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High-resolution Geochemical Studies of the Holocene
Loess-paleosol Profile in the Upper-reaches of the Huaihe River

Xin-yan Li

Abstract: Nowadays human are facing up with a series of global environmental
problems which never occurred before. Global changes especially in climate have
deep impacts on both economic development of all the countries and survival of
human beings. Studies of the Holocene environmental evolution is an essential part of
“PAST GLOBAL CHANGES” (PAGES) and has a vitally important reference value
to forcasting future environmental changes. Many methods were introduced into the
studies and great progress was made. The loess-paleosol sequence in the Loess Plateau
which is located in Northwest China was accepted as a wonderful information carrier.
The formative mechanism, source of loess-paleosol and history of climatic changes in

the Loess Plateau was made clear through the studies of the loess-paleosol sequence.

Through field exploration, sampling and experimenting, we gained a lot of datum
of chemical elements, magnetic susceptibility, pH value, content of calcium carbonate
and loess-on-ignition which have an important indicative significance to paleoclimatic
evolution. We studied mainly the distributing law of different kinds of chemical
elements in the loess-paleosol profile and probed into their geochemical characteristics,
indictive significance to pedogenic environmental changes and the Holocene climatic
change laws with the combination of other environmental indexes, and the source of
aeolian loess-paleosol was studied simultaneously.The results are very important for
understanding regional response to global changes in the semi-humid zone within the

upper reaches of the Huaihe River Basin.
The results are as follows:

1. The contents of major element oxides (Al,O;, Fe;03, K;0 and MgO ) , heavy
metal elements(Zn,V,Co,Cu and Ni) and other microelements(Rb,Ga) varied similarly
in the Holocene aeolian loess-paleosol profile, that is, the contents of these elements
reached highest in the paleosol(So) and then in the modern topsoiMS), and lowest in
the loess(L.i+ Ly~ Lg). The contents of other heavy metal elements (Nb,Pb,Ti and Cr) in
the modern topsoil(MS) were higher than that in the paleoso] slightly which showed
that modern pedogenic reconstruction was very strong during the late Holocene, Na,0

and Sr eluviated in the paleosol and congregated relatively in the loess. The contents
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of these chemical elements correlated with magnetic susceptibility remarkably, which
showed that transference of these elements was mainly controlled by the Holocene

climate, dust storms and pedogenic environmental changes.

2. Compqre with the Loess Plateau, the Holocene aeolian loess-'paleosol in the

upper reaches of the Huaihe River has the foilowing characteristics.

(1)The magnetic susceptibility was very low and the absolute value differed
much; the contents of major element oxides in the total profile were higher than that in
the Luochuan profile, while the content of CaCQ3; was much lower than that in the
Luochuan profile, which showed that the climate in the upper reaches of the Huaihe

River was superior to that in the Loess Plateau.

(2) The contents of heavy metal elements (Zn, V, Co, Cu, Ni and Ti) and
microelements (Sr, Rb and Ga) were lower in the YPC profile, and only the content of
Mn in the paleosol and that of Cr in the total profile were higher than that in the Loess
Platean, which revealed that the sources of loess-paleosol and the main wind dynamic
system in these two areas were different evidently. Considering that the Yellow River
breached dike, changed route and overflowed frequently during the Holocene and
quicksand was formed due to the prevailing North-East wind in the Huang-Huai plains,
we concluded that the loess-paleosol in the upper reaches of the Huaihe River was a
wind-blown dust deposition of near source, which came from the Yellow River
inundant alluvial deposition and reconstructed by aeolian sand and then conveyed by
North-East wind power systems, and the deposition was weathered on the spot or

reconstructed in the process of loess-paleosol formation.

(3)The pedogenic environment of the Holocene loess-paleosol sequence in the

upper reaches of the Huaihe River has the following characteristics.

(DDuring the stage of late Pleinstocene Loess{L;) accumulation (>11500 a B.P.),
climate was cold and dry. On the floodplain located in the lower reaches of Huanghe
River, vegetation was sparse, sand blown by wind and dust storms were intense, and
soil humidity was very low, and there was almost no eluviation or secondary
clayization. But the degree of coldness and drought was lower than that in the Loess

Plateau.

& The transitional layer(L,) between the Holocene paleosol and the late
Pleinstocene Loess was developed in the early Holocene between 11500-8500 a B.P.
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when climate transferred from the cold last ice age to the warm late ice age. In the
process of loess accumulation, temperature rised, rainfall increased, vegetation
redeveloped, dust storms weakened, faint pedogenic reconstruction on the earth’s

surface occurred, wind-blown sand elluviated and clayization appeared slightly.

® Very strong bio-pedogénesis occurred during the mid-Holocene between"
8500-3100 a B.P. when climate became very warm and humid, vegetation was
prosperous, paleosol(Sq) was developed with leaching and clayization processes.
Rainfall and its increment was very bigger and entironment was more ascendant in the
upper reaches of the Huaihe River than that in the Loess Plateau

@During the late Holocene from 3100 a B.P., the intensified Eastwest monsoon
and dust storms had caused degradation of soil and land resources indicating that
climatic decline took place. But the degree of aridity in this stage was not intenser than
that in late Pleinstocene. Climate ameliorated from 1500 a B.P., but modern pedogenic
reconstruction was still very strong with the influence of agricultural cultivation.

Key words: Upper reaches of the Huaihe River ;  Holocene;  Loess;

Paleosol: Geochemical characteristics
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M 19 W EFHITHR .

I 3 B R A - R UBUR SIS R T B0k 250 J7 Mk IREE ]
MERSEER, —&¥EHECENEL-HLRFIHTHANIYS, FBENE
WAL FIRSEERFRES T 6°0 SURMKRIET A S FRx Y, BHPFAR
BT A LR KIEINKET 15 RN EE S R 2K S, TR
B, MR, SRR K SR AREN G SRIEERHER .

1 FER R X R R ERAL 2T SR R

BHNELIHATEIERPERLHRE . WRAKSYRRENHA, &
FRELNURART, HEOEFERE—NEBRNHFE™. FAHMIRLZN
FERELPEREETE. MELENH T LREHTHR, RBENELR
B AR T A R AL AR . B AP T R R B A T A SR
BRI ER TR AN TARE. FPARTFLETRAD 4.
SEAER. SHROME, FEIT TRALWRRSHE, RRILHRBIRK
FIH, HERFELL IR LN TR RARL X REY,

50 EARLLK, MHEAZEVHERPEETHTEHAEORN, RTREH
HERLZ AR I, REMBNELTHEETR. BETE. BT TH
K FE—PHET T ALERNHERML L. FRERTRRUESESRART
2518

SR MBI g0 SERLIFTP B A MRS BIRM T BE: (1) FbE
TEFTLRNEECAERSER B Q) PEELNTFHLERS SR
FERLEFE R ARL, MgO. Ca0 Fl NayO SR TR EIME; (3) BIWNLL
kR FER S B —ERE KL, Fe0:, ALO: fl K;0 @123 HE 8w,
ifl FeO. CaO f1 Na,0 MfEG A BRI NEE,; 4) HLEH Fe,05. ALOs.
K,0 # Si0, 5% + EH i) FeO. Ca0 1 Na,0 HAHKHEL. BiIERTE
MR BT THE, WATRETELE. HMEBAE, CERLIIENSE
TUIAKR, BT R85 AR — 1.




B A LRI Z A TEEPAELE R URAFEIRFN TR
HOERAL 22 A 1 LLBON B E SRR Bt — SR

BRERZBOMnt 3 £ A RAL T RAT ST R AT R B, #2F1{L Cas Sr. Py Mg
M Na TRIEAFRUILERET A LEEHE, RETLEANT Al £ LEPH
TR, RAMREETES Al K. Ti. Rb 1 REE. 8, MIBANE ML
RS TFAIR I BL, BDAR Ca 2= Na BirEt.

Bidk # SR Be R AR EERA R TTR R IER B T T, 3
E L FH LR ROMERF AT, KRB THESEF Ca. Na. Mg, U,
K 1 Si 7E L3 RIS R T MER RS BN 43%. 25%. 18%. 17%, £ 2%
2y 4% M40 . EHRIHAASFZERE T HA KRS RIRE, %t

SHRESOURE Ti R P RBEIE RFULFRLAR BT IR 2
HRR FRARE, HRE SiOJTIO; HIEAHRETRIRE AR AR
HUBER, FXFE 0.15Ma LR s RAERFEL.

WIEEEE R RBE F T ET BT U R AR A s, B i
CIA(%)=ALO3/(Al,05+Ca0+K,0+Na,0) X 100(BE /R bb) R B s/ & SR AR 55
WEZPIREF RN - HIRT 5 MR E M RATER, R T RKKIE
TEREENATER .

BRSO Pl e s THB O KRR L, Bit 5 ZEANRBRERE
ALK LA, Rb/Sr ERAHERSHERIN, ERL-H R $,
Rb/Sr {H 7 LME A BRI R FREE M ERIRR. Bidx 2.6 Ma BURIENHRL
- Ry/Sr HWE, 18 T R 28 B ISR K Rb/Sr Y
AHImEn IR,

P 3 PR S B p ik oLy L A A Tt B R T A L BIEET Rb. Sr
A&, Rb/Sr HT LMERSIZB R R, MMM Rb. Sr &8 RIK Rb/Sr h i
FELTE, MMM Rb. Sr &8 &=H RY/St WEfRE LRE. HANEZ
#IEH Rb. Sr. Rb/Sr HIEA SRS R E RS, WA HFERR
[B] 43 o

RPN RE LR M. W B W K IESSHIENE
(] 5357 R R AEAR M A PR e B R FIEAT T WS 2R, REAEHE, H3RCY%xy



o [ P b X LA 3R A0 TT R ER L A IE AT T HFT AR ARSIt o A
TG BRI S AT T 85

AR BRI AR K R UK LR I B B L R R R L & R B RS B
WEGSRSHT TR, AABRRESE. ATUREEAHESRS BXEASF
FRARAT e R 18 R A RS B A TR, PR RIS IRBIEE), &
WS FETRERMERTH. ESRERGERTEALNEFHILL— (X
BE, 1989) . HEPHEEEHES A FEMKERMN. iEHRANER TR
BERET Y, EHEEE DR EER A RNRRE . HPaEd ARk,
TAMAEMEN AR LHREEE, BB YRARREN Ca™. Mg 5 HCOy
HEETERMRARRY. BETRBBTRERRE: KKk X
BEMRAER. EXREHA, f—HEERE 058%1.07% TLR—HA
.

3O BRI A S PR X 45 340 BT 22 (R UTIRYDAE R Zn.
Cu. Mn. Co. Ni. Mo ANMHETERMTEH, Wbl IZXRLMETRS
Al HAEIERERY, SAENEEYEEIRRMEERNEM, HHEH
EFRSA. XD SHA: OPERDEETEETERER, QYRLH
HELEFRAFEK: ORELHHEBELRTESER, OFREAETHELE
HETER; OFMAMKERIWHETRSSBX., XfMmlEmERL
RERAERISL, T SRBMT URs R DR EMRARNERF
Ko :

2 BEREMFAAR

RGBT LA B L. ERMEME ST B, SRR
HgEiRt. TREER, REEM, BTN, BEIRET. 2R BN
i, HE IS = T | &P & AR K FE R, S AR 10000 km?
x4, FERRTHENSat—R () -8 (B &, ¥ G % GD
Az th RS LATHY, IR SR T EE E L A REE LR,
FAMERM LA AT W T RREE 0. A ETRIR =R
B, BIEBKEITSE L. BARKIEBHBLUETCSMT XETE, #E
Bt LR N A R A oL L AT, R T B R T R AN K
AHERTR, REEER, BTYEL. §7AST FHITH RN Firth X o T
BLRGNHE T BET S ATRIO, AR B TR AIT L.
wgll DARILTASKREERGEY, HmERELen tEE, 2



A SIS B AR LT . BAFEUE, RAMKRIEEESS, TRY
AN B B SRR o IR BRSSO K AR, FEM S K IEIR 1F
RATHMRTERTRYE, HEO, FAENNEFEARSIE. ERE-F WL
AT, thiTERRHA 20-60 m 4D, HMAMR DRI L, fFEETUE
MGyt RS EFRADLEERT BEASNELHE. &
2, RS P RABENLBBENTING. REDETIRRET
BRENGEBERRYZ—. P BEFHUREEI hE, SHIEHRYTRM
Y. WHchE. EH TR M- TR A AT AT B R R A
T, TH5EIBKE L. ST . BEEME TREXKSHIEIER
TRTID. FESER . BRERLIE, LEFCIF, ERRKLUE, ERE-F
AR AR AR AN T Ll BT 3, SE R SR B R el T B A F K5
eiEz b, RE R 40-80 m R4 SERE AR RITURRK SRR £, & KEN
BEatiEH, R g 5RMNERRARR LR RIEET 2, MERR
BRE. EHAFESHMN-FREELAERRE. —BEREgR>: “REM
¥, ZRENSRMNS, BF ks Bt EXRMEEUA, REH
IS AR LR, BM—FEUE, S &BRUE, NEZES
i, BEESA—. AT SRMEREZE LR X, KREELEE,
BFEHE ERELESS. NANERETE, i, 2%, REUEE, DR
BEBBR K, SHFHERARY ESAET, 0, LT F20%.
WEMES A —, BF 10-20 m, {£F 3-6 m. PEPSELELY, THEERH
BER.

AT E L MEAFR T EEPES LR ENAN MR, R T i
R #H A — & TEWHR T R ESRE, WENOEM AT G EEERN
R, RS RE SRR TR R LB R AES, o
26 T LR A]_L A AR ST, SR RIR T AT LR E TR A RNEE
AR ED . ASCRIRFIET 2004 4E 10 B3 Eip X pErsh 4522, W
B3 T 7 LM ZR b 3 5 M DA B KB B B P I HE AR T R T L
FHELEEEE LR, RRE. BLREMEE. BMNEHETREH
et HEE, HRAAERKEG, RBKEA, HBRRSEE, A
BR, BEE L E R B A R B ORI VR B, SRR
MEMN YPC BIEMERFHE s, SiiriteE. pHE. BERS. KR, LWFERR
FENBEOE RIS, 55, FEEE LK S+ R a ik
$AL, HEE R R E TR, DB ERHE SR - T
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YIRS BRI . T RIRE AR DU R R R ST ALk, XTI B i DA
W E— TR R AN R N A E R .

B=N PFAKNSENLAER

T HATREUA K A IR SR A R HE R B, AR s 4 vl
FESN SRR 6, HAME TR ATIARIN CRERD « EHEFSTREN
LR MR L A ERT YPC AEHIE, MEERE T 2HHERA
fRbR, GFENLE. pH E. KRG, BAE. WPnESE FARBETER
TR ERE—ERSR SR RRLRPREER, HFiERBE MR
FRESER ST, AR T R AT EERR IR L R M A T TR E R
FIRAE, BT RENFSGETMALE, KARE—NemI S RNETE
FETEtE: BSNA Excel HAMATRIAT, HEELHTANCHIR, o
FT N _ BRI 2 Fr -y S I AR R RE, SRR
SR At 3 -l R AT T (R -1 R 1)

1 EhER

2004 4£ 10 A A, ALAHEERKEEEARSWAT, ERALEE L
RMAT T ZMEETR, REHRENET LSRR F#TESPR, &
HEAH RS HESIEHR TR, T 2004 £ 10 A TFA#T
TEANMEHR.
2 BRaBEmsEARNE S

BETCREMREAZE BRRT. TARR. #dE, FHETHLE. B]R
@, pH . $ERE. LETREFFRMBIRNEALRIES T, AT FIE
R R, ARESRE. TR R R E AT AR, o
TS AT 8RR .

3 ot AEMER

e FTRER A So R0 45 Btk AT #2038, A Excel SROFREITALSE, &HIEE, HAT
SATLLEL REANRIE, FHERE AN



# 1-1 X RTAERER

SEHHAR T, MEARR

WIS
BFAh R 5 R
B AR AT A

o  ELERE

n
- pH {8 %

Bl el B .
g ﬁ i % o BEE

Aolo(E| S| |u 2

* ® i .
o  EmENE

£
2 RN
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#1-2 HRATHEIE. TEABERITHER

IHetiE TERR IHEE

2004 4 10 HF ARV LR 3 MK ﬁ o ﬁ%’?ﬁ?
ITTrEMmAEMes, REHEEN L aS®E | FISEMES YTy 11;3
T A HPTE SO, EEAETRRENSHHE R N ﬁﬁu%‘ R
-+ BT A 2‘ © ewiHE

50cm.
2004 4F 11 § EAIFTRERRPF SR (B, o e . 1

Wi, FIBE) AT AR, HEMEARE | 18 MRS

2004 % 12 A LAIXEE RS ITH B A, R
¥ Bartington 2 7 47 MS-2B B R (b 2 (T BALERNE 118 S
&,

2005 fF 3 AXESETHENLES. H - 0
'PHSJ-4A BIS3 % pH 5% pH 4. pH RIS 18 TH

2005 4 4 AXHERBTHENAERG, HSE e o
B R A . : BRI E 118

2005 £ 5-6 AXTEERBTUIELE, MEEE
BN EEREGS, FERZ Panalytical 284K vt o5 i a
PW2403 X-BIET T s sy | T ORI 118 A
SEe

2005 F 10 B XS TIEE . T (<100°C)
TG, ABEPaiRAE, S 600°CHER B RIONE 118 £
THEET.

2005 ££ 10 H-2006 £ 5 AR 0%, &< TR SERIE X (LFE.
wE, |5, K. #)




FE MRAXERMHEIEE
B PIAXKAERHKER

BRARKHE (B 2-1) STHEMSTHATT L, A FEMT#EEL
B & A YPC BT AT ST,

FEE EMA R TR M K AR, MAARE R MR TR s,
BEBRE, . B 8. 8 FRES. 3RS EAREBERE, Uk
HEREGH, M, BRRETE, BT,

BEMTEBERTEEEARESRSRE, £ THREH 144C, A A1 H
R 02°C, BREmBEMEAE-13.9C, &N A 7 BHiE 27.7C, REERSE
42.9C; £KH125924, LEM218d; FEFHHE 2422 h; FFHREKER 680

mih.

BARBENESITH, EREEFEFMESRE, BIARRE
RERHFNEW, T8, BEREERETEDLH 248 (ATTH 168 4) .
BEE b, HEAABETEF PSR SR, RESEETREE &5
BHER, SRT SRS 46, BB W T W R E 5
R B e BB 0 R A R SRV, oA AL AT & A S Rk, B
TS EARKHH, BHM—KRM 1128 FEFEET 1855 ERLMRD,
HACHRRE B AL T B ACIA 700 SRV, H b3 i B B P B it
BN, EUETIAITE. Eib. M. TS TRETIES S MR RE ST
Pl AR Hh AL E R K S HAAE L BT T R B R T B M, =
KEBIEHIE, FUBLAMET. FEAT FROEHT, RASHEmEE
A RAEEE T RRER, BNHRIES N M AR T A% EAMS, Wi
SR A A AR,

B iR E RN

o (B 2-1) A7 FHEF ST HiBuT List X i BN B R L R G,
BRI EIE —RARME LR, ST ZNFMAENR, BES
B - A ERER. RE RS AXEHERESHN YPC HE

(34°16'16"N, 113°23'15"E, H195m) MITHEANABEINR, FEBAMERN T
2 cm [BJEEVELEEOEE, JLRERES 1184, AHMEEE 250 cm. MIBEFSMNEIH
SEEAMT, STEHEBT LR-BEZN S
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(1) 0-40 cm WA T BRIFHIARLEMS), e, HAfuREn, #
R S H R R
A (2) 40~86 cm JHLEIATHEE (L), ThER, SoREH, YRR L
G, Bk, SHKERGHE

(3) 86~146 cm A KB RBMETH G HHS,), Wize, HREH, BE
#, HRERATMMAPNARE;

(4) 146-186 cm M H T FTEREL), Mg, JeREN, WHY TR,
SHEMNYBSER;

(5) 186 em U T AMEFHELREWL), mE6, PREYLHRY, ¥R
ik, JRER, SEMY. MMBERNAET R, AETEERL.

F=H SRS R mr s EER

EEMEA, BRZE %L EFEH SR EERR, BTCUEE RN
BB, 186 om BB RERGE TR, WEE IR A, RIEE
FTE R B A F AR MY, FElER0h 11500aBP., 146cm FriaH
MR IR BUETER ﬁiﬁﬁi%é%ﬁkﬂ%ﬁﬁﬁ@@é, FH 8500aB.P., 86
om BRI Sy BRA L, ST, B5E S 3100 a BP., 40 cm A 1500
aB.P..
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F=E XWHNAE

KLk, BIREMNEZR T HEFEN. LEASEEDRREERRE
4 B X BT, PR HTTR F BRI ISR LR . fE R
HWERIY. HEREE. URB RS TESRE T RENER, BIMEE
THZEAIEE, WHE. BLE, CaCoO; 8. pHE. TOC. #ER{L¥TE.
. MR, EYREE A, AXTEMHEAE, CaCO, § 8, pHIE.
fp g, IR TR SRR BRI RIEN L X 2R i R -
T RS HER R TE

F—W HABRTBRWETE

R R R LER E F JEE Bartington 4 #4771 MS-2B BUBLRME,
MEH BB R

(1) RIARTEZHEMT 2 mm FHRT L 10g CERE 001g) , 3
A 10 em® TREMEBHET GLEEARR 2 cm. & 1.5 om, REMERGIE,
R EER-1.0X10° m¥kg. BELHERBARREHE—RAT 30X10°
m'/kg, TR TEHGMME, SNBSS ma LLZg) |,
FH T4 _

(2) FI%HE Bartington 4\ FHEIEM MS-2B BRAALE LG SEFEM ORI,
SR BEETEM (4.7 kHz) FEMR (047 kHz) BEALRNME, AersihE
A0l BMERELENES K BRERETEHE.

BN B pHEZBWETE

(1) BIEERL, HiE/T 2 mm;
- (2) ETERRFEE 10g, FF 50 ml /AR,

(3) M 25 ml T CO, ZEIBAK, Bk, B 2 /NIEZ I R

(4) ZEARRIMIRLE T, {5 F PHSI-4A RISpad = pH MU iF il pH {E. §
SeRER B £ 2 B R DA R R T AR . 2R pH B ARk
RMRIEDS BRI T, FERELY pH HiEBB TR E, &,
BAUESHR, S —MREAEHRESRE pH 4 BRI EEESET
TR MR TR ge e, FFREAEOKRT, BHHTE IR,



BEW KRG EERETE

FRASERMERRSSTE (BA3-D

(1) BUBE 0.25 mm FHRK T
+H 059, BEF 250 ml FI=FAME+,
RIEHE 23 R 1 2 BRI/
EHETFTILTEEALREN=fAK
g,

(2) - OfPEAN 0.5 mol/l
H,S80, HBER, XAEE G TH
KF F, HITREATS, FKEHE
B (FET 0 AEL . KEEE
RS FFIEE K(SHMEES R4,
AR IE T S, B B EWERRK
FAE, BHERY REEETRS.
MRRS, HEETSEETE W
MEHER, HE K, 4 A. B AT B 3-1 SEERE CaCo; M EE
WHEHERN—FEL, FETFBE
PEE. BRIFEEK (58S ERE) , FETFEEG: .

(3) B=FME C P D FHMETHE, WHEE CO,SE™ %, BEHR
T FM%, 4B EHRIEIETHE, BFMERE=AR4s K (FNEERD
AL AMEBHIE®R) . BEI B EWEA TEA L,

(4) FFFFRAWE A SHOBRES BERAFTY, BTER WEH
¥z EAHFFEER CO, 467, FRERGRAE:

(5) BEHXE (CO,ER) itH:

+3E CaCO; & (%) =Vxp/mx107x2.273

Ap: VSRS ERNEE T4/ COy E# (mb ;

p—TE YN S EMESE T AR CO ER (ug/mlb) ;
2.273— CO #E R CaCO; REL (100/44)
m—ETFREREE (2) .




B PkRTRIE

(D HFHREE 0CTHETERE, 2FEERMADREPTEGEE
600°C, HEA 6h.
(2) WL TR P%=(G-B)(G-A)x100%
P: $etki, G: HHRE+I00CTFHFHE,
A: HHRE, B: 600CTFHTHEHIEE
3) KIEREREREHHEERERLHLE.

BLY HWFETRERUETE

1% T E fE R == Panalytical 24 ) 47 ) PW2403 X5 28 %% Je 6 (s 473
o BELRERMT:
(1) #2910 g MRTH R TR o BT 200 H K95
(2) B ARES 10 g, RSN EER FR SR,
(3) EER GBS, FIH PW2403 X-GHETEGIEL
AT F O R S BAIE.
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ENE  SWERKER
BT BRI ISR SRR RERX
1 BAERFFEIRREX

WAL R R P AR RN — M B, BRRITIRPERFENS
¥z —. Hi-b BERAFFIREE AR 2 REHES G 2R o R B R, W
SRR A ARG R B LS IEE LR BRI RN R R 2 fgk ),
AL R H AR e R AR 188, TEARRWEM R NHEE =,

BRI SREEER -5 R RP &SRBy U3 8 0T BBk A/
BRI, EXIFEE (1991) RGBS (1991) B, #EL P RSHET YR
AT RAREED, SCEBRPRRE AE L a4k, B8 BT A A
I8, ERE BTN EERET R R . A AR, hiNE
BHROEEMY, WEHSy %, BASY £ HENREPEETENTR, &
T HEE SR Z R AR TR KIS . SRR R F L SR
By MR, BETRENT Y. SEREEEME, FRERMNESEY HEEAN
B, B P RREER DATRE BRI B (0.03um) AR S, MERESEEM
TREME LREEETRELM TRENE L FMMENE (<0.03um) Bk,
MASEthmiE, ANTHRAEERS. ARRRH, TEPHEEERABS%
IR S P B R R A g e MY, R i A R v A R
HEEK A [ 2FREENMF S GE, XS mIRE#EE, i1 RF IR
RN B, H L RBAE D, SRR E R MEES 24
mhEBREAE S, SMEPEME G 15 D) BABEE, BFR. W
s, FTEHERNBAREE L ENE . SAeSSNEY T ABAE M
FERIREEESBALMAETENEEL, FFRIERRERN RBREh, &
RN SEE. SYEREAELRET N ENESETREEERENER. S
RBSEET, HEPEDEKR, EYRSER, R TEEET o8 E, [
B, SARKRH R MBKI=NA, aF L EhEA-R R A R A B, &
B B RALRER(E BRIk — L mT S 1 Sh 2R F S AR 5 84, e rT LUt
SALVEF{E Fe*' 35 % Fe™, {H 55 HEvE R MR tEr i,

mEEXEERENNRYEHMERENAREFHA L EE L REY
B XM EERA. B, 70K & -5 LR ABREE N RRRE
ke HEARE R —WEE. SEFRERENMEFXRERN, BAKE, HK
ERERN, B EAR, RARYIAN L8 b &0 R ANRUR RGBT RS AR AL 28 5 e B
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s, WLER: R, BKBD, MEEED, REERS, Ry tgt
EH RBP4 RO R R RO T IR, B
L. B, BRI T RARSERE L, TRE—ERE EHETER
G {54105 A

Bartington 2 47ty MS-2B BITT LU P MR (1G4 Xiow: 0.47 kHz A1
3 Xuign: 4.7 kHz) SHHEFVRAUARERTE. B Xow) Xnighr XEF A4
0B TR Rl ek 0 20 Ry DX 30 S T L AR AT L R, SR RN A 5
fho SREMAAENRRA Xe=(1-XnignXrow)* 100, HAEKIRER T 68 R Bk
MIEE, ENEE: —& 047 kHz A 4.7 kHz XAFRZEAT R 2 R Bk
B E A NERE (27.6-28.7 nm) T2 . T Xe K ET IR HREEL. &7
RERT R LT RARRTHES (SD, ¥ 30-70 nm) FIFBMEE (SP. i
# < 30nm) V1R FERHE SR (15-300m) &R, 8 --f HERGRLERE
ek i F IR AR F A LRI BE B FORE AR R T, B R MK B ZE
.

2 BACENMTEREHIBRRFHERE

W EMN YPC Him i ENIESE R R M&E (8 4-1) fFE4-1.

YPC FIHE b B SR TR SRS EMHETS, REBTHENEL-SL
BB IE . SRR BRI RS L BR, L EENTEHANE
i s AT, B E S OB B B, (IR AL R AL TE A 63-83.7x10°°
m'/kg, FIEH 7313100 m¥ kg, FEIRELFTLTER S 58.2-75.4x10 m'/kg,
T 66.6x10° m¥/kg; MEHITELE (L) BIERMK, KMEMARTHE
A 44.7-56.5x10° m’/kg, FHEH 50.3x10° m'/kg, MR RGN
41.8-54x10% m/kg, BHHEK 4723108 m’kg; TEE (L) - &FtEEL Ly
ELE (MS) A FZg2iE, HAfmEREHEY, £41F MS) BbEER
TEWE. BAESERMRY TR (So) MREESRKRE, SREE, KE
BEK, EYREEAREL, SRt ks, B RKEREE T (L.
L. L) #BNPSBE TR, ERME, RERS, STy PRERNESE.
RRELE (MS) B REAL 308 2 TH LA B R UG AR F B0
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oW L3 pHEMNS TS RSB SEEX
1 T pH EHOFRRRE L

HIBHBEE (pH) &R B 3 R ARG, AR & it R
FROTENTEEE. FOHRL. EHaPRNATRSTAEEER Y™, &
Wi pH A EERE, MUGER, TERRMSHE. RLNERAREERS
R REY Y, ARS8, B FAHA R XTEE A 5 — 41,
PeE T pH EEKEEANMEMREL. HERSERE R DIENRTREREL
HEEHERESIEAGRR, SREDENREMES ARG (PRI R LS5
5iFT, 1978) , ENERMEME (pH<5.0) . #tE (pH5.0-6.5) « F# (pH6.5-7.5) .
Wt (pH 7.5-8.5) FERIRME (pH>8.5) . BAREW = L/ pH HEXTEH
HEHMM e, BhEEMMNEL. BEeREENYEL, LTRSS
BIX, EREFE T 300400 mm A4, FFHSES-12C, KR E
BT, FERAERTS, SEHSERA GIRES, 1965 , pH HBHH.
B L BRI E L, X A, SR LR
%, HEFHAEBTEARRESD, pH HRE. SEER, RAPHFRTH
pH EER S EHAA EEILAREEREES, IAMEELRET ML
TR RERE R, THSEYSBREGHELDER. EREFBYF, £
Hef) pH B EEH CaCO3. MeCO; HIKIHRE . LML —2 5 SR,
FELBHRS, MERSSSENYEE, pH A&, BLPH CaCO; §EF
B R TIAT AL AR, B A R B U & MR BB "4 4. pH {HA CaCO;y
SETYME, LRFEANREN, CaCO; ZHEMSTERD, pH HREEK. &
27, SEBHEAMETREN, CaCo; HIMERMAEMS, pH HHBME. Kl
#+HE S pH HM 2SS REAFRBLFEYRXR. pH FREZMHXHEER
WrER (G e, T pH MAER TANERK R B LPHEIREAR - LaIR.
VIR, EYUBANEERS, SMESREE B, EmiRgbEimna s
wEhn, MRPEIESE, pH EMIK.

TR OH M FERIE, £ CO R HCO B4R (Na. K) R+ &
J& (Ca\ Mg) frhak. HEE Rt RN EERRZHR T ST EH Ca. Mg,
Na ZRBE A BRI LY, RFIHARIY MR ER S A TRRER £ T it 3T
BRARE, CaCO, M1 MgCO; HHEIRIER/N, EIEEM CO,AET, ElELEE
WP IR EIRE, E & CaCO; 1 MgCO; B kit TR 2 5951k (pH 7.5-8.5) .
NayCO3.NaHCO; Fl Ca(HCO:), B TR L, £ LB ER e R KR,
FeE OHY, B RN, HP NayCOs Rl NaHCO; FI/KFI R HER
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WIRIER EERE, BN, WRBHE B RSB Na VR AT A K AT
BRI, RS, CREBGEEFET, MKES, EEERRR 4
P RAIRZ, PR E TRNANE, LI pH EE, P&
ESVE RS ASERA TR, Wked, ERRE, EMEERAREE, ©
% pH {E#, PORENEEME. BT AR -4 LIRS E R pH A 1EN KR
AFHE L FEE I — MBI AR

2 3R pH AR R BRSO BER L

pH {53540 WL 4-1 F13K 4-1.

YPC #+-FiHEHIE pH EEHEERBT &4 5 HIRESRLAFYE
MRS HHERET ST, pH EREEHIER TR (L. L. Lo, FHA 8.3,
BEHRIA S LIEE (S » FH8h 78, —HHE 05, TEE (L) fpHE
BEm XEHTHEEHEHES (S PHBREBSKEKREIERERERERT
43 pH MK, XA B—AMEERT H LR (S BREERSEKE
AR AFHHBEEY. BEEKMSHR. S RASD, SRAEEYW
Bigksl, 7 6000-5000 a BP. #EEMTRENE, £ YPC HIEHLEREN
100-112 cm 247 pH BB T B W B 8908, FrEEmERL 1000 £, R
WK A 32, EUEFRT, AVREERD, XA —FWEET 25
RIS RS RES) . £8P pH HRKE HRAE G 182 90 cm 217,
SEh R SEMN, RWABRVEREE, JEEARER. TaFttEtLR

(Lo) pH B #4817 56-64 cm B4z HINyks), pH EHEIMAHE, KWL 3100a

BP.URSET R4L, BAERESME AT RE AR RE, EERFRD
s FTA S BN, 56-64 cm BALX T 270 B.C.-50 AD., BEREHE
FEEEPMERHE. XAMRESEERE, FHRARSTIE, U
HRBERA, BEEREMETN pH EE K. EXR1LRE pH EHIHA
BAE, M 38 cm BUEHEE, BB LEKAMNET 1400 a BP. (550AD.) ,» &£
K E R RAE AN, T 12 em BAERKATE 450 a BP.IEBIERK /G EH
Fran, ERE ESEEE BTN, KSR LR ARE AR,
S RaETE, BKERD.
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BN KRS ITE RS BRI R X
1 BERGHAREREX

EHEREEFEELMEBIFTEy — (CUERE, 1989) . —JH, W
BRNFEAMTRELIERERNESHAYERIEER. B—FH, KBRLESEN
BALRBT # LRI ISR, BLP OB RIEE TR BRE RN
g, FE PR RAB THER LA SEHFENEE. R+F
BB A A EAEFIRAE TR . BiE T8 MR R W RO S RER LY Y, BEEE
BLREERIBA MK, HPaBdARBEK. BFKRERSEHE
HHERE, BET YRS K Ca®. Mg® 5 HCOs 458 T LB IR TR
. BLIEREETEMNELETER, RAXETFHEKESTE 200-600 mm,
MR EZ 7 1400-1800 mm. FRE, BAWKPEE 3.0 mg 45, HERT
B, AAKPHERSHRENELRY, BEERKERFEN, &8 058
JkK, HTERERBERPERSSESHLD: BEMRERS AT ST IR
. EKAEEETWHERBOSHET, 5 COSEE MM CaCOs. B
CaCO; "] 4+ AR CaCO; FIFF®, B4 CaCO, 7E LR CO, MERE T &8
i, RSN Ca(HCO,), TELBKMER T #3); £118 CO, 4 ERKlE R
REEES, Ca(HCO:), 2EH &, BHIRE CaCO; TiEIR. HE@EHTWMEEN
B, BTHEKEEZ, SEERRSHMBIERNR, LREHERSSERK, W4E
FARE L HERRE, BAHD, REUERRSSEEE0E. gELEN
BERESERFERTHLER. BRI EEEP CaCOs & BT AT L5t
o R KA A RIS IR R, R RE el RAL B EEE L
BEVEWRBEIRSE 5EE, 1981 .

2 CaCO, TR HrEs RN b

CaCO; #4317 W 4-1 F13E 4-1.

HAAE LIEHEA CaCOs & EX Mok &M LK B i), g
1R H - BRI R AR P Bk B AR AT AR iy, BTN, Rt YPC B TR
BETENSTER: BMEE CaCo; SERERFENTL, ThERE
0.02%-8.8%2 8] (| 4-1) , EHTIEE (S SERMK, LTEETE, ¥
SEA0.03%, BLE L, L) PHEEN3.85%, “HIHE3.82%, KMTHEL
EREETEERAE SRS ERENEN. SER L TERR, B E
B, TRERE T K— RS REAEN. ZEEFHELE (L) BRLIE (MS)
CaCO; FEMARM, ERMEERD. THE 1%: EAEE (Lo HBREH
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HELE (L) REMEIEHEER 58% (B 4-1) , FETLIFEE 83%,
EEETENEL G7%) ™), RRLBEMNHTRERS T . XTI S BB
W, |RREREE, BKERK, LEEE, RAMBEERRETL CaCo; &L
%, BN CaCOy+H0+CO; —~ Ca(HCOs), TIbH/KIEHE . BRERESBEKT M T kA
SRZN, Wk RBLE BN E R L ek, M ERESSERRE
(8.8%) HIlAEMEFHELE (L) , FMAF—MUREIET & LEE (So) B
R AA ST KRS ASBEREENH. #HLE (L. L) CaCO; ZELA)
fte, REBEHERMSHEAST, EEAEARD, WEERS, R RS
HTFRETR, TEKFEEET, Ca(HCO)), iK1 H CaCO; 5Bk
FERk Ca™* 55 SO 44 CaSO, TR, HAFMELE (Le) CaCO; FRIR
1%, 5i%E Si0, BEF XK. XL 54-62 cm BAL pH ERH MK, TR
B, FO FIFZ SRR CaCos REBIMBTSER D, T
SiO, R Fh, R H 3100 a BP.LUKRSEFAREFEAT, TRENARE
EHRHEL. L (MS) CaCO; SREREFMFLIKBE, HHRLIEH
—ERIMALEIE . YPC HH CaCO; EMFEFHELE (L) BIFHEE (6.14%)
TRAETHRNNFL (15.6%) B, etk v L i 5 o it U A
TEERKTE: #FH CaCO; FRARTHHELBZAL LEEHRZE (83%)
TRATHNEL (37%) B, Rph 7L T HritE 0457t R S5 R i ST
R Mk B TIREL R LS EMX KB E.

BT BRENSITSREGREFREEYL
1 PEREBHHERTEX

Hek B RN SRR G A PUR KD % B (loss-on-ignition) il &£ » $E5E
o, 2 600C. 6h MIKHT, MAMEEEER LRFHIIMNG BAKBHELR
ZFE, st R EHREFHUR, GFEHRMITEEEEC, HON, 0. 8
FHM. SHEMBNAFRTESBREYRER, ERREEZENHEE. B
KA REE R ARG, T ERERER S S, 2. &
MEMEEZEHML, REEHIBOTETREGHRN SR, maadit
REGRE RIS EFW, SRS EHIRSER . ITERPT
FHEW, BdxEHMAENIRRERNE, oERB T ESERIAER
UL, MMBHEF AN, MY IRRE R 20-30C, BAIAT 60%-80%
i, BN AREEDE MK RRGE, B shfe B e,
RampinoMR ETHEE EFHH S S5 E RSN E LS, SHAENKSE
MR ST A AR i1, BRRSGTE v Sk AR 2 B /R BRI o S
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R A TENSAN S ERNN B AR ERE, MEURAER
X TANSREM. BEMPRARVSBEERWERR, FHARBESE
i EHEXR. A, BEEKER, HBsRENE, FIRSENNE:
SEMRE, AFTHEDEK ENSEENRSEMN TR, mrEASH+HE
RERAHA | FERNFRETL, MRRSAENG, B TRRBRIKAR
GiigB X Z R, 7=5.7K+12-T(K HiBHEREL, T H=10CHIEPEE5E), I
B4t 10000-8000 a B.P.EA EIKRT B #1, 6000-5000 a B.P.&iR#IA1&
5igm a2, 3000 a B.P.EEIFIET 4, SRt ERBUESRISIEZTHRE
—¥. LR, BERENSESSEFNEXR. BHNREEFIREHN
BREFEMEMN, NBEXE, BEMEASEEISNEE, BIKENEEIR
SRR, EmEeksrEE R F RO R E R HENIET
BY, F—EiRE LRARENL G HSER R SR A AR b i 2 it 238
BARE AR AR AR .

2 BERBRMTEREEESNBRRERL

FREN DS NE 4-1 FE 4-1.

M 146 cm #Z U RRRBERAK, FIEN 2.63%, KRBT 1E 8500 a B.P.LLAT
BAHAN S RS TE, RAOERMPLRZRT, £YENMES: 1E 146-86
cm BId 13 Z (So) HEARBRA, BUTHEELE 3%-4.6%, 8257 8500 aB.P.-3100
a BP.ELHEERNBSEER, £PiEshRT, LRES2 THRENEYHER
Ltel, ANESES, HPE 106-116 cn BEEABEE —MHENAME, K%
%R F 6000 a B.P.-5000 a B.P., & BN pH HA B ZM M, HEXA RS
BENTRES, HPEKED, EUERIIRS, FNHED: 7 LS fE
Bk BRRID, WREES 3100 51, SEZEEL, AAERARPLRE
SR, EYESEEE, BYUREEMD: 7 L64-76 com BN R ER EHM,
KAXIRT 2700-2220 a BP., BIZEF L EFEK. HENH. PSR
BHOEE, FTEREETHE 12C, FHRKEDE THED, BrelEd e
A, HHASES: R1LE (MS) BT @i m, HEIRHRZE
HiE, SEAEREEOEE. BRESAEESRAET, mei R4
Fr it PO A~ i T R AR A IE R BRI A AL SR B SR AT S R —EL
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BEY METENMIERERBEHFRERX
1 {AETERNRREREX |

R E KR REZATAERREEEN, RrEhRAeSEANE
EBAY, BREESE. HREEAIRENER. BERAERTRR TR
HEEMEN, BAEETELRTHH—FERTE, BIYRELHERIE
EZ2EMEMMBRL I RENEW, AR R EAFRRENLERSZL, b
T ERBHESSFEAME R, RESEREINEE, Bt mFE7 0k
PR AT E—ERE LRGSR, X E LI FEIE IR KR
SEMERD. BTHETESHITPRERRKETIXER, BiERHSE
4T RRE A YNESNR, RS DRI EHIE S ER, KEMET
FERRR, BnsERE MTAAREEG TRENREMETETER
€, BERETER D —RURBEAER, RRBRKEL.

2 HELERSENOSTESRNBEREEN
21 HFERTERSEMT LEAYRERRR

e &M YPC B L- LEFI I E B X EE Y ALOs. Fe05. MgO. Ky0.
S$i0;. Na,0 Rk E 4-2, FEBAFE 4-2.

ME 42 1% 42 ATLEH: S0, HFETEWIEHETE 58.9%-66.4%, Em{EH
MELFUFLE (L) M HEBE (S , FHEELHIEE 66%HM 65%, &
TE (MS) kz (64%) , EREFHHEALE (L) ITEERE (L) FFHER
BAG, 22504 61%F 60%, tL)HEDSERIE (L) PHFHEE (57.6%)
B ALOs. Fe:05. K;O0 F1 MgO #9185 EFEHZ 2SI /LT R M5,
EHETER (S) PHERS, 254 13.5%. 4.7%- 2.5%. 1.95%, RI1E (MS)
HAEZES, Sk 13.8%. 4.6%. 2.5%. 1.86%, fEELE (Lo L) At
WE (L) PEAE, EREHFIETE (L) 44518 11.4%. 3.6%. 2.1%. 1.7%,
53 EEHAEARK. NaO 4 EEMETRAEER S ALO;. Fe05. K0 1 MgO
MR, EREFEEL R L) THFEYEERRN 1.9%, SFHRAEER A {H(1.98%) .
AEFHELE (L MEEE (L) BFEESAA 1.8%. 1.7%, FlH#
(Sp) FiRLE (MS) PEEREK, THWEENH 1.5%. NEK42FH: K SO,
BA4F, ALO;. Fey03. Kp0. NapO 1 MgO EBREFHELE (L) FHEHEE
ESENFEAESZRLE L FRFHEEHEEAN, TLHEAHER S EERK
By R .
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MFE 43 B Si0;, IREALFARRERE, HXEREh 0.56, BB Si0, WL
BHEAAZ AT RSN, SO ELEYEEFESHY WS RME
IR . TSR EREIE, . dHH90#E LD, BRSE
40%-80%, ERMERIETTHEENR 5%-20%, BB 1%-20%. Sio, FHE
B YPC FL-HHEHMELE (Lis L L) FlHIBES)F 4 3AE] 62%
F 65%, WEE Si0, TELAXMNBREL. ARELMT WP EAES T
BH, EHMAXELESKLRER. WESEA RN TEIREES, Sio, HILA
ERREAREREELET. WLEEGC)MEFHUFRLE (L) Si0, TEMH
B R F A MR TR T AN RS 2, EREE (Lo AELE L)
PREBRE SR (LE4-1 , Sio, FEHEMEE, 250Kk 60%F 61%, B{TR
FHNFL (57.6%) , KR Lz X e s # tfn23i BENSEEL
HE R XL,

Fe;05 5 ALO;. K0, MgO S ERIEMX, HXREBEZHES 0.99. 0.98.
0.85 (RF 4-3) , FTHELEMLERI Fa05. ALOs. K0 £Hit DRIz
BN E R AR XA, HXREE 02 BLE (BF4-3) , RkH
XL EZEFIE A RARAETAES. L ALO AR R, Al b2t
LB, AR AN REFE P EE BRI ALY . BB LT M ERTE,
FAERTE, ERMEFEPRRMPHERE AOH), HRBFMHEM K\ Ba™
M EHE T, ERERTETE (L) F, ALO: & BHEIK, SH#E (L)
B, ALO; FBHFHIM, BHIERAK, RABSEERTS, SRERNES,
YRR, EEHER (S ., ALO; FEBEM, JFE 90-120 cm Ei
WEEE, SHLREEMMNN, 25 8500-3100 a B.P.RHSREMEEHE, MK
8X1, 2YBEERER: E2HHELE (Ly T, ALO; TEHERK,
SRR IR AR, HUEEETE L P& E, X% 3100 a B.P.LIKS R
L, BOKERA, MZERT FIFRAREERINGE, RbmEshiga
#98, MIRMERAMRES, EETERBEANREFHAMR: FEXLE MS
B, ALO; HEMEAR, FHEARKTHLEE, RULHHEHERE 1500
ERSFETEBETE. ‘

TEAETP RN S RSREEIGRTRERE, WEKE. BREME
AR, ERBBRENIN SR EMHT, HEDMMTESBOKFIH B R T
TiER, BETRENHEREPHESERBELHHERM. N0 SRS
#ERMAK, HRERHN-094 (£43) . NayO FEESHIHELE Ly Ak
FHitE LR (L) MEMER, S#lREEMMNN, REEHHERNISET
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B, 2EKREARESAGRE, RETHLRNESE: S5 DERETHNEER
AL, BIE 96 cm LHILERE, SRMRIGEAXTN, RH SoEREHH, K
B, FYMEREEL NaO RETBEN, FHIWE. MTEE (L) B
THE (Sp) Na,O & BEZEHRD, REAM L E So BN RN R 28
AFERE, XM Fe;03. MgO. AlLO;. K,0 ZE#I & B2 el A8 FIEn
iE (E4-2)

L BMTRDFETEFAT D, TEREADM ST HEEFERARE ML
REHER, EIOERER (Si0/ALOY) « It (K,0N20) « BHA
M (ALOs+Fe05) / (CaO +MgO+Na;0) + Fe,05/ALO; % . TEERNHRRER
2 RREGEE NiehE, BN ET YRS MREASF R, 2REMLERR
BRI, BRRARSMEER D, SRR RS, AETER: K2,
VR Al Fe B %, SREEEEI, Fe i Al %ﬁiﬂﬁﬁ%%ﬁﬁ*%ﬁﬁﬁﬁ
FRERMLE HENTHIAREE, EIHYD TR RE AR
EEHBHER, CINEEIE (F04/ALOs) 1RR T HrddEmas ik,
AR R, 75 YPC SRR R AL TS E7E 3.36 - 4.33 2 /A, ik
AL 1.06 -1.97 2 [8], SRR 1.4- 4.1 2 8], Fer0/ALO; B 0.30 -
0.36 Z 8] (& 4-3).

fEd R R TR, AR BE R T ER INSRTTHT R, M tE
MERREERRE, FAEEM YPC HE, BERERTRFHETE @) &
Em, IR (L) PERES, BRERK, RASFHVHSREKATS,
RRIEIEFIRESS, ARt Bl HEE (S F. AR, 7 90-120
cm EOLHIBARE, SREGEIGEAEXN, F 8500-3100 a B.P. I H SRR
B, BokEXE, SYREERRRE: TeFEELE (L) +, BRXEE
B, SRAEREMRNR, 456 Sl A pH ERAREM, RRERRED (B
4-1) , WRAEEES 3100 F8T, AERBIEM, RAEAMERFREE, &
Wk, BIRERARS: X LE (MS) 3, ARV ERD, FAHERET
HHEE, FHAHHERIIM AL 1500 a BP.IFES G TIRERE. BEEE
HEE (L, L FMEN 534, ETHRNETHRESE 83D B, g
T bt X 8 HER AR A S T A ERE TR K,ONa0 HEES LT
EESTHRLERBE S 2R ENK S &4, iRy ELERR
EEEARAS, MEECUEEFRE, T AR E BB B — P ERE . £k
BEHHELE (L) 9 K.0N,0 ERE (1.13) , HE2sT®%)IHRL=
#H+ 091) B, W T LK BT S RN PSR AL
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i X R B, FARRHPRILERMIE S KON O BALEAR, HE
e LR E 2 B Ak K,O/Na,O. BLEF IR (B 4-3) , B
AUEMAROBEREEN LFE2FHE IS HEERTBENER .
Fe,05/ALO: WAL TEEHHTH LE, RMERNMABERLEML, RE
EEFHE LR Lo64-76 cm Z470 1 I BAVEE, RIESTHMB R T AMLF
B BAET, BRESEESGEE.

22 BEEBRTGEREESN

M YPC HE-H-LBEHESETE Zn. V. Co. Cu. Ni. Nb. Pb. Ti.
Mn . Cr &2l NE 44 F1E 4-5, §EIE 4-4. FE 4-5,

YPC E+-HEHFIEF EL B RMEMER REMEMEEMN, HP Zn, V.
Co. Cu. Ni % 5 McHSRIEME T BEALNEWME, HES THEES)
HEED, ¥HEES A 60.2 ppm. 73.8 ppm. 12.2 ppm. 21.2 ppm. 30.5 ppm,
ERTEMHFEASK, FHEESHN 59.9 ppm. 742 ppm. 11.9 ppm. 20.6
ppm.29.8 ppm, £ E T B L {L)FERK, & L T FEEESH4 46.4 ppm,
59.9ppm. 9.2 ppm. 15ppm. 22.8 ppm. Nb . Pb. Ti. Cr. Mn & E7EHH+ K
A 5iX 5 FmEALL, RENb . Pb. Ti . Cr H98 BEXRLEMS)HTE
HTHEEG)HE, Mn S BEST HEER®, ERMBEENSK. Zn. V. Co.
Cu. Ni. Ti. Pb - FHEENLENHAFRTEFHEEER (X444, R
HOELHEPHSETTE)IIFH D2 E LK Cr 9§ E(86 ppm)(X 4-5),
Mn EHHERHFHETE (8% ppm) HmTWIFIEG I REN TR TR

(T4 ppm) (R 4-5) , X RMEN LHph X 2SR LR RRES R+
EES: NG

Zn, V. Co. Cu. Ni. Nb. Ti HZE# 2XEXAIR, JEL Zn. V. Co. Cu.
Ni AEZE (H4-5) , ENZEMHXERK, #BE 09 UL (F4-6) , 3FLLEE
HEHEERXEESETESH LRSS RN =B Ras
XN, PEAREMAEELF, #E 086 LLE (£ 4-6) , XEREEIIZEHMHSIRE
RIEA MBS, Mo 28R, EENAESTIES R, SBiEisen
SPREIREFRTRE, SHILEMFRBULA 042 (F 4-6) , RHEXFABAEET
B R . M Cr (RMETE L B, £Ht Lk 2B miEs, ARt
B 2RI, ST RME R Cr MM SRS W RN RER, KH
HSSRAIER ST SRS, TREES T PRERETEX. Pb 5 Zn.
V. Co. Cu. Ni. Nb, Ti. BHEMHFXRHECT 0.7 (¥ 4-6) ., T Zn. V. Co.
Cu. Ni. Nb. Ti TEZ [ &ZEL SRR REERT 0.8 (460, B Zn.
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V. Co. Cu. Ni. Nb. Ti JEEMISIATNEEZRIRAETLH], T Pb 3
HEEERELNESS, XTS5 KSELREHER Pb EREER. i
£ 0-8 cm ZB Pb FHE EA T 32 ppm, MAEAMALIE Py BREETRE(R
ARFEL 10-40 cm FIE) (L4 20 ppm, MEH—FHRAEE Pb BHAHXSE
Yo e BT A A -

23 HAiEETTERIT

KA E G Rb. Sr. Ga FEZHHARNE 4-6, 58 RE 4-5. Rb, Ga
5ESBEAEFSETHARIHRAMELNE, PENIERES)EERS,
FLEMSkz, EELTEWL. L - L)FEEM. St EERLMAHERMK
ARk, FREFEELIRLOASER (L) ¥&&, EEFHELE (L
ik, ERTEMSFELERS)TRE.

2.3.1 Rb. Sr J Rb/Sr LR RIS ERE & X

Rb 0 Sr B —XEHRUET AT EHREFHEZNNHMETLR, ROBEFEH T
ZRRAL . FKBEEBERHR, dTEREK, RELSUFAETHE LY
LB, TiZEEAL Y B4, RILTES TP EE, RN AEARAMR LRI,
H5bA T —EHEHSELERLTHRABEFTREREN Rb B
., ANRLFEE LS R HEEERATRE. 2 TETERERNN
Sr RILH He Rb FRRMFERNHE, AR REITRR D, BRI £ S8 s
BERUMHENER (FEEBMEER) MDREFBRERBIOKETIES, &
RSBULEFREMN St et TREMALHEYE R &L T RIITBR
BRI R ST MihEREHR P, Jilk sr SBER LRI ARETH
+t.

Rb/St 8 th 2 — Mg 8 Bl 3 m b 22 RAL TR I (4647, UL Bl it A2 oh iy
Rb/St EALEE L Rb. St SR, MRLFERR, R4+ Rb/Sr
A BRI, HoAh 5 RIS 2 il B EAIE R R, Ru/Sr K/ 5581 it
BESVINE, THAEEREHESLERC, ZRLRVNE 23R
WA, SURTH, BKERD, RAEBER SRS, mH7Ed LEmme,
EEABIT, URREEN, RCREER AR, BERBY TS Rb.

St MF WAEAATR, RAESMMTORKE Rb, StooH, Rb MRS, Solbas
8%, BT MR Rb/Sr 8. 78 RAL R EETAR i RAR b T B RIS 1
4 {4 PR Rk B ROAIE 3, TR KB A SR R B 2 R 1 L B AR
Rz —. EBL, Rb/Sr LN B 75 RGE SRk BRI,
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2.3.2Rb. Sr K Rb/Sr (HRIH7 55 51 R 48 7 ) BRI S 8

R EHUELE (L) F, YPC HIEH Rb FER(E (RE4-6. & 4-5),
A4k JE FZE 80-110 ppm 2Z 18], FH4 83.5 ppm, RFHELIFEMEXEZH L1,
P Rb AR (99ppm) M Sr HFEERKERBINHR, RUEE, BHHEE
166-185 ppm Z [, *F34974 175 ppm, BEMETH/IIME D 2H 1 L+ Sr P84
£ (187 ppm) *7, KHSFELAT RS, DIRERIRE JLPRERENL
AfER. T Rb/Sr fH5 Rb AR, REAABAKE, F320 048, BEMTIE)IE
HA Rb/Se 48 (0.53) P, i Toe it & L A, <RT, ke
B, WEERNTS. EREHEEFEMKAML, WA i X RE it i
SRR B — L.

LI E Lo, Rb & B B d G0 ] s Ed ¥, 7F 82-104 ppm 2Z [A] 344,
KPS FERBEERE, REERZRITEE, B F3E (88.1 ppm) UEHET Ly
(83.5 ppm) , HIHXFREEEHEMDTH>ER, REEHERS. ST FE
T E T AT R LRI TR, BGERE 173-148 ppm 2 [H), FHEE
166 ppm. WHRBEE SR MBEEL, WEERABHIEE: Ro/Sr (H7E 0.5-0.7
Z a3k, HH4BENEM, B4R Ru/Sr EEKIEEE /D, HE02 WML
T B R R S B A T, X kit — B UE W] Rb/Sr {4k
H—A IR FERR, TR Rb A0 Sr A SHE A S TE R A A FHTIHER X.
Bt U BN, REGERE T LU, SIEREREL, BKEFREN,
EEEMRERE, RABSEERNEERE—EmIE, BNAESS. ERER
H#ELE (L) FALER (L) F, HMESLE Rb. SrHEETMED, HERL
HERER MG RMERREREREREHARS R, X—a 58/
w52 %+ B m R oA — 50,

A 3R (Se), YPC S Rb. Sr & B4 HI7E 102-110 ppm. 137-149 ppm
ZiaZE4k, FHER255 105 ppm, 145 ppm, ¥ )IFITEEK (106 ppm.
153 ppm) P, Rb/Sr {HAFTE 0.7-0.8 Z [8], FHMEN 0.72, BFiE)IFIE So
Rb/Sr ERFEHME (0.70) PY, Rb 1 Rb/Sr EEBRB A, 1 Sr EiZMEE
BE, WX —ESE B, RACERIRRETERSRZY, BURIERE
B, YPC BlE A F2Ft S mEEM. BRI EREEANELERER
Xz, RBEFRESE TRREE AR,

EAFHHETE (L) , Rb 52/ Ro/Sr HEEHENFEMRK, TSr &8N
HEEMHAE. RoFE. St &8, Rb/Sr {E7E Lo PHIFHMES 514 94 ppm. 151
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ppm. 0.62, RTHILE 3100 a BP.ZJE, RHI R4k, #BREERHMAURIER KX
Wi, St Ly P& E (151 ppm) WEBREGHHLE L, (166 ppm)
¥ E L1175 ppm) /b, BLEH Lo AR HAAN I L SRR AT B E R T E(MS),
Rb & 241 Rb/Sr EH Fr#M, Sr &8F >, Ro/ScEM, 7EMS HIF
E43 %1% 103 ppm. 143 ppm. 0.71, FHAFES 1500 aB.P.LLR, SEBREE,
RIBIERERE.
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# 4-5 I EM 2 YPCREL-HLBRHHEERTE (Cr,Mn) . BETE (Ga,Rb, Sr) 1 R/Sr {H7E 12 b 1204

24 MS Lo So L, Ly WIS, WMME L,
Cr EiRG| 90-118.1 84-101.4 87.7-106.1 85.4-101.4 82.6-101.7
. HE 97.93 52.27 95.26 94.54 91.19 57 54

M W 342.2-397.1 302-499 550-1147.8  404.2-610.7 353.5-539.9

¥HE 362,11 349.83 895,95 465.07 450.13 714 651
Ga F 16.8-17.9 15.6-17.5 16.8-18 14.4-17 14,1-15.6

M1 17.48 16.26 17.43 15.3 14.81
b 5 B 98.5-107.2 90-100.9 100.5-110 82.1-103.7 80.1-88.4

patiy 103.45 94.38 104.59 88.1 83.5 106 99
S SORE| 139.4-148  145.2-155.8  137.1-149.9  147.6-173.4 165.6-185.2

BiE 14334 150.96 144,52 165.79 174.83 153 187

RE/Ss i 0.67-0.76 0.59-0.69 0.67-0.78 0.47-0.70 0.44-0.53
B 0.72 0.63 0.72 0.53 0.48 0.7 0.53
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FHE T i
B WEN B d R -l Rk oA

Si0; I EARIE R HY 0.558, HET SO, KITFBHL T2 20 IR
RiFsbl. SIO EH LT MART EEUERMBRAE, ERIIRIRER K
MBI, SR (So) SO A& (65%) M TFRREEL A H AT v k2t
TR BRI TIARRT B, R SRt KRS RIS, R A ISR,
EEE (L) MBREHFHELE (L) FREBLEH, S0, 55 (61%) H
FHEAE, FERETRIELT (57.6%) , RRBH M bR o F i fm g
BRSBTS, Ak £ & R f7 e,

Al MEH RELERRE, ERANBERETEEUSNENY . SRS
TR AEE, FEETRE, ERMERETERNBRE TR AOH); # f
TRR K. Ba®f) MgZ %z T, EREFEELE (L) #, ALO, &8
LR, SR (Lo B, ALO; FEFFMM, EHIEAX, RA\HHASERK
KT, BIREREE, £9EaIETHE: EHTEE (S F. ALO; FER
&, 1L 90-120 cm B Ml E R, SHAEEHEHENRY, & 8500-3100aB.P.
S RBEEE, FAKERY, SWRIREHES: E2FHELE Ly ¥+,
ALO; B EH BRI, SHRMERT, EEESTE L FHTHEE, &
fA 3100 a B.P.LRS (R, BKERCD, MEERN T REAREZZEM
88, KMPIEZHFIE A S0, MRIEERAREE, EHTEEET WS E it
Bl ERLEE (MS) B, ALO, SEHEAR, THMERETYLEE, X¥£
Fith 5 BITEEAE 1500 FF3RA RS TR,

TEAEPHLENTERREEICRTAMESMY, BREKE. ZREMHE
ARIIT, ERESEMSEEST, HEFORTES PRI S FERmE
T8, HETEMLEASPMESERBERTEER. Nay0 FEESH
HELE (L) MBEEFHELE (L) HxER, SUMEREHEN, RH
RN ASETRE, REKSRAMERFFRE, BHETHTEREE:
EHTEEVTHSERMR, HIE 96 om AAMMBICME, SHAREGERAMN, R
Bl Sy JERIT BE, Rk, SWERHER, NayO RAETHHEAN, HHILHE.
MTERE (L) BH LR (So) NaO SEBE#ELD, RUM LB S, BiiEet
SERER G R, X—5M Fe. Mg, Al. K ZEHIHEY K& EE Y
A LARBIENE (B 4-2) .
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- CaCO; HFEAMTER (S NFHETFE, £A1LE (L. Ly HIEHE,
RUTE So FUIRET B, SARBRBHEN, MAKRBX, TEBE, RAMBEERERS,
CaCO; BHME, KN CaCOs+H,0+C0; —~ Ca(HCO;), MikEAER. H#12

(Li~ L) CaCO; SEARIFS, REHIMEMNNABRAT, fgmbEi#H,
WEERE, ARREHTSHETRE, LRAKERBRT, Ca(HCO:), HKE
LR R CaCO; BT R Ca¥™ 5 SO 454 CaSO, T i I % R (MS)
CaCO; SERMFFHEE L L K8E, RHRLAT EHRILRE. ELF
HELE (L) CaCO; FEME, HiZ%Z Si0, EEF K. YPC HIiH CaCO; M
FHHALE (L) WEHSE (6.14%) TEETEIIHL Q15.6%) ¥, gt
H ] di X B TR B M AR A R T R R T8 JF H CaCOs S B
M H i+ BEAE HIEENAE (83%) R ATHIEL 37%) ®, Rt
o0 7 060 5 T4 357t B M A et B ] L K OBk BT RE L+
mEHX KB L.

1 TR AR, REARERBE XL AR R ISR T 2, T b
HRBEEEARS, ERERERIEELE (L) PER, £Z2BE (L) F
L, BIREAK, RPAFHMBEARKA TS, BIRERMSS, L9E
A e LR (So) B, HEEEK, 7 90-120 cm B HIRIKAE,
SR ZEVEEARNT R, B8 8500-3100 a B.P. W S iR IS, FRkKEAN, 4
YIRREARE; EEFHELE (L) P, HEENEEN. SR EEH
MR, e So/Lo A0 pH EEFIEM, HEAEZREIWLS (B4, BREES
3100 FE /T, SRARLEL, gL, NAERMLERFREE, R#ERR
5; ERETE (MS) ', EEFHERD, THHEBRETHIER, XH2H
5 BHAKREY 1500 2 B.P IS %S TR BHEHE 4AE AR ER L B FHE SR 5.34,
BTN B LGSR (831 ™, kil LR 3% - RN RS R
BEERIRRBRAHENTR. KONO WHEG HEEG TR L ERRES
TR AR AR A AR R L R T B AR, B 1R
A, XWT AR E AR — S IE . ERMEFHELE (LD P
K:O/Nz0 AR (1.13) , EEREHFTHISmI2EL 091 ¥, thifn
T M b I T 4 - TR R SR L R R BOR E  BRARA
HFRERMMES K,0Na0. BAAFML, REESTHEEMSEEY |-
FIFEALEE K,OMNa,0. BELRE N &, B i =] LU AR o f 8 7 i e _Ldis 4
PR+ 5 TR ENER . FaO/ALO AN LEBREFRTHLE, &£
T SRE R SR EML, REEefittiLtE (Ly) 64-76 cm B HIHE
FEE, RMESFHBRIAR T ALZERFREZL, BRBSEELMER.
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ESRAESEHNHBEEM D EMFEEN, EF Zn. V. Co. Cu, Ni
%5 MruESEEREPREEMHUNZLHRE, IENLEES)STEER, &
TREMS)KZ, EXRTELy L « L)SERE. BN 5HARMNMEXREEE
0.86 BL L, WEHIA B+ B P S A TR S ST AR R RS (8
., HEEEBITEND . Pb. Ti. Cr. Mn & E&ESImF KA BBEIX 5 #
JLEAHL, RENb . Pb. Ti « Cr FIEEERTIEMS)HESL HHEESHER,
Mn SEENTIRERS, FRMABEEANAX. KA IEERRA, &
BERENE, APiEsEE, EHERREERRR, SRERELERE
PR K. TR HEHN, [BRLETA, RIRERNSE, RELETE
FERK. S/ IMmiAt, YPC HIm+TESRETE Zo. V. Cov Cu. Ni. Ti.
Pb I FHEBIHERR, RE Mo EHLIERK CrE2HHPHEHEERT
/N, X R BT X 2t RO L 6 ORI S 3 4 S R X R
[Al. :

HEMETLERD. Ga SETE RS E5E S B nELSMMRNZL
#, WETIREGC)EERR, REEMS)KZ, FEELEL, L - L)SR
Bk, REBUEGDEEAORAERSE, By PEs, 5900 mMAEL
BIEEEE, RIREHE. METE Sr SEALMEN2 AR KB E,
FMEFHELBLIFSEE (L) P57, E2HFttELE (L) k2,
EREBEMS)HIH HHE(So) P HAK . R B 7ZE oy AR L AN RS R,
Sr DAEE TR AR £ % 30 Bl T3 B 1) T RIS 7 W 5 T 3 - AR 8 A A
MRS, St nHRRDRAMK, St EREFH R LR (L) AFEE L)
PR EBRILESFHELE (L) TK, 83 LR HEL L R
FER, LM LS, Rb, Ga . Sr FEFEEUMMA|, HEHE IR
MRAMMEABHEHEREREHESZR, X—A5RIHES 2R/ Ehi%
TCENARE—BL

Sz, R EEHX SE AR HER S ST S R XK AR,
HHEE8XEREMLY (ALO;. Fe05 K0 fIMg0) . ESLBITE (Zn. V. Co.
Cu. Ni) MEMMEICE (Rb. Ga) WM& EMHMEZIJLTHE AR,
HELHEE (S &R, BRLE (MS) k2, EELE (L. L. L) &
£, EMEFEELE (L) 5HEE (L) HEFK. FELEAMAY S0 &
BEESHHELE (L) FREHK, 5iZERMRERILMATEN IR TME
FX. ERBITE Nb . Pb, Ti. Cr FEEHEFHELERS Zn. V. Co.
Cu. Ni#8ftl, REHEMEEERLEMS)UEL LIEEG)BEE, Mo B &
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WHEESRS, EHAMEERA K. NayO. St FREREPHELHEEE
R FEAR, HFOFEEREFEETERS, ATEENSFHENL
Bz, EHHRMRLEPEML. CaCO; FBRMAEML, AEELTHA
1B (L) BHEE BrUeitniiumbsbe®izh, #h inax e
Bt R AR R B TRz . BRAmER.

W N EHEFHERER T SRR EBX KRR
1 R ENEFHIARNR

Sy )HEMEL, 8N YPC HE#EAFEHEERIAL BEER, LB
# EBERIE, AXMEERNEA, SHRE (S0 FRAERRET Y 83.7X10°
m’/kg, 3% BAHE AR BRI BTN . EER i TR E X
4Btk RS T B TUERER, MR B TR P REZ TR, XYY
AP REAET & B ILED, WAL K M, REHERERLEER, Ll
BRAHRYARARTS RN, B4 MRty obitid, fril
HR RO B AR BRI,

CaCO; ZERR EHH H LB FHEE (6.14%) BB (15.6%) (&,
B L X B i SR i L R X TR 3F B CaCO; & BTEMR
EF#ELEME LRENRR (83%) ZRATFENEL 37%) , RBHE
B B 357 thE -4 5 thE X% 0 B A ST B K K B R IBE L+ AR
WRARBE. EHLHERE (S0) F CaCO; MIEEJLFRETE, T l#
M (126%) , BEAVEN LK AR KR R SR EINRBEE, LYRUR
EFEIGRE, WRRRER A BRI, EEFHELE (L) CaCO, TEAT
BBIL, AEE 0.5%, TR _E it DXTE S th B 0 52 300 R S0E. 2
B LR E, NIRRT EEZ UK, Hh 8Tt KR m
T FEGEH B it 3+ R R R R RN .

S Eatk, mASENGETERSEE B B)IH LT EEL
LA R« SI02(50%LL ), AL Os(10%LL_E), CaQ(7.5-10.5%), LI H Fer05(3-6%).
FeO (0.4-1.5%) , MgO(1.5-5%), K:0(1.5-2.5%), Nay0(12-23%)*. XA -
AMEERE YRS 2 B, ARLERS &' ERI LA IR
BHRER, S48 S0, (FBUEENEREE) « ALO;s. Fe03. K0 EEH
P& &8, B4 CaCO; E2HmT N5 BEERa T T ) 15m, Bf %
MR T VR X SRR A B S R EREE T
2 BB LY FREARR
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¥ —ns & Bse Zae 5 PLG WEHITHIR, SaBETRARBRS, B
BB Tz 5 R RS RO, I BIER R R R TR iR A
WhHESR EERENEOE. 8. RO AP E bR, X
HAEXMMREETEE—H. FBI0EBEM (1986) B, HLAERMAELR
REWETESESN, FEEFTRE. XEOATHETESHEVHREH
Bz RAHELR, BRI ERR AT LR RBEAE DETA, Hyn
A B R0 LA B S (R A AL R AR B 7 I T R AR A B, Rt B
B, PRETVHAEREARN, BETYHE. MBEERKA RN, 4B
WEAEFFRENRGER. AXMARERE SR ELARBRHEETRB M6
BAR. SEEERHEGLRE TR REMHLL, WEEM YPC HEtES
JBi# Zn. V. Co, Cu. Ni, Ti. Pb XIfBTLHK Rb. Sr . GaELEEFHE
BERE, RAEMiEYLEER CrELHHFPHSERRGE 44), ERBMEHA
MK R M RRRA E .

HITHE RARMETEE, WBUSCRT 20 (ATH 168 ) B RieB%mE
EAMZLS, FRETE (1855 6F) BMERTRARD, SREmKIEEENEG
Wik, TR TFHS KGOS, THHE, SFEHRTESHUE. S
BB A, B LB RO e B R A 235 S i, B R A A,
ETPBEEETTAADR. YE. 85, dih. 0ERE. Bty hag 1600
A (10667.2km?) , LIESM. Fat. M. HEEGETHEREEL, KK
FREA L —RUZEGFL, BTSN CREMBIRE. fE. D%E
—, TRUFH. debh0, EEEAR, EERE, SRURIEER.
. WEEA SR TRERIPRO . BE. RIEGSBERESARE
W, XETRER. BESMEFHSEN 13.9C, EFHMKEE 587 mm &
A, BREN 12937 mm!, B EREBHHTAERELR, £ HSY 12
RAEE 4 AN S MAPRBEKER 844 mm, NELEDBEKEN 14.4%,
TR HANERBNEERARN 2 2. KEA. EEARNDERE, 1
HE2E RAL, MR, TFH. PR, HEAEFSE, AR89 X,
WRAHS-6 R, HTFESLAREY, HAERFEOBENY, BEFSHE
WK, EERAE, RAREHIRN, ATSEHRES, EMLIAE, FL
HERMFER, SREARZKRAIRNEN, THRELR 3545 ms, &
KR IFEHE 28 mis, ¥PMik 24 mvs, TOEFIR H B S, R4 [ th b k1Y,
BEANEFEHHTL, HHE, U124 BREE, SRk S0% F; 2%k
Bl AR, BAR, HHETFH 1149 K, T 108.1 RIB4, gmmg
BRI, 1 H B A DR KRR SE b SR th X — I, R
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FREOSREN TR R AR A5, BT RREEFECY EEFERR,
ZFER, 8B +EEY LELFFVRZMEEH RS, BZEARKE,
ARUBAHENE T &M LRy 2GR o A7 P S Sz T EOE M,
JOERIROMAREL, 808 FTHs), ERAERE BB THRmSR Oz g

PRER T AR HE T PR B 411, '

EoREPHR, BATREERNEULALRYE, KO8, HibR
ROBHEEATEEAN. EEE. B PREAFERENER, 428EY
£S5 cm b, KWER 3.5-4 m/s BFFFLGRY, ¥RiEHRES: KIEE S m/s [ A
FEERY, WHEFHIERRAES: A3 7 m/s BRI, BRAYR,
WHXEEIE Im. —BEBERT, YHRAEET 3 w/s B, Bk (50-5 um)
ENAT gk B HhET . 7E 100 km Z IMIEES IR T 3R, AR L. HH—nggi®
MREENR, 5 YPC HL:-HLREERL FHA FEbROFHR L ZENE
KAk EZH%, FH, Pa, BAHBERIER. 3 (TEEE - SR8E) 1951-1980
EMCE: T2 BE. BN FELSENERTRERIER, REMENHNHA
15%. 12%. 12%. 10%-.

B, AR i B A i R B T Bz AR A KbiE sl
g, HARRZRITEMRARGERSIR, AR BLIE MR
BUETI . N LR E G RS PR R HAME RS EMENEE
RH, RERFEERYERL , —LyPEsiEsRn s T E Rk E
#E T FHAME, TIE 5T RIS B LR RS 5% B
L RHEMERS A5 HE BERAR,

3 AR M REF SRR

Bt ef R EETTE SRR, HFSEHAME, pH H. CaCO; FE.
KEFFEIRAEAT, AT G L 0 X B R ST A R
SAEBACRM T LR ERGE R H5®)IBIEAL, YPC BE A T LRI
HESE, WLUBITREMNL. THEX YPC FIMA R 11 2 i B R
WHAT I SR AR MK AT .

3.1 RKUKH (-11500 a B.P.)

DI 3 + (L) AR, SNFREIEMN YPC £ITH 186 cm BLFJEAE.
ERMTER (LE 4-1. 42, 4-3. 44, 4-5. 4-6) KHY: TERMRESHEL (L)
b, feFEKEMIESS pH E. CaCO; & BEMfRAZMMY A RIREKIEIRIN
NayO 5 8. Sr38. HEE (Si0/ALOy) RIABM PR AKEME, Wikr
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HEMGRE AR E RN R, L (KON0) - BRERE.
Fe;0y/ALO; . Rb & &E. Rb/St HSRRAEWEMABRER IR NBERE. FET
FEULY (ALO;. Fe0; . K20 + MgO. Si0;) FEHFIMAEANHERLH
A, ERMTHBEFUE L (L) BRARKKE, SHTRES, BT
TP R A E R, RUESSAT, ey, LEEERE, LTERE
WEIRE{LER. £ YPC #IHMEFHELE (L) THEKERRER, Sio, &
B (61%) MM, B&ETEIEL (57.6%) . K;0/NayO {E7E L P
(1L.13) ETHENE=ZEL (091) , Bt R B X B E it SR E
T m R A2, CaCO; EMEFHIURLE (L) MEHEE (6.14%) &
AR TN L (15.6%) , SiO/ALO;HTE L PHEMETENNE L, R HHER
b X e 5 A B B SR A I L S R X TR

32 4£EHtEH (11500-8500 a B.P.)

A BB B FHE e s, M TR IS EE (Lo, ER 186-146
em. SEHHHER (RE 4-1. 42, 43, 4-4, 4.5, 4-6) FH: ETEE (L) »
RRE NN RRE R IRF L2 . K.0Na0 5. BRARERH.
Fe;04/ALO; . Rb S E. RSt H5HAEVMERBENIERQRAE. EET
ERAY (ALOs. Fe0; « K0 - MgO. Si0y) FEHAH BHILREES, %
B I 2 3 - AR AR R 3 L T, ST RRIROKH ER
BRMIUKE A, SBREA, BoKEIEMm, HETGkE, BEREHRES, &
B R SS H BURBUE FT IR I, AT RS REP 2 T S5 AURE LA FE AT
e . TIHERMEKEMTEHR pH . CaCO; SEAITRLZSAMNYLREBEN
PRI NayO S 8. Sr 5 &, SiO/ALO; BRI TR, JHRIAZHRE
A, RATERRREFIEN, WEERANTEE, URATERRIRIKE
R B K S AL R — A BT R B Hd .

3.‘3 AP KEER (8500-3100 a B.P.)

eyt F g et REg. BEERNNE, ¥RET YPC HImAELEE
(So) » HEN 146-86 cm. ERANEREN: HREFENEEMNRIERER
AR . K,ON2,0 {H. BIEH . Fe,05/AL0; . Rb & 8. Rb/Sr S
BrREMERBRENERNERE. FETEENY (ALOs. Fe0; + K0
MgO. Si0,) FEBHERE T ENHEKEME, s KERIES pH {E. CaCO;
HSEMEREFRNLLRBEAERD Na0 5. St §8. SiOJALOHEH
ABE, REZMBSEEAREERN, HREEX, HEES ANTHzE
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FHERIESHETE, W B KGR A R SOEE AT, FRRER T
BRAER R E: 46 CaCOo; S REMEFH A LEME LREREIR(83%)
EREATFHINEL (37%) , B HER B p R K 2 R H iR i K
THISRMK, EEREEMNEEH.

34 é%fﬂﬂm (3100 a BP.E4)

. SFHHBHUEHHEL (L) ARRELE (MS) ARE, FAXNT

HE K 86-40 cm, 40-0 cm. LR AT RF M 3100 a B.P.LUKRERAEHHH
+HEF T EREMIAEEATEROBEAERS 25T G 138 (S ZREXR. &
AEE T Lyh, R EEREERIERE PR EEALE .. K,0/N0 E.
BRANAS, Fe,0/ALO; . Rb & B, Rb/Sr i SR AEWERRENIEIREEE
B, $ETEAMAY (ALO;. Fe03 .« KO + MgO. S8i0,) FEHRIAKH
SRFEE, BRACEEAES, HEEk, SRARTEE: MERRKRNTE
¥ pH . CaCO; Z B REAZRAMYWARRE NN NaO 28, ST &8,
SIO/ALO; (HH BEMF R, HRARMEERRT, LBGERME, woREn,
ATk, %4 Lo/So Joif pH B B340, Bk & RER A, HamBEES 3100
EH, ERELE, SESEIEL, BKEMD, BRI, I AREZRRZY
Fi, BTz FERPEDT8IT, WAREFRYESE, R L
BB, REEHBER: NaO. SsELFHH¥ELTE (L) FHFY
SERTEREFUEELE (L) HTHEE, KASHERANSETSER
AR IEmE ., £XTE (MS) , HBEREFRAEENEERE NG
., K,0Na,0 . BB EAMN. Fe;0/ALO;{H. Rb 58, Rb/Sr H5HBTREY
YRR MERE, FELEHMY (ALO;. Fe:0; K0 . MgO. Si0y)
SEREBEEN, WHEREKERR pH H. CaCOs §BMIERLFERAM L
SR NIERT NayO S8, Sr 28, SiOyALO; EY MK, RYEES 1500
3k, SESEFNE, BT ALEHN TERE TS TR IR Ak
B, RIS MRES, wAeRME, REESN BRERIBHERZIZT,
IRAC R TS 1 A 4R LU R

Bz, S®)LEMLL, &M YPC HMuieE BEREK, BXEERRA;
BT T YR D R EA BN, RRUFERS&ERRILH R
BRI ER T ER, EEBTEEMAY (8i0: ALOs. Fe05. K00 EAHM
PR BEE, 46 CaCoO FAKIHTHEEER T T IRE, bt
BEEE T A _ L K S R B E + F R KRR 2. EEB LK Zn. V.
Co. Cu. Niv Ti. F#ETE Sr . Rb . GaTEE&HEPHEERK, RE Mn
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N RN O E2HETH SRS . REFRAEERNLERE 559
FoRBESREBRMXHEARR, FHMRRERNEL- S LRETNEERS)
NERGMAR . HEDSIREA AR ALK ] AR FTRA — NS S i R 3 45
HEYFCREBIA, &N LRE Z2IE TRz . S8R M7 3
B, ATELAY: R LWNRIMFRES BRI EREER AR, ERTH
FEZBTRDREL M TEIE, dARKRIEE ERARERETR, €5
FIEt Bt AR B E R BUE T . MEE R - S EAFT N EERS)
NRERVEIFRMEEER, HYREKETAEILNTENE. AMRN S
BritE MRS LR AT LU R R P BEAEE, (R RS
HHAR. A LR ORI R BRSNS, RIEREH
ERHHNSRANH LS RBEK TR, 2HEEHSRATRRGRERHT R 42
FF LR — D BRAERINE AR, SR AREASREMEREE, BKE
REBMBEEERTAT&ERBX, EFFBENEE, £HHEEEn
®#F, BHAAREE), FAKEDXNTRE THZETREMITRMER, ¥
S RRBE, EIARESEER R,
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B &

FRALTMAAT NI SHE, TR _LISH 1 A2 YPC 34-
i HRE M HAT & HPR M ERAL FST. dld  Hm e AT T R Rk,
pH fi. CaCO; EEMPEAEFIBBERMMTIE, TEAR T EMUFELE
EHIE P ROZGARE, FEEHAMIIER, HiTH LiHtX &Rt s t-
i LR BRI B L X BB 095 A T A SR B A B SR PR SR
TR, RS TRERYICRERNE. FESREEUTFE:

(=) P LXK 25 R E L P H BETEEAY (ALO;, Fey05. Ky0.
MgO) &8, EE&ETE (Zn. V. Co. Cu. Ni) IEEHMETE (Rb. Ga)
SEBTEBEENTANEETE, NENLEE (S) FEERE, £%1+E
(MS) iRz, EEEE (L« L~ L) PEE. HEELBETE (Nb . Pb.
Ti, Cr) ZEEHEPHELEES Zn. V. Co. Cu. Ni Hl, REWHME
EERIBMS)LERTEEGIES, REHE AR RBRSCEER R,
Na,O. Sr 8 BELLREBWPAMRE, ARLEHNESL. AXEMMEERIE
BES5HARMAEXMERER, RUTNHTBEAZEF RSB L.
TEEI R IR A b iyl

() 5t aEHmRAL, M K 2 Hi R o LT RE:

1. BMARE WK, BMEEINRA: SELESADELIHPHEE
BE, &6 CaCOEEFIMP N EBER T T TE)HE, vi88 T AR kit
K et NS ERAELLR LS RBR BB E.

2. EERBLE (Zn. V. Co. Cu. Ni. Ti) M E7LE (Sr . Rb . Ga)
EEHETHETERME RE Mo BN LEREN O E25HPHTERS. X
4T BERMERT e+ — & TR S RS R B B AR, FRe
EWE - HRETHEE AN REBTFE, R LR 6% LR E T
R R R, E3RNESNE, BARRKIEFRRLEEBEiR,
F AR e B 2 o AR b XA B i S T T

3. HE BB - R A R R R 5 2 I DR RRIE .

OB FEHIE L L) BREEKAE (511500 a BP.) , SETEER,
W N2 R E S, NS BT, R, HIEEERE,
LFEERENRLER . BB TFAREANE S RIXER,

@eH R4 (11500-8500 a B.P.) , SAEMT AR KK BRI IKE
P, |EEA, FAKEEN, EEARKE, PARFHTRE, MRMIEH
RIRBUE AR MR, MAEHRTEPE S T M ML e RS 1ER;
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@&Hitt S FERE (8500-3100aB.P.) , SEEAEEEE, i
R, HE%ER AT RRIESIESS, MR R X R g
SRR, M EIIMA R ER R A, KB REMINEE T KT
THREMK, ERAEFEMNER;

@2 (3100 a B.P-ILA) A H B A 86-40 cm, 40-0 cm,
B BERET, SESEREL, Bk, M AREHEDI T, &9
THE BT ERSES 48T, WERIENBUOHE, N EERES R
g, B B ERESS, BT EERA WK Fritaf #5821, Bif 1500a B.P.
PR, SMEFHHETSE, HREIAREDHTHFATHEETFRLI®BFREKX
KR, WUEEUHRRE, WARRE, WAESREM, ERAERLHHMERS
2T, A AR 1 F AR AR
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