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#ApHME (BER HMEREE ) REHUBENTAT =R BB IRz —.
Bt i 5 B g K pHAE B S A AT B T AR i K ST SR AR IE R LR 9™ B 4% 48
BB IRAERF R, R E . 9L EASSE. B FFURBNRTS$HRE
FHE R EEAH —ERHR IR

FEEART CZRE T ARBERFHFREERENRDEE » H L, #HT
REREBERZ KNS AT R0 288 R KR & CO. K MT KA 88 X AL B 4 1,
s RPRER R TREEEEREERE B A B LR, HERMApHE B H
Z14E1.25—6,02[q]C 13,

FXEESREREKoHEMBEHE R, R, REBKERMN EE. B
PR K H TE R A% 2 R A TTBUR B B 5 DL R R i AR K p HA B AL B0 R 8 1) R 5,

—. XTFREHEKKpH{E

AREMBEEN AR FRET 38124, RIVBEKBERNN HTERL—%, X
AEEAVZAET R KB HARX WS &S ERXBERN, I EHEE LRSI ERAE
fIKBARNHM, FREKXoHERS D! XBRTRILKERAR. BRA LUK &1
WRwERE, KUSEEEQREAER, CO,, HCl, HF, H,S, SO,, SO,. H,,
Szs Cl,. N2y BCOH) 5, NHs, CH. %, R ASBNEAYHRE LY., BHHILY
PR Ar, HeSdS 4k, HrpkERA H0—0%, HKRECO,K, MWEMBIREK
FHARE, KERERKE, HMUAGTURBAFITEAR: BESKMNZE R #
##r. #|B.A.Cosoaon (1971 ) MAKIWBAEB . X WK ALMMRABNEAREH T
BERHEANKAKHKEARPH,S+S0,4H1.52%, HCL+HFX0.74%012), 3 #K
AR EKLSERBIOYHE, AHM, NHCI+ HFHISBEROBEKBRE fHpH
=0.34, ¥BGiggenbachZ A (1976 ) XfErtaAlek WK TP BREB H L, R
BRLRAGEMBA, RPIT 5 R K LB SIBE N8 SEREARBHERNSEE
5%, BpH.0580%, CO,—10%, SO,—7 %,H,—1—2%, HC1—0.5%, CO—0.5%
(Mole% ) €93, Mk IWSER B KHERMERMBREERE pH=0.46, FHLHaR L
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FUHETHEOIFERS (F1) . HEIREROREENHSRIBRAETHR
AR RS HNRERSS, BREMNEAFHKRE, XMRERENETED
KBRS A RRDME RO ER G AERTLUEL, BRIHEEHANTRRR
MARK WS EHARBHET. A B EEERSX (1962) BTXBE h LA
T, IHZERGRASOIZE R, WM ERBERR SHBEMWE L 8
Ba2ZL, MAkL7.5%, N.5%, CH2.5%, Cl57.5%, SE5.107°%, Arf
0.1%%C28), XVl REK ARSI HR I 5 o SE R AU B S BALR B R R B R
A, BT DAIE s T R 0 TR 9 L B SR RO (LR B S R L S A B L
R ERRR, HREHREEHRRE KN HE, REXRDFRE, ClLERRZKESR

BT ILPEFREMH MEERHCl, KRN T

Cl, + 1, PETRE )1

BEREEBETRHE R, B, BEESFHKCLIEMBIEER K kR E R M
BHCI,

Cl, + H,OEXEER 11y L C1"+HCIO (KER ) -

2HCIO ( k&m ) 2257 21" +2C17 + 0,4,
HZEHE R UECIEPRAKRIC], RERERELFRLMATELEKPHCINE
BAlph, HIFBELRLE 2, ANEPTLUEHIEREK HER/NT0.3, HBBHEK,

21 FTREFIRNOMREINELARE CRN102°%)
Table 1 Excessed volatiles in hypergene
zone given by some authors( x102%") C10]

Goldschmidt Rubey Nicholls Horn

HMERY (1933) (1951) (1965) (1966)
H,0 | 13500 16600 16300 16700
C+CO., ] 362 910 2490 1110
S , 13 J 22 24 31
N ‘ 39 ’ 42 44 ’ 39
Cl ‘ 263 ’ 300 335 ’ 560
H 7 10

B,Br,Ar,F& ‘ I 4 }]3 ’ }16

=. RILHEERESKHELA

AREKpHERS. 2+, HBPHA, BAQFREEE Ko HEN B BEAHEH
BRI REBREA K XLHEIER. A6 AR X B R, Kb
BE R BT K B KA B AR AR PR KB, HRETBRNT:
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R2 RETEEHS HEM RS MR RH S RT N RE %K pHE
Table 2 Calculated pH of primary seawater
according to the excessed volatiles

in hypergene zone given by some authors

# # & =
A~ A &
Goldschimdt Rubey Nicholls Horn
HHAFHCI& R | 0.5566Mole/l 0.5164Mole/1 0.5872Mole/1 0.9581Mole/1

A &KkpH 0.25 0.287 0.23 0.02

CaCO: (@A) +H,0=Ci*+ HCO3+OH™;
CaMg(CO;3) (B ER)+2H,0=Ci*+Mg*? + 2HCO; + 20H";
2CalAl1,Si,0,)(%¥KA) +6H,0

= EA14Si401 o](OH)s(%ME) + 2C;2 + OH‘!

TNalA1Sis O J(HKA) +26H,0
= 3Nao.33A12.335i3.5701 n(OH)z(%ME)

+10H,SiOL(REER) + 6Nz + 60H™;

2KA1351301 o(OH)z(EE\"&) + ZOHzO
=3A1,0;*3H,0(=xKE8A)+2K* +6H,Si0,(F:E) + 20H™;

L LARMENER EERBRIMERE, BRE, BRES, ENBTUE
B 1 B A B B FRUR BRI BB F AR, B e KBBEFEHON, BHE
pHE EFb. X8, KBRS EREEKoHET M, 8 A7 K RGHE 1R X
WkpHIE BT, R, XRAKRT —XFE, ERX—XNTEEHEFRKKpHER
Fegfk, i BB BRSER B, EKEpHENR, BB XURSIERES,
FRTRE, NAMBER X060, HKoHEEMYE, MELTHEDHIRE, &
KpHE—EE LT, ZR—-ADFTBRFEAELREF R ESCE R B3 5K PR 88
AT Z—R,

=, KT IRERE ok 1 o FO 6 2 FE 5 7R

AT HW R KB P M EE, BEBT ZR A RALME b AR P A BB
BIXE, BERXRERALEZLITH—EFRANBETH (B 1) EHPATWKER K
REAGHRAREURZ R AR ROREBEHE LB, RAKBEFEARTRES



4 A 3%

B3005, ek 2.5—10mm, WS L, THES: LEWAERMEIRBERAK
Bah, i ‘TAKRBER” 5 TEROEHR—HBRERBS, A WBT RKREBHE.
HERABAMENERE - BEZXRAR, BRPKRRERGERNKERBFMESRIE
B, BERIRERTA, —HHLREAXERBE S, FED/\/DI2000—24000FFH, X
BHAURA RN —ENERR, WBEEHR30—40T,
WAL 8 208 4y B PATHEAT, BRWIA
00T MELMBE K, HPz—pH=0.35, F—4
H2.00, MMFApHES B A2.5013.0, Tk
kB RESH HRRAKFAKpHE (5.7) 1%, XEENBEM
HERE, —BLHCIHTREE L EEZN &
o TRANMKBEZRESHITT2MNER, 5
AR R IBAR &R T 400K, &5 EpH = 0. 3509 B
pHF0.44; FEkpH=2.008958 & MpH L FF
}ﬂ(ﬂiﬂ*ﬁ%ﬂﬁ:‘ #4.05, RER.M.GarrelsBIBF5E, BBIKEE Kk
B B400004EE HT—IK, BP400004E 7] /K Wi &
ST REKEBERA0, ZEMHEIE W 18 3F 7400
}mmiﬁ% w, WY TI600T7EM R RRXF BT,
pH=0. 38Rz KEFRMBI P, RAEZEIL
ZAERG B, MEEXMRFHDMIEZ 2 MR
%, BREBKEPHBFRELUEILTTER
B RARBROAXBRE LT I7EL A KA E

F'ig. 1 .Experimt.ant device f?r XPEBTTRE LS TIREESY, ENC1 )R
simulating leaching weathering EEEE, LEAMEEEN, KRR
Bimbes (2)KBBWESBOGLEKBEHRREYK;
(3 BEKEIRKEL, ZAHARE, BREEEE; (4OIPRFEHBRBERAK
FWMCO KT KB KB RA CRICHEMTTIE ) , KA R KK 8 8 BB ik
A MR B AR L IS B R TR R B K MK BB R L s (5 )RR RABN
BIBREBEBRRY, MTHRRRERA, IR KN —BRSRERN R

FTRETHRB/MES, '

HEMNB—FERE, BREHXUERPRLEFETRE, ER2¥ RS MG
KRR SR, EEEHABHARR AT EE K R/LRENH 4 68 % R
B, MBRIMETBROZREMERAPH = 0.4 A BB S, 2583, tNABpH
k104,

B, klifk B B R T R R R W K A R R, K IR R R BE K e S
KRBT EZEILE SN HIE X 4761, 25—2. 2022 /], XPERT KL B4 1, 5 5]
BXILERFETRANNBRAESERFe . AV S SBRNEK WH., XHEHE
BRo HEREWREER, EAELMHEHENRMER. B R PFe  HERMB
HRENAPERMTRERFHFREERENIET U KRKHEE Ko HE 7 B

process
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A B B%. KeREXpHENEAERIMBRT ERKXR 5

BL, fE¥KEEAERRENRE L, WEHEFe ' BARBEAMITIESLL 77, #KpH
ERAVREF BN, LK PFe i FHEHETE ZX K pHEMERAE B BE, X
LA TALYS, AL DIANOH) *BRMVilE, MHENAARMOH MM ERKERE
BMEMB L, BRTFe™?, Al* 24, FRARBARTIIE, RRIATIR., Wik DG
UE. BERMRZRAYUTEE. REERIRALN; 15" W80 ULOE DL R 34k B R 2k A U #R S R 7R BE MU HE I
WK pHAE LT BN, RRE AWM TTRA & AW pHERBERET . X, X kR
) BRI P WK KU IR R MR R TR B R RN, TRASHE
BEFHARMERNREREER. BTREBBpHERREE, X 1 KigEHd
MERFBERKMHE, BXpHERFHEXESAE FUAKLHE X 5HBR
HEUEANBERP—F PR ZPEIRMES LI, Bk—ERBRUZBRIHE,

=, WEEPAIMEKPTRREAF SRS, BRPREETHREUENEEBR
FPrE. B b s n ARA R R T 2 AR B R i el SR B 4 At I 25 s R A gk p HAEL P fIRHY
RBE. WFe* &G LK Fe*?, FHEEOH EEE B (Fe(OH)I*?, (Fe(OH),.J*,
(Fe(OH):J %A%, MMMMEE KA pHE, H,SHILE ERMMRSOI™?, HH
ABHH", REEBEKPRERHCIAEEESE.

ST +4H,0===S50;%+8H"* +8c"

9C1, + 2H,0 2% 4H* +4CL™+ 0, 4

B O o s LA AR R AR P Kk B RS R, REARBHENESTERALERE
A4k, FERAERABH K ERBERE,

S0, 7EES MK B S ARy L R v B i A W RE B B A0 ok e R BT U, ¥k pH{A
BEXTH®, BABPEFORXEHRESIESE, RAKBEREBK HEA SRR KT
ERREEEANAADHRMEALTE, IRAKREET HKpHE LANHRE, L
ik, 7E#b S B A e B R TR A A W, 5 H K B p HAE A Lk 38 4R B 1Y B
HEEE R, EAMRERXLBRS/ERBBEN—1 RS, TAIUBRS/ERKBER
REEAIEXX, CROZROBYFBAMSFATY, RTS8 ARERN—
AMEH, NEIABEXEE, KIWBRSEABENESAREENA ZERHTE, ¥ ApHH
B3 AR T2 0 S T BE AR AR M ER P 3 4 B AL B B v b A B e R AR B B, RIRSS
JE g K pH Bt S M BR P 57 40 5% 38 AR B B i — AN BB,

XB, KEREFBEREZRABVERNEN, WAKpHERBRKNEE & A8,
pPHEABEMK, HEMNER, AAZHEBHAREERREZRENER, H £ F2RK.
AREREARSERDPEE LNYBERELBKpHEMT . it X, BRE
EABEPANIREEISESH)ILTHEEEZERNNE., XRAIEKPEERBHET
WE, BTAESNAEESRAEREABIRE KAET BRI EH.

W, KRERREKEERNBEERFIE
MXBRRBKILSAEREARYBRE, KoHEH%0.3, TAKERAWERR
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BEL K SEEAKRKERUEERX WS EE R ZEMRSEMBRER K, WA
pHEM K WSS RMBERX, BEBT XRMETR. HpH=0.41HKIEBKBER
AEKFHREL0fE, WBpH=0.61; BHE100f%pH=1.95; #HFE1000f%pH=2.88; HE
10000/ pH = 3.80, KB X WS EXNF Ko HEMBWRA, X W EHRAR—EE
T L R T W K By XL A o 3 4

HZ, iR B PRy, B K AR R TG B TR BRAR R P I SRR AT, 3R RR K B
HBpH = 0.350, RATBHAK RIS BKpHIE 2,51 Yk BMpH = 1. 058, KKK
R BEKET pH = 3. 200 2 ) o XRE b ¥k R RS HCLS F 0 — B K RE K.

KERSE
%K pH X
%
al P
&xx/
3 -
T
X
2| //x
1F
0 ! 1 1 1 1
0 1 2 3 4
HMUKER pHH

B2 ERWKEETICARRR S RKpHILERX R
Fig.2 Relationship between pH of water condensed
from vapour and that of HCl-bearing

solutions

=, YA mRin, SRESAENCO. R, H.SEEF ERBRTHAPH
FERBEASKH. XMARBW UK B ILPRFHE, EHRRIB.5%XHCO,K
RN K P, WARPHCO. IR SBRMNL.E%. FEKILER Y FAKpHIE
ERZARPFERUES G EERER. BEWSHE, 26{ZERKFCO KN EM
BRE, AFTI0-50TKRE (HEFERFRE) . S PEYRAKoHENTS.5,
RE, TE26{ZELIATMKpHER R A3.5%4, K WW/ER BRI HRAMpHIEHE K, 726
24 DU BB X IR SAERRBHEMCO, KB ABRRANBREE D RFaEYE Sk
REEEK, RRPCOREEABRFHET K, SHMMKTApHEA ZBH# £, —~HF
AERRPCO RS EHERATH 2=, SR PHEAIWAKpHE LFAH5.7,

—B LR, KPR K WLBR AR 318 B R B R R K B AL S 4, Wik pH
ERTRIRT 2 K WMERFRBE, e I3RS, MR RS i R 4l
BfTHEY, MAMKRIER BEHEANBRIESRE—CO, AWK RARBEET,
KR pHEREZ A, ¥R ALRE LEE B,

BREFRAARMER: X—2ORENFe "SRR THEL KRB BAR
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44 B 8% KEREKXpHENFARLRE ERHXE 7

HERAEREBRE, Z—HFEXUBRSIERTZRBEHEER # < . CO, CH,,
NH:., H,S%, XEAHKHEAEAREEASHEKPHFEEE, BT RE AR
RUBRFEHEANEN. ZREXMHEREANEDEZBROOERE, EBREMSEER
KE RALMIEARHET, Fe*?, Mn*?, Al*®, SiO, %ML ITRXBAEANR LW H AR
WHHMTET. RIFHBRERRRESMAKEHAT EROFHBRERI — 41 MR K
(A3 ), XK BESETRENBRITRY KRB EAN.

. TamEs | nEBES 5 —
| 104~ 103 103~ 1021 102~10{ 10~1 1~0.1 <0.1
: e
2K | ! e B
1 | Ca_ Na
| 1 Mg .
'. M"‘K— | Fe J—m
: —] ]
CO:Fik I Ca—y Na
: BT —
Fetm I i
HHCI5M P Mo )
COy Sk ! K — !
) Caee——] . " Na 1
L | s ; |

B3 ZREETEMKSHETRTITIRGHEAR
Fig.3 Comparison of translation intensity of
elements in weathering-leaching basalts

under different rainfall conditions

B, RTFRHREKLFILER E

RTFRERBAPHRA-EREEHEERFHRBRION - 8, AXARE
FEBBH— KA.

RBHRDEHE, BT EKBRPECRFET T B RN 5 E /A Po>
10722 TRAE, REMLATARAAAKERSRENL10°° 52053, RBA £ FHEAHN
RE, XKERFEEYHREERIEE, BFEEEKNEBRI, b5 250t mAk
ARBRARBAZE AR ITEX—FIBR R, —RAHEERRCMEREM 4 x
1011 50/46023, REMKSBEFERN 5 x 10238, A — KR KUE, RATT AT HH —

R LR SRR R, 4210 0t g%, wmus 0

2 X100V KRRk, EEL107°2 TR ER! XM BB, R—XK gikey 6= p A i i
BERTUUMEFe * A {LEFe*?,

WK BRI B B P S AR SR R, PR BL7E R A Mg Y A6 1 TRl s
RREAHOEFHREAMTAREL, KW MTBERSHITH. Bl R85 K
PRSP RE RPN E, ATREREESAUEREENEEHRIFHRR
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REEAT, MAAERESKHEBETNTH, RE-RAXREREERNEEER
RUSRIEFe *FAE A REMBHRBMYRRE. SRBLEYE & A0 SRN
KRB, HMER—ERROWFHEREYT M AREON T2 —, ETHA,
X UfER MK, KKPRRGEHEARS, BFATHRAK L.

. BKNRERT (FRAREKpHENER

HEEZ2%KT, WREMTFEERKSRAKEEEESBSKY, Na*, Ca’?, Mg*?,
Fe*?, Mn**, Al*%, SiO. B RELRXBEANESHHMBAFHNTET . SNAE
CHETERZS, HEEMNENBKZEBREBHRE, RMaEBRREURARN LS
JREIAT, XERBKoHER BB, XA WRLHKELRE RS
MBI BCOBIRH, S KpHE/MT1.25 (ERBREX—RR T 88 8 &) /Y,
Fe"! FEECEHEEATE, REBBPFe  HRERE (20—30%/F ), BMIML
BRARKBERLE, NEMBRHORZET, Fe *BRFEHAL. BApHEMO. ¥ PR
125 RT R ge e — W AkRE etk X REAIER QIR RR KR R PR RE
K, MEEXRETHSBRIME, BRIERAKRAMHEE DL R R RS
Bt A I EREREE AR A TR, HUEGSIO. FREBY UL (HEDSHA
BRITEER), RREBRL, ERE1%EL, ERERKTERSHE, . 4.
5., BERHMMKES )., HUEHKpHEMNSEPRBIL.2UMHESLZH TILTFH
R FZAER AL BRI, BB RBEARRE R,

FEE Ko HEMFA R, Fe MAARBEREM K, LG KpHEFF1.2500 LA,
PEEE RSB MRS, WREFe  HABMERL, £RE. BAM AL RE
REREAECL), HARMpHEME7E1.25806.02 @, pH> 6 B Fe* * IR BARTE 4 5] 0
VLM EAESERGRERIRITET .

L¥s K pHABRM TR E 3.5—4.50, A" ¥ AICOH) s IR R IR,
SEBERERUBERNENBRA ., 48A. EFERAERAZRNOT Y, 732124
HMEATEHME LI EAEHNREMLERE. IERRSOER. PAE. E5FAF. &
MARNERFEURFHTREBEEZEPEEHANSEEZMUR TR 28 K pH H ¥
BAXNTHBREIR Y. RV « ZRE o X ALHE 4 R AR SR g E R Bl
By, ZRAERAHBEBREDH=3.6—4. 15 BEN RN Y HALO K& EX
47.16% (3 ), AERXR—FEEBFFEHHR.

HKpHIEN R AT KN EHEAERN BN, ERMEEK (pH< 4 ) fR
REAERKRIET W, GEERD . R . AZANFIRES. EEIXH, EEKY
RE B X WBRS/ER BN PRARRENIR, EERSKER (26{24FDI0T7 ) #
MAERNTIBREAS, 26{ZEMEKKPCO. KA EHBRE, H—S50MKEE. BWS
W, GRENERKRRET O HETRAAELSESL. BEXSHCO. AN HEME
HIFER, UIRBRRET BN HETRENA®, NAETERREF HH HEEFHH
EMERET,
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23 ZRETALHBRUKRERDH RIS (85

Table 3 Serial products precipitated in a solution
of simulating hypergene weathering-leaching
process of basalt

PH <1 <1.25- 1.61>  1.5—2.5>  2.42~> 3.42-> 3.6—4.15

335§ 34 RFRE & % % & £ W (BRBEAELYW| TFetAlx® | Al+Fel®
Ras 83--00 83—002 83—005 83—007 84—006 84—003 84~007
Si0z | 96.26 95.31 2.08 6.43 52.59 23—39 11.10
TiO; , / ] 0.18 0.14 0.85 0.47 0.14 0.03
Alea' 0.63 ] 0.50 1,91 2.75 2,08 24.49 47.16
Fe:0; 1.15 1,83 83,31 70.27 29,33 38,34 27.07
Ca0 0.07 0.26 0.13 0.24 0.03 0.20 0.28
MgO 0,06 0.25 0.13 0,34 0,34 0,23 0.35
K:0 0.01 0.05 0.01 / 0.08 0.03 0.04
Naz0 0.76 0.88 6.52 6.98 7.12 5.56 10.01
MnO 0.01 0.04 0.76 0.32 0.30 0.20 f 0.34
P.0s 0.11 0.14 0.10 9.71 5.46 3.58 0.07
man | 0.94 0.58 4.92 2.21 2.20 l 3.85 3.53
B | 100.00 100.02 100.01 f 100.01 100.00 ( 96.20 [ 99,98

KB REA.

Wik 2B R, EEREARKRIREYEARITE,. MPHERES, Rk

MR Ko HE T R AR L0405 5,

Rk Kk pHE pH ' B KK pH
2 4 5 6 7 8 9
(l) 11 21 3 L ! i 1 4 {
- 5J\5 _— S
Eﬂiﬂu:ﬁﬂﬁﬁlﬂ*ﬁﬁ 2. T y
~—
3.5 4. sROERZ R LY
e ——, — J
Al (OH)s o3 o R4 Btk
. i E ,
~—
4.0 (8P, HEP. HME A=AS S
1.95 5. sﬁﬂﬁ{t% (F&ED)
\__V : A ~— A
BERARE FEPRERERE PREERGEL

B4 BEIRABERPHEER

Fig.4 Precipitation pH-limits for some deposits
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LR R pHE ( TR ) #&igkpHE LABIRFHARE 4

b b, WKpHEX A HRIA RS /A HEEHER . B ERRIM S, &
AFEBSL. Wk, MM, TR, HME, B, REREDERWER LY, B
2 RARAWESE, BRFLENIE—T Kl QKo HE R K 3L 1,

£, XFARERBKpHERESN#HE

WIS R TR KpHEE M ME LA, HhAERIAKGRE AT, 21
B, SEBMETREEAR, £L4BFEHESDHEMOURSERRERAYSN, £
WA pHER AR B RS ALEERBHRS, ARXE &8 BELEE LA S
W, HATARHFEARENETHRSYE, B—BRKEREKoHE K M EEM
—BHBENRETKET HREARTEET —E2HEX. BERETHRITRANR
B R R RE TR, IR T SN RSE, ARERILER.

m&HREEREH AN AR R EE 7382407, fEihh B, ERR
AN, SH)E, —HELRT-18/24F, UEHREHATHR. FFETERER
BRI R A R25—19f24F (T JI. Oxetime I1.K.Cumc 19755 Clpud 1968),

ARAEAUZEMBRE WEME CUARRET /R FHHEE R 91 B /R B8 Bk & RE K
RENZRBEHNTR, SEHERTREGRNERURBERES) ERRTHEE
BR AR ERC, 61, HEF®ABEINERRERALZHFBZY, EHEZBEN
BREBHIR™Y.

mRtgEFEHRERTHERUEHEE D, 26{Z4EUMTIHNR RE 4 BB
/bee, 18, 21)[%%-%:};;{1977]0

ERMAHHFRLEER, BHISTHERBEMESO?, ST UMM E H BT
AR TLEF RS, BERAAERER, FPLREBIBRIRE, BRE
REZRRTEHRUECS,

WEBRPERE (GEARAMBRBIERNERRE)) REEATH, S TEE
TREFENERAR, ENES5KLEBEE, ERFTRERBENIKE, THRMH
WUEHRBERRRE, EURNERFRERZES HIAERBTNT i 000 A RHR
B (EFRERED ), BESBERFTAIARLLRX— B AR,

HEFL RN RUBE SRS K H R N RRUEpH—FERE X L, R
MIZEHRBR THYFHPREE (E5 ). PMZRIERE, XFHRARRRKE
RgKp HEF LR — R AR R D EY, RABAREZANNASMREELE LEMpH
B, EARBIAFAR Ko HERRE LK EETR e LA, MR, —BHER
TNk p S #8 £ 32 Kk 1LY & e [ A % My i 382 3
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%¥XKpH

pHs.5

20248 i
501 PH4.5
26 f/
4. 04 /
pH3.5 _ AR T B B W

504 J [ sirc | pH| mmism
1025 | 0.3 | FRuRERR
38 125 ARRKERE

CER A
mREE

32 >3.5

26 |>4.5| BEEGLH
S 20 [>5.5 33

30 25 20 (f29K)

W5 XHARBAKpHEERL
Fig.5 A general course of pH-evolution in

Archaean seawater

N &  i®

Lo R AR B Mg K DA SRR B 1 B R M SRR B SR B B, ¥R I B VR B2 K
pHER MR EH, K REMK KA TRRE., BADMRERRIET Wiy 4
B BENINERG REHUEH =, KiRKERE, WAY. REREEUREWH
REGME L5 BRI R A RBIEN KT R R BRER T ERN,

2 KRR KA R BRED DI S B3, 7ESRBR PR AR IR & F T i b MBS B A
BER LK PRARBEENER, X PARHENMETR. EIEEEK
ol IRRR A T A, WBRRFAFRAARGFRAOEBTES S RMARRS .
RETRAEEBNRPRANHE LR, TRIUEKIRENT Y3t Ea 5 mey, Bk
ETLH A BRMEER, WRETREFHHRRALFFH P RGEEK 8 pH
15,

3.AWR (BEFERSETER ) BRERANRAHKERA SRS, BKPRI T
FREFE, BKPHRTURBEENRE, LEFRES, PMEANERERNRHR
B, RSB K URBIRBRET K (BRRT, A4, BRT . B8ISWRE
M, MANBAERRBEREHERFHRPEE, HEDFEKpHER X 2—EBE
WUURR A EERER . TEHBRLEES, MABENNREIILER, TREXER
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pH-EVOLUTION OF ARCHAEAN SEAWATER AND
ITS RELATIONS TO ORE DEPOSITION

Chen Fu Zhu Xiaoging

(Institute of Geochemistry, Academia Sinica)

Abstract

Based on the simulating experiments on the formation mechanism of banded iron-
silica formation in the solution from weathering-leaching basalts, the authors have
come to the conclusion that Archaean seawater was an acid solution evolving from
strong acid to weak acid, in which a series of sedimentary rocks and ores bodies
were formed. For example, banded iron-silica formations found in the ancient shi-
elds of the world, according to the simulating experiments ( 1 ) ,had been formed at
the strong acid-acid stage of seawater in early geological history,

The authors pointed out that primary seawater was a strong acid solution formed
by condensation of volcanic gases, with pH of about 0.3. Volcanic degassing redu-
ced the pH value of the seawater and afterwardsin the stage of inactivity, pH would
be raised as hypergene weathering-leathing went on, Volcanic degassing is in contra-
diction with hypergene weathering-leathing and it is just the couple of contradictions
controlling the pH of the seawater and its evolution, When volcanic degassing was
intensive in early geologic history, the pH of seawater was quite acid, but later,
when the crust became more stable, and hypergene weathering-leaching gradually
occupied a dominant position, the pH of the seawater rose and at last became
alkaline,

The velocity, at which strong acid seawater was neutralized, was also disscused.
The authors pointed out that Archaean strong acid seawater was pH-stable“buffer”,
even in the intermitent period of volcanic activity, it is most likely to take mil-
lions and tens of millions years for its neutralization. The long-term acid condition
.and slow neutralization process were much favourable for the enrichment of ore-forming
elements in the seawater and their chemical differentiation and forming sedimentary
ores,

The characteristics of hypergene weathering-leaching in Archaean were also
disscused, The authors suggested that there had been weathering-leaching conditions
of alternative strong acid meteoric water polluted by volcanic gases or rain saturated
with CO; gas, During the first period formed acid ore-bearing seawater and during
the second differentiating and precipitating ore-bearing seawater was neutralized by

weathering, So the Archaean weathering-leaching conditions were disadvantageous
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factors for the formation of the ore deposit of weathering crust, but supplied
sedimentary deposits with more ore-forming materials,

In the discussion on the problem of minerogenesis in seawater controlled by pH
the authors lined up the chemical analyses of sequent products precipitated in the
weathering-leaching basalt solutions, in which pH gradually rose from strong acid
by adding NaOH,. As the simulating experiments showed when pH varied belowl.25,
there had precipiteted in the solution only amorphous sillica; when the pH of the so-
lution ranged among 1.25-6.0,thered hadropped the banded iron-sillica formation follow-
ing the temperatures fluctuating periodically from room temperature to 100C; when
the pH of the solution reached 38.5-4.2 from strong acid, there had precipiteted sedi-
ments containing much hydroxides of aluminium; According to the author’s calcula-
tion the partial pressure of CO, in the atmosphere reached about 10-20 atm 2600 mil-
lion years ago, The equilibrium pH with the atmospheric CO; at which carbonates
were formed is about 4,5; when the pH of the solution exceeded 5,5, there wo-
uld precipetate iron silicates instead of amorphous silica, The comparison between
these lower limits of pH in which corresponding compounds were precipitated
and the earliest minerogenetic ages of corresponding ores shows a general courseof
pH-evolution of Archaean seawaters The pH was 0.3 about 4000 million years
ago when primary seawater had been formed; 3800 million years ago, when the
banded iron-silica formations had appeared the seawater’ s pH exceeded 1.25;
about 3200 million years ago old schists covering some old shields contained appre-
ciable hydroxide of aluminium and corundolite, That means the pH of seawater
at that time had reached over 3.5. When the carbonate formation came into the seas
about 2600million years ago,we can consider . the seawater pH is over 4.5.The emerging of
large amounts of iron-silicate minerals in old sedimentary rocks between 2000—1700
million years hints us that the seawater’ s pH had again risen to more than 5.5—6.0.
Moving these figures onto the pH-ages diagram we have got a good flat curve of
the pH-evolution of Archaean seawater,

Authors emphasized that Archaean long-term acid seawater had a significance
not only to the metallogenesis of major elements but also to long-term enrich-

ment of the rare and trace elements as well as their final ore formation.



