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Po (Z=84) , At (Z=85) , Rn (Z=86) , Fr (Z=87) ,

Y]
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Ra (Z=88) . Ac (Z=389) fPa (Z=91) LB K. €
NREFEUAThRN M BTG =L, BaFREEA00HES
(BEATE) . BRPRPHEES2AFREMG F, Hd2raisn
EFRME, soOR BB ERME.

| REHERYE CLBREIENERSERHEMES) £
RITEREAESRIBTRABERAEE BH L AE. Ringwood
g, RELS00CHEMANEX IR M. EA7ERRE
Frreatnz et maRE, EhBRTFHIRSHT
FEHMAWRBEREY, MREEEEPHBIEEE N, B
X AMRUER BRI E T A RS RIE S AT R T T
#2.1,

2.1 FTRBEMEHTRNL

EEiEm
FERERE
T | ThRnEzas

ERLE
Be,B, Mg, Al,Si, P H,C,N H,0,C0, N,
Ca,Se, Ti, Sr, Y, Zr F,Cl, Br,I R4
Nb, Ba, TR, Hf 5,8e iz
Ta,Th,U

FHTE
Fe,Co, Ni Li{ ? ),Na,K,Rb,Cs TE
Cu, Ag, An Zn,Cd,Hg, T1 Tk
Mo,Sa, (9),W Pb, As,Sb, Bi, Te i
Ru( ?),Rh, Pd, Re Ga,Ge,Sn, Tu, B
Os(¢),Ir, Pt

BREFRREETHDRTHTRI R, XHPSRBESHL
FNR MELRTLAESL. 1) BRABRWESTE, 2)
BRUMFEELR: 3) BRENZELE 1) BBRMELD
F 5) BAMRRTR, BRFRITRNE. 4R,

FHALIBE BT TR RERM L 258 o8k
F. MARGERS MESBA YRR ARTEAT RS Z
e A %,

LI
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T(ojmviy{wjul v ITlnfm]E)vivi|its
Hiile
Lilke[B]C N[OfF[Ne| .
iNalMala [ Sil P _ sycilar
K [CalSel Tl Y ICIMATelCofNiC oz alGalGepAstSel Br| K
BhSriY (ZrG do| TdR (R h; dAglCA]Tn|SagSbiT el TyXel
Gl TR TaWIRAORI 4P A gl TIPIB POl At Ro]
FeiRa A cloJLos0fLo7 08ft09 10111'112'131141151f§111711§]
119 20]L21

: MRAWR :
R r
EP R msm G Toby o Ty
O Sl 89 O @as

2.4 TRFEHMLFESHE
L RBERNFRSITH:
RN ER TR,
3R RERIRELR:
4. SEIEA SR T
B AR MY R R TR

o 9 e PAM MR R 2R e

KRR R0k, HEEBEREN FHRAFLLS
B, HKE. £B. #R. KB, AR, B, XER. X2
AEER., BESAMERE. WE2.5,

KHABERIKITEZS, O ALEEEHE, WAR.
WA, TREHILEURBMMITERRKMESEL 391,000km,
FE 1,983 % 10%g, JLP SKRIBARLHE BIO% L L, Y
FHuE R (5,974 X 10°°g) BI332,0001%, M LER K130
. KIBERKRGREO—EHE kimE2.20mnm. Al RAHE

LTS ]
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¥ 22 APARBHEGEZENIH

. R R F8; & R Ei @ BEh] KKEW® E?’;‘SFWJ
{GlEEE= 1)| (lom) (3R = 1)|(g/em?) | (T) IR (Hh B =10)
sl 232000 [895000] 1300606 | 1.41 { 6¥a1 ) E, He, Q,Fe i
N,Mg, C,5i |
KE 0.06 2500 0.08 5.3 177 —_ 3.5
B 0.81 5200 0.52 4.4 —138 | G0, K0, 7.2
HIC1, 277, O,
R 1 6371 i 4.4 —33 | Ni,0,,Ar,
C0,, B0
*E Q.11 3400 0.15 1.8 —53 [CO,, H,0 16.2
*2 118 Ti000  1%12 1.30 | —173 B, CH,, NH, 52
ot} a5 57000 734 0.68 —198 |F,, CH, 95
RER 14.5 25800 T 1.58 |—z223H,,CH, 192
BLY 173 22300 a3 2.22 | —233 |5, CH, 301
HER 0.03 2900, 0.1 — —233\ — -

1) ARRREREMSSRERTRA Y. ARKENKERENE
SERRETERTCELE, £ EMETREHRIEIZTC.

2H, AHESNHREEER, RESETRENEBTHE,

EEA A AR ER SRS, RIEAFTRETHARR
ME. ATHEEMEEARNT7C, ERRBETHERRLT
KR, BEARERE REAE WET GHAE HLHE
B, mE.s, EMEERT, HTHE AEANY MER, ¥
i, SEEEN, ERARZARETERLERLE, WH,
He. Li, Be. B, C. N, O, BT KMHLi, Be. BRD,
PEERBREEETRTZH, BREH, C N2,

AFANRA AR SRR RS, ERXBIRT
BT BRI ERE. BREEKPXSEPTUBE— SRR
HaT, ENHEERY, WTFA—EIURTFIF.

TR T Ca 02

s {4 OH, , CH, NH, SH,MgH,CaH, BH
ik AlO, MgQO, TiO, 5¢0, YO, Zr0
i MgF, SrF

LI Y
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| 2.6 REAFMRE

xite CN
MBS THEE ERERHPLEBRAORHEEREY,
BATER, FEREPLREERFERLEER. REMYKBSER
S¥ye, FFzRReREER, ERERLSDNSEH,
ENERLBYART. kﬁ%ﬁk%#@ﬁﬁ%ﬁ%&ﬁkﬁ&é@
KEE.

AT RB BB RAGR, ?&%ﬁthm%&xmx%& p
HBTARZE, HERZRZNANAHBNER,

(1) BHRB BE#500km, mwﬁmﬁmﬁﬂﬁmﬁm
BERLTC,

(2) BB, BLAR. ﬁﬁ‘*ﬁﬁ%ﬁtﬁ l&%mookm
B 2 410 km SR LM .

(3) RIWB, KHensdE. Tmqufﬁmmﬁﬁ,
LRMERNEILE, EHEEHEAUER. SREFRERE
A#Fe, Ni, Cal{F4k.

w 1F -~
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PR EYEYE BTHE, KAHHEL.76%) . He (18.17%).
O (0.03%) FMHEEILE (0.04%)HR T 32 %Rk,
W LR KRB R — A RB A H-He S k2R ik,

2.3 KHERTERLERT O

MK AST BRAE RS, BT ESR HR: ARRE
(FEHRTE) TR (RAREFR) ., WEEEEKE. &
B. MRRAER, EEMEGDEMAR RAREEERG.—
5.3g/em’) 5 MTRAKEAR, +E. X 2E. BT BARTE
B, BRI (1.30—2.22g/cm®), EREMNE BhK F4R%,

KR ETROR S BRESWREREW. RKEARS
TITREREA% 10%km B b, BHEK, 85 B, XEERA
HRAENE, AEERENERSAMKE. ARASKERE
FAENHACH,, BERIRIE T EE BN, BEX (RELD,

HTRZEMERLEENETHMHe 58, TR,
BERNE, BURKBBSE, THENTERRDBNEERE
KA, SRBSGHAHeBAMN, i MIEY TSHMNHe,

2;3- 1 *E

ABERERL, BREWE DR He2bh, HF L BHERS
B AEMARSHAZKHNZBITE BN, B #ANR58.66
Ko MEKIS2C, ERAMELT, KB REXETFRE T68K
f, BMEREBRARIE PHEHX RS, N, O, Ar%, X
BEXRERAMEHRIES (REHR0,056), XEPEEFTREG
VB, R AERECEBNERSTERBHGEREERL. KR
RETEafRwdiil, 5AREERY, ER% R,
MoyBBmumAR. ANKEXE LESEF 25 REL %
HEEEL. #BIHE, KEHSFERESETs00km, KR
MTEBEK (58 KEN68%), THFe SELF®E (5

. 9B -
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HRIROY H193.690), BIDM KB M WELRER KR B w, 7 1
Wi, KEREEMEREREETESHA-PERNBER,

2.3.2 8 B

BRI PAEESHRBEY. £BREF-IEEREM
XRHE, HESBEA R AKEM0E, EHiA atm, H
HWRAERRRE R, £BAKENRS CO.5K%, H7%,
KEPBRHSEFAr, N, OB HHE <k, FXE COA
T HER FEEEAE, %450C, BRHOTHUZEEER
HREBEAXSRE, NEENKERE, 2ERABSAESHRR
PR, &R MU/ Thin 5k f Kk B a3 5E 4!, 4 3150.278,
0.276§110.279, @B SHIERMAKE H—84 /5 X bin#2.3,
' #F 2.3 SESERTREMN-EEASME (%)

|4 ' X B % B # R
RREMEE 32.0 8.0 87.8
SiQ, a7.1 49.8 47.9
Ti0, 0.33 0.21 ' 0.20
AlLO, 6.4 4.1 3.9
Cr, 0, 3.3 0.87 . 0.8
MgO ' 33,7 35.5 244
FeQ ' 8.7 5.4 2.9
MnQ . 0.06 0.09 0. 14
CaO 5.2 3.3 3.2
Na,© 9.08 0.28 0.6
0 0.018 0.22 0.21
K(ppm) T 69 22] 200
Uppm) 0.034 0.022 a.02t
Th{ppm) ©oDp.a122 0.079 0.07T6
A 88 32,0 32.4
Fe 93.5 88.8 88.8
Ni 5.4 5.5 5.8
s 0.35 5.1 4.5
Co 0.25 0.26 0.27
P 0.57 0.58 0.62

N 94
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A2 SE M, SEBMMERKNY M3 B HAMHE
ETiG, TiO:. ALO,. CaOMA, WFeO, MaOHI,
BRBLEER, SEEANEAEESHBI.

2.3.5 }!{EE

kBEHEEE, BATEPEXRETHN—ATE. M
RAMEHTA (RER0.16) , HEARRIRIIHBIK,
KENEARREEERENDR. RAEEHRE. KBEASH
BB S 45-—Tmbar, KABEM K HCO095%) N (2—3%).
Ar (1—2%), OMHEOEMKEBRE 1Y%, EXE Binn B
BV T, PR LR BRI SRS
AR, B R AR A%, Ek BRI AR
BES ARG IO, 5ARMEL. | o

KBEEEARBRESUREN Y E, KSEFRBREN HE
B, CATEE WA R AR, BB 20 % SRR
Y. BEARBKBRBIMADRRSHEE, X8 L
A R B R T L

BIEX Suei e, KE + BHRsEaYe(12—16%),
Si (13—15%) . Ca(3—8%). Al(2—7%). Ti(0.5%). ML
s T AN, BESKRTMKE BE-HETEEE. KER
T, RV ERNE BibY i % T FeO):R B &F
Fe(OH); nH20, _ _

EEge vk, KEBEWE AHR &4, BBER. TH AR
2. BE%EKBRE W12%, EEbmPe, Ni, SAK, $AR
B vl 8 SO 4% ;

2.3.4 k&

ABRE-AEARGR, ik RN RAE 1F RE
(1.9 x 10%g) tadBR R 31845 ABRGWE S RRIAR, E
713940 x 10°atm, HEEH20,000C, HLBBETH Fe, Mg,

“ 20 s
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Ca. Ni%FEELRELRSIHEAY ., B3 B b TR — 0%
POHE, N SRE N3 x 10%tm, | BEX10,000C, EHH
AT SRRES. YH.AFEB HRT, WERE ARSR
PR Rk, T R AR SIR AR EKES, Eﬁ}%ﬁ:m
R K504,

R AT R 470, 000km, &ﬁiﬁiﬁ@?ﬁ‘mookmmk
i, HE KR, NHANHSHEHE ZAR. AR KSEA
TR B3RS, §H.0, NH,, CHMHSK#AS A LE
2, MZWMREHES, E—ERmE Y aNHEREES/NE
Tk, BHREKGAINIE FH—-RHLSTUNLELE
ENHLSHE &, BH BHBESNILME SHEk. REX W2
DLE @ g, Tﬁﬁ'—iNH‘Sﬂjﬁm%E—&EﬁkEﬁaﬁ%o ﬁﬁﬁ?
P, KEESE+EATR.

2.3.5 &

CERMAAMMKTAR, HERSSRBEM ABARHHE
#R. REREN -179C, HEA (0.68g/om®), FWE B
HGAR. LEW—-FHELE, KRR ERS RS KR &
BRHR, HABHFAMERR 1om, K8 S 2 ksiEok
BEZWERRER. XTRFNRERTRALL, —HIAA
S BRI R BT BB RN s 5B — BRI M 2 B ok B A
ﬁﬁ#i%mﬁ,ﬁ%%ii%ﬁkﬁﬁ%mﬁﬁmm%ﬁa
BH TR,

2.3.8 REEWRIE

REEMBERMSERLREMIBELR, Bl TUANE
NEFREMHeEEMAE MR, 0E REAH R,
MEEBL16,000km, WhKER WPEE HEE, REZE
EhHTHHERMARE. ERER MEBEER ok B
RWACH, {HREVWNHs, ROTE, NHALTEEHEGRE,

« 11 -
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FARER RBERN FEHEAE MK (1800, EXHEE
T, BEMHez, FiF RAKH B4 CRREREFRED
B, BEREF.

2.3.7 EER

REBEAABET, XTEEERERTERXD, RERH
WAREMETEEREN, B ARE, EdXRERER
EFRNIE., ARARIRRTAGE, BHASSAGTERENM,
EXREEARE, HEHHCHAR. HUMTIMEERRT
FHE,

2.4 STRMF MG RILEREL

2.4.1 LETENZESHER

B ER . FRRARA Y 5 b i B R R B R R
IR BMER, FRORERIRN S & TR HFMET. X
SR AT HETO RIS R SRR B RAF IR TR M

wERMEEERRART R, ERERERKSH L. 0
F2. 7.




ME2.7FWM, BTFaffatshs 2aEs o ol
LB ANITRZ —SIEF=100%), $HETHAHe R F
BUBARMBREFBRETHE. XEH. 1) ERERLIED
L¥ME (FF) B RHe (@K 2) M M s
FTEHHeZ G LEEERTE (BBEBHTE) ORI,

R RTINS — ARG ERESHNREE,. HWHe
ZJEHLi, Be, B4R BREE, LG EREHE LR
i #C, O, Ne, Mg, Si, S, Capy & ®H. BT BEHE
ReFURHAS, RTHFERERBE. Ca (Z=20, 4=40) YFEH
SeafiX iR K. HIETFe, Co. NiXEE &, FHEM
RSB RERE N =AW (4=90,4—=100, 4==200),
Ao RASENERETE, FTHRK2, 8, 20, 50, 82FRI126, %
BB H TR AR % B iR i ke
Bo Bk, ANERXBERRHOR. BTF06RRABTENR,
KRBT MR RGR SRR, XBEE0EEaiE,

1L.EMTER (ERE%)

HEBHHeFH AR 1) HFHEAH: 2) N—CH
%, BIMBERENIT. _

20 + 'H—>B3N—>13C + 8t
BG4+ H—sUN
YN+ 'H— "O—> 5N + 8%
BN+ I Hw2C 4 He
AH—*He + Amc? + 281
ADHEN, ERRRNABRPHFITATE R, LB
Amc*, ZRERF THeBHBN T, CANELSHRAELY, B
WRAEMR AR PAEL, BIHRABRTIAN, N—CIER R K
MEETEHBEOEIORE.
2. R EZER (B
HeZZE R E WA, M,

J*He—s12C + 7

http://www. chemdown. cn



FREARESEICK, Eh&ST Css sy ‘I—Ie&*’i. F 3
b AR

20+ ‘He—>1%0

%0+ "He—>*"Ne

PNe + He—> Mg
HeBAE L R#2C, O, ¥Ne, “MgEHAR B 5RTHER
H, BESHBAMRAAGE, WUC, 70, “Ne, lsN%

3. eRAER

UEBRENRHAAR, WBE B, XAeE R @Rk
MR BRIE10°K, YRR B A2 FTF B4 Hafi A,
e '

N6 + Y5150 + €~ 4,75MeV
WNe+ *He— Mg+ 7+ 9.31MeV
BRE—{EA, ﬁ’iﬂﬁﬂﬁﬁﬁﬂ.’.ﬁﬂaﬁﬁ P BT R B AR IR
e AR — PR M AR EENE, .
UMg + “He—>"Si + ¥
ngj + {He—> 325 4+ ¢
ERBR MR e R R JEAE R R 100—10004F,

4. EHEH (e~i1) (equilibrfum process)

o SEHRRZE, BRERTHE MBS, HiR Ef—
BIE, B3 10K, BURMESTFH&E THT. X
R TERBRBET HEESRR KNEgT, ME2. 79 Fe
RICHIEHEETEY. Cr. Ma, Fe, Co. Ni%k, 3 H %W,
4R 3.8 X 10' KB BEF 34710, T B F 2 1) 300,

5. pFHEgEER

e T IRAE BB AR BBk T oo Aaa b P i, R
ERMIRAE RPN il 33 B (r-i3#) (rapid time-scale
process) FIBIE j178 (s—31f) (slow time-scale piocess),
v B ESH RF T R R R AN IR . SR
kARG RAEEEREN, TRESBRESE A BESNT B

B Y
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5B KPR, We-BRERT Kb FHE SB2H, BHE
18] 16 BB LA BT — Wk TR AR AR A 1 18 DL B B,

- B AR AR P ARIEY, MERBERNE— B
B, MK MR F RS UT BRI ST, BRR R0
2ESMA A K. LH-AREERTNR ERPFR B, —&
WHERERASEEREEREGY., SHERANPEXR
FF, EEr-BREE, kN0, 1—1sech TN R F—4
thF, “Feilidr-itH, FEBR B RIS B SRR T £9k2004, B
H56<CA=<256 (AL BB WHERT, Ebhafi. atg
HER, BAEEENRE, K4 RA20—200sec,

RBI AL, —ARRETTE, BN EEBRRT
FRERNE R E AT, WRER, Bk e
BN T B LAY, RASBERRRFER; s B
AHeMis @8 Mg, S, Ca% Fi§, —~HEBROBIBET Y k.
s~ 8 1 T 7 K 00 B 1 T B4R 3 1 0% — 1 04, S

hFHRE B FABRRA R,

BC+dHe—s 0+ n +2,20MeV
“Ne+ {He—>HMg+n + 2,58MeV -

SRR TR A R BT R T S R, 7
mﬁ:ﬂ%n,Lgﬁwﬁﬁﬁﬁwwm,ﬁﬁaﬁmmygﬁ
% .

#Mo + n~—>»Mo

"Mo—>¥Tc+e” (67hr)
®Te+ n—>'"Fc (2.1x 10°y1)
: 10Te—!Ru+ e~ (16sec) -
th‘ TR BN 2. 18 X 1074, SFEIE A ARG #ETE
B, S TEERAERREGY, Tols BFEES5H X EMof
Rufl¥, HERTREMEBELE, Tl EREA BB,

8. RTHIER (p-it8#) (proton capture process)

RPHEMER (0, V) HBRE RFHNE BT REY
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M. HEREFRIHFXBHNERBREBUNREp-IE, HE
RERERTFET, WSn, Sn, SIn,

Wit LR ATWUT BRHRA PR RO ERMS
i, XEAEEE R P E . ﬁﬁﬁﬁﬁiﬁﬁﬁ%ﬁﬁ%ﬁ&
fER 4. a

2.4.2 HETBREHLEEEE

BEmERUE, KHROEHPREER LN FT 50
BTFHEREAY. RKHARREAHEFELAEARGR N RHA
WEFRUZLE, XRRREBAM, T8, FHBAE—EKN
RN B AR RAKHIE,

Eﬁﬁﬁé%ﬁ@ﬁwﬁﬁ$,kmﬂ%%&ﬂ%—+ﬁ§
EHEE, FRSAEXHPREHUEHTESRTEN> BE
B, RIZREZSMBRBREAZI P LB BR AR, EXES
RARREBREAMPTER: KB, £B. XEB. BERANR
EE, ENHSEA%. EREHTRPEERS,

A RBRATEYRNBRRRT LS, BEFEMHE
#.

R KA B SRR AR, FBTER NI 2T B R Rk
&, XSS BEMRSE DR, KR EN000
HNMKWWE%%%¢£ﬂﬁTﬂ%%%%AD MgO, TiO,
20, S0, CO%.,

KR ZRESREAR SRS, ERBEEARERNR
B s iR R AR RS2 ER2 —, AR EWFTA, B
ABREAMREBEWNE SRS ERNESIER., R AEE
HWEBRTRKNEROBEXR,

2.4.3 ATENHLZEL

RTFRTERMRE LA FEEANH A,
(1) ATTRBARRA/DE GG . Xk RS

T
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FlJE, BERBFES, TREALHERRBERTREN SR
B, FiDLRAT B R T R BB R BT o

(2) FHENGRRMRAE BRLE R, Kb HFel
FRARS: AITRMHEERR, HUBFe BCGER., B4R
A% Feld kRN B KB L1EX B T AR 8co,
B S MM R, KRNEYE LR 2 RHENE
FUNRTRRES. TRORLARGEEITAEE: B-HE
REBTEMSABSBENBAERRE. ATFSBLBEREK
PR REE BARE, BB EEES RE. RMBEE DE&ER
M. AL E BRI, XA — KRS AR
R, SHBRAETENRS AR SRS, RF4
By e ) - AR B AT,

FEYRERLIERE R SELS0M Fum. s8ix.

ot . BRI AR Y

LI R O L L L L B ER I B B |

CRIEALCH -—

. ﬁﬁkﬂ"CaTiOS e ——
HERACLMSH0, —

. RRE MALD, ———
& FetNp , —
E¥ R CaMg3i0, _
PR Mg, 510, —
ﬁﬁECEAbSizO” !
S MgSio; —b—
Hﬁ%i‘d"CrZO,o, ' +
& Co R E—
TLE MaS ' P—
FHRAKAISIHO, e
ki FeS |

B Fe,0, :
|
|

A H,0
i I
*IIF’_ I T ST U T W N N N Y Y WY S0 O O I §
2000 150 ] 200 e

B 2.8 KHSEESWIRREALS BNEEEE

« 3T +
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ERRRE NN TREBEATEARSRFmRRM YRS
M. WERARNBEANTRERSVEINAE, R
AR R B AR Y ERA R A, Bk R E R
MK, BREE NAE, &85F78 KR/, #HK, EXH
BRIEKATREXE, RAEL/ANE&RFe, BEFeRHSRRK.

NAERFBNELZET THANE: BoRER. GRS
BEEA R E R AR R R . REEASNE RN T e
FEN 5. ' |

KEBRRE RELWE Kde., BlmPe, Nigd 4,
B LAY R R R AR A R o K P L R UL
B, BEAETESRERERE,

SREFLESRERE. SRBERNTRERS D RFm
ERERBRAR. SRRBEESIO. K, EAEMREE,

MER B Fe-NIZLR 00 1 3 B RIFe-FeSAUE M A, 08
h RIS, SHI0YFeO, %R L 130T EE
ARIES,. K. Rb. CsHiBET Rk E FEMALLIE& WA RN
B, BBRORSEUESRERE, BFRE4HER. HERAHEM
WERARE SRR R ~0.05% . WRHFELWAKET
BRI RIR E, B TSRESL IVOMRE, EHiR%
SRS, B WK RE Bk (RLOR Mego($140:0)(0H .,
A Mg,51,0,,070H1,, BRNACa-Mgs(51,0,, L,I0OHS,), Xib
MR R K LB FORE .

KB Bk, HBHTFS-SAR. TR BFS. BuY
FR BT DB A BEEH. KB MEZD RBEEFe,
XML AR ATHER 9. E50H EREE, kERER
#5120—30km,

LR AT B ORGSR B s e s TSR S R SR S R, T
KB ¥ B 0 1 I 5 A R b B B 2%

RFELSURNEEFXAAARA L. EEH.

(1) HFEH. EXHAREEBTERONTERERS L

- 728 .
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ERA-, RXMER, BRATEHRENHERESL TR
HIFHR . H7- BEORIS ROTEL, T S0 Al A R B A
e B TR .

(2) BRREL. RETHHFELHNEENE— 2RW
BRFRRRER, BASRIRRERRY, BELEAEE
BB ERE R,

KHBAZAYBBR I EARELBRA. MBREEHRY
EEERRBRT, WARGERATEESR— Mk, TR
FRAEE. DRREEAERKBETFTRT, WhFTEsH
B 2N, SBRE MEHSAE—K, % RIEFKTCurie
R, fTSEMOBBRERRE, ¢RRARBESE &,
Curie A8 R A AR NIEE. WFesyCuried £770°C, Co
1120°C, Ni357°C, FeS 325°C, W 8/F SRS, B imiisw
1. BB ARMBEWE P& FEETTCU TG &, Ky
RXMESY, LERESR THRBARAERESWE. &
BITCRLFreSER HEW T HALB LS,

TR P E TR G R, BT RN R R T
BRI, fE5k MR AMEN R, 107 PR
BB EBREBR, XA KRGIHRTEUEN T RES,
I DL AT B 20 2 7 R R B A S A Tk I 7 A i A IR

MERFFWBRE, dT SRy R, TR
RRER BB BT DUAH e R R R, BREEE P
M. MEAGRERSNBRNRS REmNG. &RERRLY
HRE&Y, WM Fe-FeShM M RBEM (990C), MM Fe-
FeSHy K 56 N B METRR%,

Wﬁﬁﬁ%&ﬁmﬁﬁﬁﬁﬁm,ﬁﬁﬁ%ﬁk%&ﬁm%
B, MBEASMNETFHATD LM, LLERBRAE, TR
MAXEHBRETRERR, SHMABTRAKRNSBETES MY
FeS; B—HH, MBESERASNSBDR, TG RETR B,
KRS RMARML AL A%, WCO., DIRXE ¥R

A1 I
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ik, BREKBTE, HHREASBRAKENKE, FHibE
PAT R R SERKE RK AR

WMBRE—FEER (LER) WERHBRE I RERER
F, FEHERBD, WESHFEHERERIBRAMER
LEMBRIIH, RESR., BR, KEPERE. :

SEEEWAL A THEZREMBRZRAZH. Xfg
ARGERESWRERAFH 0. L% 2.7—2.9g/cm’,
HHRZARELM. 2BREBEDABKCOIE, H¥EkE Wi
BEREWEREERA, H—HREBAE, BARYE, &
BAHTHBERN 2N, ERHELRTEEINGTR.

MEREE B RINTTE . R H S R T B 4 08 1 B
RS R, RSERMKBUTESEERERTR MER
i 5EYHHRALREX. _

kB EAESRE, BREAFTERNES, BHRESN
Wk, WMEVEE BAE, KEXMEGY SHEM. &, 7
XS TET AR BAEEE RERERER. KEXRE
LR ZRAEEAEENE, FRAEFRER,

RITERSEWERRRELXRK. fill, EXETREBK
aEGy, BEESWREE, EBER. ATRRBERSKBEHSE
RIFREXWMEH, IEAFHON, €O, S0,, CH,, . HA,
NH.C1%, O, N. H BRR&EARE Ry, SHEES B, &
RIBHAERTRNABBRAERAREN. XBOTEXERN
AEEREASHE,

fPIfs BB AM e R 0 Sh A1 IR 4R %Eﬁm
HEBRAERGRA, A, K, A2 EBSHEIHRRE
A RRINE A WAR R A mik, BBX. Kl
A, BE. EHMERS.

TRERZEZELXBRAKELEMN, REREBRFEA
TE. FIFH, XBMMTENERESES—OZEDN, BTR
H A BB B2 i R, :

- 4G -
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2.4.4 MTENLENE

HESMT RPN R P, SMTRIEARSRRE, HKiE
KR IE Mk B MR B R R TR . FFDL AT B IS Rt R
BEZRAEESBRES BHSR. AETHAN, MIER
HAMA DEFERLKHEZMISERESY. YERAEEFT
KR 2% WL P EISHE, BEG TR KHE S
BEEMEERNE LS. KBRESHAHRSTENLED,
L R B RO 4 R 2.9,

2000 -I(:a'rioa ! W
/—:-_%
-__J——’-J— ]Alsiﬂos

1000 I(Na K .
| FeS | | /J

Y

syl F0 I_,,_l«/‘“____,..#-"‘"

e

i
1
I I
! I I
I
!
~6

=4 ~2 0 +2
log B H bar)

B 2.9 FRRAEHTERHEZAERN BiE g

HE2 9RDLE . 2R R b LRI R RS
Wi SEN XRE RS, CHATRYRK B BEE1827—
127 CHERN. TIMTRBRGRERE KT27°C, BRI %
MpAERH, EXWATENETERAS, XROMYTH
RIREGE, HERBRERERRRESY. ERNRTA

= 41 =
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FERIERAFLHKER. ENBRSRKHREBHERSKE

EABTERBREGE X, MIBBREEZRSL, ERABE LY
RYARBEKKNBIEBESL

E$Hﬂ§ﬁ$ﬁTHTu$ﬁﬁ§#E,%%Lwﬁm.

~ -lu"

5w

\llIUﬂIIIIHIIIIHIHH

. 107 10 104 10s
KN (atm)

B 210 FREETED T ZLORERS
K SR A . A S TR N AR EY

WREERRIT, S8 HAH, WY RBERN -252,5CH
HE A MY -259CHBELREA, SRE A&, Hiy
FEENET, REFERTHERE. YEIE F13amMW T
Bb - 240°CH), SAMBEAHZRNET 2% HE, XA
REH. MBEEEREETHMES, HES, W3EEHEM,
WA, %N 10000atm b}, FLE Ak [ 4% B i k3 < 10°
atmist, % B NE HEeR. E 100X 10%atmaf, HEH
HEHESR. SRUERBRABBAER, . |

EABELAF FTHREISBHHNEH R Y HEARAR
%, BHEADERYE, E—ENBERET, BT8R TE

;3‘.‘-
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MEBR, BFRENE AETRBEE LN, B Hedt R
SERAEL B4 9H3%10%tmA90 x 10° atm,, FXMEHF
SESRHE 2oy = F '

LA R b A S e B N R, FAITRES
PR, BIIRBRES MR AR B Rl AT L. KB
RS AT BB B 150727 —19727°C. I kIR W TG E
#%k%ﬁ%ﬁﬂﬂ*%mﬁﬁoﬁﬂﬁﬁﬁ,ﬁﬁhﬂaﬁm
YRS, '

2.4.5 REERE

mﬁﬁ¥ﬁME$mﬁﬁﬁ§,%ﬁﬁﬁ?ﬁmﬁ%ﬂﬁﬁ
HTFFIAR B

(U1mimmﬁum,%ﬁ%&ﬁﬁmgwom$ﬁﬁ
A B AR PR T R R A

(2) 120 204248 DAY, T thgds, ERBE BhIrH
BREMREELE, AFEU, Th,

(3) 50—47TIZAEYF, BREBHANBRE,

(4) 47—46104E DRI, R KRN ITR,

(8) 46—401Z4F PIdT, RS TRE HoyFR 249
Fo

(6) 260 ——IR, BBMEBEWREN, BRBE &R,

MNFHERIFFRE, KNEYREENOBEEALTES T
mﬁl

(1) KMREFAN B S RER R £E1IX 1046 5H)E,
FE Vot B ) F B AR P TR I R £ e BLAR R B R 99 %,
FRRGERERR BTE—E WF: # BEN— T4 B

+¢?%ﬁﬁﬁﬁﬁﬁm*+%&ﬁﬁm?ﬁﬁ—%¢?m
P ok A ..

(2) BHMBRFETHRNBESRERS, REALA6
LEUH, FERA1%E BT b F BEER B &RUMA

.- 33 -
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WA, AR UK R S BT TR, R BERR
B R A WRPAL YK, Be, "B%,

$ % X R

(1) A. H. Brownlow, “Geochemistry”, Prentice-Hall, 14—22 (1979},

t2) T'.B.Boiitkenny, “XmMEYIeCKafd 3BOTOLUA canmegHodf |
eucremu”, Hayxa, 1—12001979),

*3)] W, H. Freema.n, *Earth”, San Francisco, 5—20 (1978}, -

[4) K. H. Wedepohl, ‘Geochem1stry Holi, Rinehart and Win st~
on, Inc., 16—18 (1871}, ' S

52 FEs (. W. Morgany, S, BEAEE, (4. 20 (1es2),

Ce) 4 (E, A King), TA#. W40, WEKAE. AFWHFEEHE,
R dRAE, 179107, 216--228 (1989).
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413@5%%%%% ﬁ&

mﬁ%gmwm&ﬁmwﬁm%ﬁﬁkﬁﬁﬁﬁ?gu&f
W. B5HEEM. HEHEREERBRRELMARTER
BmRARNEIERE, -

BIE AN R MR BRET LNRREE B K.
RREREHE . BRERGERAZS. BENE % ER %
AR, EBE R AR A I D RO R, IR
ﬁ,ﬁﬁ%gﬂmﬁtmmawﬁmmﬁﬁzm%z&kﬁmﬁ
3.1 R,

5.1 WEHRRANME (%)

B OA B %M

£ R M

wWRH
HIRE
#H A

5

23.5

1.5

i1
26.5

T.b

MEIEBE, BREMARARBERTES % & 204, HX
FRAMAROALERALFESL. BHHE. —RRRALR
FARE, BRENN, WAL, 8k, W% ZEnNRRH
ﬁﬁmﬁﬁ%mﬁ,Eﬁagﬁmﬁﬁﬁﬂ%,&&mﬂmc
BRAERRE, ARETR. B

B3k B L BB K DA—, ﬁimﬁiaﬂk% &%‘JL%
wEMNE., 197643 B HEREERERET —HL 3l &
HKRAN, HPBAME—SREE 1770k, LEEGRAH
ABAGHARE 691 kg . B2, ZSHMAREE 100kg , 3
R —FLHREE, AE26000kg D L. FHBEAWERR L
HHERF . BEREA, RBRSHEHLTRURAT. XABRE
HMBATESER, FEFTE AHE. EEF B XAE R R AN

+ 36 -
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BB AT, B EH R ARSI L & e 3T
% 00 AT B & 8y, - R BEN ST BB AT R A
— R R, AHEAN BN AGEY., 5P TSR (Ca, Mg,
Fe)(S1.0:0, #liE (Mg,Fe)S5i0,, REkHLBRMERA a-
(Fe, Ni}),B4H v—(Fe,Ni), Mi#isk FeS IR 8 5" Fe,0,, B
BB R AL, F K REBMEE S FEE R,

BE—-REFTFARE. OAEERE, EERE1nn,
—RREGEMMESK, WARATREFNEE S BE XSRS
#. MERBIA, BR—E0.7—1 mm BEEBHE, Q)RER
REENRAEEARABRA—0/DR, FHRaM, XA i
LEXBLER: CORRBATRERARAERE, oo T
feh S X AR RS (OERR & FREEAEEH4
W, LHEARBBADETED.

5.1 BUFHg g 00

RIS UORANENRE EEA ARG BRENRE
CEETS - S

3.1.1 &BE

FEHLB Ni-Fe(§ 98%) #HK, 7 HHERLH o~(Fe,
Ni) MEE A v-(Fe, N, BBROTHR NI FBRAT6—30% (B
B) 2M, EMMETHEERATH NI SR >30% . B
AP NiEE>0%, SRR P NI SREASHE R & B3 18
o '

BB Ni S B, BRAXSH,

(1) {NipfpbBENH, NiSE<6W, BREN.

(2) Fgk GNEFRABE), NiSEHNT%. TBEHEAN
WS (Fe, Ni) #fk, FRGET L REH, XA
(Neumann) 4, B ERIA LA ZRARGHENME, B4

DT I
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FHER. B2, AHFRFANTBAHEE F R &
*‘Eo
(3) AWHE (BEe), NIiFR7—14%, LHMEREM
XehEHE, HBHEEBNYIE I (Widmanstitten) &1 (E
3.3)e RENEAEAFXALEH.

50 . s
Fi)
E 30
& 20
19 _
-0l N nmnl wa ' s lor
4 g Iz a0 24 28 32 36
\L{ziﬂ/n)

B 3.1 SRR N s A e

B 32 SBTNECRES
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m 3.3 FRANDBSHESEE

(1) B Ni IPBRERA, NiFR>14%, RECREBAR
% o o

3.1.2 BRE

MAEXE, FRTESBREEH. LHERHRARESR
RANERAHBEET (Fe,NDEAMAR & AWAS, HE
Bk ARERRMN 20—30%, EREPEMRRLTHHER,
I K IEH Mg2(51:0:1 EHHER Mg.(Si:0:) (H K¥EH W
& FeO 5% UT, WHHATE FeO5—14%), 2HER (Mg,
Fe).(81.0:3, BEERD (Ca Mg,Fe)ZEShOs] mEAa Mg,
Fe),Si0, &,

RELROARH, Eﬁ?ﬁlﬁﬁ:;

1. RNME

WERMESHBR . —ﬂ&%%ﬁﬂ%ﬁ[ﬁﬁ%ﬁ%ﬁkﬂm
T, 2% 90 %P k. = BANRERES NS H Rpsak.
BWEBLZANT 1 mm, BEBQERIENE (B 3.0,

2 TFREMBEHE, ABA—. BHEEXRE: A B R K
TiEE . TR EE ., BREEE. BB LB 2 AR v I E

- 4t .
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B 3.4 RAMERERMEEN

BE, BL, FEEEVIREBERYU TSR E.,

(1) EZRERRAEER, DEVRRE, HEAHES
BRIETHIGB-ERESMHEEINE, BRI ETREE,
HEW R BHE R SRR KBS EROER LRSS, R5
RERAREER. BENRBMERGTDERERE, S0
“EBRMA . BRERMELY, EHENEETRENERAE
SR AR, R 2P RO IR TR e B R o B AR, WA
AHBRERRANREFEESTAE. FRkREd sk
#, BIEEGRNREPLNRREE. ,

(2) HERBRERNARESHR, SRMMTER, 5
MERGENARERRE,

(3) EAMBZREM0RY, HTFRZWRAMANEERE
SR, BB Ah R, (R g A E o R IR T R
W o 0 A8 v B R A B SRR SRR K R B IR . K
B i e A RO S L RSN, AR AR AR
MR,

G TR 0 2 b A TR B AR T R RO R AR5 B™

L ag .
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(AR, 494 10 %, B S H BB FeS 6%, " FeCr.O,
0.5% ROBRAERT Y, MEHEKEEKY FeS-Cr.Ss . BHAT
(Fe,Ni,Co)oP %, MEARBRAXLE G B WA SEE.
B LAWY DL BERR U R B MM . -BUME. BRALBA. M

ik

RERARBTORCERFOARRE, A BUKIERRE
MA. WEEERERA ., RPRAREREFBENNRT.
ENMELE. SHSMRLSNE B & THRA, 018355

Mo

359

o e
. =
it v

b

FeofiFeS¢REY)

1

%

(1
@2
o [E)g
[£]4
[e]3

SN R A S

FoO(E#15)

K 3.5 ma#qmasim&ﬁmkazmmxﬁ
1, MAEEREEE 2, SENERREE, 5. RAETREH
B 4. INBMERWE, 5. [RAISEARRGE
A ENN2ESBEARA, 2RSRATAGE, H3H2%
R 28 9%, BUEWMESL4A (L), BREmMEEsn (L), KEaaE
EHEARERD, R4 HERRERG. TEXER
REBHPH2SESET B X, R20—-35% . BEX2%,: |

BT
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BB KEEREBIE, Fe>30%, S>5%, EBGY & W K
A, BEEHEY: TABXEAREBE. Fea0%,5<6%,
EETYRAKGH, BREWRRE. -

M 3.5 TR, EWEARNEE PRANK 2 10 %
EH, BH-BSHLE 5% EH, = % ZHuaaN: e
SRR B Ak & RN,

BERHBAREGY, EFRGEHEXBMRE R T E W
8, BRASHRBSAKMERS, HRBRBRBEL C.
H.O. S ENEERIAK, UAHZXK, mE2H R,
5.2 MRBHMEMAR (%)

ES I C H,0 S R

iR
1%
I &

3.54 .08 6.04 - 2,2

2.46 13.35 3.16 2.7

0.48 .09 T2 3.4

| ARERB AR RARES § E (~2.2g/cm®), Hip
HEMS BEFTRAEMBEER. RERRERGHERESH
PRI SRSV REAR,

2. ZREBRE

HTFERAAREBRETHRBILEER, BRERBEMW
A. TRBEMAANELYE, TAETEGFYRR LBEART
BREME, WE3.3,

¥ 3.3 BMBLTEIRDRMENERTEIE GO
gt
h -3 i) HHER #Ea siea
ik
RERA 32 44 21 4 1
TLERRRA i b 19 25

WH 5.3, TIRBLIAA PS8 BH P T, B

- 4L
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HEH. BREAAMKAERNT. TREGAETHEE ERA
MM SR BEK, FRHEMSR, Ak, REREROERET
RE B EEH LN REEREWRAIR K.

3.1.3 #AHE

BRAERGRRBEMEREZ RS ERE., HERAEH
FHR-BRNERETHAR. FERERRAEESR, BH A&
B4, RERKWERRE T-HEBRROR-% & B, 1E
P mBRGReY H. SARGREERAR, Xk Phek
MARBERSE. PERBEUERE, FRARAXELERES
HESWRET, HE2ERAHE. ANBREEU%REA, 25
K. AP SRR ORI A T,

L, RANSRTHEENE 3.4,

%3

A BT

. 480

4 FEESsE

— RNk R

JF Wk
—% | A
AHER
—ENif % RE

—HUKEE R
HREEREMAE
— R -
EHET R TA

_ammums
—ERERE
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3.2 BRMBRER oS
3.2.1 g

BE 4T 60 #EY, BEPASERHAE G H. kR
%38 T B ARRE o~(Fe,Ni) (& Ni 4—7% ), AR
v—(Fe,Ni)(& Ni 30—60% ). FREE: FeS'. MHE (Mg, Fe).
*Si0, . KR (Mg, Fe)Si0; | 5 WHEH (Ca, Mg, Fe),(Si,06)
(H 2y 10%Casi0s), & 1B B Ca(Mg,Fe)(Si0: 1, H KA
(100 — n) NalAlSi,05) + #CalAlSi,0:) (s R 0100 ), WH
A B B RAR T (Fe,Ni), BUBHAIETR.

W SSRT BARMENET, BREE LR ERTE
BT Wi, BEPRTENTWABAIE Mg-Fe it R & %
KXY, MBEPBEANT HEREMEEMRE, KBEESXA
B9, RWIEED, B RAEBREEFE TR, BhEDby
Ni i Fe k¥4 2L MRE, B ERAIERAT L %0 %
HARRERNT S, DREE. BREH (CS)., MEHKE
T (FeS-Cr:Se). B & ® 5 (Fe,Ni,Co)aP, BEER (SiC).
BEH (FeCly), BEESUE (NaO:3Ca0-P.05) %, H— ?P 74
HAHWEREGEFR TRRES.

BREREEE RS, HER-MWSHRANE, EEARLR
(Mg, Fe)s(S100) O 4R, Ni Ph ik B Rk ms,
W AEHERERRNAENLEY, AR, BEEUES N, S,
Cl M H LAY, RAMERTEIR, H2LEERKHET,

FRAS H¥ MR BERERREEEER B MgALISIO ),
FITE E NaAl(Si;0:), BHBBERAEERESTER. HWE B
AREN&NE, RERNETSRRNET, WEERBRE
BERITRELE WhERE N HEEIE.

3.2.2 (LA

s 43 »
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PP, BIRPEANTEARMAETRAE N, FAR2Z
i, ETFEREMEERR, WF 3.5 PR |
W& 3.5 BN, BRBRPEERKNILERKH O, Fe,
Si, Mg, S, Ca, Ni. Al, W EFTEERXMERKEK B O

Si, Al, Fe, Ca. Mg, Na. K,

BAEBABE S TERRGEEMENR, HERRRR
AR, ENMEEEHTL,. E5R0T.

O HERAGETRETHLE, LEEMEIS, ,

A 3.6 BH, AMATATHSR A E3.5-45.4% 2
. EARRMGRETR. BEVAKEI ELLERRETH
g,

Fe %ﬁkﬁﬁ%ﬁﬁﬁﬁ%,ﬁﬁﬁmE$Fe%$Eﬁ
o SIE R Ni-Fe #R. BRETREMMAL R L& Fe-
Ni-Co; Fe & # 7£70.63—93.50% (EH. TR Z |, Ni
5.52—18.85% ZH, Co0.3—1. O/zlmo SRV RBES, B
BETRE R C, EFAREBE T Fe TR 18.40—32. 96
%2 . & Co BRBGARE KELERBBE (Fe1,02%)
b, Fe it 13,49—20.16% 2 E Ca RXRBHAE S BREE XL
RELBA (Fe7.47%) 4b, Fe 7 13.93—16.60% 2 FHl. % 75
7 Fe 7 48.18—52.21% 2 W, ERERAMGERE RLE
& Fe i WRREKD . RRANKSERRENNE. Ba. B
EREESBBTHH BT FeCriO, MKET FeTiOs, 18,
I HRFRE A AR KEERRRBLH (RBRE (Mg,
Fe)s Al(ALSLOWI (O H)e) . BERD" FesO) RBERY (Fe,Ni,
S HEH BT B,

Si &%Eﬁam&aﬁﬁ*miﬁmﬁ %%ﬁ@%ﬁ%
BWE . BEBREE. EREREREAER, Si/Mg LMK 0
—1.16, BER B DN 1.23—1. 30, BB R BB AP H1. 48—
1.58, BRBCBA S Si/Mg g2 ML RME 3.6,

TERBBA D S WEERREIRAR, FERRBE & 1

7 o
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CE Y REPERNER

: . Y P | :
oS RE | FEppw) . R K | |8 (ppm)
: |
3 Li 3.2 | 47 Ag N
F Be _ 0.09 4B Cd ’ ¥
5 B 2.6 49 . In .0.2
f 16000 50 h R L 20
? _F 40 s [“sb 0.4
i Na | 7000 s2 | Te 013
12 Mg 189000 53 I )
13 Al 14000 55 Cs U.08
14 Bi 178000 T Ba H
15 B 600 57 La 200
18 5 20000 58 Co 2.
17 < BOB 59 Fr 0.8
19 K 400 60 Nd 1
20 Ca 16000 B2 Sm 1
21 L T 0.5 83 Eu 0.3
22 Ti 00 a‘-\ Gd 1.6
23 v a0 13 Tb . 0.5
24 Cr 2500 a6 Dy )
25 Mn C2000 ! g7 * Ho 0.8
28 Fe 256000 . 68 Er 1.7
27 Cao . ann . _sé' Tm 0.3
28 N 1400¢ 70 ¥b 5.6
29 Cu 4C 7 Lu 0.5
30 Zn . 2¢ T2 . Hr 6.8
31 Ga ] _ 13 Ta 0.3
32 Ge 40 . 74 w 17
i3 As 70 5 Re -0, 0018
34 Se @ : ™. Os T
35 Bi 22 7 CZr 0.6
37 kb 8 " Pt 3
38 Sr 22 78 An 0.26
38 Y 5 8o Hg 0.009
10 Zr 90 81 T1 0.14
41 Nb 0.5 82 Pb ‘2
- ‘ﬁ -
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e
BFFN | wE | RO | REmk | ok | #Eeew)

42 Mo 5 83 Bi 0.18
44 Ru 2. 11 Th 0.2
45 Rh 0.6 92 u 0.05
46 T Pa - 0.5
® 3.8 ARAELENFE
oy (M)
% X :
A |

WEERRE 14,8—46.0 39.%
AXELREBA 27.06—36.0 ©81.5
HEEARERE 33,3—87.3 35.1
EFNMARMER . 35.3—42.3 39.0
HELRERA —_ : 42.4
THETRABRA 42,6—48.0 45.4

ERANESHTLE. BRSIEFR A LK, HEBRTELRBETH
b i W AR BN . A E.Ringwood (1961) ZEF K AR
B A B9 Ni-Fe 5 (Wl 2—6.6% (RFHM M Si, BK
BERBERANSSARY S11.3—3.3% (ER).

BHEDSIET 53107 g/g . PREEERMNN.

METH S AMEAR 6°°51 h—1,0% (4 # WHRBRER
). S.Epstein 1 H. P, Taylor. (1970){8 i, BN E A LR
MEMEKERXREME ST, — L AREGR AP
Sig,

Mg Mg RREGRARASEBRAINTIETE FAELR
Bt Mg I 3.7 Bim.

Mg 3.7 BH, BRSSP Mg WEEERS, AXhEEy
e, AMTRERG S Mg SB®KZ, R kERT
REBBIL PR aBUKERSE. AR A mRm TR
HRASHERMBHG. EREGERBBE T Mg 84, B
Wi Fe" MAMBRT AT B Mg ® . BEEREMAERY

LI 1. RN
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£
f:cr:

. Si0,BERY

30k

14 16 18 2[} 29‘ 34 26 Z'ST-
MeOmmsn

A 3.6 BREGEHRSIO SMgOZ MM%ER _
1 BURERRMEE, 2. 084 RNIHE RE IR i 4 R,
3. 36 HRER RERE A ERTEE, 4. ﬁuﬁwmma :
Mg B BAIR FERE R
Mg i BB AARABHRERAER. %ﬁ&ﬁﬁﬁﬁﬁmw
PERBKBARKBE S, Mg BEBARE TR (Mn,Fe)
S, XSS EAR Mg L PR aEREAIER R, |
AT BBRFAEREE R Mg B & K 8 g n
(MERA) BRAFAE. Wi, [ BRERBRO T —EHER
m“géﬁﬁmﬁﬁﬁﬁo
S M ERMATLER, RERADREKE T, %%
A SHEENR 3.8 A,
SERFETE. BEREEB A S FTHEAMBE FeS BAR
£, BEEST-WHRMES CaS MR &5 Felr,Si . % 1

. &7
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¥ 3.7 AL PSNER

Mg (REX4)

o B —————

% M | Fw
BN
i de 3 $ A% 9. 45—9.70 9.58
ERmARARE 10.72—14,19 11,80
il oies & P 13.51--14,86 14,56
HEEERARE 13.25-—14,97 14.20
AW ARKRRE 14.05--15,99 15.1%
I RFKIES 10.05—11.49 1070
Rk EA 11.62—14.01 13.31
PERRARA
il e ¥l 22.40—24.58 23,20
=g ) 13.95—17.10 15.93
SETREA —_ 19,40
HEXRN MG 22.,02—25.49 22.80
BOLRAET
SRR FTIRRRA - 8,05
b gt kvl — 7.25
HRABEERRBA 1.25—12.35 9.40
EREERE 3.86— 5.08 a.20
ETRAa _ .
R R " 25.80—29.25 28.01
SR EA (EER) 7.35-—13.61 8.95

MY ARERBAS S TEUBENS . BB WHCERALS
BB R A, Tfe KBREREBE T SHT BRBREY (Fe,
Ni)eSs o Whb, ARETZRIEFHEKT FeS: , WY ZnS,
FEEE CuFesS, . HEF CuFeS A1 B i §° CuFeS, % W L
W, SR DR BARAY G 8 3 CuFesCruSe . MY
CTSS-i ] . I .
Ca SALCRAHEARGHHRELR HFER R3O
CRE3SEN. BEEERBBAMPFRBRE ® Ca S
M B Ca RS, EHERMAAS Ca3RAN 14

. 8 -
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# 3.8 MAEPRBER

# W

el V)
I Bm RS
I XM eR A
WA R
S ERFRA
T RS
I Fimiik R
s TP g
TEIRERG
Bk
AR LR AT
HETRRNA
HIETRRRAR
BEHERRTA
B R R R AR
BEELRA
HRREA
i A AR
gk R B
BRIRH

|

w M | TuE
5. 06—, T¢ 5.B0
2.80—5.44 3.42
l.5—2.88 2.19%
0.92—2.82 1.93
0.78—2.87 Z. 1
5. 85—6..2 5.8b
2.62——4.44 3.32
0.32—0.46 0.'39
0.53—0.463 6.38
0.33—0.58 0.50

- B.35

- 0.08
0. 10—.48 ¢, 27
0. 02—0.51 0.20

- G.1&
0.22—4.684 1.0
0, 007T—0, 53

ZAH., MAERRREBRAS Ca§ & REY, Hib 1 RER
RRa Ca#ig, ﬁﬁﬁ&g Ca @h%% # 7 CalAlSi:0:0 1
B LR CaALSIO FX, RAKRAT Ca TEWBARE Y

FeO ZMIMXR, WE 3. TWHEBBHEEN,

ME 3.7 HEHH, kEERE A ME R TREEG Y
CafpE, Ca T EHUBHEHAEE., MEHESERREBA L
Ca LJJ.'%%%‘H{‘E CaEAlzsizosjﬁE» ﬁlﬁi'ﬁ%’ﬁﬂ?ﬁ Ca %ﬁﬂﬂ*rgﬁ

AT RS,

Ca REMMFALE, HKid 7L BERMERCI T LE
TR EAMB R A LRERE T HE C B & LHBRESH

> 4 .
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# 3.9 MAhERE

% om

I BB A REIRE
IR S AR
MEHAREIREG
TS SRR T
EHERRERA
I B8 KER
I ®HR R
HELRERAA
ik A
Ben
HMEFRES
BRI A
BE DB R R
LR EIRA
ERNTHRERA
HEG R DR ET
BEEERE
£A AA
1 PR B (D
kIR (REERER)

Co (BEY

Hom ! FHyE
0.87—1.34 1.46
1.41—1.63 1,34
§. 401,87 (.70
1.15~—1.22 1.19
b.22—1.356 1.28
0.81—.87 0.84
0.85—0,98 0.90
0.47—1.18 0.80
0.54—1.88 1.02

- 0.37
0.31~-0.07 0.82

- £7.50

— 10.85
2.87—5.78 4,47
7.15—3.20 1.88
0.002—10. 0075 0.0045
2.07—3. 66 4.05

CaS L. AFBME AT, Ca s & E FETHNEBEER
Cas[PO.1.Cl, FEiFA CaMg(8i,0:) 1, FBEBEIHAENY
A (EEBARARNERER) NRFHER NarAlsi0.) b,

At SHARBERERERS. FHR G P Al EEND

3 3.10 BiR,

MFE 310 FH, SELRERA (BEEEILHRE B B)
MPRRERE AL BB LREMAERSHEHNE, TEH
FRIERBEBEG ., SEBERKNANPEREZSHER. ERE
Mg, IHBRRRBERA & BAl, XIBS5ETEETHR
i MgAlO, ., HEA CalALSLOIRELE K £ A CaALSIO;

» B0 4
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st v % X0
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julial
L
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by rh i . . ) N
10 20 0 40 50 §0 70

FeQ/ (FeQ + MO} mol¥)
Bl Al B3 x4 05 & mT mE

B 3.7 BWEMCaOEYel/ (¥eO+MgO) 2 RNXR

L kEAEERNEAG, 2. WlRG, 3. BENEATRERA. 1. vk

FA. 5. HFASELRERA: &. SEEREASD, 7. EEEEERER:

s, S ERNIEG
k.

A ERAHRERBOEAETR, FEZXH S REeH, &
REBRET Al LEREBRBKREREE.

Ni BEEFHARES. RATNBMREE FUAXE
AU Ni-Fe & BB REE. A SBANBRRERE S,
Ni BEE, DB BB ED (Fe,NDS: BRETENik
BEBAKEAD  HEEAT 6--30% (B 2M,EAH ¥
BT, Ni>30%, &BRAT NiSRELFRAE 3.1, HE B
APR NI ABME 3.1 R,

ME 31BN, MERSRHPEREE NI, X 5Nifd
RMGRERE.

WA R I R R A R R B, HuER K 1 R — B,
BURE R TSR AR R E WS, FABRTRATEELE (W
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®30 BOPEHER

Al (FHE M)

#* & - -
MW | v
RERE |
THpFEHRRRA 0.80—0.87 0.85
THRFEREME 0.98—1.21 1.08 -
i i3 ngs & iRl 1.27—1.64 1.87
EEEARERTE 6.80—1.12 1.01
EHERRERA b.00—.31 1.10
T M kEER 0.71—0.84 0.79
I &Rk ER 0.76—0.9%2 0.85
REZRNBA
mA¥A 0.10—1.40 0.50
RAER 0.33-—1.51 0.30
ot SRl Y e . 0.7i
BELTRRERE 0.17—0.45 0.30
BELRRMA
HELREPA - 4.52
EEHERBERSG — 0.92
HRERLEREA 2.70—5.02 4.20
BrEREA 6.09—8.28 6.50
STRRA
A R % | 0.001-—0,024 0.008%
WA 3.28—6.15 4.6%

3.8). BN, BARE TSR,

— R, RERERATRETES S, MRS R
Bif  Bi flHg BRI Il B0 B G 5A0& 40 £570 00£%,

3.2.3 MECKAR

FHIEMXMRRBERGELRE. O, "OM *O, EiimE

B (%) B3 % 99.7538—99,7771, 0.035—0.0407 Ft
0.1879—90,2084; FVHE A% 99,762, 0.038 R/ 0.200 (N,

E.Holden , 1980), BEFMEARU s iR ~., sEH B H
MELERREZEGRERLEHTHRE. 0T R E R
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EH 28 RARBEANCENER

(%) = (%ﬁ.ﬁﬁi ) X 1000

RBEWARBLEEMERARILME. JEAAGRAREKR, s

A

(HO/"*0) e~ ("O/0) gy
(.IBO/ISO)ﬁ‘ )

1, REy W %E AR

BiarrERAoREERETEEVHART R, ARF R
LRI O T FRFEEN: BHA. B6. S5, B
B, WHE 3.9 Bix. _

MAE 3.8 BN, ARAPHBERE 0, MBI M 5 P O
Befio %ﬂﬁﬁ@ﬁ*ﬂﬁﬁ%ﬁﬁzmmﬁ@ﬁﬁﬁs Xz
0,2—1.0%.

BRBIAPILET Y O F— LMY, BRA—-HE
AEBAT, KO EARER., ERABUT.

6"%0(%,) =[ ]x 1000
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= 3.1 PR ER

| Ni (ER%)

#OW = ——
.F Ww | T
BRTEAT l
1 BIRES A C0.75—1.09 0.98
LR ARKREA 1171 .54 1.23
I/H 4 R 1.25—1.50 1.88
HEFRREERL 1.21—1,93 1.63
FRERHERT 0.39—1.48 1.10
I Bk HE T 1.66—1.85 1.81
I3 KA . 1.41—1.96 1.5%
BELRERA
R 0.0085—0. 023 0.018
B 0.00153--0,014 0.0075
LI & ) - 0.06
Wi ERE A 0.09—0,23 0.1%
FEARESa
EEMERPES — 0,097
TREREREER - 0.001%
FALIER RO 0. 0009-~0, 002 0.0013
ELEMRA
PR a 0.004—0. 007 8.005%
ﬁ?ﬁ:ﬁiﬁﬁiﬁt% S48 7.9—18.14 10.5
CEEH — 4,66
S %gmm T.6—3.8 8.2
FRURE o im 1.2—4.8 1.2

BT ME 3.0 R/, kR M A R eCOMY B H 4 N
+ 4.5%0 o B8 U 4 3 B 58 U BER B, BB A PR #6100
EUE+ 4.3+ 5.1% 2, TR Rk e K 00 78 + 3.4
—+4.0% 2, BEMRTRERA. '

BE  BARERE O A mIE 3. 10,

A 3410 B, ERMOAHAS, HABAEHS® 6”0 H B
BAATH. (1) VO F+3.7—+4.4% 2B (2) 07 +5.3
—+6.3%21, XEHTYRALEANTER. FEZRK LR

+ Bk =
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RRRA . BHER LR BUE MR BE A B R 04,
T ey 80—~ SRR BRI 0 T M BR A B DA R
RAFA OB BA A A kR TR BB A R IR R & PO A
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L HR. WA 3.11,

MHE 3.11 B, K "OHABEH Fe/(Fe+ Mg) {5 {b R
HE, Te COHERREETELE, B, K FoHMFE"O0
AMFENa, KSR ERBH—EMSE (B 3.12), 4§ 04

Qv

60 el
] 1
1]
L4v] B i B
— : I
= e
+ EUL : ,«I gn 3t
& : i
) 8t
~ 3or B
o : \
= 24 ag I ",T
20F IR AN
103 5
0 u

=]
By
b
L

STOTTTTE 3 45
: DO By
B 3.1 BMAEASIOSFe/(FetMg) A% R
1, ZRARERRNE. 2. RHEFLREEE. 3. #ENERY
WG 4. REBVA: 5. ARELTERMBE :
R NaH KL B "OABANaMK F. MEER 6705
Fe/(Fe+Mg) R Na Ml K 2 [d X AW LR, B THRBBA
MEEHAREFRO SRR BRI RESERr RER S
X, BARBERFRAT, Fe/(Fe+ Mg)Rl Na, K AgBMER
PRAR. EMN K0T B, MIAVEERESELREBRETM
FERMTCHRE GRS REY SR RA R RESTT BAuRTHE
s ME3.ICH, SEBAFTOM & WA EN
T47. IR OHARBHRHEAR 0K +4.2—+4.9%, "0
WRKBK 6”0 K +5.8—+8.5%. FAEH "0 éﬁFﬁEEPa%‘%ﬁE
B Na FRUEE (B 3.13).
HE_SeE WmorEEH, ZRRLERBNA R ib? =
Si0: B "0, WhEHESEMRKR, H"OMER + 9—+13% o 3

+ B v

http://www. chemdown. cn



1.00 Y-
0.8CF
~ ¢!
= 0.60 ° o
| .
;1]
S o.ddfg o
¥, Ba a
- . 0‘20‘
. p.00m t
0.1 a
.,., .10 ;_EO @
x - o a®
.o
il
:_\M 0,08 a Sa
B |
p.00le_®m - .
: 4 5 5 7
8180 (%)

B 3.1z $EE OO ENaRIK 2 AR &
L RSEAERNEA, 2. ZARERRRE, ¢ ERAERKRMRE
4 EEWE. 5 KR TERMEE

o
=
-]
L

. 80f 1
=)
o
* eof
= 40k
é 0
R 2
20 1,8
% 28
¢ . g L
g ¢ 5 6 7

120 (5
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A 670 K+ 9 —+11%, A K BREXRBRIRRBE
R AR, WRAESABE KA/ R FEAABRERIE

KERERBEAENE, 8 Fe, #NufIK,
. BERERESESELTAR

PRBEIRBIR AR 00 2E 4k {8 K, T HM I BBRBERHH
A IAUZETR, "0 MK Kid, W H3.14. MREEBE

% {1n —
S LT —
|
5 —_,
{HH‘;‘J, - 4l
HBRE B —
B BE ——
-:1—'23 é 3 6 ;iin'fa
F20(%)
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B 3.4 BASHMBIRNRE P ENEROE
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B 60 BFE N - 0.8—+12.2%, HIERRBLBIE L BR B
FEAMAK 1015 55K, B, BARBEBRA K05 C
BRA-ERAE (H3.15), s"O5CHEEZRNBHERXE,

BRI B A B oD TR E M - 13.0—+385.8% , 0°CH
—18.8~—3.7%.

R mBRRE R AW EERE B A By 670 25K, #HM®
BRERAAED TR G- BB R MRS AT R
AIRBBAMKEIOKHER A, BRESERN A RIRAe
=Y, MERATHNILRBEY.

3. RABSHBREAH o0 Wik

RESESHBAFIEAH 60X, EHE H0F
BB A (F3.16), WSl BBRERAEPHKGEEE &
KAE "O# 1.5—3.0%.

! )
70 f-—\ [ J “1
i1
60} : ¥
I
s0p i ’f'\
5 RIS
= 4o} 1y letz -
o+ v %_
@3“ f :: 30 '
w Vo
= zop k_}; e i‘ Q-
-~ 1 4
wh )3 Lol |
3] L i I 1 I 1 ‘\l I!l '
Lo L2 3 4 5 § 7 8 3

6!!(%‘,)
B 3.6 BANSBREESIERNON T
L2 BRSNRRTRAPLTAREER .

5,4 BB THRETR RO S X R RE.
REAFE R REE REHER

REZRB, BREKATZR B WOH R, F510%
FREMRER, LBREXBERE T B 0K 1—2% WX
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RE LR RA LR ESLIRA T PO H & (B 3.17),
Bk, FARK, XRRLREPARELRENASSB8:8
FEFRSHELMNSE B K. M.B.Duke(1954) 1, Zikk
TGERMAGWERE AREE. 32, XEBERARESHEETE—
HIEMNFT

o ai aa e R

sz Ak -

SRR i

A 1 J —2
¥ 4 & §
LU RS

B 2.7 RESHMEONEOZME

3.2.4 THE WA

MR ABE R LRLK: S, ¥S, “SHS, 1
BEE (%) BABESH% 04.638—95.253 , 0.731—0.780,
4,001—4,562 F1 0.0153—0,0199; HIPHI {4 BIHK95.02,0.75,
4.21# 0.02 (N,E,Holden, 1980) ., B HFBE M T £ 3
ol

914G /328y L, — (1S /925y

aﬂ*S(%qu[ s/ ?3“8“},2;);%

RO HBEERRARNT EHR T ARtEgnm
TEARTEZ— S RREREFE DR,

B KR BERBHS, ARALAENREMERCEAKLE
g, Eik 1962 7% BB N R E E Y BmERLEiT it &

= B0 -

}XIOOO
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. b, BERIEMNWHERM (Arizony B-RHHAETEE (Can-
yon Diablo) BB B HEENHEFNEERERSE — & fi:; K
S /4G 99,920, H8/%S—0,0450045, ‘*S—0%.

MR GA TR RN, RERE P S E L
T = 16—+ 1.1%, BT ER BRI A ) 65 B~ 0.8—+ 3.0%0:
FERBE B 6%SH ~-5.7—0.0%, & B A M 65S K 0.0—+
0.4% ., MTLLAN, TEBRPBBARAFERN S H B8 B, #
EUXMERSHATT INSERBSEL. BNk, Bh
AR RPELERE A, —BE-0.7—+0.5%20H.

Yo T BE-H R T BRI A R A R A, Soder % )
- Q965 WETBRARHMERAE 6% 1 6°°S B . BN
HRAh, BN BB E I -0.8—+0.5%, HHH-0.1—
+2.9% i~ F B HBAFREMLEZ M # % & B 65—
1.948%5,6°5—1.90 6*S ., LB HER. (DEBEGRLE B
NMBRY A SERLRLATH—ER. ERBANHRL
AR ZEINEDP T AT, B b TR DI AR BT A & 8
fESy OHBAPRAYHORALESLR, KGEEE R R
WM B BT RET M A BB 1E BT .

REERBENHE RS REAURRERREAD, 6¥Sh
- 1.58—=0.08% (EFE4LE, 1982), WM A HHF MK
SREERANRE, BAREAT FRIEANE—I$E.,

3.3 B AT

PR RMER—8, THBEREANIR, BAMBRENE
PGSR, ERTFAIGE, BaMERE ARAB—X
HE. BANBEAELS TAHEAEE.

. AMEZYRENEELSE

KIERBIRP LR RRES R EE 4 254 248, B
ZY B R, SR B 4 1300C i, BEBH TR

* gl =
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%, ERBRABNEETY, Dk8E SiC U HE C B EALO,,
S e FeTiO, Fi4% 8 5 FeCry0, 25, 4 48 ¥ H1 B 24 1300—
1100°CHY, FERBRA T LSBT WKL E o-(Fe,Ni), B4R
Y-(Fe,Ni), MR B4 1200—900°C 75 B, 4. SHaEmid
FRAERER, BREAHEH, MIFBEATHNASRBERANEE
T, HERAPREVERMOEEERNE. BESREE K
BAMER, HhHMEaRERNERE & 4 75 1200—1000C
WE M.

HEABABRZDREER, BRI RRBET Wy
1E 800~—700C HEBIEER, WMKA. A SiO., FEMA Ca.Fe,- .
(Si0.2s « FHEEHFEG 3Ca0. P,0: R A # A Nas(AlSiO, 1,01, &,
LR RE AR EAR 700—200°CH,EZHNREN ARILS,
CH. M H0 B854k, SEZHEREENREL2BRERNIERBL
Br, M. RET . BB, BMEST FeS, #8850
REEy %, RBHEHRRATHASEENTR, XD KB
ReIR &2k 500°C

Bmv CHER MY B2 8 R 408 1) M 3, 18 BE b 300—100°C,
HERYFASRAH, WEH 100C BT, KEBESKEBLE
B, BRERAT Ca:Mgs(Si,01),(0H); , BZ # K(Mg,Fe),.
[AISi1:013(0H,F; . B & A MgsSi00) OB R F B 5
CaCO, , 8 FeCOs, A CaF %, 4lRMTWER LS.

B §@Cil, . NH,, H:0, H,, CO_ H,S &5
fh, FERED . SRR S BAS AR T IB R &84
Bro ®BAE, HMRBIAPCHRAR0.125%, EEBMSELY
2.87 ppm . k BERVMAERE BEEAREGEH, BE
BRIE R B RPES K 4 45—46 {7, . BAESFERBER, el
BT UM E R AR, PERNEROELENE G, @&
Bk EmM S, RAERER. BASEREHORS R Y E 5
B00C. ARG, RAERY M, BERIE ~SLEER05,

2. RESENHER

- B2 o
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W F T RARER, RTER R, BB WABRA.

3. BRAIRMET

RS MBERPYSE DAG MRR BT S, BEN
SRHRLH B RNRE L DERNE KRR P, EPMAI00—
300°C I8 B 1 B N 04 SRR O T 1

HABHERARFHRERTENRS . BREEEANE
T, HTHARDEAETAREEERERER, BE+TH
ﬁ%moH%ﬁ%ﬁﬁ%%ﬁ%ﬁﬁﬁikﬁ&z%%ﬁ&%%
B, HLEIBIEIERB R BT

8 % X W

1) BRCAERMEER, CEIROAE, HERMHE, 12—i7 (1977).

£23 G, J. McCall, “Metenrites and their Crigens”, David and
Charles; Newton Abbot, 99—153 (1873).

(33 J. T. Wasson, “Msteorites” | Springer-Verlag, 55—64 (1974),

{4] B, Mason {ed.),"Handbook of Elemented Abundances in
Meteorites”, Gordon and Breach, Science Publishers, Inc.,
4 —48, 1o0—t38 {1971),

(5] [.B.Boffrkesny, “XUMNuecKan »BOMOIAA COANCUIGH
eucTeMu”, Hayka, 22—26{1978).

{6) H. P. Taylor, M. B, Duke, .. T, Silver, 5. Spstein
tzeachiniica et Cosmochmica Actu, 29 (5}, 489 (1966),

(73 WEMEE, WS, THS. BREE, (1), (978,

(387 B.A.Tpmacchyo, J.H.Tpuneero, “l'ecxHMBEHd L3070
cepn™, Hayka, 35—38(1974),
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A1.0 HSRIALZELR

B19694E 7 HE 197248 12 A, R “WEP” FH 8
R b WIE HERKRHEER, RET AFMAR AR, 197047
CURE AR “ (3R B Shih” wARskyE BRIk Lk, FREHES. A
PG, R LS ERM HRBARSE. 5. BRRie,
FTHEEGEER. BESESRT T2 ERH., XEmiis
AT THRAEE AR EEREEH R B SHERZmIR AL
BURKIIARABELBEAERRE L,

BIREMIRAG T . ARSHIRZHEE TS B B o 384402
km, BRABER3476km, # % T H R 45 0.2723 1%, & B
2,119% 10'%km?, MM FHIERK 0.0203 {%; FE 7.353x 10%g,
M2 THIERE 0.0123 1%; ¥ E 3.34 g/cm®, H T HIZR 0.6
5. AREERBRAYE, BEHRAIE (B &, {RFHRAHE,
WAKAENKE, AREFERE, ARSHAR AR
REAWEAHBRESI: WHEEEH F S, Se, Te, U,
Cil, Br SRELARBHEEE. BEANRATEHENL 4+ &
MAEER, BN ERYREE. ARER - b 246
fo4g, HHIRERHE.

4.1 FIARALEA RO

R H IR A BRE TR E M LR BEHER, 25 HEN
L2, #HHRER 5% D EMERELRY, HHE L
FHNNTEMEA, X558 FEAN MKW SHIE S
HRARX. PEASERENET S0, ANERE. FHUERK
BWHERAE, RESH., Wb, B, SERgAE,. #2
AL EEE (KREEYYE, BEEFLEE Z R BB, 20
ML F IR E 4.1 FIR,

" G4 .
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# 41 RENZELZFAS )

g | AmzraUKrespzze®)| sakeEs Y msios?
510, 40.70 47.6 44,08 59.7
Ti0, 11.00 .7 G.02 1.3
A0, 3.43 7.2 15.49 8.2
Cr,0, 0.32 0.17 G.20 0.2
FeC 17,42 9.4 0.23 o7
MgC 7.34 2.1 0.08 —
Cal 10.52 10,2 . in,.88 T.1
Xa,0 0.44 1.0 0.34 1.0
K,0 0.18 0.7 0.01 1.7
7,0, 0.12 1.0 — -
MoO t.23 — - 0.48

9 1A HERET

) AR T A

1 —ARarIHE TR,

4) T S-12° EHREERLI2015,

KREEP £ b SR 0 Bk 1 PR 3 9 2 R (%)
(Si0, 49,15, Ti0.2.09, Al:O,15,09, FeO7,58,Fe.0, 3,35,
MgO7.75, Ca0 10,61, Na, 02,23, K00.3., P:0;0,23,
Mn00,17),

FRYE HER A AT Y sy B R AT 8 3 =49 B Ol-An~QU#K
WH-BRA-AX), WE 4.1 in (Opx— A, Sp—R
e

B4 29, BERREOEREERE EROTHESE
KEMFERMRBAER, KREEP XRAHEMTHIEEE, |/
HoAgsr#m Ol-An e85, HRSBAMBRT %S KEMs
2.

W Ti BB ZRE R T H R BB B, B
REMNNELLZERN An-Q-OpxH 28 T2 HAL LRH(TIO;
ERTPE, MBS BTERABZXRS R,

HRpiEtha. RIEEAEED, IRFL ., EHRINY

- 55 .
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B a0 AREERTCARDT AL OF An-Quyik iy
I. ERkeky: I. KRPEPZERE.: I—W. ARERE. &
EERRER Tifg, AlE. BRITUHR, SR, W.iﬂi'l\{?&
Mg TiRALE: ETIE, @ TiE

Hibma,

FA4IPFEALEHASBRA ST AIHETH 1 KA.
SiO: RHES", MEHEWRSHERPHER BE, 4% 40—-17T%
Ef. RE “PgEP-12” —MEAH#REN, Hi S0, 8
60%, MEABMLRE, RFE 1.1 FH, Ti0, AL0,, FeO,
MgO EBERK. MARRBHERER C2O SRR,

EBARZRASZRANARY A KRR Z R,
TUBHENE - LEBYH 2 HHHERR. CO 5 ALOZ
EHRRME 4.2 FER,

ME 4.2 B, BRZREMARZRBEENNERRY
BN, BUsER EAEHILERRE. KEZRERBARLOER
WMEREE ALO, AlOs/Cal B4 WIRB B, IR - ke
BAEZRANAR LM A B LA R ALO;, ALO:/CaO Wik
M %

ARERE, ZRALHBEBAN MR L R A NFO Y
MgO. FeO 5 Ti0,, K,0 5Na,0 Z % 249 mE 4.3, &

il -
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P TETETET 1':1 TCRTRTET
Ca (%)
B AREAE. XBERERSBATHBRLS
i CaQ 1 ALO, fIAR
. ARERE, 2. ZRARERREE. 3. BRETRE, S8EF
BRHRERZARCREAGHES
4.4, [H 4.5 Ffm,

ME 4.3 B, ARZAEMNMERZAEELEFOS R LH
A—AHDHEE:; MAWENTFO®R T 5 &. ABRZRET
MgO S B RWRELZHRARENLS R,

ME 4.4 FH, ARZTREHNBIRZRALETEBTION

m “PIES-117 ZRAERH TIC. EARKME. Ei&ﬁﬂﬁﬂﬁ%ﬁ
’P TiO: Y& ERR.

ME 4.5 FH, ARZREMBE % & A K.O0/Na,O

B FA: Wikiek £ 8 HEK.O/Na.O L {EH.
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AHr
I aa M A
22 P T
F . A ‘A
. 20f . A Ab
. o
A
18} ‘:?# _
& el A
?6 16‘ s
L-: 14 . :l'.
R *h
.
2+ . M
i - :.k{ "h‘.
Inr - :-: TR ) L.
3 - ..:“‘ . .‘..' .t "o
Br * t"~.‘.n y -
r - %
o o

743 ARERYE, ZARLRRMETLRZRXEH FeO 5MgO 2[H
WEE (RMEREB)

BREER, ARZBAMEFASHBBZIRENEMLL,
B HEREBAN, HEAGERBRBE,

B LR EEAS S —BRBTEN FERREREEEA LS
WHIES . A Co, Ni, PriETE. WL F. U, Thi, P,
W.Gast(1972) % AP R B T E 4 N=2K,

(DFEHITFE, U Au, Ge, Ru, Rh, Pd, Re, Os,
Ir, Pt, Ni, Co%¥, #5 Fe LR, X & % 4 AR
KRAPEMIRE, WHIRERAR (K 4.6), XHE B iE Y
ARWTHBRLEERARR FHE, HE5PEERTEZ—
Au, MHERD 100 245, B—FHEARRELT AuB EF ¥ %,
REBAYIWNHREGMREZ—.

(2) HEMLRK, XE—HAEFEINTE, BRIET2IC,
&3 Pb, T, in, Hg YRERIE Zn, Cd, Cl, Br, € 1 #
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.E-L-x

. LA A
¢ >
[ 8 10 2
TiO2 (%)

ERZRE, TRMER QRGN RZ RS FeO F7 IO, g
13 & (EARE . ))
.: A 4 L]
¢.51 ™ *
J at s
Ay AL a A ,.."’.-.
‘A “A ‘..:{ ',
-i A a‘.‘l.
[ ] “‘ m_ A I
™ - “
Q, 0.1 I - T
- n = .
£ 3 <A ) -{a'
2, 0,05 ﬂfﬂ
x i ..i
) ol
0.0 ! T }]"05‘"&]1! 7 '0:5.””]_' T 115|r|1i10
K0 (50

B A ARZEY. KRSLERNIERMRERY B KO f NacO &y

R (BHREL D
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‘AuRu Rh Pd Re Os Ir Rt Ni Co

Io‘lr—v
1 A
iy i
10_2!- a3 \ r{ ,/
&y i
\ /1
I ! /
& \ ;
kol \
%175 | {J
ug o
"
104F L
"10°5 :

Bl 4.8 ARMBMRE RS REERITE AL
24y B ‘M F-ndne” BRI
3, MRCE R

BRZAEMERBMAPHE LR ET LHERE. G HgH
FHTE An ERADMEELMRE (8 4.7,

i

BR/ PR R
3 3

—

-
5y
T

GeA.-u I‘fgf[f;béi Z‘néd ClIIS:r
B4 AR RARNMRZBEWNREEELE
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ARZREFESETEOAN, EEHB AR UL
Th, Ba, Mt AHES. XFERNEM AR BRAGERIFE
mEY,

K BEBEREMLE, BT K SEEBREILE,

() ABTEBMER T &, @ K. Rb, Cs, Ba, U,
ThAIB LR XETRSREEARNTD, EK, & £
P WZ R AW KREEP Z R & Er fl Sr W HERFEBERL,
AKX, KETEFOARMNERBEEAIR Fe X, WH A
[Fe LEMMBEMRXRXR: HIE Al/Fe MM A EFK,
BmEAP#H,

B4, AEE K/U LEMETHIR, R PEMMmEP K/U
W IE BB (B 4.8),

ME 4.8 FMH, BiA. A%. BRERFEK/URERK &
BRAWHBEN, RREHFSERE, TR B A M KIETHRR
MA. FFAAY K/U LL{EHK TR,

MABPRBFERBEERE B L WSk, Hadid
HAEWBAFIE. whAE 4.9, H 4.10.

B omE4.10 28, (DABARZR B PEnfsS R
EW A, WA Ba X RHEL Ce MINdBEEER D (IKR-
FEP ZREPHEEEARMABELRE: COOWEHERN
ZiA (ABZRE) P SmB Gd AARKME: (O # & #EE
Zik$ (KREEP ZR4, FBELRE) PRHLIBERLE
.,

Hi Eu BERL. BU5E, WHIERD Eu kX RAHH

%ﬁ%ﬁ%ﬁﬁ%ﬁﬁk*&ﬁ%m%ﬁ;ﬁﬂﬁ%mﬁﬁﬂ

FHKA, B Ca M LAERA R AT, Babr, XEHKA
WHEE Eu, '

A Eu &% En®*, Eu*/Eu® LETREM 35 (J.
© Philpotts, 1970), MHRZ XA P RERS Eu B N Eu™,
Bu*/Ew'* #0.2 , BF Fu** 8 Sr** B HRAALNE TR

EI ¥ L)
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{1 e
w2 5IF 2 5 100 2 5 10f
S WK qem)

PR 4.2 AN AERRSEMRERAS K/U BESEL
L REEA. 2. BERIASG: 5. SRERTHRERE. 1. BEE4G.
5, MEF-LEEEG: 6. HEP-12; 7. WEF-NMEMAKS.
8. MEF-URHER, ». HEZF-2HEMAMARE, L0, FMEF -2
AP12013B R, MARK=~HSR/ <185 (510, R RH)

100
ol
a2
+3
.
B
§ 20}
%ﬁ N‘f_\/—\
B

'Bal:ﬂ.née i‘id S;nE'uCEd D.y Er YbLu S:r

B 49 AREBIBEPRLRZENSE
LRS- BRE, 2 MEFP-CRRS,: s, FEF-120AS.
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200 3

Biygrae
= 2

e
p=]

BaLLJ Ll.a‘Ce Nxd S.mF.lu_(.;d ]5)-' Efr YbLu or
B 410 RREEPEARHPH L RS HFEARERKF-12.14)
Br B 0178 B4 B4 53 8 0 o 47 0 AR AR L

4.2 FEREEH

BT, ARKRERNE 411 BR.

B 4.0 AREAE GEHARESD
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http://www. chemdown. cn



HFERE4 60km, HAKE. ABZE T RHTHEMERH
EAER. RAERBE R RERSBERME R, MBS
FHWER 2.9 g/cm’®, AFRSE IR AR 3 4.2 s,
+= 4.2 ARPKENLERES (R

" A = # ¥ % W
b4t gy g
A-111 l A-14 1 A-15 1 A-18 ‘ A-j7 [ﬂﬁt-mlﬁ]ﬂrzo

Si0, 46.0 43.5 44,08 | 43.97 | 42.7 |[42.9 44.2 54,54
Ti0, 0.3 0.19 0.02 0.02 - 0.02 0.32 0.52
ALO, 27.3 23.29 | 36.49 | 35.83 | 34.0 | 36.0 19.1 25.72
Fel 6.2 4,56 .29 0.36 0.2 1.99 5.91 .72
MnoO 0.1 0.08 0.60 - - 0.61 0.12 0.02
M0 7.9 15.82 D.09 0,25 0.1 2.52 | 13.37 D.85
Ca0 4.1 12.27| 9.88 | 18.85 | 19.1 18,1 1.3 9.62
Na,O 0.% 0.28 .94 0.34 0.00 | 0.36 n.48 4.66
KO B 0.08 0.01 0.0l 0.1 0.02 0. 47 1.08
P05 - 0.03 0.01 - 0.2 0.02 0.17 0.11
Cr, 0, 0.2 - — | m e 0.01 9.18 -

1} BB

BEE R, AR FEAATAR—, NEMEE Bak

B, BAKNABEZXREE Fe, KREEP ZREMHE B U,

Th AL, HXEEARE,U. Th B EMEEEER—#,
M Al 5 Fefl Mg ZMBAEFHRARR.
BB BEASMER LR, AR ARGIRER
WS S A—F, P.W.Gast # AR NFE, WL & 150
kmfIF B8, % 4.3 PR,
COREAIERS, THRRGPUIRUZRER LR R
A. TRARNBEGEEMEH KGR, NERBATY
FIRDERE 8, WFEAERBH ZEAIMCa B &, WA
MRS Fe M AL A 2 | B, SAXFERG

& BRREIHE, HFAELREANBNE, HEERREABEA.
iR AA R S i 54, BER R BE1000—1600°C,
H g {m gtk THRRE.

- T4 -
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¥ 43 ARABEALHOENIE (ERY%)

% @ o TA® | EEisokm | ZRSFEREEG

50, 49.1 48 49.48
TiO, 0.45 0.8 0. 48
AlO, 6.0 16 5.10
EFeO 8 9 17.39
Cr,0, 0.5 - 1.34
MpG 14.8 14 20.5
CaO B.3 12 4.02
Na, O 0.1 g 0,17
MnO 0.5 0.4 0.5

4.3 HERERAMFE D

RFARHREA I EH=ZHEHN,

(1) FEHEER P S I B3 3R th BB, 10 O/ Keefe(1970)
BEARZTRAMBBR L RS b HETHE Co, Ni, Ptk
il BRRAMBIERZE RSB MR, XAEEE
CFig, EUVERERERARMBRZERAT AR A Fe/Mg W &
B K/Na lffl, MHE-RTRGHR AuR GeE H ﬂ%&%
L HRZREERBRS ULE 1.6). '

(2) ARAHMBRAR—-S[LR = B R TR, BRERE,
O.10, Mimmar 32 1, FIRAAIR bR BE/MR S B R AE &%
I R '

(3) WEREIR AR, BPiki. EEBHER A B R A
B, IR—BATE, ERETIRGEBERR, hTehER
BWHIERTAE, FRIHRE TR,

BARSRE T AR 64 ot B I) S5 AR T 3 = 4 il BB ﬁé&: (DK
HEAMFEGERMRELE D ARGFOL R, (2) Bk b o
BaERs (ARG RARAEHEN B 5, B ARIBR
M.
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ARBREF S RRWE, BRROER TSR, TEL
HERERHECEATENBARE, HAEETEREEREXRN
BEEPBRRRYSYH P, ERATFRHEEDTEEARDR. B
RggmEaf, BCaMal, REEAEETRERR B E
P, REFREEKNTEBESNT (%), KA 28.4, BE
F (Ca, Na),(Mg, AD(Si, AD.0;39.7, 425 7 MgAlO,
25,7, $54kH" CaTiO»2,3, HRIEFH CaMg8i:0:33.9, H P g
BRERBEEMRELH. Y ARERYIERE, L5,
BERATHRRE. ABHEAaSY ARBEM 6%, i h &R
#7E 250 km RERIT. BRAKPEEMER (BER) A E
A, FEAY 0% ,EfMFEERA AR LI 250km BN,
ZREMFAREAZEAEEERBERAR., XRER4SXT AR
B mER s FERREIRZ —,

ARk RBESRINEATE, RFERIEY AREHBE
KRIER =9 Hmk. ARGRBRERERXRR T
R, F8BRER G RER 1542 F PEARAR,
Ko BROFRERM., Y ARBHARE S RET BEH
2 RER.

¥ TRRGERBERESVUN. WRHENEXE, AR
TR SR A, HRBEEKESEAER AR, BEE
FABRMEE . A.G.W,Cameron(1973)$ &5, HEkvek oK
BERE, BEEERBERE RFREEKBHEN RO ER
W, F0.206, KRS ARZEPFEEAMERM, 3EFH
B, ERHEEE A S B b, HROEEHEE IHE
¥, ik HRNE, MEBRIREE, RARRHTE,

HERIE s M B A, RABER KN T
B, WEARGRASNTARE, AAVARENTE £ 4 46
ZEMEEN. FREBRARMFEKEE 7. B %, 46—38 {04
MR AREm R, EEENG T ERZERRANES. B
NFEMKBROEN, BEIZHREAS, EHmIE100-200

. Th s
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km RABHE. MABREZARH, FREGARETY, ¥2EF
L#EE, NEEGRERE, FASREGEERSRER,

44 fZAERT ARETRE R, BEE % B BRk i hns
B, AERARRTRBES, 2T B KE-#HKAKS
Fbise CHREH) . BEELETERTRAZES FH ADE
AMRA BT 7E 40 LFEZF, %ﬁ?ﬁ&ﬂ%ﬁﬁn %Eﬂtﬂ‘f
£ A BbRN—HERE KEH. :

3830 fZAERT ARRE LB KB AMHAR, EIEW WEE
B, AHARRZRS K & & 4, SREmESE, BR
“RE” TH. REREBRBARE ‘B BB,

2 30 IZAERM R 2, AREATRRALHE, B H A
RERTYE, MEHMREER. KEXNAFHEFRERAR
EFHBLHEBRE. EEB B, ARREEENBELARFANY
PR AR MRRE LR ERXHABERT, E£EREN
BRRA WP RE Fe, TifiSipfREMEMH, DRIASERE.

4% Sm-Nd i R ERE N AEERER, ZHAEREE
FRERBELHAAREBEE (F4.4,

;44 So-NISE S EREe AREd

B 8 B & Ei# ()
BEERXBH 15085 38.4+40.9
Tk Z B T5075 37.040.7
HEERM0072 35.74:0.8
P& A 10062 3B.8L0.8
P RERE24170 33.040.5
e #T6535 42.610.8
FRETTS 43.7+0.7

H% 4.4 B, AAPEREEHERRE 43.730.7 {24,

G, W, Lugmair fil K,Marti (1978) %, ZHBRE X
METHRE, B9 AREBRERSEITRGLHOATRARR
i BE. 8 Sm-NAd& WE, BMARERELBETHL

a 17T =
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F, WFRS MR 45 12 4 8, RSN A4k g
RN B S R MR, BER A BIRRR 3 2 A 4
HEmsS ., KREEP 2R A BREMASERMH, BN
BHE (43,6 24F) oM, AREHRBRS A AZRE 8 o 4
RERGEME. IBEESHLNBEERE, SHBEHLES
B2 HMLIE 3 .

ERABZRETERL, WEEREMREARET S~
30%. BHXRERRKERD YRS H O & 2 46 28
W, EEEERLNEEBERE. '

R AN R LN TR, TEE M5 0 Bk, &
. WA, IR AN ERE, EUHEMEAS LSRR
LR, FIREEBE AN ZREDFRER R, K
L1 FH, BRABXRELEEZRERFREM Cr.0,,FeO
A MoO., HIEL IS XRELETLRRNEE TR,

LT HBTREMBRENE, 5922 THRER MLk TN
B, BEEHEHEARS, DELER, BHEERMALAE
BERBaEA, FRERMSAHIIAABZREL BT F &
150—500 km MIMMA-ERHR AR B EEEMHERER., A
KHI S P RME R RIS D R 2 ML I, N
LAFEMEEER, FuRER To, 8BS, BHETRNA
W, ANZREREEAERT Y LR RBNE SRR
RGP RR SNSRI, XFERSRE ARED (16—
f248) SRR BRI, XN RAGRE TIO. ¥ BNER,
MK EARZ R A Bl B B A AR RS GREN
200—400 km ) ByEBS IR TG BHEh L Eh A A R B BR A
BEAER REET RS GEEAN 100km) B8 MEmE
B, BREEEEYURBORER, NS ERIEEZREHEATH
1 Cr & f0 MgO/(MgO+ FeO) I 4, [ {k Aok & A
WA, N ABZRAREBERS 6—4424) S5m0
—30 {Z.4F) UM ARSI A SR AN SR AME E HR

+ T8 -
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FBRESRA Y, IR AR SR B ERLDE
HGUERMBRTER, RS ZREBTNERRBEER.

S.R.Taylor (1974) HiRH AEXREWIEESE B &

—WBr BRI 45 2R BURT,  FIERSME 1000 m % A= g U R T
FFEARNFs BB 38—31 47, 4F Ik & AR,
HEREMERZNE, RBPTEEFENIEHN, AEZRLNE
R MEE TR % 300—400 km, —A% 100—300 km,

BEIR, NREE, ZHEREROBETAY AEZR
BR:ARNEKARREFRE EEXS R OEBRE BHEBN
o BEFEREREERE GGE. ERSNe R4S, B4
BRNE RN, BHMIER B 4 HES ARES
¥, EASPRGE—. BETE—F TN,

X ARRMIEE RIBRATE TR, 3T MR AEFEME L
EFEREDY, TEFLHTRENER, HHRRBRTEHE
LR LR, SRR, ANMEETREARSTENEN
EETuﬁhmﬁ+ﬁmkmmwoﬁm%v%%iﬂ#%ﬁi
Mgz —,

$ F X W

[1) P, W, Gast, The Moon, 8§ {1/2), 121 (1972),

[2) E.JN. Pycxoxn. “Ilponcxoniacame JIyan”. Hayka, 12—28, §2—
VL1975,

(3: B.J.Bapcyxon, Becronk AH CCCP, (7)), 62(1578).

[ 47 L' B.Bolfivkesyuy, *XHMUYECKAA SRONICIEA COnHeYHOoH
cucTewH”, llayka, 1i09—3118(18749),

5 C.B.Kapnesro, Veoxmmus, (4), 395(1980),

(6 THIH, BRIFEE. s, (@, 385(1081),

L3 | I
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41.5 HhERAL A

HWRERINANKITEREDIE—F. ERERFH 6371
km, FHEHEH 40076 km, T B 51X 107 km?, 3o [ b R AR
14.9X 107 km?, #4584 HIREHEN 20%, HETEN36.1x
107 km, #2158 AR 71%  HERER N 1,08 % 10%km?,
BEM5.974x 10 g, PHIHE 4.4 (BEAHREN), H IR TH
BIZFHFSEE R 29,76 km/sec,

HERTE KA RATE P RBIFGM, ©HTH B RE S A
A RS e B EEdE . ERMEL, AEBFBERFIOE
TTEEMMRER “BR” . RTHERAEEESBRN B
SMRA—, BFESFEEHERBH,

5.1 HUER R BHC—

5.1.1 BREEERE

I 20 B4EK, REHEPZHIIHHBREHRURPHE B R
HEERE SR RNBE R W, MARRERE, B
KR, HMRGFHRSLEE—AMYKEE B A (10—
10°48), IR RO RERE, LTEEBRE. DENMEA W W
PG EE U, Th, “K SEREHESE, PEKBHR, Bk
SHERRG RGBSR R B P AR A AN RET BEREE
R BATE— AR S R oA B 5L BER,

WES, sSkmE1em’ B ARE 41t HRA
HERTREHERMRE YK A5 0.02% , BTHIETSHIY
i, BT K SR I R A ) . R
VLR P A MM R AR, W R ARES, B

- 30 -
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=51 FTREAIEAHEAFNSRBEERTE NN
CekamfEcm? B
& A i U{ppini} Thppm) | K{%) iﬁﬁiﬁﬁ%‘?{:‘#‘eﬁ
| i 1 {ealfem? sec) _
P 4.0 12 ' 3.8 2.3 107
n ol £ 12 2.7 1.8X 107
EARNKE 2.0 8.5 2.8 1.2X 4077
E- - 0.5 2.0 0.75 0.3%10~7
#HE A 0.05 el 0.012 0.016X [0~
(iﬁgjfz‘c) 2.2 107 f.4% 107 2.7 X 10™1 -
Bawm (5.1,
at -
3 1
#
k224
#H 0, E
H
[

X 10%r

B 5.1 TERWE R B SHER SR e 0 %

L& BERBRNBESYREI00CH BN, BERH, b
BAEATEE, FTREREE. RBXRE, AR
EHANSSREBRESBIRA, WAERYNKHNNRN, i
RYBATHIRE, ZRENERERIENE 5.2 BiR.

V.R. Murthy fl H-Hall(1972) % ¥R BEBEEGT 5
IEy RIS 0% BFRERE. 5% BERBEBR 5 M

« Al »
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g
PRI AR O-4tkm)

V7,

iz 2

EAE N (0510km)

K '
€2900-4980km) TH
{700-2900km )

1)
B 5.2 RRBRABRRERE

() EFRRABIHRE Y. BHAERSHE

DBBYFSS, ERKFRERL, BWH LB,

ORHEAH, BRIEERNRATERR, hALLE
% ERANBESHHIBERNR. ZHRBEYFTHAHSR
1S, B EB R H BRRBE . BT Fe-FeS R FRI R FR B
(990°C), ARy IR A 2R S AN HLEK Yy 5 BRAE R TE B IRIR BE P 3
7. ME\XMBRRERSL, BETHBRTEEEES,

5.1.2 EEHREARMM

AR, MTAEARBBILHNIE, HHERERIRT
(A.G.W . Cameron, 1973), REXFMEE, KHREH H Y
FTHEEARRRENBEREREZYRAR. BRARHERER
B (1000—1700C) FTitfTm. BEZY RSB BB ME .2 &
T

MF 5.2 T, @REARREESRTAE, HAd&. il
LEfE A REARKETER. CQOR ALO, E4EKYEHZ
WP RGN, FHUENSTHEEREBENERSE. R
PR AR B EN, HMIRNEREWME 5.3 Fin.

Ak, RTHRHREBR-AHEUMEZNE, 8
X ER R A ARG W, WANLE .

+ A2 -
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¥ 5.2 1077 atm R AR R YR AEHRE

1 BT
Ca0, ALO,, TiO,, Z10, t500— 1235
&R 12001 030
BEE (Mg,Si0,), @A (MgSi0,) 11T0~19%0
wiERA [ (Na, K)AISi;Oy) ~730
IR # % (FeS) 430
FeO (i A Fe,, 1bgy, ¢).510,) 545 300
B 130
BELS Y 100 —200
EIKE R 0—100
5 3 <0

———

*RC RER RS, e Al

H 5.3 AEHRARRELNHBREREN

— B2 23R A AR AT T R AR 3T B, V.M.
Goldschmidt {WMER AR SR T BN LR, BB 5 A7 W
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FapRaER=R. BN B £ T H RehatyE b
W, ZEERERMFEYR, Bk, fBi\EReREn 5
#0l, HMiRBSABEHREBRLARNERE, T2 hiks
MBS BR, PLOBRREBEMSZ L, X WA Bauerpanos 3k
TERBBRAERGWRST THEGTREABEZE, ZXRET
HERG S, FIMREEEE. BXBROBREHRT GHXNTHE
BF) BE12—18cm K, AR 1om {BEHNEREN AEH
6.4),

B 5.4 ERGREWRBHRTREE
L EPERETHM 2. HEE, 5. AT, 4« WES

B RMMEASEE (41500C), REBHES—MF
BB BB . BRBHMARZE, EESGRER BT
A, TR AR A E N, BB AR A R
ETHE, BBRASREREBRNZREDE, AUOREHEE
S E, TR B S B A Y TR L8 M8 R
AN E2AS T 5.5,

A.l1,Brrorpagosih iy, i@ $ MBS HIERT . 2 &
EHEMESAER, BRT SSBRESER. SEHERLRE, ®
WA R R, TS, AARARFARES BREAA
A By RO R BRI 15% . _

FEMEREFETHRFBY AT OES B 4 18 H.0,C0,
MmN, FELEER, BREEAKENAKE,

« B
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Fﬁ_"“ . (_.‘:10?." :
Cithgn i

H55 TRAHRNGETER

FOMRIEH R MBI, Rihsemek BARRE W, R
PR ELTHEEERER M. BRRTRElREREE N LR
YEFE. BARNEH TRHEMBFENEE. BREE
MR . APERITEMAHHFE, DRTRFEMEMS, HEE
EREAWH R, TRHHEE, ERESR DY EERTRE.
A HEBERARAG TS, RERSHERESESR. K
BEARBE SR, WRHANRLTHERS. DRATREINRE
i, MEeFRATEA. KRR ERET AN REE, B
RASE, E, WENEELKR. NRLFHEESTEMA, M
BEEEPRNN. YYREEREBESLN, BEUREs
Ze, Bk, WIEARBEPREM, BURAREEYSN BRHE
BEHBRR, F—AABREHUEEERE ¥, he.5—7.23
8.1km/sec, WHEEFR KT 26—70km, ¥JETH 4—13km
A, MEBEEFEHN T BNk % % A, Mohorovicic
Ky 1908 £ RI), HHTSHERS F AL, B E E F 2900 km
Ak, NEREHE 13.6km/secy FHHERY, VW HEEBBENH
FE5.7g/em® , P AKRIHEE W o 4, EHBBWRER
. 2000 km DT, MEmLEL, AEEERERA ., BRI
H, 2900—4980 km FALRKE WA, 51006370 km AT B
Z, EHLHBEEENR 9 —11 km/sec, HBATTHE, EH
B, HMEBBLRYREE B 6000—9000 kg/m®, MEPLIEHE

- 0 +

http://www. chemdown. cn



3% 11000—17900 kg/m® , 3% FHBMBE B 40 R ER
H, RGARER: (DBTFREBRMES: OH R £ R 1t
(3)Fe-XNi f4r M,

5.2 HEBREOAL2E S0

WAV ) R, REMRE, R, s
T, REMERRAR, mARA S =W, R, B8R
¥ (@ 5.6), HFEHbS 2 AR FAREE KA ) W W, o

40km -
e, Mohorovicie

5"'1501:" i
4(0km 650 ko [FIBFE
L 000km :
RTETIRRe]  i HAR ISR

. by,

>, Jole ot

e s rlne
AP R A A
‘02.0.0.000“
)y

B37tkm

M 5.6 MEREEESW

#HEBE (Moho Discontinuity), Hiid5Hi#Z Hdt—4M
Wi, BNEE® A E (Gutenberg Discontinuity, 1914 3
# B-Gutenberg ZI), HRFHH—LELAEROE .3, R
WREHZHAWT,
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53 HBREFTHN—BEERMR

& W E E 5 B # R | B B | #BYTE EYmETR
(km) | {g/cm?) & (10%g) 5 €3
o A& —a 2,7—3.0 0.8 2.4 0.4 Q.68
) 49—400 | 3.3~38.7 16 62 10 15
B % | wo—1000] 3.7—4.7 i 160 17 24
T # @ |looe—2800{ 4.7—6.T 44 246 41 i1}
o 2900—5100{ 3.4—]2 156.4 139 32
R & 5100—8371] 12—12. 8 0.8 189 32

5.2.1 %8

BRERARNSBEHZRANERSEEMEAER, B
BaANRENERE, C5KB. KB R4 B 4% mm
B, ENSSRAARERWEAEN, BEAX 8848 m(H
DRB kTR R G), BIEAEMER T 11022 m Kk

FEP RGP, Marian deep trench),
WA A REES 20km . #IEBEEAHREAY

Bk H 5% %
5 455 R X

MAAEZAFEREER, WEAMRRTBAEBFEZS 0

B/ 5.7,

C oA km)

B 5.7 KEEREMARRENEREE

. KEaMi%

Wﬁ.ﬂgﬁﬁ Wkm ., EEDREREEN, WFTERKEF % 60
—70km , RERWFERMBTEE 4 34km, WHEHTFEERL

. §7 -+
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B3k T0km , BHFERYE, BERE. FRBAMER RS HE
HAFEHE 75 km , Eﬁfﬁ'f‘]—?—ﬁmo jﬁiﬁ: 5% ﬁ%ﬁx@—n r)aB
BE5H & BIES, B4 3.5km, FUREM 75% 4275 K ki
5o, BAMSEAAE ARMIGE A, Ko BERENIBE
2, BPEEER 1—3km/sec, HRATHEHE SR WE
REE, PHEYA20km, WE2.7., SEAEEEE 5 0N
5,5—6,5km/sec A1 3.5km/sec, & THERER, Wi

B, BEX20km, HEH 3.0, RPEAREEE & B H6.5
—7.2km/sec M 3.8km/sec, BRERBEHZRIBZ H MM F
W A4 E 85 @ (Conrad Discontinuity , 1925 4F % D,
Conrad %50), °

2, KREEHE

BRERER/AN BAS—10kn, HREERAF1.6km (#
ERMARENTBRREMNERER MBI F K 4 1600
km &, ZEREHRBAEESE— Kb m R T HE EfJ.
1981 48),

KEHER - B RAEANARY, EH0.5—2km;
FHEEZRA, F&H6—3km, HEE K HE: HEEEAR
B, ERRAEENT, RBRERHHERSE EmiEm &
BRI E BAHAAN, FIRAERER g Tt kiR
WER, FBMREEHTEE,

AR R4 o R ST (UKD, Eﬂxﬁfﬂiﬁ:mﬂﬂf #®a
EREBERD, RURERE, AFEBESIRBAEZN, iR
2—3 km,

ABAEFEERKSBERT, EHTERERL BURHEBE
HBR 21% , MAMKRL 64% , IWHRL 15% .

AWM ERMAFLTEHEAAREAR L, HikEilayhs
WA AT B, M#E 5.4,

IE 5 ABH, KB P S0, Fe05. Na0O, K0
SRBE TREMT) W ALOs, FeO, MgO, CaO fif F A ¢ i

- g8 .
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% 6.4 KEEMAMRFHARGTHLZENE
BPSEBRRAAE. EREVZRER

- wo s
OB e
L osio, | a0, | 1?620,| 0 | g0 | CeO ‘ Na,O‘ K,0
* O a0 5.2 2.5 3.8 3. " BB 3.0 2.4
F OB 487 18.5 2.2 8.7 6.8 12.3 2.8 0.4

o WERRBESHANNEN, BELZEEEHHR.

5.2.2 i

HMAEEEERE 2000 km BEHEREBS, HRRY R
B 60 %ol b, EHEh 80 %l k. WIRERMTRERN,
HILHEAWTSE. ETRHEE, H10x10%bar , HBAS=
A, (1) B, HAEWD 400km, IS, FXE FHE
BN 100—200km, RPETHEH 50—400km ,BES 1200°C,
ERBETHBRAERLARE. ARBRETREEESLAD B
FRwE e, Al— 2SR RREh, XWaHne
YR MM (2) CH, § 400—1000km, R I EERE
Wi, BHEBATEL, BES LTg/om’, BHHE, LETH
SAMEER BHHMTHHALMNE B K20% . F600km Y
T, REERFETMERETREAREM. FMIRENMD, HRAn
BT B A AE L, AEEHERN, EREL#EmE
SR S AL 2R, (3) DI, B 1000—2900km , BIFH
85, RS X RN ENER. FEEEREEN LR REF#
BImraT, PR H R A B A TER £ 0,32 Mg0 +0.18
FeO+ 0.5 Si0, (JERI) JHEW AL FEE A aifil s thik,
HIEMTAE S 2 20% REHBA.

WS EARIEEREEA N RS, T aEEn
T (Mg, Fe)Si0, , %A Ca(Mg,Fe, AN (SI,AO), AW A

+ B -
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A.B;7Si0,7 (A =Mg*, Fe*, Mn?, Ca?*; B=Al*"*, Fe™,
Mo** ZE) RRETYREF (Mg, Fe)(Cr,AlL,Fe),0, . A
W7 Ca.(Mg,Fe)s[Si,0:): (OHI, 1 & % & KMgilAlSis0.02
-(OH, ¥, %, ML @nn#gs.5,

% 5.5 MRALSHAE (HEW

& # [SiOf MgO [FeO A1203|(330 NagO | Cr,0,Mn0]| P,0, [K,0| Ti0,|NiO

Hingwood 45.2! 37.5 | 8.0/ 3.5 3.1] 0.57 | 0.43 |0.14 | 0.08 ic|.|s [
{1o66a)

Hulehisonjss.ol 30.0 8.0 3.5 |3.25| 0.28 | 0.41 [0.11 — [0.04] 0.09D.25

(14974}

MF 5.5 FM,80: FRA THEES-FHHEELE P,Mg0,
FeO, ALOs;, CaO BTFHEHS ., BIEBIEE-B AN,

REBHABERE, B hEHRE £, W0,
Ni, Pt, RREEHEHRA LB, ARERUENTHEE
B, BERATERMONFBHRE. FARBMG AL MR,
A EHBI R ENKREDREREE RN, BEAH 12kn’,
REYRERAEHEZSZ AR, XRENNTETE
Bt RS AR RBBY FRARREERL,

RIELW PR ABIE IR, BT MESFEEIEHER
EEXWNR, )

(1) PR RBEZRE, FBA%RNE NS (415—400)
B,

) BESBURBEZTRENNER LIRS, SHBRERYE
W RS (#5—109%) BB,

(3) fff il MR 5 ok B h 4 b (B MR B X R B X IR
SR IR, R B R R R B BRORIR P AR B R R ER 4 0 A
RESHRATD GRS,

(1) KEZAEFHEARK BB RES, RB kb

- 0B -
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S I .

(5) ZREAMEPFATHZ ﬁﬁ?&%‘ﬂﬁﬂ%&ﬁﬂﬁ,
FEREFETARNEEIBES R,

(6) WP RWREBR, BBEREHEREME RN
g A B A i BLER B IR R

(7y KXW 2 5 BEE, Bl REBSMrEY,
HotrE R TRO L E SR BRA &,

KERBRERXRE *ﬁﬂlﬁﬂﬁ#ﬂﬂs. Fe/Mglt i 8%, K
&R,

AR, MBS FTE, BRLFHERRLH—A
BHABR, AERERMCENRELCENDEER, H—Pirx
BB A RN AN 5. MRS,

(1) BENFE FHRMEZREH Sr/*Srlb 400, 70266,
T ER Y 7 Se/% 8r 2 0.7045, WIHMTHE, FNwd
B2 R I X s R4 Rb B3 FH O X P S,
HERZIAR Y St/ S h{EA 0.7020—0,7058 2[4, ik ¥ 0
DRZNER HEPHEEEHIRE 7 Sc/*Sr ik 1, EH%E
BZRHERE -4 SREHOBEER, Ml 505 09 S/
*Sr R, “HEGEARRRY, #HEEHAKN T S/45r
B (0.719) 1, —MeRBh, WP ¥ Sc/®Sr W & 15, MIRMH
B RERANEE KRB R REE, Bib, N Rb-Sr
FMEEREE, HANRZREMER 4 R 15.7 24, @it
ZREHERA 14.7 248, KF ¥ R Kb — sk hdo
M RN ZRAEFEE Y 12 24E, X R T H8 Rk,

(2) KRR IRB PSR B E S S F e,
TR EZR AN O MBT +5.8% MMHEZ 2 47 6B0 2 1%
F+5.8% . XEXARBZ R ANMIEZR o+ TEAREHH—
H BB X '

(3) WRAME BERHRZ R 5 60 A/ Ar hE— B
T 1000y TR Z & E 0 Ar/* Ar 4EE T 1000,

9.
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SHe/' He b0 2% 107° , B4, *"Ar/* Ar il ‘“He/*He 755
W R E R R AR AR S, B E B R
e
(O HETERG LIRS BEE A ¢ XK, Rb, U, Th,

Cs. Sr. Ba ZHop el ¥ #2515 10—100 4%, 5 # K/Rb
Th/U @480 400 1 4, J5% K/Rb #l Th/U B #E 5
Yp1052 F1 2 . BAESRABRSZTRERGIRNOEEZ KA
HHREBEE, JEMRESERTREELBESR, RORBESR
FE AR AR AEBBE, BANEHRBHRELRED
& Cs B hBiE:; B ENERREYPR LR N EER
BEH,

5.2,3 Hikx

IR 1 2900—6371 km IR A iE. B IE R un
km, #5HGRFEED 2% o REHRWIE, BETNA N,

(1) 5ME BB 2900—4980 km, 7EMBSABHREL
Bp 2900 km %4k, RTLER AW BRI IR W B ERRSE,
B R DT AR AR F e, TR AEseds IRk b
BRES.
(@) MR MEEA 498056100 km, FULIREEEEMN, 9
R BB AL R A, HAE R R T B K, Ak
e B R 5 2 T O BRI RSB SR

(3) PI¥E BB 5100—6371 km, RGN EIE RN,
o M R AR

BENA NG, MR Fe hhay Fe-Ni &84, A
B O B R 4y . (HIE AR R FR A TR T T BR £ 3
BRLRERRY, GERERSSHTEERBEHRS, B
ERFHLA R Fe-Ni &4/, BEE—WS (4910—20%) BT
#, BAWEES, SifC, XEBTEANFESABREAEN
5 HER /D o

- 9.
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5.3 MRG0

PR RERLREERB SRS RAES, BB
B MFH S REHOBRERE, BHEIRTOEEKE, <AH
AFREHERERIE,

AR RSB, TR ERNRER R UM 3
SERI T, 14% 10% 4B, FE HORIE R AW 30 {7 4 DLRT, Wi
KRBWHENR, EHRE—SHR=EEEREER. £/ B
PR RPLBEFAHEE. XRELBHT S RN RRE
AR, HBMESEARRBEN —MBRAFEH, NR
BALERE RPN RBEEFEREENFR, BARSMAEAR
R-WRAABIERNEEFR,

TE MRS R AR AR, ASERBRESTRERH
FAERY., B RSB HR SRR R A,

WG ERE AR TR, EE ES.CH,, NH.CL, &
O, RATE 25 LER, BHRBAXREY, 2XEER,
AEREWHEATL, HFERETRARSER YTREXR
#H, BR-ERBGTAE, XHTHRREPXLEHER, 7
Wi NHLCL, S, B HESEMMES, Prilxigs ambeiy
BRET,

EXREEAPBEREENEEEARNER &8 CO. & £ H.O7
TRIENRA HLO M@, TR,

H,1%0 + C'*0,—> (HCOH) + '50,
B RSP AR IEE AR CO ER., BHEXRY% 2.3Y%,
KABHRRNEN CO MR, MHEL, HEBHIR XL & &
R, RBEASTRARYNLE,

W TR S E BB EERAEY TRMLE s, RER
DA B, MEBSARHISRA 0.05%., %% &
RABERLT, TBHRAREE £ 5, B X WS, HSZEHELL.
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SO W%, FRBMAHE CaS0.«2H.O MEHF CaSO, FHIM
e
HERH G CO. 1 B K K. CRAGPHRESEBER
HF Bl H.O BySEAL T 5.

C+H,0—>CO+ H,

H, 0+ CO—=>C0Oy + H:
AR CREMUBREA R,

C+eH,—>CH,
EREads CHAREEIRRED AN, TEAREEVTER
HREHENTEC, KB4 0.01—0.1% . HiH BHRAA,
BREREES, X CBE, EHFB G R /R, Bk %Hn
EEA AR NP EIE B E M CO.. CH. 4. H#
BRERTE, 8m R CH,, LIS CH, BE &4 TE
1 €Oz 4

W HAE R AR, Rl H.0 MW K. BaMlzd
by HeO MTTiRe WHFRH, SFBBRER2.4x107¢,
HEAEERREE 1,6x10%t, DL E B, ABEATHAEXK
BBk, FhRREEEY, {2 ® 4 & H02x
102 %, M TRAKEE 130 2 4%, ElbKRME—RE LM
8,

ks B Na*, K*, Mg, Ca?*, Sr** B3k 58 AR NB
o EMHESRERSEDR, I Cl-, S04, Br~, F~,BO",
CO, BEARBHRMNFTENRME, BIIATHMERR IR,
TR P REMEHRKAMBERLER. BAFR. &
WHRHEIER . SBERLRS, B aKEg.

#LBTR, MR i RS R A . FES R R B S e A
th, L5578 RAFEMREARE M, REER SR BRER GORER
% 45—46 257, KHBBFER R AR S Mo R, It & 5.6,

MF 5.6 B M, M ITZEERE, KEEHTR B &, 37
ZARDLED, WERADEER 10kn , AN 40 km, 40kmf

- 94 -
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¥ 5.6 FTRANBHXRNSHEGE

L [ 1 \ 2 3 4
FEE LT 37 37—27 2720 20—FRAL
FHERER( 0%km?) 0.4 12 26 110
M BLE (lom) 10 20 40 40
R/ AN 0.1 1 2 4

WFTE 20 {2 4F VBT CRIE k. WIBRE, HMIZERBERS
MK, NRTRBEEIE, EREERENE, RHENE
BAERBEEE,

FEXRFEEARARENMN, HRBRPHES R EEREG
Bk (£5.7),

# 57 XRMEEZRFRENEFAIOER

\ % E s ()
GE - :
}. Si0, | Ti0, [41,0, [Fe;0, | Te0 MnO’ M-go[ 0 ‘Nz',20| K0 ‘ P,0,
1 650.6 2.5 ll ih.2 3.4 1.5 0.2 1.0 9.7 2.8 1.4 0.2
2 | 59.9 1.6 | 15.0 2.7 6.0 0.2 4.4 6.2 3.0 2.8 0.2
3 | 62.8 1.4 j14.8 2.4 4.0 0.1 3.3 5.0 3.1 3.0 0.1
4 | 88,6 1.0 ] 14.8 2.2 3.0 0.1 2.5 4.0 5.2 3.4 0.1

MFE5.7 AN, MHEERENEL, AMEERE
WAE RS, B Si0,. Na,0, K,O B Fe.0, , FeO,
MgO |, CaO MM ALO: , MO, P.Os BERK BIEG.2
w2, BBBHEABTL, '

R AR RE ERM R, EhXRARERY, 20
4RGN, BAEERERBR, EAEEREL, SHBMER.
BE 20 ZEURE, ERARXKAERTER, X R FlxhEs
SrEasrdi. PIMEREERE B EHEREL 86X 10°km* Pk,

= 8§ +
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€6
15k
64p

820

l.
60

L)

- s gy

i‘\zo o T .
MHQ-E% . .., MaOPOs
1 - 2 . 3 4
AFSH
B 5.8 ARG ARNHASASELED
{A7E 20 4RV 0 RGBT B R EBALY 1/10 24, B
REEHENTREARS", BH AR R AR (4,1—2.3
Z4E) FIAR (2.3—0.7 Z4F) BRARERE, 24 & B4
WHEE 80% LIk, BIA KIS MR B0 E IS0, ,
Na,0 , KO & B8N, FeO,MgO,CaO &BE /R HHIEIE,
5IAR, SEMTRE—RTRSRNDSL, WE 5.8 FHR.
# 5.8 i, BEMFMRA, ERMTE Fet*, Mg, Ca?*,
Co?*, Ni** Sk, WIE—{frm & Lit, Na*, K*, Rb*, Cs*
SMEHT £ Be?t, TR, U, The*, Zr**, Hf*Y, Nb™,
Ta®* S&BRBE, XA EERETHA 03 %, ENiEes
PR FEEHAL 63%, HAEPH 4 Y 2%, Hik, KRE
MW A BN, BROEE, BET O™ SHaMRd,. BT

N
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%53 BAERLFANHERLEZRISRTE

_ ) l Z R R ()
R : o
| 37 ! 37—20 | 20—I4R

Li 15 20 10.
Be 0.4 1.8 5.5
Nb 20 20 20
Ta 0.5 0.7 3.5

w 1 | 1 1.5
Sn 1.% ‘ L.k 3

Fe 8.0 5.9 2.7
Co 45 | 10 B

Ni 60 ]| 55 8

0 43.5 ! 18 4B.7
r 470 l 560 800

i} Ye. OA%. Hgm@Appo.

B 5 O MR T, RAAERER PSRN ETHTHR
S STFREIE 2 . MU NBHEETPIEWNTE SRR D,
BB E-HRREA LR SRS, WA BT,
XBERNTER LRIFAN, E-AREHrEMmn, WEsE
T4 08 e AR AR T AR N iR

RTHEEBEATPEEF IR FRE O A A w i
THYEE, FEEEREETEHE, DEE=ZEAE. BR
WRE., B AA Beye &, BATHMSREBER2. B R
- (1965) HEMBERA. EMA. PHA. BEE, BS
KIS FRMEFIA F1.83—2.20 2 8, 1979 EM@ i B &
REEE PR ARE R 489 MM B S W ENE T4
F 1.95—2.08 ZfH], HMUEHMTHEBRLSH PIETFH TS
Bri5 O b RREFH.

FEFES 35—26 ZAENT ), B B MM R AR RRT
Tk fima R, HiSRZe=11—12 (#="U/"Ph), £H
YU 5 P GiidERn; £I18 € iR RBEHAE

+ §F o

http://www. chemdown. cn



MR ete FE, HERe=05, FUTEHREFUSERYE
W (B 5.9,

30 /204P
o
5 _in

—
=y
o

|~
Cad

2080 /2uP Y

B 5.0 MmiRAmpEE R8sl
1 BRLEAERRTR. 2. BTLAEATTL

XEEFEFMEMST IR, JLRRRERR X EER
WML K i Sullivan , BN Zavar, MAFIIEA) Broken H-
ill Ml Mak Arduor, 3% 2 ) Ferhaty, # B & Korfskie 8"
R, REXREFIRGHE, £E A T EENHRHEERRR

30001 .
4)
2000 D
8 -
il
B o0}

(1)
{2)
(3
(1)
(5)

. 98 .

. L1
0 &m 1000 1500 2000 2500

wEE km)
B 510 RRECMAEREENER
Firi mRE :
5 LR E M S R IR 1
LO{LAER BB T,
LRI SR,

VO 5 PUGRTEA 00-~800km B &b &k JT 55 I
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i, HUSHBRRERETEE. MNP ETHBERE, WS
P B A W Y B SRk B A f S R, s
WS, &T U, Th i #4, U, ThE &, Pbig
M. BIAMBTERIE, RIUKHERELD 0SB IERBL,
Vi B REERAR, BRNHRLEE (K EAMMEHER
",

- B, EREERREALE P, BEBEZEEEL (5
5.]0)9

B 5,10 £8, EMREDHE, M ARES, BEAS.
5 ¥ X B

[1) K. H.Wedepohl, ‘@Geochemistry®, Holt, Rinehart a1 Winston,
Inc,, 39—42 (1971),

£2) H. 8, Yoder, Jr., “Generation Basaltic Magma® , -Washingion,
D. C., 8s—101 (1878),

C3) W. H. Freeman, “Earth”, San Francisco, 5—13 (1978).

[4) A. E. Hingwood, “Compsition and Petrology of the Earth's
Mantle”, McGraw-Hill, Ine., 6— 7, 56, 554—584 (1975},

C8) V. M. RREHSS, kE. SRR, GhaAsy, i,
6—20{18597,

(e] A.Jl.Burorpamos, BeerHux AH CCCP, (9), 141962},

(7} B.B.JdoSparornkcrul, “Xumna 3Sewsaw”, Ipocsemenwue, 5—
‘35(1980),

£8) P Henderso, “Ioorganic Geochemistry”, Pergamon Press,
59—74 (1982),

(9] B.B.IIYepSuma, {pex:), *“PaagencuanecdseMenTod U HIOTOOH
B reaX#AMAyECcKBX Dponeccax”, Hayxa, 5—i13(i979),

(0] BERERE, WEE, BREE, (3), 213(i8d),
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41.6  HiFEP L TTR A4
6.1 HFEPILEN BRI

BAPAELENSIBEMARLERRIAN ERZ N EFZ
o HTRERANMGRMREG RS BRAG R R, ERiE
FTEBAERLA DT MBHE R, WEE E#H— S
FEARF s i o g b g,

BRPAREAHTREBEAAPESTEMNRFES R, HK
RHFERERE, MWAANHN Clark (., '

EARFEERTAERE TRELE.. 2HER, HEFES
A, FHRUEERRRNSNRRE R, WECLIHR,

ME 6B, BRPDENMGEA SRR, B
EREUTILE,

(1) BRFREEBHOHRERAR, BEREHE—
oy, BIHEREERNTLEN %O, Si, Al, Fe, Ca, Mg,
Na, K&, RBTREMGTRASRFTER M s%Rllk, MRS
MAETENRE 1%%. RABFTPRENSFTRAHBHTHS
H., U= TE O.SLAI RS KMFER By 84X (B6.1) ,
KA MBS RAESDRARE . BRARINEHIELE
MR AT, R R R R 4 B R TR AR, TR
R ET AR, BREELEBRRPARRLT
WM., § R EAE 3000 ZR, MAHTHL400—500 Fh 47
MEHERIDAREERNET Y F6.2) ., KBEETH NHE
KF. kR, MER KCAISL OS5, HEBE % 700—
1000°CHE, BRI, HHERLHEEN, HEYHREE
FEOF, SRR A T B EE, ERTHRE B, Fw
MO, Si, AlFTRNTHE. BRIABRZITHOSERE, B

. 100 -
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% 6.0 MEHTERSE o)
BT | A T1. BrEgo- S‘R.Ta}r'lorl B.Mzson (K.[.Bege-| £ &
JEETFETpages no Ik
FF¥ | | © (9823 (1964) (1966) {1967) (1u78)
1 = — - 1400 700 | 1400
Hl He — — - 0.003  |5.3X 107
3 Li 32 20 20 30 2
3 e 3.8 2.8 2.8 2 1.3
5 e 12 | 10 10 ] 11
6 C 230 i 200 200 320 2800
7 N 9 0 20 20 18
8 O 47000¢ 461000 466000 472500 4.6X 1P
@ ¥ 860 825 625 720 450
10 Ne — — — — TX 1078
1 Na 25000 23600 28300 24500 23000
e | Mg tRTO0 24300 20000 13900 2.8 104
13 Al $0500 22300 81900 78300 83000
14 Si 295000 281500 277200 305400 2.9X 10
15 r 930 1850 1060 216 1200
16 £ 470 280 260 110 400
17 C1 170 130 130 320 280
18 Ar — - - C0.04 0.04
19 K 25000 20900 25900 28200 17000
20 Ca 29600 41500 36300 1870C 52000
71 ‘ Se ! {0 27 22 L4 18
22 T 4500 5700 4400 4700 8400
LI a0 135 135 a5 140
24 Cr 33 100 | o0 70 o
25 Mn 1008 450 450 &00 1400
26 | Te 48500 58300 50000 35400 5.8 10
27 Co g 25 2h iz 26
2% Ni 58 75 75 +4 .0
24 o 41 55 55 i 61
30 :l Zn 2% 70 i) A0 34
a1 | Ga 19 i5 B 17 '8
32 | Ge | P4 L6 1.5 1.3 L4
33 ' As | 1.7 P8 i.8 1.7 2.2
SR
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BT+ A T1.Buno-S R, Taylor| B.Mason K1 Bexe- M R
TCE ¥ Firpanoe monn

554 {1962} (1944) (1966} (1567) (1976)
B4 Se 0.05 0.05 0.05 6.0y 0. 08
15 Br 2.1 2.5 2.5 2.9 4.4
36 Kr — — —_— — —_
37 REb 150 90 uf 120 78
38 Sr 340 375 375 180 400
39 Y 24 13 33 i4 24
40 Zr 170 185 185 180 130
4l Nb 20 20 20 20 19
42 Mo 1.4 1-5 i.5 i L3
43 Tc —_ —_ —_ — —_—
44 Rn — — 0.01 6.001 0.001
45 Rh — — 0.005 0.001 0.001
46 Pa 0.013 - 6.0l 0.0l 0.0
41 Ag 0.07 0.07 0.07 0.07 0.08
48 Ga 0.13 0.2 0.2 0.2 0.2
49 In 0.25 0.1 0.1 0.1 0.1
50 Sn 25 2 2 2 1.7
51 Sb 0.5 0.2 0.2 0.2 0.8
52 Te 0.001 —_ 0.01 0.0 0.0008
53 I 0.4 0.5 0.5 - 0.8
54 Xe - — — - -
55 Cs 3.7 3 3 2.1 1.4
58 Ba 652 425 425 590 350
57 La 28 30 a0 44 39
58 Ce ke 80 60 75 43
50 Pr 9 8.9 8.2 7.8 5.7
60 Nd 37 28 28 30 28
B4 Pm — — —_ — —_
62 Sm L] 8.0 6 1.8 6.7
83 En 1.3 1.2 1.2 Y 1.2
84 Gd 8 5.4 5.4 2.8 8.7
85 Thb 4.3 0.9 0.9 1.4 1.1
86 Dy 5 3,0 3 8.1 4.1
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5%
BT A.IL Buno- [S.R.Taylor{ B.Mason IK.T.Bepe- | %
% B Elrpanos NorkE

P (1982) (1964) {1968) {1967} l { 1u76)
&7 Ho 1.7 y.2 (] 1.8 1.4
[T Er 3.3 2.8 2.8 1.4 2.7
68 Tm 0.27 . 0.48 0.5 —_ 0.25
0 | ¥b | o.3 1.0 3.4 3.4 2.7
71 La 0.8 0.50 0.5 1. 0.8
79 Hf 1 3 3 3 1.5
T Ta 2.5 2 2 3.4 1.8
74 W 1.3 1.5 b.5 1.3 1.1
16 Re 110 - 0. 001 0.601 53X 1074
T Os — - 0. 005 0.001 0.0}
T Ir — -_ 0. 001 0.001 g.001
% Pt — _ 0.94 0.005 0.05
T8 Au’ 0.0043 0.004 0,004 0. 004 0.004
a0 Hg 0,083 0.08 Q.08 0.08 0.08
81 Uy | 1 0.045 0.5 1.3 0.4
82 Pb 14 12.5 13 \5 12
82 Bi ¢.009 0.17 0.8 0.2 0,004
B4 Po — -_ -_ —_ oal
a5 At - - - -_ —
a6 Ka - - — -_ -
87 Fr — - - - -
88 | Ra - - - - -
89 Ac — - - - -
80 Th 13 9.8 9.6 11 5.8
91 Pa _ - — - -
92 U 2.5 2.7 2.1 3.5 1.7

RE B EBLHIARKK & O, Si, Al, Fe, Ca, Mg, Na,K,
HRRE, XBTRERTHHEIBTREL K (H6.2 ,
(2) Hr 75 o8 5 o BRE IR T e 500 e ok 2 (6. 3)
M 6.3 8, APRIEBNTESEE. METFRIOY
X, SERL, MEBHTHRLEY., XERKBEE LEREFEN
BEEAR. BEYETEHRFMF PR, RREEEHILY
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C M oe #ASTFEASEREFEE (8 A L Berorpanos, 1962)

® 6.7 HEPFYNEE

|
7 ow R (%)

#H ; a2
kA 2
a ' 18
RIA 5
% h 4
b ey e 4
2
1
Q

BT, T
Ria
BEE

+B

N N .5 g
Bl SR TFRERTHILMNGEYM, BREE. WK T F K
Z<20 BT, BT N 5RF £ WLEST 1 (04 & ¥
RAD B, MEBRRE FWed . By 0. f;ﬁla,mi.

NCa AR, . BFREXT20MBEEh, N/ZH HER
BAT1, GEACAPUSHR. BENB T H, N/ZHL
A 1.5, FXEREERSTHAHEE F N/Z=1 0%
F. BMETHREHER, BARTFANELRTEN. HBHEH
BEE, FFRATHMBER, ERESHE. NIKRE T
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Hose BESMABEBMZNEG
|, B 2. AREE

(3) MESAREREROTRERE REFNERask
SRASEFH. IRHAREUABREHNEBESESE. B
IR SENETERRENENN SRR, EB5HL
THEURER, BESKEEARREESHERTLES, W
KR, YHMRBESRE, AHEARIAShE, HUHE
MR RS R

(1) WAREBERER, ETFEVERNTE, HHB
SHASHYTES, THABLTRRY, TRk, X
THREFRBERN. BERNEESAT TR HEN. REM
WREE, BIARENFUEEEREAR T8, & H. He,
Li #i Be Wt E 5, %Ei?ﬁﬁﬁﬁﬁﬂ m, WA 2.2,

A L
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ERATRERD, BRRMNHPLZER 5, NEFFIEHERY
HRRENEERETHHENEEITR Xi.Li> Be<;B,
o 12Mg<TisAl, 8P 168y 23V 22y Cr<Cas M, 1/Ga > 5Ge<{ A5 >
2:5e<sBr, Zr<"  Nb>> oMo, Sbh>aTe<nul, o Ta> W
& (HEBRITRER '

AR BRA IS, B RERBHINRESEERO R
M -ZHEmWE, RREHABARMEFERTFHS & 8 H
. WEA=ZARA ML R 0, "OMO", Hp “OfEE
H99.762%, YO % 0.038%, 0% 0,200%,

B BRPEENSHEBROBELS RS, B
EREABL.BRETIMIATCKEEN T NFHLEAR
¥ SR H Fe Ni,S.51,Al Mg, Ca ByEEMN,: B T
EAGR R U, Th@4, Phi, BikEH 5t % wEER
REBR XA, LS. TIARENR, &M, EbBIREA
RTFAWES SRS, B4 BEFRTERGHT LRBEA,
TR FEORZ ZER N, MEER N TR
9, Mg RIERERR B, HWik4%, MEKRTES U 8 4
Ik, WHXER (H6.5),

HWRPEZTENSEROUEMIRALOREARE 16 ) 3§ 2>
—, MEAEXFEFMBFEEREES, DREE— &N
AR FERPETROSBRS A P TR,
BEATNENEEEBR, . A RIEBRERER, GESH
AR A RAREBAGE D HE RN, TEBEE RS B
AR EBAMCERER, M EETES . EERS B,
ATidE B4R, B, REAFPEANASERTR, Bk#
BAKERRTHLE, AUFBRERGREET IR T
HEHEEES,

P g (EBFETRISHYNR 4.65%) K, 78 R K K
R 1x107 g/l BIEMEABEEMEY, SUST % ¥ B
Ao BB (BFRIHELN 3x107%) X, ERXR KBk
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90 Ny Iz ﬁ;iq
Meyy om F -
Meia Fe
20
1 Alg,
70—1 Slls !
(607 Sizg
50 | on
40
301
048
a0 Fegs .
101 '
0 )
| WHEREE | WRTESE

B 6.5 MRTMETERENE

AR 1x10 7°—1x10 *g/l, MEEKE, HHABRENEGH
BRI, FRBRPARHT R, MAL Fe, Ti%, X
BAPEIRM HACNKTORER HABATBRDT
REXRBAPHESBAUBET R Yy BRE, MASEN
ERFTPA AR’ AAH R, MWNi, Co, Ca, Mo FEXRR K P
FRAy ax107°g/l, RBEMIESRFHIHRD: FHFLL
Rb, Cs, Se, Br ¥mREXKKPHERE, HESEN £l
XM HRAATR, FAREBHILRERENRER,

Fibhs WRALRIGHERERABE b e KR ¥
TAMARE. #if0, NafoCsfefeteR ERE 6, 5B Ba
B, AMEMHBREEFTAENEKR, NafE X KA FEMR
B, TEREBTR SR, MEEE Na@ M L5 4, a8
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6.7 HUTEMRERY

% % | mEEm o0 | BETRAROO | RRFRK
Te 5.8 30 ' 5
Co 2,5%107% 0.1 10
Ni 8.9x107 0.4 ~Tg
Cr l.1x1072 ~g ~T0
Ca 6.3Xx 1078 0.5 ~8(
Pb . 12X 02 1 : ~R30
Zn. #4x 1072 ! 32 ~320
As 22X i i 2 i CH
Sb 83X 1075 | 1} ~ 10
Bi axie? G.5 1250000
Ag BX157" .02 2500
An 4X 1077 0. 0003 156
Sn LTX10™ 0.15 ~8320
Mo 1.3x 10~ _ 0.04 ~3}0

NaCl, 8§ Na,80.+10 H.O %, T Cs ERRATE BB £, 5
MIEPHER, RAOBRMIT Y. XEBKBE LB T Na fl
Cs BHIFEPMIGM, AHAHN2.5%,. 584 H3,0x107* %,
ZEmEEL,

Kk, RIEwAh g mE T g T e Rk
FREREE, XWRARERBEET RARBANETEE
WREPTHSESHERTPSREZL SBERERET A
Wiz A F R RETERNEERMAERE 6.3,

ME6.IFM, WERF TEMEEREMERK, HHE
FIEBI W RSN, EHE B ER— B, § i1 Fe, Co, Ni, Cu
HIRERY K=5—100, BIRERY R BN ER S 8y
¥ EER5--100 f&rf, BIAAFR S Pb, Zn, Au, Mo F
551001000 §%; As, Ag.Sn % 1000—10000 {%, Sb, Bi g &
10000—100000 1%, HEFBXAHINFF R0,

TEAEE SR, —BEH, RERRIIAELKEZR
BAMAREST MR LER, HAREERANAESHER
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Rt EIREE. Pl Fe,Co, NiBH KEEWERL (6251
BT Epes Cu, Zon FERBIAHENR., 2ER (BESSLBE
EIZEE) AREERTH;: Sn, W, As B BRI AR (JE
& 2.3 fL4E~1.37 1L4F) KEE#; Sh. Bi. Hg S AR
(B4 6.7T—1.5 HH4E) fHHRETH,

ZLPNE, TRERRBPOESELTERRMGBRER, 3#
H R vl i e R M85 3R

6.2 JSTHILER M ES T
8.2.1 XE (XB) R

HWRRILFAPEFF EAEEKRE HEMERRETT)
A, FEpRkRAEMFEY RARS &R %, 4595%,; Bl
AESY R REH L%, BH0.75%, AREL 0.25%) ,
BRAZRBABREBRUHESTREATR RN, SH2HEK%
Fin s.6,

B e HFEHAZEAMEIRRREE

A& 6.1 B%1, O, Si, Al, Fe, Ca, Mg. Na, K %

L L ]
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FECERR AR, TR A BRI O 6. o B
¥ 6.4 KBEMIZE LERK RS TR RE D

fuE T E (ppm}
EETR(K) -
1000100 | 100—10 | 10—1 | 1~~0.1 | 0,1—0.001
O ar.25 | Ti 4700 vV oo5 B v La 0.8 S8 0.09
57 30.54 P 819 Ce 75 Gd 8.8 Tm 0.4 In o.07
- Al 7.8 F 720 Cr 79 Pr 7.6 | I 0.5 Ag 0.08
Fe 3.54 H 700 Zn &0 Sm 6.8 Bi 0.3 (AT 0.04)
Ca 2.87 Mn 8go Ni 44 Dy 8.1 St 0.2 Hg ¢.02
K 2.82 Ba 590 La 44 U 3.5 Cd 0.1 Pd o.01
Nz 2.45 C 320 Y 4 Ta 3.4 (Pt 0.005)
Mg 1.3¢ Cl 320 Cu 30 Yb 3.4 An 9,004
S 310 Nd 30 [ Er 3.4 (He 9.003)
Sr 200 i 10 Hf 3 (Te 0.002)
Zr 160 B snog (Re p.001)
Rb 120 Nb o Br .9 {Xr 0.081)
Ga 17 Cs 2.5 {Rh p.001)
Pb 15 Be (Os g.001)
5c 14 Ho 1.3 (Ra 0.001)
Co 12 As 4,7
Th ) Eua 1.4
Tk 1.4
WL
T 1.3
Ge (.3
Mo 1
DESYNERSE.

L EEEH T B R IR B R, M, BRI,

O HEMFMABPROERARLTER HE5EETHE
HBl 2%, MRAERFRES %, AEAEET U ks
Bl PRSI G024 60% N 3 ff )R OH- W H
Ga. BEANEOT S SIGAMENRELSR2ZN B A LE
EMRXR (B 6.7) , AHRMAEER 0,664, I E F R
& (L,404) AFifEE, & BEEGHHREEFTR W LK

+ M-
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B 6.7 53N ARMYERZANRR
1ORHOE, 2 WWE. s WEE

STEH SR RTFEIES, Bkl FREETRABET
i R B AT R LT R e T R
Bk R (BEERERNR A P EEREYR, BRELS
BREE(LEH HETRRESESBLARE. MR BERS
P10, B RERE AN L5 B ER SN SEEESR
BE MR TR ASBMERS, Mo s h I E k.25,
THRBFRESES KRAHLE, MEGH B 5REAE
il S804 48.4% M 48.2%s AREES K R KA BA, A
47.9% ARBESZRAAR, F414.8%, '
RAEGE S BRER (6.73% ) RN, H M (19, 0—
51.5%) , XEHEBE 3 B, HFAKER IO M CO: PR
BB RIS T Nat, K, Ca?*, Mg 8%,
ERFPHEEZETRNEFHENER. FUEEBEET
P FENEHERAREN 2 BRI, Al
TN B0 f1 CO,, HERFESREMM, A HE M AR
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¥ 6.5 BEBTEERRIERENSECD
|
= A | o o= Al Fe Mg | Ca ( Na K
gy |
i ¥ 2 |sgr |0 1.4 1.8 0.3 t.12 2.70 3.80
FEHHES {479 [ 30,5 8.6] %.30 L.i0 2,40 2.74 2.62
AXEAEE |47.5|23.5| 8.8| 4.86 1.67 $.90 2.60 1.83
M K 2 lae.0f28.0) 8.9 8.0 2,60 5.00 2.54 1.40
E & & |48.5 | 28.2] 0.4 3.90 0.84 2.18 3.85 4.23
BOFEFESE {46.6] 25.7T[11.9( 3.40 0.6 1.80 8,16 4.50
B O % [44.6] 228 9.1 1.8 4.20 7.80 1.80 0.75
#t fif W |av.v|i9.6] 2.6 5.88 20.5 3.42 0.18 0.06
PR M 435181 0.7 8.90 28.0 o.57 0.08 0.014
¥ iHiae 47.9 | %8| 7.9 2.00 | 0.98 | 2.13 2.83 3.01
Loy 4
T OB M |44.2)23.0] 8.2| B.TO 3.90 7.08 1.92 0.77
2oy A | 46.7 276 9.0] 5.00 1,90 | 4.3 | 2.74 1.890
# o B | 4s.z|s0.6| 8.8] 3.34 1.10 | 2.68 | z.70 | 2£.24
Btk [ 494 | 342 6.0 1.77 | 0.24 § 070 | 2.80 3.66
H oW & |4ty p2sa) 0.3] 3.30 0,55 E.70 4.00 4,26
b & | 46.8 | 26.8 | 10.7| 3.00 0.28 i 21 8.16 4,62
PR 46.8 1 27.3 | 8.40 | b5.€D 2.28 4.55 .42 1.8%
FHiH
B B & |4r.9|30.81 8.4 3.90 1.25 2.08 2.40 2.40
SR B E |as.a]20.4| 8.8 4.80 1.56 1.7? j.43 2.86
T E ¥ |sv.5)38.7| 3.8 (1) 1.1 2.30 0.34 0.83
T
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5 W & fsgj228| 8.3 8.80 | 430 { *30 | 1.8 | ©0.70

™o o [4s.2)15.00 1.4 2.24 7.50 29.4 0.15 0.40

& 48.1 | 29.8 | 8.18 | 4.5% 1.87 2.45 1.80 2.24

B
$EB E |4s.027.5| s8] im0 1.50 z.00 | 0,98 2.70
i t j49.5|25.5| 9.5| 4.80 1.0 | 2.20 0.34 2.33
© £ [51.5|34.7| z.9] 2.80 | 0.75 | 2.88 | .92 | (.24
W OB o [48.2|3.4000.98] 0.26 4.80 | 2.5 0.26 0.26
# £ #% |e6.73 0.035 0.03| 0.29 0.32 28.25 | 3i.2 | 0.35
| ' B
FHE 9.5 | 23.8 | 5.78 | 3.44 1.94 .78 |.08 1.73

V) ¥R R T S ENEG o LA,

ERO L (LRI R R S W b R B (K 6.6),

AE 6.6 BHi, BRABLMMMBE, K& BE LN 2R

 MRAALEE, BESEECNLE, AHS TN Sh
¥ 6.6 AEEUE{LTOSEEY ARk ¢ P o o R O 0B R

EEEEEnELATE

) CHET AR

A ¥ o) A —
! i
A A (&0 59 H.OY) | 43.9 1.27
BRAOUAEREE (&3.5%H0%) 4.9 123
C BEEEEREE (s HON) 48,1 1.186
FREATET B (40,53 H0) 42,9 1.88

BEh e AT e

(v 2 0035, 5% CO) 47,2 1,10

So1la -
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PA R T R R ER AL B AT S A, AS B, BRlA
EAE SN

Hsh, EMFESELARBARAEE, SRESERD. 1B

Bk R YT A S KR, SRR %4 13 kg &
(EER H.O fis) . Bk 8 % 2 SRAHEE B dh
ik, HSREA REHEE %, |

Si HHEBEMEBEPIRE M, NKTHE. REOSHRE
FAETFEESEMERES, BRAWS HIb ek uywk: E I E k4%
A%, RE SO AR BHEARATBRAES & hE
BHEZ—.

HEE P Si/O R 0.58, dMLERME S, MOAE
b StRRD B BT S S REEE, R 18.1%,
TR P S A B RE 34.0%,

Mok EARTRE, SIS RS P, W hi29.5-23.6%,
5O MBAEHEFNE. BELTEE & B, SAKE
H,0 R CO., HE R P M BBUE I O & B, T Xt Si Kk,
PERERRBRREN, B SAENSRRD.,

M RHAE R, SIMONSREMRERR X & (8
6.%) (M 6.8 BH, Si B O MMM, BE O WA
Bb, ARSIMTLBABHAK O, XATELERESIHO
sk AT R A EEE S, HRANEELSRETHNE
AR A B

Al AlEMpTEPAYREE HE SN, BRI LR 6 1 Y A
%, 5B AL B K IR A TER S, F R A MY K
M B A S, Al SBRAE WE 6.5, AEEAFMR
#, Al FBERAEE. AlEEREAPRATEEFHE T Si
SIS0 ~REEEAAE LBOERAERP: WA BEEEE
FREET, EXREETAINFIERER HEE. CAL, 5
EFF CalALSLO IR Al FEAREE N E K, KRR £8
% SiEF. KA PHXMESR, HERBRASE, & b2
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R PR AL R S1, P R TT A OE, SigE Bk
REAK, REAPEMASE, Al X EHFESE ™SiEREMN.

TRAPAASHAISESZREEY. ¥ BEERE Bh
HE Al SERMRKELEL. AERRANERE AL SHNAF
i, BYEL Al S B RECEMEE K, N0 14 (BEK
B P0.00 (RREE) Mo0.05 (ERIREKER .

AR PR LM A SRES, EANERHE A BEER
HEMEKR. BR. fARA. SBSSRAERN G TR BR
B, HET Y Al B ZLAR o BNEFERANE, 98
EREBRZS, BEAERESSET, AIRBEHE R R £8%
R A A St RS B Al I FRAUER RFX
B .

Fe FefEiRPWAHRMBAVSIN, BB E5.8%,
B2 9.3%, THM 21%, B 2 h Fe-Ni 41 5, Fe &5 90% 1L
L. BRy TR, Fe SHEFHM,

BREFZT Fe FRED, BRHRERSRNEBTLE FE
B, Fe RHBATRPEFERETEYRE EFEFER
2 B TRTH. BETR Fe TRAMNBHTE, Feo'
Fe** RAEAYRHBE . FEEN A FREAEFRBELRR.

KEBNEFE T, Fe FHERAEHY, WH R wiEH
SEEERZET HEEE EETBRES, Fe SBENANRK
A (3 6.5) {8 Fe®* /Te® [LEMKMM, Mol E hFe>
,-"Fe”!.‘h{ﬁiﬁﬁéﬁfﬁj 0-20,:&%%%}%0-259 ﬁﬁ%%f}g 0.40,
REEMARNK BN 0.44, ERIREBL% 0.50, Wk o
#H0.52, LKA 0.60—0.70, BREEWE L 24y 1.5—1,6,Fest/
Fe* WiHAM N, RERE S BRI,

B, RERBESWEANL, B Fe & BEMERM

(E6.7)
£ 6.7 Y, BEEPRNE MRS KA,
M Fe & Al Si, O fHXRRHME 6.10,6.11 1/ 6,12
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% 6.7 BEEERABNFS RWIE ERELD

Fe't (242

|
oH A 45.. woe 8 e0.7
NS 37.6 o2 A 53,4
VI 39.2 z Wl 5. l 48. ¢
B E 281 TRz S ‘ %
B oE B0 - A= 43.z
Bk, MIFLEMN Y, HENEEENEE, WK Fe ® AL
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il *ew
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?' DL m 1
K
=TT TR e
Fe %)

B 6.10 BEHpdFeEAIWMARXR
LoOBERE, 2 BB

FFAEET Fe & S BHHXEE (H6.11), Wik Fek
OZEBREMELEEE (H6.12) ., EMSi. OFE # M, £
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M 6.1z HHHFe 5 OMRARA

_ OS2 EEE
HaRmBEaEERN B & % 4, TiFe RERALEEHEE S
af, EREFSEVREMD. Y Fessi, O B HAH

BRSSP P THBANENFERE, RN WAL,

EiiCo** \Ni**HFe** MEZREXRFERE i, # AFe-Mg 3t
RIET gD,
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EBFAR AN, Fe FRVARBERREER, 54
HHFe SREFHERNEBHY., MNERAFHRAREE LR
L Fe AR, XIEHTHIRCEEREREL BB, Fe A
HPHlrs, A R RAREGEAA, Fe RO ARY
R, 4500 0.45 W 0.55, XEWHP Fe BB & FHK
K. WEEETHARBHEY, &HAAE—PEZEFRIEM, &
HRBESZEHERIERE R AR, B¥E Fefrii, 7 BAE
RIEA&KHT, Fe¥*/Fe?* WERE, S

SHOTETE KR, HRHANY L Fe A BBE, DEKZ,
BRERLRELZRER., BAER SR RE S, Bk % 35
B SEEFEERYEAIEMN Fe lRE, MEMH Fe BT
B EELRIGOT R PR, EXFHERE TG 2 0 % R

(BERENAPF BB ERNE ES5PR—RUHE: &
A, HGHHBEEIBDRPHAERNREFIRRENT, B
WRPHHN R Fes BRMAMBARERE, X58K U ERK
R R, : _

MH Rk, NERLUBEVRE Fe, RAERER
WRHEEENERRNES. THRFTR, BL 0 Ry BB
Fe FEHIBH L, FHATROEESZHEH R D, 51
WNEXBRREMPEEABATEER . BB LIN LA
Fe FEMMW P, Fe'*/Fet* M, RBEASKB SR
B,

Mg Mg il Fe —#, R 08 % IR MR AE T % S 08 iy 75
W, Mg MFHERE D, EARERE R 28, Mgtk Fe
HRR EBMERIE RS SR Mg iy s A s, |
SO A AR Mg S B RS, MR DRE, Whl
EfE-EEAAERMES, Mg SREESAEY, 5520 8RR
A (H6.13) , KARE M MERBREFRRETHE R &,
BHCETHREE (WRES) WAREPHRBE (Nl =
& BE) %, UMBRNREAR, NBEREdMg 48
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2R 4k, EﬂMﬁ%ﬁﬁﬁlﬂﬁﬁémﬁﬁﬁwﬂ’,MgIF-ﬁJ‘%E;%

Bibia(E 6.14),

Mey

- m 5
L)

P

18 20 22 24 25 28 30 2 U

5i (%>
B 5,13 BER Mg 5SipiXXR
1, HfE, 2, BIEE. 3. EHE
Pt
I3 X3

n 1 1

[ A
120 b 28 a2
Ca (%)

B 6,14 MR Mg/Ca thEAMER SHAHRRR

Mg bR AL H M AF S, BEWE Fe* R 41 2
RFERKER BRIFZEHED Y, NKRAZT (Mg, Fe)Ca-
(COs2:, #EELNAHA (Mg, Fe)(Si0n1.(0H):, BEEK (Mg,
Fe)ss [AlSI;O0)(F, OH):, @A (Mg, Fe)s AI(AISi;Or0)
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(O dk B %, Mg 5 Fe ZAMR AL L BRI HAEMN
EEREBOBRP AR SR, MRERES R, WY M ERE R
s Mg oS FED N, K45 Fe 3R BIEARIEHD.
DL RE o R 4 1R R k4T, HE B Fe/Mg i H R
EmaL.

Ca Ca By BEAE TR FRTAL AERTR R B, Cafl
BEFEMARL, AR AR ERERERRKE- TR AWK
ShEI e YR, 3F BREE A8 R A T ML, Ca S B (B6.15)

A . Tl
o Ez

i % [z1s

7 Cat¥)

0

18 2'0 22 zlai 2‘6 T SIO 3:2 34
: Si (%)

B 615 HAMCal S ARANHEXXR

LOEgH 2 mkH, 3 ERE

F6. 15 AR AL KRARBERKENZRE, BRAEANR
ARMERY RETRAMEE MBS, FTREENE
MEEmRE, CapiXthaeil, EERHTHERAR S GaR
W, Mg BRESEBRBMA. BETHH, CaZB KB A.
WHERSSHEAE. ERAMIBADRER Ca RN AR
%3, CaCOs RFBAPERAMEER 4,8A & CaSOL
Ca BERBTRPHEERF B R, ¥ 5 &k NaCl, H3h
KCl. % i A MgCL-KCl-6 HxO 3t &, 4, Cal* &5 Nat,
Mg?*, Mn?*, Ce** RARFRRES, IR Ca FNa" 1y
BHEARPRLE, DEHHE RIS Ca** 5 Na* B, &
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R Catt 5 Na* IERBERMAKLR 43, WEEBERR
STFHEILREAREGHY —EHNS B, ALAEE No. 72,
REFRSERE RYANPESL BYHBARRASLRSY. B EH
KEBBES HBELR (No.0—30), $H: K F (No,30—60)
FEEKE (No.60—100), ZMFIEMERNE. iSRS
Si0, FENRE, SAZEORE PHEESAE. REKAR
8 Si0, /% 68.81—62. 3% WP KA, ¥ A MBS0, %
56,05—49,67%, HEEKFHN 49.67—43.28% . B S LA
BHANTEERBMERZ—.

Na Na BB REEHBRESM. HHAR Na £ 5%
RIETLRES . BETYPARS Na BREAKT S, B
RYEAEKEERE, Na TEFRERAERE N H9; &
TEHMR LT Wk Na REERS, 45 31.2%, HEE BN
frik (NaCl) ,

MEfaEr Na ER/EE, REFERERENEN, MG
MRt RS Na FREFRSNE H (FHe6.16) ,

[+]
8 * falt
[o]2
5 213
i1 e®
= 31 :
= Ol z
Z &
| o o
[ L1+
i} / a
- [ ]
0 . L L L i I -
18 20 22 24 26 28 30 32
Si (%)

Ble.16 HEPNa5SiZRZAMPERR
looE¥H 2 WmEE 3 TREA
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FFAEPAAETERAHN Na FREBRAM ERAKS
T, EERERT Na REFHES. Na 5 CamEfER. BE
MAATEEZERRARSEE,

TS ¥R Na Sy RS K E B 5, ERRE TH
By ke, BREPHLE Na Ry —LBBNELY R.

K #EPABIMRTFEBERE S, HNHEBRIER H.
EkA. HES WA RSES KA 6.17 4 - 4 A& H
M EA AP RIS I Si S BMHM. K SRR RE MY,

P
4 .0
3 /
a /
g <
2 <
ik // E=lz
- oA.%/ =113
ol i
20

2 M 2% 28 3 3
5106

WMe.17 EEHK S5 SRZAMARER
\, E¥y oz mkE. 3. whg

BWHRAEMEEDTRELREET, DARBEINKSE, K
By, RRKEESHERN,

REh K FEBHFETH LY. $BRA. =01 5
A, REBTERPHEBE XK 520 KCL, HREBK Y
Na —#, £H5HREBRTREEGEE. KEB Rv B K AR
B BEFSKTWbsHE /R Rb,

HRABBEHE=FEMLE K. “K, f1"K, Hp “K ERK
BrEEA#, AREER Caf YAr, Fin,

B K—> 30 Ca +8 +v

K +e——> 10 Ar +v
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vERRT, X R K-Ar FERRN 2 F el
B B

BELEETR, MEPTESHAAREEI K O, Si,Al Fe,
Mg, Ca, Na, K, ERXFERTHIGELELEHESR, B
B 6.18 By,

3of 51

-8 287 s0F 5 48 48
| 28k 37

S 4 27-'43L 3 42
g 261 47} 44 4%

6r 25|46t i &
244 45F ) 13

Gh 23l 44 . 3 43 dp

K ET meE
B 6.8 EEEATHERALR SRS ELAY

M 6.18 FHi, BKgoAE. BRAHNPAO. Ca. Mgy
FHERBEBMES, Wi Si. Al, Fe, Na, K £ R{Eigdh.

8.2.2 ®WRTHE

RERLE-BRELCENSARNEEERARES RBIE,
KRBT,

H FFHEEH 2R, BRS04 854 (B
BEN)  DREEBARGTH HRAHAESRELSHN, B
HERLT K, KT HOMBRE O BRH A5 % & NS
X RPER, B2H (£ T 8 KMg.[AISI:0,0)(F,0H),, B%
# K(Mg,Fe);(AlSi,01) (OH,Fl:; E58 KALIAISIO -
(O], %) - I?J E (& W H Ca, Mg5[8ia01132[0H]=y FH E E
Ca:(Mg,Fe)s(8i, O11J:L0H):, B N A Na (Mg, Fe)ALSi,01,]:
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*(OH,F1, 25) fRL8H GEWH ALLSi Oho3(OH s, B KT
W AL [Si, O OH Y« 4H,0 B2 H ALISL O10JCOH L) 2,
wRETEHFHUEETE & NHSFE,

Li LiZ@ie@Z—, AT LipgEE b (0.76 1), LI
EWEBEAESERE L2 E Mg B fh Li/Mg th % 5 fE
BB En. AFEHAFEL. BB KA. RA. = 8FE 3d
Li/Mg lo{g3im. Z#F A 5P LigE, BEKFE, C, P
Mn @ e, W 4§ LIAICSLO.), 8 = 8 KLi s AL s
(AISI;0I(F,OH,, FBHED HKA) (Li,Na) [AlSiO],
# K FH (Na, Ca) (Mg, Al)[B,ALSi, (O, OH) o) & B
A LIACPOI T, LR ST HE B PR30 ppm, BR
Bp4 10 ppm, EARTUE P EI84 76 ppm,

Rb ZHARRGBAOERACHWMLAY, W AEUER
RAEBRSBESEIT Y= HK (Mg, Fe),[AlSi;0,,)(OH, F1LHl
BER KABO) R HE, RO A5 KEEFWE X, B
EWRR, Ro/K AW ARERE A RS, h HEHE. X
YA PmiE s Ro/K REERmMES, B 5 R IFAEMEE
Rb, MERE T Rb P} 196 ppm, WM, HHAENH
., RoFHHRERFEMEK “Rb R Rb, "Rb B F—K 8 E
A TE SR AR SE A L3 °7 Sr, B

81 Rb—>47 Sr + 8~

E AR Rb-Sr Bb SRS 2 e Al

Cs Cs RBEBRPEENTHE. BN XA 5 Rb* AITINE
tl. HTHTHIM, CsEEE KA. BEk=8 AKkasd
HEH Cso K/Cs RERH RIEHEETRP. R B 8 &
MEAEHRMAZBEHEEN Cs. KA PR Cs BT
% 3ppm, EREH™P 3 —6ppm, Cs HWHEMER 5" ¥ v,
WA Cs HIEHMERA 5 ppm,

Be ##i Be 2H LA Be?, Be® H A BRUHR
W, Mk LERAY, SR RBHFRALRE . Be HE—1R
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SEFMIE *Be, REBOBHTYPUES i B Be, s, Be B
RECHTY, TERERLE, R—Rmrih. Rk, st
ey, REBOHTHRSESR ALBeSi0:, ¥ RANE
K#H Be BB~ 5 0.3—0.2 ppm, ¥ £ 0.6 ppm, KK
AW A1 —30 ppm, HEREPTELEA pom, B EPEY
3.5 ppm, K LWHREMMEIF Beik 5 ppm,

Sr SrZRBAPBRETHEBLER, B CaRAHW. W
KER S WEERETY, 2HER. #BKE. WAENST,
KA S EALT RS, BURARSER AL ST B
1 K+ Risr B Ba® Rl Pb?*, KA Sr & 8% 150 ppm,
Sr B EET YREEF SrCO, MREN SIS0, BiI% iy
FHRRBRY R = H S F PR FE R K * Sr, * Sr,*Sr,
#8r, Mo USr & URb MRS sy, A A RN R A,

Ba Ba** ¥ B B & Pb*, Sc, H o B # K*, Ca¥* f
Ra*, Ba BRAF HAFErER:. Sk, BBk, o 8% &M
MR, ZRXEEP BaBEHEARANZE, #RGHY BA
#E Ba, BEEMRERIZR B & Ba T8 246 ppm, Wl
Z A F 613 ppm, WHNEZRAEN 14.5 ppm. Ca R
Ki# Ba 8, 3800 3 000 ppm, ¥ WK A & Ba¥Hy
732 ppm, FHEF Ba BB K. FH ¥ S Ba ZBRE
F BaSO, B RAMM L. SRAHA I Ba> (%K, ©
%, FA Bal 250 3 800 ppm, FX 600 ppm iREiLS Ba
B 1—10000 ppm, P} 100 ppm, 3P & Ba gy 5—900ppm,
1 300 ppm. $REHE Ba 20000 ppm,

B B—REBE=HM (B, 2HE5HAEERRHEE F
BO 8 BOS, KAWBREF %M £ Na.B0,-10 H.O fijm
KN, B0 AHLORBRE M E R ERR, BIXEE T8
X AAMAMET Kb, RPN B SEADT 10 ppm. BH
ABERBHEEB, FLEBHEARNNESBANE, B
AR E H BEARSE P, AUBKANESIEESR B
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RHEMEEY. KEAPEB 4 3ppm, RAEPBERR
AR RER T RSB EALEA T, BHERALE B E
& B,

Sc Sc HEMBEXRABNEET YD, SciE RERR
ERAEMY, BRAMY WA .S5c —f § f Fe** Al
Cr™* § Ti** {45t e, FEFETAREN BH. NG AR
ZHARENERSNEE AEANBER D EXREE Sc2—
10 ppm, {HEH I Sc ZEHN Ly B RE KW RE: At
Bt .

YAWMETE JILTRBRIF L. ZELEMNHREEE
i Co, Pb, Sn FEE. H200 B HFHFTARER L, K
By (Ce, La){COJF, MBH (Ce, La-) PO, BiREA

(Ce, Y, Pr): SO+ HO0% EHAEE. iS5 P AL
05T RRAPHPHEE, BERNAPHHFLEETE RB X
FRREPRLNBFELSAMNEN AL, FABRAPHRBERIRER
AERARESER L,

C CHEWMREERMECHMUC, it “CHXR T
AR, RERNS C i pRRME, KReERRE. A
BRERNE, AWM. 8. XBRI9KPENC EREEMN, X
RAEE C S RTRL% 100—200 ppm, BESERNRE HE BiE
£ CO. M CORFMEERS . HRAPERERLD, ERE
YRR BRRER W CO. g 600 ppm, 3 & C 34 200 ppm, ZEHAE
A WBRETREH CO:\, —MBRAERALBRETHRES C
. CRAREMHERBRESDEENSY, RENHSERE
HHLGC, '

Ti TiBUWfH (Ti*) , TiMREY PR & 7. Al
i, &4 7 Tio, Mg A CaTisiO:, g h Ti** W L B #
Al | Fet, Nbs, Ta™ Rl Mn®*, %tk AlP*MFe’ it 77
B SI A RERERD Ti Fe BEARLRERNT BT
REET MK EE T . X Bo Ti—REHEREESAD. Kbk
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Ao TiRE FRAZHEENHSD. BL9Ra L £ Ti4 %,

Zr M HE ZrfEpb R Zrt, XAtk FESSHFE
EplSi M TiY, Zr B TRRECHMET BER 280,
HABAFTFRBET. BERNSEEREEBHATHENE
W, mBER (Na, Ca)eZrSi0; (O, OH, Cl) , BR H B
fEf Zr RRF T, EERBERBBEERER. TSN L
MYyBENAAE S, SAREE, LR BT RE £ Zr,
BEi# Zr B4Y, R BAEAE. KBRS HIO. 2 3y
#1%. Hif AERACHYL Y K3 ERKETZr, K#5 He
WET Zrv#d, Bib Bi @EEZ T Zr,

Th Th REWNH The ,HRK Th AF—4RfF 2Th,
ERSTERRLER " Pb, HEFEHMRK, H1.39x 101 4,
U il Th RRBHFEE S *° Pb, 2" Pb, 2 Pb #t IR M 2
Bk, WRARVRIERNZFiEZ—, Th H &5, 8
# Th LR BRABRET &5 b, MEh—% 2 Th &
ET#ER. EREP TR X 10—20 ppm, X & H F0.5—
2 ppm, B B A Th FBEADE, HEHETR B EHES
Th, ik 10—13 ppm, BT NEHEED Th 4 5 2% 49 ppm
R 24 ppm,

N HEY P N B NH BRXEE, WEAHH Nat
KT ArgE NE B, 550 2R S R Rk I 350 B ALLSIO,)
«COHD: 2% (L2100 T B4 B0 B NHL*, ¥ i NaLALSisO0),
2 B0 p iR NH . TSR ERAA N, kil
SAEUEN; KLENNSRTPHA 7ppm, B HERRE
HOXWESEREHBRBA, ESPE2ERERNE S NE
¥2lppm, FFERFHFERERTUER B N HEH N
WEBERBEAENR, TRAR TR KBRS, MMRA NaNO,,

P BRRPHALEHRABRE. HATHE X P-0—PK
WEAKHIER, RARMBRABME, PERRLGIESRE
RV BB E# S, BAXREPHARS P R LHBsv 4,
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WMBERA CasLPOYLE, Cl, OH), FEHESRE B & PR
BE Ti, BIHFARE TEE LR, iAd FENmhry
P KA. HBA CaTiSiOs, LEF FeTiO: AR R4 5 . TR
B R#RSy PEEETARN b, A& BE XS BWEE,

V BAVESHE, BESRPRE=H, ERbEE
Fi EAL Fei, HERUUBIREET B &Y. BE. A
ME=EP, VERLBEFERNRBARZ—. EREETRRIE
REACHM YT, 5P, Ti —EERESHK A 1 K&y
AP, SEWIA 1400 ppm, R B HATFTRAFFESHARRE
mnaty, ©i1%4 4 Ca, Mn, Fe, Bi, U, Pb,Cu #Zn. A,
AER S VAR L5 0. T A LR TS —REH TR
HEVH. 210817 HEES VE,

Nb & Ta Nbfi Ta ZEMEREERR EEEHMP. ETIH
M HAE AT HE, Nofl Ta B Ti, BHH B 2Zr,
ShEHHTE Nb fl Ta fy— 2 ¥ 5" 9 Nb Il Ta RBFRATK, &
RARERAPEEERBHE., SR N> EFANE LEE EE
KAENBRERS Y, T Ta BEEEKST, “HE HRET
MEEE. KBRAP N> Ta W EH S B> H H24ppu W
2.1 ppm, Nb W Ta AL IR, BEEPDIIK. H ENb
M Ta 4 M ITHBRINEFRE P, BLTREE T No [

Ta RSB KBAE Nb 7L,

Cr HARMNCrH MW &4 & Cr™ MG, G Bk

AT, Mn?* Fe?t, Fet*AITi*Y, MBS R A (Mg, Fe)s-

(Al, Cr) [AISLO01(0H):, #&EWH (Cr,Fe,AD . [($1.0:]-
(OHls+2 H0 W1 Cr** B, Cr*" ERAER @83k G0 B
EmREE Cr 02" Mo, MBMEY PbCrO,, Cr7E i
RZHRBURE FREE FHLBRAEREP, i
THmP, B/ FeCr.0, RREENET Y. R T XS
Cr RAFAERMET o, NEEER. ARNGNE#H A, &
s AME, Cri Tif P EEHABWEATE & K P, &
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BMARRET, Fe* @ C™ B, EAIENAE & B o¥d
Cr** B# A, FiENE#HEMS Cr'" R B # AP 8 SiY, 3
BEP Cr e, MBLFR Cr Bk 2500 ppm,

W AkRAEPTZBHHEEEETVHER W, & 8 88
TR EH W, 7E Nb Al Ta 5+, WO WHE #& Nb*™ Ml
Ta’*, W HERER. BRELEEERE. ZHEE T W, 5
¥ 1.5 ppm, FH 0.5—1.0 ppm JL RN W M9 &
E85Y. BEENEABR T CaWO Al B8y (Fe,Mn)WO,,
ERREFHEANBDEAGWEEARNE S, T 1—2ppm.

Mo ERFAEMFAE. SRR BHRINE Mo, /2
hEF—ER Mo, BV MoS, B, HETR H 45
Pb (MoO,) E#is B EEMMT Y. BRFHT HIUE S
HBERE Mo,

Re R#EfHER. EARRRILERE Re BIMYT Y, &%
REFEHD T, EdF Re SBWHIE 1.88%. KRA P Re
BEERY0.5ppb, BESRHNE, Re SEERE B K W#k
fAP, SRAK0—700 ppm, —ELBENMAFETE Re &
BE. HRR Re FHMFAMRK “*Re Fi**"Re, *"Re & Mok
Rl 2 R, & Re-Os MU SER T 2 7 iR,

Cao ZARFHHASR. Cu’ M Cu?t W h ke Cu B
FTEW Wb, #MiEh Cu AR AR Fer* f1 Mg®*, B
ki EH Cu Wik 16 ppm, EHH $ 35 150 ppm, BB

Cu 5 H5AMKLT YR, HFWHELRRLY. EEBEHEBEE
Cu,

Zn HAE-M.BEHEEFHRASY BRR ZoFH
RBK “Zn.%Zn .20, "Zn R “Zn, 5ERIEE A5 GR E 4L
#h, Zn HiE Fe*™ Al Mg™*, Zn XJLE4 ppm. 5§ K24,
FEETP Zn 3k 80—120 ppm, TR E # 35 30—70 ppm,Zn
B LT R, BERAESENRNIRNDP. BRBEH
BLIT &b Zn B HE A4 100 ppm, 8159 Zn 35 100—
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300 ppm,

Pb Pb g EBEF 2 B PbS, Pb F MR i &,*Pb,
Php, 2TPh fl *¥Ph, FEANEMFRE U, Th B EER R,
Po** W BRESKA R KT Al —2g-gbe Cazt, 8 KA.
WA E. BAMIA CaCOos i T A L PRI R ST
RMEEEPD, FBEEERE DK Ca* R Sr*',

Mn Mn ZF#HFHHE H M2, Mo, Mo**; Mn 2
WEPREEN-MBRELR, CAATRANER £, Mo ¥
£ HWE Fe %, Fe*', Ma** SR BT ¥rd o Mg, Zn**
fl Ca** k¥ 45r M B HREH MnO,, EEH »MnO-MnO, -
aH 0, WEE Mn,0.% £ = T RHBARERE P, W EKR
ARDHEP ARG BP Mo PEEERH. BEBEEH
THES RN Mo,

6.2.3 BAKF

RiEEX EHARS PR T ARTTIER. 2WHR
HETELERMEESR TREFPERNBEEFRELED, |
E—RERT, ENARRFEERY. BAMEHRASTERL
RH, MERFEN. FEHBTLRBESETNEXR), 25K
v—EHETFEEAAAMAER R, REBETFEEAHFES, F,
Cl, Brfl I,

S WRPAMHH —MBZRFHEAR R (1) HAR
Wik, MAHMT PbS, WHH ZuSy (2) EREkSH, HS
S¥RKEIBE T As, Sb, Bi P& Cu, Pb, Ag, Zn, Hg %2
SR E L, e B EE Cu.AsS,, HEEE CuShS,, B iH &
" CuBiS;. M&AMH Ag.SbS:. HEE 5 PbSb.S,. B K £ 5
HgShS: % (3) GME, BS54 % 4 RS 8 H S04,
A E CaSO,. B M A BaSO.. ¥ i Na.S0,-10 H,0 %, &
F&ETHNRSS, WHEEE. RSl S BlEk
Y. BHAERLTETERENEAENAEELE. MHER

- 132

http://www. chemdown. cn



HEABRERRRET Y. BEEGEPRLS SRREEER R
WoiRG. HEGRSBRABPHRAHR LML E, HBERE
AL A IR . PR 1 B A ok B (L A Ak

F #imhISREEHIHRE £ A CaF,, ¥ E ALISIOICF,
OHJzy YWEA NasAlF,, 85K A CasC PO, JLF,CLIME £ NaF,
FEHEZTYhEH OH™ WEHRME, WM. REX Wb
BE, KIS yHEHRAFR. RETK RS F oM
H-RE MFEAPEEREANERANT SBE, 75 800—
1000 ppm, BRADPE FHNTEFHEZE, B BRARNE,
BENBEAT ARG FRETEE., L0 yRsika, At
FEBRARKBREN _HZ—, B KE R FEK. ZREy
R H FH#7E, EWUSAE NaCl 2. FH.5 4 Bl #5
thAR, |

 Cl HARMESHKEU-MEET C BN, BEEFH
f1Cl FRERERREDT P, B NaCl BRFE. Kk B A
— Q1 %Eﬁﬁy #3320 ppm, FHKA Cas(PO,I,C1 M il
W1 Nas(AlSi0)Cl, X BEEI Y. & I RH b s HHEN
¥ B &%, M HCl, FeCly, PbCl, NaCl R KCl1 &, Cl g
HURBRBTYWHF A . EHEH ALLSIC0(OH) s Cl, #18FH
NaAlSi0:, Cl ¥, REUFFENZAR TREHH.

Br REE—¥, REMSESEEEERT Y b, AL
W Br REERANERSEN, EBrm R EEROE
fi&, RRA+ Br §8& <3 ppm, JIBUA F Br FH sppm. BM
ERRE NRERE Br oM ey, EE&BRTIREAY, ni
FRGEBRNMRET Ag', W Brof W #B & ¥ 8 0 1Ed
AgBr MRV HREH Ag® i, 0] Br ¥RHE FAEF AgCl b,
Br iy LEREREK, B4 T8 K & Cl19.3g, Br(.066g,
10.00005 g h3F, BFRKpIKMBHEINE Y, o HE
REFBRWPIENE MgCL-KClI 6.0 P HRE H—ES &
i Br,
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U B APRE, FETRL CL Br g ¥4, WK
LT R 0.05 ppm MERBBAR |, ESBIRT
T% 0.5 ppm, WHREM I THE RE I — 2, BERL
0.3 ppm, WKREMRRATE. BAE. Hi. W+ 4
10.005—0.2 pom, XAH FERLLEY, | RHBRES T
HI L 3 MR UB MM, MRKRE TR LRE AL h
(L8 SR AIRSRER ) & 8 9 1, % 1006000 ppmms
HAERH R T, HOBREE, | RARMATE T 10,7,
FARBIF R ERYE Lo BRAMBREY Wk, TALTS
BRI, WREE CallO),, BEHA Ca(I0NIC0.,

(Ll
(2]
(3]

[s1
(el
(73
{8
(gl

QL]

(1]
(1zl

$ F X W

BERRF R, (URASED, HERE. 18—00 (1979),

BRI R R BB R, GRORE) . BIRAEREE, 9 -8 Qeve),
F. . Siegel {ed.), “Eeview of Research on Madern Probloms
in. Geochemistry”, Paris, Unesco, 13—37 (1879)

B.B. DoSporoabexknit, “Xamua Jemnu”?, [Ipoveinenne, 16—
40(1680)

A A Cayxos, “Teoxumrr”, [locreonusgar, sb—58(1951),

T, BRE. THEFE (RO ERRLE, HEHRME, 1—40078),
A, H. Brownlow, “Geochemistry”®, Prentice-Hall, 14—30(1973).
W. H. Freeman, “Earth”, San Francisco, 13—14 (1978),

R, W, Ojakangas, “The Earth,Pasi and Present”, McGraw-
Hill, 24-—27 (1978}

K, H, Wedepohl, © Geochemistry®, Holt, Rinehart and
Winstan, Inc,, 39—68 (1967),

A A . Beye, “[eoxumearsrochepu”, Henpa, 42—165 (1972),
V.M, RREREN. WokE, BERERE GBREEN, BN,
463—480 (1938),
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1.7 HWFEH TR AN

BRPSCEANBADNT Y, UXEEENT Y RERH
EAREHTTRBSANR, NERATNT ORI HRE,
wRESHETHESEASEHT Y, HREEMLEANTY,
BERBRER. ETHELGYRE LS 5, RiL D, R it
Y1, BALFHEEEBLN. BERETETINE, R4
—ERREN SRS E MB-EARBEREHLEEr B &
TR EE RREFEE? W AE5EERTWHARS%HE
ER&E, MERRAHHTRESEEGE. B, BE4 X8
MEREE, HT BB EERREREESNARAARE
BX.

7.1 JCEAHEREF 5D

AXPBIRALESRBERECE B RERM L, &6EBT4E
BRTREXRERPAMREETHELERB S LERT
sk, AETENBRAZGEE—EBFELRBETARET
FREHE, FTRAFESFEKFRARNETERGTT 9%,
7.1.17 Goldschmidt 4>t |

2B HRE

1. RFORTHRTFEN

RTABETHSHATALAAR, () HEKGR
F. WABTRREF SAARTHEF, MNa, Mg, Al, Si, Ca
F (2) B TERAE BIRTHET, W Cu, Zn, Ga%,

+ §30 -

http://www. chemdown. cn



(3) BERLR-BZATEFREY, PRTREREHBE OB
F, fTe. Co. Ni%%; (4) HHSERGHET, WH e Ne,
Ar, Kr, Xe %,

2. EERRERTFEVhE Loy

RTEREHETRAIFFESHLE (BD) HERE. AE
7TOEH, MERTENCFERL: BLE. BTH. BE LA
U U 3 S Eﬁﬂ%?ﬁﬁfiﬁﬂﬁfh?ﬁﬁﬁ{u%m?
L

3.HHEMRE

MR TR R ¢ &, W Cu, Ag, Auf; )i
BT E, PPRERS MBS CHE, It Ti. Be. B &g
THF, NMUBERAMEREERE, WHASAEMEE, #Fe,
Co., Pt%,

4, TENTRARER

HETEEO, F, ClHEAIR, B—HAEE 58S, Se,
Te WEENR, RF-BITHSC, P, As, SDHIES H &,

V.M.Goldschmidt 42 # E 3R FEW, #%EET#E 49BN
%

(1) ROURR NWEAHEESERRHAN, EERRG
FRABSABTHET, EASHBHETLETEF R4 TR
Ko MHERTEBRMRFRTIMBLE. KERESTERE
W, FBEEETTKSE S,

(2) BELE BIBTREFSARTHET. H6E
EFERMEKHTHREME. B, 50, FRCREESH,
EEEEEAGES. KOTKRGET 7 53 HEH: Lis Be,
B, C, O, F, Na, Mg, Al, Si, P, Cl, K, Ca, Se¢, Ti,
V. Cr. Mn, Br, Rb, Sr, Y, Zr. Nb, I, Cs, Ba, Hf,
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http://www. chemdown. cn



EIOWE v RUHE ¢ RUDE 7 EULE T
. BEEESsy 1.
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Ta, W, At, Fr, Ra, Ac, Th, Pa, URi 15 M BnH.

(3) RWLF BMMTREFBBIBTHE T (SH
5, SHERTHBAEEN LIEA, k. 5 S, Se, Te
BEHEREN, HP—SaREIE Au, Ag R¥5Hg, Bi, As
AR HRREFE. REAFXEFETF 19 FHaHE: S, Ca, Zn,
Ga, Ge, As, Se, Ag, Cd, In, Sn, Sb, Te, Au, Hg. TI,
Ph, Bi, Po,

(1) RHEE RSAUTRERERBTHENET, Bt
FHEATSMI8ZH., HAHFERTARBENHT 8, R &
BERBREE, 5 C. P, As, SbAFESN. GET 5 11 #
76 %E: Fe, Co, Ni, Mo, Ru, Rh, Pd, Re, Os, Ir, Pt,

EERRERMFZPHNE, s NE 7.2 Fix,

-H—! He
Li Be| [Ne
Na Mg Ar

K Ca Sc Tt V Cr MaliFe Co MNi {Eu Zo Ga Ge As SellBr

=
7

1|

1 : _
Rb Sr Y Zr NblMo Te Ru Rh Pd iAng In Sn Sb Tel 1

Fa
h

=
)
et e s e e A . e 8 . e i Ak .

Cs Ba TR Hf Te WRe Os Ir Eﬁu He TI Pb B }"oiAl

Fr Ra Ac Th Pa U

—l —

—3 —— g

& 7.2 Goldschmidt g7 ek k584 &
FARSEERIET TR AR SRR ELEREFH.
WA, FERTEELRHGAT, THETARAS, @
M BN, SERRCET, NifiCo FEEGE, FTERMA P, W

- 138 -
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Cr BN, BRFRAYH, ERE MR T, Ni. Colfg
1, SHL4, WCr RERW, SHLE. Y As, NEHE
TR R AsS, B, WA, AYNEHETFHEERPAs.
(BEAT") . CoAs, (BRENE") TRy, WAsRREHE. W5,
B R —sr R, BTHETHETFHERARMAR, ANk
PbS (HFHIF) « AsS: (BE) . ShyS: (BEF) . Bi:S: (B
85 B, SREXNEMNIIHPD, A, SH*| Bi¥, ¢
f15 SHEANE. EXAERT, ENHETHLTENIRE
F 18 B TEH, MERNAWA LB EHEEMs BT, BN
PR T, MR, YRETESESSBRENL
£% PhO:, Sh0s, AsO; L ESuBSnO.0f, MiXis B o #
HA 18 A F B TR, Hi, Goldschmidt f143% #F
—EFE LKA EREN, TEESRPRELRA—-TRHT
WEGRRE, EHRRNELSRBERA, HBRRSE, —BE
FRRs SRS SHRERALYRSRL: FHTHS SHE
A%&%ﬁﬁ&&ﬁ%mﬁs%ﬁm?%TuEﬁmn,&ﬂw
SHess.

7.1.2 3aaapnuxnﬁ!¥1$}§s

R APRER L, %ﬁm%&ﬁ%ﬂ%?%#&ﬁ&ﬁﬁ%
RMAERDL, BARSH 12 5. :

(1) 8 EBRERFHTER rREMSE. ERAEH
TEREE—WRTFELHE EREEHT R S5 E4B R
COHI™, Hp-H HEANEEF BT BN 3 1B R H.0,

(2) R E @wiFHe, Ne. Ar, Kr, Xe, Rn, X
m?%ﬁ%%?@ﬁﬁ%%ﬁﬁ SANETHMNE (Heb BB B A %
F) .

C3) TR S T # HEEB. C, N, O, E, P,
Sv.Cle HESTREBPIRENBF. EAEERDENES W B
TRREBRHBEZNEGHRTES. Bk, HFRETRGHY

e
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m, EMFRTVTEHIBAESR,

(4) BE L E @¥ELiL, Be, Na, Mg, Al Si, K,
Ca, Rb, Sr. Cs fiBa, ZESHTEEFHP,. Li, Be, Rb, Cs
HRFAEPRETK. EEKSHE P Li, Be LIEBIER
mHESRETRE.

(5) $kEETHE HIE Ti, Cr, Mn, Fe, Co, Ni, X8
EEBTUUEREEBAYEETERESF ST, XTRER
&K, CofiNi FESHEBRARCULEHEI B H, B
FRBHREN. Fe Mo BRALY, XRERBL #H, ¥R
HFREER RGO B A,

(6) WATK OGS Y.WMRBEFHFENT—T) .
Zr, Hi, Nb, Ta #G&%. RETRFEABARELET U,
YHBRFRASBANDEETHERXRT B,

(7) BHETE GSREFFEb T2 nHR, K4l
Ra, Th, U}E, U fiTh*" LZWEREREER P, BT B
BB FH, WETE, XTRERAKBAYGFETREYY
f, UFERERTHAEATHEALTRY, TESEER B
M, WEM=#Ca (UQ,) (PO, I, 10—12H,0, '

(8) HBE AOFEMo, W, TcHiRe, ERM E+ B K
MofIWR R —H%, HE FREIAM (Mo**#0.658, W H(.66
), HENWARLEERHEAR, MoRFER &, £ W &
fEfB HUMS AT, AWIHER, HEBFMERE, LP
AU BB EET (Fe,Mn) WO, B&FCaWOIBRHLE.,
ReMERMy Tl , 2HELXRARBADGEETE 4 7 MoS,:
1, Te fEMFE PR L,

(9) MKETE B¥ERu, Rh, Pd, Os, Ir, Pt, & H
RAKREERCERRNERELWEAFE, HEn B RELy.
ik,

(10) HALHTEREF TH 8% Cu, Zn, Ga,Ge, Ag‘
Cd, In, Sn, Au, Hg. T, Pb.ZEEHT K, LiEEdE,

= LG e
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RERRALDR KO RERT LR

(11) 2 E&RABTEHN TR S As, Shb, Bi, Se, Te
KlPo, &R As, Sh fiBi H UMM E FHHBETFER 6 &£,
NiNa,AsS,, Na,SbS;,, MERRENFTUMERE B H. Se. Te
5SmEmEsl, ¥TEES, BAEREMIY, MERY
Ag.Se:, WP Ag.Ted,

(12) EpikiiR ®EFEBr. 1 AAe,

BEARRITHERTHENTRNARLES, BRFLARER
ZAk, WCu, Ag, Av EHRAHREAREEE 5 As, Se, Te
Bttt BhERLHFmSaEnHEAEL,

ERFEHEROBRESBNEFERERREZAL, BE
WA RE . ETEBETRBTHAR LRSS NER.

7.2 TR EMERCS

WRPEMTRZANSERAT— SRS, DEEhhE
BAREHBR /NG HBRENE., BAMRET A RBNTEH
S, MBS WAL, EIRAERAS, BRTERNF
¥, HRAZHAUSKRESS.

K ABFEHSET WS R, RRERLY, TH— BT
¥EARSBAET X~ FERETEH. RELHTEER,
BHE S, REBERAE L.

7.2.1 S8 MECRESRSBRRSNTRESR

AREEAPEH MR BLE THE PAIELESR,
HF RN S

ApEhE—-ARARERAN, RFEREHRTYE,
BV RN T HA TR, HEFHREERE (8 7.3),
ERBREROTHMN Cu, Ag, AuFFid, BEK-TFFE# i,
Bk, B, ShEamEanEes, Ehmmme
RTEREY. BARMNGE LSRN TR Tk 2 X,

[ T Y
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FIRThE AR N, WHRTRE P & d. Co, Ag.
Au‘ Zn, Cd, Hg RTFAETRXDMHEINRX, WHEL F
HMEFRRTRAENE M, ZERETFEAD, EFEX _

AEBARETELEE T, SREEWANNE, EHnE
BWPRE., XRSHASHOHETEASEE, HLLEEX
FE R, i, PR RS T RIEE 1A, i e
F 14.33eV, B, HE2BEYINL2REREREAZENE —1
HEEiE, BEBXRTRENBRETFRAES #; T Cu, Ag.
Au, Zn, Cd, Hg SMpBRE TRLSG . &, Au, Ag,
Cu, Hg B LRSS, ERRRATRREKCEGTE, AR
&. BRAES, REEMNHEEE V) BEX. W,

Li——5,39

Cu—-—17.78
Rb——-4.18 A“——T .08

m%%ﬁ%&ﬁﬁ%@%ﬁﬁ%ﬁiﬁﬁ%mqT%Eﬁ TR
hE, BREHATEEE.

WHRERERR, ERERREFTEEB Moy, &
WIAERRR EREAH. M0 He, CA, ZnfERAERHET 1 &
BALls ENEFHTHe BBRWAIRDHeS, #IFF ¥
Ak TCAMZn ZES &R T RREMY, BIRZnif T 3
mﬁﬁ%%ﬁk&qﬁﬁmaadZn%SﬂO%ﬁmA%m

ERBAR, nE7.1,
#F 7.1 Hg, Cd, ZoWg{b i@t BN ERR

R i AH (keal) Hity AH(kcal) 251
Hgs i5.55 HzO 21.6 6.05 -
Cds 34.5 Ao 82.38 27.88
ZnS 4%.4 ZuQ 24,36 o 34,98

]
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METARE, s ERAE, REFNZa mid,
i B Hg EREHFRAHRFE R TRRBRALY. HREX B
ARGRE. RAEHLRGRINN I EBET, R AR
A5 PR e, TS S B/ e 3P LA A B i 2 R AR
WA £ R skeal o BEIMRBEXFHHRL T, f RRS+

.%mzmnsm%§m¢<Rﬁﬁﬁﬁiiu

MR ENRE, RESUARERZY, MBRHE
FEM R ER . FIBESESGT, GFR/AY Eah, &2
ERENELGFTOHRENALY. BEREREFRANEST
T, SR EN, SteNERRBERD, BRZIn FCd
MELHESERETRRBREN, HHAENERHFT, Zn 1Cdx
IR ALY

HHRF BRI ERTHAS, BEERLENE
BAMHE, WNAXDE. RERAENESG—HITREREN
SHSEHRBEEBRTERACHEE, HRPRETLD S
K3,

WAL BN AEASRAME, BILEASHTHENEE
B amn, AAEALYTREDTRESREADLELY
£ 3%, TAERHIROMILHY (FeS:, ZnS, PbS, BiS,,
Sb,S:. HgS) MHMr H & % (Si0:, ALO;, Fe,0,, TiO:,
Sn0:, Mg0) 47", :

MEi ik S EAA ., § R ER L D R
SRR DL, WAL 2T T S AEEN, Xt
FRENMTEMAEARE., EHREM., ELRRFERMES, L4
THILH,

(1) B—KERESELBEAMEX., E—RFKPey
WHREIH A S A rhrREREA S, FMELED RH
WA S0, BHHET FeS3tk, GHRBTFEPE AR E B
MoCO EEFFA, SRERANTHRAHEPFN &S

» 144
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ZnS, FEH PbS b kBRI Y HF 2050, b4, BE
B PheMn(Si,0: ) HIEMA CuSR 4%, Mg xBEEAEH
M, T REEAFE TR RN

V—Mn—Sn—¥Fe—Co—Ni—Zn—Cd—Cu--ag—Hg

ERAENY, BREDRAFROELHEHRTRARLD I
£, S SH AN RERIETREEY &, IRRT
STEHSH B TWE, HEARY pBRPBEFTEEEHR. BN
pHAR{L B EMMERLTBR, MERREZFETERRE &Y
BT,

BEpHIT#, SR EER I, B LS FER B P AR B AR,

H,S>H"*+SH"
SH ===H"* 4+ 5%~
—HEREBEEE AN,
 CHAISH)
K==,
CHAIE)
K:= =53
B.E AT,
CH,S)

3= TRSE
B, STRESHBLSREREL, W5 REPTRE
Ho '

BEpHMAR, WRRAFRNET WK, ANRETH B &
B, EAIALEA S0 FeS,, HESKBREMEEE P &
BBRALY s MEAFROBI ERRREBME B B T
Mo BT RLFHE BURS R Z0S, MBREBLS B iR B
e, W RRSEE" s T —RAEREEIRRANHT AR
YeRB PR

FEWBRABER CRER) £5T, RER{LDHEEHRL
WM B . {50

. J4b -
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PbS + 21‘120—-} Pu[OH], + H,S
(2) BREME SH{ERAAR, VERBBREBLS:

Cure* Gt TAS, 8,5 + 35— 4ACua Y AS™S,
g kiR
NIA“ + 85— NiAs>
ey Ry
NiSh + 5—>NiShS
FARC-t =k

ERERGT, GRAEBREEFS O BHGER. £ 5
H.S @b, SO EHT KBRS, HHEERES,R,
& I B ES I B 750,27,

S5:0:% + FeSenH 00— Fe5; + SO, + w0
R, ERAERS, FOEEH, TEANEERLS BN
Rk, HmEs, XEREHEEREA-RERE, W H#F
BEAEAN AR, WHEES (AsSSHRMRHME (As™)
RIS RIF B T — K,

EHAREHT, PRALRBRLGHZEFESFRAT
R AMERBT IRPERERRRT RIFLET Ag,ShSs 1 41
AREEMET 58RI AgSh W84, BT AW RETH
RARWF R

3NiAsS + AgaSb—>AgsSb‘+ 3NiAs
BEhAg B mET S RAERRAZES N,
FikE, Niptgtib@piiaiehx S B FERNE SN, B
e T LS PR R g NiShbS T8ty Jh A,
NiAsS + NiSb—> NiSb$ + NiAs
(3) E=RBEHEA BE B, 7 HSHARAFS BK
HIER T4, UH.S RIEERNH, BRAMET CuFeS &S
25.56% (& Cu63.31%, Fell.13% ) , W §° & S34.02%
(Cu3d.56%,%e30.52%) , (HEEHF W HBT X ALBT B,
[ 4 % 1 B 4 350—500°CRE, SESMEMTRHET, TERE
W™,

« 148 »
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5CuFeS; + 5;—> CusFeS, + 4¥eS,
YILS AT RET ARG, WEREAT.
CusFeS, + 2Fe, 04 + 6 H,5—»5CuFeS; + 61,0
YeSit BIEFMIEY], MHBETS5REBD TR,
Cu:As85, + 5FeS-—-->I§§SS + 3CuFeS; + Feb,

RE R BB R _
4C0:A5S, + 3FeS—»Cn,;2A 5,55 + 3FeS,
Cu12A8,84s + 17FeS—> 12CuFeS; + 4FeAsS + FeS,
e R RA M FeS, FIEAHNBENRERWHT HASHET %
B EAs Jehjli,
FI#, FeSH MEMBRI HES, @Jﬁnﬁ@eﬂ”ﬁwﬁﬁ 3t
e
NiAsS + FeS——»FeS, + NiAs
M, PREEIEFS HREETHENS RRKT FeS
¥R —.
(4) BIIRRMREE R BN ARE, MRRRNRL
My (B Ag:S, Cu,S, CuS. PbS, TL,S, FeS, MnSH & #
MALY (BRMR) As:Ss, As:Ss, SD:Ss. Sb.Ss, BisSs, SnS:. GeSe,
VoS ZHERMLA Y., Bk, TATHATHEEERKBE S b4
Oy MEHDCu,S HIEEEHSh:S, , HET PbS 58 % As:S,
SERETALS H5IRSETBLS &, B E X R N T AR A 2
TR H" CuSbS,, RIMBHMT PbAs,S, . i BH AgBIS: & 5

s
C'u;S + ShSs—» 2 CuShS,

PbS + As:Ss—>PbAsS,

Ag:S + Bi:Sy—»2A¢BiS,
HREY, S ZRMXRENELE LA, e
EARRET, BB B AR R, 10 Sb.Ss REER, WHgS
W, EETNZRRIBEAE, HRE E2HHFRETH

+ T -
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s, EEG SRR ILEASE-', .

(5) PFARRNERHERE, DARNBRTSER N
WA IR, RER LB EEURNT, 2801 R
EiEH, SRS BmEe, BNEERES.

EA%933'>€1)933'>B153“'35”%?’]”’3 MR RE N T
TLS>Aga52> CuS>PhS R, A ER 4R WA, Wik, *
TIR$E, BESERTIRTYRLET (B8 T TiAS,, M
Wl T1AgPbAs:S:, FEEE TLHE AsSh:%50%; Magk
W, FERGLEREIFLET AgSHS, , WHE Ag:SHS, 5 X Culft
HAEB M CuaShS, ; XPb i, Y BIfISh Sk, igsise
B PbBi,S, . MEERHIE" PbSb,S, 25, MR, ZEARNYS bk #lE
Y, WHEAZFHFEPHHET, WEREEEMBRERE
REb &, Az BRBBET AgBiS,, PbEREHMET
PhAs.S, 2,

2B BIAT DU R S B 2 AT L3 83 CueFeSnS, il # 4R
B AgBIS;,

2CuBiS, + Ag,FeSnS,~—> Cu,FeSnS, + zAgBlbz
Himey

(6) BARENMR-BAEHEEZFHE 52 [ 8RR,
RERTBRESL. WESHT AgSbS: 5PbS ZAMR M, B
ek R AgPbShS; .

AgSbS; + PhS—> AgPbSbS,
WS CuBiS; 5PbS K W, B4 % HH CaPbBiS, ,
CuBiS; + PbS—s CuPbBiS,
Ag-Pb-Sb Wb P Mk, HKECu-Po-Bii k9 &
e

(7) FELBARFERBAASEROTET %, DARK
BN, T 1% 40 5 WAL 8, M Cu-Fe-Stk B ot , HFE HIH CuFe,S,
A BET CueSs LN, TEHRBEWA CusFeS,,

CuFesS; + CupSs=—r2CusFeS,

LI TF Y
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Cu-Fe-Sn Wikt A, By GIHY) HEBWTRM, B
AHBGT CuleSnS,,

Ciniteing, + CulFeS;—>Ci.Fe,SnS,
AEZARRYT SRET RELAEN, HUHEREMEERK
FMTEFH.

(8) BARRNEMYSHEHATELY DR SHLY
WM th 2 E R, ZET 5WENE PhSe WEXERET AR
BIE R,
2PbS + FeSe,—>FeS, + 2PbSe
Ag ¥Se RHHERMMKRAN, BRIEET Ag.Se 5 @ 7" fy 3t
E H
PbSe + Ag,S—>Ag,Se + PbS
Fl#E, T CuaTe ST BLS, ZEIMIE NI RME & &
B 5 Mt
2Cu;Te + Bi,S;—>Bi,TeS + 20,8
ETHLEBTFE, £BTE#WBLYSHATRORLY
AT E T
Cu-Pb-Ni-Bi-Hg-Ag-Au
B AR FCu AN Fap btk e {ur s W, T ELAEBh R L
BT CoAsSE R, RERLASEENAREHT B,
MR, E-RHRERARLTHIARINNTHZINH TR R
¥, HEMRBLRRMEER. DRBTHERETEN, RET
¥orme R, FETHEEETeRS. XHERARBER, &
FEBZGTEONARBHE, BTARETRERENE,

7.2,2 . wHiEm

#. RN —RBEERFRNET.2 PR,

BR7.2BH, EFTHS-LEERNEFEAEL TH,
ME B FHRABRER, BHATH. M, HEEEESZEREK
W&,

LT
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£ 7.2 O SHTel)—ZHENMR

v BT+ ERTERATHE
Lo| B | B EAE|[LHE] Q) ] | 0D

i

O 1%.62 | 3.80 |—10.20 | —7.21 16656 | 0.60 1.40 53 03
8 0.36{ 2.08 [ —5.3¢( —3.206{ t2.51| 1.27 1.4 0.05

Te I T - — —4.30 | ~10 1-80 2.21 W.5%xi0°T

[
I—a, E——RTRaH.

EERTFRERmaTREN Bk EEZS5METFES,
FEAHRAMELRE, WMNETREER, MhEMETFHE
SR (SUER S FHAE K276, 6V, THORO " H i 441,26V ),
B, BEFLATE KRR AL RO TR E .

Tt MER R fa g R T RRRE, BBl ZR
HERBFHRMEEFRAOSMMER, Tla TaafEing
FRBR, AFERETFELEDER,

BLEHR, BRPEERTRENARSERE LY, RZ
ERsitt. BREEAYE, BREARER. MLRMHRLE
HARRE, BLRELBRELYD, FRTRESEEG LY, B
AEFTREERTERERE, WAL, HRAEPS,

A5, BREADNTEELSRBEEST 84, MBEHAHH
TELRES CL, Br, 144, XTESHERLRHERETR. &
s B R E v L Tk R. FRASBRBRAEG.0), ¥
HNa, K, Mg, Ca, B, Al Si, H+iES3ERET LS
Y1, HlMEH{NaF, B AHCaF., EHKACaIPOLF, KB A
NaAlF:, HBAMgF., ®EALSIOI(F,0H),%, C RHd
Wi, ClHE A (4310 3.0 §3.5), R £ X (4 H
% 1.81 311.40%); WikbBr R I Aye kX (Br 2,8,12.5),
B (Br1.96], 12.208). FWCIETRER FR &4
W, WA ERETFRLEGY., YEXRAARSKHRAARS
&> WEREFREEY, PuNa, K, Mg, Ca $&4&M; R

L] 2
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Z, MEBRAREGUHERTESS, WIBRY Nk b
A%, WMMABRETAgCL, THREHeCl 2,

R AL EBE TERER. Br fl [ ik 5AzCus
&, MRET AgBr. BURHAZT 4,

HSERLEUN—BTHE, £—E4E&44 VB L ELEM
WY, EKSe MTe &5 S Mk, HgWAMBRHEL. HE S¥L £
(571,981, Te?"2,21%, $*1.841%), Eifai#f h (Se2.4,
Te2.1, $2,5), Bk, Sefiile SHEARKE S M 8 M1
i, BEHMECu, Ag. Au, Pb. Bi 244, MMWEHET Co.Se,
W0 Ag.Se, WMEF PbSe. Wla Ag.Te, B 4 7" PbTe. B
%HBizTes %o .

7.2,3 #FHER

WANMLELREZNNAFZHBR, BUBYTYH, AR
TRERFEEN. REDRSBREFEETRET AR Y, BF
EXREEVMATRZRRASMEHMNA. RERZBETEW
gawRZz—.

RERSRBT WL, KEPEIGHEER LT
AEPAFERMUATR (BF. BF. #5817, 4F) g
#, EHRI|RHAESH. L28., EARTEHLE, TR
BIE SR E SRR ATAL, I ESEE M (SO Mg B
Fe** B#G T MMHR (Mg, Fe)(Si0.), Skek#k ¥ m
T, AEEEMEARMBRAESIMFRE. EFEEERyD
H# Pt BEEAF—2RNPd, BHEEAE O e
HR#FAE, FEFHBRNERE EFHEKA CalALSi0x)
gL ad, 3% Ca®t (1,008 ) B Nat (1.021) & H B,
[ALSLO0:0%” BHIAISL0.0", BRHBREMHIZ8R E. A
RAFZTOTHERRARTEFE.

LI 13
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1, BRER BRGS0 E

PR AR ERRfREETRYN. HITREESE
5 MAEZTEER. REWERARAGNH Y, o8 M
TFo

(1) FFRETLE LWHTERHLPEHEETBIE M
LR 5%, BUWUERGSH I ME RS, AN B T
RAMFAR, MIRZHAHEREIEEFLEEZI B X T8
Ao B B r: FAUERKARIBTER2, WETALE
. .
Y (rmre)/7:<10—15% 0, EREXEBRRER,

B (r-72)/r2=10 B] 20—40% 0, WBTERE2E KRR
B, (G RH

Y (r1r2)/r:>25—4000 8, MIEERR TEREERAR
SRRRAR, KR, WARBEREABRRR.

ERBFAMFAREELERARERLGE & 4, WO
(1.814) MS* (1.843) 2N, BRAWFRBMHE, H H#
RREERBFERER, HHENHHEHEERR, AR
Bt MR IENEBENH: 5—FE, FHTEZNH
BT pAER K, ERRATHETRER £ B &, mAP*
(0.544) MSI*0.408), BT LEEN 3% . B HZHH
RERRYT 4 2. BAEERET YRGS/ AI-001.7
X) MSi—0 (1,64) WERTREME, {2 6%, FU_ &
BERRERR, :

(2) BibtElR FREEBEHRE, WEBEZEARAZE
¥, WMELY CaTiOspHITI' (0.614) Wik Zr** (0.724)
B, BRCIIMETEEHEE 18%.

(3) AL pE b ERE FEEROIEGKPR
HERRBERALE, MEKRECEIRPERESZERTL, W
TEHEE PoS o, PhRIEMECHEe, BRAZEHT R P, R

LY
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AHAOE B, Sn B, HENWHT HZnS S, Zn HE & %
H 4, HPREFFSTENC, In, Ga, Ge, Fe, Mn & [l &
B IRl 8 25 5 7 RBEA :

RTINS RERZBEZN, BEIAVEASIANEET
B, WHEATERRASES NABRSRELRTHMER. B
=i, AAEY, ERAKERWRE. BVASRMBBEER,
HEEREPEESHREEEE. BN, LEARGERARAE
To XMEFHERRFH, BEZRZARHHNLHEE, B
PISPERAEE, WIRES MFRER BesALSiOn, AigAiha
BEAKKR, WERBEEHR BHARASELEBEEE 2R
B :
BRLRAERARBEEARARESRS, MEERLE B
H. i,

(1) RE RRERKTLEFEERRBEAEHGERR
B, R REREEET P ERERTENRERSER, £
REEFERBERBEP LA SR ENEH, DR KL
Cas(POJSF, 2 B A s 48 f o Cat M, TR R OB IR P — AR 7R
AECe, Na*HCa* R MK BH . MK, ¥Ca R RFGPO,I
e, MBEKR F & F— ERBHC RiNaty I s pbsk 5
Feit (Fe,V,Ti)? 0, , Wi h Fe, Ok R &, TV20,, Ti:0,
R, WAHNTREBET NEBER. HE, B REB S5
Fe, 0, ,

(2) BE BREEXLXFRRASEYR, BEUNFHTRRR
RE®, FIUBRS B M (Fe,Ti),0, R##, FefiTi
PFEAEEERY, HBENFHEHENE, Fe fITi gLt
ARERNEEER, NEEERA BRES BRERTE
HERMPE, Fe. Ti HEEN I —ERBaE, B TR & #
BREFRE, RERRE (RERE) ROBAITHEAAR (
D, W

(Fe, T1);05—>Fe:0y + FeTiO,

*+ 5% -
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WA EEREAR,

2, kmEIRERRY

EERARIHK:

(1) #HEFERE H[EMHARAHETEGER, HFX
AFEALYE R AL, NEREES, WZctr (0,723 Hit*
(0.714), BIMAEERRAR, 2B EERKR, IR £
Hew Yhyane 77, FHE/Zr REAST 13, X # B
Zr M MEREHRAY, TERTHRES, URELHE
IR, LMRe™(0,638) R Mot (0.654) 1 B %, #
AHEHT MoS P2 HRe FE, TH Nb*(0.641) FTa’t
0.643), MFEMALEERERED, HUBER % &,
EEERIT AN R WRERT REEY, RANRMLES
TR (Fe,Mn)(Nb,Ta).0s. HEEFEEFHEND %, @
FTa £, _

(2) RrEFRE WERKTABARETER. HTHE
R R TE, NERETENIE BERMRARASEN
FTHARFIT: OFREMHEFERIEBNUEF. 5
MYTE =B, R Mgt oAl Nl B =8 KALIAL
$i0,,)(OR), # MBS =8 KMg,(AlSi;0,)(F,0H),, — #
BREMKR. ORMMETFEREMNHEFORN, KNMR
FEHRBMAE T . MR K G Cas(POJF d1,Ce® B #Ca2
B, Na* #EHCa®, #12Ca**—Ce®* + Na*Hifitdp £, & &
BIRARLES T R K (Cay,Ce,Na)(PO,1.F, ¥ i@ & A
NalAlISi,0q], HCat B #Na i, AVt B HSi4, BiNat 4 Sit*—
Ca?t + AP* b2, BEE KA CarALSLO, @ B + M
HEHA, BEFZRUIETESR, N#KAHTYTFTAFLH
TR, BBCatt +F-—Ce** + 0,

&L, HEREBRAASHTRAR, HUEEERME
R, MFESHATRTERE, EEZURAFRELELE,

+ Ib4 v
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1) B.B.llep6nga, “Ocoosm reoxpMus”, Hexpa, 55—60 (1972),

21 BRAZRAZE, GEREE), BEHERE, 120128 (1979),

(31 B.W.Jlefemer, “OcHOBH 3HCPIETHUECKOTO aHaln3a reoxd-
WaUecRAX mpomaccoy”, MalaTtenketso Ny, 206—237(1957),

(4] B.B.IlepbSura, I'eoxumma, (9}, 1283(i978),

(5] Y. Miyvake, “Elemeats of Geochemistry®, Maruzen Company,
971—163 {1965),

v 155 »

http://www.chemdoﬁn.cn



41.8 EENITE

RHEMHEBEEES KA ARDED RS AmE, £
—RHEHRRGEIERE BT BT R dE 3R S 87 Bt
HFILREHEE, WERTE—C&ETERIHHLER. T8
#3EE, B S TERRRY, UTPETESERRT, X
B ok T TC 045 BF B0 W BE B B BT AL K A2 I & 4tk

TR ERES W AR A KBS — RS R, E0
WTRESR LEHH, RO Y, 26N
R AT IROBEA TR, 2IATEORLNE R, B
A AEMER, ERENTREMEETHIE. EhNMH,
Ek, HRLRETAREEFGHE, £PRSH, RFET
FTBMALHRE: K2, RRTTTHELZLIE R LY
Ltk RMUTRSR., BRSBTS RERM,

ToHI B B TR T vh, AT R BB Y B R A B B R T
MATMT Y, AR TR AR P RENAE RS E
T IS8, BETRBEUI AR R ERBTTHN. B
DL 1 T o B0 20 IR R R AR SR B e B 4 T T 9 1 25 1)
e,

H R S MR BB ERT SRS 4B B jiE %%
.

8.1 Wi RIER AR

VM IR 9 R R B SN R SRS A B A S A 4
DA BP ST TSR B BT AR BRI AT BT R, HE AT,
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8.1.1 wHsLEAs

FMEST K P2 ERABRNAB/BT WO HMKE
NaCAISi;Os23t4:, HILTARMIESET UK Z 3, WEM
NaWOBABRTEBRE. B R BT AR A B ST L¥E
BER%,

CalAl:51,067 + Na, WO, + 4510,

—»CaWO0, + 2NalAlS1:0,]

X EL A R SR T HESE

8.1.2 BEMRTNHINENR

BE ph A W DU A B RS A RE R, 4
A=A E RN, Bt 2 (ALLSLON),
[OHZ) M (ALISLOGIOH),) RN, Bk
B R L E R ST, REy AR etan-fk (hagy
BREEEHRET WERET) REFRKEK,

B, BEXNEEBERRERNBERETLEN, F0R
RN, K M B Y H(BF.(OH)IE{BOF.(OR) ¥ B
AEREERURSAIANBAEZELERN, BERSHA 4
(Na, Ca) (Mg,Al)s[BsAL:Sis(0, OH)sls

8.1.3 4y ¥d ke mikn Ry

P R AR RS AR, REEN—AREAR
Bt Ko B T R B A R, T R AU o FE B Y
Bk, FR AR EGEET R E KRR .

BHRSE-F R B W AR, IR & A Na,
K, Ca, Cl, F, HCO, %, MHBRT KRS YR HRUAE &
BMF, #5RARARENHE WEREK. AEL. BF
B, AW SHENaSn(F, OH)BRIER, YHELHE4EKE
R, BRBAENS FIYW, WFALERN.

» {87
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Na,Sn (OH),Fy—-—>5n0, + 2NaF + 2H,0

FWIE, 7TEREMEESET FESnOH,LFL R EB K
R TFRAES. MERREERN, B B F K/, fd
BH SnO. Ul B RNNE, FPEFETEA 48, W H
AEFEEYWE, B FTURRAKSABABST HESF
KAL(Al8i,0:0] (OB, FLAGWH (Mg, Fe)sAllAISi05] «
COH,FIHr, HHlSnal s 4% TR EAH, MK RTH & 8
ARMFBWTRAS, FHib, ToMRAREEESRTME H B 8
7.

8.1.4 EXRREHHYRELER

BERER C0.80), KBM (—HATM) HTRENR
HPWREREFRERELS, W Na*, K, Rb*, Cs*, Ba®**,
Srev, Ca** 4, HARUBRRBRTHHBmE RIS WHAE Y
NaCl, KCl %, BSERETE®,

MBTRWRHAB FEBRE S, mME-, CI°, Br, I”
%, MEENNIBHHABERR, b FREBASSH, &
LFESBIFURKE &% B R T8, I TiFs, ZrFs,
NbFA~, TaF2" & (NbOF:J*~, (TaO¥:)*", [ WO, Fy 18-,
(TiOF J* &,

RIE S AR M RERERBE R BLHEE, BESERR
AFEBTRSMH HS, SMHAS RS BERETETFES
g%, BASEHEAEEHTEERLPETFERTH, MAS:,
AsS:%, AsSST, SboSiT, S.8.27, MoS,*, HgS,2A 4, Xk iy
BTHRESERMEFNEEY, 1 NaAS, BISEREA
RS BREBFHTHITER,

W55 FE. FEDRENR, BAUREETERTR, @
FESESYE X I B, MCu(HS) ), (Fe(HS), )", AgCly™
%. .

RIBHIMEREREBL LK WTRIBER. hTHIHR—
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BRIES, BTSSR TR RREEBEN, Fnw Ak
PR Nb, Ta B HEESHINDO Y, [(Tal ) BRER D
o

HAMBTARELEY N, Tag b 5SAWBERE LE
FEHRF: (1) BWERABT EIHESTASHE, SF—E
BEM Nb 1 Tay (2) EMRAEREREPEREREDT (Fe,
Mn) NbOsHlE 4G4 E&R" (Fe,Mn)Ta:0n (3) S8 ALE
KERE ARG — SR A Xk, FENb, Tag#hs (1) &
HRBRET, KFINEZRERERSHE No Ml Ta 5™, #
Ko Nb, Ta gzt BN, AAM TEANTR,TH Talk
Nb BEEESEAR. B, 7 Nb, Tag P aLy it
EFWEH Calf i B X ALISIONF, OH),, HM_#FMs,
FRA L, ZREE, AR KL AL LA, IR, OH L)
fENb, Ta g BB EH,

LBFEEE, Nb, TagARBEHYTFTREEXR. £ %
HIFHP Nb, Ta RERS FERBBEN ARBENESY, &
HNa, K @SN EBH. WHRYE Nb, Tag™ ki 22 M3 4,
Ta FE R UMM Nb 3R, WHS LR Nb i, KB
EREH, HEALMBARSYERSESHIBRIREGREUR
BEMFMEA A,

s RSN KL B . & 8 B K.NbOF; - H,Of
K.TaF 3 F 8 R, BB % 400 £ 10°C .4 51 KHF, Na,SiF,.
KGSIFR B 110 K:NbOF;« H:ORK ,TaF 7= R K fRH B m, 52
Lt REH, YMA—2 By KHF,, Na.SiFi, KSiF, 33
L WTPLR IE Nb, Taff B &% K.NbOF 5 H,0, K, TaF; K .
Bl b KHF., Na»SileF K.SiF i V-4 R E# o PAf= & HY, )
PR

KHF,—=>HF +KF

RN AR AR RSN R KRG, ERLE. () .208
(levz) .
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Na,SiFs + H,0==Na,SiOF, + 2HF
BB OB, WMWY IEND, Ta REWHAR,

Rl SE Ry iE B (520 £ 10°C, BE 4 D, Nb, Tally
AEREATHERANATHM. EIZRMHEN K/Nbad:
1, K/Ta=8:1, #—HHH Nb, TablBMUHRFBATH, THE
RIFE 8.1 Bim.

F 8.1 |MBAPE. ENRSPERBAOLRLER

e WEEh MBS (ERRERNZHES (mg-atoms) FF
3 -
gﬁmgjzgﬁmg K | ™ Ta K:Nb[K:ra
K;NbOF,. 2.4X107% | 0.6% 1077 ~4ll
H,0
p  (a6m0g)
HF HF
(2.5%,3.2/(2.3%,%.2
1) m1})
K NbOF,. 350.2X107F 137,82 107% et H
E,0
(120mg)
2 HF HF
(1.1N,3.0/{1.:.¥.3.0
ml} ml)
B, TR,y 59451078 7.9% 1078 ~gil
(40mrg}
3 HF HF
(LaN,s.0{1.1N,3.9
) ml)
K, Tak, 155.56%10™3 | - 19.9% 1073 cH |
{120mg)
F] Hvr HF
Gi-1&,3.0(1. LN, 8.0
ity mi)

ML RE KB, Ta bk Nb B, KELERWE 8.2 FiR,
A 8.2 PRIRBERHEE, & HY AT Nb,
Ta WIE#.
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#8_ 2 HF, HPONEERLMEIBRENINRYLE

FmXRE A [ERS =R - J«X.{T}\r' ;fi@;fn‘*(mg-’x‘mm

"ns e (mg—atoms) =i/n ) N
ERNE EREE Nb [ Ta | Nb | Ta
Ky NLOF;e 30107 (4.1 1070 1LBX 10 bl Ux 0T
H,0
1 {2zmg)
K Tak,
(30mg)
HF H¥

(1N,3.26 (IN,1.25ml})
1) |

K. NbOF,- B ATALO7H0.2X 1077 10.09X 107 %0, L X 1072
H,0

(23mg)

2 [(K,TaF,
(30mg)

H,PO, H;PQ,
(1N,1.26 |[(1N,)1.25ml}
ml)

MBS R P RKE, EEEABNE Tatk No BE £,
RBkT Talu NbiE# B R ¥ A

8.2 LEMITBIELI

BAREAFRER, WARLSH, Hit, MNIRRIBE
RFK, RAREEAE, HTEEFHTFAER ERBERE
RELRBIE, KRERMAYTRERETEURA YT
fiEw, BAXMEE EREL RothERH ey, A5
THEBMR. BEFUBTENTORAGTWERES, £5
HMARAD EERAHBFE, EREPRREER. IRXS
BEEATRTENNDE, TANTRARNIR. BPaK
B, —HEEAP ARAESBESEAME 8.3 Bin,

AE8.3EH, A—TEREAMAKLAR, TRETFET
BER, HPAWCEETREORNIEY, AEHLESN. T
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%83 TERTRENIBER

it . & H

&Eﬁﬂl@]lﬂcu(ﬂs):i'; [CuS(MS),)%, [(Pb(HS).)", PL{HS),, (Zn(HS)]",
Zn(HS5),, [(CA{HS)I*+, CA(i1S8),, [CA(HS),)*, {Hg{HS)],
Hg(HS),, [HgS(HS),}2", (Ag(HS);)", AgHS5, HAsS,, HSb5,
(HSL3,07, Fe(HS),, (Fe(HS))™, (Co(HS)IY, Cn(HS),

FiicHr [(CuS,1P [(HgS,)2, (AgS]m, [AaS)™, [Au8;1-%,[As5;), (5bS)%,
(MoS, )2,

i [(WO -, (SI(W,0,),0¢, (500,07, (MoO.Je~, (NbOy)~,[Ta0s)",
(Be0Q,2%, (B.O:)%, [POGY, (VO

B tHy [WOR,, WOCL, WO,CL, (NbOF, )=, (TaOF, )2 Sa(OH),F,1*-,
[3n[{0H, ¥) 3, (Bel, )%, (BeUy(F,0H),)~[FeCl )3~ [PbLL)2,
(CuCl 3=, ThuCi)s~, JAgll)-

B UGC(CO,. )02, [(U0L(CO,I, [(UQ(BCO:) -, (UF (8O0,
{TR(CO;)s 2™

E P Fe R BRUEBE A TR, Fe BiEBER ®AR.

Fe MK, HEMBREEFRR, TE Fet*gfFe** Feo
RAREYE. FeiRgd. £EK K4 T Fer PRk B
i R, WS EERLRHGT Fe" B RAzRET Fe:Os,
WEH Fe (OH)sy M % KT HRBEET FeiO Fe iy X
ERRRERECHIBERTE.

Fe ERBNTMUSHAET. REYNSTEALIS, &0
PLE RGBT IR, EREERT, Fek BUNR &E F
Fe!' R XA TFe O BRIIH, WU Fe " BREBER
HARE. Pe ARFATRMFETRERENS, WML,
Fe MR BB BRT AN . ABERERBRUEBHH, Fe'll
Fe(OR) BRI, Bk, *F Fe**kit, 3@ MERE R
RBBEN L, SW DY) HRERBRER, JLFH
HR BT A Fe* BBl Fe(OH) LI K, |

ERFFHT, RN pH # B W (pH=0—8), Fe**
iR, BIEBRARM, MR KM TREL EEL
BAD B, BVRRAG T, EPRHEOKBRD Pl 8 W E T A

v 18T «
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THZLAFSZ—. HELBIHEEN, Fe REMATMIIRE.
LI Fe-H Ok Bvh, EAAREFe ULIRMTTES. K18
Eh AR, BT K P 4 U TR R Fe,Odl Fe(Oll)y,
3¥Fe* + 4H,0—»Fe 0, + 8H* - 2¢”
Fe?t 1 3H,0—>Fe (OH);+ 3H* e~

LRMBWREE AV BRSREER i, Few bl Fe(OH) ik
EXRiTE. AAEIREERE Fe (OH) K & IS EMN. LR
iE8H, Fe(OH), B¢ ARyeRREm P R EN. M ol B % M,
Fe (OH) &R,

ERRBAET, FeRREFSSBIEURESHE REB,
By b EERRESETRR, BRARPEEREC,F,
CO,, Na*, K*'%, XBHLSMEEFA T Felli 5% BX T
.

TWIEH, FegmatKbpgmERAd, EAER—T 300C
BARER T 390g MER, —BEMUBE I 0.001mgH) Fe, {H
FEHR LR HC M BMERE AFRTBREAH HE BiX
B Fe, Y AEME K NaCl+ HCIE Bt KO + HCL i,
ATFBE8, MR, RUAR, it 30 ped, SEEHEH 100—
400mg Fe, XM EH, Fe EPRUHFRPNBEMRELAKXILE
FERELTH. BHELREEY . Fe WERBREGHE P AW
BEER (8.1, .

ERERHERET, ERREET, EAPEF-NI E
EBEL. BPEPSBEXRC, F. Ne*, KBy, Fex B ]
Na[FeCl,), Nai(FeClL), Nay(FeClsl, K{FeCL), Na,(FeFs),
Nas(FeFoJ&RIER 5 Fe BIX & & pIEL-&% 3R ¥, 4 200C
BEGBARBE. ZREH, ABBFAC, F o Na*, K*
FAETEEEN 132°CRt, I HR R Fe LF-£8 B & NalFeCl,)
SEAY., HEEX200CH, XERAIBERE. B4 ®
Bf, FIEIN Fe, BARERME KDL, BHML, HEFL (Na,
Ca),[(Si, Al}.0:1(C1,80,,C00%, FEAHEGFEKFTR

= 1§y =
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T Palmg)

0 fn 2‘;, qn
¥ (mg)

1 WBEEHRRMY e T 55H10R
FELDHERNXE (AF b8, ZEBH[F 3ch)
1, BE8, 2.8% NaClL TICL,
. TR, 2.8% KOL4HOL
L, Ml 207 WaCl4-FICL,
. BE4, 0,8% NalldHOL,
A, 2.6% NaCl+HCL,
. BEE, 0.8% KO+ Ha
HESEMNAE Na.Fe,Fe (Si,0,000,0H),;, Hd Cl 5B k3
—4%. HHh, REHBEET AR S CI L 1.18%, XEHELEH
5 35 B o UL e I & T T R BT BE

Fe IEHEAWTIBHAEREREPREEN, I F#8
FHIRABAERRP RS, FRESEEB T Fe T #B0
ARHREATIR, SR ASNEUE, WhERSRTRE
i Fe DB ERNVE FERIRETEEN, I Fe(OH)*H,
Fe(OH),*, Fe(OH),”, Fe(OH)*, Fe(OH), &,

MR E Fe. Ol REFIRABRTLUR R, B3 B Fe.O,
PORERE, TWHEEEE, pHH R RN B M(Ee.2) .

* LB4 »
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WK REE

B a2 TREENTOBRR SHRpHNLR

£ 300CHR pFL 6 — 8 B, FeOMMEIX 107°—10"°mol/1 (H
% 107°—10"*Fe g/, A RS R B HEF] RN ek 8 R E0E
ERHREXE, BEERN (300C ML) Fe,Ofuwib: I W
FRIRBIETREE R, ZHASRREREADANEMETHE
BREEBREX.

Bir%, DR TPRFELBEEAYNEEEAY,
BL2RB|ABEFHAA, ZEHZARF—ENRA, NHE 8.3,

M 8.3 BH, 781glCl I=1 (FHCCI™ )= 10g-ion/], X
REBWIRE) ®300C, pH>>6.7, 2000C. pH>>5.9, 100°C,
pH>5.1 81, HBPHBERASWSRYE HMNTFHERSE)
e 1glCl™ 3 =0 (4d M4 (Cl 2 =lg-ion/1) M 300°C. pH>5.4, .
200°C, pH>4.7, 100°C. pH>3.8 i}, kRGP HILS . X
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pH

-3 '.2 "'l'. !; 1 ;
Jg (€
8.3 SERESHTREESHRRHIH-1CIIR

- ﬁﬁ%!ﬁj#iﬁ'ﬁ JEBE R Fe TRERE B ERAEP,
AR T FEBRAE SR AL,

8.3 HBPIRUEIBHLERRD

ERFRNIHIREREEF LR ZINMEERN, 85
RRIBEEM AR N EREHTREREN. BB, AL
EEEEMBEEERS. ZBEERMGRTURFHTRITR
fiill, FHAREARE, Z—FRITER.

8.3.1 BFEHMRE

Rz MM TR R R MBS R B . i WE
Na,WOJB M, AEBRBESHAEREHE & T
HE % 4 TR SR B o

Na.WQ, + CaCOy———=CaWO0, + Na,CQ,

+ 166 -+
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HER, Bmass CaWO. M.

3.3.2 BHEEM

EADR R B R BB T A IR pH £ 440, T pH & 35
LHEEMARATIERNSE®, FERENEs b sy £— 2
pH W@ EAERR, TrEiETH, NF .4 RHRNE BT
HE S — M pH &4 TRIFHBIE.

% 0.4 —ERRNAYULHNBHAEENIHELRER 5T

HEiiy ]l pE BER - E¥LY pH WEH
Sn{OH)Y, 2 1 107% La(OH}), 8 1% 1072
Ze(OH), 2 8% 107 Be{OH). 8.7 I Y
Th(OT}, 3.5 1% 10~ Hi(OH), 6.7 8.7T%10°M
Co{OH), —  |z.axa07 Cu{CH), 5.4 1.8X 10710
SB{OH), 0.0 ax 107  Zn({OH), 5.2 4.5%10°Y
Te{ Oy, 2,48 4x 107 Fe(OH), 5.5 4.Bx1p71
Ga(OH), 8.5 | 8X10°%|  Pb(OH), 6.0 TX 1018
A{OH), 4.1 Jroaxip® Co(0OH), 6.8 1.3x 10710
In(OH), 3.7 § X (D78 Mn{OH), 9.0 4.1x107u
Cr(OH)Y, 5.3 TX Y C3(0H), 6.7 2:3x 1071
Ti¢OH}, ldem| B ] 13X 1073 Mg{OH). 10.5 6> 10712
3i¢OH), 4.5 1% 10- Ag{OH) 9.0 zx 107"
Sn(OH), 3.5 LX 10~ Ce(OH), 7.4 —
Sc(QH), 4.9 1% 107¥ NA(OH), 7 -
Hg(OH}, 1.0 3% 10728 U, (GH), 4.5 -
Y(OH); 6.8 1% 1072 NBbC,(OH) 0.4 —

WH vH HAEAAMMARLTRAAHTEARR & 0y, WmALA
SLERBTHIREIE, ERZEET pH XD, WHE 8.4,

ME 8.4 By, ¥ pH<4 R, ALOMIBMEMR K, M Si0,
HARNSBER, EXHEET A SR, R77ER, W Sim
S5RRYERE TR, Y pH=5—095, SiOMHEMEHMRAHY
fin, Wi AL JLPARM Xof SIORTIER, WALORE T %
BB R A R R,

 HAY »
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Fee

ALO, ALOy

)
™

=
T

B (me-mol/l

W s+ SIORMALOMERES pH RR

8.3.3 WLEMREH

EAEREEATRER SR P —RERMELN, HiF
BRERPGETH B AEEER TFHREE, 6, X Fet 5V
EXRERFHEN, ReZEDT AR FR R,

Felt + Yotue 3 Falt 4 V4F

B F AL TR R BT DA R RE T A 7, R R RS SRR o A
FTRRERLARHRRE, MR TRNERRS. NTSH
HEMTEER, ENHBNETLEYEEE—BE/DN K
P FA RIS NN, ERERXELRE, URXEBTE
PSS F RN TERER, M Fe, Mo, MB—RITHK
WU, V., Me, CrNME, BINEH BETHER &% T,
WCUO0E, VO, (MoOJ%*, (CrO)4 %, KA BT &
AP REBEY, EENRKHRE, #HEFOMERAE
T, FBEKMEETR. o

Wsh, MARRERNENTERGEEL > EEEYWE, &
Y Vit Gt Fe e MR P RER, WAL VY, CVRJR

« 1Gd@ -
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M Fe* B/ ik,
V5++ Fe2+H‘V‘+ + Fe”
Crst+ Fei*—— Cr¥t + Fe¥*
EA Fe fE N, AHMEBRV'ET @ OnW &S
Pb,LVO,ICH B Cr¥* {5 % (R B &5~ PbCrO,) AN ¥ Fe
ERWEAR Fe, MV ARG HELBE KN, AHTHE
B RXF G . USRIy RS REs, Rew it
&, MAGHEY L, ERENBHHVUTYYS Fo' 5
BIRFRRIAE, XY TIH VS 5Fe R e, KAETH V'R
HBFe R
Bebt 4+ Tit*—wFe?* 1 Titt
Fe't + V¥t Fa?t + V4*+
B Ti**, V' S AR e S Fe' g Bt a, RA X Fe'' 4
HMBEF D Fert, W Ti**, VRELSEBEAN, AHTHE
B T*Y R VR a8 55 Fertghipdbd:, DRI B BLH Tit*fn
VRIS Fe 5 # 3t iy W BB .
Fe BHHBIHEN TR, BEHREETEMHET KRS,
B PR Fe HWTELAN A R R SR REFEN, FHEIILTN &
Pl F RN A4, NE 8.5,

¥85 BUHARTEETRETFHESEATHEHRR

®ET £ &£ B F j FRREEOWT

Tit+, Tit+, Vi, Vor Crot Most, |W+\ Cro+, Mnt+, Cod | Nist IO,
Mo+, Manr+, Cowr, Wik, Ut - NO,, SeDga~, Pbi+
e+ Ve Pha+ :

TFeft

Tit+, Vit V3+, Cra Crit 3Los+, !
Mot+, Mn2+, Mni+ Co™ Ca't,
Witk Wist, Ut 10,-, NO,~,
SeQ,i-, Phit, Phi+

i 1+ &
Tratt Titr, Vb, U

MBEFARTHEER PR LRI, WSS RS
BASE., FIMAENESR Fe, Co, Ni &34, HEHRBEY
R ZESE. B Fe, Co. Nifty S L 4 R H,

[T A
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Fett-—sTet + e
Eh®= - 0.56V (BREANF), +0.77V @45
Co?t—aCo't + ¢

ER°= +0.17V (BN, +1.84V (BE A5

Nit¥——>Nitt + 2¢ .

ER°= + 0,49V (BREEAR), +1.75V @EAF Hi &
WEEATED, FeBEBAMLD Fe'', BRBHKT s Co R
RS BRELA T, AREELR Co™,  BRAMT HCoO,,
i Nify E2°Fib BB R RS B, B WA
B R E A IR NPORE D AR . NivTHELITE QR RN
FEH.

TMAATY (NEER Mn,Fe)Si0, BREET e
Mn)£ PO %) i, Fe* 5Mn* BB RREAEFRE, &%
ik, mEEANHFTEHSE, BR

Fe**—>»Fe* w¢ Ei°= +0,77V

Mn2*—>Mn** + 2¢ EB°= + 1,23V
WP e R AL, Fer' BAM, B Fe(OH), I %, i
Mo* B8 THEE T, EHBREEABNALTRRM 5, Mo®
ik, FEEESAKTEAE MnO: + nF0, MEH IR i,

FAB R R M Thar e, BTHHEHET NS
R, BB EHE TR AR Bi, = ek B
Eh, —FETHE LR RIFERD,

RT Cﬂf{:ﬁ

Eh=Eh +—;;F:111 (8.1)

EEE

KE
Eh=ER® +

2.303RT C
L 1
ER° Rt TSR, RBRMEEH (1.987268 cal/deg
-mol), THEBIHEE, » RS MEMHHRTFHE,FH Faraday ¥
(23062.3 cal/v.equiv), Cyuafll Comed B HALF B (W

. 170 .
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Fe™) RERART (I Fe*) MIME, BREWHERAN G2

A, M.

En=En + 0 0591 Couna (8.3)

CEII

%ﬂﬁ_ﬁiﬂﬁfﬁﬁb%ﬁ%%ﬁﬁﬂbo ATHATHE, EHUA

B pE

—;—-Hz—-—bﬂ* +e

TR b, HRER ER R 0,00V, &5h KR 2L A Rk
0.00V BIWE M. FE— K& FREKER PSRN ER

B F# 8.6,

# 8.6 B kEHPHELEEBNEL

£ & FE B EA° (V)
H,Te—sTel+zH*+20 —0.72
Ut Ui+ e [ -0.81
Fe?'——»Fettt2e ' l —0,44
H,3e—->Set 2E++ 26 \ —~0.40
Vit Vot g —0.265
Sn-—» Sn2+ 4 26 —0.138
Pb—» Phet 4+ 2¢ —0.128
Hy—2Ht 4 2¢ Q.00
Tit+ 4 Hy0——» TiOH 4 2H+ + 20 +0.1
H,5—»S+2Hr 43¢ 40,141
Snit—s Snit 426 +0.15
Cut—pCn?v4-s +0.18T
H. S0+ H,Q— 502} 4Bt 20 +0.17 .
T 20— U2+ 4+ 4 HY 22 +0.534 (FECLAr R
Cu—a»Cut } g2 +0.337
Vir 4 HO— s VO 2E¥ 42 ‘. +0.361
Uttp 2 HO—» UQ+ + 4 FL¥ - 20 +0. 40T (SO~ [Heh)
ReDy+ 27,0—s» ReQ,"+4H+ 4 38 --0.51
Moty W5 48 +0.53
Tet2B,0——TeQ4H¥ 442 +0.53
Fett— s Fert+o ; +0.771

- ITh -
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g

2 L R E ER (V)
2Hg—»Hg, ) 2: +0.789
Ag—»Agtie +-0.708
V4 3H,0—a V(O * -+ 2H* 46 -+1.00
TeQ,+ 4F,0~— H,Ta(,+ 2H+ 4- 28 +1.02
2B3r—»Bry,+2s +i.0T
2H,0— O+ 4 Ht 4+ 48 +1.229
T1t—TIs+ 428 +i.28
bIns 4 2 H,O—e-MnO, - 4 Bt - 20 +1.28
2O+ TR0 —»Cry0r~ - 1 4H* L 4s +1.33
2C1"—=Cly-28 +1.38
Pbrt 4+ 2 H,0— PO, +4Ht 20 +1.45
Au——s An?t 432 ] +1.51
Mot 4- A O—e M, ~+ g H* + 54 +1.52
Ce¥t——-Celtd-s +1.61
bt~ FPhit 4 2a +1.68
Au—sAnt-o +1.70
Niztb 22,0 NiQp - 4+ 424 +1.75
Cott—n Co¥ta +1.82
O+ H,0—s0,+ 2H* + 24 +2.07

8,6 A KR EE A ORI PR 5, R EE
BRI, B ERTERN Y, BB T EAHR
RIEPREm s Fata, mH B 2K, JEE HAK B
Er-fiagk, MENAERA, LRE KV HELERERE &
25°Ch}, MABRHTRESEFREBTHREZLD 111 TEMN.
B EIdeh, Ak, RESNEE 100°C, bW
HWK 0.2V, SAET ISR KA A b A B R W K, #
M, M Fe*:Fet* =110, EA°= +0.771Vy I B Fed* (Fe?*
=100:1 1, W) EA°= +0.83Vy RZ,# Fe’'1Fe® =111001f,

M ER® = +0.65V,

WKW pHES EAXZEZEY. BEMZAEETRAXR,

Eh=EA° - 0,059 pH

- 178 »
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I ER B pH mHf AT VIR, oH 3k 1,EA TR 0,06V,
B 24 A B A A A R, T — A R R B e I P L RS
W eh 7 s AT . . MR RR R
Fe!* —sFa®* 4 ¢ ER° = +0,77V

WY pH>8 K, BN

Fe(OH)2+EOH]"—-+I*'e(OH)3+g ER® =— 0,56V
BTG4 Sk 2h o e B IR P L B0, T 7o BRIESRBOP R
B AREN, FRETR,

PR P T 8 R AL 1 KA EACHI T 8.7,

0.7 BEARHEcEHAERRES

'
1

" £ B & ‘ Eke(Y)
Ca+2{0OH)"—=Ca(QOH)p+2¢ 0%
U(OH),+ (OH)—» U(OH), 4« —2.20

C Tet— wTet s —1.14
HPO2~+ 3 (OHY~—» PO+ 28,04 2¢ —1.42
502" 4 2(OH) —»-S0,2~+ :H,0} 26 —0.93
Set — »Se 2¢ —p.62
Sn(OH),~+ 3(OH) ~— Sn(OH) 2+ 28 —g.91
H,42{0OH) —=2H,042¢ —).az8
AsQ; 4+ 4 (OH)"—= AsO 242 H O+ 29 ), BT
Sb- 4 (OR) —» Sb(OH},~+ 3¢ —0.58
VO(OR) + (DH)— VO;~+ H,04-4 —0.64
ReQ;+4({0R)"—»Re,~+2H,;0+ 3¢ —0.594
Te+a(OH)—»TeQ2~+ 3H, O+ 4e —{0.87
Fe(OH}),+ (OH)"—>»Fe(OH)a+8 —0.56
U(OH),+2(0H ) ——= UOy(OH )+ 2 H,0+-2¢ —0.49
St=— 5426 —0.48
Se-+ 6(OH ) —» Se0y?~ - 1H O+ 4¢ —6.37
2Cu+ 2(OHY—Cu, 04+ H, 03 2¢ w0, 358
Cr(OH)+5(OR )+ CrO,i~+ 4H,0-+ 30 —u.13
Cu 04 2(OH)~+ H,0— 2Cu{OH), +2¢ —a.08
Mn{OH},+ 2(OH ) —» MnO,+ 2H,0+ 26 —0.05
NO,~+2{ OB} —>NO,~+ H,Q0+2¢# +0.01
5e02~ 4 2(OH) —»5e02 + H, 0+ 2¢ +0.05

= 178 -
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2%

A A ER(V)
Bng OFE)y+{ OH) ——Mn{ OH),+ ¢ +0.1
Co(OH),+(0OH ) —>Co(OH),+& +0.17
PbO+2(0H )= PbO,+ B0 426 +0.248
I~4+a(OH)—=- 10,4 3H, 04 52 +0.26
Te0y? + 2( OH)~—» TeO 24 H,0 - 26 +0.4
4( O — 01 2H,04 42 +14.401
Nif OH }p+ 2(OH ) NiOy 4 2,042 +0.48
MnO,+ 4{OH)"—»Mn02 4 2H,0+ 25 +0.60
O+ 2 OR)Y——= 04 1,04 26 . 4-1.24

ART B AL RR R M OT R A sE T DU | R e
RER, ALERENE INERA T PEA— R,
FPEHB R SRRz MR, WH 3RS
BrAr, SETAEE Esf, ROTREBRS.6 MBI THE P
RTEMRNE ER°, RABIEXFIRGA R P ZE T4 T4 4
. Wi, BmEXAB/KG EsR+0.5V, Ko &BF 4 T
Fe**'it 2 Fe'*, MRAWBRERY, M Fe¥'»Fe+c RN B
MER" =+0.77V, ERTAEM L, BOUEHIE P FBE
Fe** 4Ly Fe'*, Fe* MEBBMEMTERERLA.

KBS B LB R E VW A LM R LB
B FER L, kB R AR SRR RN RHE T RM A
L RLHS F AL R A 2 1]

H;0——> %_0,+ 2H*+2¢ EA°=1.23V  (8.4)

2H* + 26— H,—>»EA° = 0,00V (8.5)
ER"HBT (8.4) RME—S Ak KR h iR B4 i T Bk 4 I 35 5 il
£ ERET G5 ARME—ELENPRENEFEHERS B
FHME. kR 8.4) 8.5 EMMELRGE HES AR
L£EMBBER N, pH= 7,(8.4 XM Er°= +0,82V,(8.5)
AHER = - 0,41V, FiERET PGSR FPa R Rdm
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WAV IERWE ELR 4= 0.41— 4 0.82 22,
P, XK RS MR, Sk, FRR
ﬁ{%.‘ﬁh{]ﬁ:m]s ‘r’:koﬁ';ﬁd‘n

8.3.4 EHERER

AR R A B SR 0, XE DT R 2
B, BWMLIRET, RETERBHFARKRERS, EL%
BERMERT R AAERBN, 075 RS B s
MES, HUMEEERARSESEETERNEW, BEZH
PLAE R RHCR AT RS, RETRERSOHHEFE ) #
L, F— BRI RS AR R, EILRRZ U
SR, AIRBIRRE AT IR 5 R R R SRR R,
RapARRURRER, 2R, O BERANLENE,
BINT BRER A TIES, BERARSRIERE.

Btk A MO IE U, RO, R0 8.8 B,

% BRRGENBERS

5 E B W ] G
Fo(OH),, AWOH),, Cr(OH):, | #EBfF HMRA, 510, M0y, Su0,,
CA(OEY,, Ti(OH)w Zr(OK). Vi0s, AsSs ShiS, PESRIERHL

Ce(0IL), #, 5, Au, Az, Pt

|

B RETHAR RN, FURKEARZREE FAYY
RO B A R, A HLR AR Be, Co, Ni,Zn, Ge,
As, Ca, Sn, Pb, Ti. Ag. An %, ¥ EREFWEK, Rh,
Cs, Pt, Au., Ag, Hg, V%; SiOoKBEHER A TE,
Fe(OH),y KERBH As, V.P 2, MnO,Bpk3 %K Ni, Co,
Cu, Zn, Hg, Ba, K, Ag%. B, RESLRHER., B
#., 2H. #Eﬁ%ﬁlﬁﬁi?‘*%"ﬁlo

*« I¥6 -
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8.4 FEEIEBAIA M AT

8.4.1 WHRELETRER

1. 3K -

RETWEER, FRS S%HRE, RRESHEENR
RS, WLUAEA RE. MERBHBEN2TIC, M E
HREBEHAAE, WEERENUORET KPR ARE,
W8 BB K BB RNIR BE AR AT 271°C, B RS R EH
E—EWRETHT, DeFEHBHSFE (RRAE) A
AJEHR 573C (1 atm F), BUARTHEE e AR, MHEPE
AMRBRERESTICUT; MYARTHIABFERE (BH AN
WERE), WHAERNIERBESBT 573C, REFHHAMK
ZREBRLIME 8.9,

8.9 WHNARSKLTAN

L | EREHA COEEER HEBE(T)
B AgS BIRFHT(AAER) | BETV(EHLR) 178
FEHE Cu.S #HoTEST AL ERT 104
B SHgRY Fel R FE PR (B AEREFBT (XH) 138
¥ 810, rRIE(ZEH) BEILFH) 573
wxa o b ey ) #RkO 700

K[ A15i,04)
ek B ST HHFLER 530

(Mg, Fe}- .

[8i04)

B S A . B &k 85

—BWHAT, BEAH THEASER MRERK N
HEEES R AMEHERENTT, RS SRKT B ERE
REEERE (T BH@%e P Fo), BB T HE 600—700C
M, BBEREZES N, ATREHHKRTBETEAZRIA R

- 476 -
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BB BT TR B R RS - SR R R W i e,
W5 R A TR IR B A 7E 600—T00°CZ I, IR ek T Pk A
B et 4 A KRBT S0, INEENST H T AR IR T 600—

700°C,

3 85 iy B S 0 4 AR B 8,10, BT
¥ 0.10 THERENINAR

E7 8

BT SHREE(CC)
Ry ji%cEn 170
PERE BT 275
(k2 BT <580
|2h=378 T 150—400
Ry pi 3k 480
praalis T 500
pit  BMEY ~500
AT REEEY ~250
HAT B 500
HMEST RE T 425—600
BT AT ~B00
piki FERE £00—300
BED gy 800-—T00
BT T ~284
Frad: 3 L ¥ ] 800
FRE A B00—T00
Y] g 800

BT WAN RARBUEE AR A&, nBSEF
Se 4 BRI AR M RIET RN REF W Fe S RAMN
SEBRBEAGER, BRE CulPO,JTF ¥ Ce & Mt
BT Ca REPRS, LMHAETERENEREN, &
AT, PTFERARKNERER T T, fPRENE
BRI A % R L SR e N S BT B,
& Fe, BBG, WHEEAERKGRETKAEERT - E
Sk, & Fe 5, BB B G, RHTEERM MR, EEN A HRR,

* 1TT »
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2. BEh

BEMNREEDSRRA TR SRR R T DI i
W, XEBTHSTORRBERT NEAENRE, TR
—FHTHRTETNEMEREZL MY, MEXEEZRZHE LE
HEMAPH, HENETRREREN SRR LRERT,

BEEBREE, MUTH—E7RER B EN &4, (DE
HEwEad,. MEREA RS ABLSI0); (A=Mg*, Fe,
Mn®, Ca’*, B=AP*, Fe’*, Mn®, Cr’*) b Ca* 5k &,
ME BB REBRTE MMIEAT (8% 0.5—1km EE),
R Fe*, Mn*" E7—2HE, NERERPRAMENHXT
B A S (M 1—2km B MBARASE—& Mg> M
Fer*, WMLHBEDFEHEEE K— % Y 2-3.5kq);
(2) EFEAD, NHAEHA Car (AL, Fe)a(Si0,JCOHIA
BWE (Mg, Fe);AIAISIOICOHY, WHIBR EHRBE (3
¥ 1—2km HEE); MHRMTHE CaAlSis0,T0H], MIHALH
HREHRE GEMT 2—3.5km BE); (3) T HPREET 1
Mg* SRHES (RRE) HHATER; O BHEHEN
HIE KR, b Mg* Ml Fer Rl tugk AP IU%, BIERBAP
AR SE (UELAMAR WRREREIREE,

3. BRE

BREFOESANMRBRBREAHEMERL: (1) NHECHR
F R R D B RN SR, B0 B4 BE R Bk R A R AL 7
B o BB AR AR, WA R R s BRI A ALCS1L0,, (O,
HEE, WEAFR AWM. XNREsR., BF. a8y, &
SRR A RERME FRA (pH=8.3), BEF
(pH=7—38). HT (pH>9), RET ST YN HFE, K BL
T HBEERESRRE, (2) REFTPERXRAN TR
HEAR A A S R B O SR R 3 . C.Kopxuuckud B “B-0h
MERBY R, PERREREEENTERNRE S BRR
AR s TR e i P (R A B 3R S ke 4 S MO A B

« 178 -
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PRI R, BRI Es KR W R 9 i 72 o B R P El Bk AR
YHETEEERA R EY, MARBREETERNEE B,
EypZARdid, NRAREEFRAETRERENETFH
RAZN, NESHETUHBERYE. I & 1H KAISLOE 4
KAEZER, H K BREAT Na, B W RELHTROBHE,
HEMEENEE. R BREMeISIONBBEE Mgl SiOn)
«COHZ R, WHEFRBRESE &, FH SO B ES T
(81,040~ 5 By 4 Wy — B 4 BH B T, R P4 F 0 iy 344 53

[S10,04 —[ 81,0715~ —(Si0y )" — [Si,0:,05— CAISi;0;, 37"
~~CAISi0)" — [AIS§,0,3™—{CO5J*"—(80, 7, |

EEALRP, HRMBFMHE TR REEL, WA
HHEBRREN AR E S, B A Kapukos 3 Hi# 1
ERSE BT HNR-BETEsE () %ﬁ]ﬁi&ﬂ“%?ﬂ?ﬁt‘t
k., v HEARNT.

ENdy+ TNLE,
TN+ TN,

K HA A keal/mol, N HIBTHEE, NAIWETHRE, L
AHETH PR RS EHPETHTYETESE,

FHEEE R A, HBEA®. MV & y=14
keal/mol, ¥ WA W v HEDAH, FHLEERERBNT Y.
W TR v = 227.3kcal/mol, BR¥E LT B ERBHT D,
B e e s RE T LT A A4 BT R R, MEK
GRBEHMERLAGHRER,

3KA191303 + H 2O—PI<A12EAISISOIIJ] EOH]z + 68102 + Kzo
ERE HEE B

IEXFRK y=203,3kcal/mol, BEBM v =201.6kcal/mol, &
R EEES v ES

201.6+6x227.3
1+6

By g B B R R M S i B R R H R AL R, R
%% A ER R AR B B3R, #B.A Kapuxosif

.11 e

y= = 280.8 kecal/mol
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B, —oi RE YRR M2 BOE 8.11 Bk

F 8 —LRRRATHHER-BHISN

| it 8 5 7 =& 3 (keal/mol)

PARHE Mg,510, i78.8
Bt o Re,5H0, i88. ¢
E=3 g o Mn,Si0, 186.0
duEn MgsAl5104 192.4
#uEn Fe,AlySiOn, 197.8
fEEA Mny41551,04 196.3
it Ca,;41;51,0:, \BT.8
EHBG Ca;lFe 510, 120.8
%H ZrSi0, 203.7
Wa CaTiSiO; 193.4
#Humh Ca,A151,0,,(0F] 194.8
#¥a CaqAly 4Fep ;51,0 OH) 196.8
FouAa Ca, Mg, A1,51,05, 01, 184.3
g85 Be Aly510, 211.2
AR MgSiO, 193.2
BreEn Mg, Fey,:Si0 195.4
BEA CaMg5i, 0 190. 0
WA CaMgy,sFen ;5120, 91,3
SEER Ca¥e3i,04 193.8
EE NaAlSi0,y 197.9
BE NaFeSi,0, 201.1
HEER Callgy ;Fetty, Fethy, AlyaSi ;0 186.7
BiA Ca,Mg; (31,0, ;{08 ], 198.2
WizA CaMg;Fe,($1,0,1.(OH]: 1897.4
£#A8 Mg Fe,[51,0,7,LOH], 169.7
ARy Na,Fey2+Fe, (81,0, 1.(OH], 203.8
%SEMRJE NaCa;Mgs, sFe' e’y 58412,,51:052L Oz 189.8
e KALLAISLO,,(CH), 201.6

aEe KMg,{ AlSi;Op ) (OH1, 58,8
REB KMg; sFey s[A151,05,1(0H], 188.7
HET KLij,5AL 55150, OH ], 190.8
3 37 ) Mg Fe, 41,510, 0H], 193.3
w®iA ALS1,0,[(OH], 214.8
180 -
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HH

ol ! A& F R sikcal/mol)
|

. ME 51,00 OFH), 100.7
ﬁKﬁ CaAl 81,0, 187.4
WA NaAlSi,0, 204.7
EREA K AlSi,0, 203.3
HARE Ma,A1,56,0,,C1 202.3
HEA MgO 142

LBE Mgal, 0, 174.3
B Mglie, O, 185.4
T Fele, Oy 1858.9
$Rbe FeCr, O, 183.7
BIE Al 196.0
Sy Fe, 0y 202.8
T FeTiO, 187.4
S CaTiO, - - 173.8
B S0, 227.3
Tyl S5n0, i 212.1
AU FH TiO, _ © 205,71
[ Ytz Uo, 186.0
HAE CaCl, _ 187.0
Sy MpgCO, : 203.0
FL T _ FelCG, 221.90
sy MaCO, 216.0
BER ! CaMg{CO;3, 195.0
BHER CaMg, Fe, s[CO3); 198.5
A% CaS0, 192.0¢
BRE BaSO, 187.0
ERE 5:50, 184.0
A KALIS0,1,00H), 213.2
B i CaWQ, _ 192.0
SRy MaWwO, 201.5
me g Fag, Mn, WO, 203.0
BT FeWQ, 203.3
EEBEE Cay(PO,1:.{OH] 19T.2
W IEE Cay(PO)F 200.0

v W3 »
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o

1

¥ L1 ! i+ # & F A ¥ (keal fmol)
A f' CalF, 190.0
pAL: 71 Zn3 208.0
Lt CuFeS, : Co198.8
iy Cuy?+Fett5n1+S, : k 198.3
WG FeS . 182.0
Fay Pbs 178.5
ey 5hyS, 214.8
ﬁ%a“ Bi;S, ’ 212.0
ERY PbyCu,Sh,5, : 187.0
B FeS, : : 218.0
pr e CottAs-5- 211.0
= Fert As—6- 205.5
o MoS, 21,6
4. BILTRE#

ERAEMTEENTUNT HASZHAHALEREFRRE
Wik, BT Fe MISHFHEMR P Zam, FUEMNREYE H
AN FAERFHERT GRS ANRETHRNTHASHF
Bt Fe A& &, TS MARNSAERS R,

Fe** h X R4, MEHT FeCOs, HREK WA
Fe,AlLAIST 0,01 (OH s« nHO, B iR %,

Fe“>Fe“,1m %%%EF92+3.5(A1,F93+)1.5ESiz,sA11.5oluJ’ E
(OHJs*nH,0, RFEREF ;s

Fe?* mFe*', RBHE;

Fe®*>>Fe?*, fl K., (Fe®', Fet*, Al, Mg)._,(5i; (8i,
A0 (OH)-nH0, BZFE IR,

Fe*t, M#A%e Fe:0s, #BF Fe(OH)., RAMLTHE,

F#, B S MENALETUAN BT ERR S, &
HRASHUIESELE: B

1> [$,]3" >8>St - GE*
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~REK, SHTHM FeS, Cu.S WA LY FeS..
NiS;, CoS.ERHARREHTHR. BEE LB TUAEHE X
HEAER B ABENRE. B, Ags, FHy. B8
5. BT HERNT UL, WHRR SR, EERE
FEMILE, FFUNERLYANEALERSENETSEES
KA mmas. M,

BIRET FeS+ WMD" Fe,0, + BT, %Elﬁﬂiﬁ;

WA FeS:+ ek, RHAFINE;

AR S+ ey, RIETE,

SO, + gEgn, REAFE,

HAA BasSO,+ #ifkth, RIBEATE;

BERA + HRY, REERAEANRE.

5. #AS

RET D EELZAS R b BTSRRI RN T B
ISy, X BT R B ) P BV N AR B BB TR,
BREY. AGFTREE,, BREFBER.HE. K EALSION
[T, OH).. & B R Be;AL(SIO), HEFT. AZSFE, F
iy A RAREE L, BAAK (Na,Ca) (Mg, AD[(B,ALSi;
(0 OH)aolds W H K, BHE . HKEELS, Ak THRNEK
M S U5 HNa, Li, Ca, Mg, W, Sn,Mo, Be,SiO,,
CO., F, S, B%, B B4 S4Nb, Ta, ol W%
TRELZTAHME No, Ta LK. NERE—FHERBASH
FIR W, ﬁu%aﬁz‘%m%mﬁ”mﬁﬂiﬁﬁﬁ%%, BRER B
i 9T S I N

8.4.2 SEEREKERE

HT D ARG RS R, R R R RS
RN, FHBRETER, BREUHTREHRE.

AHOREED Y HIFREE. — MR, 2T 0. 1mm,
¥oh2x107mm EH, KF 0. 1mm FiEis N, aBEKEN,

+ 183 -
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EBRER Kk, B, FREKNARD, & e’k AT
F—EHAE—TANMEEE, FUMNEBRRE—BERT YT
BB E. AREMFRENTREN, T8 ART BRE
M, BEPIRP AR ERK. LR, RTEREAPEER
dr, SEsSAER, BXWMHASRIFETRENR. XXACREK
BN AR, TR B B 7 ST AT A KT,
57 hmsglMEEA-EXR. X&BBEE, HTHREN
M B, 5 YRETERE, LB BRI S Rm
TR, EEEFERRERESE, HBRAHAN. HRELE
RRR My RN SR AS AR &, MREGRENES
B RLBE, 1y

RS- BR Y- BR AT EMR A -G KR PR
AP, FE R E REFNE .12 Fia 4am
AR pH .

%512 SHEMENRNOoHE

& # &M : FiE
Lit+| Car+

R

icar [K+

MgH‘ cr- IHCO;‘ F- | (g/1)

BB ER [3.66 0.04 | 2,68 { 8.15 | 1.56 | 16.46

PRy Ik Sil) T-18

1.46/0.72 0.32 5.00

2.6010.2 | 2,22 | 0,19 | T.8% |12.20 | 2.32 34.54 .51

A5, BETHOREATNERTBE, BERENTE
FH—HEAERE, SERKRT- BRI #TR hEHE
R—, BIRAEN—n, RRTHHRRE, HRERY
CREEHRESFERNETEROERE, XHhEEEMY—-%, R
W B — M, (B AR R RN TR i — b,
IR PAR — RO, MIUEERE A R AR E IR R —
A, RS AR RESH (URERD.

HAEWRET PR, EBM ETLER 235-%KE
ik, RARRY—ENR, WAARAENE. HEEEXNG
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Wk, HPH—RER, S8TE, XEESRERTES
BEFE, ABAEYT X NOREREEFAMRD, 4%
—WEDBET YR E0RER, QRERKEATTER, ¥H
vl (0] A& ORI w7 , X iR B AR A IR BLR
B, EWMBTH—LRE, —BSERsEEELR.

MR YA GRAET T EARMBERRE, WEIHN
HERERE COMMERAE, MEY—AE, &AELAX
HRCOME, RFRFY—RERYE, 2H.0-COER hP-
V-I REERZRL, SHEIRENSRENS BRAE—#
KHMREEE ZEOCHMTRE AR IKSE (BN &
TUWEMRE) ., fTABKGSEERR, BUKN GRKRRE
AR, BEESEESKAORERR, o PR RS K o
B,

$ F X W

(13 BRBESRBERECLAPE, GREE, MAHER, 120—188
(1979),

(2] WEREBRER. GRS, HBHIRE, 197—217 (1079),

(37 WRERS, (RESHTERY, MEHEME, 135—143 (1980),

4] ¥m@mE, MARE, (O, 4 (),

[5) B.A.Kapuxkod, I'eomorus pynrux mecropoxiesuli, (&),
76{1967),
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1.9 {E¥THK. TMRAE RN

9.1 fLEETLREMMML"

RERDWRRES, SHRTFOBRFER, BLHEFH
B AERR. b5 SO LR SR BRA XTI, 8 o P — IR
e HA TP RAHRT, BHBYE, TR AR PTE
ERRT, BORE. AORRERAEEER
: HNO; + H,0=—=H.,0% + NOQ,~
T AE TR I ) 0

HNO, + H,80,==H.,NO,;* + HS0,~
Y 05347 00 o R L 0 % S s O A R BB A

TR E R I TR BRI R B BT, T
IR T 5 W T AL BT R AL A AR I A B B3
. TRBRBERANFEELEENLTRAE FAER
LERBAEMAL, BRERS, UTEGRENE, Ml
Fet Mtk iR, LA RMBMARETTIAY £ 5 4 0 & H BN
;8

9.7.1 —fHrEMx

METFEAEORARR, AXFATRENBTESE U
9.1, RMTRECHAFRENALER. NEIIEH,—
#r TR H R T 3R & B T V0FE R AR,

F—Cl—Br—I—At-—Au—Cu—Ag—Tl—In—Li—Na—K
~—Rb—Fr—Cs ' '
MULFFIAR, TIMInERIERSER, XA TIH— SRS
BRRBERE, THRAZ, FEANBARELE, Wn* R R
o REMWHETRAMEE, REZECEEREE T-HE S48,
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NS TRESER, MMz TRRkREg. REEXRE
HWRAZEERAPTENRBEEEAEARA BRI, @
RAcAYuBNGE, BHUREKSEFERNR, RBLAY
PR AL RERN, ERNENNERRELRRALFETR
R .

PR R E £ FORFI T B A AR e, B O B R MR
KW BREREE, ARANRE HBRL%E R B HLOR
PR AETERT, FE S T O R T o T SR B L ORI FE

B — AR TS ESE, 2 ENETTRTAMR
7 o

Me™ + —j HO==Me, O+ H*
MefRF4RBIHH T,

PN, NNRFHESEARE, BH AR

WA, HBEAGE g MR B R B, A G

fADNGT WL T PHBREP HEEEAR. N

K*+ _%* H,O:——“-% K,O+ HY

AGEC = 2, 803RT (loga,, + pH)

REXMNXZIBE N AEAHHRE, WR. L,
MA—aARRE, BHATELS. ENEERER T
B RS E

HF+OH™ = H,0+F~  AGLY = -12.4 keal

HCI+OH™ = H04+Cl"  AGLA = — 20,4 keal
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Fel —iERELHAREE
o | lage
Fi4 1 rli, B G!"I - 1\1 +
A iy B (K) aly [, e e
(kcal} pH =3 pH=7 pll =10
298 | 7.634 2.6 -1.4 —4.¢
Ag:0 £00 15,203 2.5 —1.5 —4.5
1200 25,300 1.6 —1. —5.4
298 61,928 47.4 5.4 35.4
s, 0 600 72,834 23.5 13.5 16.5
1:08 82,200 13.8 9.8 6.5
294 536,388 S3.3 34,3 31.3
K,0 600 66.332 21.2 17.2 14,2
1200 86.200 12.7 §.7 3.7
198 B.274 3.07 —0.93 —3.9%
Au,0 €00 16,250 2.9 —~1.1 -1
1200 26,400 1.8 —2.2 —5.2
298 30.094 19.0 15.0 12.0
Li,0 600 35.886 10.1 6.1 3.1
1200 47.700 5.7 1.7 —1.3
258 44,910 29.9 5.9 22,9
Na,0 600 53.025 16.3 12.3 9.3
1240 70.000 9.7 5.7 2.7
298 60.002 41.0 7.0 34.0
Rb,0 500 71.083 22.9 18.9 15.9
1200 49.611 13.1 9.0 6.0
294 —2.144 —4.6 —B.6 —1l.6
Cu,0 600 3.168 ~1.6 —5.8 8.8
1200 10.700 —t.1 —-5.1 —8.1
298 682.774 43.¢ 9.0 36,0
Fr,0 600 73.44D 23.7 19,7 16.7
1260 §3.311 i4.0 13.0 ¢ 7.0
298 17,368 9.9 5.9 2.9
T1,0 600 25,953 6.5 2.6 0.5
1200 34,835 3.4 0.6 — .5
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HBr+OH = HO+Br~  AGEC= —21,9 keal

HI+OH"=H.0+ 1" AGHO= 23,4 keal

X —fr & BALYRR, TRUR T RAREBME A%,
MEXDERBEMAR (B2 SUETE B FREEBHMIE,

250}

200

BT REARE (keal)

100

50

Bl (kaal)

o2 —MATENETHRSBESHELY (E—) RELYD
(fi—7) BEZ AEHRER
HAL# Cu0—Li:0—Na,0—K ;0—Rb,0—Fr,0—Cs,0 itk
MR, WELPHF--BCl—HBr—HI—HAtFBRA AR KB
o MBE—MAERACOMEYNBREETRIAK, LiNa,
K, Rb. Cs, Frigit&m, HkTiH, Int, Ga,Cu, Ag,Au,
WiH, B, Cl, Br, I, AtWSEES, MR, 2MEY. 30 7,
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£9.2 —HTRALHRHECHARE

) : 5]
REHEH | 7 & miﬁﬁﬁta&%mam% a6y Ot
ﬁ (keal)

1 13+ 163 13,0 0

2 Het 2686 —_ -

3 Lit 68 Li;O 30.1

5 B+ 69 - -

9 F- 241 HE —12.4
11 Nat 63 ~ Na,O 44,9
13 Al* 71 — -

17 cl- 191 HCl —29.4
19 Kt 33 K.,O 56.4
15 bnt 99 - -
17 Cot 102 - -
29 Cut ! 103 Cu,0 (2.8)
31 Gat 73 _— _ —_
i3 Br- 175 HBr -2i.9
37 Rh# 51 Rb, O

43 ret 99 - -

45 b+ 102 - -

47 Azt 102 AgO 7.6
49 Iat i 75 — -

53 i ! 156 HI —23.4
55 cst | 47 Cs,0 61.9
75 Ret 107 - -
77 irt 128 - -
79 Aut 130 An,O (—1.5)
81 T 80 1,0 17.6
85 At 138 HAt (—24.0)
87 Fr+ 49 Fr,0 62.8

9.1.2 =HTE

TRNBBEAXEDHERKY, THEETRELEE
RUERTTEE G BN, NEABERE, REALEEHEE, I
RO M, i T S LR T, W TU RS ALY 3
U, B e AR S AP B3 T B4,

AP ERER TR, V. M. Goldschmide #1 1. C,
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e (keal)

# ot —HrEBENRRLEL

Kopmunckut R B Y EHREEEEREBEE, BREXFHTY
B AR T IR A, WS RAh B A TREH.
SR AR BENATESENTEERAEELM, WE.4,
B P LB TR R, BEERT AR XEERART
LA, METHEABRFETE L TFRAM. HARZ. B
=. BB -FESRERAD, TR,

B ERFEN, —MrREEE T ESENITEARNT,

prea~ Pt (8.1)

EXHAERB-BTHERTEASE, 1L ErRfmigk. 0
(9.1) AHE, BOARSTRNETHSRPEM M. 3M
B9.50 R

M. 5B H, Be—Mp—Ca—Sr—Ba—Rafjli TSR
BEME, MTETH; ExE (O —5i—Ge—Sn—Pbfil Zn—
Cd—Hg, WiHstk (de) —Ne—Ar—Kr—Xe—-Rn £ 5

-2 .
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e
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>
sAr \‘e%f‘hf
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asnb \\
.. oN R
~ e
S, Er S
S =H 0 S
ol . Ci
200 “\..\ )
~ 15
.Xc '\ﬁfﬁv
- s .
3 S *Br
= C L
AR ORn \"‘-\
% - *Hg i *5 \"\.\ !
\‘h\“\.. Zn *As *5a "'“"-..,\
\: -(;}‘3; Ir,::&u vat ~
20F ~e Sy ®0s Te Pt
T e Fd St .p
. o* o Ge KO
\' ‘ - 1 =
.Mg ‘\. GEH
ler > . < =
Nos o gN}Bi MoTe™, —
e S .SC I L] Cr -
150 Us Vb "%ﬂ
Ller The' S oq, *TTm ~
B * MR T ]
S, 951 eba Ceyp * 5t Th "“‘.\
S5, wRa, PyeRH S ~~
4, . ENaLi : ~a
~— X
toof ~2f
&Fny
i " I ¥ i + i
- 20 0 20 49 60 80
HTHAN (eal)
B4 NENBHREUIN) BFFSEEONERTASHREE,
PRSBEFRER
L1 I
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#£9.3 _HTRACHIBELBOE.

' ] e i
Ergs | moox | BiEEM {ﬁ{t%ﬁim‘%' AG (R

[ - (keal}
2 He™* 760 - i -
4 Be*t l 262 lire 4.4
§ CH 352 — -
8 o 492 1 o 0
10 Nett } 592 -
12 Mgt 216 J Mz j 13.7
14 5itd !l 243 . —_ —
15 s= ] s } H,8 —2.8
18 Avt 403 — -
2 Catt E 163 Iﬁ Cal 21.1
21 Sc 185 - - —
22 Tit 198 { Ti0 (5.5)
23 v w6 VO (5.3
24 Crit 233 'I — —
25 Ma?* 230 | - -
26 Tt 238 Fe 6.7
7 Cot* 247 | coO 8.0
5% N 261 NiQ 7.3
39 Cu?f 285 Cu(® (4.0)
0 Znt 259 Zn0O 6.9
32 Ge't 237 Ge 6.4
34 - 316 H,8e —3.5
36 Kt 361 — -
34 Sri¥ 153 Sr0 [ 26,9
41 Nb* 203 - -
12 Mot 228 — -
44 Ru™* 242 — -
45 Rh* 234 ] — -
16 - B ¥ 5 PdO —4.3
194 »
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g

H.O
mEs | w & | PIEE® [auemane AT W

: { (leal)
41 | A 208 AgO —2.4
48 Cd¥ 234 cao 4.5
50 Sa¥ ;217 $a0 (—0.2)
52 Te= | 280 H,Te —e.4
56 Bar+ 148 BaO 8.3
a3 En 160 EaQ 24.3
78 Pia+ 278 PO —7.3
20 Hgr 275 HgO 0.8
82 Phat 222 PbO 7.7
B Po2- 281 H.Po -84
g8 Rat* 148 Ra® 28.9

B, HTRLE®W:; HERE Cu—Ag—Au fl Ga—In—TI1, f£F
EHREMENE A TR LT EBRBENERPER T
f FCal( B R ) FCu (BB E)Z MMTEHSH—Ti—V—Cr ]
Mn—Fe—Co—Ni, BT X AN R NEREEKKER,
WAL EBEALYMRRND, TS ZRERLET,
Fig:, TSt (RILE) M Ag (BEME) ZMHE Y—Zr—Nb—
MoMiTc—RuBkRh—Pd—Ag ER AR BEHFRUB 4. £H+
TR PLaRIGAN TREGAE, WLu. Yb, Hof FRIEME,
O ARREADERESETREBREN, XBEKE
HHETHERE XL R, .

0.5 .S+ OH™ ==H,0+ 0,55 AGHC= _ 3 gkcal

0.5H Se + OH " ==H,0+ 0,5%*"AGL2 = — 3, 5keal

0.5H.Te + OH™ ==H,0+0.5Te?” AGO = g, fkcal

FTHERR, “HNRMEHE (i) FEAEREREEY
& (IE9.6),
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e f

B e keal)

=]
T

=16t Ne2- Ar?
b 20

C RTE
B 2.5 ZHICRMENMANEEEL

B 9.6 PR (BTFRAMEBID ATKERLTE
Be, Mg, Ca, Sr. Ba, Raffl Zn, Cd, HgRkPb, Sn, Mt
BIERCu, Ag(Pd), AuPO Mgtk ShkHe, Ne, Ar, Kr,
Xe, Rn, fIFHBHEAEHIT (H.6REMEME, .6 RAL
MR MO, S, Se, Tefl Po, HE W B0, H.S, HiSe,
i, Te, He,PoyBe 4k I8 im,

CRMTHE B E RS T RAERARERR
O TR R
o 7BacHll, WELBRREAMR, MNELRit £ E
H%, : -

1,1.3 Z{HaE
M=ok, R TFESEBATEART,
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200k

Cat gy
Sret
E3l
v 160 . : . .Bﬁ a2*
-10 \ 10 20 30

B eiiE (keal)
B 9.7 ZHAEFNRTHECESEELBNELnREEZRAMNMARER
EX+A - E ¥ 2+ 1% + I~
T 3

# (9.2) AHEMERES. 4R,

HFFEARBEMENX R MBI PR,

HEL.SE, RTFREAMEBEZMAEEMNRELE. S
SO LRAL, REBHREME LR —BEEE .,

EMTHE LT ESBEETFRGE LR FRE RS
(5.9,
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9.4 EHAEELDOWNE
mEEE | ox o® | RIROE . g | AOT GRE)

| Ckeal) Ckeal)

5 L B 514 B,0, -2.0
13 Al 387 ALO, 3.3
21 et 314 §c, 0, 6.7
23 v 366 v, 0, 1.3
24 crit 394 Cr,0, 2.9
25 Mn '+ (412) Mn, O, —1.3
26 Fe't 394 Fe,0, -0.9
E3| Ga't 418 Ga,0, 0.4
33 At 403 As; 0, —2.0
39 Y+ 277 ) Y,0, 9.8
42 Ma’+ 380 ' Mo,0, —0.6
49 In* 385 i 18,0, 2.0
57 La’* 259 1.a,0, 13,7
58 Ce*t 239 | Ce0, 13.0
59 pr+ 249 | Pr0, 12.8
b0 N+ 263 ! Nd,O, 12.1
61 Pm?¥ 280 P, 0, 12.6
62 Sm3+ (284) P smg0, 1.0
63 Fa* (288 | Fu,0, 10.9
64 G+ (280  G&0, 10.8
65 Th+ Frg! Th,0, 9.5
66 Dy™+ {293) Dy, O, 9.4
67 Ho* 285 He,O, 10.6
68 Er*¥ 293 Fr, Oy 8.7
69 Tm* 299 T, 0, 9.2
70 Vb (284) Yi,0, 9.9
71 Lo (293) Lu,0, 8.0
79 Au't 477 Au,0, —1.5
81 I £13 T1,0, —2.8
83 pitt 377 B0, 1.0
$0 Th (338) Th,O, 5.7
92 U (345 U,0, 4.8
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M9,9%H, B—Al—Sce—Y—La—Acfi TR TH, Hk &
(N, P) —As—Sb—Bi; fi & EBMAMEBLI—Na—K—
Rb—Cs—Fr, H¥KE Zn (Cu) —Cad (Ag) —Hg (Au), Wi
FETHAE LWz aE £ Sc—Ti—V—Cr—Mn—Fe—
Co—Ni—Cueiil, IRk KIEIER,

8.7.4  DUrEL L8 8 &T %
Mg ERTRESBHUHRLZDT,
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Efte g I%+ Ip® + Ig®
4

ﬁﬁ%%m%gjﬁﬂo%ﬁﬁ%%%ﬁ%ﬁ%%%%%ﬁ%ﬁ

LHRRE LR, KPRBHRUSMEERE, HEHN

ERTA -

(9.3)

® 0.5 WATRECHNWNE

meyw | owo® | RREEE | mke 86 i)
{koal }
§ Cir 824 CO, —2.8
14 Sit+ 575 50, -1.8
2z Tisr 5L! Ti0, —4.1
34 Seit 590 Se0), —8.7
40 Zri+ 434 ZrQOy —3.8
FYR Mot 552 MaO, (—3.8)
5( Sni+ 551 500, —3.9
¥ Tet+ 5498 Te(, —1.9
58 Cet+ 420 CeO, —3.7
T2 Hi 18 o, —2.7
74 Wit 469 WO, —4.5
78 P+ 543 0, —5.3
B> Phit 520 FbO, —1.8
84 Pot+ 511 Po(, —.T
#0 Thi* 470 ThO, 0.5
92 U+ - 43D o, —2.8
0 Npi+ 480 NpO, ’ —4.0
94 FPol+ 497 ' Pu(, —4.1
95 Ame+ 504 AmO, —2.0
7 bl 1198 N0 —6.0
15 P _ 792 1220 —4.5
23 i+ 742 V2G5 —3.6
34 AsST 783 AsOy —4.8
4 Nb+ 618 NbO; —1.5
13 Tast 555 Ta,Os . —2.8
24 Cret+ 960 Cr0, —5.7
42 Matt 861 MeO, —4.8
T4 Wor 731 WO, (—5.1}
82 Us+ 760 uo, ] (—3.9)
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R LR R RS2 TUREN, FXBRTEERREH
s, BrEEHR BRkE: HURELREENETRE
H,

M ER—, = EMAERAETREMMBREREXERREST
WH2ZE, ERAHMMEERERRUE (BEMBRSME) R
AR B, BIEETFERNEmN HENEERTFRYN
TR REFFEMNAEHR, WLi—Be—B, F—Ne—Na,Na
—Mg--Al, Al—5i—P, K—Ca—E8c¢, Rb—5r—Y¥, In—Sn—
Sb, Br—Kr—Rb, T1—Pb—BiZ, {ECu,Ag Aufiiéh, M Cu(E
BAE) —Zn (BEME) —Ga (BKLE),Ag (B&H) ~Cd
(B4 —In (B{%),Au (B8) —Hg (&) —T1 (B0,

SHHBETER, RABEEI. LIEEFESHEB 9.9 %, Fid
SEHEHAERTREES R5ENNEFERRNETEE
KAEXR, BETHKLa(BT1.034°, Ce**(58)1,014, Pr™
(590,99 A . NA**(60)0.98 % . Pm®**(61)0.97 & . Sm*(62)
0,964 . Eu'(63)0.954 . Gd**(64)0,944, Tb3"(65)0.924,
Dyt (66)0.91 4 v Ho®*(67) 0.90 4. Er®* (68) 0.89%. Tm?*
(690,884 . Yb**(70)0.874 . Lu**(71)0.86 4 ¥ ,La’ Gd**,
Lu* iy F & J5d'6sy, HANod'6s®, WM ERE, MLa*
EGaHREBAEEH, AT ELo*"NERLRRE, FXH
T EHEMBEANAF AR RN FRABNEHEIEAAHR S
HESE, DLURABMSH-MEAEE

RO ERB, Bt RYD T RAGR, Pm? R B2,
HFREME, HPmRES ABE, MEL A Y0 Risgarts:
BHRE. RERIARARBRLEREE, HBETREFRIATM
AT R W F (%)s Eu=90, Yb=80, Sm=70; Gd=15,
Ce. Pf. Nd, La=1—5, BiDIEw Vb BgiGi, T M8
B HHAHSHAGA, 1 TEER LT HF i&fﬁ%&ﬁr,ﬁ ol

—_— N

»

VESRNRTAY. AEANTER. . .
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E

.

ﬁHEﬁK%#T@Eﬁ%ﬁ%%ﬁﬁ*ﬁ&“ﬁ%ﬁﬁ,QK
AW EIERES. -

%%x%%@ﬁﬁﬁ%%&&Tk,LﬁggA&*&ﬁ*
Le¥* i TRETE, Po™, MU TREMNE.

GEFR, BRFREMVUEMMBR R BEENIEE, T
HATRESBERLONHRERAMRE, SLENEL i AF—
HCl—-HBr—HI—HAt, H,0—H;S—H;Se—H;Te—H.PoR IE
iif

9.2 BHRLAT ML O

TR E AR R IR R . R
B AVE A R DR BRI fER . MeTEk
HEEEHEHER “EURFREAR” (EATHHRTEES
AR 1 ERURARRT L IREE — I T IR R DL T BB MR R
ALy, SR ERELEGDIRRELTRITEZT Y
MERERE. AREXETRAETEMRAZETEEACENEER
BU-AWHEERG &R S B0 e TR R X#

- EBVMUERSAPHELEHPRERREE. SAHZEM

WARERA, ISHERGEA. PR RE MR R
RAEEE MR AR R . AT R BLE I s BRI B R
I S S 2 B R AR

A Mot Lgirs L H 0= L Mesi
6Mg ¥ 6Sl + 5 2 BMg8103

- Gg’f— 1.599%cal

-ftli—Mg“-l_j -Els—Si‘++ % H:0 =1 (MgO +5i0y + H*

AG] = 3,042keal
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Bk A B |
% ( MgO + $i02) = —é MgSi0,

AGEEY = 1,443kcal
EH, EHMgO+SiOz’+’f?B§‘79MgSiC)3B¢, Eiﬁﬁﬁﬁ%ﬁzi&—'f&o :
ANyt BT —EREE, BREETS
L SR TER, FRAE MR RILZE BT . RS R IR
9.6,
¥9.6 FEBETHLCHOERENGHEEE

AGI_ZIl"fO(kcal)
B i —

208K W BOOK ‘ 1200K
Li 0 20.084 35.856 19.400
LiAISIO (#1985 ) 1.921 2,616 5.97%
Na,©O © 44,910 53%.025 70.000
Na S0, 10,128 i4.285 22.838
Na, Si0, 3.578 6.955 12.840
NaAlSIO(BH) 2.066 3.059 B.146
NaAlSLOLFEE) 0.500 1.595 1.578
NaAlSLO,(G1ER) —0.230 ¢.584 1.706
K,0 56.388 . §6.332 86.200
K,Si0, 14.868 18.567 24.759
L5810, 6,122 9.708 15.834
KABIOLHER) 2,463 1.667 5.851
K A155,0.( F138A) 0. 537 1.6568 3.941
KAIBLO(ERT) —0.470 0.468 i.7681
BeD 4.808 5.376 §.880
Be,5i0,(#%A) 0.00a 0.550 1.342
BeSid, —0.843 —0.4396 0.187
B’Igo 15.680 15,181 17.4530
M50, (REREE) 4.00% 5.084 8.519
MgSiC.( #FIER) 1.858 2.798 " s.em
Ca0 20, Lee 23.51¢9 26.600
Cr S0 (2HEHEA) 5.818 T.045 7.967
Ca,MgSi,0.{ @& IER) 5.042 B.166 7.823
Ca, Al S0 (TH~14h #) 4,587 5.027 B.041
CaMeSi0,{ $5 8 HIH) 4,478 ; b.56F 7.408

<205 -

http://www. chemdown. cn



-t

AGTEY (keal)

bl GiE R e |

298K i 600 K ] 1200K
CaMgSi, 0 BE#ER) 3.636 4-836 6.179
CaSiQ (FERA) 2.262 3.318 4.798
CayAlS51,0.,( 5 {BHTA ) 2.022 2.890 4.401
CaMpSi, 0. ER) 1.548 © 2,801 4.017
CaALSLO (B ER) 1.468 1.748 2.128
Sr0 26. 9646 40,231 34.500
51,510, 6.28% 8.245 10.773
Sr5i0, 2.511 4.054 5.979
BaO 28.320 31.519 36.046
Ba,510, 7.698 §.584 12,179
EaSiO, 3.521 4.982 6.921
Mn,Si0,{ZHT) 2.343 4.387 5.851
MaSiQu{ FHWERH) 1590 : 2.478 3481
FeO £.698 6 92u 7.830
Fe,Si0, (YR HBTH) L.87% ; 2. 466 1.528
FeSiOy(# % 1ER) 0.582 : 1. 150 1.933
NiQ T.4TE 8.084 §. 644
Zno i €.860 8.108 5.08Y
20,540, { B F) |.588 2.534 3.478
ZnSi0, —0.025% ! 0.784 1.562
CdO 9.548 ! 11.300 14,100
PLO CT.T1E §.500 13.100
Ph,5i0, 1,683 : 3.039 4.950
Pb3i0( &% 5) 0.6L7 ; .63 3.210
A1,0:(RIE) 3.326 | 2.946 2.833
ALSIO (B2 RH) , 1.153% : 1,154 1.220
ALSIO(IEFA) i 113 ' I.204 1.420
ALSIO(4ER) 1.100 1.121 1.209
Cr,0, —0.008 0.533 0.900
Fe0y —1,958 —1.658 —1.462
Si0, —1.888 —1.250 —0.800
Ti0, —4,859 —4.163 —~3.78%
Zr0, —3.533 —3. 307 2,907
Zr5i0, - 2,537 —2.000 —1.500
B0, —4 536 —4.920 —5.400
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CBRRETHMSELE, PIUAERENITRERERARER

BER S, XERARFHHLETE, MFHRNE.

(B TEH) +0.5H0= (FHB%0 + H* AR MAH

i S EGMRSRTER, BEAHRTRABNRS,
EONRAREEEF 2R AAEER Y. Wi, 7

RBARINE AGTC M R e T Wb 08 4 I8 9 — A 38 S,

MR, AR RIS RETRBRA R,
BHAGEC R K AMEA R EAN B L ERKER. &8

TR SRR B ERENE R AN P RERAX, £
FRATEAHBERRES R (B8, BXRS Hoa
AOERARERR, HUREST KPERAE—EIEFESH
MyBas, FHEBERT GRFBKKEATWERIKR,
HIRRB S, 1A, AWARSE. HEAXS DA
BsbE G REMARDPEE, MEERRBREL, WEHREH
S RBKERE, AW R, E5 L5 R R
WM, RETHORANE, pHLAMEME. &TKPHE
TRBMRAR, LRIEH, SIOBEWIERERETTH, B
WEAERR MBS . e 8 BT R ERE M7 X hkob £ B 1k
BAHOEBULIER . BRAEEEHIE, pHL& N 6. SREEY,
ARZEHABLEOR A RAL, ENMNRERABEL 5 #
WHENARAR, TRENARBREE—2E#N ERKL
HCOMHAAR. HBERLR, ERCOHERAuEERE
WEEHERRMAER, RUERERESMERNOER, B
DATHEBRANEERSER TRET N RAREYE, XCHE
WETESE (MES.T) .

EABRBENTELTOEREE, HZHYNBRES,
MEETTE. TR AFREN. BE, Eh%SS, FL A
S MR .

HR A AN EEREH S Hr RRBENAR, EI8E8
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¥ 9.7 ALRRBEAEEMRKER

#r R ;| Anigiar LG
[ - AuCi,~
LU AunS
B Au(HS)-
HowE AnS~
W An,(HS),5~

OB XL, MEBENR PN, KiE#HBHER, HK
R:Ca, Mg, Fe, SIMALRE, @EMR (PH=11) d, SifIAl
KL FERE 13838, TCa, Mg, FeyT BRI BETR. [ #,
ERREFE (BH) F, BEBE#ERA, KOfNa.Of KK
BEGRAERL, mMEAEE (ZRELE) PKOMEREE
FNa,0, BBEERE& GEEEER) PFNaOER#E TK.0,8
WARBMENEM, KOMERETH, MNa:O8 ZRIE,
R RN, KOMNa OffFER A, WHKONEE (EHEM
) HNaO E Hh, ﬁuKzOEﬁ%ﬁﬁﬁ%ﬁm'ﬁé, FRAAE
PROWNa,OR M, XA LESH CHWLBITERE, % K 2
kP KBEEBKRH. =8%,

KT AVE R A BB FE it 4 U6 A Y R R B R
HagE, EANRETT RS SASEE, ©as55 ey
BE. BRELABEX. E?ﬁ?&ﬁiﬁﬁﬂ?‘ﬁﬂﬁﬁﬁ@?ﬁlﬁﬁﬁéﬂ
BRBER, MR T SR TENARELERNFAEA,
B DAEE S B T FRA1E AL A YRR BETE R, M T
BRZ ST YR A A T SR BRI S,

2 ¥ x B

(1) A A Mapakymes{pen.). “KucrnoTHo-ocHoBHNEe cRoficTRa
EHMUYECKHNY 3JeMedTOH, MHHEDARIOR, FOPOHX uUopa) H
apvponEMy  pacrsopor” | Havea, 5—30. 63—a1, 141—153
{1a82),

(2} EVMTIREMREZEATTE, GRIRTEY, BIFHEML, 177—183
(1979,
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—— o A Ll

41.10 KRB HMERILFE

BEERRBEATHZSERASE, HYRABRBRAE
AR, BABaTRE|LERRE, HELENE damEg R
REME, RSB EREMHE, BAEAH KRS K2
A, THREGAFRER, KUENKER> SERE. KB,
Ao BE MR RET S, XETRWHS|BESERMBRLS
1B, mELiER. BBRAERS.

10,1 KBNS REH»

BREREMBENEWL BRABEITHLOANRR. R
RE. FHBRRE (H10.1).

~— PEREW  EXEE

1013

~00 -80 —60 —d40 -5 0 20 @
' BE O

Wiei RERBISERFREE
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W EREEAE, HETSEMTARRYS B R A
B, BA ERASWAEESRR, £458, H 16—18km, MWEH
WA 8 —12km, FEXNHBRESENM RN, XEHTHER
BRI MY, BEREXSHSIR. ALX—ZPRIERS R
M AE, MRERSEES NR O 4 %, H W & Ar,
CO., IS (R 10.1),

® 101 FEENFHLERESY O

x %% =B I B x x{ £ { K R
N, 75.9: | 18.80 He 13107 5X 10"
O, 23.01 20,93 Kr 3 X167 1X10™1
Ar 1.288 0.933 Xe 43|07 ax 10t
co, 0.64 0.03 | H, — 5X 107
Ne 1.2x10™8 | 1.ax1p? | En | — B Lo-1e

MFE 10,1 B, WHEBILREE A NAOCHL &, B4
99% P k. EBAARSES, WHBRSEES 45 0% A
HILTPLEWAH. EXRRPRBEARRIL U HBE.

FIRZAMMRESETRE, BRRAESR D, 540840
P, KEEVER. TZEPAE O.BE. KMLEFEH R 2
ot (<2900 4 ) JLPEAR R SURY, HEAFRKMH B 5 A
FoAhIeE, ELFRZNERERE. MERTHRE 2 & & &
W, MEBE 20km B LR, RE MBI, 76 50 km FHE,
pireE N EE XA

RS EEREAR Y 50—85km, HE T B % - 90CLL
F. ERRHETHEBRIIAGMALFRN, FHELREE,

2% 85 km DL MRS R R T IR I 8 B,
RURR B A R M, % 200 km M_EBREEHSE

KEXSHENREARXE, TARE: HFZBE h @
B, PrAb@ BRI R IEHE, 50 F 60 km ZAM 120 km ) bk,
BRERRE, DB BN BHR 10 T 30 km ZEF1 80 km
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# (B Do

REBESHMIEEZRN T RER/IER. BEHE 500 E
750km Z[Hle EHHMENTHEFR. BFHEATNER FRERE
RARSE, HFASEERELTH

102 KRB SEE K

KEBEMEREY 527 X 10", TBHEHSEKREHE
Ko HESKRMESME 10.2 Firo

T2 RSBHLARAEAR

153 o i HTRC=11) #®H (%) REE(g)
1,00 18.02 B 0.02% 107"
N, 15.61 78.08 387X 107
0, 32.00 20,95 1.19%10M
AT 19.95 6.93 6.59% 10"
co, 44,01 0.03 2.45% 10
Ne 20.18 1.82¢ 1077 6.48x 1M
Tle 4,00 F.24% 1074 3.71% 10
Kr 83,80 1.14% 107 1.69% 10
Xe 131.30 8.7%10~ 2.02% 10"
CH, 16.04 ~1.5%10"* ~d. 3% 101
H, 2.02 ~5% 107" ~1.8% 10
N,O 4401 ~3%107* ~2,3% 10"
oo .0 ~1.2%10"7 ~5.9% 10+
N, 17,03 ~13%107 ~3% 10"
NO, 46.00 ~1RI0 ~8. 1K1
50, £4.06 ~2% 10 ~2.3% 10"
.8 34,08 —~2% 101 ~],2% 10
o, 48,00 B3 ~3.3% 10"

ME 10.2 BH, XSEREREASE N, O Ar, €O, f1
KER, BIISENKAMEASR99.997%, MEEEEEEH
#F 90km HEZ N EMNHBESBHRMT.

N, N EAKBESRKBSHERDS 78.0%, HEXN 3.57
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x10%g, HIRLFEREEM, 2WAP OULHETA S HE, W
R 2008 aRNRY ALY, SPAPREHHR IR FIE
FHMWMAAER., HEEMBEFED AR EY R ERREENE
o, HERMSREEEFREREREYEFTRy . k2
N IE R —W S (R 10.2), BHHE, NEREFIRETHE
B MR By 10° 4E,

) A
"
¢

HEER IR

T
s d
s
A

WrkEy

ke

HS kRN B T
NO»y NO, N: i

—

wa

B 10,2 NAERRME

M 10.2 FiH, NEaEE HUERRALHE BB . 0
HANERERRA LIRS S FEERMY. ETEE X ] N,
24k NH.oh NO," 1 NO,™; & R NO;™ 1 NO,™ AN.O f1 N,
AR ERERSREPHEEANMES R LEFRNREY
UK FHRGaRE, BNIMASETRE N.. FHURET R &2
f, EH# NUAREAHERGEALSE,

EHHE, 1cm® HEbLEGEDEYHAERE 0.008—0.07mg

¢ 2% -
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B, MEEHFRXEBHERTT 0.0035 mg, XE N8 & %
i, HicBaasiAakslE, PRsREEn, 2R, nE
FITA NaNO.,

ARSI RS H VLR TBUE BR AbE Ethte, B
AKSEPESE, NERREAEEEIRAER MBS
Bk, ®Wn, 2, 5Em SEo.

KSR E A N NHs, R HAREXLIRES %

WAk NH.Cl, RUIFKBHARDFFEFFAEL 1 #. KB
FiRA S S A, R B R A E SR LA

D

100 P LTIN =

A A
. 4 7 ]
IINLEAUE N [ |
T Wi,

=
UL A WWW, S




]
I

KEFE,

B AT HABRAKLEH BT FIERN, BB %S
Ou B—FH. BERRRAEH, LPRmERAEESE L HER
BO, FPEHWRARASE M FENER (A 10.3),

O MR N TRIEBREFEERL W, SN B O B, ##
gL E, MR yEas BT8R
ZLEMZn, Cu, Fe %, RHHRE Zn50,, CuS0,, FeSO, &

AEHEF Ok BHARARLE 22 Z4ELF, XEARME
MR EERER,

WA OMEARFE THRN, BAPERETHES B B,
XA RN SR B E OHEFHL TREMALSHELT Y B
.

REEPHEFEA O4E2BEN U, HABUME T
iz,

At REHBEF Ar 85 0.93% (EF), LEKF N O,
S5REHEEHTENE TR 20 Nel100000 Ar:l Kr:0,1Xe,
ASEP Ar BEREEMBEESE dng 10.4),

®; 104 APEpEEEaE

BB 3 He Ne ‘ Ar ,I Kr Xe
|
HER(107%) 52 : 180 ‘ 93600 il 10 0.8
] .
#F(g/om?) | 0.00069 a.013 | t2.9 ‘ 0.0029 0.00087
3 1

Ar IZfPRERIURYR (%) * Ar0.337, ** Ar 0,063,
“Ar99.6, BRPARS Ar 01 4 Ar HAsXf R4, TR CAr R\
WRAR “K DK BHEERERH PR FHERN B & R
ik o

WK+e —> 2 Ar+Y

Bt “Ar B BORIER AR ERFENATE. AR A& H

R
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SHERZRAR (%), YK 93,2581, *K0.0117, YK 6.7302;
Hoas CKRBGERMRE, KT KRBRERER.

BHE, A5 CAr &0.66%10%g, X 66%XR 8 K 3
. R ASKBEPR Ar TRERETEN.

CO, kSEPBE CO2,5%x10%, REESE—#, B
R ATIERWER (B 10.4), '

S FEBUEHE N, (KU et

REHY

| 10,4 COERRAE

HE 10.4 FH, FHYNRERERESFRAER ™ 4 5
CO. 5%, MHEEHABRE COEREMM, —HHEEN W
MR B R R A B IR, R CO.,  RIES KB ) 48
WA CO. AEHEAKRKE; B-—-FHEAKLIETUSH
FHAR MK CO,, WM KB, MPRRAER. KRNI
4, WA, BRTHERAERBREE TS CO., BHIIRRLE
PR B ER T B UL %

CaCO; + H,O + COz— »Ca?t + 2HCO,"

2NaAlSi0: + 2C0; + 3H0—>

1219 .
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aNa* + 9HCO,™ + ALS1,0.(OH], + 45i0,
EREE RSB CO BUVTH, HHASE®CO. & B B
EEEFEAE, EEERN, BEARSFREAR CO:; K
FEWIEE COPIFHd 2 i, XBRBRT CO.M LRI,

CORURAR LRI BERYREGRENES, @ H
B F CO:MEH, XoRMTBRILERABN. 5IiER
LRI HER BN RERLR, WRRENEMNE
FSRBAREERAMAR., XREERREMST Fe s &
BEX, W Fe EBEH54N COMBERBESX. B
EREEY P, KK CO: Hid, FRMEARREE KR CO, ,
T EEREA 1atm F 100 AEBUK T 59 88 MR 8 CO.,
B i 24 e g K o CHLCO) 3R TS , WM K BR 11338, ] T Fe*
HEmAES, —ERRERAE. WERA LS, £ BB
%, WPEA 1 MK B CO., # M K ¥ CO.. (HCOU W
P, AT Fer* EMARER, HREREEER.

%tﬁiaﬁﬁ%.x%mm#%&%mﬁﬂ#ﬂﬁﬁgﬁ
%, RO, |

O, ERRE G RSRELS, HARGHREN. Eb O 1%
Mook B AN, WS AN RS SRR B, O, 1y B
AKEBRE20-30km ZFAKARE (K 10.5). 10—50 km 2
A RSERNREE, |
C o pE 105 TR, OTERTENAHSERA FREE B
4, E20—0kmBE, O.58EH, YERBRRES R ER
F, MRESEASSE FEMEETRR. OHMEREE
HE MR R %, '

' O, + Bv (24004 ) —>0+0
%ﬁﬁﬁﬂﬂ%ﬁﬁ%oﬁ%ﬁﬁ?mE%%A%mm
' O+ 0—0,

B, EXRMEAT, —KMAHCOMERAL, BAUE KOy

L1 ..
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80— O
0 .
E . C0
% 2
g 40
~ HD -
Eiad
B Qs
201\ No,
CH,
) 0, B\ HO
u T T i T T T T T
10 i2 1 16 is
FHEEHE (cn?) ' '
B 0.8 REEBLFASHMERELAY
CO+ 202—)‘602 + OS
O3 T ARl BL i
O+ Av—a (D, + QO
O+ 0y—»20,

OB R R KBRE L. BAR B i 2000 A-—-aoooA 23
BA, K& P A MRS LA, M2 AR MR
B Lte OB S 8500, FRNEMLISNSR, W
B S B SRR M I AT DL AR o, FFLAE S FER O it F 4@
i 107%%., . .

O — R IR BRI . —RE Osh R AR 7 R &
BHBERSBOELAER, €O BEER. WE % E
%4 F Ot HgS Fefk g, HAOF HgSHA BB A AR
HgS0,,
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10,3 H"Ht":dﬁ{& *éElﬁn‘Fl’J{’EJﬁ“ s

k%@-%iﬁ%}ﬂéﬁ%ﬂﬁﬂﬁﬁﬂ&ﬁﬂﬁq% %ﬁ%)\ﬂﬁ
Wi, EHSARESEFRBETERSE, S

10.3.1 ﬁ)\‘!ﬁﬁﬁﬂfﬂﬂ

(1) HidF4EH. %‘iﬁ%f’ﬁﬂmkmﬁs}ﬂ szwﬂzmm%
B, #BHR5H& H,, B0, CO, N,, CO,, H,S, HCl.HF %,
HARSB BRXKEPHARS N SEOERE X, BF
WA NS R A BFERE, WAL (B 10.6), B X
BT N EHaE R 0,04 cm®/g 0.005% (HX),

m o m
th ml

B oioe R eSS GEREE

(2) XA4ER, %ﬁﬁ:fﬂ ’ﬁ‘ﬂh%[ﬂﬁﬂi Jﬁ P éf._Oz.
N, CO.%,

(3) ANBHREPFRERES 74 CO.\ b()zi H.S, NO.,
pby Zn, F, Br, 1%,

e 139 -

http://www. chemdown. cn



10.3.2 HHSEHIER

(1) f4tkl SRNEBRA, BRZELRENE &
Ly S ERBRE, BAEEOSLR R EAEW, KRB
AR, KA CO, SO, H.%4 5 S L COn.
8Os, HiO %, 1578 WEHE AR K SHH O

(2) BEh. AMARIGIBSGVR WK, GH.
ERARA. B, BRRBENEEY R SE D COBD.

10.4 HRSESEREFLSS

FMRERE (6 AN RERDH A SE WIET UMY
W RS GRS, BB, Rk aaRg, RERBEAX
WHE ., 5 YR Fe'/Fe? I, MERCERER H by
Bk Fe', MENBRT O ARNARNE. M k<E D K
OMA, BIEE, HHEHET 0.2 atm, FIEEADP LR ERE
7E O,

ARBERATHHEA TERE. WERENE R4,
EEE) MRRELNERE (REM. LN, TLR & B
KBRS B A S E. _

ERAEKSEY H R He S48, # 53 A O, COy,
CHy, NH:X DK O., Noy Ar 85, BREZEVIAMERAILS
fk HCL, HF, SOz, NO.&, EHAZME, XibBAEREASE
H N; A0,

MERHR 35 2B Fis, KSREE O 17 3
o EFRHRIY (25—20 248) KSHE Now 02, BHE R
LI, M2ZRERABEEEd, TEREEE SR B
¥. FRUXTEREMADNRAL. T8, BT RL%:%EN
Wk, WEETEL.

R QA SEH CO. SRk, —HEEREFREER
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PREZES B—F TR AR R RRL SN KRB R
A . REERSMAE CO,\ BASET CO.SRMM, KW
COSEIT (BABIIR 100 ). KRIET WER £ A
Ry REPETARBENRTE, BURRET Mg &8Ik
TR R ST |

HERGLE (6 ZEUR), ASBRISBENZE LS Co
ROEREMH K. B, HREW (6—5 L4 Xk 1B
i COSRIEALES 13 5.

KREE O, COMABRASTRELRIGSER, K
LR KRBT 5, ERMR SRR TRAENRE, B
Y % B R,

¥ X W

{11 S5, Yariv,H. Cross, “Geochemistry of Colloid Systems”, Sprin-
ger-Verlag, 77—86 (i979).

(2) K.H.Jdyxawen, ‘Teoxumusa aoRM runepresesa”, Hayna m
T&XHKEKa, L6~—25, 366—364(19876).

£33 J. C. G, Walker, “Evolution of the Atmosphere”, Macmillan
Puoblishing, .5—30 (1977).

{41 Y. Miyake, “Elemenis of Geochemistry”, Maruzen Company,
152—155 (1965},

{61 W. H, Freeman,*Earth”, San Franecisco, 17—19 (1874),

[6]) A, 3. Muwrmoancxkult, {eoxumusn, (1), 3(i978),"

* M1 -

http://www. chemdown. cn



4111 KERERF

KRB A HEHIREE NG . 8 W, 5. 8. K
N, BligRR, _

HBRET 970, 8% MR . I BL0361 X 10%km?,
HPHEES 3800 m, EILERE GEFHR 1372 x10°%km?,
MK B Rk BERL 1,03 31, WS AR E B 1413 x 10%g K K i
BREWMKEM %L E (nE 11.1), Bk, WARKEME

® 111 BREELHEHKE

RRREK - RERRIAR AR (%)

i3 7K | . 268, 45 98.3

b 0.1 0.087

* B K 4.5 i-€5

7}(_5§ bt 0.003 [ o.nt_n'
B

KBRS FRERRRS. BTRRERAKEREATK

SR, XIWBEABFEUATHREAEEGR, BREBTAREFETH
WaEaAs Nk 11.2),
£ 11,2 HRAREERHRUTRETPELRR Q¥'y

"R 1413

BREBGERE) 20
(FE R 20
(ERH 30

AFE1L2F, BRKBARRY SHRE KR M 2/3,
H1/3 5 HEBRUTERF.
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KRG RMENR LS RRENER. BRPAEBHT
RS BNES. BERTER dk R SHA 20 E T 3E,
FRAKAH L B RA SR SRR E R, BETRE
Ho B AT R, B A AT R K s KORARE BB T R
BHEKS Y TRBRTBE KSR R AT, B8Rk
MGk MHX, ik, KERRIGE R TR A A T
ARRTERBAEED M.

K4 F AR RBIR T R KRR 2 &
%omw,%wwmA%mNﬂnﬁTmm,Nwﬁm:zmm
BB 5, mm&ﬁﬁmﬁﬁﬁ%,ﬁmmﬁﬁ?%wﬁwA%
M FREER, SORSSHFERT., Hik S A Na* ¥ 3
B K S TS, W Clm B ESRRS],  BFLk NaCl R
RAWBWT K. #SENLSUEABRTABRE T, K
BTk,

K BB — A BB R R4 R R B R OH-, HR AN

H,0—>H* + OH"~
E LB R K R AT 1L R B A .

KAFREHBALETFR - AETHR. SHBRLER

I 11.3 BrR.

113 &, [kSTFHEERER OO

TEEEEGH Cifug$:1):4 &84
i 1H ' gp.085
. :H(D) . - _.g;ow.
. H(T) . ~s10718
-4 uo < en.Te2
) wy ’ 0.038
%0 - 0.200
H, 10 Coen.13
X H,130 .20
HVO 0.03%
HDieQ .03
. 28X .
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B OH BN SRS L AR SRR, 5
ERBP A TRT M. B RREENKEHARNE. 2
BERWR. AE1L.3FH, ARARMARELKST HoO,

.11.1 g@j{u—u

1.1 WKBLSER

WKL SEA A - T BEE, P EEH F ENa R
Cl~, BRMERASREAARRME 11.4 FiR, i

BTERFRERHTRETREROT 7 Na® Mg™,
S0 (HiEk#k). Ca** M K*, WHKE 9 8 99% & fiXAH
s (B 1.1, S

-CI'BS_.N
S‘O‘L
7.68 -
Na*30,06 ~—1 Ca%1.16
I -— K*'.10
. ! HCO;z0.41
Mg*3.60 Brm0.19
’ HEo12

Bl WK B (K)

B Na/ClHERR, T 0.5476—0.5573 2, A RiBA
W Na & BRI, T K/C) A2 (i B8 0.0159—0.0213
ZiH), FEEMEAKR K FBMELEL Na X, AR H K5 Nag
o, KEFSBBZFYMN L GFRFRRRSTE IR, B
W KEBERLRYPEZE, B, BAKDPKER L Na
Ho

3T Ca/Cl Hlofl, 4+ F 0.02058—0.02120 2 &, 3 HZE #

‘324 -
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% 14 WANLFAREXFELR

¥ % | xR mg/1 4 BRI FEER

1 H 108000 10.8 ®O

2 He 0.000003 5% 1071 He

3 Li 0.15 1.6x10™ | Lit

4 Be 0.0000006 | 63X 107N Be(OH)+, Be{0H),

] B 4.6 4.6%10™* | B{OH),, B(OH),0-

] C 28 2.8x107 | HCQ,~, H,CO,, CO R4
7 N 0.5 5% 107% NO,~, NO,~, NEL*, M,f1& ¥
8 o 857000 85.7 H,0,0,,50,2

9 |F 1.3 1.3%107 | F-

0 Re 0.000] 1%10°% Ne(s)

i1 | Ma 10858 1.04 Na+.

12 Mg 1287 0.13 Mg+, MgS0,

13 | Al 2.0 1% 1078 o

14 Si 3.0 3x 1074 Si{OH),, Si{OH),0-

15 {P 0.07 TX107¢ . HPOJ-, H,PO,", PO~ PO,
B |8 290 8.0%1077 | SOz~

T | Cl 19854 1.8 a-

12 | Ar 0.8 8x10~ Ar (#D

19 K 387 3.8X1072 | K+

20 | Ca 08 | 4x107 | Ca™,CaS0,

2 Sc 0,00004 4x107?

2% Ti 0.001 11077 .

23 |V 0.003 1% 1077 YOL(OH)

24 Cr 0.00002 2x107?

25 | Mn 0.002 2x1077 Mnz+, MnSQ,

28 Fae 0.01 Lx 10"t Fa{OI}),

27 | Go 0.0005 BX1072 Co?t+,CaS0,

28 | Ni 0.002 2% 107 Nit+, NiSO,

29 | Cu 0.003 3% 1077 Cuz+, CaS0,

30 Zn 0.01 1X107* Zni,Zn80,

3L Ga, 0.00003 3%107° '

12 | Ge 0.00006 BX107*

33 As 0.003 3077 _ HAsO2~ HyAs0,~, H,AsQ,, H;AsD,
14 Se 0.0001 1%107% Se0,2~

.. 225
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o=

35| B 66 6.6%10°% | By ' '
36 | Kr 0,0003 3% 1071 Kr( =)

37 | Bb 0.2 2X10~* | Rpt

38 | s 8 §X 10~ SI"¥, $:50,
39 Y 0.0003 3x1p™

a0 [z 0.00005 | SX10~7"

a1 | NB 0,00001 [ 1%I0-?

2 | Mo 0.01 1x 10~ MoOt

47 | Ag 0.0003 | 3x10- AgCl,™, AgCly-
48 d 0.0001 1%10-* cd*, cdso,
4 |In 0.00001 | 1%10®

506 | Sn 0.003 ‘3% 107

51 S5 0.0005 5%19?

53 |1 0,05 S% 10

55 [ Gs 0.00037 | 3.7%107% | ot

56 Ba f.02 2% 10 Ba’t, BaSQ,
57 | Lz | o0.o000029 | z.9xio® h
58 |cCe |o.0000013 | P.3X107%°

59 Pr 0. 0600006 374 (il

60 | Nd | o.o0000023 | 2.3%1070

62 Sm | 0.00000042 | 4,2%1970

63 { Fu [ 0.0000011 | 1.IxI0-"

64 | Gd | o.0000006 | 6x10-1

66 Dy §0.,00000073 | 7.3%10~% \

67 | Ho | o0.00000022 ] 2.2%10°M

6% Fr 0.0000006 6% 10~

69 | ''m | 0.0000001 | 1XLG-H

70 | Yb |o,00000052 | S.2%107%

71 0 Tu | 000000012 | 1.2%107%

74 w 0.1 1%10- woi-

75 Au 0.000004 4102

g0 |1l 0, 00003 3%10-° HpCl, Tg0l,~
81 I 0.00001 IxX10*

82 !th 1.00003 § 3X10°7
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e

F E|x #1 mg/fl | % WADTRFERES
o

& | Bi | o.0002 23 10~

8¢ |[Rm | axso | ex10-ie Ba (&)

88 | Ra 1x107® | 1xig~M

ga | Ac 2x107% | 2x107%

a Th 0.00001 '} 1x107*

01 Pa X101 5% 10718

92 14) 0.003 3% 1077 U0 (COy) s~

HRBAKREEKESY 0.3%. XM SEHERAR, B X
ERRKFHEANEN M, Ca XHNEK,

Mg/Cl B J 75 0.06627—0,06801 T B A, B £S
AR M AR T AR, AR —F P

HAh ) SAMUBBRBE T SO% F. S04 /Clr il
0.1388—0.1400 2, &8 SO REEE— MK P RIERM .M
TER B A I SO~ /CL WAL 35 0.1640, 3% 53 Ky SO.27/CL”
Wk RELS 1—10 FHEX, :

#EK PR A (5 %Jﬁﬂcﬁ?aﬂaﬁlﬁ B EEA
No, O, COMH,S, RARGFIEAEX. BRPHKER
A IR B bk k%%?ﬁﬂ?ﬁﬁi%ﬁl%ﬁ%ﬁ-ﬁim%
SR EAEE, HEEPRMN, ERBANBEE =8 K, #
TR, E!L&’Eﬁ]&i&?kﬁ%%ﬁ'—iﬂﬁﬂﬁ—}t%
R O(BAL.2), WHEREHRREEN.

dngh, KRR R ERK 0 CO;, BRHASKE S,
WA BB RA R O NigF, B 8, ¥ & | 100
—200 m ZEEHSEER (H11.3), -

B PR COHKR B RBR, .

CO, + HyO0===H,CO,==H* + HCO; ===2H" + C0,"
PR, AR BEGEDNh T, KRBl T

« £37 »
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* PO,P (ug-sloms/f _
1 2 3 4

TN
&\ Wt

A
A __mms |

wE dm)
iy

0 0 o 40
NO,-N (pg-atoms/1)-

Moz RERRBRETABLNEENE

R, ERPELEIPE, B COS BTFRE, FHiEKdg
i, mb THNERATERRSERES: &FAMMaM, HNsEZR
TIR Yo i, BRESKIEREN L, :
WAMZRERESZL: (1) SREBEMEH: (2) 5§
ERRGNES (3) SHEIORZS. BKSHREIR % M
Zite AT, AR LMREER. SHN1TONET
Z#. URPILRAPLRBT . BBERT Gk D
EREMEAMES LAY RILRIERS.
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| OBE )

b ] L ]}
1. RKEEMEREESTS

11.1.2 Mk i o S B

K B EAS ML A REEN, FRUTR A fas
e AR R, SRR 1000 g AP EIEHE & B &
Wi, SERAY 1000g AKRHY F, Cl, Br, IMERE. ¥
KR B — AR 35%,, IR 19%. BMZRMHRER.

S% (B) =1.806 C1%, ($KHE)

WAKMEENEAESRERBEREELRXR. KBEERAMN
3 ETE SR EE 20 TRk, T 1R A A6 BERIRE BT W0 B AR (E
1.4, REREHBRXRRRBLETR. ERSELHR B
HETHANL, HEEWARWHERIK, kK, EERE
AR EHABAN . A% 2km PAF, HEE 34.5-35%2H, JL
F R, : _

PTG R RR, BAEWH (6ZEVE) RER, RRARE
HEEEAMET 32—34%, FHBE B R X% B 40—45%, £

- 28 -
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WRBRESB—0%NEL. DPHEAFKTLEARE ZEE
. SmBEE, BBAEEDE, KEASHETLEMN.
kAL ESHE, EANEREREF —ERXR. BR
HWEkME . ERURARELEDS, —H6"0=0, D=0, §E
I R BB E AR K GMOW) EhE., LRUERK
PewE. EHARNE. ARGEENNELEREBK T E B
¥, BhlkELH, BEMESTESSALRAR. XEBKP
6D 5 6O Z MR RMT R,
. 31 = Ms0O
A M ERAEZBRSRENERL EOEMESDS. W&, XK P
M % 7.5, JLATER M % 6.5, LM 6.0
ATERBEEAERELE RS, MR oD M 60 WiFz
M. REFEHERS, sDA SO WM&, A 11.5 Bl 4§

1 T T T |
+2.9p 20

1.5 O =115

1 (%)
ot
o
\i
%
1

8D %

0-35‘ i 38. 3 400 Al
HE &)

B il HBEARE SDOMC0ZENRR
WAAURARBES oD Mo 0 ZHMRR. LHAERK, b
FKEIREA, ShBERBAE +36%B) + 41%, 5 #10D
+ 4% E +10%, 6O B +0.6%F + 1.8%. TREH, HTH
IR, WHEEBEKE D MO HLFERKE.

11.1.3 #HAHERMREL
KEAR SR -4, TERERTE A M AR, Rk

« 23 -
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RYEBREBNERIR, URESEAIEXE K R H0 ]
EESs#84 HCL, Hes, H,, CH,, NH;, Ar %, M4 E ik
& (LOCLLF) RERASKANEE KANH, HO S H T
K, MRS H. Ar S AKRSE, REEEEDR2H
Ak BT .

H.O(g) ==H,(g) +.--;—02<g>

CH,(g) + 2H.0(g) ==C0:(g) + 4H:(g)
CH,(g) + H:0(g)===CO(g) + 3H.(g)
CH.(g)==C{(s) + 2H,(g)

NHa(g)#%Nz(g) + -g-nug)

2HCW(g)==Ha(g) + Cly(g)
H.5(g)====8(s) + Ha(g)
A (g) A5 M. (sYREM.

MWENATEN, FENERHPHEHX & HO M CO,,
CO%, MAEEXSMERIBRFEELDHESZHPLER N B
AR,

BIE, ARG RE SRS, REKN <k DH
FH.O AFE (mE 11.5),

® NS HRURFMRHMEAS HRY%)

5 & %
H, 87.7
HO 20.4
Cco 1.5
Cco, 0.25
CH, 5% 10
HCi 1.0
N, 0.088
HS 0.058
50, X107

RS ¥
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BRI R mey He 508, HEXRER, Be ¥
5 kS &,

MR Na®, K*Y, Mg™, Ca’, Se** HMKGET B ®
W, BETEAR. BUKEREBRAZE DPREE&MHE
AREEZRAEMN FHEPHEETE. B, ERRY
g4 o ok A AR Y 1 R SR TR .

SRS 30 IZFEE, PR ENSABRRYARS B T
Wik E. 4720 24K, SROBRRNEPEREENL B 4L
S BRI ABGE S

1.2 FKAMIARS

A A AR KRBT K. MAKRRREEL,
HpoHZETFRKEPCO. HTH. WAMWPHAES —62
H, B8, NEEKBASREMLE, MS5HPHRERLE,
GAERL . BRRRER AR, 1P I KT R R R

MgSiO; + CO, + H,O—>Mg** + 2HCO,™ + H,Si0,
WA S BE LN
CaCO; + CO; + H,0—> Ca®* + 2HCOy"
MAKER %, RN MO RN
CaSQ,—>»Ca®* + S0,

NaCl—Nat+ C1-
S, KEEWRER, BKPHEARS B F, 1 Naf, K,
Mg, Ca?*, CI™, SO, Rl Si(OH), %,

AR KBERBEN ., KhBSNEBEL2A» SR
KT (mg/1), HCO:™ (58.4), Ca®* (15), Si0, (13.1),
Q02" (11.2). C1° (7.8). Na® (6,3), Mg®* (4.1), K*(2.3),

AR, HALF4SRELR. pH EELE 2
¥ T CO5h, BEEMEREWHE %, MXEEBRNE T, CO,
B, pHMM. ATREEAERREELHEE, U W
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TR B ARG IR 38 i, oI WD SS.

11,3 M T K&

WTFAKKASZBERRTSREAHEMN. REERRER RS
MK, HETEBRUEARRKEMLAENRK. HESZEASRY
P KNP ERNMERETERRN, BASHABRAES
HFE, IFRRNEETRREHRNEHEFERESE. BT
HHEERETR HCO-, MR AARNSERFEARZNL, =
EHMHE & Na*®, Ca*" il Mg*", HEREEBAEME. #TK
SO, ERRETHATHBRET OEINESEE, T &8
RET PR S, HKHE S0, R, KERBIENRIL o 5
| BRERRENEA (PRPAMIE) Pk, KpH ELEE
X, BEPAB40BIOMLE, RHASKBREZR AT Y
Ay HoH BEE, SlREXRETNERE B K, pH R6.5
—8.0, Bk, SRABRHE, SHAEXRNABSTEE & R, 0
# 11.6 FiR.

#1168 FEHHESTHRORE

HERE WO &
%o YT HEMRE, TES TR Nat HCO,~, PH§.3-7.9,5i0,
B frm s aE
e WF LR, FEET RECe* Mgt BCO,-,pHs. 7—8.5,
KR SIO& B
P, KEGE | BFRER, FTHTR Cat Mgt Nat HCO,,pH5.f—
R 9.2,510, 4 R EIF S
BoH. B, | EFRES. FERT R Nat Cat HCO,, S0 017 pH
T =  4.0—8.8, SIOEIERIHG
B, £R% | HTFREE, EEEFRCYy Mg HCO, pH 7.0-8.2,
+ B Si0. & Bk
B, B, B | STRPHGIATSE, EEETFREHCO,, Cat, Nat, pH
Bow 5.2—8. 1,50, X B

< 234 0
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EWAHE, REEEFREIBERELRR CERBREN
M, EPEERRSEE, BT ESER £ 300000 mg/],
XA AGEE RN PokEihAk, FEEEF ENaY, R+ &
Cl, RAXEHTMBEERKER, FEEARERE KX
HTRRHR, BROTHEK. BT588R&H MR F, X
SIOEBMBE. BREF TH—MHIULHRS: HS, B, @i,
Li, #AiH As, kb, HEFHEALR, M Cu, Pb %,

HBES. SERERERBTR, AWIERSHEERT, b#
KT TF LT, Bhy—EhEme it fpiokRE#EYS
B oD E5 U HTHKMER, o0 MMM AR. MAERTFE
BaBEREETHRMRRE, SEM O HMES +5.5% M
— BRI RH, Ho"OR D EE T UMRE K, X H B
BRI R RER R,

WA R 6D BRHE R - 120+ 50%, 11 60 BHH-12+
10%, HHEE®BE. $ESBERAREAMEL.

HARFEBHRE KD 650 WD EAELE R, B K £
B Uk R ERKERED,

WTFAKE EL B E L. EEHRE, RS ELBHEMRE
7y, EHABBAN (BRB) . KRAHTEHEBRENRT
FmAPRGE R, BEER . Hib, BREHEHAEDBIE
#W Eh W/, SeMgEk.

11,4 R&HKey pH A ER B HR RN

RPAEER oH M EA ZEMARE W, SEHEBEARK.
pH [AS{hTE 1.0—10,0 28, EAFE+0.8—~ 0.3V Z ] (4
#11.7),

BoskdE, BWHXBKpH M EAMEZRE. (1) Hid
& EE, PPRERMEEER: (2) B85, BEHRMNE
R R € 3) RBAPFME CO4 CaCO2 MEsT . 7 L

- 33§
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=117 RN pHHEAE{HERLSHEE

N GE-YilY 8 pH ER(V} ®owm oW =
oA 4—8  |[+0.8—-+0.3) EREHCC:, O R

w Tk §—y  |[+o.5——0.1l HEFRAVKE

ik

i 2—v  |4o.8—-k0.2| MEFEIELHA
FER 6=4  |+0.2-—0.1] HEHE

LR a—i0 |+0 6——0.1| WBHEHETMAED
ik :bobo R -9 H0.6— 0.2 FWHML S CHHRER

WK 8—10 [+0.5——0.2 B BEHHCO, 50002 [AMF &
7F X 0.85—8.5 |+0.1——0.2| HHER '
[t & 5—8 [F0.i——0.3] HESAHRE.BIHHE

B A 1 PR I B AT A v A A, R R AP A
1) 0% 5 - R 5 A iR A SR

i AL 8 B PR BB T X R AK A CO., GBI
pH, HE% COl5 HO&L&EBHBFHE H.COu:

H,0+ COp=H,CO,==HCO,”+ H

Stk i CO HL.COBM A, # M b H w4, B
pH i,

Bk CO. 5 CaCO-22 (7 i P4,

H:0+CO: (g)

CaCO, (8) + H,CO,===Ca?" 4 2HCO."
CO M tnws, B2 U080 HoCO.o 3 BN 818 CaCO-J 2 8
H
&# H.CO M HCO, gk H @it f, MfiKE W &
Ry kB HY, pHEELBIRBE, DTRRE,
HLCO, === H* + HCO;™
TR
K [HCO,]

e T T = il 21 |
THYI T TH,C0. K=10

- 2%
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i HCO," OLCO Bt &, 4 (HYI=10"%* mol/l,
pH=6.4, RFWPWMERN, KB
H,C00,=—=H"* + HCO,"

M AR, BRI £ Y HaCOy Wit BER, ff (HCOs™)
[ULCON{E N 1/3, WA T

ISHE: "-% CH*)==3 x 10"5¢~10"5° pH=5.9
B QLB g itk e g P M2 4 HY, pH H@&fﬁ&%"fﬁfl\ﬂﬂ
A s RS BB B0, MR HY fA3a R4

HAKRM LR R E N, BREM CO: 5/ # CaCO:2 [
MHEXFEEENIEEGER, KM pH — & 7£ 8.0—8.4
ZW. BB TENSOEHRREER, # ocHErm{E £
MEZE 10, BERNTFEER, HL5 MR Y 8 R N
MK pH MR EER N, [ERERE W R B T 5 iR,
Eiex pH AL RAEERN,

EARF CORRET ZHEEEERYE, B K T HO
Mk, mHEAEMRT H.0. IFME MR B, BT DLk
H Cozﬁﬁliﬁﬁﬁﬂﬁiﬂﬁﬂﬁﬁﬁﬁf]\ (E] 11, 6).

e e

{100C)

I.U'- "—_-—‘--_—-—__—‘

EIEPN(E/cm’)

200 00 600 a0 ol e laig
REJ, pbacy
@ 1. FEBEFMEHRT O f1CO, i
237
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XERSJAE N, KRR EEY & 7 £ HCO,~f1 COs%™, &
T HCO,™ f1 CO&™ RS Y COMBEMEEA X, WK B
e COEDM—MBREREE, W KkBHM pH Eia
X (F#11.8).
F 1S TRAEANRRAERSHMNER

%%1%} pH
BB i ]s [6[7 [q-'s 10 In

H,CO, 89.7 | 87.0 | 76.7 | 24.99 ] 3.22 0,82 6.02 -—

HCO,~ 0.3 3.0 |23.3] 74.98 ] 98.70 | 05.84 {71{.73 20,0

CO* —_ — —_ .03 0.08 3.84 23.55 BG.0
!

HUERZ, NARKMERS pH ZEMXRENRR (&
11.7},

cor

B RBKEHPLRBANBERABSNHMNLAR
» 238 ¢+
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AFE 118 FIE 117 FH, RN pH=4—5 K, HEN
C0:,95% L L& HCOBRFAE, M 5 % THE HCO,™; pH=9
B, 95%% HCOy, # 4% 2 CO7y pH=111,80%£C05",
M 20% 2 HCOs™, Bk, o BURSE KB H.CO.m HCO,™ )
COS B FIRBER AR R BRE.

EHRR, AMESE A EEEL 1 pH XA EE (E 11.5),

1.0

“{?\\\ Fa
Y
0.8 ¢4 gl
\‘ﬁ\ood:g
0.6k N Ry
: é’*‘é{ xﬁ_}r e
. %" %é% “?\\
3 257N
0.4 ,gg,% ﬁ#@%‘ 4}\"
- 0.2 .@&% e
= B E by
= O.EK\\ \5:%-%
~0.2F \\\’2‘?&?@@’ %‘%
BTN
b o &
- Gy SN
O:B" “g?;%
Ty
-0.8f \\\,
"1.11 1 X ) ') L L
4 6 B 1w 12 14
rH '

B o118 RAKHNEA-pHXRE

ERfl -3 4 M R BT 5 R 5 «
2HLO===0(g) + 4H* + 4¢" E®=+1.23V

BAEAREAEANEANTAERAEERESR. DRBE
RFLHy ER BAER R B, WAEL BT,

ERh=1.23 + gf-gi‘cllogEH*J‘Pm (11.1)

¢ 239 -
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KRETENHED 0.2 atm, Hik.
Eh==1,23~ 0,059 pH + 0,015 log 0,2 (11.2)
B (11,2) RTHBE E- R pH BIXER,
Eh=1.22-0.059 pH
(11.3) R EE 1.8 FRFRR,
ER TR FIERERREE:
Hy===2H*+ 25~  E°=0.00V (11.3)

B EA RRE G DA KA H B Ha, BT

+
0.059 log [H*)2

Eh—0.00+
0.00+ == HL

____E__0.259_ log(A*)* - ———0'259 log(H:]

==~ 0,059 pﬂ—iugf‘—9 tog P, (11,4)

¥ Po; &F 1atm B, % Es E AR 6 H. H ik EI11.8
TRy EAE,
Eh=-0.059 pH (11.5)

ErMPPEERRRB R I ETFEENEBR. KBE &
FreERRHE, WARBTRONERELRE. AR, XE
HHBRF P ERETE, M AR TR RMERS . BT
RPMETRAHERH, JUEHE, Hh2—kBEEHR,
WE MRS, 52, AAKRRE (B EN GRRYE
pi), MHRERE (RER BH B & (BpH)., HEALLSE
H, ETWEMmAESES, Wi oH LA, K EEER
EhREH,

FIMA Er- pH B PR RAKRFPZHMARBBM R B
KEREIEREZ R R AR FAPEBA (B 11.9).

B RRERYH 2 AR, MR,

240 -
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_ 1.0
0.8
KX
0.4
o
0.2
-0.4

“OQG

-0.8
=1.0

S B S S RS R V'
M 11,9 ]EﬁaﬁFe_(OH)aﬁFecoszrﬁmﬁ%E(%’C, 1atm)

Fel*z===TFes* + ¢ E°=+0.77V
.059 (Fe®t]
N 198 gy
(Fe'
[Fe**)
LR TRy ST I, . ER=E’=+0.77V
ST 11,9 R —kFHE, BERIME AR pH 1 1 W,
BEELZETERE pH HNEM. ASRNE, EdhEfg pH &
®TF, —ﬁmﬁ%&iﬁ Fe®, WiZKFHE LELH R K Fe¥
WRES, FEhY Fe'/Fet >1 5, # (11.6)X0748 &9 EA>
0.77y A, WZEELTHIBH RN Fe?t RES, HXY Fe'/
Fer* <1 if, M EA<0.77,

A EREWMAREERNNT .,

Fe't + Hy0===Fe(OH)** + H* K= 10-3%

FURNPEEE LR, FEEIH.

En=E"+2

=0,77+0.059 log (11.6)

= 241 -
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K= [_H.*]E’Fe (0“1 _ 14~ 3+05 (11.7)
LFe*]
LB EST 16, M.
(H*)=1072%
17
log(H*)=-3,05 1 pH=3.05

B, 7EM 11.9 & pH = 3,05 b E LR Fe** 1 Fe(OH)*
MEEHAER. % Fe* fRA F Fe(OH)* 1, Mt H
pH<(3,05; Fe(OH)* fRAT Fe* if, W pH>3.05, B LA
BEBRULHAEKERTE.

¥R ERRENAEBENDRVARSR (FHRIEM X
SREH), FREIMT:

Fe?* + 3H,O==Fe (OH) ; (5) +3H'+¢

E°=+1.06V
_ 0.059 (H*32
ER=1.06+ =5 108 tgvy

=1,06+ 0,059 X Slog[H*J ~ 0,059 log(Fe**)
MR E Fe**) =107 mol/1, M. .
Eh=1,41-0,177 pH (11.8)
BRI RERERER 11,9 48 Fe** 1 Fe(OH)s REH .
HRETREZN Fe (OH):2—ATREMEXERAHENS K
4. BEEN BRI R AT R, R B E e
HARRMGE, WHBFBERRENERPE LRES.
WEREIBAN pH R EL, AHEYRMEKE. 0
Fe? + 3H,0===Fe (OH); (s) +3H*+¢"
BeHEEERRESR Fe (OH);, WE pH=6, EA=0.2V, W

BT ER.
- 0.059 . CH*P
Eh=1.08+ N log CFary
=1,06-0.177 pH - 0,059 log(Fe**] (11.9)

» 242 »
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f7 EA M pH BEAAN (11,9 X, Wi,
loglFe?t)= ~3,4 F [(Fe**)=10""* mol/l
BERENARMAMREH L LR &, HFEXIT,
FeCO; + 3H,0:==Fe (ON) ;(s) + HTO;™ +2H* + ¢~
BEERE
E°=+1,08V

AEB T, BRTBRNA pH A7 —10EE AN, H HE
W pH # PO H A4 CO2 HCO, ™, AR H.CO,
8 COV, KRy HENNT

En=1.08+ 229 1og —L—T—H‘LJJTMCOS )
= 1,08+ 0,118 log{(H*J + 0,059 log(HCO, )
=1.08 - 0,118 pH + ¢, 059 logl HCO:~J(11.10)
MREECHCO, )=10">mol/], W
Eh=0.96-0,118 pH (11.11)
BABANREWELER 11,9 d i Fe (O M FeCO: BE %
. B9 hHHERER LREFMREREFERTHE,
¥ Ea-pH MfEE HEE0 5 AL A MMER. WA
B (DK S8TEE. nPrR2afw®, WelH | £s 3
COSr ERH/EE, mA 11,10,
B 11,10 B E ke MEKT WEKE TARE
3FeCO; + HiO===Fe,0,+ 3C0: + 2H* + 2e~
E®= +0,319

Eh= 0.319+—°Lgﬁlogcﬂ+32£cogjs
= 0,319+ 0,059 log (H*) +-= 2 % 0,059 log Pco,

=0.319-0.059 p}l +0.089 log Pco,  (11.12)
F1 /A Bernerfy TR, 3
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~1.00  -2,00 300 —4.00
topPeo,

B0 BERHDDRET. BT WEHRTHE-logPoo, X R
B(T=25C, P=1atm,ac o= 102", BESHRLTH, RiLHHTEE,
BELRCRFH® % PR RV B %)

pH=6,17— %Iog Poo, (11.18)

ZA XK pHEPco, ZMMEBERR, HOLIDARAQLI12)
ﬂ’ muﬁl

Eh= —0,046+ 0,118 log Pce,
R CHE 11,10 PEST-BETREHMSR &, B 11,10 §
RHMS RRBBRUT RN EKR.

B 11,10 29, BRIFSTHZBLES H, BIKEL B
Peo, s W B BETALSE THIER, XML RAELRBHFE S
e, ERTEEERBERREDER,

BREMENY, N EA-pHEMEEANANERE, HE
RTRETVFEEREN (FRREAL RN, BERENEHR
) FEBETHMELEhsRagn, MHEHE 449 4
WERRGHEFRRBEEE): HHERAKRE, TARNE B K
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B, Wi AR R, AR EGBEERREET
HEF. AR RERTEE.

11,5 HiER{k 224 F by Ak .57

ARERHEEERE, ZAK/RERHEFEEEN, BE
Bnai s oS BT B R R S EBERN . BEARRE
WESSERREEEA P SREEER N,

11,5.7 REEMTEHK

R PTE A A R e VT B Z EI20°CRT 1 atm Tk iy
EHWR. MAERBRLEERSESERESL THT. £
BEELETAHBEENE11.11 BiR. WE 1111 BH, Ko

' OPRAREREEREL. BEMELBIERE (374.15C,

221 bar) PAEE, MABKMAIESRZEZHESE DRSS
C REZWEAFASHR R XFACEE R BNGR R, KEE
EHREFBmEDS, HEBEASIHNRE. YHREENR

0ok SRR
s "'“.g
= 200k 2
é.ZUO :IG,SB
'@ u.ﬁ'g
400k 0.4
I', : R#Egw .2
0 T
00 2000 $00 400 50
HE TC)
B i AKMEERZRNENEL

+ 245 .

http://www. chemdown. cn



i, KB HAREE, RFEAEERRE. XEERETE.
IRIEM A KR, B ks .

AR SRIBHNRANE ESaKERPUNE. B8
KSR = HEE, XBETREMESN, BEME
hEar, KEREEEERH AN N EE Rk A 4 BT A B KR I A
thy REEMNSIKISOEREUT, KAHEZH, BEHE R
o BRI SERME AR, IRERERIB/IBK, MR
REEHE. EXAHERT, BRRGRNFEAKFIHE,

HEMAERANSUER. BEN, ZRERATLAT &,
BKY 0.1%, HREEAK—4 %, BIEHUY%F % DR
ﬁ,&ﬁﬁﬁm%ﬁﬁﬁﬁﬁ,Hﬁmﬁ,&ﬁﬁﬁﬁwﬁﬂ
MEE, FREFEAER—ENSRSHESY.

BESEENBERSKS B (BE B K (Mg, Fe).(Si
AlO,1C0H, F): . fIAA Ca: (Mg, Fe)s(S01:0.L0HT,) i
#iE, FLERIAERERES HO K. EXFHE R T,
B REREESk 2% AL (AR, YEAFEH, B R
BRANGREREREAR, HENRT 2530 kbar i, B
HEENERLRBAOAT. ARBESESKRGT B, EILH
Ert# AR AKER, HHAERA™BRE G CasFelS5i0,15,
i ANATRENEEZS RS AN RREN.

FEFRE AT 80—100 km (30 kbar) &}, KEWHEELERS
BEEXKERLEK. EXEAETERMAEFZLETURBEANA
T 4y IREY BT 43 1 K o B SRR S SR R, EE 1k T 30 kbar 4%
BT, KOEBERS. FEAN, KREEARE. HiLEH
2xit, Bk AR A B,

KMETEE ARG REE, FESOARE T ®, HET
DI A I, B ShE BB R Rk .

EMEERAPKEASHRBREE. BRAERFFERAES
QRIS BAEK, REAREIMGEE. HRETHREEE
SmMAREs, 2YSHERARANPFEEE, BMEERE
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WA, R RE R RSO ML SHELS AR AT HHE 5
MB=EBKALIAISLO 0 JCOH D, R 1 (Mg, Fe)sAl [AISi;0)
[OHJs. BBECR Mgl Si010(0H s, S8 F Ca, (Al Fe) S0,
<COHI B Mgs(Si:010IC0H )z, IR A ALLSLOIIOH Y BT
ALISIOICF, OHLZ,

ExeUETHERIBTKREAETEERY. IER
FHIEEE,

3hAlS‘LJOg +H O—)'KAlztA.lSIaOmj[OH" + K251409+ 25102
Eia

RAGRSEHL:

2K (Mg, be)s[AlSlsOmj[OH]z-'r4H20——3“ (Mg, Fe)s:
B2

AIEAIShOw]EOHJg + (Mg,Fe)(OHJ, + 2KOH + 35102
gRA

B s sca A,

(Mg, Fe),510,+ BHzO"‘—>Mg581¢0m)[OHJn
i) o)

+ 2 (Mg,Fe)EOH]z
ERRER L,

4 VIgSlOs + 2H20—'>Mg3[8140| 0] EOsz + MgEOng
piz ]

ERBHRRAL.

4KA13§1305 + ﬁHgOﬂ—'—)ALESI.;gmj[OH]s + 8Si0, + AKOH
Ek

AMEANEHEREAXRER. B BEFRADBE P £,
AR S BN T NBE PR R, JPEW BB OB 5
H ¥ diE s,

11.5.2  SpEfER K

TESMEM BRI R o, B R BRI R BUE B
RERKERERE VI, RERURAERABE R 28HH
AER IR, MREERNESEASETHERFIRIRER,
W CORRFFHFH No, 0o, Ar ERNES . BUKRE
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i, COSHMR MM, MR AT T4 RIREXS T8 &,
FEik COLEKPEBBM, T Now O Ar FAHERES K, F
BETK, TWEHETRERKEHEN S, DEABEN D,

EAMEAER S, KMAER. KEFRME KB 20 EE
WRE, XEBYKHRBEEEUE X, MERHD HRA.

Mg,Si0, + 4H.0—2Mg (OH} , + H,Si0,
BEMEBEAENEL BOXKER . SEEEVERE OREERD
HI{L 52 BT R '

Ca80,.2H.0==Ca80, + 2H.,0
TRHERSEMHBEFRB—3, RERHEATHHKEER
HBKERECERASBRE,

M EZM GG R R EED KA AMBAERR,
HHBERENEAEN, WAKTNERET,

2Fe(OH)s—>»Fe:0; + 3HO
| RET

BE KA AYRA] LY BEFEEVNTE T, XRHEN
MREEREZIARK, UEM—FTBERS—HT BREEEE
Mo

2 ¥ X R

(1) HEABS(H). EERSE. (EKEED, B¥EdEE, '—e, 82—138,
341—845(1988) .,

(2) W, A ZHER, IMERE, RENRE, BEHBEE, s—20(1982),

{3)] R. M. Garrels, C. L. Christ, *Solntions, Minerals. and Equili-
bria”, Harper and Row, 74—31 {1865),

C4) FERSERHHBRILETRR, (B REETH, HEmEd,
82—86(1977),

(5) J. G. Harvey, “Atmosphere and Ocean;Our Fluid Environmen~
ts", Sussex, 30—335 (1976).

(6] THE. CTRREESRLED. BRLKE, 57—c6(1980).

(7)) A. H. Brownlow, “Geochemistry”, Prentice-Hall, 131—182
(le79),
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4112 SRR

| BRERRNSBRERZ—, REREREER. Hok
B%. BT EREHRESESWEEAERFBRRE, *
BERBMY, Hibx SR RReen T RIS EEN,

XA R R B INR IS S A T R —
LAHHERE, HBRAR, WASEEROIR, RESNR
KUDER AR (RERREEES, HhARERBRSEH
RHEERRERE 5 KBKEEES SR S R 5%
LHIBRE, BYERERARRE. 5. SRUEY. AE
RS HRMEAMERE, SREMNEAATGREE, WE
REAXBIBEUTRROER, FERBETRLBE, &
FRMWERBREKLE,

BAR KL W i kRS S M R D, R T
HEFDRAEZED . FHEXRRARE RSN RA RN
TR S iy AR Rk R

12,1 ARAMTEEHYI—

BEWEREH SIFRMGT YRS, HBHHy N0 WEE B
fa. Bita. PHEENRES. GRBNTF

12.1,1 BEE

SiOF BB, DT 4%, —BAT 40%. BB R A,
ALO: R 1—6%, & & FeO fl Mg0, FeO+ Fe,0,3%20 %,
MgO Wik 40%, Na,0 fIK.0/hF 3.5%, 28 A T 1%, 79
BRI HRERET WSS, KEBB 5% E, B E Y
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EXEBRRAZE, REEEET-eBREBEESE, DR
#, RETHSRETBKUL BEBERE, AHSIGEERE®
T 45% (RXEAES SLO60Y, EBAEHRSI0:55.6%4), A
REENES. BEESWEEIYE MR (Mg, Fe)uSiO..
R (Mg Fe)i{81.0:3, Kk B A I (Mg, Fe) ((S1:0:: L.IOH 1a,
BB K Mg, Fe) lAlSiL00J(0H,FL, £ B 5 % 2 EH & &5
FeCr:0. BEE" Fe:O,, Y FeTiO%, A AAWMMN
BREERR, SRRIKNER., BRRSHHERRAD, S
ARAEDHBN 0.4%., BEHMHBEELR, HREUSFE
WA, ARIEREE (UREONE, BERRX AT HEE
Kimber R M# 4, RitFELMSHATH . SEELEY
WEXRWT ™R Cr, Ni, Co, Pt, £RE%. DREH H.
Je. MR, IIRFHMAHTEN,

FEBEAMRN EIRs, BEGBAEFEEE-RIMH
RERN, BREEEASEHMERE (EREEAT, 55
RIT B A RE AT, XMASHEE, WREETHAEERE
Afk, MMESHE. BEMEHT AR EES & o EE
R), MEEEE. BAE. REARNBETSE. £ T 48 F
HOMCOETEREH. XEEMT.

4Mg,Si0, + SHgO—FMgaKSiaOIOJ (OH + 2MgEOHJz
SRR Lo 9] pit =¥ ]

31\1ng104 + 4H.0 + 510, —"‘)“MgSESi.sOlo]EOHjB
4Mngi04 +4H,0+ ZCOz_*Mga[SiaolquOH]s b Zgﬁggos

L BECR HE— B S A T CO. B R BN, WRRE A,
BN .
Mga(51.0160L0H ) + 3CO~— ;\}\Iﬁgﬁ;[ShO,ﬂ(OH)a +3MgCO;
+ 3H,,O
Mgil(5i,000IL0H 1z + 00— Mg CO; + 4510, + 4H0
WEOR RN HE, WEGR. BLESBHEEERNT 7
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B Cr. Ni, Co, Pt #ARIT S, WA R MEEEE B RAR,
HET . BEEV T,

12.1,2 BiE

SiO & B % 45—52% . ALO, Wik 15%; 1 FeO fl MgO &
BRE, &4 6% KA CaON10% . BRET YRGS LE R
7 Ca(Mg,Fe,Al)((51,AD),0,) (EBHHE) MERBK E 8
& 50—T0O%BREM0—0UMEAHERARBEFD R 70—
WUBEEM OB HERBRNRRARREED 3 AN
SHHMA. ARG, E28%, fREKAISLOIMA YR 5i0;
SRED, $EVHEEERLT . RSN FeS, &&8, 5
ShERE BB KA Ca(POJL(F, CLI% (R AT R KA,
BEANZRE, FEIXLRHE, ﬁﬁ%ﬁ%ﬁu%mﬁim
ERRAEE, WAl GHE s R A RS - e
t, WEHEBREE, MXHREREEE. BEEEBRNSE
WRATFEENES XEBASY AR ETR & 2%, WH
HE (ZRE) 4h35%, 5SERESH XN A Cr, NL,Cu,
Ti,Fe,V.P.%ME EHHITREE CaCOy % =i EREA
HiM. Wb, A, Kb, RS H#,

EHEERBERT, RBEELERN, EREESR.
ERMFSRAEL IEREPREGEERSE, BREERA
WA GREA Ca, (Mg, Fe) 5(81,0,,); (OH), 8{#&N A Ca:Mgs+
(81,041 3.00H 1),

5Ca(Mg, Fe)[Si:04) + 3CO, + H,0
BA '

—»3CaC0,s + Cags(Mg ,Fe)s( 81,011 1:L0H }; + 2510,
YEAMEBREANAHEN, SRERESR BPRABE A
Ca,AL:Si;0:LOH IR KA NalAlSi,Os 1, WA B H AL

3Nal AlSi:0¢)» CalAl;Si;0:) + CalOHJ;
—>2C2a;A1;81;0,,00H) + 3Na(AlSi;0s)
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MFE BB P Fe0s SRR B, W Fe™ 7] L 5 AP & 2
ﬁ&%ﬁ%ﬂ?ﬁ Caz(Al,}?e)asiaoleOHJ. )

12.1.3 higa

Si0, FRIEMANE, —§ £ 52—65% 2 M. ALO; 3
16—17%, HIEMHD §, FeO, Fe,0; Fl MgO £ 30%,Ca0 4
6%, Na,03k 3%, K.O0# 2% Eh, h—REEE BEMEL,
EF Y sy LR BT B, A5 30%, FER ARG, KK
REAMBRT, BT HRBEES, TEIMTHEKE @A
050 % HRAM70—s0 U MKBHMARRRBEY), HHH
ROBARAMEE, @REYERET . &BT, B EHB/K
AFHEE CaTiSiOs, REWMABARENERE, RESH (BB
BB RECRGMAIRCE, FRUSRANRaTghE, &
RERKS) MRUE,. BERUmHE, SXRE—#, &
RAMETHRWEZ—, FHEEERESFRER G LR
flo RAEARGEEBHHEBRNL 2%, WLILBN L 23%EH.
S HAFRNT FH Fe,Cu, Au B2 EF F, 0R HHkX
HEY . RESETLETS,

PREEMRBEERT, HEEmBEEEFNKAL. &5
fth. FRAL. HEFRLSE. Hb2REBL EEEAESR,

12.0.4 Bl

SiO. & B%, B 65—75%, BTFHEEMA. FeO,Fe,0s,
MgQ —B¥ERTF 2%, CaO biEd, EF 3% ,Na0 HIK,0
TRED, A0 6—8%. YRS LEETYY B R A2, ¥
BEISKUT, —MES—10%2ZH, TEFRZRMNANG,
MREGRA I, HEBT Rk ABIHRETY, BRTRESK
A (RS0 HEB/E 0K L LHAKE) 4, BHBKR WHER
MR, OESBA S 20% D, Bk R 5 BREF R4
SONELREMEE, PRANREMNEEAR, BEFAGR, b
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TANGIGIE, BMARERARRAEM S, BHEE (AER
By, HAUMRBARERELE) MRLE, BHRAIHE,
HREWAHRD, GHEREEE, LPSHEEREIHE
Bl 50% L L, MTFERNSEEREY. £0B. £ K B o
FABEESE—E, AREROETR S, HikE BFE%N
EF ¥, BA Fe,Cu, W,Be Nb, TaBF iy T B, ORHE
PR SCE. LE, BESHBET BN,

58X R el A adm e HER, B4R
¥R P, TEEMREHHETAL, BEURSRAL, W

ZK(MgéB:%) SLAISLOJC0OH I + 4t

*-*Agii;i;ﬁg,Fe)sEMSianJEOH Js+ (Mg, Fe}*” + 2K*

+ 3510,

XMENERLREHA SHEMETERRENER, EHEX
AMAZRRL (BLBRBHNBERE=BNEEH, ZHNL
50 TFRAM, kB KALIAISLOWI(0H),), Bk B EH SR,

3KCAISis04] + H,0—> KALIAISHO ) OH); + KO

+ 6 Si0,

HERAREZRBRBE AN, WAKEIRERE LSS
MLGEWREE, PREREER L, AN, BUBRIER N
Y, MEEALSIOF, H®Ed RESEHED L E2SHE
X445 HF F.CILLB%, Z¥Ak, ERMmEE R KD T,

3K AISI:04) + 2HF > KAL[AISi;0,,JCOH ), + 2KF

' + 6510,

2KIAISi,0:) + dHF—» A1,Si0,F; + 2KF + 2H,0 + 5350,
XU EMAER S W.Sn,Be, Nb, Ta B5 =54 %,
12,15 ®Hige

Si0, FB-MEE KT Y, B S0, 48 Hl, Fe,0,,
FeO I BERE 2—1% &H, Ca0 M MO 5% B 3 15, —
MAR V2% %H. HERSLUBERSRES W K, NaO
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%.5—10% , K0 % 4—6% £H, Na, O+ K0 ALOJ(40T ¥,
EFYRS EASHERE, WUBRAPRE (BB, FHEDS %
EEBIE, XERE20%. K RETVHIEHRERE &
BAO%LE, SRV WERLER. MEAREUE $ & =
B, SBBELE 15—20% . WERERPHTEFTLE 0N,
Ta, Ti 6 LLRUERSHETES,
WHEANEGHARR, —RIRKERKLA, Sh—R
Wb, ERFPRLEBNHIEEEED, BEEBRERREANE
WRWY%, HEEERN, SEREZEHZNEEX,
FEAOREBFEEERERE. |
ABEEERAARRDMIRE, SR EL SN
BMEE DXRSRMERE. Wik, S0 waRatras
A b BT DU B A R K
 HRRITEHEER. KB, ANE. =%, KERNGXS
ARTWAR, BNZAMAROHE 12.1 B,

W it o
[ mx
5 e
&8 | sxw
]
= 2
| #RE
L
&1 ARG ZRH
B
ﬁé &n
== e FHE
B
v

B 12.) FERESESNERTHAR
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MRRERRRRE S hE AR R ERRN SR,
EilZB X RS 12,2,

AN A
MEE = & | sag wmas
et e
1 sl TERE FeoH
BKE ‘ :
zaﬁmﬁl Xl
30— 70—
RE }
: g #8
so—T—50—4
BKE BEE | xan
— 70 —— 30—
g ”%@
— a0 10— . %
EYE :
10— 90—

B 12,2 $Iﬁ]§éﬁ_%9ﬁ:‘é‘*%&ﬁm%ﬁﬁﬁﬁﬂﬁﬁﬁ'ﬂ

129 Eﬁ%%k%ﬁﬁm

%%%m&%ﬁé}ﬁﬁ?&‘f%%mk%éﬁﬁﬁﬁ.ﬁﬁiﬁa’é%
MY, BEMZE(BFATLEMH, E%Eﬁ%%ﬁﬁﬁﬁkmlﬁ
LB, ARREZSRAREMBUGH,

MERE R RN RE, THAML K 0,5, Al Fe,Ca,
Na, Kfl Mg 5{bsh, EG8MEHabEa s 98% u_l:,
mARTRE S 1/257{3 (F#12,1),
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=121 HEMNTELIZES @M

T % & B 5 A o Fol T
[s] 46,58 510, 59.12
Si 27.72 A0, 16.34
Al 8.13 Fe,0, 3.08
Fe 5.0 FeQ 1.80
Ca 3.83 Cal 5.08
Nz 2.85 Na,O 3.84
K 2.60 K,Q 3.13
Mg 2,09 Mg 3.49

PN RBERBERNZASIRE, BAFTENLSE
mE 12,2 FE 12.3 Bim, WE 12.2 @ 12.3WLIEH, B

F# 12,2 FTRXSBMEREANESEELRCD

ok -3 ! : I )
(] 3§ Al Mg | Je ; Cu ! Xa : R
BE |

MR | 42.50 19,00 0.45 | 26.90 4.85 670 0.57 0.03
TP 43.50 24.00 2.74 4.50 8.56 6.72 1.4 0.83

mpkt | 46.00 | 26.00 | 8.85| 2.18 | 5.8 | 4.65 3.00 | 2.30

[ Rkt 48.72 32.30 7.70 .66 2.70 1.68 2.77 3.34

pE—EEE— A —BEE, 0SS ALNa KR &
gy, W Mg.Fe.Ca M EMEHME,FoBEEE EH S R
fMg,Fe,Ca it M WM, TMPBRESEE B § Na K
RI$AREEREE 0 8L,

Eﬁﬁﬁ?%—é“ﬂ&ﬁﬂﬁuﬁkﬁlﬁﬂﬁ m Sio, & % &8,
ALOs RZ (WF 12,1), BARANMIER &R, Si0.5 HE €
Lz B Y —EMHEER R H 12.4, W Si0, 5 Al0,,Na,0,
KOZ FIREWHEXE, il FeO Fe.0,,Ca0,Mg0 Z [ £R
HEXR, S MgOELENR,
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ARER D

% e

®
E & B
B (2.5 FARMHLEREROE RN E A

12,3  FH¥HPERT,8-8,10,11)

1R 2 900K LI B ARG B R B RIx A 3 R A B0 b
A REEBFEEAL ™ 28, BF—SRBRELADMEHRE
REREERE., BREAFPTIRNREANRS BRREMER,
HEBAR R RBNERLSE, BRFERERELZEN, =
EHRRAEEER, HTEMURERTBRE. EREXA:

. HBEMEE ABBEERUARBEEEERSRTR, 4
Mg ER L, LR —enEnN, BT AEE IR,
RETERTERPHRSERN, EFAPEREE RSN
H¥, ERABRT RS :

ESEE TRA75km i L8EN, B B &% 1300°C
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B 12,4 PRSI0, SRESEYZ AHNER

B, HBRAESE, RPEBES M ZRERNERER, W
B B, REE MBS, REBIREEAREBA
HEBRZRERBW R,

i AWMERI LEOUBN T Ak, A4 90km
Bf, ATHEREMEINHES, ZEREASHTNERETRERN
BMiEAEE, HERBIE, BREZWARNDERR, BEE
Sy RN, PRSI T R,

MiEERE AHBIEPTHNE T & 10—20km & &),
Wi EEik 650°C L LI, FRIEIAEE, TBRERHAK, B RE4
e XBERBRIBERIERRESRER. Bailk, BEEY
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4 55y S0k T, B B2 G MgO, FeO, CaO W4, T Si0,,ALO:,
Na.O RIK,0 #1, $BRBHEE%E.

FRMEN, KM, PREFRESEK ENHEELRS
TRAEMBN, REERREHEH. B EfnshRss
FERAAR Y, HERANEASION UARFRESE.

BEOEEHERBRTRAEASRAEL,

12.3.1 Sk Sa sy

HEBEZHESRE LR =WAHR,

1. BETR ,

Pl O.Si,AlLFe,Ca, Mg, Na Kb %, HBABRL 58 08
DE, EAMTROCENERERE RS RNBME, B Mg,
Fe,Ca B 8B E . kg3, O0.81.ALNa KEER Kk
BREAE, BE Na WK EAMEE K. XFH Bhud5HERs
BB, IR EERE BRI A AR BRI RS
M EE.

BRERSRER ERETE, RPN sriEsn
BT, FERAFERESENNLR HFHIELERR
E#E S, ERIEPATET SRR SRS, RN R E
REALEEAANMBENZEMLELS. MEERRT O
EIBFERE, ERHFRERRY, —HETEERNEDN, B
—HREEEREFEREN & 12.5),

FESRHEADRHESRERSIETR, BERNTWES
AFEMEER, E-EREEHABRSEEHAR N E—F
W, P Mg-Fe B HMIES, SIRAE (1300CH L) T4
i, WRABBME Mg, Fe)Si0., BEREEE, HEE
RARE, SERMEEARERS S,

(Mg, Fe),Si0, + $i0,—s 2(Mg, Fe)Si0,
WHEE Mg.Ye B8RSR, RSP Ca iR X ¥E,
SRG AR AR R BSER
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FfNE
(%{é, Fe ) (SiQuR(OH) l
6/ 1108 ; '

BER

n -
K (Mg, Fel, [AIShORIOH, 3, BEE
.“ fe-2fa04b) e zosw{h}

N

R
KAISI,O8
1720 E84R)

MEY
KAL[AIS)0, JOHN.
QAL RARRCRD)

B¥
50,
@30 RS
Bl 2.5 EBAEFTHRERN

2(Mg,Fe)SiQ, + Ca 810, + Si0,—>2Ca (Mg, Fe)(8i0.]s
BRGNS R, Mg Fe,Ca §BHE/L, WH.0,ALLK Na#
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HEBEN, N Ca SERIN, WHAINESER BN B2
FARARA:
7(Mg, Fe)SiO; + $i0; + H:0—> (Mg, Fe);($1,0,:);{0H;
BEBAR S SRS R R, WEBILRSE.
2(Mg, Feh(Si011),C0H 1 + 2K,0 + 2AL0, + 4H,0
—a4k(Mg, Fe)s[AlSi;0:0JC0H.); + 2(Mg, Fe)[OH; + 45i0;
ARBEAETR, @rmtEEE—pHE, LEAKRAFE
i HPKARRERHTHSAREWHSY, MERMRE
B, WERABHEXR, WERAKBITIERAS3MEX:
8K ALS1:05 + H,0—> KALCASi010ILOH 1, + 65105+ K0
MAERR MG RTYRE, REAREHREZISHD
B H.0, WiHAE 2.8%, FEF 0.80—4.64%, HE & B
AE B0, ENNRRSHREITHRR, Rech: BERA 2 B R
(510,047, A BER (5,004, ARNAMNE R (SL00F, =
B RIRCAISHO ™, BEER Si0,,
HBEBERSREABTERE VRN, REESEENER
7, MARKBRATHEREMREBENSE RS F. BEERM
KAERELEBERS, W - HERTRES TR WIRIE N,
THUREBEARMGKARF NHERR, B 12.6,

TeC), 1600

' ] 1508

1300

1200

1118

100 EIEO0ES
L Il L q.

G 40 ep 80 10054

ByE i’

B oze FRO-BRARE
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HMERRTHA R EE SRS, B & LOMERT.
BRERHEN 1553°C, hKAMERRI1I8TCT, H T H T
PR R B IR Y, 5T DA P I B R R AR R B AR SR 4R,
WAL RERE T REHNDE, BHREEBREDHEARE#R
HIMER, WA RE R A OB EANEELE, NEK
BRETHZET. H, FR&ER. AXMAR B Eha GHEW
Mg b HE 12.6 B, MAERS v HFE, MEE K H 50%.
BIRAE 00X MARBBRESERE. 2 80%, 91KH 20%.
YRERETRET,, HHAARREE ., SETFEREEN
d, REEKRS SHEPHLHEREHEBHE 4, K H4& AR
EHARSHESTRRAKRS N EEL, HESERZENER
A BR e’ te'd, BETHRET. o, BHARKKSE Ze, i
HARHER f, BESE [ QRS REES AR, & & ¥E&
FEMAD, BEFBETE, NeRGRAEHEAELEA,

LEIPBENE, BRA-FREBERIINEMALE. B LK HR

TH#sh, HAEE (12,0,
2 W _igae
;‘l

4 I
1234*

2 40 60 80 1_{;%1%
BEs ERH

B 12,7 | barfscoobari S R E-RMEARTER
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B 12,7 WE, HREHEARG £, Eh P=1E, WHKRA
B Ty, Puo=5000bar Bf, BEE R T TRET., &4 K
MR L T R 1, R, EKEEAT, B R BEE
L%%ﬁo |
%wﬂﬁﬁﬁﬁ.ﬁﬁﬂﬁﬁﬂ%%%ﬁm%&ﬁﬁ
m.%%%&aﬁmﬁﬁﬁw,ﬁ%a,ﬁﬁmﬁa HEER
BRESNRE R B L, MAEHEERE WA AR
MEE GERT). B 12.8 XMFRFEHEPEREPREE,
HEXBEARLEN, BHKREHEZAESREX BREH,
TEMR I (5 P9 ik S i 58 2 R R AT ) K, BB AR TR
B BRI AR, MBS RE ERER Y, E%ﬂﬁ&m%.
FRAHEGE, WRHEHRET. ‘

Bﬂﬁﬁ
% (2.8 BERNHTEMSED

B ERRERAVTLUE N, TEESAFEMITHER A&
BMg—Fe—Ca—Na—K, XHMFRERE — 2 mm s, mi
12.3, HIBE Mg—Fe—Ca—Na—K M iy, BHE TE &
WK, B, BBRARE. ByEau. BAEHE s

I ABEFRGRMN, Mg BAEANTHRBHERE R
th Mg.Si0,, MARMERIERHMTROBRIEW, Bl MRKE
frzit, AHRRAEES GRERT 1300°C)H R M CaO
(45 /5 2580°C) 1 MgO (5 3800°C) (H,B,Benos,1963),
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12,3 —HHRESEY

E Mg i Fe ‘ Ca Na K
(k) 0.72 0.78 1.00 1.02 1.38
Bfr - 2 2 2 1 1
i %4 2.15 2.12 1.15 0.45 0.36

B Fm .77 2.58 2,00 0.98 0.72
B 1.28 1.84 1.04 1.04 o.91

B RESHRATE, Mg AR#Eh O—O 2 M # K 2.9—
3,08, Ca N\ Wik ¥ 3.5—3.84; B—HE, £F AR
B Si PIERBCSION " R, HIGHEBET B, (S0 1H#
i, RENSEBRRIR, FEEMEMN Na* K &4, MRS
R Mg?t, Ca? #if, BRSO H 002 ] MK
H2.6—2.72, 5 MgO \H hRBKEEE, T 5 CaONHE
R B, FLERN T8 MgO HR%A, K Mg:SiO,,
K, MaE¥iiesR, EMmAZ RN & k8 £,
HHERARERNE, HIHMARE R B 81007, (810,77,
(Si;0.7, HEMEHE, BY5 Mg, Fe** 45,8 4 Ca®',
Na' K&4&, BRER. AANA. E8%,

B LR AR AT LB R 5 AR AR A R
AR, FARPEANRBRES S8 HE, Y8 —48KT
Xk, FHE-H, BRARERH, ATESAARTES,
Xip—FRBMRET L., HEREEE, BTRIBRESR,
METHADENERL AR, EREREAEREHNMERSF
B ERARETZR Si-—0—S8i, EREMEZH Si—0—AlL
EEHR=AE R4 5 Si—0—3(Mg,Fe), EfIM & LR E S
KBt =26, Bar =9.2,8u* =3.3,

MR TFRARETFZAME, BF2BERALSHEHE—
hiwE, BAEERL. ATHRIEZHURBASAEREZ
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B4R, REBRGRL, 5 LRRLEEREMELE, B 8,0
= 9.2, 3Pug* =90.9, TR, EHRHELE, EHRRETHHAE
BB, TR FHA SRR A TR F AR
BEER, BRESRNZ, BTFHRLBENS, WREST
PEESRER, BRSRGBRE K. B, SEKERXR
SRR TR FREOMERER B2 AN, KA ERRL, S
REE., MREAHREBERTMA, MRS S EAHBR,
FTLABER B B RFGEATH N, BAEETHRKRD, T
FEAKBETF M WE 12,5 . B 2 BAAE B0 RRALEY
AHE, HERASENSLRTESSNAKA, X58R%
R 2/8 EREARY 6 FX, BOARMENMM, H¥ARK
HIRERR D, HRRRMLL R, ' |

BRI R 52 MR WA A KR,
MR Mg, Ve IERMAL K IVE TRRMBRNR & B 2 % 4
B DERBEEAM. AZRELRELERBERRET WL
BEH 3% BB RIEK G T e L R B R B BIERT,
W 12,4,

F 124 FREXTREBALN

B ©OBRE(O)
Frip e 750—B00
BN, $5A., WE, BEF+ER '
FAE, WbR. RSy IEE 315
AAE. MAT R 875
BE. ANA. By Hing 928
BE, . BeT 8k 975 -
WM, BRI BE 1090
5 AR 1128

BEANRERET SRNEBE R, — B, RN
FHTARBLERERRBRSETESTN, REREESE. &
KPR EREHS Fe HSUNSRERRRERE L. v
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T 95
2FeQ + —;— O,—==Fe,0,

HESEEIN, BT FHER. BRIEHAK, LAEAS
R WA F o A S SO0 0 e S T B T 45 Mo

WHE SRR Y FARR. XREBK PSIO N &R
fF 40—50% (mol) 2 Ll S5i0.2>33.3% (moD) i,
MR E TARA S AWAR, RAERBE XFR
SiO; SRS, 24 Si0:=33.3% (mol) B}, kD IERER
B BBk, ERME RSO, FRERNIE F 20, B
BTGB ERMERR & 5 # 8. WAKRMEBRRBIED.
TURERBENBTPREURTH (OO SHEHFARTFHOD
b RS S M S TR R SRR BT, LA KR MLIR, IS Em
V. RIS 4L Rk BT IR S R I, B % 0°/0 b
EHEHETFEERHRNKO.N2,0 ,Ca0 4, T ERERIA
A% O°/0" MR F 5EBHWM FeO MgO 8 A, [ Ik
EZE BBk E FeO fl MgO 3 A (Fe,Mg):Si0, 4 F 1, T
% CaO %, WMBIFEXFHBR. EIAG TSR b # %
fo Bl MU NS REORAETRENRRE. ®e B,
W1 B AR b 0 Fe S B,

EERERN, W52 ARRHEREIEY ALO, E FH
WA, BT Al RAFHARKRARER SR B kEn
RS AL TARENRN KRR, BEREW 1 /ER.
AXEEREL T ALO: &R B4 PR HER, Al0S 5§ Si04
MR R E R R AR R, ERRER XY
VT B 25 B AL S 2 5%, o T M4 A o BOAR T A S TR G
HREREERDERERLHIHERARBIRRSHR,
FHGTE 2 R E S BRI B, BT A ALOs 4b Tl B i A AL R
SRRHE BB A, ERBE KD ALO, MW TR
FeO #IMgO Hi e MKk BEMME A EH 451l Fe 1 Mg
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L WY

o, ISURBBEE R SR CaO BRI, fifkh FRBmM,
T ALY 5% O YRS O T B NS, B R B i Al B B
P AT 328 2 U R B Al R RGO G 454

FERFRHSGRFERETHEESIN 0 S8, @ K
FHT, FRBEIBRNTGHEH. S HO R K 2% (E
B of, SRREAFANGHE G W HO0 8 b 4% (H &)
B, SRR TERSR. ROEGD O SRN ¥ N, BH
THREGHE . ERE ALO: BHE 35 & H.0, 1 ALO, # 3%
AEEAL, AT RHEE BIE L _

LB E, E%Eﬁ#ﬁ%ﬁ*aaﬂjﬁ@ﬂlﬁ_I%%{R%*ﬁ?—ﬁiﬂﬁ
S 41 FF AR SLRCBLIT S A, B % R A1 S AR B g e
filg). ME FeO (RERT MgO, R B H Mg.Sio, jy4s
A T FeSI0, XN, RIBMAER, #E1000bar # K
EEEN GAYTRES UELAS H.0) ARELE (FIFHHFR
B-RET BNADT, FRRSSERFERE BE (12000
By, BE (1095°C) MBKE (1065C). BEKE H 49 E &4

(DEBR-MEY - AR AR BETREW D T,

Rl &8 R A PR R + R (1040°C) , $HE A (1015°C) , B #RE-(1010°C),
Z3 R ﬁiﬁHﬁﬁ-mm“%éﬂ.‘&%ﬁﬂ*éﬂ]ﬁiﬁiﬁ%xﬁm#ﬂim
FeRt, Brgh & E ok MR &4, -

2. RERX

FEH Pt LK, Cr, Ni, V., Ti, CO%, HHEEME, &
Vs AR, BH W, Sn, Nb, Ta, Zr, Hf, TR, § .
hEYE, BESEAR. BARFHE- 2R cEEKEBLRE
BMERRAEERS A (£ 12.5),

Pt it ¥ Ptk # 3§ Ru, Rh, Pd, Os, Ir, Pt,
MWERET PLELSRAITRE, EEEEP X 0.02ppm, &
HEMAT 0.05ppm, TBEARDT 0.005ppm, ZF B PtETR
MEENMEyER SR, SEEAEEX, IEMAHL, §2
F A {E R Ptﬁ%w“%%ﬂ?%ﬂt—ﬁi@ﬁ%%ﬁi*ﬁkﬂﬂﬁﬁ, Bz
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R 12,5 FESREE NI RS 5% (pm)

l

o et mien [pe) mis | X |metaleie ] pie
Li Ul 13 20 au X - 20 — 34
Be 0.2 0.4 1.8 5.5 Zr 20 166G | 260 260
B i 5 15 15 Nb 1 20 20 20
< 106G 100 200 300 Mo 9.2 1.4 0.9 1
N 6 18 22 20 Pd 0.12 |0.019 | -— 6.01
F 10 310 500 300 Ag 0.05 | 0.1 |0.07] 0.05
P 170 1400 | 1600 | ToOO0 Ca 0.05 | 0.19 | — 0.1
5 100 300 200 400 In 0.015 ) 0.22 | — 0.26
Cl 50 80 100 240 Sn 0.5 1.5 — 8
So 5 24 2.6 3 Sbh 0.1 1 0.2 0.28
Ti 300 9000 | 8000 | 2300 | Te G.001 [0.001 [6.001 | 0.00%
v a0 200 100 | 40 | I 0.00 les |03 | 0.a
Cr 2000 200 | 50 25 Cs 0.1 1 — 5
Mn, 1500 2000 1200 | 600 Ra 1 300 | 650 830
Co 200 45 10 5 La — 27 -— 60
i 2000 180 55 8 Ce — 4.5 - 190
Cu 20 100 35 20 Pr -— 4 - 12
Zn, 30 130 | 72 60 Nd —_— 20 | — 46
Ga, 2 I8 20 20 Sm _— [ — 9
Ge 1 1.5 1.5 1.4 Euz 0.01 1 — 1.6
As 0.5 2 2.4 1.5 Gd — 5 - 9
Se D.05 0.05 |0.05| 9.08 | Th - 0.8 — 2.5
Br 5.5 ] 4.5 1.7 Dy 0.05 z - 6.7
Rb 2 45 100 200 Ho — 1 - 2
Sr i1 440 800 300 Er — 2 — 4
Tu — 0.2 — 0.3 Ao | 0.005 |0.004 | ~ | 0.0045
Yhb — 2 — 4 Hg 0.0 lo.p9 | — 0.08
I — 0.6 -— 1 T1 0.01 (0.2 |o.5 1.5
Hf 0.1 1 1 1 Pb 0.1 8 15 20
Ta 0.018 | 0.48 | 0.7 3.5 B ¢.00) Jo.007 |0.01] 0.01
W 0.1 1 1 1.5 FPa - -— | 0.01 -
e — 0.00071f — | 0.00087 Th 0.005 3 7 8
Ir —_ — — | 0.0083 | U 0.008 | 0.5 |1.8 3.5
Tt 9.2 LI — —
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i

BEHERAHAR., BE5FREA, .

TEAMBE., MEAGEREN, UTEEPFeE £, Pt
B (Pt,Fe), ##15 PtFe, i v, Pd,Ru,Rh Cu,
NiMMRR S HREE. B4 Ir.0s HEN, THRERT (O,
0s), #M¥EF" (Os,Ir), X Ru,Rh, Pt Fe BAMERFE,
REF 2 5% FeCr0, 4, BA—E B H EH#8.
EHEAEPY S As B2, PA.PtREREHT (PLPD) .
BT PtAs; MW" PtS,, HpH Co Ni,.Cut iF B, X
B9 % SHE KT FeS, X5 (Fe, Nl)sSa‘ﬁﬁﬁ”CuFegz
ed, WL 5RRE A,

Cr RECrEBREPHIN, WM CrBHE A E FeH e
R (F12.6). BAFNGRGR COCEREEH TR, 2Bt

% 12,6 BEESPCHTHL R (pom)

i}

BEER b4 Cr
oI & 1650
HE R oW O 3100
¥ A 4 2600
- - 370

nm ok & . L
o g AERke | 1
' EMAEs 5O -
mew 0 | wEHE [ 1

B A Cr RS, CrEEESNES, EEEPECE
X BARFHER, Fe Mg FHE, M G Bl RERH
B4 (Mg,Fe,Mn)(Cr,Al,Fe,Mn),0,, %55 FEITOHHE.
ek FeCr0, & Cr ERFLEER, BB NS By,
H¥ob G MREBETE, RLBHRACKHE 5 4, WE
DHBAREETHEARELE D, :

+ 160 o
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Ni 7EfRsdedsd Ni g R ES S g 2t MR
S SRE, N2t B Mg, Pt RERSERBSHMRERF
£ TFREBE T P, WHEHTE. BFEAFY A NIEE, WE
& Ni00.1—0,3%, JEE& NiOis 0.2%. {Hi#E % P SH As
BB, W N PHAY. BipREnedERX F A !
§HgET NiS, L9 NiAs, BHHRT NiAsS % Ni ¥ BER,
BREFRSBRB B Fe**, NMIERR & T (Fe,Ni)5,,
ST (NI, Fe)Ss, BEET (Fe,Ni)Ss, AHRTE ﬁﬁ
BEE Fe(Ni,Fe),S, RETHMKA LRI FeNLS;, :

V V* L5 FRARALBERERALESRT Fe(Fe,V,
Ti),0,, V¥/Fe'* lMEEREESR TR, HALKk B &% 905
B, VA RSRAD, V/Fet lEAh, WA E B K AR
AR VL, SV ESRETHSBEREN, REXRRR
BERATRRMN AP, W Fe* aRESRMER. ARR. B &
T HIG A Cas(Al, Fe,Cr)[Si0.J. ¥,

Ti B TivY, EERAFEERAATE. BB il
W, WARHEY. BENEME,ERREMMIERETHRL,
B Tit* A, AR F Bk RAR SitF, AR E 5T,
Fe*t, V* B RAl, MLk BER F Fe(Fe,V,Ti)0:,
Y Fe(Fe,Ti, V)0, (BF FeTiO; RE4LFH Ti0:, ETH
DU R R B RAETE, WBR T Fet™, Fe'* §RM £,
% Fet* & ¥, Fe'* KBARM, XD FeTiO, Bl #,Fe?
g1, Fet REMBEBET RAAREKD, Feo* ROW Fer
N Tiv* SBENNER TiO:, I 5HET FeO, b4, BHRK
di Ti* Bk, Feot bm, TiY BUMBRARIBEAFER
i, B4 Ti WEHRAKBLES AL, HRESER. AN AR
2R Ti't B BREFEAEAZST TiRPEERT,
EKEMTAESRAGET b, TiHBBRVEA CaTiSiO, MM
BB A ERAS T, BAEHAED T LahnE R
A, MHERLR. BARD SEHMARBHMAE. BAEMN

* 3T .
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Z I RE T AL B

SWA f4H  BAER BERE

MgFeSiO, + CaTiSiOs—+»FeTi0; + CaMgSi,0,
ik WH ey BER

Eit, ZARRERIENARATHREEE. AHEREN
FPERILEFRAFHE, RBEHATRASEAWHRN, BRS
KAWL R A,
CaTiSi0; + Al,Si0s—+CaAlaSi0s + TiO,
ERARARS D RS R BRA A,
CaTiSiOs+ FesMgAlLSi 0 -»FaTiO,y + CaAl,Si,0s
+ MgFeSi0
TiO R AR & Btk RE M Eh v 35 I Fe, i HLBEMN 2 B M4k
AU PR Fe PR
Fe 0, + Ti0;—+FeTiO, + FeO4
PR SR TIO: HRGUT LIE R &Y.
FeAl,Q, + Ti0;—»FeTiO, + AlsO,
B EBSGETA, ERREFTAERRRANS Tig H4a4,
AMERFHESET, XAEBRTINERTH 44, 5—FE
ERRAREHT, TINTETHZ—RERy WU LR & 4%,
(1) EWRBMB-RADHAZELDN, BRINEE
5 & mE- ks
FeTiO, + CaSi0; + Fe,0;—+CaTiSi0; + Fe 0,
ﬁﬁxﬁmﬁi’%&ﬁﬁﬁﬁfé‘*%#ﬂiﬂ. ?SME@;#&%EA&TUL
3FeTi0; + CasFe,Siy0;: +2Fe,0,->3CaTiSi0; + 3Fe 0,
(2) BH Fe.0, BHR N, AESIOBEEW,
FeTi0, + CaSiO; + 510, —+CaTiSi0; + CaFeSi 0,
EREANGREERAA. ' .
- (3) BC0: FBaE, @ TREALEXN G0 ES
FrEext Ti0, 38, HEAT T 3R B,

- 27 -
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FeTi0; + Cr,0;>1eCr0,+ T10;
ik, By Eha R sy Neanmite,
C4) shgRp e
FeTiO; + Ha8—»>TeS + TiO, + H,0 |

MERFUED N Ti LB YRR, BESR TN TiTY
FRIBRFEE. Tivt, Ti0+, Ti02 # Ti0,, 1,

Tiv"——& 4R, REKF . $KY Tio,

TiO*——R % Ca(Ti0)Sio,

Ti02~——&k gk 5" FeTiO,

TiOA—— 4k & Fe.TiC,, -
TiO* Fi Ti0*~ ERER LI Ti*Y fl TiO/ ™ #8858, A HHeR
WREHE. TiYY REAE Sio, MIERMNEEPRE, 3B Ks
GRMARNEES, MEM.

Si505*” + Ti*" > Ti0z + 3510,

TiO!” EREBRREEARPRE, WEMER &% &b X
SE

Ti0*" + Si0s?~ > Ti0:%" + Si0,*~
Pl EFRE Ti AR MR8 W8 v, kibEA

LAt R, dERESHET Y, I HBR G4

Na,Ti:Si:0s, BHSEH (Y, Ce, Ca)(Nb,Ta,Ti).0; &,

A TigHEEET T, REEEEMI 7 %, B
TTiMERFA, ENFRIVGETFERFEER L.

Co Co LiNikfll, EREXRHB RS, SBHMMLHER
HAE, WHEThEED" CoAsS. B B 45 §° (Co,Fe)AsS %, i
AR, BOoMTHESRRE YD, B NE 4%, ®
Ni** 5 Mg**, Fe*' WENR KR, WEM K A P NiiCo=
30:1, WMEHRY P NitCo=15:1,

Nbfa Ta RABMERLE. MTENRE E O w2
e B AR EEER, FUERRERT BRI EE &, R
L& NI PMES Ta, Wi, FTaFPHPE M 54 Nb, A

+ 178
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It Nb R Ta RSB RN, ESRSRE T Nb
HEEE Tad, NFE12.5, TH Nb, Ta FEYELEH &,
A B A AR AN T, No 759 & B d
BEE, 7 Ta 8 S 5%, HW R 8 Nb/Ta i {HRE
AW ERTARENEHNBREE.

Te B BB, B N [ Ta Fr¥kEERE, W W ERR
M, MPHT (Fe,Mn)Nb,Os, #H& § (Fe,Mn)Ta,0;,
TEA YNLO, &, X Nb, Ta REEARUBRE M 2d P,
EHMEET Tif Ze 5 ¥rp. Nb°* W R# TitY, Ta™ #
& e Zott, WEESERRT CaTiO, R CaTiSiOs ¥ % & Nb,
B Nb 5 Ti#ri R

Nb5* + Nat—>Titt + Catt
M5 A ZiSiO, B HREE Ta, FIFE Ta™ § Zrt 3 730
B,

(Ta,Nb)5* + Fe'*—>2Z*

(Ta,Nb)** + TR*—»2Zr¢*
Besh, NO* R Tad FEEE Fei| Mg, AIP*, Fe™ R i A%
B, WM.

(Nb, Ta)** + 2Mg2*—a»2Fe + AP+
B, ERA. ARNE. BEPEST O BER—TR i No J
Ta,

FAERM R LI EN, Nb AT ERRHLBRABS
WRRTEH, BHEN R Ta N RESRPEEAOE R B
ER. M FETHREMRN, Nob T BefUEAE S 8 Mg
BEYERNTH, XBRBEEHE, MeL(Nb,Ta)F:l, Mel[(Nb,
Ta)Fsl, Me,L(Nb,Ta)OFs), Mel(Nb,Ta)OF 1. Mel ( Nb,
Ta)(F,0H)s1. Me.((Nb,Ta)O(OH,Fs) )% (Me {8 #K Na,
Li, Rb, CsZ5),

AR EH Nb, Ta MAHRE, TESRESEREEY
AR, UERERE SR EE AEMBES NI R L,
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EARFGE No B Ta R BERERFF, KR B BEELER
BRRHEE, BRESKBEEAEN B B, N Ta BF
BEREmMEYE, W NbOs/Ta:0s EREBIEE (H12.9. B

Nb,0,81Ta0:%.__,.
0 0.0 0.82 0,03

2.5 =

BB

0 1.9 2.0 3.0

B 129 ERHRTRELE R Nb.O; {1 Ta.0; RE EMEARE

RN, HREENEN, HERPRBRE, FSEEk
BEA, HRBELTR, AMSRR0E, EBRENFTPOLHR
REMERBANEFLER R S P &, NbX1.6X 10 mg.
atm/h, Ta 3 2.1%x10 °mg-atm/h, HiL, HFHEHERSEER
Ta BB Nb 8, FUEETEEEDE Ta kN HE, i

3. #RAS :

BEXUKENERSPIRABRER 2 NT, BmAE
R R 4 HL0, €O, HF HC1,50,,.H,5,.B(CH),, NH,,
NH,, N: &, X®®EHNEERE T 6%, b H.0% 560—
90%. WMIEZRAM, EENENZRERERERD ORI
EARE, H.O, HF, S0;, P,0s fiEME# X, W CO, HCL,
NH;, Noo Ar SUBBHESE . R BMKU, 7 % R beR
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R R HEREESRNTEEA (8 12.10),

: #
= 90 &
B g5
- S
1& Mé? .
W %&*
.5‘ . $
£
2030
H,O(EM%)

B 12,10 FEKINTIRHORSE R T &R SHE R oKE R

AR TR R , I v R R A R AR ) B A,
MBI A EM, EEERREE, FEAESE, BRESE
FRMBARSE D, NRESENKT LEEENAHES,
BEREN LR, BRALKR.

PERHERAIFRE, HERIRTEREASRERE,
TN w4 ETE (WW,Sn,Mo) MMALE (Li.Be,Nb,
Ta) MEBMEREABEAA BURFC ABWMER
%, |
L F B HF BRA%%E, HF & 1,0 8, 755 K
BARAMERE, ARFETHRRRAENEBN, ~RESRS
SRR, ORGSR, RS, WREBERH
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H-T0-HF A REB TR, 7€ 2.75 kbar i, FEZiART #H
MM EREES 665°C, MASUMHEF J5, HMER ER 08T,
BRI IRIRT 62°C. AWM BY B, MEHREASTE,
HFREEE SIS (F12.11).,

I‘:‘5{}'4
~ H4ine
F gop ¢

~ 2
e b

o 5 1 g5
HF (H#&%)
B 2.0 HE GERS @SR EN SN

EHESLAREED, ROERBEFS R E, B
Bwh, SAREBRK, BESSE, RERESESHIRER
TS, BERSHEERE. TEPERAEREZS STHIE, 46
SREBAIEMEE, ATHEEIHBARFE,

SLIER, ARG FRIGERT REUBER, S
YA BT, WMIBeF)*, (NbOF:)*", WFs. WOF. |
WO,F,, Sn(F,0H).)* &R EHEL. BERH. B, B
ARGEHARERNER, BR2EE, FRFERPARESE
EELWBATBRNESBEE. SNFEFERESRLY, H&H
RESR, BRXEARHEETLERT R AWML EE B Ve,
Mn®* W EHEEN, ERADRAELCHEATEBHW L4
Vi, BREBETMEL,

WOTF, + (Fe,Mn)O + 2K{AlSi:05 1>

(Mn, Fe)WO, - Al:5i0,F, + 5510, + 2KF
BHYT BE

HTFRLLDRRELOHBEER. SBBEE FEARE
FEARBAST REXRNESHE (EFRABAEPEETR
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MRS ERTR SRR Bk
o ﬁ:ﬁﬁﬁ;ﬁ.m? Nb, Ta, Be, X#HBE¥REREE

#, BESV AP FEENBAE., MRBEBEFHLELW, Ta,
Be e AR, RREKFHFEREESFM, FEE— R B EE
FE0,03—0,06% 2, RHiEWE0.355%. M F HE B % 40
Put, RPCEERRTE, XERHFLSRSLRITIER,

BEEHPHCO AEAKEEEH. HET OB AR
TR REIN, URSXRATHEHEATEOEERS
W, ZBLCO hEMRIALSYEERRBNE BARTS.

BENENEESBAARANFAE CaCO,, BETF CaMg
(COsTs ARCHMERACE, AEMNSGNARRNRAR RS
B, AREANFTRE, B4, FEW, RBEE, BEREHT D
Z—, BERWABRERBEAETHERAERDER, 205
BAKFHER, BT Y, T5H, %ﬁﬁﬁ@#%‘, %‘ﬁ%ﬁkﬁ
BEX, RERRAESESETER. :

Hﬁﬁﬁiﬁﬁi*mmﬂ&@#&%i%émm?%{nmﬁﬁﬁu %
BE, AREANBREREY EREAEE) . 8RR
L CO. B TFHRMM:; HASHA RBRAE SR KESN
o, WIDLCOT BFAEEBR, ¥ EHET 20kbar, HFEK
B e G (Mg, Fe),Si0, fiE R CaMg( 810618, CO. &,
BEIARE, CO.EXETHMRMEIER, #XE Hretifs
Wit EAB®T 20kbar B, BRAEA, EAERHEE &
# P MgCOy,

CaMg[ShOsj + 2C0y—>CaMg[CO0sJ, + xEslo,

H = &
MngIO4 + 2C0,— 2MgCO; + 510,
amEa gAY RE

RERREBESBH R PRNTHEEEBL, H 084 L x
W, HSMAEZEER, Hk, BUBRAEA0BHMERAL
FEEEN. #THEMITF.

CaMg(COs); + 4Mg&i0,
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—>»2MgS10, + CaMgl(8i,06) + 2C + 20,

HHEER, HNEFHRNN {0, MNELEERERELR. 4
fo, (MBREBOMWT I LIRMH R, SRABBY HURELG EFAS
BRI MRk A TE, BEIA SRR,

LRI BN, R A A RN AEE CO. MfEH,
LIEN K 20—30kbar B, HETHASTHREDEZRRG R
FAGE; MERFRENEAR, RELEARREED, I
WRER R AL BRI, R BRI, KT 20kbar
B, HERARRE, THRHRSRRBRE A,

BRIEBETE COr BFRETANE H, MENES
PRERKBEAE, Hik, % CO Fant, i BB os
R TT PUIB B R S10: DIRMRER SR A K.

SHEAATENER, ROVDUREQNEEIBBRE, MR
XA EARGEB AR E, BANRABEBEERAN, WX
WARHTHANNAAMSEGAMARKRANG, EHE
RARNE R RER, BRKEZVRETRE, FHEIHE
4 CO, (BCOT7IB ) T& ¥, Bk, & KM s, o
AR AR KR RER B TRREAROBRER,
B R BT R A KWL RS R ERET, CO
5ERRAOHA—HRER DS KRR,

HT RIS ED CO BB, % B7% BEN EBRR
ERMAEHBELED, TUATEERXERORBLEE, £
HERRRBARSISHMRBAERS SHREAAE—R, TN
BIEE P RE AR, RRERAREE.,

LREET RGNS BRBRE KN GRRMRE, BEETS
HEBANGE S M A SRBRBEEB TEKET CO: Aa #4
M RETNESELE G REEDRE, —ERNNR KRS S
BEHh k.

RS CO. MEMELMBME tha R, BAEX
{E R ET R R EN S TSR BGE R e COA 3 IR
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M. MULCO, MERBRAZEARLRENRBE. B 4%
B CO M FEAAET LKEBT 26, I KTH SEnRE
.

BRES CO EHEEBRMMNEABPLREE B, Mg
M} S0, W% R, COBILH.OF 5B MR 7E RSB LRI,
CO: T ALO, 0 Ti0, 21, % CO, W TREMIME B, E H¥
Skbar B}, REEERHBHHSE, WEUSTER SRR
ity EEBENEMET, THREHPHERELS, BRES
5O %, T ECOM M B2 M REEE % S WB R H,
BREBEORESER, HIRSBRERETHRREBIE IS
M BR. WE CO. ERBIE X ABHE, W CO M MEE
W, EEEED 1kbar, BE 1000CH, COZENE AP
B REEL 7.9% (BE) . AREXMHRT CO: FUEARR
AWK, TEKKTE CON B XN TLBMETH
B, ZBIE, MREFEREDA LR, £ ¥W CO. KER
K, B0 i3 Fln 88 h i NaCO, KB i NaOH it F1,CO4,

Na,C0:+ 2H,0=—>2Na* + 20H" + H,CO,
B TR R R R R R R R A 1R,

2Na*+ 20H ™ + =5i—0-=5i=

==2Na—0—Si= + H,0
BEEEIRERS SN, |

Na,CO;3; + 1,0 + =Si—0—8i=

==2Na—0—S8i= + H,CO,
B it , H.O $Na,COTE R ot BB SE A HL.CO, 3 BB A 1Y e
COMG BRI WM HoO B0 P47 & 2 A5 50, BB NarO
FHIRR S0, TIHMEHM CO: 454 XA M BB EY
TamEAERBERAR, CO. RMERM. 5K, Na,O
RERERILESYTHER Ca0, BBk ALO WK EH &
B, W RER NaAlSiO,.

Na;COy 4+ CaAlS,0,==CaCQ, + 2NaAISIO,
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EXRERTRELEEROER, REEMEHERD. i,
R R AP RER R, XRESCERREEEPHERE
j(o

12.3.2 ERHEM

R RE R AN, WHEREERAHRENEK
(810" REMER AT R A% AT RARE . B HE L
(SIO B ESERAH, BERSIOI ARSI, IR
£8i3040°, (81,0278 (810,520 SR SI0:0*  HIR(S1,0:,0°7,
BAR(51.0:07 FEAR Si0:, 4BIE 12,12 PHE 12.13 Pimx.

B 12,12 BERNEHEERRS TSR, RGN
(BHREL2,13)

SR BIRRE R TRANAFORABERREGER, 4
REREAMEGTAANESFHE TRE&E. MELREU

¢ 250«

http://www. chemdown. cn



01 @—3 ©—3

B 12,13 EEAWEEEIRSTANEER. FRNERSR

1. BETF, 2. BRTRSUEHNEEF. T A s
3. B—AWEENRRT, A% —4 BhB

BT AR S, HEALE RS, ©RANAAT, &
SRR, AR LU PR RN i A T B R
P BRE B A RN E RIS, RARRRRBRER
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BT. BUBRXERREEARE AL EERTREFTESN,
Eoh ek A3, (R INhz i SifgRd ¥, Ren
BB THEMEE, Bk, dEUTEHERBE, SEDHLY
REE, REUATRRERTRES.

EpiR BT R I R (SI0 "ML HTE, S NEE BHA
BA TS I T A, TR N EA 2 U S B T4,
# IR (Mg, Fe):Si0 R ZrSi0,, A ACa;ALISION %,

W REBI AR NE AT — AT, BRIULEKHE
F81,0.3%, MF LB S6:(81,04),

HRPREANEAERT R &8, B=3F, WX, AKF
%, SHENRENEENT B #4 5 Balisi.0n S8 A
Na:ZrS81:0,+2H,0, WM IN5E%H CazAl; (Fe,Mn) BO; [81,0,,)
«(OH], AHMNFERET BeALISL0)%,

SR EENE AR E-EEE L EEE, §MRENEE
PR MBS SRR ERERE, HTAHMERNEER
gELERE, T PEENEEHEAFRM AT ELERT—4
BAR b s, BUSEETHZAKHEFHES, 38
A CaMg($iOsha. -

BREBHE, BEHSARSNEASATCAFEETR.
B2 R R DB A BT A W AR, WL s
W T AR 4, 08 I A Caa (Mg, Fe) s(S1,01:0:(0H ;.

AR R e B L T, S RENE K
PEAAATHEER, BN MEEUEKRAT - 4+4R
EUaRf, UET SRS THERE, #NESEAREE.
B = K (Mg, Fe)s [AlSi;0,,] (OB, B¥ 7 Al (Si;05]
«COH, M 87 ALCSi:0:):(0H 1%,

ERPEENEKEZESAUATHES. SOEENE
RHTA AR S HPERAES, ATE M EBTHAMUEE,
R LR, DRESHEHBTHER, ARSI, &
REEMHSHEEE., BREREEHFRAEL2EASTHER
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PO R e, ARANSSENEARBANEETES. 1T
Al 0 Siv it A%, NTRFATE, EEL 4B HET
BEATANE. FIMERAT PR RENEAEE AN ESR
JE W 4 B B F B9 CALSLO:) ™, [ALSI0)%, 3MEME B T &
K* Na*, Ca**, Ba**%,

ARV RENOREATRASHEETEHEESET AR
B, BRafkrEal, 24450, FHEEANEFERRNTHE
RREEERR, FREEPEECAETHMY, FUESES
fedfg, AHRENEFEEARLTE, FHAEHE, LR
ARV EANEEEREREN, SR ESAHBETHES,
BRI ZamMERETY. '

AR TDNER -8, ERARAN AT K
(810,53 RERESMEMSHEFH. BHAEMNE, SRPE
BEHESEEZA, RENEENENRESFN, WA SRELE
B, HHFIREFSY, BERLTRWHER S8, Si50%
HARES S, ANXESH. Hik, SO —EEES, R
—TEXEFER, BECSION MHERALE (E12.14),

ot 2Rk S U E R CSI0 T RR S KON S Bk R AR
R ETEBRET S AMOEEE TS AOMERENGERAY
TR —FHSIMOEERPEHENRE: B~ FESIAGHA
WEEEAETLRAL Fe, Mg, Ca, Na, KEBER S5 €70
HAamiEs. BARRTHRTFEHRS 2320, ERESKS
BARTHEERTO", WAESREAREREM & HTH
EALRNERT. BEREAR5HLERN, BNE. Bibh
R, BTRARTHIESS BRENMBENE T, Sk,
EEHR ERESRY, NAFS AN REE, RB0.26
A, WHREA; 0.408, AW WAL, BME G, KD
WA (15.38) BBUAREWMES B ARSI0.0,

FELSIONH, Si—OK 2141, 60—1, 642 3 b Si o] I3
AlB ¥ AT—OR K A%1.72—1.77 2 A 0—Si—0¥%109.5°,
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B 1204 EREMTREE
+ERAERT, ~BREBET, ZOBRS

B R, T L5100

(S0, M B84 A T O, 24 KA TH AW,
MR AR AR ENER, Si—OZ MR FRS, R
SR TR, 62 A ARRA1. 6034,

PR REE R IETF, Mg, Fer*, Ca¥"%,15 O
e, BREWHREEEE. W,

Mg®* + Ot ===MgO
XEE, HPEHEERSLOREMME T, Rt FEES MeO
(Mef Mg, Fe. CaB) A THY, MBEHEZINAIHEH
B AR MR 51,

M4, HFPEAEMETHEE, MiNat, KV, RAEE
MEBREERAR R, SRR SR, IEYEETHEE,
IR A HRBSIO AR FEEER (4.5), HARBTHR %
e m JMEBANNAREREE, WETRAPEREEY
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R o, SRRIREIRME Rk, BN, HRTRA
BT ENTER, AREEME THE. NN K5,
Na * + K[A1Si 0 )—>NalAl3i;0.0 + K

Fih, SRR ARE—FESER NEANAEERARS
HhEL, AN SHEHSEREBIIS FELD L EENARE,
4, KbhSHHEROSRREFMEER LY. FUERR
AR ERERY MR, XA EERARE LRCH
- BFESREE,

12.3.3 EHRAOERX

BRERESME HAMRASRBENEEFRERE. (1)
FREEHEAREENS K BERMERE, (2)WEEEEEN
HRBERIEBBMANEERE, WELREN, SENBER
W 700°C—1200°C 2, HMEREASMBUATARER. £
Pen B R, H1000°C—1200°C, HH#EE Rk 2, R900C
—1000°C, MRY¥EE REE, ATO0C—800°C,

HTHELN S REERTBEEENEN, Ryl
BRY, ﬁﬁﬁk%ﬂq;ﬂcﬂiiﬁﬂn, HRETHERIEERRTHE (B

12,18) o .

ldouw

"~
1900

loook

B

¢ . S‘lliw

B 12,16 ZRERGEMEAB-REROFHEG S
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12.3.4 BHROER

R M B P R, RS A BN L RS B IR I . K
BHEARN T A ENEEDRFREEPE AN FNR SR
B, WMESABBSN, RERE. FOBEE. B Rk
PR R IR, EREEES, SIO2RE, REANEK
RABRER, Bk, RESEAKEE (B12.16)

10°f

106f ~
R ER

NE ()

107

1 1
50 €0 70

Sioz(i;i%)
M o121 HEHESSIOEEXR

b, HE—sHRFEMEEEEEFERE: (DH0R
F.,Cl 848 & 51 B hn ik 2 08 B D . HLO iRk K R TR &
A5 k59 , B PO T e s T ELOMY 2 51 B A o i Si (OFD)
LEBEEH, MZARKBREESEBE, XRERED, BR#®
EMIEEASIMAG6.LY (BER) L0 8}, K ERES 10°7; (208
EHE, AREERK, DIERRAKLWZ R M AR AN
SELREWE, EADO FRER 3x10, HEE X W A k33X
10405 (IENHM, B EEEHA, ITREY, EJ#EM 17kbar

- 286G

http://WWW.chemdown.cn



(HHY50kmFBE), MHIHEWR 1005, dilh, TR, &
LHIRRRE, BRBEENZAER.
HERSENEBRERZ —, BREERESEMzE, W
SR W RMBARRT . BEBHPR, &, WESHE,
ERWERHNAREN, BEXEARARS FEIRSE,

12,3.5 AEHJA-ERFR

- BENEA-EEFRIERREE RETY AN E
KEWT . HRET YR Fe'* £ T Fe'* , LESRE FRIBMEBR
fi&, MCo®* Ni** V¥ Cr** M™% B RN AEERENKE
i, BElkilAh, aXRNAXERAERRHETETIRMER
o id: 08 : .
Fe AP EIRBEANENTR Fer BITRHEN, Fert
AR ER. Hit, MAFe*/Fe ik lyash, WL HlE
EH SRR REFENHEE,
B5h, BIBERAH R SE, dAD RS ERE,

MCO, CHMHER R EERMER:

3Fe,05 + CO==2Fe,0, + CO;

3FesOy 4+ Hy=—=2Fe;0, + H,0
2, HOMCOEH AR EM,

Fe+ H,O===Fe(Q + H,

3Fe0 + CO,===Feq0, + CO
Hik, HEES CO. CHR Hay, MEFEERE, BE CO:M
H.Omf, W&k, '

12,4 BH WL 6891

T B 3 2 T LR O R SRR (L2
FEALEL T LA
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12.4.1 SEHRER

HRRAREHDLRES, AHEG—HEF LB HHM
REMRRE R, MARSHESEE, RERERR2 -2 2RE8
AREH,

HERREBHREREOHTFHMERRENAR, kLR
BT AYE RS RERRER. HABIE, RNRAMNE R
WGoRB, RLUBEBELTRH, BEHERRNBLAHARLR
KRLEY, THABRHEZEWRL. BERREENRET LD
R BEFHRLEE MIRT B RARK kLR -5
. _

12.4.2 ¥WEER

E-EMREMENERT, AA—FHaXEREHRRE
PR HRAE, ZRIARBAEEER. HF2, SufEREER
iR OR MR E T HESA BN RE. BENHEEATE, A
FREERMAREL ARCRLEEAN, MXREENER
fEA DRGSR A ML - AR W & R
i, RERBKE-SOFENU R AERLY T REHRE
BieRf g, TPRARRADT KEEFARE, HilE,
F A LS - BRI T E F—E R Ye, Ni, Culifh
¥, BEE AR MRS, DTRETHE, A&4HRk
PIFREERER I R B AV R R R . B B B SR M Ak B T
B RV, SHERRERET, HTRLESRKX, BaEK
RF T AN, SRHEAHEEMNIRES, JFEESKH
RIS, BRERARHAST R, nREMLN R EAR
A8 PRt BB B AHE R St SR R e AR B R A
WYL T RBARKE RERAARRABRBRERRK
4, : '

EREW, SHALYHEEERRMEEIEE 1600°CH, Wik
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PR B A A ARIRE . MIRETRHE 120008, BEBREK
HFHE LA TAEA; RAYSHSTRERET GRE
B (Fe,Ni)sSs, IRBELKEETER 1000°CH, Hifbtn Wi
5" CuFeS; BB T B, BT b Ni R, B 860—900C
M, ShIRRET H Ni,

B XA AT IR BT RIE R i%ﬁﬂ&ﬂ‘z‘%‘%*mﬁﬂ%
BWIGE Fe. Cu, Ni, CofiikBE., HAMMKERSE, @4 %%
HETHEESRTHREREIHLEEERN, A HTRER
TSR ik, HREREET R, BREXDHKS, M
Ni BMg B ARRFASRRENMYR. S ESERETY
B, XEAH THERE T RRIER.

AR KRR SEE, HERAHER, RESER
Y. BEERTAERANERERN, 2R SHERER
ETFRBEAHOEE, GRA LG ENBRRTERIR
BERHE T4 5. S5 mER gk BARME T Fe,
Mg** Ca* i , & BEAALY TS DL FeO B, W CaO Bl
H s ees ik SEBARE, AERERANELHAER (A
pMyxaMemor, 1074) o HLWRIUL5] &R S4L Wi B R R T
3| . FeQ>>MgO>Ca0>L1:02> Na, 0> K0, BEFEE & Na0,
KOk 3 3B R B8 R R D P A AL Y A A i gL
o

SHBHAHTRERX WEEME &N Ca, Ni. Co. SHy
EEBEHERR TR WBEEEE, mE12.7,

#1117 n&xHEEREEESP
Cu, Ni, Co, 5 {FEHLHE (ppm)

B ik Cu 1 Ni Co s ! B e
TV EEES 26.u | 57% 43.9 590 618
S EEEE 439 l 1875 83.7 5820 372

|
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12.4.3 ELBRHER

EREBHAEPBAERER S HEMROEE, BE2R4
S RERE, ZXHERBARLER. R REERRLE
B4R,

HTESERBETAR, EXZERASEENTLBER,

(DBHEEEHKE. A=A, BK B35k B get,
F¥p Ca 3, MR Mg®t, Fer*, Fe®™ fIfM, i Si,Na,
K@, B RagD Ca BEM, e BllER
FERE—W, AR GEANEEEA Cas(Al,Fe,Cr)(Si0,]:, £
EHARBRRT, COENEYR, fff Fer* 4R Fe*, HRAT
WG RS MR, I

CO; + 3FeO—>Fe;0, + CO
) CO; + 2FeQ——>Fe,0; + CO

(DYHKY Fe, Mg SRBWEEK LEERER EHERA
B, BEAKPR Fe Mg i, FuidMRiEMnT Ca,
EXBHERT, ANTERSTER (B KER Mg(5i0:, %
HEER Mg, Fe)olS10: 3 fRAG (Mg, Fe) (51,01, 1.00H),

GILARSWEREFRRE REF WA, THE. kil
BRAEEM, FAKP A SRS, EXHEAT £% B
BETH, NORE ALSIO.. BEEH ALSIO, (ZE WK EMR
TFEE, LESTFRIRR, FRZA ETH HH#ET AIET
MR s e, B—EREEHN5 RERBET EHEN
TR L E 3.1—3.2, BE A BETHR—LERELEA G A
—RR R 4, BikRRE, BEREBAR, & SREEEk,
L #3,23—3.25) RIRB[HAMgALOF,

s, ALBRERTETDEREASTEERNERETE
£, mAEREEREEEASEHEHREE § B.Be, W,
Mo. Sn %; WE{BLAREEMBEPEEEY Fe, Cu Pb,
Zn. Ca, Mg, Mn, Cr. Co, Ni, Ti %, BHEEER&HEL
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i Cu, Pb, Zn, Fe B4 BIKE,

12,5 ERMEA R ARAR 02

RBAE B LT YRR R AR TR, TolER, FXM
ERMFARARSRTBRIRRZETLSN, EE-HALRY
FYp s AR BERENBERMLE °0, MEY M&SMmItE
SRABTRABEUREEARMER O BiLHRERFHY
SBNTYW CED WEBnR © 0, @iy s "0
REVRBMKNES (H12.17) ,

T 7

t

B E - et

u

4 6 8 10 12 i
: Qo2
B 12,17 ERENERLERAR

L BEEER O —% 5.4-—6.6%, T FEBRR%E,
#53h $1.2—+1.5%. FHAMN 60 H5.5—7.4%, hHE
MATHERS, 4% £2.0%. FRIE E W 60 B7—13%,
BBER K, 2K +3— 6%,

B FEMAE R IAY, BEES MR LB RE
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FERSRETERS B, i HREEL ZREM 0 AN
5., 9%, T P ER P08 B £ 2 R0A S R AT 0 B R R A TR AT
EHE O MR BB, SRR MR RN LN
¥, TERMREET &R,

AERATEERT BN 0, MEBRME G HEEEIR
HEEBER (H12.180%K12.19) .

[
10
L]
=]
8
»
o
9 ?(0,.0
< 4
')
e2
22 o3
B iR Ia#ie
AR R I
FlHaia|H|RFIF A&

B o120 REHATHOERLRLR
LS, 2 EER. L RESR

MHE 12,18 F1E 12,19 B H, M HREEH HEES P
ERER. BZRER, U ERRKA. BE, MOKRKAE.
MNERMBROFEA T (DD SEEFX. Bh 824, &
fk&ﬁlﬂn%?ﬁﬁfﬁﬁiﬁﬁﬁﬁﬂi, R k> EERAEE. BE
SREGAE, HMEHEE, O SBENES, OS5 T
WHRAAEEREL. ARMEMERSRYE, FSAFRD
BRI AR TR RREL K 10, THREER FoRIHE THESA
MED Y RIAE TR RB R RRER, —RRE, #nkE
i, Wnik, FORDFEAE. TUE 0N HR R
FEHELENRIBBERYELE5HNB TRTREAD. BT
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. ] L i L |°£ b;r =

RARRE | pugrns ok e

Q

BELRE | hXLE = e’

Rk | nERRDY T e s &

TRBENE] 5o et TETTT e

AR | s R X %

HENKE | HRERE - )
zR | NBEREE s 5 o e

= : e .

AUEE T s . % e

-2 . A 4 x0_

g ke | BRRIMEE ., A5 eia:
s | AR, e ®205
i N ERA S w4t ®3x7

i . ’ N o+ . +4 #8°
L | > I! .++| A 1 [ 'y
2. 4 6 - 8 10 12
o . 0 ¢k
12,19 SRR R AT PRRRNRER
|E&§kﬂh. 2 EEH.: 3. AiAA, 4 HHA:
BEA: e pkA, T.ERA: 5.BE

DT, hir A RSERI TR By 9E 0. AE REAMK
KT EHARE T2 B M(Si—0—SDMB & HRE, Si—OfE
AR RN, ERTHEBET WA RO EEHE
B TF-454r, M Si—0—-Mg, $i—O—Fe, Si—O0—Al, #if&
HRRmETRES RS, Bk 0 EMs. A0 @K
C Si—OBENT., HRD Si—ORK 16078, REKFED (S,
Al —O@%K 1.642~1.6454, HERFAPH 1.683; @ A ALK
EFREDE S, FUERREPRE, BXLN TR
HER 0, M, BT R RSSO RK, FH Fe—O
HEE SI—O#BEEY, FE Fe ETRGOW Sik—1f%.
BB RS 0/ %0 WAL, EBEREERER BB
R R PHAER. STERERN, SRRER, FRET
I, SR TS B A R P R AR T -
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BEREE, . RBREK. BR. SSEZNEAR
RF T SRR, RS E R R R R R,
Mt EHERIERELERAAA S AU ERAR, MRk
YT R R R R DGR, PiMERLE, HELEERS
RS EERANTRI: BRE. SRMLTWHERMK
FERBAE N AT R R TR, R R TR
TR U RS R R R TR . R B R AR
PR AUE T R, WRT CaTiOrSio.), W40 a0 it
HHE. : )

BRL A RAE R, 090 WBLEERLPAS T EH—
EFRR, REMEARENEAFNRAR S BERBHEN AR X
EHMIEE LA BEKG P0/70, Hd gm0 SR 1R, W
REMEE: #HE, KENBEWE MERE "0/ 0K, Hb
M PO SReE, MEMARER. PESHE FARRRMH
BELARATRMEERR. XSEEEATARRALRE
R M TR A BB 35 . B B sE ML TS A BB AE SR A R B
] 3 AL IR R B A A

12.6 SR EHE [.7.813]

W FAE 5% E REER AR, WE REPTE
AHHEEEATRER. BRANVERERENEBEREE
RWAY, BEHAKOXREENMRESRPRRER THE
Hﬁi‘a‘#é%‘:?:mﬁﬁk%%#ﬁ%&ﬁﬁﬂ%%ﬂ%ﬁﬁﬁﬁéﬁ%
4l /P

12.6.1T ERERRA

ZRHRMBWE, BAMKERRAR AP ZRE K5
HRBAZE: (DEEZRAISRAEMEKA, REBEXR
gy, MEERAEFI S KA K FRBEFTERG RSP, BRE
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BB KT LR BRY RGN EREEHD EREEE
ERPE SO, BEmH—R HR, PN 49—51%, & KO+
Na,O 845, 27 h2—4%) O RE L RB (ALOFREF F16%,
SiO, S BB KTREZRE. KAERLUNKLA., FEAIE)
GEEERE (SEEXREARNETFR &E#, SO 58
K 44—48%, KO +Na,O SR—R>5%)  HPpUAMmZRA R
BHXRESHRS . PR LRBBEHEBRLRERE
Bo

L RREREH LBRMERREBTIERE, BEABLT.

(1) BRBRUBX R ENEEN, OB EAZTR
BB AKRBHT 50—70km ZR4b, BD L8,

(2) BMEERHZXREFBEHREZPSE 1100C £H,
A REAES, BERUERERAEXT 40km MEFEES
g5 E.

(3) ZHERHMAREZRATRRARBAB EMEE
ik, XX BRCERELBBYR,

(4) ZRaHR ¥Sr/*°Sr MEARME (0.701—0.705) . RFE
HLZRAKAFABH AT, By LBoMEd_ B a4a
B, ERXMWEAPFILE KM Rb RBMA. B TRb i HER
TR *rsr R A, ﬁﬁ&%?ﬂﬁ&%ﬁ&ﬁﬁi&ﬁ%ﬁﬁ
HRAE M 7S /%8r i,

WEEEIN, ZEERERNEREXR1000—13000C, EH
%1 30—80kbar, PEHEN 40—I150km,

12.6.2 EMNEZRE

RTFERSEREBREAS—

(1) HRBRZABRERIRERRES, WAZREX
PHASRHEIESRNBRAS, RERKSEE FEE SO,
BI5 i E oK.

(2) E%ﬁﬁ%%ﬁﬁ%#&%&ﬁ%ﬁkﬂﬁﬁ&ﬁ%
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B AL P A 3
(3) REHFEMSAERATELZRMEHERBERS LT
BRE.
(4) FERS SR b 78 5% _b3h D ) 3% 50 B IR AF S U P2
LRV SEEBRYFREHBRA AR KT, Rigx
w%ﬁﬁuiﬂmﬁ,ﬂﬁﬁ%%ﬁﬁﬁm&ﬂx%ﬁ i,
MESHRIE, WH 12.2007%, '

w LS . "--,-.-'r-:
Ay % n o il "b
Fato o). 0 Srf s T M/ 2
il ﬁ& bt R RREE {0,708
T T IR

x1p% yr

B 12,20 FERFEEAE 70r/Sr b b ik E RN

A 12,20 T, M AR R DIFTR YIS/ 1l B2
W, BALH 50 MR REEXREREE B ET0.001
A-BBAE Y *7Se /%St Ko D6 M P , 5 WX SR 0 14 B A ST R B
SRS AR SRR REY R ER, K RERT AR X
iR, TIRSE%SEAL, EHib, TUANERXEER
FOARMEREERRE B R R0 R™g. -

BREANY MR BREEL BHEERZ LRE LT 0.001
A A A S /oS ARSI, BARAK R AE b B T A Kk B
DR BRR TERE A b R R R 52 & T AR 836 1L
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A5 I 7= 4 i MR R AR S, SRR AE SR L
WBEN, RERRBBHEEEERT REERE, BRIER
REE,

DA 0% MBS B BHAEN ZRER BE 28
TS /*°Sr ik (8 FH P . X 0 2 I SR R AT T 4 7S /%S L,
PoREBR B4 B A "Se/%Sr [ IS, T LG M MB4RIRAD "Sr/*Sr 1
1575, B b M0 2 0 0 R TR IR SR R R R A T R
HMATRAF T, (OBERBRARE T AN LB H R
HI5 AR, BRI AR RS R S BT ()
ER S B EF B Rb/Sr I liay MEEB BOBBTT R,
OERFRELREE CERAXINESNYREDE &+
BB K LB R - (R BE S/ ) SRR B (B
i S/ W) WBARBMTER.

A REENEOHERE, R T N B2 RE
B, FBA—MRENE, BHEEXREESSR. EREARRE
B AR, B8 T ERLEERRLR R ERERR R
B, HEREERESL BVAE WHE2 —, HEWRME 19
Flm?, &L EERARBBERN 22% X075 5 BB S hR T
HEEAHERARERE, WERRRERBRE, WM
BHRM-AlREE, HEHBEE- S RBAREAR,
FESERAREER, ~EZAEMLERY, BALNEE
UERE, RABERE., BEERELSRBRN.

ERRERERNERBEEBR THHL, A5EEE
RAHBERR 5%k, BRERSOENERES. B4aR
BHOHEE HEEENELRERREGE RS, —REAEEs
WERWMER, FEBREEE, TRENENALELRS
Ak, BREL. BRERRBERANES, HAREBRR
BT 2ABMERTBRAERE. SHURERCRERER
HATH, FRRTERETRAE, SRR THAESS -
Hwpp,
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EHHEEMEAERENERSHRNAR A MHEY R
BEERVURE N AKEE, RS(EERZW MM ER R,
4 5,40 AR BRALKAESL SRTH RELY: MER
BRIP4 4 (LAE LG, B R AR § B  ERLH ES
1.90—0.65 {Z48) RAFCAE RERE Bib, KEH EREHE
BEERERMN., BETRYE, RECHERSRERFAER
WELE, FEHREQRMAERRRE, Ml & b & R

(#E4-2.25—0.65 {2.4F) R EBEFMA.

PEIER B WP ENARE, K LBEELEER, :‘vXBH
ARERERSTEFTIEH,. PSR TRy 5K ENA
*®, MLi,Rb,Cs,Be,W.Sn,Nb, Ta, %, XK E & #H Ak
BERE, EXSEBRATRERERSE, mF12.8,

%122 FRMKAEHERBE XL M (ppm)

b 1 x RIEERA | ZRERE HiARSRENA

l 49 24.7 5.3
200 ; 178.4 7.1
g I 2.2 ; 2.0
2t § 21 . 7.7
60 25.1 ] 34,7
20 18.4 : 82.7
B.5 : i.6 0.9
200 238.8 138
20 ‘ 14.7 18.2
3.5 j 0.83 0.9
1.6 0.7 0.7
3 _— l.b
1 0.8 i.3

EE2FaNPRRYOER

MR 12,8 B, TRBREES Zr. MEREEIRES
AET Cu, Mo¥,
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£13
[zl
(3]
4]
(5]

(6]
(rl

el
(=

el

(111
12}

(13

$ £ X R

R RERAEAME. (BRESa50 (L, MABEE, so—n,
943198 {(1880),

MR, (BREDSXEERASY, MIRBEE, 805 (1979).

W. H. Yreeman,*Earth”, San Franciscc, 500—550 (1974),

A.Il.Barorpagos, I'eoxumna, {7), 556 {1962},
A.II.Burorpamos{pen.}, "Xumna 3emnod HKopw”, T.1.,
Hagarexserao AH CCCP, 13—19 (1963},

B.B Illep6ama, eoxwmaa, (3 ), 302 (1971).

s SR AL ST IET . (R EITE B Rt SRR, MR EHEY,
338354 (1979),

R. F. Mualler, 5, K, Saxena,"Chemical Petrology Sprmgsn-
Verlag, 261—265 {197D).

B.H. Asdmrroros, 1.B.Bo6unes,I". 1. Bparuwa, “Dmomnu
B MArMaTHAeCKMX noponeccax”, Haywa, 228—241 (1982),
B.Co6oner, *BreleFEe B MEHEPATOrHw cAREKATOR”, Maxa-
aue JinBoEcKOTO [OtYyXapcTReHROrG Y HABEpCATETA” |T—10
(1948),

ﬁﬂkéﬂﬁﬁ#&ﬁﬁ&ﬁi ﬁk&%ﬁﬁﬁm MY, s—s
(1880,

B.B, Mleptmaa(pey.), “Pasneserue »AeMECHTOBR B HIOTOTOR
E TeoXEMuveckEX mponeccaX”, Haywa, s4—I111 (1978),

G. Faure, J. L, Powell, *Strontium Isotope Geology”, Springer-
Verlag, 44—i6 {1072},
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41.13 b WAL AEH

RALE RN EREEE2—. REEHFRRERS. Rk
EHAEYRRERLERE. DEALERSIEEE. FHHY
PR, B, BTSN ERREL, BEFEED Y
PR BRI EE, R R RRERER. 7Y
TR T RERS A, EEAE H0, CO. WRAMER
FREMELR, BRALASMERERERSRNTE S, &
R M TS, )

L2 AT R R S L B R . Kk
m.mﬁﬁﬁ.ﬁkﬁm,&ﬁ%mﬁm%o$ﬁm%EﬁW%
Ul FRAAR LG, JERA AR RRIRAC F L K72

13,1 EHifk mw%mmIﬁm%Uﬂ

EREW R ARG ZHEELEXMERNR? HFEE
THREAET L, FRERLEFHTEBRNTZLA. T8,
EREEFTRBELERTFNH. EBWEAREEFEUTILY
mo

13.7.1 H.0, CO: F1 O,

HORRAEEARFREENERR. 2ERREN AR
BB R AR, KR KASER, IBEFEE. BTKR.
KEFE, CHEEN pH A Eh fRE4EHNAEL, KT
BEARE S 7, HIE s S0 A 0,398, WBB RE B R {F
A, B HO0— 11"+ (OH1 ., KMRABERBRER & A
BHEEMBE, 25CHTA 79.45, RAFHABRE, NESR A
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LR

PR oW A REAMIREY, BRI Tk, KN
@R RS A, R 0°CH H,O—> 87+ [OH)™ 3%
o, W 1oC APERERE R 1.7 1%, 18C X 2.4 6%, 50CH
KA,

CCO HB/MT K. HXH CO HRH 0.03% kB, ik
tik 2.14%, WA COMLT%, MARBTA FCO: & B
EX, VLT MK CO, B, RN EE ORI P o
KKBE, KXo MBI REE, K CO & RBMH,
SiO. BB AR LA, CO: TT LU REBR £h " 4 AR L e S 0 4K 4
#,

SFezSiO.( + ZCOI""_* 2Fe;304 + 381..0: + 2C0
=308 )

ER NGRS CO. BAKMARMER.
% CO; S EMBNS, WHH W 85" FeCO (B 13.1), T

2
o—"lull J"
- 201 I’
2' ]
‘-'30' ; E
! i
L —4p Fe203'+ H,0 ,'
i
S | ;
S 57 /
‘a’ !
Hﬁﬂ / a3
=707 ¥
Fe,0,+H.O
=801 _ __ SRR ; O H0
~g0f FeCOy +H,
o Fe +H, \

40 ~30 ~20 ~i0 0 +10 +20
logPco,
& 13,1 Pco: fiPo, SHREEMBER TR E UREIFET)
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HESEPo B, RGP, BR&ETFTEE AR, &
W, BB EH T RS .

FRFEERANIERE. SH5ASRANEEEE: Q)
AEFNHRBE. HEREAN 1% (BBO(KSHE = 1atm i, ;
HAEPo,=0.21atm) ; (2) BPAMESE, HREBSH
RS ER A, 0°CH:NL 33.88%, 20CHHINE 34.17%.,

HAEBREAN., EoEAE, EEEARR, SAERME
HrREHRENETHERET, ATEETAEHHTIBNE
1y, #BIN Fe REEEH B (B 18,1, B 13,13 H,08
BEMHEIE Po=1atm Ml Puy,=1atm Z[#], % Po, [ M4 &,
73R R R Ay :

HiR¥k (Fe) —> BT (Fe*'Fe "O‘) —

HE (Fei"Os) f
o 8 Rk REETE Pr, >1atm %@FT?"@E, ¥ E5@ET It 4,
MILBANE R REREFBREEURER, B 5 R K
BRT R, RGN FE M P, =107 % atm, FACKk 5 8
H Po, IRIE S TREBD T A0 I L5, BILER &
B RARES LB ARG RRER,
13.1.2 pH{

BEEREN, XAWBEHpE BloAF4—oZH, AR
WALT KA R SR K pH 3, REMT 2, ki My
Riymmtk, pHERRKD 1, MPE. LR XKREY S
B, KK PEEE 1010 E, MAK pHBT,
R, K pH b6, EFERE. B ApHR 85, BH
Wik '

KW pH RRE TR PRy RS, 7KK R
R, BEREMERS. FNFROER, BRSEEZNE
HEER, BN pH HELFELERR,

AKER pH BADRZLETRNITBEN. ERYEAFD
Ca, S, P, Ma**,| Cu, Zn Kk Cr* A F8RERERSs Mk
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B VA, AsSY, Cr*t, Seft, Mo** SREMAITY, BAAER
£ EE Na, K, Cs, Cl, F, B, I, Br%, BaEAmRERH &
iy, HEEERERE T,

13.1.3 Fhif

_ SRR AKMERER D - 0.5~+0,7V, SHH & 57t
BRI TKE Eb BB +0,15—+ 0,70V, MWK &
pH=6—7, Eh FE+0,4—+0,5VZI, FAl pAxs—6, Ek
Jr+0.5—+0,6V, TR pH=7—8, Ehx +0.1V, B Ik
X, EERA. THHLERAEED, XRAKEESEMLEM.
EHNEFRETHENTE, EHERETHEERESS, W
PIAF R Fe, Co, Ni ¥E% A, HAeBREMERLIRED
W x50, BEHENW EsHAR,

WA R R4 R
Fett—aFet + o -0.56V +0,77V
Cott—aCo* + ¢ +0,20V +1.84V
Nitt—aNidt+e = +0,49V +1,75V

EmAEREREFT, Fe* BREA{LN Fe** BRBKT, % Co,
Ni RESE, BT Fe WEARRBMRRAE WAEERREY
SR, HUER Fer 5 Fe WL H, Ahawgais
BEFREERE (F18.1),

%131 BMEMNNRERENFRAGEE

k& K Rk
Fet+ EMER Ry .MERED
FetZ>Fett RS mERE
Fe#t = et o
Fest L Feit T AR BEH
Fett ' R 1 BT
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13,2 RERRRG WML 0

13.2.1 ERETHHAEAFRELCEASER

iﬁﬁmﬁm‘%mﬂsﬁhﬁ&ﬂﬁEﬁ%ﬂmﬁkﬁﬁﬁi, B
BBEFETHSNS AP OT HHEBR LS TGS KE 605
Y8R (i 13.2),

Ilﬁﬁﬁ wEE
ﬁiﬁ’ fkE  BEAE

Bl a1 aws | HRE  meRE
El | sl s
g A !%x%\\  RER  EKE
] . = /
18 i

y CHE

Y

B s REEHATWEREFSEACRERREY MHXR

B 18.2 $i8, EHEFFTERRKRT WHLRER § &
SR, ERERVFHRGLERT. SHRGLMAMKR
RAehath, REEAIRLLERAS FR, BAELERAZEFE
R Na, Ca, Mg WFAEF WP EIHR, K, ST D 04,
MRS Fert MARAEMI Fe:0s (£13.2), .

HHE TAFRERET W R ERN, 5% 1 Al—Si—
O ¥ JRmeif, EFTALRM LA g ede, FUIBHECR Sif AL R
L. B—HEAERET G PR KRS, KT
WRESABFHAR 0 pHNELRM AN HBRERTRA

v 304 -

http://www. chemdown. cn



¥132 AR-KE-REREHERE

RIS HR (%)

B 4 1n 2 3 . 4

S5i0, 71,54 £8.09 10.30 55.07
Al,0, 14.82 17.31 18.34 26.14
Fe,0, 0.69 3.88 i .66 3.72
FeO 1.64 0.36 0.22 2.53
MgO .77 0.46 0.21 .33
Ca0 2.08 0.06 0.10 0.18
Na,O 3.84 0.12 0.09 8.05
K,O %.02 348 247 0.14
H.0 0.32 5.61 5.88 10.38
B B 0.85 0.58 0.54 0.58
B i 100,07 99.91 99.70 100. 11

DIAFHEE, 2, & CHARYA, BREAFURRREHIONE,

B pH = 2—9 WHER, SIOMMBERLEES M, pH>9
wt, MRAREES N (8 13.3),

N T
] -| fass
& =y o
8 Qlicoiz v/ ~
~ 7t 5esle g =
Eérﬁ‘ & /25
5k _
8 4
¥ o | |
=5 UL A
0

M YR RN AR
pH .
B 130 HERARED—RESKERES ot 2 HNRA

B 13.3 5% H, pH<7 8, CaCOs ¥ 2, TH pH Y m,
CaCO; HBREBAD. RZE pH #E 8,90, CaCO; REN A,
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3 ALO; B, pH=4—10WE N, LERHEH. B X
pH>3 i, FelOHIJLEARWM, A pH<36f, BEE ¥ #.
B—¥NM, pH>98, Fe(OHLAWMR, pH<o.4k, N F
B,

MpERBRAAR, WEE—ES ﬁiﬁﬁﬁ&zﬁﬁ il im
4 pH<9 B, E BB SR WHFRELREKREY 20 & H pH>
9 m, ENHBERERL (B13.4,

m-

Ly o

SRMS0, fopmd

Bisa MERHERISIO) KM 5 PH 2 (%R (25°0)
13.2.0 ERBRAABRPHERRE

RERR R AL e A9 SR B, DUKRERBA¥EE. BER
EMEFHT, KRABRFEFER, HLO ESR 0 017,
S5HBRFBRETHRIN,

BEREMLEREFDEIRES K BERE BER YA
AL 810 ICOHY, IETE ALISLOWICOH): nH.0, BT
(Fe, A1) s[Si,01,JCOR ), sH,0, £ K B IEH ALS1.01oI(0H)se
4HsO, KEHEF ALSIOs5H.O kS =%,
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BREERARSSALZRAY ., Y pH=5—6
BAMTER. EEAEENAKEEN.

AKAISI,Oq + 22H,0

— > 4KOH + AL[Si,0,,)00H 7, + 8H,Si0,

B H R SHEA R AR, pH=7—8.5, Lk R &
#1 ALO B Fe.0, BURB, MEBRSBVE. SGB0E. 22
EBESFoh, YEKE, B, BAESE Fe i Mg B B
th RALF R PH B, SERAHTIGEE KB B R

(Fe, AD(Si,00](0HT:+4H,0, W& KB RATEEY
B R E L.

& Mg BRBAE KA BA Mg (SLOIC0H ), - #H,0, B
P ALLPAWE Mg Bk, BASNS, BHRA KR R

FAREERARLBRA-ANE. BKE. BERAAR R T
BEMBRE FRARERS. WESME 8, Bty
TRR. BEHRSBER BFE—FRNPEERH, XPEKkEw
BRER, _

KT I 5 REER HLSI0, RIS (b SR AR 4 Ak B 3
BEIMABRRANTESRX, AR YSRERBREBRIER TS
HhEYn, B HlSiOs, HSIONIBR MG B, B
SR EERE Al (OH),, T Al (OH) MEENBRAEERTL &
AR DH.

KEZBREREESZHRATHRHKAERER. ARE
REEREREREAKSZE K (Al, Mg, Fe),[(A1,5i),0,0]
»LOH ), #H,O, K KAESH GEEHRME L A —RBEY
KEER), KAKERERBEASRRIERNRUSE & 8
+54,

Bz K (Mg, Fe),(AlSi,0,,1(0H,F1L {4 =% KMg,.
[A181,0,0J(0H, FlK&ERRIF8 BR (Mg, Fe)i((Si,
A O, JCOH 4 H.O, EHAHHE TR,
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ERAOKEERE R ET E 0 MR RIE AR R R L
TER R, ENTEHBRERAFERI R S0% UL (&
£

ﬁ@ﬁ%%%ﬂﬁﬁ%ﬁ%#ﬁﬁﬁﬁ.K%ﬁﬁﬂk%~
AR, BN AR R

Mg3Si0, + 4H,0-—>2MglOH]; + K50,

5isb, HiFEakv iy HL.COSFR AW DL&E BRIt 7 P 1 5} o

Mg.5i0, + 4 H,COs—>2 Mg(HCO:): + H,8i0,

M ERRRTA IR, BB RARB M S04 K5
HE B ERMFBARER IS0, BRIAEKFSIONERE
FRR. ERBHERT, SiO2RERIERR SIOEARE.

MR R R s i R 5 SIOH AN E L MR, TRBE
TR E TR, ﬁ%&Q%ﬁEMMH%mﬁiﬁ,%ﬁﬁ%
RIE AR R 3% .

HMIAKRA R MR, SRR B W, REED
MBERES, MRAKERAAERN, MWEE pH>T,

TR LKA KEERS RAERTHHRELR
AR RS . TP R,

NaAlSi;Os+ H:O
iR

—»N &AISizOG . Hz() 4+ 5102
CHFeAE

CaAl,S5i;0s + 3H,0
)

—>CaALSi;0:3H,0
& B

CaAleizOB + 28i02 4 4H20
EkHE

—>CaAl,S8i,0,.-4H0
- ]

P7E R KR (16—200°C) By, WRIERRTEA KN
Wi, SESKABEREEGEKNAE.
HTFERBATHENERE X EAEREFET, HRUETH

L
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5. ANBATHRHEEBKER, W,

CaAlgSLO. ar 4}—12(“)
MO A
—— CaA.lei.;Om' 2H20 + 21‘1 20
#HEBA

ﬁ%mﬁﬁﬁ.ﬁﬁﬁs

2CaAl 51,020 2H20
sl

——'")Cﬂ.zAle;}.somEOng + A]2QI20 fOH.]., + :’;?102 + Hzo

%a&ww&%~§wﬁﬁﬁmobmmmﬁ%ﬁmmwﬁ
BB, SREREE, LEPETHERST. Dme K
A TFHGRAR, BELFMELGHINE. ABWE, X
RERRS FALEFRBA, FHETREKRE, SBE0RE
Hiy—th, REREHRAEL. BRBHIET ST HEARE
—A 3, HaSEAS CRERABAREN FRE. B
KEHEBKHARZL, ETNRARARELR—BRETRERMN
Wi, TR BRI B

13,3 WALPELEER AL 30073

ALY R R = R Sk RS, A
THBSE, BRELTH., SAEANER, BB T E, S
e FAEY SO, EREPEREMERT S04, iR 4
HABEPEBR SO, RERUHETSEMBETFHRHR &,
B LB R £k R WAL A R AL P o S A T

B TFoimtERTRE, FAEAERAIERE S AR B
fiE. :

FHRB PbS, RS ZnS HALE B REE 45 PbSO.,
FERL ZnS0O,- TH,0O,
FbS + 20,-—PLS(O,
ZnS+20,;+ TH;0—>ZnS0,-7H,0
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R FeS; HAupt, FBFEBRMR HS0, ﬁﬁﬁrﬁﬁ@ﬁ
FeSOu

FeS,; + 3%0, + H,0—> FeSO, + H,S0,

FeSO, #f—F AT R A R B 2 F e, (S0,
4 FeS0, + 2H;80, + O —»2 Fe,[S0, 3.+ 2H,0
B Fe(SOOMBERE, REMRERME pHa 2,
MEAE R pEH MR, Fesﬂsoajs%ﬁﬁ‘ﬁﬁfﬁﬁ' uﬁﬁ 4 K
RYER
Fe, (50,1, + 6H.0

‘_}2FCEOH:|3 + 3H!SO¢
BRy

ﬂw:sﬁ, 0.1 N 1 Fe,(SO M MAE pH = 2.48 i, M B &K .
pH = 4.5 Z &1}, ‘Hﬁﬁﬁﬁ*@em. 'E%ﬁﬁﬁh%a’f%&%ﬁ@
LEERET Y, '
RUEAT M TARNBR
3[FeSO I+ Kt + 6H,0
—>KFe;[S0,:L0H s+ SO2~ + 6H*
ReE®H o

M pH=5—6 b, MBRFEET FelOH),,
BigrRgEy CuFe&Bﬁﬁihﬂ-?ﬁf'FﬂBiﬂa
pH <3 1§ .
CuFeS; +8,250,+ 7,5 H,0O
—>[CuHS0,)* + Fe (H.;O)s“ +H*+ HEO0,” + 34
pH =7 B} '
CuFeS, + £ 02+ 6H,0
—>[FeSOJ*+ Cu (H O +80,2 +&
pH>7 ft h
CuFeS;+3,90:+6,2 H,0
—»(FelS0, 0" + Cu (H0)2*+80,4 +0,4H*+ 1.4 &
R 13,5 Bim, HETHTBEAZRS,
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. 4 "~ -
{Hso, 250, i,
H] 'Cll"". C UO‘- ¥ oo

M LT+ e, ~—
“l;[Feso,]+' Cufi1,0),% Yo
v Fe(HLO)%

Ferd] v
l\;’] CuFeg,
1.4 M -ﬁ—_——'\‘
1

BB

Cu,S

. hn.-—t--'- i s ﬁ-——Eaz—
N r -‘\:: Cu# =
= i '\“
lh. “‘

o e, Tt ol
1 s 5 71 B
' H .
Hi12.5 SEFNEEFE Eh-pl XAR(25C)O (RhEY

e MO R R MO T R AR TN R R 2)

R WA LERE pH= 1—10 AR KHETE HY B, 1
BAERAET 0.3V (JLHE 13.5). ﬁ%i‘?ﬁﬂﬁ.
|)H<4 i

s
2

Cqu+ 1.75 Oz+ 8.5 H.O

—>[CuHSO "+ Cu (H;O)s’"‘ ¥ 3£
pHL>4 1

Cu,S+20.+ 12 H;0

—>2Cu (Hie+502 +2¢

R Cu ERMBURBHETARE, XU % pHUR, B

NAETF (CuHSO V' B EERER, HEARRERN, 8 F
¥apsh Cu (H0)e2 (IR 13.5),

BERR, BHEHTET oH-<d PWHBAEN, ¥ % % pH B
BAE (A1—286), EHEEK R 447 Cu (H0)/4 B
fi B F .

sk, HoE—BE Y B FeAsS, ¥ & § CoAsS,
TR NRT CoAsSEEAE, PNEERGRE, THEER
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PERERIN S HLAR
2CU-3ASS4 + 17 —;—Og + 5H.go

"—"}Cil;;EA.SO‘Jg + 3(:11804 + 5H2504
FeAsS+ H 0+ 3%_ 0,

—ap FeAsQ, + HS0,
Cu. Fe. Zn (SR E A, HESRRWF N, T PbSO,,
FeAsO HREH L&Y, £BBUERME.
BB RS RET RN, REKAVH R EAR
B, ¥RB— R MR R, o
11 CusSQ, + 9 CuFeS, + § H,O

—p 4 CU5FGS4 + 51:"8804 + SHzSOl
wWRT

2&1504"" 20&003 4 H:O
—-—)Cu:‘:003JEOHjs +2CaS0, + CO.

ﬂﬁ{kﬁl‘ﬂiﬁﬁh’rﬁ*ﬁ%?"% "Jﬁ"#?kﬁim, ﬁ:ﬁ‘ﬁﬂ'bﬂ:ﬁ
LY HER R, TR ERRAeeN.
PbSO, + CalHCO, T, '

——>»PbCO; + CaS0; + CO.+ H,0
AET

4CuS5i0,;- 6H:0+ 4ZnC0;
BPLER

—3 2 Cu,[CO;) (OH D + 2H,8i0: + Z??&izﬁ?’ (OH. Iz« HaO

+2C0,
 BRERRB, BAHEERBRBKERT, HESWBE LN

R0 WA AR, WTF RN,
PhFes(As0,1(80,10H s + CalHCOs 12+ HO

PRERT
——>PbCO, + FeAsO,+2H,0+ HFeQ, + CaS0,+2H.0 + CO;
AHRT RHEE $&v *
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Zn. AsQIC0H) 4 CalHCO, ),
K ph R

—>»ZnCalAsOJ(0H] + Zn[B.CO,),
WG HY

ERAT FEALE AN ERRSKBEERET O R ER
B, TiHRBREKBERLSSEM,

Cu.L80,IOH Jg + CaSO, + 3H,O
KER

— CaCu, S0, 0,00H )+ 3H.0
SR/

B Eshm e B D, Ca BHEEEM. Ca TERXEHL
WAL, MRARBHRLDT KPR FBAKIEE BERRKEN
H=E, FHUES CalHCO:LN/AKBESB N KW, 8| A K
i EAHE YRS

Fhh, WABRACFER HzSO.'-ﬁm% (ARBERFTER)
B, WEERAE. :
CaCO; + Hs80, + 2H,0

—>(aS0,- 2HzO+HgCOa

ERAVESBEEAT, FE SHBIRMKERH,

ETHRIEAHGT, ROERERERERNREYT, RUER
FiEHE, WHEHER Pb. Cu, Zn FRME, WMEHAT PbCO:,
=) ﬁ?ﬁCquCOJEOHJx. ¥ 4 5 Cu(CO,1.(0H),, & 7
ZnCO,%%,

#: R, M.Garrels (1965) H%, i b5 KEALHPRET
Mg EIT,

s Krp30,
vy = —— 5=
sou

= 10-1.1’!

Knco;
amit = = 1043
AC0,
2+ _ _,KP_"S_

el — 1014.5

[ P
H LA &R R, & PbSOA%M Pb* EER/N, & PbS X

~ 318 -
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B PO BERK. BREREFMET PoSOMEE, WPbSK
FELSE mummw&:amm PbS W (LI K, T PbSOLY
W, T

Xt Cu?* Fi Cut 3, Hmﬁ:ﬁ,

KCu §

et =
: e

= 1080.4

dcet = Kcu,S = 1083
@gi-

5 Ph iR LBk, CuHenRARE, BRESL S R
AW Gu pyak k. %1% Cu LEES SR B mﬁ ;3
B4,

Krca,{CO,100H),

acos @ lou—

BBl Bﬁﬂﬂﬂ"ﬁﬁ%‘ﬁﬁ#%ﬁ’i@] B ¥
Zn® WERE N

@Peatt =

10-1‘

zor = BB qgee

dcos

B ZnCOstk ZnS HE, ﬁbﬂ:ﬁ.’ﬂﬁ%o T ZnS MI# 4% 82,
RURADBBNET . ZnS5 § PbS Hik, ez >ame, B Zn
I PhEE S ER.

EMALY AT ES, AHH E: M pH Ei?ﬂ FERDB
Wi. B& Ek A pH WAk, BRARGE 94 4. 0 B 13.6 F
Mo

B 13.6 ERTEAF pH AANEN, E0VPHANRER,
CRFERFEAMMAY FEYT . WEF . BET 4 TRF b AR
B, M EfIRREN. SiXEii g TR S0 nir
BB H, Wgsih, FETARENROEN, REd . B
FEAF, Zn, Cu, Fe BHEBHRAERKPHIE. 2HAE X

",14_'
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ER(V)

pkl
W 3.6 Cn, Pb, Zn R-H#l4l Ek-PH REW
ARE GEBC ), W CaCOMPRER, THAGHREEZ M
FEAEAk, HRM BT R, BN ZoSO. L hEERE B R
$5° ZnCOs, T Cu BRJE RMAMMREETL AR Cu.(COI(OHD,,
15 88" Cuy(COLL0H L5, B BRRBAD Cul. HEH Cu.0,
HARE%, REMBTS Cu, Zn BMERBERTREEZ B K
T, SEKEESEER. FREIERE, BTHEMNBRAERN
FoRRIgE e s, W Er BB, MW eH BN (BAK),

« SIE -
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HEERWUTRAMKE T SEERAY RERREA R & B M
(AC%), pH i, HkBEANERBRES AN, $Co &
FEBEMPARE T BRAEREDAE CuS, 1EHRY Cu.5%,
Bl 13.6 R DE £ (@ pH=2, EA=0.2 1 pH=10,Eh= -0.2
S KESR) REAFRMRETRENHRE,

ARRERET WL LR ST b MAER, RER
BT EAKEE. FERETEXRRPHEEERE
HEFRALHE SR,

ETRMERZERNB TR SHTLRNILE, We/r,
— B LA RAE T EAERER 13.3 9,

%133 —ERNRNOETRA

I = [ R T # HToa
Cs+ 0.60 Thi+ 3.9
Rib* 0.6¢ Cett 4.3
K+ 0.7% Fad+ 4.7
Na+ 1.0 Zrit+ 5.4
Li* .6 Be#+ 5.7
Bazt . 1.5 Als+ 6.8
Sre+ ' 1.8 Tit+ . 5.0
Cazt 2.0 Mns+ 8.7
Mnz+ 2.5 NLs+ 7.8
La2+ 2.6 Sjit 9.5
Treds 2.7 Mot 3.7
Crtt 2.8 B3+ : 13
Mg "0 po+ (4
Y3 3.3 Ser . 20
Lu® 3.5 Ca+ _ 2
Bort 3.7 N+ 18

m%u%m%ﬁ&h,ﬁ%$%%ﬁﬁhﬁﬂ,Wﬁﬁ%m
i, WA 13.7 Fim.

AEH7*$Hm§mﬂﬁﬁKﬁ,QEL%QET%M
SRSy

= 316 -
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L4y

1.2
~ 1.0
-

At

) wU.B
5

¥ 0.6
®

. 0‘4—

0.2

Wi ERAFRAE

(1) BTHEATIHTK, Witz rn— e
Bo_tf@taeR, SO0 NGNS MERFEXGA D
BHE (A—HBMLERAP), OB FRBEHRE. ML 1T
REABRTEEEETEBAGE TAERERT.

(2) BFREATFI—L2Z2ZHK TR, S5 OH I
BRAfEEmES, SRAFEEDME R BN TERAFELE W
AlZOH),, [UQ; (COu 0%,

(3) BBFHM 12—-20 ZAMITEHE, BAEH, PBEA 2
SHRMGB AR H R, SN OH RERE, HEXH A, B
B BOS", PO &,

(4) BTHRAEKT 200K, BMMER, FEE M B
ISENEENES BREBEEF, WMCOH, 5047,
PO %, -

AEERFRAKRDRLUTCLSEMEXBERRHFEE
X, MHEWLUR s EfIAmmE, EAEE R T Em
Na, K, Ca, Mg %, Hilf X {bIEARNTHIERM, RUEE

- 3T -
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Wep, BEPERTRUMTER, SKFRD 0 OH 4 &, M
Ferk iR R AL, TR TFRuE RN TRNERENET, &
TVE B R TR %9f%%%&ﬁﬂl&tﬂﬁ%$ﬁfn%%ﬁ
W4T, Bl Be®*, APY, Ti**, Ga**; Zr*, Nb*™* &,
BUERRWHERLRET 8 28 %, MR TR™, Co, Sc*,
’l“h‘J’%'—ﬁFea*EU;#ﬁﬁi}i%o

##iclﬂ

L1l ﬁﬂ;’:ﬂ?—’i&ﬁ'—‘lﬁg G, BB, 318—333(1970),

L2} F. K. Siegel, “Applied” Geochemmtry' ]ohn Wiley and Sons,
Inc., 50—101 (1974),

3] K. B Krauskopf, “Introucluctmn to Geochemmtry’ McGraw-—
Hill, 80—83 (1979),

(4] B.B.IIlepGnua (pe;l, ), Teoxmuun, Moreparorna, Ilerpon-
orna”, Havga, 37--43(1976),

(5] A A Mapaxywmer (pan.), “Hacrormo-ocHoBEMe cpoffcTRa
XEMARECKAX SACMCHTOR;, MHREPANOB, FOPEMX UGPOL H
TPHPOTHHX pacTropor”’, Hayra, )54—157(1982),

g8 'Rﬁﬂﬂ)ﬁ%ﬁﬁﬁﬂ.’.#&ﬁﬁ GHRTIPY ﬁﬁﬂjﬁ& 321’-—329

(1979),
(7 B.B.lllepCuaa, “Ocacmm reoXumMmn”, .Hayaza, 8896 (1972).
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4114 SRR Y

B RPN BRI ARAERE, REWH
RAEFVRTRBERN 0. AT ELEESRETE,
HRART RN RAOERREERETFENRAS, I
o ﬁﬁﬁﬂﬁ%#ﬂﬁzmmﬁﬁﬁﬁrﬁ% LS 32
BER.

Emﬁﬁmﬂﬁmﬂﬁ%ﬁﬁﬁ%ﬁﬁ%%ﬁ#miﬂﬁm
WA i R W,

BE, - %Eﬁﬂmﬁﬁ*ﬂﬁﬁﬂﬁmﬁﬁfﬁﬂﬂﬁ
e R R A IR MR R, ERXFMEERS, HTHER
FHHZEL, BARNETRERRALE, Mk, RABRLE
CEREAXBRFPHER. B—BRESEETHH BT
RIS, WERMRLZEAILELREBBNIE. B,
RN REPN, BIREEERNE—RITBES, ROTH
WEERATTEHRE. BUER, —BREEER, BiEEE
RATVER, ERETERERTHE, X, BTN ET &R
F R AR MY R R BT MR R R b PR 4 R

BLEIRW, MATHRDEHEDNSER, RATEMEN
e, BHRATERIY RET RBR 23R WHEA WikE
o X5 TH R BT AR S0 ik VAT T RIS
FEPIARMBE, BERXFTHHARTHERRBRE, itk
THERER RN EGBREEEH, BAXBRYTARS. FE
ARENBRTARLFPLER N EHIN TR,

141 BB A 8 118
MRS RR R B EH AR 00 T 8-5
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R, TH-ANEER, FUOKER-SEER, Fo-mkk
A%, MRAXERRTEHEALSTE, MERPREZTHR
LR, DR PR, AR, TEEBRRESE P
RERSZ., Bk, HWAFHETFOLaENTELEE, TBFTHR
KRR A Ap. Hoh, BEERE—-EHH4T TR,
ReHA—ENT a4, B, HRERENTFESHE, XUH
HERPUBEURARTEOHE.

HERLAHLHNE— SN RAA RETF VN, WERTH
i, WAKRMERNERNZ2HZAINM R~ EHXE. X
XF HURBFENEBXHI, GTDHEANERIME. T
BRRXEXE, RREER LREREDE, WEHFTREMER.
B, VAR 2 TR UM B R B 5T B R B T4 4% 1 a0 T R RE oy
AR YAE. ﬁﬂﬂﬂﬂ@ﬂﬁﬁﬁﬁ"l‘ﬁﬂ‘iﬁia (FH3LFE)
H Bk KA : '

%EﬁEﬂEEﬂTﬁgﬁiﬂ’?ﬁ, B AHEN

- F=K-¢,
FRAHEY, KEMGBIH, oEHE. E‘-ﬁﬂiﬁﬁ"?‘ﬁﬂ? 0)
B A MRS, MRNF
b=K

MERTREMHEBRSSTHRYAS Y. BXHFXEN DS
R L, REGoldschmidtF Hrigtt, THHRER, E—El
B, EHW&HT, HUNERLEERTFEE T HHEEAS
UTFRATALY. /1.C.Kopxurcxuit X 8 7 Srigai) 3
Fhmmds 4%, #0,.C.Kopxnrckuit PIBFE 28 B, %t
FHBREREER, FRETAEREL, ML
SRR ERS BT HELALY, FERMERTHLEL (A
AR EEREERP RIS, Nites Uee wita
AERL. KEUBTHOREHEEASARN, 0 BETES F
AT B B R, R A Kopxuackuit ﬂ”%ﬂﬁﬁlﬁ'&ﬁ?
B
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R PR R, BT AR, TR
WUSTRAN, WO BNE B B2 AR
B, LT HERZ.

14.1.) GRLEEHNEAR T)-KEh (P &%

KB LA F R R PR R B R % R Clapeyroni B 47
B, PImERRIL T P ER RET (CnFeSy . & B&
§ (FeS) RUATE (CuS) b4, XFiXSum # o Vaed g iE-E
HERWRWT,

1 = B4 U P B T 5 A

CuFeS;==CuS+ FeS T (14.1)
ﬁﬁ@%@"%ﬁ%ﬂ;ﬁ%ﬁé’eﬁ& -
- FeS{@)z—= FeS5(B) : AH3g4% = 570cal /ol
. F‘@S(ﬂ)_g{}.‘esw) : AHfg_ﬁr = 120cal/mol

KPAHRRE,
BRPETUNERRISEBMFEILGIFR,

14 FYREERAEEE

] T [

mol) mol) | mol} |(cal/mol.deg)] a b -

Culel3y | 43.7 —42.3 |—41.89 28.3 24 ] 0

Cu$ | 2a.81 | —iz7 |—12.8 16.9 10.8 | 2.64 9

FeS(z) | 20.43 | —23.02 [~24.02 14.42 §.19 | 26,4 0

FeS{8) . 1T.40 0 /]

_ i
FeS(v) { 12.20 | 2.8 0
R4 DAL

AV:ch:""VFeg_VCuF¢32=1.543m3/m01 (14.2)

- M-
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Rk R AR EE, SRBEENNELTZERE, 1atm

FM208 KA PR ETKI EM (14.1) BRE G RBIREN)

T

ASE=ASh, + | AGH L As A a4
208
A :
IT AdeT=j4u AC2dT 1593 ACEAT. , (T ACI4T
298 T 208 T . Jgeg A

AS%y, =2,02cal/mol.deg -
© ASSh?=1.39cal/mol.deg
AS4," = 0,20cal/mol.deg
ACE=Cl o8t L CyTe8Cad (% CuPes2og 91 429,04 X107°T
ACE=CP O 4 (R PeSCAI _ CReurssin g 40 64 x107T
ACT=CyCos £+ CprFest 2 - CprOmPes? = —1,2+6,02x107°T
HXBERERAR (14.3) , RYER |
ASL=10,91-1.2InT +5,02 X 107°T (14.4)
REGE T FERET, RTBBIAS],
K
AGS = AH} - TAS:
ITEEERE. YPENAGH=0, TR
T=AH1/AS (14.5)
]

H=AHY + I AC"dT+AH‘:u‘ + j AC’JT
208 411
T
+aR%" + | actar
HEHEBES

AHY=7606,22-1,2T +0.002577
+ 332 .
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BEFfRR 4.4) # (14.50 1B
7606,22 = 1.27 + 0,002577% = (10.91 — 1,2In7"+ 5.02 X 107*T) T

AR Y
=1162K .
BIfEl aem TR R mxp&m& B1162K, TR, &KX (14.4) #
B, XEHHER
AST=8.27cal/mol- deg=341 550m3 atm
WASTRIL (14.2) E{lAV{E{'E)\Clapeyronjj‘ﬂ

dP _ AS
ar " Av
538
d""; = 211,79 atm/K

AT atm T P&R FR1162K, WBR1-—~Patml42, iﬂﬁlz
rﬂl;&uszK—rK a3
P=221.79T - 257720
B
T=10.,0045P+ 1162
5 HEVT fF ik R T P-T X R, mE14.1,

1000} e

- # )
: Raid AT
=
o, 50

0 'l ]

] - 500 1000 100

TR

B RAr-SE-RERT TN P-TXRE
. g8 .
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MEN4ATRE KRS, FERERET =RV ER (N
HERRE) WP-TER, HTHBEFAREEATWEENN
BB A, B, = AT 4 EE i A A b 3R R e, TR Y Y
. %ﬁ&ﬁﬁﬁ,ﬁmﬂ%ﬁﬁ ﬁﬁﬁﬁﬁﬁ,%%
Bk, BEMERRRRras,

TR HE Lo el o L Ak R Ty ety P-T %éfnﬂ:rnf B {78
B, MmSESE KBERERAEER, '

1.2 KREEHEP-T-x (B XR

LR REHMTHARY, RV YESaHIFERE,
FE—wkER, EPSFEASTENTY, FTFIMER, BT
THRERTFHESHBEEEFH850, 2T RETYEAIRI6
B, EEEEERAERARBXHEL.

o1 J 2= 15 R B K BT B o
(K,Na)AL[A1Sis0,,JLOH === (K, Na)[AlSis0s]+ ALSIOs

+ H,O
KpaERLER (Ale105) BHE ¥, s 8RN REEER
E e, HHREAERNTE, MANEEREERESR, W
ERETHIBRNEERBAINEL,

RS EEEEROEN, TEERRT HE MR, W
KALCA1S#;0) (OH)(HZ% ) + SiO==K [Al1S,O:) (¥

E) + AleiOrs + H.O (14.6) b
NaAL{AlSi;000J(OH) (AFE #) +Si0,=NalAlSi, O.) (4
)+ ALSIOs + HaO (14.7)

1H TR B B Py P-4 % 0 B A
: InK =Inesf —Inanl, +1nfu,0
InK=1na?l - lna¥t +lnf[]zn
FoPeRNEWEE, [REBE, AMBRARERE, mikzGHRE
e, OrRHKE, AVRHIKE, mush AR, gk HEHE,
aby M oali BRRAEABEPHELRAR KERH BE, <l W

- 324 e
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s EARZBEBEAT AR BRHZFHEE,
BB (14.6) 1 (14.7) §8 &%, PR EBE AT
BB W, hBRTRRNT,

OAG® _ _ o dlnkK
oP oP

R 14.9) HAG=AGE+AGE, B s BB, g,
RIS b o 4 SR B 1, SO T B H 3, B

(14.8)

SA G,

- avs, OAGE ..

| aP 2P 0
Mk (14.8) 2R
AV$aP= - RTdInK
1 —PatmBLAH, )
AG® = = RTInK - AVS(P-1) (14.9)

Bk, MABR(14.9), HEK (14.6) M (14.7) S90F

AG® = — RT(Inadi —Inail, +1nfu,0) ~AVI(P-1)

AG° = — RT (Inajt - Ina%} +In fu,o) — AVI(P - 1)
Ha,=rx; (r R85 4 %ﬁﬁﬁﬁa x4 431007 B8 IR SO
ALFR, EHRETTHEY =1-5, BERITSY

AG® = — RTClnxAf + Invdt - Inx®!, — InsDeL,

- RTIfu-AVI(P-1) 14,100
AG® = — RTCInxAL + 1nrAl — lnah — ing2i:
~ RTMfu,e—-AVi(P-1) (14.11)

STFEEE, HEE REEEE AERE METH B, kg
®, NTF_GEEE, TE _
RIlnVs = @QW, - Wodx, + 2(W, - W) %, (14.12)
RTInY, = @QWa—W )52+ 2(W, - W, )%,° (14.13)
Fi, R 12 BN EREANET S, FRAR
(14,10)f1(14.11), W)
AG® = -RTInxd! = (W0 ~Wo ) (L~ 24502+ 2(Wg, — Wiy
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Al

A -2AD30+ RT Inant, + LCWog — Wiy ) (1-2080)?
+2(Wane ~Woa) (1= 208:)* )~ RTIN fup0 — AV 1, qae (P
-1 (14.14)
==Kl - %80 ~LQ2War ~ Wan M @812+ 2(W o — Wo!)

A+ RTINCL - %2800 + (AW ey — Woa) (485,07 +
2 (pr_ mu-) (xmuu sj—RTlnfazo AV-,(u.r) (P—
1), (14.15)

AW RLHEE., REAEAV . fuo. AGCRIW H1H, ®Th
R4 IDRQ4 1) BEE—EBEREA T2 EMEAER K
M4y, R MAV. ET WA E TS5 B0 B R E R
(14.)FQ4DHR, fu oL AHH KHWH HEEHP. THRX
%, AGCUTHEN(14.60) 4. HEN, HBEALSIOARE
MHERNRAGEHURTHESRE . EANXEFIA # 14,2,
FRR Q1O R4, 15) A B IR R A K43,

Emu2 BERENAGC W

B ' 4 | 4G (cal fmol)
mus—+Q (A3 )=—=0r-} And{ 7 54 )} H.0 —37.789T + 21091
mus+Q =—=0r4-Sil( & F) + H0 —38,797T + 22156
maus4Q =0+ Ky (&RR)+H0 —35.9087 + 20871
pe +0 =Ab+And+H,0 —39.8767 421226
pe +¢ ==Ab-+Ky+H;0 —137.6937 + 20505
pg +¢ —=—=Ab+S5il+H,0 —40.82687 + 2229,

W ab=6326.7—4.8321T40.0826F
Woe=T671.8—3.856520 4+ 0. 1121 P
Wpg=2023.140.1590P40. 16987
Wmas=4650.1—0.1000P40. 39547

AR, WEREN, MENEK, ERGDPHR

H. BERERELD, BHARZE, MEENR, ERGRaK
A BaHEREM. LARAKEN, BRTREBHERS,
B, MEZHRRANAS, R ERIEE, XA &R
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® 143 BEEHBEKEENITAER

r AlSIOET
E2 X
P(kbax) (C) or T BrE
4 §15 0.0128 0.0468 And
4 580 0.0259 0.8132 " And
e . 580 0.0328 - 0.8496 And
F %00 0.0418 0.8738 . And
4 610 0. 0535 _0.8018 And
4 820 0.0702 " 0.9060 And
4 830 0.0972 0.9179 And
4 8356 0.1187 - 0.0232 And
4 840 0.661) 0.9328 And
] 645 0.7572 0.9480 And
a 660 0.8247 o.9830 And
4 880 0.9466 0.980% And
7 636 0.0107 0.0447 Ky
7 640 8.0263 0.1298 Ky
7 846 0.0344 0.3134 Ky
7 660 0.0389 0.8338 Ky
] 680 '0.0453 0.8418 Ky
7 810 . 056} 0.8816 Ky
7 ‘878 0.0827 0.8895 Ky
1 880 0.0706 0.8966 - Ry
4 %85 8.0771 0.9001 5il
7 &80 0.0995 0.0072 5i1
1 €96 0.1054 0.9138 si1
1 700 0.1283 0.9197 5il
T 708 0.1742 0.9254 Si1
7 706 0.50290 T 0.92407 Sl
T 710 0.6401 0.9374 5il
7 715 0.7283 0.9505 il
1 720 0.7840 0.0827 Sil
T 730 0.9048 0.9841 Sil
? 735 0.9565 0.90832 5il
L) AR T Re RIS .
- - 827 .
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R &R, WHEH HaRE RE, ERM.E2ZNH %ﬁﬁﬁﬂ
B,

14.1.3 SRPRHNG (HHR) X%

REERTERBGCxX R, THBEECHMNASR.

HRABERLTHEERER, I RERBEE,
P, M. Orville ¥ 7 3¢ {84 K A 8 B b 2 mol /1K 3 & B E L8
WO B . SRR E 2kbarM500—700CZ FIRETH, J.
B. Thompson, Jr.§D.R. Waldbaum(1968) & | FiP, M, Orvi-
lefr ¥, HelAREIH RN EEAMA & BG4
A ER, HESERER R-K, -

RFER, T5HTHABTFLEBEREEN, :
KLAISi,057(s) + Na* (1)===NalAlS{;0s1(s) + K* ()  (14.16)
R RPHR,

Biy —Boe = Bh+ —BEs (14.17)

RE RS, SHREM, IEREN. $T e mang

C=CR G = RE (ralnyy + %, 187 + G

T HRAMKE B, BBREMED
In¥, =Wl /RT, In¥V:=Wgxi /RT
ik, BBLC1AL16) b RAIRE R B Y

G =%Zohor + Favkan B
= Kot + Faphis + RT (¥oclnwo + Xavlngns) + Wooths
+ W av%an®he (14.18)
WA — TR B KCAIS; 008 Na(AISL,0 K 3, RIEE
RE HEER AR

T
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http://www. chemdown. cn



Pl (14,18 I8N, B

Hap —HBor =03, 88, + RT1n P2 L W 0 + (2Wo, — AW a0)

Xor

Tno+ 3{W e = Wo ) (14.19)
SR H A E AR AR AL, BREAR E B
ot~ Bt =05+ — B3+ RTInmu+Vn o — RTInmyg+Vg+(14,20) 6°
R E B BEANTHEAMMAEDS, RIBR 4,17, §H#R
(14.19) M (14.20), WAEH

RTIn ZoMe® o (g, .t +44) + RTIn < o w
PRYT (B3 o By ®*)  Vrat Ab

+ (2Wo — AW a4 + 3(War — Wor )% an
TR R SRR, TEE '
¥ =do+ @%b T @200
N

3= RT'n Foia?
XapMMe+t

ao= (RS, — B8, — % L +B2+ )+ RTIn KX 4 Wy
. a Yaat

& =2(Wor - 4War)
az:= 3(Wan—Wa,)

R T RN RE, B My, HETLE B
Hillaow aPla,, RBRB T2 Ma:, REHFAWA o, Hik
RTMBE M4 %R, |

B AT — R T MW, W R B E— BEE
Bo WLLES, BEREYBE, To SSAED (9N
B, RBEEENEE KRR RN TNE, FREEN
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ARG Ws, Wl Wz SAEEBEEINHE, RA WS
ﬁwoﬁﬁﬁfﬁﬁffﬂ‘ﬁlo XE, BB
H =E +PV
CEsE: |
- Wy =Wyg + PWy

it ’353%9&&‘]3'5&3&'&5&13@'%» ﬁﬁlﬁﬁ)&

GE— H H -T—§
BiE: 3l

5 =Wg +PWy -TW5
NEHMBHANRREREEME D REN B,

HRBEBERAR(14.18), W
G = %oy + %ably + RT (%o:IN%or + #anIngas)

+ (Wg,a + PW3 : sab = T35 a0 ) a8%0,

+ (W 00+ PWG,0. - TWT sodo0e8'sy  (14.21)
ﬁ('14.21)Eﬁtﬂﬁ—‘ﬁgfﬁﬂ‘l“ﬁﬁﬁﬁﬁﬁﬁﬁiﬁE’éﬂﬁ}ﬂéﬁo
J.B.Thompson, Jr. ﬂlD,.R Waldbaum(l%g)ﬁﬁiﬁﬁﬁﬁ
B IR B T O R S B (A B 4L 4T

¥ 44 WEKERTRE

o E | merE | mekEs | 2kE | wmees
Wy . d.o888 0.1114 0.01;87 0.0787
Wi 8428 ~ - ‘u24d . | v B426V d2440
Wg ga28 . |’ az44 - s4260 62440
Wi =" - 4.484 3.702

1) AERENEE.

ﬂfﬁ(u 20N G - ~ % B w?ﬂ}ffﬁj]%Zkbar MR
PR B TG - v, Hi14.2,

BAE—RERE ST o b AR5 A BB, iE 14.2 A
W, % RWATIARAMEL, T PR ME T 7 3% Bl 2R

A0 ~
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G (col/mob>

N T ] 1
.6 0,2 0.4 0.6 0.8 LO
Xup

B o142 fEEA2kbarfIFFIRE TRIEKEME dit-as . Eha
SRR, BRI

$YI2E, FYKAB L L R A AR R LRFTHEIR BEEAT
WHEEAMBEAR 2, X FEAHL SAHNR ERE
4, XREMERE D UK SONER B, ER ERXTI000C
B, MR LGBy MERF—A, XM R KA R H
R, BRAHBSMEREE. HRME R X BEreE, B
XK A RREAS.

14.1.4 HRENHNH-EALR

BRI A, R A BENE REREE
7, B a0 B T LA b 7R A0 BB BE (o) R SUAL IR I i (2 (E )2 )
WX RSB RN TE. P BREE ACHBE LR
9. BETERRLRART ISR, SREEAHEXPHR
RERT HoH-EAL BRI, ENNEERRNAWT
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3Fels) + 4H,0==Fe,0,(s) + 8H* + 8¢ (14.22)

2¥e,0,(s) + HyO==23Fe,0s(s) + 2H* + 2¢ (14.23)
TOREMN (14.22)F1(14.23) M pH-EARR R, WFRNM(14.22),
Bk BAG s, g~ — 15.8k cal, E* Gp# S LB IEHEBA) =
—0-084V R, &K S IR 4036 B2 41, W B BEC14.22) P45 B 3L
"

K=a§+
antEatfTEE. BREETE— N EAE R Ak
Eh=E'+ {J—'-QsilogK

nESE5RMAMRMYEE, ZIREEST LHRHE T8, !illl
ER(14. 22)&3%4&5&%&‘%{* SpHEXERE

Eh=-0.084-0.059pH (14.24)
X T RRE(14.23), FETR
Eh=0.221-0.059pH (14.25)

A (14.24)F1(14,25) i BFe-Fe,0,MFe;0,-Fe, 0. E % BERET
P50 B pH-EAX R R BB R, W F I pH-EAE, ME14.3,
HLIdERHAKNRER.

ME14.3W R, Fe-Fe. QM PHBMT AMBER TR O8
8 UT, RAYREXKETBEN, FPFe-Fe,0.% M H®A A RE
T8, BOK S RE > HENFe,O02 M, B file-Fe, O T2
38

R, M.GarrelsfIC.L.Christ(1965) ¥ DI pH-EAH & HiL®
R EABAF L RRAL SHHBR BEE. DEY BRES
PH-ERES X R, Ha8 7% B K g a s Apifs s
SAHE,

ET RV HRENTR, %mﬁ&%##@#&sﬁmﬁﬁ%
WE, ERERTTHSURTDHANIAMAEL WETH
REFHEETORNBNT NGRS, XREFIENI Y
R WA RERBNBIR. FURFPHANRELEETUS
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+1.0 y “

o o
+o.8h \‘ Feg()a +02
>3
$9,EF FO™
) . \“' .
0.4 \ e, 0, +HO st

Eh(¥)

E i4.3 Fe-Fe,OfiFe,0,-Fe,0,ppH—EAR

Pl dR, MIBEE, K. 45, FBHE. RE. BN
2eah . EAMREE B SRR R A4, R 6E FRR 5T B ik
5 H o B A R 4R

14.2 B YRR Ee

LRPRTHREH T, SHEFXETERN, RTHBF
HEEEERE D, AN AT RN T8 & Fam 5%,
REFHEAT YR WAS WD DAARHR AR KR E
B &4, KR EPTEAT YR A E T B

B Ui T R T s — R R E S W Y s A A4 5
PR TERORERENE XERETHANT HRT HA
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AERMBPR R TP EN, ST 5 R B P R o R
ARG, BB 38 {3 i BEAE O REAR 5 8. LK,
FLm AR RS . BRI FREFERANT BR
W H 1 Y MR T B 3T

VAT 3 (I UL B - O B3R T RIB R T O B8

14.2.1 B BB R MR IR R

ERNETDHEIHEL &N & ES fE(Zn,Fe)S T
F P Pe R WM ERETE B, M. RarmondfIM. A, Wei~
sbrod(1964) BB FHARNET PRV HSBSEE. Eh %
RSB, HME.58R,

T 4S5 NETprSRNEEEEE. ENXR

T~ P{atm)
FN 1000 | 2000 300 000
T (v‘yt%} i 3000 4 L0080
TN .l .
200 G.17 5.25 4,48 4,79 3.22 175
100 9.35 8.17| 1.7 6.26 5.47 4.80
400 18.14 | .70 10.48 9.15 8,35 7.45
500 14.48 | 18.80] 14.30 12.95 11.75 10.64
BOC 22.95 | 20.49 | I8.73 .15 15.73 14.40
00 27.9% | 25.8¢ | 23.82 22,07 20.368 18.84
800 34.25 | 81.82 | 29.70 27.588 26.89 23.85

AFEL4 SR, BT FeS WA BMREEATERA 3
Bk

BIE—EREE S TR Y FeS 55 RMBETER FeS KT
#, NMRET H Fespyfbesh v B 55 B M 75 % M FeS i
24, M, B

urtﬂs = ”r%s
F i

Aty = dinE, (14.26)
SUARERE, WS RE D E B, T Aol RE AR
= 354
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FH g YeS WBRIB()MEMEE, H

) g

A A
L. a”“S) (LNS)
i, (dP ap+ (G Yax

T OR/OPYe= W, (au/Ox)T=RT-i—, B L

o=V Eap (14.27)
di By =V AP + RTdlnx (14.28)
PR (14.26), HHA14.27)M(14.28), B3]
(d_h_l_{‘r') = _ Vrr‘t?s_i;l?%l
0P /_ RT
«-AV
T (14.29)

RALL2O R RERE RSP FeSHERBEENNRE R
WAV K FeS MAMAEINE T RIS h i ERARE L. BY
BT NG P FeS ERET PRy TS, HERBET ADE
WETEARAER, CRRET RER EFHE23.83cm®, FeS
MR BT, 58cm?, TR BRI EMEHEL
AV =86,25em?,
LR, B Q420K

__AV
dlnx= 7% aéP
M1—>P, xo—>x B42, B
¥ __AV o_
- TR ETD
#P>1, W
in? - -2Vp (14.30)
Ko R
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A014.30)H i-ﬂﬁd%u&:ﬁ HoahkERSE B R

(14.30) M EMSRERLA.DPRER HB -, & AT
FirE BT AR R R HRERE BN, AR0430
N, BETEFREBHER, Xb WAVELHRE #X, OF
o REHERERESA, THBTHELIRELNITER

WEE Y, BEA— TR oK Bk XPh BRER
I BlImZESL SR A b AR BRI S AN, R
P Nigh % B W RO SR i AR ERE 7.

B4, #ENIMK oM TER, N

diny = dufd |,
FRE
0“?;;) KL TIRY 1o
( o1 )AL (ox;.. )d”"“( oT )?dT
ok, P '
+( 2 )dxm (1431

fiou/oT = - F, on/w:zar%, BEHAEAZ4.31), W

— ;
AS4T =RTin Zni (14.32)

XN

HPHWA S = A H /T, xf,/v%; =Kp (BB 25, BHEAA
A (14.32), M

olnKy\ _AH
( oT )r_RT’ (14.33)
A4 3BTRS H

InKp= -~ %{iﬂe ' (14.30

R(14.34)% B BB % T A HAKLMT.L . Wright(1967) %
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BRI 2 E I R R A B RN A R N M, B R
SRAENELERRERAEN T, TEUEHSFFEHEH
Nigt PR AR PR RESA H = 16800 cal/mol, B=7.65,
KR, RWHHA K PHE RSN NIRS BB Ta0E
. BEEENE, XHHCHEEAETRMRENTE, £
AN, EN, B— A DEBEERAGR, £, WREE
BEMNK BHHERHHLESNE.,

$h4b, HIBE—EE, Ti-Fef{bibm fEbHRR BEH M
B it

14.2.2 EHEFHHERTRBETTSE

PRI R RIS, BTN T
PRI RLE Y, Ho AT Y TE, LaESE
BN PA, WREAREHNTE. AWEE—-HiHeREE
B RO TN R E T R R R, —
BHRTRNTEN NS SEEFERTENNE.

TR EAET. REG. BEALE, THZEET

B B R
CaMgSi.0] + MgAlQ, == CaAl,Si0; + Mg,Si0,, (14.35)
GEER) (LR {(BEER) (BEER

JePE R B R R R A, R SEEaEARNYE
EHT Y WESTRFMAEEGY, bt BB
—MMRR

TR (14.35), B

L+
rx Ot
aTc iy o

AGERm=~RTIn ¢ 5 - (14.36)
i Amg—s,

AP Cpx—HpHE G, O—Hil A, Sp—&&% 75, BN
BB Te—FEE A, Fo—BER WA, DIi—FH
© . MsSpBERAET, ENNARRTY. HREPLERLET
AERRE, WEETE TSR,
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ast” = 2 s (14.37)

asl® =85 ()3 (14.38)
age = (aye)? (14.39)
ub-s, = %53 (535)? (14.40)

MIAMZREMNERPHIEHESRES S, SIAS2RERBBTH
FIESE Y e <N
W8 RLRL(14.35) 8 B i BB AL AR I e u %
(AG diex var= —9231/T +4.45 (14.41)
(A G iay bar=—8540/T +4.06 (14.42)
R (14.36)— (1442 AR T BR(14.35)0) FHEE,
o i i B AT f A 3 BT R OB T O B M R B
T.F.W.Barth(1962) #i5 fi, A4 KEMYP KE. #k
BRERASNHREBEREFEN, STFBREKS AL, # K A-
BRA-JEEC®, HIKA-SER THERE, MEKahe
KAHMERRSESFEA PR AR 82 A o SRR
RERRERRXE, W

Xab 1400

%31 T
B3 R AR AR AR AW EARE,
BAENEAFEEAEEE SIRBRERE, BiEH, &
FERETEORRBEN. Bk, ATH IFER SR
i, BN HIEEERAMKA, J.C.Stormer, Jr.(1975)BE T
— M ARG R AN R AR, '

BEEHRREAESEZ LN, ZEtEEAfSHeA T,
i

In 0.8

At _ yFl
Hap =Mt

TR

X

aA
WM - BT =RTIn 22
A

=0

o—
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CEpU AL

Kol HEEH . BRSUT (—R>7000) HET S BRER
B, PiLERA

Al
InKp=1In el 3 =In¥4} (14,43)

N
E Y

WMIFFBHOT AR B R R, X(14.43) AH{E

Al
in 28— (L Va-ah W28 Wo-Wad |

Pl
(14.44)
X Q44O TR, HIBRER, b
Wap=6326.7 +0.0025P - 4,6321T
Weo,=7671.8+0.1121P— 3.85867T
R, (14,40 WEHE

T(K)= *aszas'r 9963.274% + 043, 3(x 1y?
+2690.20x%¢ )* +[0,0925 - 0. 1458548
+0.0141 (x31)%+0.0392(xA5)°? ]I’}
/[—1.9372111—?% +4.6321 — 10815541

+7.7345(x5% )*- 1.15512(.«7:,‘;)2]

B, ABMETRENARS, TN PaRENET,

+ 339 .
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FEFHEBEREAERD, BEUETERTETERE. 6
MR R MgaS1.0:-FeSLOH AT 48, TEHEIIZ&ANKE
FRBENE, 1N
Felf + Mgih = Fell + Mg, (14.45)

A FIRRE B, 7
AG g = - RTInK (14.46)

KR8 55

M1 2 ML M2 1 Mz
K = Eyai™ aﬂs“‘ _ Kpert Kzt + Preat '}"M‘H
v e~ Ry A R P

HERARSYHEEGRE, T SR, A8FREREE
RTInY = Wi {1 - #1*')* '
RTlay M =Wy, (M)’

A, {0 EARMIBRARY ML, 08 R, 28 UM BAY

BT, WEEEEIEH

x.\cilcz_i_ le 2+ W \ W .
an=1n}-§1‘;+ x§§:+ +M§’, (1= 2232 e+) — RJ‘;"‘U — 2xY%e+ )

_ (14.47)
BE RO BRE TR (14.45) MG ke fl 45 A % &
Bl A

AGER =4478 —1948(103/T) (14.48)
Wy = 3525¢i0%/T) — 1667 (14.49)
W = 2458(103/7T) - 1261 (14.50)

HA(14.46)— (4. 50O TR M # T HE BV HERE. WA
L E Ay (Mi= M1, M2; j=Fe**, Mg?) W h LBHIH
RILT B BN SRR B A0 IR AR, — &
% ke e (HO BE& s T E AR K,

B0 G W R A8 A R T A T D S A A R
7 22

EREFITHEHRERE O AR, B EET-» § P-sE
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%, XBRENBRRERTH.

H&LR, TR A E T, 8 AN v Hra
5 EEAFHERMUE. X8, SEMETEEE, BRK
B RRASSRERR. XBRTERBESFITENFEN &
ZOR X BT R s R A & AT VRGN R AT B e R
HRASAZER, WKL MBASXHERNTRES. BT
HAEBAMER, ENUKETEETEN, FIRRBRRY
RFT X, DR BRI R,

14,3 MBITLERHO

EXHAZETED, NRBTRANTREELEER, BH
EARTTHBERMREZERNESE, WEETH 5T
S s R PR B IR IR HlINE R AP RRBRTEN >N, &
MRBIFAROBELLE, T bRBOR S, WHETH
THRNERIRES. HEIK, BESEN EERPHHH
B ENEEFRER, EKAH Nernst SFBLER(ERE — &
B, RMBUORENTEHERZBNSERICHRED RFRHS
s BESHRE, NTT RERAFEE MR ERIE, M
FTEEWRERERAPRECRYSHE,

Hal, XTEREMERPRATE K8, TRESHELR
SRR R R, RRMERTHME BFH P& R
MAETF5 5 ER AR, FEH T HEE FE BT L T H
il PlNg:&a B, HREPRIBEMRERTRT, RkA
WHET BER, nRHINRIRSEABBEEETE, REH
HERSBELTTH, SREXETH. BTRMER, MR
TCR B Al i Rayleigh @ BOR A

RA-ARE  HPAEESASHBIRERR I , B R RN
Bux i fpERNy, MbEXERaRPRERAR INRES
Btz =y/n, SHEBE-BiINRGEH RRAMESHELETE
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. RN, RREASATEATESRKNE B &
R dn RASL, B P RBRTRINFR v B4 dy BER, X
B 1 R B B o B, BT RIMR RN YET y-dy B
RanfR— PR A & A E R R, 4y 8RR A R &P
BURIMER, Ak, RREBUSE, RafEPumuR i
R HR

wme Y4y o (14.51)
i~ dn

m#EREE. X, FEAXMHEBARRERIR W H Nernst 4F
RERNEHEI M. CEMERRFNHIKREE

3
M=K
—m D
%™

B

x;' = —‘% = pr;‘” (14.52)

HdyMdn WX Ty M ArS, WRBK (14,51) PHdyRldn,
TR

am= 2
»
&,
¥ =ng™ (14,53)

KFntt X (14.53), 8

%:n % o (14.54)
A (14.54) F(14.52)43%, THH

dx® dan_

W p” {11.55)

HLEHT BN EM MR RRES B Ra s, AR &
FREIERSYO Ry fx™ WA RIFRBIG AL B &
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W i B T B SR A (L T K (14, 55) A BL 4453, Bl ok R
Kp-1 '

2 (fﬂ%) (14.586)
X W
® (14,56 P/ MR XBESE, SUFERZ, WF
. : %= 5,0 FEp (14.57)

5 (14.57) WhRayleighfr k. EETRABKTLYUR
TERMRBR RS RGHEPRRRERNR RS RS RE
(1-F) ZWMMAXR.

R (14.57) 53 REFMRE R TR R,
MEL4. 4F0R . B4, 4P RiRREE (Skaergaad) 2R B
ST A AT R R DA T R KR A B R B 1447
B FRIE LR 2K lh SRR B P

PEBRTHAREWE. BAEKTREEHEE BR
STUEE WRABBE—TARARWBRANT, X N8

g.or
Wi ; -
67 4 ot /
3.0F
8..
: 2.0r
o ) Nn
£ ok __—:_-"i—--"'ld.‘/(
b 1.0 e
= Se
SN

0 ——re M T
4F L0 ga& b 04 gz O

1
0

1.0

Bl a4 ZERay IEiEh%ﬁﬁEWﬁﬂﬁﬁ HEES AR RS BNER
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RBELD R, M
Eﬁt‘xd
&' e (14.58)

- L m

xi x5
A (14.58) o =8, PRRFAWKTY, ~'RY o Hilhk
B, owRERPTHIHREBI R,
IMREGEBEEATL. ABERAAERERES, #ﬁ(ﬁﬁﬁﬁ
T, UEERSRET (BHAEAR RN SRELT
g, REKPEEMNEE T, N5 Va5 S8,
PLERBUA K, IRHMBORINSEA
Q?“ - Kﬂ1;;)+F
HERETWATR, & (14.59) HYER DR, :
gREAMTARZHSHY, DESHEEE—REN
BIEE. AR SRS ANAERTBPERERNK
W TRAARERTRPRAMAENRAERSE. X8R
ENBBAEN>HBEEH. BHAAXFENT AR EEE
MR 3
BTH SRS TR0, B 1782 SR IE 68 21,
HRERBELGLOBRERSSHEERSE, 2 BERREEEEKR
EILERN DR LETHE, HoA a8 ANernst HREH,
HESE L WARARBEAESFEAEKSE, XS R
] B ST A AT R AN R OR BT, X R T IR IE,
By HEATHESRARMETEN I EARE,
%T 1
P Kn(t1—F*)+ F’
R (L4 B0 F = n/n* " WIFB S, " BIEREERHIE,
% R B BRETRBELRINRRSH.
HWRZT AR TERSBENMNETENIE®, FEA
(14,60) PHAMARUBMESTWERPHNIRRE.
RO YA R BT BB BT R o Wl T A

» M4 -

{14,59)

(14.60)
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1
E Tt 1 sty Ky — 1
= = - F ] .
2,07 Kp(l ) (14,61)

HESTWER, MHERKX (L eDPRHKBED: .

Sesh, HRHESEBATRAREE, THMEEEEPE
EB.EREVEREBPEEAREXENRES IR —FHHE.
FURS ERMPEE, RS YaEBa BN E K
BaXE '

T
%4 1

S =—=[1-(1-F") &) {14.62)
%" F

HTEFWEE, BBUDREK.,

ol Faitit, RHRRSEAKISRIE MR, (BN
BFALTE DR ZBOR R B R A, X R
HHEBAI BRI BNBN, XTRXIEOHE, i
R ERR S,

i BT R R, RIS A& LA T
B b TR TR SRR TSR, YT A
RPRE A S MR SRS R M B (L2 AR DI, R BB 4w
BRT BRI A AR E . S P S E AR, B H
R AR R R BE TR IR RO RS, B
EHER, EHRATRAMNERL, AR BRI ATES
EWHENERS HHMR. FEENEFRH RS AREHER
HPETHARRTENSHEE. ENELREEEN, R
EHMBLE, HEGHEIE, AHTHSHEERH RN,

14.4  JKEW PP RN R

BrRAKBAEDHRBBERE, SRS TTYHEDHE U4 4FE
KRR, WEFHTTHREFUAABATH. Hik, X
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BasRAEAREENR L., HIR TRERETHPIRT
L, MEBRBERET, hTREERRIL TR R
THRAE, EARHRTHERIT —ERH.
14.4.7 E{ERSMRNRRE

RAEREa B, Ty, EMNERIETS A

PbS(s) + Ht==Pb** + HS" (14.63)
PbS(s) + 2Ht=—Pb®" + H,5(1) (14.64)
TMHSEHS Z HuFMFRE.
H.S()==H"* + HS" _ (14.65)
B4 (14.63) (14.64) (14.64) M PHE LS HH
logK= —-12,71 (14,66)
logK = — 6,04 (14.,67)
logK = - 6.67 (14.68)

BREN (14.64) T3
logmyp?®* + logasn,s + 2pH
= —6.04—logV+rs™ —log¥.m, s (14.69)
A (14.69) FETHIEER ¥ B Debye-Hickel A X H, B&
BV =011, Viu,s=1.77, FRK (14.69) &N
logm.aen® +logmyu s= — 2pH — 5,33 (14,70)
 HERE (14.65) R, HpH<6.67, Mauo>aus , HF
WP HSH SRR THS FIKE, TIARBRPATLER W &
&Y. TR
mtph“ = miu, s
HibR (14.70) 3% .
logntim®t = — pH — 2,66 (14.71)
BB R MR R pb®t MR (D BMRE) SpHAXER
®o A (14.66) — (14,68) WP ERIERCCHITEN, A
B3 (14.71) EHTF0CRIFH.
H BIR B KSR e e gL a ], — ik
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AU & B WA BSO8R B T mol/l,
# Q47D W, FRMEFEPRIETES, WEpHT3 M
RKEMHMEE, EARARRS R EHSTREANAREREK,
BWIACHI S s FEL00CHMET, pH>4, XUT M RIE & 4
YR, RRLEE, #®ERTH, ARFERPHEREXE
R BTREIKEL,

AE—J/IMVIHER2ZRBEREMESREER S RE 6
o XHBRKEERT, HRAWrHAHRTIHREE € B
FHHEE,

ETFSRERDHARAY. EERETER FHFENHEE T,
MERTBETSALEBTMHE T, USETERLHENS
HEEY. DT REZEEPL5CI MR SH. Flin, FENaCIEH
7, Pb*ECI W BREREEY, W

Pbt + Clm=PbCIl*
PbCI* + C1"==PbCl,"
PbCle" + Cl =PbCl;"
~ PbCly™ + C1l"==PbCl,>"
RSP SRRRM Y
M = myen®™ + mpser + Mypnars + Maphct 3FMirycat”

WHEH, Eim (BBBR/RKE) NaClEHd,

logM = — 2pH — logm,su e~ 3.777 {14,72)
7 3mNaCI¥ i v,
logM = ~ 2pH - logm,n s— 2,104 (14.73)

A (14.72) IWHREREXRE -, R (14.73) WiFBHE
b Seu (4 R 0. 6 M EHpT,

B (14.72) A (14.73) AT, ¥ W mu,s= 1075,
pH = 48, WHRK (14.72) BRAHRPSHEE GRE)>1070,
i HR(14.73) BAKPERL07°. HHEEY, #100—150°CH;,
R PHA~ 4, E, ANERERE 10150 CTRETWE
ERFTHT . HRESERRRENT EERETHKE, Hi

. M7 -
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HHMEAYEPERR P MEZTIBEA.

14.4.2 pH-EAS5HBRNBEMRE

Wik ol 7 S pH XERE NS, BT BRSNSk
WAE R AR R R, RRBoH-EARME.
e

Eh=F+ %mgx

W, WMEREE K EGTEPAEERNSRA HY, LERRE
(r=1) o, Wa GEE) ~m GRE), Wik, WRitimE pHA
ERfs, DWkH—S &G TREWRMEFRES pH-Es i
FlmAeRy, SEKERPRNERIETEE
Fe.D, (Fx4EF") +6H *==2Fe* +3H.0
YRR RS, M
logmet = - 0,72~ 3pH (14,71)
B ARG R REETAKE R PHERESpHXA AR
Freku MR R R P R R TR
Xin@ey, SEKPHRRIETEE
Fe.0, (ks + 8H ==3Fe®* + 4H, 0+ ¢
L AR, _
logmr."" = 5,65EA— 2,67pH - 1,90 (14.75)
EEPR S ERREE FTAEKRE PSR 5 oI B EA #:R
£, MBI TEAMpH=7.5—8.4, FAx0,2—0.4V, M=
(14.75) 1B%
mp,”%lﬂ'm's'—l(l'u
B (14.74) B3
Myt 1072900107250

R, EREKEEDP, Fe O L Fe O-B B E X, b,

v o348 s
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4.4 BABETHRERESHE

T 70 2 0 8 A B O 4 e 18 B SR D R

Hil, ETAEBRBENTER, #BHTKERPSIO. SHN
HMHEBER, W

$i0, (¢ ) + 2HLO="H,Si0, (aq)

Si0; (2 %) + 2H,0===5i(0H)  (aq)

Si0, (@ ) + 2H,0=>=5i0,2H,0(aq)
XS ARIA L SO, KB B BREER, HH ALY
W mERES ERRNA—R, Mk, BEHRBRERP
SIC.HIR A E BNAMLEH EWEHE

XSi0; (s) + AH.0= (5i0) X-AH,0
A B RREM, AR BRYE. PrREH, £roH<SWH
W, RAVEHMAMLERSER.
bk RB ARG EN F B, J.V.Walther, H.
C.Helgeson (1877) LRI
5i0: {s) ===5i0; (aq) (14.76)
F T SI0, MR M 2R, K (14.76) MRBIERAR
B
logas o caar =10gimms 102 gy Vsi10z caay J=logK
SCEYAERY, HEF V102 e T 1s T _
logas s o2 ey =10g#is; 02 apy = logK
s FIl AR E2 | _
AG P, T.5i02 (aq) =A G P,T,5107 (s} 2.303RT10gm5i02 wp
| 47D
X FSI0s o, MIARHEEER B, WIS1E

V %a=a +aP + -0‘3—';;“6—‘?)2 - &Qe T (14.78)

R (14.78) HAFE-~BIRESIO: o W F # Bl FWAE=

. M40 -
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2R, BETRRALT. a2 ﬁlmﬁ}‘ﬁiﬁ
BEEHTR. & (14.78) W,

NZ%s?
2r

NREAvogadroB, ZRETF#HY, e 2FETHH, » BT OET
MEE. & (14.78) FoRHRETRBZEL

&L (dlne)

oF
efeK IR M.
o AR A R R R P B 4
0 = CZT o~ .
CPI_.T 1+ T—8 +0TxPr,*r. (14.79)

P, RBHEN. A (4.7 HRAB—TADENETRE, B
CH R HEAT FEWMERNLE ofleSRERIEX,

2
we () (25 ))
W (14.78) 1 (14.76) TR BRI H MMl EHETR B
BERAER 4.7 Wi B RN RE,
J.V.Waltherf1H, C. Helgeson 1% B FSi0; ﬁﬁﬁﬁﬂgﬁgﬁ
B, CEASFFE, BHOTERENT, :
@ =2,1394 x 107*cal smol™" «bar™
a:==4,9341 X 10" %cal »moY~ *bar?
@:=6.8289 % 10~ %cal vmol+bar 2
2:=2.6786 % 10~ °cal+mol-bar ™3
6=233.0K
@=1,2908 % 10°%cal-mol™1
¢y=48.517cal-mol-bar™?
¢2== ~15,789calemol " - *K™!

* 350
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—S-Pr.‘n-,s 10, o = 14.8calemol™t . K"
AGroty’sia, e = —199.190Kcal-mol™

AHpotisi0, ag = = 210,726 Kcal-mol™

TRSBWE,

BIRRTT I, el 7 i b MR R AR T B EEA
R BRMERZ 5, B R R R R 23R, BE
Wi HERRMLEERTPT RN SR, ERRRAXHEE,
ARRAR, ERERE. FHib, XERKEELRHTHR
P ML, X, —RHRERTSREWFEESH
JIEE R R LA, BNRERTERE, RERSLFH
wWitBR . RUEMTE B2EMBRLS PRI ZHREY
BERE, | |

s, AHMAB2Y, MBE. AR, EAUERRES
FUHBETIRENERER, TEEEWHEENRERLEER
R, BASNEBH THIARRAF®RATEE. RES
BRI .

$ F X W

011 N.C.Kormunckn, “Pusuro-XAMHETECKHe OCHOBL apalusa
maparenesuccoR MuRepance” ,Tocceomre-xuanar, Mockea
(1857).

(2] H.I.Gresnwood (1.}, “Short Course in Application of Ther-
madynamics to Petrology and Ore Deposits®  Vancouver (1977).

(3) D.G Fraser (ed,), “Thermodynamics in Geology” , D, Reidel
Publishing Company (1377). )

{41 W.S.Broecker, V.M Overstv, “Chemical Eguilibria in The Far-
th® McGraw-Hill Book Company (1371). . .

rs31 I. B, Thompson, Jr, I}, R, Waldbaum, Amar. Minsral., 51
(11-12), 1985 (1988).

rs8] J. B. Thompson, Jr., 1>, R, Waldbaum, Amer. Minsral_, 54
(5~8)s 81i{1969)
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(71 R. M, Garrels, C. L, Christ, *Solutions, Minerals, and Fquil-
ibria* ,Harper & Row Publishers New York (1985},

(8) M. Rarmond, M. A, Weisbrod, [lepe;: K. M. deoxoTresa,
“0cHoBH TePMOXEHAMBEHE [IAf Mpnepaloros, lerporpados H
Teonoros” ,Msmarencrso *Mup® , Mockea (1964),

(9] C. T. Herzberg, Amer. Mineral,, §1 (7-8)}, 828 (1976),

f10} J. C. Stormer, Amer, Mineral., 60 {7-8), 667 (1975)e

{11] S. K. Saxena, *Thermodynamics of Rock-Forming Crystalline
Selutions® , Springer-Verlag Berlin, Heidelberg, New York
(]9?3)0 . .

(12) B. J. i, D. 6. #EE, kBEWE OCHRENIFEM) , BEAY
g3t (1981,

(133 P.W, Gast, Goockim. Cosmochim: Ada, 32 (10), 1057 (1958},

(14} D, M, Shaw, Gsochim, Cosmochim, Acta, 34 (2), 237 (1970),

[15) J. Hertogen, R, Gijbels, Gsochim. Cosmochim, Acta, 40 {3),
313 (1978),

(18] C. J. Allagre, J. F. Minster, Earith ond Planstary Sciencs
Letters, 38 (13, 1 (1978), -

(17} J. V. Walther, H. C. Helgeson, Amer, } Sci., 271 (10),
1316 (1817),
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FHET LR

w | ma e )] Br | pay pead) wE | BER Fadd)
AcHt 3 1.12 Ba*+ 9 1.47 8 1,143
Agt | 2 0.67 16 1.52 9 1.196
4 1.00 11 1,57 Ce*t |10 1,25
4(sqy | 1.62 12 1.61 12 1.4
5 1.09 | B | 3 0.16 | ce*t | 6 0.87
6 1.15 4 6.27 - 8 0.97
7 1.22 § 0.45 10 1.07
8 1.28 Bt 6 0.96 12 1.14
Ag't 45q) | 0.79 5 1.03 cft b 0,93
6 0.94 8 117 || ce+ | 6 | esn;
Aptt | 4(8q) | 0.67 Bi*t .| 6 0.76 . 8 0.92
3 0.75 || Bk* .| 6 .96 || ¢l 5 1.1
Al | 4 0.29 | BR | 6 0.83 [ clYv | s¢py)| 0.12
| s 0.48 3 0,93 [ crv 1 4 0.08
6 0.535 | Beo 6 1.96 6 0.27
Am*t-| 7 1.:1 Br*+ 4(Sq) | 0.59 Cm* | 6 0.97
8 26 4 et | oscpgy| 0.3t || cmt | 6 0.85
9 1.31 B+ | 4 0.25 8 .93
At | 6 0.975 | Br¢ | 6 0,39 | Co* | 4{IIS)| 0.58
8 1.09 1 c* 3 —0.08 5 0.67
Am* | 6 0.85 4 ¢.15 6(LS) | 0.65
8 8.95 3 0.16 g1is) | 0,745
as*t | 6 0.58 | ca#+ | 6 1.00 8 0.9
As ] 4 0.335 7 1.06 || co® | &Lsy | 0.345
6 0.46 8 1.12 KHS) | 0.61
A | 6 0.62 9 1.18 | Cot+ | 4 0.40
Aun* 6 1.37 10 1.23 &13S) | 0.53
Awt | agsqy| o.88 11 1.3 | ot | ewsy | 0.73
6 0.85 | cdv | 4 0.78 6HS) | 0,80
a+ | 6 0.57 5 0.87 | ce+ | & 0.615
B 3 .01 [ 0.95 Crt 4 0.41
4q 0.11 7 1.03 [ .53
4 0.27 8 1.10 Cet 4 0,345
Bat*t | 6 1.35 12 1.31 6 0.49
7 1.38 Ce*t 6 1.01 H 0.57
8 1.42 7 1.7 ot 4 bon.s
+ 353 -

http://www. chemdown. cn



(B

BE | RAE ped) T | Ris pEed) mF | e Eedd)
] .44 | F~ 2 1.285 || Mg 2 0.569
Cst 6 1.67 3 .30 4 0.96
] 1.74 4 .31 6 1.02
8 .78 6 1.33 8 1,14
10 1.81 | F™+ |6 0.08 Ho¥ | 6 0.901
11 1.85 || Fe*t | 4(HS) 0.63 3 1.015
12 1.58 4(3q,H5)| 0.64 9 1.072
Cut 2 0.46 6(LS) 0.61 10 1.12
4 0.60 6(HS) 0.780 | 1- 6 2.20
6 0.77 8(HS) 0.92 r+ 3(Py) | 0.44
Cu’+ 4 0.57 || Fe*t | 4(HS) 0.49 6 0.95
Asq)| 0.57 5 0.58 '+ 3 0.42
5 0.65 6(LS) 0.55 & 0.53
6 0.73 E(HS) 0.645 | 1n*+ 4 0.62
cu’t 6.5y | 0.54 8(Hs) 0.78 6 0,800
pt | 2 |00 [Fet |6 0.585 8 0.92
Dy** | 6 1.07 || Bett | 4 0.25 I € 0.68
7 1.13 || Frt | 6 1.80 Ir*+ 6 0.625
8 1.19 | Ga* | 4 0.47 I+ ] 0.57
Dyt [ 0.912 5 0.55 K+ 4 1.37
7 0.97 6 0.620 ] 1.38
8 1.027 | Gd*#* | 6 0.938 7 1.46
9 1.083 7 1,00 9 1.51
Ert 6 0.390 8 1.653 8 1.55
7 0.945 9 1.107 10 1.59
8 1.004 | Ge*+ | 6 0.73 12 1.54
9 1.062 || Ge*t | 4 0,394 La’+ 6 1.032
Eutt | 6 1.17 6 0.530 7 1.10
7 .2 | By |1 ~0.38 8 1.160
8 1,25 2 —0.18 9 1.216
9 1.3) F Hf+ | 4 0.58 10 1,27
10 1.35 6 0.71 12 1.36
Eu | 6 0.947 ¥ 0.76 Lit+ 4 0.590
7 1.01 8 0.83 6 0,76
] 1.066 | Hgt | 3 0.97 Lit 8 0.92
9 L.az2o 6 1.19 Lu*® 6 0.861
s 354
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(530

wF | mnw eacd)] me [Rey pedd)] wF | & Eecd)
8 0,977 7 1.12 8 | 1.42
9 1.032 8 1.18 ot~ | 2 1.32
Mg | 4 0.57 9 1.24 3 1.34
5 0.66 12 1.39 .| 1.35
b 0.720 MNb* & 0.72 L 1.37
8 0.89 Nb** | 6 0.68 Ot 6 0.630
Mn* | 4(HS) | 0.66 8 0.7% Os*f 6 0.573
S(HS) | 0.75 Nb*+ | 4 0.43 ot | 5 0.49
6(18) | 0.67 6 0.64 6 0.545
6(HS) | 0,830 7 0.69 Ost 6 0.525
7(HS) | 0.90 8 0.74 ot | 4 0.39
8 .96 Nd=* | 8 1.29 P+ ] 0,44
Mn3+ | 5 0.58 9 1.33 it 4 .17
6(Lsy | 0.58 Nd#* | & 0.933 5 0,29
6(HS) | 0.645 2 1.109 6 0,38
Mntt |4 0.39 9 1.163 || Pat 6 1.04
6 0.530 12 1.27 Patt 6 0.90
Mn?t | 4 0.33 Ni*# 4 0.55 8 1.0l
Mot | 4 0.255 4(8q) | 0.49 Pat 6 0.78
Mn™ | 4 0.25 5 0.63 8 0.91
6 0.46 6 0.650 9 0,95
Mo | 6 0.6 § Ni* | 6(1S).| 0.356 | Po* | 4py)| o.98
Mo*t | 6 0.650 6(HS)| 0.60 ] 1.19
Mo™* | 4 0.46 Nit+ 6(LS) | 0.48 7 1.23
6 0.61 No*t | 6 1.1 8 1.29
Mo+ | ¢ 0.41 Np | 6 1.10 9 1.35
5 0.50 Np** | 6 1.01 10 1.40
6 0.59 Np*+ | -6 0.87 11 1.45
i 0.73 8 0.98 12 1.49
N> |4 1.46 Np*™* | 6 0.75 Pb* | 4 0,65
N+ |6 0.16 Np'+ | 6 0.72 5 | 0.73
N+ |3 —0,104 | Np™* | 6 0.71 6 0.773
6 0.13 o 2 1.35 2 0,94
Na* | 4 0.99 3 1.36 pd+ H] 0,59
5 1.00 4 1.38 rd 4{Sq)| 0.64
é .02 6 1.40 [ 0.36
v 355
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T

nT | Eak e BF | Eps Esi)) | mpes e &>
Pd3+ [ 0.76 6 0.53 7 0,75
P4+ I 0.615 [ R+ 6 .65 8 0,81
Pm*t | 4 n.97 Rh*+ 6 0,50 Sc2+ 6 1.18
8 1.093 || Rh#+ 6 0.35 t 7 1.21
9 1.144 | Ry’ 6 0.6 8 1.26
Patt 6 0.94 Ru*t 6 0.610 9 1.31
8 1.08 Ru*t 6 0.565 10 1.36
Pa%+ 6 0.67 Ru'+ 4 0.38 12 1.44
Pri+ 6 0.99 Ru* 4 0,3¢ Ta't 5 0.72
8 1.126 | 8§ 6 1.84 Tatt 6 0.68
9 1.179 | 5% 6 0.37 Ta' & 0.64
Pr+ 6 0.85 sod 4 0,12 7 0.69
[ 0.96 6 0.2 3 0.74
P 4{5D} 0,60 Sh+ 4(Py) | 0.76 Th 6 0,923
é 0.80 5 0.80 7 0.98
Prit 6 0,625 6 0,75 g 1,040
Pt [ 0.57 Shot 6 0.60 9 1.095
Pu+ § L.pg Sei 6 0.745 | Tbh*+ 6 0.76
N 0.86 8 0,870 s | o.s8
8 0.96 Se> [ 1.98 Tt 6 0.645
Pyt 6 0.74 Sett | 6 0.50 Tt 6 0.60
Pus+ 6 0.71 Se 4 0.28 Te™+ 4 0.37
Ra*t 8 1.48 6 6.42 _ 6 0.56
12 1.70 Sit+ 4 0.26 Te*~ 6 2.21
Bb+ 6 1.52 6 0.400 || Te*t 3 0.52
7 1.36 Sm*t 7 1,22 4 0.66
8 1.61 8 1.27 6 4,97
9 1.63 9 1.32 TeSt 4 0.43
] 1.66 sm* | 6 0.93% 6 0.56
11 1.49 7 .02 Th*t [ n,94
12 1.72 8 1.079 8 1.95
14 1.53 9 1.132 g 1.09
Re¥ 6 0.63 12 1.24 10 1.18
Re'+ 6 0.58 Sntf 4 0.55 1 1.18
Re*+ & 0.55 5 0.62 12 1.21
Re™t 4 0.38 3 0. 620 it fi 0,86
« 356
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(#:%)

ay | max kel 57 |mampercdy w7 Rakeecd)
T 6 0.670 | wse 6 b.76 Vi ¢ 0.900
Tt 4 0042 7 1,84 7 0.96
5 .51 U 2 .15 5 1.619
[ 0.6035 4 1,597 i 1.075
5 .74 b 0.73 vhEE | g 1.2
T+ 6 1.50 7 0.581 7 1.08
8 1.59 8 .86 g 1 1.14
12 170 [ v 6 0.79 || vbo+ § 0.868.
TiH 4 0.75 Vi 6 9.640 7| 0.9z
% 0,885 vt 3 n,53 3 L ORS
] 0.98 & n.ss - 1,042
Tin?t 5 1.03 8 .72 Zn™ ¥ L6
7 1.09 |- v+ 4 4,355 ) .68
Tt fi . 880 3 0,46 [ 740
8 0,994 9 0.54 g NI
9 1.052 || we 6 0.66 Zrt+ 4 9,59
Ut 6 1.025 || we 6 0.62 5 0.66
U 6 0,89 wot 4 0,42 3 8,72
7 0,95 5 0.51 vl .78
8 1.00 & 9.6¢ 8 0.84
9 1,03 e+ 4 0.4¢ 9 0.39
12 1,17 6 0,45
1) XZMEIIE: B D. Shanoon, Aosa Cryst, 432, 751 (1976).
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YR 3l

&
XEH €aCo, 132

HHA NaAlSpO. -H,O 309
HEA Nai[al510,Cl 62
HEE PbS 309,340
FERAT CuoFeS; 43
Hwa CGaCo, 62

FEH Cu(SOJ(0R], s13
Ky HCoO; 170
KEET  Zn,(AsO)(OH) 3
KeEERA ALSIO R0 308
KgHm Mg(OH), 250
AR OCuy(COJ(OR]), 333

A &

CaMg[CO,l, 277
KAL[AIS;0,,000H), 261
CaWO, 157

By PbCO, 113

BEA RKAISiO, 205

B#Hsy 3Ca0.-P0; &2

ey £nS 43

FhE KLASL,0,] 250

Ox 560 43

Ak Nall 108

A% CaS0,«2H,O 313

ARG Ca(AL Fe,Cr).f5i0,), 270
AR C 46

HWEA Mg(5:0: @

A ALLSLO:),(OH] 28

B&A
Bl
HEY

A H
&J’HE Cﬂcos 25]

» §6B »
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¢ REEE MgALO, 50

KA MgClL KCl.sH,O 133

MEA Cu(Mg, Fe)(5,0,]),
-[OH];, 23

TR NaySO,«10H,Q 108

RHRT £Zn,5i,0;{0OH),»H,0 313

BiA (Na,Ca)eZr5i,0,(0,0H,

Cl 129

e Alzoa 62

£REWA AL(SLO,I(CH),

~4FB;0 308

qiEm  ALSIO; 208

BT NiSb e

.! @y Nids 270

t B

i Fe, 302

A% Ca(Mg,Fe)5i,0,):
((OH), 282

Ry AgCl 133

$HET HIeD, 312

TS NS 270

AN -

| BE  NayALSLOL)-2H0 129

#a  CazAl(Fe, M) BO,[S51,0,,)
(OH) 212

BILES CuSi0.gHO 312

#HATH MnpO, 3%

BEWR  (Ca,Mg,Fe),(8i,0,] 43

#AUREL  K(AL Mg, Fe),[ (Al
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Si)‘OluJEOH)g‘”H’O 307

ETRH EMg[A15i,05)
-{CH,F3, 307

&REH C 43

#4488 TiO, 270

AVEIEER Fe(Fe,V,Ti)0, 270

AT Pb(VO,JCl 189

A B

BEE FeCl, 43
B#BA aS 49
Bt FeS 18
REE & FeCr S, 40
m#EE CALSLO0,4H,0 308
HEF (Ce,La-)PO, 128
WRET  (Ce,La){CO)F 128
B> FeAsS 147 '
iy CGaTio; 76
SEHE Ce,Fe,(Si0)), 82
$BRAE  CalAlLS5i,0,) 49
HiAF- CaCn,(SO,1,(OH),
3HO 113
FERKA CaALSIO; 49
BHEER Ca,ALLSI0,), 208
ERERT CaMgSi0, 205
MR Na,ALSHO,CT 138
#WkE NalAlS;0.] so0,157
WEE NazZr5i, 0.2 H,0 282
BT FeTiO, g
ik BaTiSi0, 212
|Ey (PLPD 268
EMAR BaSO, g3

+ &
BT AL(SLOJ(OH), 282

http://www.

BNA G%MgsESLOuJ:
-(OH); 28,251
EEFR CaMg5i0, 43,251
BERE (Li,Na)(A15i,0,) 128
B/BEF KAL[AI5;0,,)
-[OH,F), 158
Jid oo AL[51,00,3(0H)Y; 308
BRET  AzSbS, 148
HBHMEY PbAs,S, 147
MRS ZnCalAsOJ(OH) 213
PAY- PtAs, 130
WY CoAs; 139 .
BEHSRT PhFe(As0,)(50,)
‘(OH), 312
TP Nids 148
WRAY CuAsS, g
R (CeY,Pr.),S55,0
O 128
BHE o-(Fe,Ni) s
BEIT PtFe 288
HEMA  FeSi0, 208
FEAE Kralsi0,] 128
#HBA KASIO, 205
HAHF PLIMO,) 11
HEN  (Fe,Mn)Ta,0, 159
EET  (Fe,Mn)NB,O, 150
SmE PbSi0. 208
W E M50 18
RE#¥E FeAsO,H,0 312

+ B

BEA (Mg, Fe) ALALSIOnN) |
-(OH), 44,158
BHUA Ca,(Al,Fe);(8i,0,)
-(OH) 1718
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BER BeALIS0] 183

BFEKBA  (Fe, Al),[5i,0,,)(0HI;
+H,Q0 305

s FeCO, 62

gty ZnC0, 213

%7 CaF 62

#HE ALSIOF, 183

#kE  (Ca,Na), (Mg, A
-(51, Ay, 0 76

Ry~ FeS5, 48

HEHEW KFe(S0,),{0H), 310

W@Y CuFed; 48

BEE CaSio, 208

BEWHA BeSi0, 1206

By Zn,S8i0, 208

e A ALSIO, 208,328

bR Na,T1S5L0, 2712

WiLE PbSe 149

Wy AzSe 149

WEY CuSe 15t

My (Ir,08) - 289

By Felr0, 44

$EEbE PBCrO, 189

e CuS 318

it i Ca,AlLSIO; 208

BarH  MgdlSHOnI(OH), 28

Ky (Pt,Fe) 269

#HBAR (Mg, Fe)(S5i0ulk

-[OH), 28

HEEL (Mg, Fe)5i0, 269

#RiER MgSi0, 205

FlEn FeSiOr 208

pEEEE CaSio, 20

+
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/A I\'IEA[SiaolojEOH]z 28
BHE CaAlLSL,0,(0H), 309
BEAL CuFeS, 3tz

FWKE Cas(POIC1 50
FRWAE NeFeFe,(5,0]

-[0,0H); 184
WRSY HgShS, 132
WHEY PS5, 280

MEEE T1AsS; 148

WWET Cu,AsS, 146

WEY CrS, 48

HEBY CuBiS, 132

WHRET AgBS, My

BEHT  CuFeCriSy 48

wEEy CuSbLS, 132

WHET  AgSbS, 132

W& (Ma,Fe)S a7

EE NaAl3i;0,] 43

BEY wMnO.-MnO,.»IL0 132

WMER ELi.pAllA15504,])

-[F,OH); 128

AEE LiAICSL0.) 128

#MME LIAIPOJF 128

#A Zr5i0, 120

#45 (Cs,Ir) 240

By NiShS 48

EH (Mg, Fe)y((31, Al), 0] OH),
4 H,0 307

A (Ca,Mg,Fe),(5i0,) 30

By MOS, 133

By Bid, 149

ERgT CoAsS 212,301

ERay NiAsS 1

BRY AsS 116

$EF CuS 216
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B SheyS, 139

EEgy PbShS, 132

Essy (Ni,Fe)3; 270

ENHHERE (Mg, Fe)(8,0:) 18

2 K(Mg,Fe),{ A15{,0;)
[OELF}], 307

mEy (Mo, FeYWO, 169
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