 14 |8 |3 11 Oleaceae 1
12.7/ 8.9| 9.5 2.9] 8.2 0.9
Ulmus 7 |4 14 Selaginellaceae 1 {5 [10 (19 (13
6.9 2.5 4.7 1.0 3.2111.918.4 9.7
Moraceae 1 {1 |1 Gleicheniaceae i |10 10 (33 |5
0.6/ 1.1 0. 1.0/ 6.4/11.9]132.0] 3.7
Rhus 1 Hymenophyllaceae 1 {2 |1 2
0.7 0.6/ 2.3/ 0.9 1.5
Acer 1 5 Pteridium 1 )16 |12
1.1 3.7 1.1{15.5} 8.9
Rhamnaceae 2 Polypodiaceae 1 |4 (16 (10
1.5 0.6l 4.7|115.5| 7.4
Chenopodiaccae 24 39 (20 [6 |8 -3 % 2 |11
23.5‘25.023 £ 5.8/ 5.9 1.9y 8.2
Ranunculaceae 3 by 5% 102 156{84 | 103] 134
2.2
Cruciferae 1 3 |
1.01 2.2 !

FHEBIEH SR 1%L TMRBAEY LS, ARdaniss THEA6 sl
AR EEAFRE IR RAR, 8. WA, &5 hwNE T Mo LR R AR

A 0.9—0.4Ma,

(6) AxrClirHm

BrFJUILHEE 1 km fEE LIRS . AHTEHMSL. RATENLHRAR, HHAML

g+, EARGALERIER, E22nkh,

EBEA T LR 20 B, MBI ITERE -4 B, KBoaRMRLL A, K
BRAT S MRS, RIBRBBSHEL, BTRLE, RKBT0% 4 M RBAEH,
14 i, MRIJLVEAFR IR e ARy EY, A0, K ®.

114y

BEAHGERMERETFE R,

—RAE SRS, FTELHHEBIER RN, KKAEMY R IER,
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% -4 ARWLENTRY R
sk SFe. 2l ele|e|e|la|e]e]e]| &
SRR P2
mnsk T Ll |anian| |G| 0
Pinus 1 2 4 |13% 6 7 2 7 25 74
54.8 22.7] 45.1
Cupressaceae 29 1
11.5
Salix 1 2
0.9 1.2
Juglans 2 2
0.8 1.2
Betula 3 1 2
1.2 1.8
Corylus 4 ‘
1.6
Quercus 2 20 4 3 1 8 (]
7.9 7.2 3.7
Quercus-glauca 2
1.2
Castanea 5 1
2.0 0.6
Moraceae 1
0.4
Rhus 2 2
0.8 1.2
Chenopodiaceae 3 5 7 5 23 7 1 4 14 3
2.0 12.7 1.8
Ranunculaceae 1
0.4
Rosa 1 1
0.9
Lequminosae 1 2
1.8
Convolvulaceae 1 2 -
0.4 1.2
Labiatae 1 3 2
0.4 2.7 1.2
Scrophulariaceae 1
0.6
Compositae 1 1 1
0.4 0.9 0.6
Artemisia 1 14 3
12.7 1.8
Typhaceae 1
0.6
Liliaceae 1
0.9
Thalictrum 1
9.0
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BR

B . Mo
M TRyl e elelelele e el el 2
2
b2 E A T [y (2 [ (B) | (13) | (1D [ (9) | (7)) [ (B) | (3)| (1)
|
Setaginellaceae 8 19 20
3.2 17.3 1 12.5
Gleicheniaceae 7 1 8 14
| 2.8 7.2| 8.5
Hymenophyilaceae | 14
8.5
Pleris 1 5
0.9| 3.0
Pteridium 3 3
1.2 2.7
Polypodiaceae 12 1 6 8
4.8 5.4 4.8
Gramincae 1 1
0.4 0.6
Umbelliferae 1
0.4
Podocarpaceae 1
0.4
fakr B 4 7 14 252 | 33 | 22 4 13 | 110 | 164

I AR EAEGERFARREDR FZE&REN. ASESERLIR NS, |
W EARMGED TERIEFNE; BREESRTLIENLE,

IV# REEDER ERY, X54.1%, FEER, HEBEKM 45.1%; BER#Y
BFEEL, 537.2%, AEmM. BAMER, S5XHERRAZTE N,

(7) REGHm (K7-5)

B Fraul 800 mEA BB RES ., StETEHAREAD R RIEGR, EEIREE
Wk L kBEA, F6m, '

LB TSI 10 By, MBI TLERE 7-5 hBH, B e BERESARRILE, 8 f
BRZ., B8Ry L TEEARKR, RS IER SHxtY, H84.1%—98.5%, =
REBTER, SREREHAKM 74.8%—095.5%; LRGP BRI, EXEHER
Wy, & 1.5%—9.7%, LAE, BHAERKRE: REBEHBRTREKEEH,

(8) #BENS HHlTH

AL EAD L, XBAAKEM LT, EER, E5%ERE, BETHUKNNER
iz E, E6m,

BIE LEOHE s Bt ardn, MR T-6 hEH, BRBHERS, HEBREE, TS
2 AMEBH AW, TFERAEMA-EEE, DIAREKEYER hE, 569.5%, TEEHR, HE
BB 63.32%; Kktk, AIEEANHNM. B, WS EEHEHIER L 28.1% , LAFE
%, BREMEHBFUAMHE, LEENCFER, LFESEhEDERE LY 2%
Bm, % 80.926—84.7%; BAEMIEKLABFAE, LHEBSHN35.9%—67.8%; B
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® 75 ARp ALt

ng ) Kzt Rkt KBt Kkei Kbeth
_ KE B
—
by £5% \ E-1 E-3 ' E-7 E~9 E-11
Pinus 126 116 114 89 111
85.5 74.8 85.1 79.5 82.2
Cupressaceae 13 ' 3
8.4 2.2
Tsuga 1
0.7
Salix 1
0.6
Juglans 1
0.7
Carylus 1 1
0.8 6.7
Betula 1 1
0.6 0.7
Quercus 3 5 2 7 2
2.3 3.2 1.5 6.3 1.5
Chenopodiaceae 3 1 4 3
1.9 0.7 3.6 2.2
Myriophyllum 1 1
0.6 0.7
Artemisia 2 "5 1 3
1.5 3.2 0.7 2.7
Potamogetonaceae 2
1.5
Gramineae 6 5 2 1
3.9 3.7 1.8 0.7
Polypodiaceae 4 3 2
2.6 2.2 1.8
B A 132 155 134 112 135

Btkz, h14%; EARLDBELE, PMHRELEE 25.4%; BEHDRFHM, TERKE
BFH, REHEDERD,

(9) Ak AR Eme

AETHAERCEM L, HRKSS., EBARBEANE, SSHEILR, SRR
BREEE., ’

HEPRBATE LR ED, TRANU&HIEAKBARERS B AAHEMT.

AFEAR KD B T ERRUARIERHILLBEL, BTHKk, EXEniEl, £
HE T, KAEEREZLUREIEDR SRS, L2500 18%, AEERbE—2%&E, &
Mk, M. B, RF0E, #EAANTIRENEENER, EAERHEHRA—ES ],
FEFELERMIKEERY MR, BERE, BYEUERNE:: S8, AFEHDRR
EBRY, mEMRRER REN M, WE IR LKA BHER In¥s (Castano-
psis), Bk, e, £F. HF. EEFR (Rutaceae), @k, Ak&# (Euphorbia),
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'716 . . HARYHRR IR

B \fﬁ%% s | maan | nue &gﬂﬁ %ﬁ% wue | mae | A
- [EPR — ‘ .
b 'j}%\\ (1 | 2 | 3 T (1 | 2 |
xS —~ F 7 T
Pinus 81 2 2 Lequminosae 59
63.3 0.5 1.0 | 14.7
Taxodiaceae 1 Umbelliferae 1
0.5 0.5
Cupressaceae 1 1 . Labiatae 19
0.8 0.2 4.8
Juglans 1 Ericaceae 1
1.5 0.8
Alnus 1 Caprifoliaceae 101 10
0.2 ) 25.4 5.0
Betula 1 Compositae 143 135
0.5 ) 35.9 67.8
Castanea 1 ' Artemisia 1 1
0.2 0.8 0.5
Quercus 6 53 3 Gramineae ' 2
4.6 13.3 1.5 0.5
Ulmus 1 Selaginellaceae 2
0.2 ] 1.0
Acea 1 1 Gleicheniaceae 7
0.6 0.2 3.5
Chenopodiaceae 30 5 14 Pteridium 1
23.4 1.3 7.0 0.5
Ranunculaceae 1 Polypodiaceae 1 20
) 0.8 0.8 10.1
Amaranthaceae 5 Fi %3 2
1.3 1.5
Rosa 3 2 fakr 5% 126 398 199
0.3 0.5

A (Burga) &, %uiEERRE, DEHRE, M, K5, REFHEE, K
AHH, WEKRE, EREHPRER, BERA—EXE, FNAKEEDHR T M, ER
(marsilcaceae) ff; FEHEIE, AFIH SHRERIMM, BHEEATHIER KREX,
Tt e XURE R In, FBAHEHRKE, RAREH; ML AHLA%E, o
W EE, R, B, A% (Albizzia), MIFEHMELR, EFEBRGIHMA, AT
HkEERBERD, BREREEERS, BRI (Adiantum), REK, HHE R — Z ¥
&

S8 LREE®HEEE, MUK A T LR 540 14 4R,

(1) B A m sk RRE e,

(2) FRbk-FHRREH;

(3) EAMIM 84 3 0 £ RSB s
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(4) B RZH, FZK. HILFE 0—60mib, RETAHME. R, BRASH
A8

(5) LA AR s i,

(6) FRAR-FFEREHE;

(7) 4HEMHE A HAEERH;

(8) DARAHEM AR A BB,

(9) Frbk-BFRBH;

(10) DARhEMEHEHR IR

(11) Wbk RHE

(12) BAdn hEpsetiRAm- R Hh I i

(13) HGignt, B HEMER AR

(14) PARRhEMERAM R R,

2. THENTSENFT

— WA E —~ENRBA S, HAMEANGEDRE, TEIRB SHEAHEE,
MEAMTERGTE, FHit, RBAA0RERIE MG H ML Rk, Rl LM EH
ey sy b B, W LUK MRS LU M DX 58 D L0 B SR o R M A SR RS RRAE

F5 UK 5 P4 B B o R M B B R DA LU S M A O &2, (B T A BiE By = R EL 3¢
feRFE BB EIF SRS, FUXyHBRR TR, WLAEES RE HHbKRE
Byt s, Bk YLK AR RNE ., —FoR AT A B AR
bk, feamFEERELX RN E, UBt. A, W, 2%, RBXASRRED
RS RRMMERER RS E SRR, mPiR, Sk, 5. BRERR
%, WANTERE, 24, Bk, HS. R TELHDZAHTENE, &, EEF. XF
Ft. SR BRARSRS, BEBTHEY BB S -RERK-RE, KREEHHE
Wb EARME AR B, bk TFEAN R UREE, &, LIS 2 FHRMEBOMR,
HhEAHZ T T RERE, MEE, #. &, I8, REH%E, ARBEKERRR &
i, MR -FERSRR AR -EREY AR, '

HEET L, SILENLREGREESEARERDRBEEDIRA, BAZRLT IR
kg, AEFEAMHHKLAR. BESGUE, BEHFEABEEEIEE 700 m ITHW
BH A S E SR AR WUk 800—1100 m R B REAR B34 1100 m PAE b
B2 Aderaty, WREBERERAR, MmREUHGRERPL . HREEREZ A
fimR, HEEEREGTERAARERES, Ba, A5 LBXFFRKFER, X
FEEE AR 2000 m BLE, EMNGHERTEETX—-®E. BiTR, aFTkIKE
REm, S A NAEEYERNKESS), MALELEHERHEDE,

BRI, HhEmBnds, AMMERETAREESENIE S, RHLEZHAT
AR Bt (T g AR op X B RAAS . BRAHRMHR A EARF M AR R Z R B o1, BRR
FxFEAEE AR BRE BN RE, BERXs KB ENLMNEETRIURES.
BB B R A L Em s, B UA, REHMBRGBERFEHHL, H—, BKH. A
KB ERE, AAEL&ERHBHMIE. 2, ZIWENS, BERAE, BHLITRE
MR ERE, FUAHTHESBERK, EHERIR—.
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LRZHEHWEABRPHRAELES, BRRILEE kBPRERESEEH MR
Sz, B, MAEUMTERSEML., HFHELEERRANTERAUPHA TR LI
MR, XFPHEB R, RECYESETE, BEEF., ORR—HEMEREHE,
FERORRR, BERPTEHEAY LI — BV R FED T S LR Lhieil, SE2ERAEBmWLSEF
R, FuhRErHERREERE, Ko A KE LSRR BOlE i, —BERE |
BARBSA, MEk, ik e REEtb e amrmgRs, CRERRENMNE
10—15°C, 1B BEAET 60%, BEAREHR >500 mm, ik a5 45 g BB A RKERBX,
TR N K ESHE K, HEERERBREEEE L, ERbNERS 2 R L L,
CIEEERTR, HSFEEHRARRKFTER. FHUEKARLXBEZE., SBHEHHIE
5.

REEL - BN SRS R BEERRE-FHEBRSZETH>H, BRANRRIITERA
RERT FoSE TSR, HRETRERSERERGEYE, SREBHEEIRIEE
MBHZER, BRXAARMNERED TRESBEERRITELY, BHASHT RS
5, EREMSLL AR BSEEE. Bk, REAARKLEBREKMNZEES X
., EARKNE R ATRB RS, dkT L, FUBKER R EHE B EA KNS
kA T B BRI R, WSURKERERENER R AAKME, YaT4
RT%E, IRBEIEHHRELTE,

3. FEHEERBHFHHE RS

R U AR TREE EERE, HRBERENE IR, ZURABMHLHRSE
BEHBBEL, XECRERNABE AL, mh5ENLmeREARENT, HRFRS
B, &4 THEENRHER, ABSEEFHRRIIAZRZT-7 H,

(1) FWUL TR

St E VLR RIS RN, EBASERFAEILERET. 2RER LN RN, BN
DSBS A, S0ERBBY. EHHE2ERE . SAZEMOMILENR TR,
B X S HE B Tl 2y b 45 R 8 BB H# 1—3 3 ek IT B I SER /DsEsh, 1
WL h LR TR R AR, BRALERABNE =L FEEpaER, REBSED
PLT ok 2 #hFbk-SR, RBRSBETE; 3HALLAMHIEMEEHEZRK, R
WS EFFRREI T, W HBEEMRABIALA R, WA 3—2.5Ma, EBLRATH LA K HEw
kG ERXNENLERN —kkM. £RUKGHE BXHEKXMZE, J—1rKkHH
KBS, Xk, RIERDASHIEM G BREMNAFANEER, BROERIEBXHEN
RTINS, EA—-F., Hik, HAHKBRAENEFEAEAZUATREEE
1,

(2) BH LB

-1 HEH RS, REE 4458, 3 AR, BAKHES kBRI RR,
A4 TRUkMLE,© KHEW AE, SE MR T, EA2.5Ma @ #MH KM, B4
1.6—1.8 Ma; @ Fikik#, EEA0.9—1.1 Ma; JNIlskiE, BE4 0.2—0.4Ma, KA
ﬁ%%%ﬁ&%ﬂ%ﬁ%ﬁm,meﬁﬁmmﬁﬁ,ﬁM%Emm%\ﬁm%%ﬁ%ﬁ&
",
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%77 FEUMIE 3 Ma LUEBYIR B 8 51

BRI KIARIS R wmak | Fo R
| Q! 14. DB S 1 SRR 2 b
o | Q ® 5 8 13. B SR O B Fbk i 0.012
al e
Aok #I(2) 11. 8B ER - .
FR-FURAR | AR IR, BRI 0.2

Q,

Lk 10%&&%5%%%%#&&&7‘@33 Feisty . R 0.4,

; 9. LARNh L BRI RS R LA 1A o)
K-k | ORI R AR e, a0

Kigky | S-QBVENHREHRSIRBAZ g w11

0.9
Q.

ow

B Khkok i | 7.5 BHR R A G B % 1.5
HEKE 6. 3R H-FR Gl k#sL | 1.8
o 5. LR 2 0SB IR e b
R ik ¢ ERRZH ZK o 1L 2.5
3. CARRRF bk Aok B S b
KHRGTA | 2 BB * H o 3.0

NP PSR Siok ) Z LR L

FW RMTBRSRONRILEZ

FRB N Ry h B R RN RN ILEERE FOBARR, BHHSEHELA
—EEL, BEPETENBLERRSBETAENEBRHTRZ . Bt k(Fe.0)&R
B, hEHGERL, RBEHSERES: BR, KLEK(FO)SRA, BWRAHER
&, SERTH, EFX—WRMER, RTRADOEFMyBAERKRE ERBT &
SEmELs, Bk, REHHRNLBEENSHRETERSREMMELXR, FME
NI EL (A2 e M AR M S D B W R A AL, AT U iR R B VRS RAR LA
(& BERHR AT T,

1. BEFRBERBEHRS

55U L R BT AR EY . FWNLIRS SR, RIET SR
X, SULiBsh g Ry EARLMLEG7-8), L2ASMMTGRT-8)BR
B, Fe,0,, FeO fL5H—28 R, BB, REyEREMATHERIBERREALT
LRUOE R, BBV (Fa0)MALBERERTREMERATHRS HEENKRE, HEE
M2 ENZREHED (BHREDHEGRIR MELRHEM, SERAGEHEN,
2R i I MR, Fe,0, BLI Fe.O; HTdett, HRMRNAT.
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% 7-8 FlgnoigEPrET HE s
. B 5 oAy (%)
KWERR | kiRl | HRARS : ‘ Y
. #a :&ﬁﬁ@.%ﬁﬁ%ﬁﬁ"ﬁiﬁﬂ” R ko N e aga) it
d-3 9.70 | 0.18 — 0.59 |11.76 | 7.05 — (67.06 — 3.66
B S 37
JE L ok 38 d-2 8.57 4.00 5.71 { 1.71 78.57 1.44
d-1 5.55|0.07 {0.92|4.69| — |1.48| — [83.88{ — | 3.41
Y-1 14.00 {12.40 1 2.80 | 1.80 {12.00 {12.00 — 136.00 | 2.80 | 6.20
Y-2 16.13 | 8.856 112.72 ] 3.18 | 6.82 | 2.95 — 38,18 | 9.15 | 2.01
Y-3 8.95]3.7312.98 |17.91 |14.18 | 5.22 — |35.82 | 2.98 | 8.23
N Y-4 13.33 | 2.96 | 6.29 | 0.37 | 7.41 [10.37 | — [31.48 [25.18 | 2.16
‘#éi‘}js . — . — 2
(1] A HR Y-5 11.92 | 3.85 3.46 8.07 32.69 121.92 118.19
Y-6 22.94 1 3.53 | 2.94 [12.94 — 7.09 — 138.82 | 6.47 § 5.27
R i Y-7 18.00 { 8.00 — 3.00 — 8.00 — [51.00 | 3.00 } 9.00
Y-8 21.52 1 5.76 | 2.73 —_ 3.0319.97 | 1.18 [40.30 [ 8.49 | 7.02
Y-9 11.43 1 6.86 — 7.71 - 2.2911.14 {15.00 [11.43 | 9,14
Y-10 6.36 | 2.12 | 0.30 | 3.64 |54.55 | 0.30| — l20.09 | 0.30 ! 3.34
KU ok B Y-12 4.8710.96 | 4.40 | 4.39 - 2.93 — 158.54 1 9.02 114.89
ZK,-12 7.7711.11 } 3.33 113.33 j11.11 |11.11 — 143.33 | 6.66 | 2.25
ﬁﬂ_ﬂﬂ—k ZK.,-11 i.51{0.17 { 1.28 | 0.84 {83.80 | 1.68 — 6.42 | 5.14 -
WA 7 10 | 1.91 | 0.32 | 3.33 | 3.33 [25.40 | 3.81| — |37.46 |23.80 | 0.64
_— ZKoos- . . . . . . — . . —
5 ok K59 3.6610.20711.06 | 1.06 |73.98 | 0.46 15.37 | 4.39
ZK;,;-8 (11.36 1 0.23 | 2.73 |19.09 122.73 | 9.09  1.40 {32.73 | 0.23 | 0.41
ZK0a-7 5.88 1 1.76 — |45.88 |11.76 | 7.65 | 0.88 [{17.65 | 7.06 | 1.48
ZK::5-6 6.92 ) 2.31] 0.65 |46.15 |11.54 |10.38 —~ |13.07 | 3.27 | 2.52
LN Ry
N ZK;,:-5 4.57 | 0.65 — 140.65 |13.04 | 7.13 ] 0.13 (259.57 | 3.70 | 0.56
ﬂk"gﬂ _ 7
m[ﬁ]?}(% ZK,,;-4 3.87 10.09 ] 0.78 |39.24 {13.04 | 2.42 | 4.84 127.42 | 3.87 | 2.01
ZK..:-3 6.25 |1 0.50 | 3.13 |18.75 [25.00 | 4.38 | 0.13 31.25 | 6.25 | 3.73
ZK,,-2 ] 9.17 | 0.17 | 3.06 |18.33 |22.22 | 5.00 | 0.83 {33.61 | 6.11 | 0,67
ZK;o-1 4.03 — — |72.34 | 0.75 |1 1.34 |1 0.45 | 9.03 | 4.45 | 4 92
e HE Tk I D-2 9.35 — |[37.40 — — (15.06 — |21.81 { 0.52 |15.86
D-1 10.36 | — (23.27 | — — |29.27| — [29.09 | 0.54 | 7.47
Bk
6 CO.+6 H,O e CeH;,0¢ + 6 O, €8]
1 .
2 FCZO4+ _2‘02—)3 TF6203 (2)
4 Fe;0,+0,—>6 Fe, 0, (3)
R, EERRET, Fe, 0, XEIRH Fe,O,, HEMNRWMT.,
4 Fe;0,«—6 Fe, 0,0, (1)
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4 F0304 ;'—_\6 F6203 —%Oz (5)

Bk, AR HEEERER, SaknRESBamitRTES. B
REHEHELNE, EXE-SBAGETUROERD Y, KoMK MEME, SREZ
FRMRUES REEREW, NERER —-SREET, TUBTARHBSEEBLATBY HH
SRS N ERMLEBIERAR, fmUERNATHRSRE EER, XEES,
DB R IH R BB RIZER, Z6 B 50 B bl S48 2 IR L BB R R A R B
Wi, BMANRHHTLHT AR MR, m2zARBSEN S RED, BREKMH
SRILFEM &M, Bk, WEHLE&AEHRITE S b 31# Fe,O, 1 FeO Mol (i, B
PR RSB RERMRS, | Fet/F AHMER BEEERE, REME, BF
A U R R E R B R R

2. HiREENHER

E—HWKAAEFH[E, SRELNLSH MRS MBERMNSEZREC), IRk
B maLle, —BRRIESKBMGEELZRMRR, MR My LEERR, WKt
RS MR RIRIE, MR, REIHI-CRERE, NRBMSETHRMGE, BEHA N
RHy Fe**/Fe iy FE KRB RBGEA S FEHRE , HENELHE b &R AR Fet/Fett
MIERE, RE, FRHBERE Fe**/Fe™ EHIE, BT, HEN AR K #8 Fe't/Fe'*
RE SRR Fe'/Fe** FREAMELE, /DT H-F I R A N % V1 bk 5578 R 42 E 8y
REHRAREFHEEE, WMEASSBES HE, RN ARG ETEYSE
PB4 E Rk, ALARSSERE, #BREARMTE,

™
bET

A, 0 REHEREE; T FHMEMIAEEHSRE; M, 2R Ft/F SRyl >
Fym, #AE DN Fe*t /Fe’ ") L1l ]

BRAR, AREFUEMNREEHERADEREB (K T-9. BAT-3),

MET-9. BT-3FRR, F—EBELRMTHSBEREL. FIA Fe'/Fe #E
KEREMEREE, ATNREL AL B HLITRE A E LM 1 ST B T A,
*HEUEE AR Fe' /Fei [LEMHR, RBBEMREXER, BAMILMA RYHEH
TR TIE, NER LR, SARMEANESTRSIZIERE M A 2 g TR
(I, BRIER) R ARG, M3k, BEREMIIBURRM A Mg, Tig
PR LR B AR W SRR TR, B RRIIRE T Bk 189 Fe*t/Fet iy bLiE B (L
EHERES: BE, WSUBEKHEL, BANEHMRAEREE, kg Rsit
A MEHABFIRRARIMLGRR, L8, KBEBIRZE, Y2H%G4%% F
FRER R T BEAR S K RO BN, 3Bk A R SR A o DT B U i i 3R 1L
W, Fe'/Fe' lLEMX/DHEERRABREMEW, BERIFTKBH Fe'r/Fer Lhif %k
WHARERRUIBH UM ORE, (-, WHME L EUE RN EE LR
BIREE

I B R EREERERBLOR, K8 Fet/Fe’ bk R B &R EBLE
B, DARWDR A R OB RHIE BT RIS SRS BE £ ki, HAEREF AL, kit
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£ 79 FURENoHEEH NG EER

se P S W 3
wEMR|  KMEY | B [Feo.| Feo | T | g | g [BREEEERELEE
d-1 4.20 ] 0.53 | 7.92 —13.044] 6.413
Y2 5.93 | 0.18 [33.22 |12.276 26.964
Y-3 6.05 | 0.16 37.81 |16.866 30.69
Y-4 5.33 | 0.14 (38.07 |17.126 30.896
Skt pEfEk | Y-5 6.23 | 0.19 [32.79 |11.846 26.615 28.52
4 Y-6 5.93 | 0.18 |32.94 |11.996 26.737
o B Y-7 4.92 | 0.16 130.75 | 9.808 24.959
Y-9 6.46 | 0.16 140.38 [19.436 32.776
B-2 4.23 | 0.40 [10.58 —10.364 8.538
Fekh Tk B-1 5.58 | 0.42 [13.29 —7.654 | 10.787 7.549
ZK..o-12 | 3.83 | 0.95 | 4.03 —16.914, 3.271
. ZK,0e-1116.91 | 0.23 [30. ) .
ZK.0e-10] 6.08 | 0.77 | 7.90 —13.044] 6.412 15.398
—— ZK..--9 | 5.69 | 0.90 | 6.32 —14.624 5.13 13.35
ZK.o-8 | 6.11 | 0.23 |26.57 | 5.62 21.567
ZKuon-7 | 6.32 | 0.24 126.33 | 5.386 21.367
) ZKsoo 6 | 5.56 | 0.14 139.71 |18.766 32.332
By
ZKs0i-5 | 3.50 | 0.58 | 6.03 —14.914] 4.89 16.848
JHE- B PHE K | ZK.oo-4 | 5.06 | 0.32 [15.81 —5.134 | 12.833
ZKs0,-3 | 4.92 | 0.35 14.06 —6.884 | 11.412
ZKs.-2 | 4.26 | 0.71 | 6.00 —14.944  4.87
ZKgo-1 | 5.96 [ 0.16 {37.25 [16.306 30.235
S HEA D-2 2.57 | 0.42 | 6.12 —14.824  4.968 5 537
D-1 3.47 | 0.42 | 8.26 —12.684| 6.705

P EVA UL B BT B IR BT A T M, IRIOKIBIRY, DUBR A B RO o TR B T
B BRASIIR S, KA HAETEHRBRAE 3.27—10.78 °C, LRILAS ST
RIT°CERS 7 —14°C, MBEZER KRB S HHEREL, BEREIE 100 mBEHE
TR 0.5—0.6 °CIHHHE, 4, KAMBSINNIT (FHEHL B LA HEFHRURRE
0—7°C, MmARAKWUILTIRAEFH BN CHECE IR E N, MR HmERI
B 5 R B R AL TE Az 0L & Fe’ M Fe' iy £ kB ME RME w1, A, KGEHSL
BXAEFHBEEM, R, FHLHY, HURERFEBR B A, 2 L2HRELFK
M, FZgFEH, BUBREEIEAEREESR, CEIFSMEIERELIA & ik HgE, DKk
Fe’*/Fe* LLE R REVHFRIED, SILE ML 8L HE L ROSEE B 30, K, Ek
SR BRI,
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o
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;;; ' %0 R OUW L EE, K
% 0.0, KANR B, — B £ KT
;;q e N 20~ 50cm, K% o35 6m
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A 7-3 pilEmg RS REEL

FN UL ErE R RID R

WX EBIIRHHARE, HENLSBEETHHEE TERARTREMAR, RigH
k$ife (E.miliani)t®,  g¥55 BAE (Shackleton) P I BE s b (Kukla) PTG RF 28, iR # 2
UL A E R L AT BOE —H 5 R VUL OB F B oy 41 AER, BA A M B RE
HEY, DMBEHBRARESH, LASHES (44D BERE kIR,
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Febli HiHb 12 S TR OUR Y38 47 3 LR 2 AT PR 28 PO B 22 o — TR R AR ATy B iR
A, BRI BN, P AN EM S EER L 100 m, XU A
SRIBEEE, S X O B SRR RN, ERaBN LR %25
FRMERBENB S E ., T APt — X F L R 5 ¥ U0 B Sl fa 2 beof
98, MIFBIh—AT7 1 T RRDS I E L E K miRt, AR MRS (SO EE R LM
FOREIH X X B NE R R R T R RBETE, .

WL AT AR ZB, FAKRMENILECO/°0), LARGRNE JLHRY Rk
fREHM ERHRI . KEEANAR, 6RO Bl KEHKIIE BEMDE, i
kil 1O HRESHE s MK BB RSB e & 5ok RIRHFE L, 2O MR EE NI AR RIR S, thatAd
B, okBARE, MBI VO WK, WMERABKEEESRK, MR, Rk,
HEEULR ity 010 AR B/, BRBKEMR LB EERRRE, 4, EEEDLE
T, TEREME EXAnMUE: #eh IRk LIRS REBRARN, M ESRRS —FE
G, BDZKIRS R R TBR A s O MRk BEARRKT M, 0'°0 RUMEARN B/, Al vk SE 4
B, ‘

FIURX—JFE, *tiib EE IR Ry A R & BT LHHERATE., ARLR
HERBCGE R T *0(P0/M0) kFon, —BENMHMHIMERBHEARMURFENE, ik
F¥g KSR IR, DR ERBa N 2 AL 22, B 670 RFoRr, Al

S _R.—R,+d

* E.+d
AKrft, S0 WRHMD 0O f; R.. BRI O/0 b R,+d, R B RBEM 0/10 2
k. -

1. ABARER R

RHEHREEEHBRUTILEAFRN. ¥—, MEARERLBRENTEXR, etk
PROREE: £, REEFEFNLHEHBEEE, XREBRIURA F B KL, #
W, RGHETRAE, ERERR AL B2, HTEREBEDRR L (BEE. &9
W) SRMIE, RARELY BB ARANREON, BREKAEERR, BT
HEVPFHRELREREMKN, HMKERANTHT-10 2.

MF 7-10 FrFfg 6'°0 MBI W LAR W, skIat 61O My {E HERHIK T IR ok 3510 S (BRED
Fi-X LRk BI5h) Miiie, X AMHRASIARBE RS, WO BREMBIARM. N
WHIK LIRS, EREERBHETRE 2HRER, RELRASRNEES.

2. FISNEMBERARERNTEBEN

RN OMHERMLELT, HEAHBNLHERY, HHEFLLL kBN LT RiR
R¥kBLmmRE AT, REAS2EEX-RANABRLMPREZS, H
IR TREFR R, R, MTHMARESEEIFEARILIIRL., HXERMERDNE
W& A8 AR SRR, AP AS, WEBARIREEL, IBESMFFRY: W
BARTTRR—R BN, g2, Wik, X TARAEKEINRERLERHTRAFRBAH
e, AW, H—AREAERN, PRE, BRSEHARLEHEE & /) EHmarR
P, —ESEER, EMEEANSBESCEAIELRBENIBI G, BlmE
BB ARG BRI ARSI Viossen Ve o BURBE LS GELRER, B
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#* 7-10

FUMRBOERRY "0 MELR %D

. , v 1 g EL . 30 )
B-85-9 EE (28 -+19.53
B-85-8 +17.55
8-85-7 }é% (REREED) +18.24 +17.76
B 3 5t "7 +15.74
B-85-6 -+19.92
B ok M B-85-5 4 (RERRED) +13.93 +16.89
16 +16.55
B-85-4 +17.14
B-85-3 +14.63
K- LK s 23 GERED) T19.25 | 419,02
. B-35-2 +20.99
B i A4 +15.66
B-85-1 +24.59
A-3 +17.89
X W ok B [-2 25 (i) +19.47 418,48
"1 +18.10
ZK .23 4+14.70
6 B - K 4 18] vk 34 ZK0,-22 24 (RERED) +14.81 +15.14
ZKsoa—ZI +15.90
ZK 5020 +21.83
ZX 50,-19 +20.15
ZK,,,-18 +21.02
5 ZX,,,-17 s 419.25
® M oK H ZKo-16 | &E (REME) 11828 +19.57
ZK0-15 +17.65
ZK503“14 +18.63
ZK503"13 +19.81
ZK,,-12 +18.28
B ZK ;- 11 +18.03
ZKsoa‘lo +19.41
ZKsM"g +19.68
ZK:‘.OS—S +19.06
K He- BB o ZKoor T | o (RMED) +22.67 | 49 g9
ZKsu:f6 +23.85
Zana“5 +21.81
ZK503‘4 +19.17
ZK503>3 +18.49
ZK,05-2 +21.85
ZK 50,1 +15.58
, K2 s 5 +12.98
K #H ok M 28 (REEE) +15.91

A1
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"0 PDB
+20 +15 +10 +5 0
i A Iy &

T A

— e e v a—

—— e e -

”< K BRI
Ma 12

—— e ——— — — —

B 7-4 PR E 0100 ki

R ERIASTIANE, BT ARD0ERERIENBERS, RECIR. sk, &
TR 1L 2 P SR T B M 2K 45 B L I B S PR RT LU B WAL DAR A7 4 kS BERBEL B
BB T-4),

A T-10, B 7-4 FrRRROBIR Rith 2%, WA BIXAJLAAA.

(1) FILBNARRWREREELTE, Kkl 5 EAMHEL, IR LB i 610
W R R R, & K0 Mook ek L4, BeRt ik 0 AR, H# 0"O fHH
#; B LUTRS 610 NIA/h, EUKIN, . RRUIBUE 67°0 EmHER ., ARIRER
e TS5,

(2) fk35 U DURR M M 25 207 IE AR Pt o BUR BB #ELASR, R or T 41 ABrB, o
20 AVEEIEII, RERSS LR TATTB WG R fr 3R R T Bl £ ekt 2% Bk, B4R
B S IR AL AETE . HERIL B P BB MK L. i (ETH. ¥y il
A mBR. EAWHNREE. EhhiRitS ST ERIH, Sl U LSRN
¥y 610 EXgIE ML, FaikssE L AR 4 Yk SBURD AR L B 1R ok SRS A vk JE
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Abstract

Introduction

Lushan Mountain, as a famous mountain for its scenic beauty since ancient time, is
one of the ideal areas for studies on Quaternary glaciogeology and environment in China,
As early as 1930’s, Professor J. S. Lee (Li Siguang), a pioneer of China’s morden natural
scientes and an outstanding geologist, conducted long and repeated geological investigation
and study in Lushan area. He gave detailed discussion on the topographic forms, strata,
lithologic and structural charaters, tectonic movements, and forming age of the mountain
etc., which since 1931 has been gone down in the “Brief Geological Annals of Lushan
Mountain” in the “ Annals of Lushan Mountain” . It was he who first discovered the
Quaternary glacial traces and remains in Lushan area. He published the paper “Quaternary
Glaciation in the Yangtze Valley” in 1933, in which he described the geomorphic evidence
of glaciation, glacial accumulation, and subdivided the glaciation into Poyang, Jinjing and
Tulou three glacial stages in Lushan area. In 1934, he published the “Data Relating to the
Study of Problems of Glaciation in the Lower Yangtze Valley”, in which he introduced
some of his new finds in Jiuhuashan and Tianmushan areas, central Anhui Province, as well
as further demonstrated several moraine profiles in Lushan area. In 1936, he found new ev-
idence of glacial activity, such as the glacial marks on the U-—shaped valley ctc. in
Huangshan Mountain, and published “ Confirmatory evidence of Pleistocene Glaciation
from the Huangshan, Southern Anhui”. He finished the book “Quaternary Glaciations in
the Lushan Area, Central China” (The Ice Age of Lushan) in 1937, which did not be
formally come off the press until 1947 due to the influence of the War of Resistance Against
Japan. This book summarized the investigation on Quaternary glaciation and historical
process on glaciations in China. It comprehensivelly and systematically discussed the
Quaternary glacial traces in Lushan area, and three glacial—interglacial substages, i.e.
Poyang glaciation, Poyang—Dagu interglacial stage, Dagu glaciation, Dagu—Lushan
interglacial stage and Lushan glaciation were renamed in this book, which were also corre-
lated with the glacial stages in Alpine areas. Based on long period of investigation and
study, “ Quaternary Glaciations in the Lushan Area, Central China® is a scientific
summation of Quaternary glacial remains, and lay a solid foundation for the establishment
of Quaternary glaciogeology in China on the theoretical and practical plane. In 1940’s, Pro-
fessor 1.S. Lee wrote some other important articles, such as “Brief Accounts of Quaternary
Glacial Phenomenon in Western Hubei, Eastern Sichuan, Western Hunan, and Northern
Guapgxi”, “A Discussion on China’s Quaternary Glaciations”, “Glacial Remains and
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Traces in Guizhou Platecau”etc. He considercd that the violent climatic fluctuation in China
was not fortuitously local events but the extensive regional changes, which showed no dif-
ference with that in Western Europe and Norfher_n America, In his opinion, it cannot get
the knowledge of China’s Quaternary geological history, if the above—mentioned major
facts were ignored. The Quaternary Glaciogeology in China has become an important dis-
cipline since 1960’s, and now it not only studies the Quaternary glaciation, but also pro-
vides services for national economic constructions.

At the beginning of 193(/s, several foreign scholars who worked in China, such as G.B.
Barbour (Britain), E.Nystrom (Germany), Teilhard de hardin (France) and E. Norin
(Sweden) etc., all took a sceptical attitute to that whether Quaternary glaciations exsited in
East China. Especially G.B. Barbour and Tecilhard de Chardin expounded their opposed
opinions to object to that there were Quaternary glaciations in Lushan area or even in East
China in their papers. In 1940’s, many famous Chinese geologists and geographers, such as
Yuan Fuli, Li Chengsan, Xu Jie, Sun Dianqging, Li Jie, Wang Yuelun,.Jia Lanpo, Yu
Jianzhang, Guo Wenkui, Guo Lingzhi, Gao Yongyuan, Xiong Yongxian, Yang Huairen,
and Re Meie etc., who wrote papers concerned Quaternary glaciations, supported that
there were repeated glacial climate during Quaternary Period in China. Professor H.V.
Wissman, a German geologist, also supported J.S. Lee’s opinion after his investigation in
Lushan area, and he pointed out that it was an earth—shaking discovery to find
multiglaciations occurred during Quaternary Period in China, In 1950’ s {.B.Hanusxun, a
Soviet geologist, published his paper of * A Glorious Chapter of Geological History in
Asia” after his investigation on the rock glacial pavement at Longen Temple in Xishan,
Beijing, and he deeply believed that there were Quaternary glaciations in China and also in-
cluding Lushan area. After the investigation in Lushan area, S. Kozarski, a Poland geoclo-
gist, said, “It can be concluded that there are four glacial stages during Pleistocene in China
cither.” : :

Since 1960's, especially in 1980’s, Mr. Shi Yafeng, who has conducted study on mod-
ern glaciers for many years, published continuously a series of articles and monograph, in
which he proposed that there were no Quaternary glaciations in middle and low mountain-
ous regions of East China. He also invited Mr. E, Derbyshire, a British lecturer, coming to
China and doing investigation in Lushan area for three days. Then E. Derbyshire wrote ar-
ticle to negate the glacial remains and traces in Lushan area. In a word, their main disputes
are as follow:

(1) The dccumulational deposits at picdmont in Lushan area are not glacial accumu-
lation but the accumulation of debris flow.

(2) The geomorphic forms in Lushan area are not geomorphic features of glacial ero-
sion but the results of normal erosion of running water.

(3) Glaciers can not be formed in Lushan arca for the reason of the lower clevation
of Lushan Mountain than that of Qinghai—Xizang Plateau and western mountainous 1¢-
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Eions,

(4) The height of Lushan Mountain is below the snowline of modern glaciers in west-
ern China, therefore, glaciations are impossible to exist in Lushan.

(5) The latitute of Lushan Mountain is so.low that it is impossible to form glaciers in
Lushan area.

The Hydrogeological Party of Jiaﬁgxi Province has conducted comprehensive investi-
gation and study in Lushan arca for many yecars since 1970’s. Many scholars and
rescarchers from the Geography Department of Nanjing University, Nanjing Hehai Uni-
versity, Huazhong Normal University, China University of Geosciences (Wuhan), Hubei
University and Tianjin Institute of Geology and Mineral Resources etc., have conducted
broad studies in Tianmushan, Lushan, Jiuhuashan and Yellow Mountain etc., and a lot of
evidence of Quaternary glaciations have been found by their work. In addition, great new
advances on the study of Quaternary glaciations have been made in China’s middle and low
reaches of Changjiang River in recent years by Sun Dianging, Zhou Mulin, Jing Cairui,
Yang Huairen, Zhao Liangzheng, Fu Yixian, Wu Xihao, Cao Zhaoyuan, Yang Dayuan,
Xu Xin and Zheng Shaohua etc., who present new evidences and testing information from
various aspeccts. In most recent time, Han Tonglin, from Geological Institute of CAGS, has
concluded that an united Oceanic giant ice sheéet existed in Qinghai—Xizang Plateau during
early Quaternary based on large amount of evidences and data he obtained through his
on—site investigation, he also pointed out that this new discovery will have significant effect
and support on the study of Quaternary glaciations and ¢nvironmental evolution in East
China. ‘

Professor J. S. Lee summarized the scientific methods and ways of distinguishing
Quatcrnary glaciations through his practice and study for a long time, He concluded that
there were at least three essential evidences and one deserved evidence that can be used for
confirming but may only be found in some limited places. The three essential evidences in-
clude:

{1) The stagnant tills of massive ice layers at mountainous areas and the traces if the
ice layers moving from high to low.

(2) Moraine, i.c. the deposits under the glacier and the accumulated deposits on both
sides and in front of glaciers. '

(3) Glaciofluvial deposits and other periglacial deposits.

Although each of the three evidences can be separated freely and which has its own in-
dicating significance of different degree, the most important is considering three of them as
a related whole, only in this case they can indicate the advance, movement and regression of
glaciers. As for the deserved evidence but only can be found in some particular circum-
stance refers to the remains and traces of animals and plants in cold climate.

We have reconducted investigation repeatedly in Lushan arca by following Lee’s
cpistemology and methology. On the basis of former’s work, we study the Quatsrnary



stratigraphic sequence by means of macroscopic geological investigation, drilling and
trench observation. We consider that it is the most important key link to study the sedi-
ments for determining the paleoglaciation and reestablishing the pattern of paleoclimatic
evolution. Both the traces of glaciation and paleoclimatic information were remained in the

sediments. Therefore, for reestablishing the regularity of Quaternary glaciations in Lushan-

area, the study can be conducted by the following steps:

(1) Geological characteristics of Quaternary deposits

(2) Feedback of geochemical information of sediments

(3) Paleontologic succession

(4') Temporal and spacial scale

(5) Relationship between tectonic movements and sediments, and the influence of

tectonic movements on climatic changes

Through our investigation, we have collected systematicly great amount of samples
and conducted various measurements, such as fabric and size analysis, spectral analysis,
chemical analysis, heavy mineral analysis, clay mincral analysis, sporo—pollen analysis,
transmitting electron microscope analysis, scanning electron microscope analysis, oxygen
isotope analysis, paleomagnetic dating etc. It has been established a completely glacial
stratigraphic sequence according to the macroscopic characters and microscopic analysis.
Based on the paleomagnetic measurement, the Lower boundary of Quaternary is about 3.0
Ma BP in Lushan area; the Dapai glaciation is 3.0—-2.5 Ma BP; the Poyang glaciation is
1.8—1.6 Ma BP; the Dagu glaciation is 1,10—-0.9 Ma. BP; and the Lushan glaciation is
0.4-0.2 Ma BP.

The environment is characterized by the glacial-interglacial fluctuations and an obvi-
ous positive movement after each glaciation in Lushan area. In a word, it is no doubt that
the cold—warm climatic fluctuations in Quaternary have significant influence on the
Quaternary geological process in Lushan area. '
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I Regional Survey

1. Natural geography .

Neighbouring Changjiang River to the south, Poyang Lake to the east and Bali Lake
to the west, Lushan Mountain is located in northern Jiangxi Province, its geographical
coordinates is at 29 ° 25’ =29 ° 47/ northern latitute, 115° 52/ ~116° 10’ eastern lon-
gitude. Lushan is a horst mountain of middle height, and its highest peak, Hanyang Peak, is
1473.8 m above sea level. The piedmont of Lushan Mountain is low mountainous and hilly
land, the lic of Lushan Mountain stretches in northeast—southwest direction for about 30
km long and 5-10 km wide, and the area of Lushan is about 300 square kilometres. The
modern drainage system in Lushan is in a radiated form. Lushan is situated at the northern
fringe of the evergreen broadleaf forest— red soil and yellow soil belt in the middle
subtropical zone, but now it is located at the monsoon region in subtropical zone. The
heights between the peak and piedmont are quite different, while the maximum height dif-
ference can reach up to about 1700 m. The annual average temperature is about 11.4C and
the lowest temperature is —16.8C, and the annual average rainfall is 1833.6 mm and the
maximum snowfall depth is 37 cm on the mountain, while the annual average temperature
i3 17°C and the lowest temperature is -9.7C, and the annual average rainfall is 1412.13 mm
and the maximum snowfall depth is 2.5 ¢m at Jiujiang City at the feot of the mountain. The
modern vegetation shows obviously vertical zoning in Lushan Mountian, which changes
from evergreen broadleaf forest to mountainous meadow upward, and the soils change
from red soil to mountainous forestsoil upward. |

2. Brief Geological introduction ‘ ‘

All the pre—Quaternary strata are cropped out except the Triassic, Jurassic and
Tertiary strata, their lithological characters are mainly of sedimentary rocks and
metamorphic rocks and some magmatite as well. The Quaternary strata are widely distrib-
uted in Lushan area, the total thickness is about 100 m. The geological structures arc com-
plex in the study area, which are mainly of fractures and folds, and the structural lines
stretch in NE-SW and NNE-SSW directions. It is mainly controlled by the
Tongyuan—Shilipu Fault and Xingziwenquan—Haihui Fault in the NE-SW direction in
Lushan area. The magmatite are mainly distributed in east, south and west areas of
Lushan, which are mainly of intrusive rocks and effusive rocks that were created in Sinian
and Jurassic periods. Their lithologic types are mainly of neutral acid biotite granodiorite,
granodiorite—porphyry, giant granite etc. »

Neotectonic movements has occurred for many times since Quaternary in the main
form of relative positive movement in Lushan area.

3. Geomorphic features _

According to the field investigation and satellite image analysis, it can be revealed ob-



viously that there are three graded platforms. The first one is about 14001450 m above sea
level, while the second and third ones are about 900—1000 and 500-600 m above sea level
respectively, There are four piedmont graded surfaces widely distributed on the piedmont,
their elevations are of 280-350, 150—200, 90—120 and 50~70 m respectively, It can be seen
that there are glacial drifts and glaciofluvial deposits distributed on all these piedmont sur-
faces. The traces of landforms of glacial erosion, such as cirque, glacial trough and glacial
staircase e{c., are remained on the mountain-and slopes of Lushan.

I Quaternary Geology

1. General situation ) _ _

The Quaternary geological history is developed upon the basis of pre—Quaternary
periods. The Quaternary strata are widely distributed in Lushan area, the major
sedimentary types are of glacial drifts, glaciofluvial depbsits, fluvial deposits and lacustrain
deposits etc. The types of Quaternary deposits are controlled by the influence of
Quaternary climatic fluctuations of warm and cold alternations., The ‘glacial drifts and
glaciofluvial deposits are mainly developed when the glaciers advance during glacial stages;
while the fluvial and lacustrain deposits occupy a dominent position when glaciers
regression during interglacial stages. The Quaternary deposits are characterized by a set of
loosely clastic sediments, which are mainly of clayey gravel layers, sandy clay and silty clay.
Their accumulated positions are concerned with the advance and regression of glaciers. The
Quaternary began at 3.0 Ma BP, and it has experienced relative positive movements of dif-
ferent scales for 5 times since then in Lushan area, during which several obvious
unconformitics in the Quaternary strata were formed, as well as the faults and displace-
ments. o

2. Research methods on Quaternary stratigraphic

The Quaternary stratigraphic subdivision is classified by using comprehensive methods
of lithostratigraphy, biostratigraphy, sedimentostratigraphy, paleomagnctic stratigraphy,
climatic stratigraphy and chronostratigraphy. The impact of neotectonic movements is also
considered at the same¢ time. Based on the microscopic study on sediments, such as
geophysical and geochemical characters of the sediments, biological succession, chronologic
data and concerned information, the Quaternary stratigraphic sequence has been estab-
lished by comprehensively analysing and studying all the above data.

3. Principles on Quaternary stratigraphic subdivision

Based on the principles of above stratigraphic subdivision, as well as the particular
characteristics of the Quaternary deposits in Lushan arca, the lower boundary of
Quaternary is classified at 3.0 Ma BP, the boundary between the Early and Middle
Pleistocene is at 1.1 Ma BP, while the boundaries of the Middle and Late Pleistocene and

the Pleistocene and Holocene are at 0.4 Ma and 12 ka BP respectively.
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M Genetic types of Quaternary deposits

1. Main genetic types of Quaternary deposits

(1) Glacial and glaciofluvial series: It includes moraine, glaciofluvial depsoits,
freeze—~weathering accumulations.

(2) Fluvial series: It refers to accumulations of the fluvial, debris flow and washland
facics.

(3) Lacustrain series: It includes the lacustrain facies, lacusirain beach facies and
swampy facies.

2. Temporal and spacial distribution of varied types of Quaternary deposits

It is dominated by glaciofluvial deposits in the Early Pleistocene, while the
alluvial—-diluvial deposits arc widely distributed in the Middle and Late Pleistocene and
Holocene. The lacustrain and swampy faices are widely distributed in the Early Pleistocene
and Holocene. The mixed deposits of eolian and fluvial facies are developed in the late pe-
riod of Late Pleistocene, and the eluvial slopewash, washland deposits and debris flow arc
very developed during Holocene. '

IV Noetectonic movements

Tt is focussed on the neotectonics, neotectonic movements, and neotectonic periods.

1. Expression of the neotectonic movements

It is chowezd as (1) the obvious difference between Lushan Mountain and its sur-
rounding regions; (2) the distinct scar on the east and west two sides; (3) variation of vailey
forms; (4) multistage linn and waterfall; (5) eruption of warm spring and seismic rccords;
(6) piedmont multistage platform.

2. Major types of neotectonics

It includes (1) graben and horst; (2) fracture structure; (3) filted structure,

3. Main characteristics of neotectonic movements

It is showed as (1) diversity; (2) obvious inheritance of fzult—block movement; 3)
intermittence.

4. Phases of neotectonic movements

There are 5 tectonic periods, which are 2.5-3.0, 1.1-1.6, 0.7-0.9, 0.4 and 0.1 Ma BP
from old to voung respectively. They all showed the relative uplift of Lushan Mountain.

V Characteristics of Quaternary deposits

1. Lithological characters of Quaternary deposits
1t includes the colours of sediments, lithologic components, sedimentary cycles aud
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i‘erromangancse nodules etc. In a word, the colours of the Quaternary deposits vary from
dark to light from Early Pleistocene to Holocene in Lushan area, and it is mainly of
brown—red in Early Pleistocene, it is grey—white and grey—yellow in Middle Pleistocene, it
is brown~yellow and light yellow in.Late Pleistocene, while it is maimly of light yellow in
Holocene, The Quaternary deposits in Lushan area are derived from Sinian and Cambrian
strata, which are mainly of feldspathic quartzose sandstone, quartzite, silicalite, granite and
granite gneiss. It can be classified 10 lithologic sections. The sedimentary cycles and
lithologic sections are all concerned with the warm—cold climatic fluctuations. The
ferromanganese nodules are mainly contained in the upper part of Lower Pleistocene, the
patterned red soil of Middle Pleistocene and the Upper Pleistocene, particularlly in the
Middle Pleistocgne, in which it reached the highest content.

2. Fabric characters of gravel \

Measurement, statistics and calculation have been conducted for the Middle
Pleistocene clayey gravel layers which are widely distributed on the piedmont in Lushan
area. It is showed that this set of gravel layers is conformed to the characteristics of neither
fluvial deposits and debris flow nor pluvial deposits, but its characteristics coincide with
that of glaciaton and glaciofluvial activity according to the size, partical shape, partical
orientation and partical component of gravels. - ' |

3. Size characters

It is showed that the peak of frequency curve of the glacial drifts is between 4—5 by
systematicaly analysing the Quaternary deposits in Lushan area. The parameter of sizing to
the Quatcrnary deposits such as Md, So, Sk etc., suggest that the genesis of the Quaternary
deposits are not “debris flow ” and “fluvial” facies but varying with the warm—cold fluctua-
tions of climate.

4. Geochemical characters _

The geochemical characters of Quaternary deposits, such as the variation of elements
(including macroelements and microelements), the content and ratio of oxide and their rela-
tionship, the weathering index in the strata, and the variation of Eh, pH and Sr/ Ba ratio
ctc., can reflect the evolutional pattern of paleoclimate in Lushan area, and they suggested
that the climate presented the evolutional pattern of from warm and wet to cold and dry for
many times in Lushan arca since Quaternary.

5. Heavy mineral characters 7

10 mineral assemblage zones can be classified according to the assemblage variations
of the heavy minerals in the Quaternary strata. The regularity of the variations of ZTR in-
dex and percentage content of heavy minerals can provide information for indicating the
warm—cold fluctuations of climate, '

6. Clay mineral characters

Based on the analysis of clay minerals in the Quaternary strata, such as thermography
(differential thermal analysis), Xdiffraction analysis, transmissive electron microscope ana-
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lysis, and spectra1 anaiysis etc., it is showed that the ciay mineral assemblages vary with the
climate. The content of illite was at high percent during glacial stage, while the contents of
kaolinite and montmorillonite were at high percentage during interglacial stage. |

7. Surface texture characters of quartz sand

Bascd on the scanning clectron microscope analysis, it is showed that the quartz sands
are with obvious conchoidal fractures, scratches, parallel staircases, cleavage surfaces in the
glacial drifts in Lushan area, while the quartz sands are characterized mainly by V—shaped
striken pits, conchoidal fractures and parallel cleavage surfaces, as well as a lot of pockets

and recrystallized gypsum crystal bodies on the surfaces of quartz sands in the nonglacial
drifts. - '

VI Quaternary glacial trace and stages

The Quaternary glaciations and subdivision of glacial stages are clarified based on the
study of macroscopic accumulated characters and microscopic textures of the Quaternary
deposits, as well as a certain amount of the phenomena and evidence {from the landforms of
glacial erosion and accumulation in Lushan area.

1. Geomorphic traces of Quaternary glaciations

The landforms of glacial erosion are showed as cirque, glacial U~shaped valleys, hang-
ing valleys, glacial spill-ways, firn—basins, glacial chutes, glacial slopes, cross—walls, glacial
staircases, horns, knife—edge crests etc., while the morainic topography is showed as end
noraine, lateral moraine and glaciofluvial terrace etc.

2. Glacial brift remains :

Tt includes the glacial drifts of Dapai glaciation at Dapailing, the moraine and
glaciofluvial deposits of Poyang glaciation at Jindingshan, the moraine and glaciofluvial
deposits of Dagu glaciation at Baishizui and Yeyonglong etc., and the glacial drifts of
Lushan glaciation at Dajiaochang.

3. Evidence of Quaternary glaciations

It includes the glacial pavement, rock epigenetic structure, drift boulder, the facies
change zone of moraine and glaciofluvial deposits etc.

4. Microtexture of tills and Glaciofluvial deposits

It includes the X—deformation lines of the quartz grains, mosaic texture, corroded tex-
ture and insertion texture etc.

5. Subdivision of Quaternary glacial stages

The subdivision on glacial stages is mainly based on the geomorphic positions of gla-
cial accumulation, landforms of interglacial deposits, the differential weathering of glacial
drifts, the variation of mineral assemblages between glacial drifts and nonglacial deposits,
microtexture characters of moraine and nonmoraine, and the difference of fossils. It can be
divided into 5 glacial stages and 4 interglacial stages from old to yourg, i.e. the Dapai,
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royang, Dagu, Lushan, Lulin (7) glaciations and the interglacial stages between them.,

VI Quaternary paleoclimatic environments

1. Sporo—pollen analysis

Baszd on the sporo—pollen analysis, it can be divided into 14 sporo—peollen asseni-
1lages. Although the assemblages are not obvious, they can also indicate the cold and
dry—warmm and wet fluctuations of climate changes. They showed that there are 4 cold and
3 warm periods. '

2. Study on the ratio of high and low valence Fe

The Fe is one of the most sensitive elements which can indicate the climatec changes.
The highcr the content of Fe,Q; is, the redder the tone of strata is, indicating the wetter
and hotter climate. On the contrast, the tonc of strata is yellow when the content of FeO is
high, indicating the dry and cool climate. Thus, the analysis on the Fe oxides is based on the
above mentioned knowledge to the Quaternary strata in Lushan area. The variation and -
value of paleoclimate are calculated from the content of Fe oxides, i.e. the values of

paleoclimate are calculated by the formula: t=T 4 %‘-. Based on these obtained data, it is

showed that the annual average temperature is about 3. 27—-10.78 C: in glacial stages, which
is 7-14C lower than that of the present, If the temperature drop is 0.5-0.6C with. the ele-
vation rise 100 m, the annual average temperature is only 0—7C on the top of Lushan
Mauntain. And it is showed that the annual average temperature is 4~11°C higher than that
of the present in the interglacial stages. |

3. The oxygen isotope records in the Quaternary strata

Based on the analysis of 6'%0, it is indicated that there are 4 obvious cold periods and 3
warm periods in Lushan area,

Vi Magnetostratigraphy and ages of glacial stages in Lushan areas

The paleomagnetic samples has been collected sysmatically for three times. The testing
results are basically the same to the corresponding sections, and the varied characters of
polarity zones and polarity subzones are also the same showed by the different positions
and sections. Therefore, the results are exact and reliable. It is showed that the corre-
sponding strata can be correlated transversely based on the Dajiaochang, Lulin,
Jinminshanzhuang, Jiangbochang~Baishizui, Yeyonglong sections and ZK21-4 and
ZK 503 drill holes. According to the paleomagnetic dating, the ages. of the glacial and
interglacial stages in Lushan area showed as follow:

Dapai glaciation, 2.5-3.0 Ma BP; Poyang—Dapai interglacial stage, 1.8-2.5 Ma B,
Poyang glaciation, 1.5-1.8 Ma BP; Dagu—Poy‘ang interglacial stage, 1.1-1.5 Ma BP; Dagu
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glaciation, 0.9—-1.1 Ma BP; Lushan—Dagu interglacial stage, 04-0.9 Ma BP; Lushan
glaciation, 0.2-0.4 Ma BP.

I{ Quaternary environmental evolution and a discussion
on several concerned problems

1. Quaternary environmental evolution

It experienced 5 evident cold and 4 warm climatic fluctuation processes in Lushan arca
since Quaternary. While there are traces and evidence of glaciations during the former 4
among the 5 cold climatic periods. And it occurred one obvious crust movement after each
cold climatic period, i.e. Lushan Mountain has been elevated for 5 times by the neotectonic
movements. The pattern of the environmental evolution is showed as multicycle climatic
fluctuations, i.c. glacial accumulations during glacial stage——tectonic movement (uplift of
Lushan Mountain)——climate warming, glacial regression, debris flow and altuvial deposits
during interglacial stage. |

2. A discussion on several concerned problems

(1) The landforms of glacial erosion in Lushan area such as cirque, glacial U—shaped
valley, glacial staircase, do exist based on on—site investigation, the shapes and characters
of the landforms of glacial erosion, and the analysing data of their related deposits. No oth-
cr reasons can creat these kinds of landforms,

(2) Epigenetic structure

From the formation mechanism of epigenetic structure and its correlated relationship
with the glacial drifts, it can be concluded that the epigenetic structure is not caused by the
traction of debris flow but created by the push—compression during the process of glacial
motion,

(3) Jiujiang gravel layer

Based on the study, it is showed that the Jiujiang gravel layer was formed not in
Miocene to Early Pliocene but in Early Pleistocene, It is the glaciofluvial accumulations in
the Poyang glaciation, the age is 1.6—1.8 Ma BP,

(4) Patterned red soil

The patterned red soils were developed in three periods, that is in Early, Middle and
Late Pleistocene, particularly in the Middle Pleistocene. The paterned lines of the:-patterned
red soils are the results of wet—hot weathering during and after the deposition according to
the study. It is showed that the climate and temperature in the Middle Pleistocene
interglacial stage is a little hotter and higher than that in the Early and Late Pleistocene
interglacial stages reflected by the patterned red soils, |
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