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LT RN RS B B 0T X 2 X W AN D P o Br 0 G RE A el AR 7R 26 S 5 15 Uk
HE RO I A, MW T RS MR, RERE,

(7)) EMBIHHEFME L AREBPOE ZRAE B RGBT AL L IAE i
FIRES. EARALAAERTRHEA W, PbEFERT TEOZASA FEH, K
feif FLFERTELE, nli, Be, K, Y, Ba, AI/Ti, Fe/Mn%38o A L 5%
UIIAE B b R sy A AR IR MR . R oK, BRI WP EREW. Sn, Mo, Bi, Ph.U,
Th A T/ L B BT A, TEEd 3 R — 300 R T fkM0.

{rH B8 —19% M8 — 36 TR M X BURT fE MR m AR L, 450 TKIRZ ., i
Woa b IRALSA AT . M RAD DA RAS O™ 1R A it BRI ARAE, VB T LA [ 2R A
R ROEO S0, T ORI R X o TRAESFRE R,
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FILE A0 ARG RKELE
K REER Hhst

F—% BFARAReRRts

FHRIMFEFEERVR) AR AORIEE GRERE) RREILEFHLEER
eSS e bR, DALMY S RO T EER, B O, ER. B+ J8%
K. THEEMATHEHRRUDHEZ S TRES B k2R BRALEKR, ARELR
LRy R MAIEEE., THEFEEAAMEEVHESHEATEANLIERESETR
Bz MRk R, REARARTEL. EFAREHREM AT &L
MR B L BEREe0,, RE LN AAFESL004A, oHMAT 10 e E s, Hit
fITHTHA Kt 5RE.

FX MR AT RET ST E, £ 7R 18 B24T, BUR 50002 6500T A
fo SEREKE1000mmEL k, TR A 2000mm, RTSBEREEMN, ik LEE,
FiEARAEfE R E, REERRMLSE. HEREmEE,

LOEEy XaTRER ke, b AMURE, Ei S, B —RE100—
200m &£4, SV aRAPLRBELBRIGHE, RTRERGLAERETZE HAT I
2, W, £BEST REET RNTRAITREENEE.

L EE X R asom Sy, £XMBRNAMENE, FRITER RERE M40k
DR BRI RGNS S mRES BN, BTESGEVE EH, FEs
£, KA NASEHEET (LMTER L. BREYT R SHR RN, £500mEL,
RIS KR 950—1050m 4. ZAF KR ARPHBEERAR TRV S, B
ARUMERSENE., PERATEAERERLY, VR TERSRAGSEREDE
At A b,

—. RERI BT R ENRARSE

(=) LB BR3P LT

RATRIT B EF KR ET XN E TR R S BPEIET K EMEY KEREF BN
iF.

1. LB A e

(1) SRR RA L. BATEs B L i REHE, Witk B7E, SR LER
B, —BERCRET &K, WERREFEHESINE,

JEMEANR T WA -REHE, HESarE L. 78 HEa qr k# 20—210
cmEHR) A—ititadt R, [etem BELTHY, ELRERPHIECRERE: S
T (250—320cmZc ) HF—HENBREEEE, B —-EBEl12om&ZLf; HmE
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T, 400emPAT A —BARERERELE. AR HERSY A, HEx BRILR
Bk, —8 Wem k4, BHRSERE GRER . 2HWEE BEY, pHHS-s,
Eh{#500—600mV, +SBa2aie, MmMHFELUL IhRE RE—1,

(2) B RELH BREESILSZETRDRAALE L. XA LT
L EBE, LE&# (—82—3m ih). LREaER. HESTERLLIARE R
BWo—2, HE B 20—100cm HE LA —RKAREHELE 100—220cm e F—-KAK
REORFEHLE, EiXERN150—250emBER ETHA—#LE, EREGBFKH 240—
245em E R —KEAKLE, HTAERLEL 310cm LATHRHES . 2F0EA R,
SR ERA, BILREES20em, gR2UELR. 2¥EEBBRY, pHE-6E4.

O  WE—
sof |
ol 17 or R e
UL e ke .
| j ek 2 N O
G R PR
= YR 1061
& 2000 Ly . o
A | RTALLN ; 10y £l
i S452E | BELHE B 200}
H sl |BEE PR 7 B fe 45 &
1 250l oG
- .‘L.',"-' 2% H + ,E.!-. e
350 - L1 gk e a0l |:1 : R
A0 T [l =
d s e 850+ : o
450 }
500l T '
B oe—1 AIYHmTEHA Bl o2 RIMEREE

2. ZEBHBRAK

(1) Tipdlp: B Ka21M OLI) 20 ML ER &EE ok, e hhils
4. 2% nHdRs, EEHRWA. BIRED. BRA. B8, By, A,
SAEARSERET MNEY AR,

BBV EYEREREL D ERERED T TR, REFEFMEAT-EEKE
RSN ¥, BRE20.1-0.5mm, £4&4#&BZATF0.5mm,

HMEETERAaBREE, BRHEK, K lnn—%oem 1%, HEPO0FRNO
B, HEBETEERER,

AREEWRMBE, —MARBRAEK, Z—RARARFAFBHERGR. 8H0E,
ERAGENEFREEARNY 6'°021.16%,, SHZRETHHESG. PG $ 700
G2 (18.7—23.1%), ME2AR FhRESERK DR EN 'OE NFI13%) . Hik
HUEFAFESREROREERESKET AR FRERHK E4%K., =k @O, &
A, FHA%, TERXHE&RRIFTRE. YO REAER TEMET 2BEALE.

(2) THBHANREE. IHAILRER2—7%. BERARPUEHERIE, &)
GEERERB 60U L, WERkz, BEEGHS F7 1000 4. HHER HEREE
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1.89, RHA.36, M¥IE0.53, XUEMRKOLNA, KPR ETEHRS2EATH
HOBEN.

(L) ¥, BRE. M7 G807 ik R - B (T

1. R H 55 A AT

EAER ST R AR R S iy

(1) ERALERFRHRERTE. THERESLKHRT K, e FREV XKIEXN
Erites. XL AMmMBAEA, THBMNHLE, AHURZERE, HEEAITEEH
SERR. TO R TWGHE, —BRT IR ERE R, AERESHAE, A
FREKkSAFHEALRAZRL, Rbn-tRRE e, by, pHEL.6—6.5,
Eh{f550—800mV ,

(2) EFRBEEEFHREFLN WARAET BB, 18 90K ZRY &
b HOR-IMME R YA, —BREN—160em FEAT KB BAR AR, FHIUREES20
cm, fTPLRSREMAL. 2WHEEKE, pHES—6, Eb{E500mVETR,

2. R T HL R

(1) Fépk:. ST Rt siE1E, FEMTMEbEENL. £%EY
ko LENEWA., PRA. Sk 8. 4%, Ao, B &, BB REL 4G

LB ET LR Rk, REHEZBMRERR, FHEE (G, BN
IR, BXHEAR P, MEHRE SH0: a=5.894, c=7.13 K, % ¥k
Tl s R RIS o b R B R 7

gy KR XL B EST e EEe BEA, Lo l—2mm ER N, AT
0.920mm (20H) FAT0.385mm (10F) AR EILERA, K14.9%,

R KA R A KA L, REaFTE AR REEL. @8 ELBV RIS
WA, PR, AE. AR, CKBA. SRRV, SR EEENNERT Y. L
HEvhps g stk B ANTEDE, R0 immZE2mmIEEPy, LU/MT 0.218mm (80F1) EA
F0.154mm (1007 YR BTHELER A, KA1.9%.,

(2) AHURME: AIRAR BT ERDE, HEEKRZ. BEMP ML
7T EA B AEE, M2 AL,

=, Rk SA S B ER{L s

(—> FLTVEVEER™ B 5 AL R IR b BR (L2 R fiE

1. THEMHFHEESHA L

POV ERESRHE, ZXEVRESRPHMn, W, Bi, Pb, Zn, Cu, Az, Sb, As,
Cd, Ga, Cr. Ni, Co. VI EBI S REE T Z0 KA, fr W & W, Pb, Zn, Ag, Sb,
As, Cd, Ga, Cr Bl K ERREATELLET KPR SEHAR R THE V. &

Ry KahRBNERERLE—1,

e 3, XEGEEELVRARACTIEROFEESEAOHE STV KEN
AL (& 9—2), RUUNE AN EE, XEIREREIEERR T TIRES A
ER{LZ HFAE
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b

wd FF

% 91 ATSETREPITEFHSRAER
o oy o H Cppme)
VR -
WMy W 127 Cu [t AT Ay Al Az Cd i Cr i Cu '
UL i leds. 23| 5.8 | 8.40 | f2.63|249.81{407.83] 0,24 | 2,78 | 17.63] 1,17 | 10,00 31.54] 9.82 | 3.80 | 21.35
TLRT WA [106.50) 0,98 1 1.20 | 6.16)is2.70 T8.58] 0.16 | 0.84 | 2.28| 0.50 | 6.30) 22.64] 6,12} 2,99 | 22,3k
9z AV ESETESNEIENTREFEFHEER
T = i f 2 Crpma )
T i
My W Bi Cu b Zu Ag Sb As 1Cd | Ga Cr N1 Co i
EUTTIOT A AE(|TI112, ML ER 24,8 1138, 163037 [1142,83(0, 68 62.20(168,31(3. 1848, 111201 A3135,17| 44.98|102.83
(S I)
LTV B 1918080 1LB60 1.70) 2R, 410] 333,56 340,0000,21) 4,36] 4,08|0,69(26,37 57,42 53.010) 10.62) E7.86
I
(N
o " 7.4[15.3 | 24.6 | 4.9 | 11.70 3.1 |3.21) 13.6 | #1.2 (4.6 | 1.8 5.1 2.5 1.4 ]| 3.6
% 93 FAUVSHEVARLEIRNEZATE
4% A F
I1E
H Fa E, E. i I,
. o 1+ e Ma, W, Cu, Ph,Zn, |+ Ca,Mg,5 |+ K, F +; Bi,Ca, |—: Su,As |+, K,U,F
Ll {1
Aw, Sb, Cd, Ni, Ca, |- Al I, T1, |-. Fe,Cr,Cu, Ap
s L Li, I's, Nb, La, N, Ga, La, N, v, 8¢, Th,
i ta Sy G, B, YhL Y, S, G, Y, Pe, 0=
La Sc, £r
e g, [+ Ca, Mp, 51 +: Fe, Mo, b, |+: Co, Agr, +3 lia, £, {+;: Li,8n +, W, sh,
AL En
—y ALK, T, 5, Th, F, Zn, d, Co, Ac Bd, Sm, r
{ kL Co, 1, ¥ Ni, £, Nb, Gd, Ly,
i ] Dy, Ea ¥b, Y

s

VAL, - BEATREMAL. O

ABEVHET RS D REET AT RN T8, BEX HF# (F£9-3. H
FAH, T KEHRLEGR W, Co, Pb, Zn, Ag, Sb, Cd, Ni, Co Ry LEM Li,
Be, NbEFALEHERREEMA LA, BRI —ET Fu BT KA LE Gy, kg
EHBEERENET, AL, KES—3BEFH, B kEEET, Fi5MofhtF
#i), G4loeomiFhmBeERELERRREA Fo5Fe MXRED HFe RREETR
% W WMn, FefiR{t T BEFTHTRNE BER EENER.
2. PRI
EED RERARGpH, En SR, BEEEME, RRETKE
BB Eet:, pHIES.5—64 4, Fh0.5—0.6VEA, T K e LRRET K& LR pHE

A4 ey pE %
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0.9
H4
081
0.7k w
R
N x
0.6} SR
= O5F 'F: ex
X . % 0.2
¢ I
o tf 1SN s
_ 00 '*'u;"\
0.3 ?: —o - I
B] ™~ e ~_
& o2 = ~
2 _ 1 1 } 1 —0.3
3 ! 5 6 7 3 04 FEE * b
pH 6 1 8 ?
o AU LR xR I L pH
W o9—a HitE., ZEF R
M 9—3 ALAFRHKE S pH-EafllE B MABREEK S
{E_Zﬁ’?ﬁ‘ (HEKrambein flGarrels, 19607
+ ____\
x
E }\‘111(]2.'1{;"15 HER 03 F o0 T A
W oo \
— 1 L

p-—

M o—s ik, RALHHRMRN FHEEcHHXR

RERENG . pH, EnBlEiEz o4 REI—3, X#MpH, Ehf i @m iR hTRHF
EREX, AAEMEMRNTESEE, ABI—4HhEH, MofEiZpH, EhfF FEHELE
VBFE(E . Mn BEASE PN REEE PREFAE, REMETF. Fe WELDE
I RES TR (E9—5), BEART. BlMn pyEeHEEE L E P E/EE
ETHhEEERNEFeERE AR, Mokt Fe ATEBERHHRILER L.

3. LEBZERH

(1> REBEKESH

MIEFEHES, EFESALEE®E, PV RELE HE LD, =K 8 LR
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% 94 AOERYREG-hRETRTHERM=EEL

g = = = Cppm)

SE i
Te (%) Mn Cu . Zn Ag Sl As Cd Ga

!
oI 12,22 14113.4 | 138,16 3937.0 1142.83 | 0,68 62,2 168,31 3.1% 48.41

ol 8,64 4551.8 53.34 §ad.7 T48.20 1 2.14 J.44 141,08 3.38 33,08

A0 5.35 1918.8 28.41 336.5 340.00 0,21 4,58 1.09 0,71 26,37

mOOLOY MAEF it lsm OLID, Wgen Rk E048. S4AHE R0
FHRPHRRI—4, WEPREN, LRPORTTERE#E4THECL.PD. Zn,Cd, Sb,
AsSEBMn, Fe H& BEMET R ATET K aHP BRI, AHHnEHE, ERE L
MEVBHHFe, MofEBERRAE: &K LEMEFe MnZs BB, L B Fe,
Mafe B B Ab T b bl i 4 B i vl Wb 8 Fe, Mo, 7£4J2 Fitaiigin L,
A B MO aBa L HRE Fe, MuighE. RN RbEES BRTRET LT
{eimE AL B hMn, Tefy &8 RMn, Fell)F kbRt 27 B #4,

(2) RRELWMBE A UL T HIL T HEA6, HibEemee ks %
P d R BeRE, A HEPLENSRREERE (LBEELPRTE
2 P TRI—5. 9—6RF9—7, 9—8%, BM RO B L T Es—efn |l
9—7, ME. FwHr WA THE:

DI RELMBANRE (0—20cm#EHR) BHEBL Cu, Ag, Cd, X5EEE
E &4 PRERSAHHRBEEEREX,

2y KA EA00cmERLBERET K, Bi. Pb. Ag. Sb, Th, Cr, V&R
FUREE, B0 EHERYELE, EXENELEBRETE, W, Cu. Pb, Zn,
Ag, Cd, Sb, AsHRI LH. SHAEETER —~RFIHibxEL Li, Be, Nb, Ni, Co,
V. Ba, REEZREEZTRESE. ZRATFe. Mun EibHhE LBIEMH—-E B EX
BRE, BREREM, BABRR&FFLTERR.

) AT RELBOHREEEENERELER XBEEEMBA BN EERM. 29—
RTETHRESERREEEEN MR CENTEERN. MAERPEY, BRESEN Cu P,
Za, Cd, Ga, Ni, Co, Cr¥EHARBMEEMER, ARI—6FEI—6 LI LEHTRE
TRHENBEREE, FEALRHA260cmENKEEZER1Icn BHERMLIEES,
BRAZRDHRERE, EEEET-RLBENLEENLTHEHEELE, WSHEZBERNEER
Buik164.03, RHIZRE LI FHEERL24.0215, PbRi4.018Y, Zagilis. 814k,
Capn5.561%, Agid.03f5 %, XERRLERT LRAFEER L, nfExi BREHE,
HRIERREHE,

O BVREIRFAHEMNGRERRE, LRIHELENSEE AKX, NEE
et E (280—310emEE LT, SHRTEAFEANHELE, BEEREENTEVES
13,

4, RN

A RBE RGP RETTR, BT RRERI—10, BiIHELT Ms L5,
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%es A I + % 8 @ X & x ¥

I b S FE Y3

tem) Fe (%) Mn W Bi Ca I'b
oL 12 ] 8.29 6755 7.43 120.00 325.00 1115
7R L |1 10 .63 7138 43.95 54,00 114.20 1452
71 FR e b B IR AL 0 .63 6342 14,05 27,60 89.08 1648
EAR R AL R il il e 110 8.97 8951 14,05 26.20 51,64 2185
it BT ) 161 10,35 8739 14,69 7.20 99,06 2380
N I e 210 10,55 9400 20.54 3.24 02.68 2713
F Rl BRSO 260 18,08 11329 24,87 27.60 162,30 28352
bR R 320 15.34 11330 22,16 9,40 115.89 4033
MR s £ 12 360 13,29 19610 21.08 3.24 128.50 7514
Al I 40 16.45 50390 54,05 3.0 231.30 12140
o ] b R 12,22 1411% 23.88 26.34 138,16 3937
L e T 1.18 843 5.81 8.40 22.%3 350

A B A h I A LR T Fe, Mo, Cu, Pb, ZnHATTE M8 Mk, 45
T RO—11, AFEHEH, i OMn:ES 8Tk S Rl IS MR R L #7255
e, Vel &R EMMg#0E, HERLSKRZ, Cu, Pb. ZnEEKE
VR 0 R T R A R S LB A bR (S WAL A AEERR LERIA
A RERLS K.

5. TENSENE

BT RN SRR FE &% 224: (1) 20 H (0.902mm)—40 H (0.385
mm), {2) 405 —8&0 H <0.218mm), (3) 80 H—120 § (0.114mm}, (4) 1204 —
140 B (0.100mm) ZE %%, /T 0. lmm B9k & RITBEES % (5) 0.100—0.05mm
K (6) <C0.05mm ¥k, ¥t ERANABE AR T Bt o M Ca, Ph, Zn,
Fe, Mn, Co, NiZLEMER, MesLERHTFR—12, SETLEBHNEHI—3, KA,
FesuGHI, Pb, Mok B EfE20—40 B Wgd, Cu, Zn, Fe TEHHEE 20—40 HR
<0.05mm{<I200H ) MRS g, Co, NithMim BEEFA WIS, AW
ERTENE, Fe. Mafii@bmEReENBEOURTHBREESR, Fe £Mbfp
B E B AX GBS AT AT R B FIES .

6. AR LT ORI T

MHiZEETEFRE@ASE LR EmGELTENE, AMRBREM O
BErHEFHE&EEACHEEAE, SELERNTRESDB L OEHREAR (H
9—9),

ZECL R R IRIE G W B R O AT 2 TR

(1) METEELFIRERE. ZEEAORICHELR H 63, 41ppm, fiER
FhgmtEhRt RO EAT404.24ppm, FIERE L EE T6.384%,

(2) +HABLAERERRTES FRESHB L ARERTER -5 (HI—9 .
SEAMG R [ HE AR AM®, L IREE/TCHREE¥4.62, (Ja/Ilu).,=12.15, 1 3% W&
Bt B AKE, CLREE/CHREEXS5.69, (La/Lu),,=13.18, IS LA Wik - %
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T X B & B OE &

% it (ppm?

A Ag 5b As Cd Ga Cr i Co v
781,40 1.38 2,33 120,00 3.64 15.50 154,10 74,28 32.59 302.30
673,00 0,74 8.32 127,20 1.28 47,80 151.70 77.12 33.33 319.740
G4%.60 .33 7.80 106.80 1.13 12.28 127,50 76,06 31,17 283,20
763,20 0,28 7.32 240.00 1.69 49.77 170,40 92,75 40.04 338,60
843.70 03 £.48 206,40 1.30 51,62 173,20 108,20 41.64 353,70
920,36 +.33 8,935 480.00 1.80 h1.18 165,90 196. 10 42,97 d65.10
231,60 0.14 40,80 60.00 2.11 65,53 952,20 58,32 53.61 652,710
1031.00 0,68 32,40 10.80 2.87 62.28 186,30 132,80 59,94 558.00
1514.00 0.25 43.20 300 3.23 65.77 267.20 194,60 68,06 515.88
3375,00 2,42 456,00 1.83 12,13 2.50 223,20 399,70 £6.23 509,30
1142.83 0.58 62,20 168,31 5.12 48.41 261,63 135.17 46,98 402,88
407,83 n,34 2.78 17.63 1,17 8.73 31.54 2.33 3.89 24,33

F o6 AITHHERETREARHEARFIY

LM £ % 7 74
EO- 4
Cem) Iie Wn W Bi u " | Fn | Ag| Sh As d Ga Cr M i A%

G T.87 10.47) 1.28| 14,28 14.63 1.131.944.85 3.00 6.81] 3,11 5,03 4.x9 7.500 8,38 12.42
10| 8.16 11,06 7.91| 6.43] 5.08| 4.18/1.652.18f 3.00| ¥.28| 1.61| 5.29) 4.8Y T.84] 8.62 13.13
66 7.33 10.60 2.42| s5.200 3,94 4.71f1.5800.96 2.81| 6.06 0.97( 4.68) d4,04f V.74 8.01) 11.63

110| §.45 13,87 2.42 3.00 4.05| 6.25|1.95/0.86) 2.63] 13.61| 1.44 5.51| G.40] 9.44] 10.29] 13,01

laf| 8.7 12.62] 2,51 6.B6 3,94 6.802;670.09 3.19| 11,71 1.1y 5,70( 5.49) 10,15 10.71] 14.53

210 8.94| 14,58 3.54f 0.39 4,100 7.762.26[0.96] 3.22| 27.23) 1.54( 5.66) 5.39 19.78] 11.05) 15.00

260 15,32 18,47 4.28] 3.20 4.50| 11,02{2.04[0.42) 14,68 3.40| 1.80} 7.25 31.46] 10.00 15,78] 26,81

320 13.58 17.56f 3.810 1.14| 5.12[ 11,53[2,63[2.01| 11.€6] 2,31 2.45 6,88 15.42f 13.48] 15,41] 22.82

360) 17.26 30,390 3.62 0.39 5.72) 21.48(3.740.74| 15,84 17.02) 2,76 7.28 8§.49) 19,80 17,50 21.18

410 13,94| 78,08 9,800 0.43) 10.22| 34.71[8.297,12]164,08] 0,11} 10.37] 0.28 7.08| 49.66| 17.03| 25.03

10.38) 21,87 4,13 3,14 6,11 11.26/2.802.00| 22,37 9.55 2.72| 5.55| 9.25 13.75 12.08 20.24

BERTEHBLIILR.
(3) #FEBEER G, BERLLAHKHETD, Tm@ B KR, KL
AT MR AR

UL R I, R B E B T BRI .

() i, BB, TR K EA R R AR

1. FEix e R 1R IR 1 2RI

LTRSS ROV ERRMNR. ZESAOFKIkE, BIEERTM, 2RbRE
FRFOLARAER, nEEs, BERMK, BERX, AETES, 2HEEARL
BHREFHIES LA EAERAAR, HEEHEE:

(1) HEPTHEOMEERLE, TEOEODEEARE D BF—13). KFEP
HY, WEaEWEKE Mg, K. Mo, P, Da, Be, Li, Sr, AgBFBERIDTL
BHEMn, fERTHIS LA BT P RERkIE. AL, FeIFRRBORAKX, BIF S0 15
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F 57T AIEIRLERETEREDSRET G

wo 7 ) & = (ppm)
S L N = i !

(em) |Fe (%) | Mn w Ei Cn Pb Zn Ag
HHEE 0 6.01 2531 1.89 1.80 28,93 435.4 330.8 | 0.32
AHEE 20 7.96 4510 1.89 1.99 32,82 333.4 429,11 0,13
AT e 40 6,54 187z | 2.21 1.99 35.06 354.9 439.3 | 0.16
FREEKIE 60 2.57 3660 1,42 2.16 37.58 574.6 §18.0 | 0.20
BEaREKTE 80 5.54 1908 1,26 1,99 30,15 254.3 343.5 | 0.19
BRI 100 Ga2d 1594 1.58 2.40 33,45 187,9 361.1 1 0,18
EWaREELR 129 5.08 1744 1,62 i.99 31.12 168,1 333.5 | 0.14
HeantE 140 4,15 907 1.18 1.68 26,71 82,77 | 255.5 | 0.08
HEEE 180 | 4.15 1412 1.00 1.81 24,29 155.8 256,11 0.08
wmiakkd 2 180 | 4,49 15317 1.11 1.54 24,97 303,82 280,11 .11
HEKEE 200 3.88 453 .95 1,20 25.95 225.4 317.4 | 0.07
wE Ak e 240 4.88 1424 1.61 1,13 28.70 678.4 270.9 | 0.19
R R 280 5.22 1731 1.58 1.08 21,72 654.8 321.4 | 0.20
FRE a1o | a.7e gn1 2.53 1,20 12,32 277.9 184.2 1 0.20
SEE R 5.35 1919 1.56 1,70 28.41 335.5 3d0,0 | 0,21
T IRE TG 1.14 406 0.98 1.20 6.15 152.7 78.6 | 0.15

F ﬁ ;E ﬁ @ ﬂ (PPm)
+ 8 B i

{cin) sb As cd Ga Cr Ni Co v
HALRE ] 4,20 3.00 0.50 26,17 29.68 42.39 i2.95 90.94
HIEE 20 3.70 | 5.23 | 1.63 20.05 42,81 44,02 | 11,66 78.78
FRARERHLE 40 6,12 | 2,54 0.50 30,00 65.36 62,26 12,52 | 116.4
HERENTE 0 3.84 3.96 1.01 36,28 68.45 72,43 12,61 | 111.9
FERERELE 20 3.84 2.71 0.50 28,78 70,68 53.95 10,87 | 103.7
=EEEMNTRE 160 3.43 2.88 0.50 28.60f 72.28 66.26 12,80 | 106,2
REREEKIE 120 3.84 8,00 | 0.50 27.16] 55.32 £3.16 | 13,61 92,69
walktE 140 3.70 3.50 0.50 24.16] 62,67 46,17 9.41 82,90
HEd LR 160 2.64 | 3.00 0.50 23.32|  57.94 64.08 10,64 76,72
BEIE 180 4.80 3.79 0.50 25,160  56.83 67.61 11.78 75,45
W05+ B 200 5.7 3.66 0.50 21.05 40.69 36.90 8,26 71.82
FrathdE 240 4,08 3.07 0.50 24.03 61.33 46.04 8.72 85,64
FRLES 280 3.34 3.96 1,67 25,78 44.91 E7.28 8,32 72.30
AN 3 ] 310 | 10.08 9,60 0.50 17,93 33,02 18,81 4,39 58.27
e HIThe ks RS 4,58 4.09 0.69 26,87 57.42 53.01 10,62 37.36
WA 0.84 2,28 0.50 8,33 22,04 6,12 2.99 22.38

HMBTRHER GARMER . ABEE, BV, Bi, CORRRMEEREEX.
(2) FREESRTEERERELBHEAPEELROHTES BERESERABIT
#9—larfre ARPHFH, FHERERLLFW, Bi, Mo, Cu, PblEEETIEF L

paRtL, HiW, Mo, Bi, CufiRIRPmH EELR, RETEERHYHERT.

(3) HMBRRIRESFTER W, Sn. BIER—AHA. THKLESKHET
WS, W, Bi, NbiREuk, Z0EMNERRT R AR 0 TE 20T Le
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# 98 AILRAIERETRTRHETERE

b 5 ) g # B
{end e Mun W Bi u Ph Zu Ap sh Mg d Ga {r Ni Co | V

0] 5.24 6.23 1.93 1.E0| 4.70| 2.85 4.32 2,02 5.001 1.32] 1.00 4.10] 2.68 6.934.33{4.06
26 6,9% 11.83) 1.95 1.68] 5.33 Z2.18] 5,46 0.97) 4.40p 2.28) 3,280 4,69 2,16 7,19/3.90(3.52
40| B.T4| 4.83) 2.26) 1.66] G.68 2.32] 5.59 1.001 7.29) I.1L} 1.00 4.79% 2.89) 10.17)4.189(5,20
B0 7.52] 9.000 1.45) L.806] 6.106| 3F.768) T.86 1.28] 4.57 1.74) 2,00 5.68 3.02[ 11.83p.22(3.00
g0 4,86 4.690 1.2 1.c6 4.800 1,87 4.37] 1.18] 4.87 1,19 1,000 4051 3.12p B.822.6714.03

106 4.60) 3.92] 1.81) 2.0 5.43] 1.23] 4,.60] 1.120 4,08 1,26 1,00 4,48 $.19) 10.8204.2814,73

120 4.46| 4.29 1.65 1.86[ 5,00 1.10] 4.25] 0.88] 4.57) 1.8% 1.001 4.25( 2.44] 10.32(4.55804.14

140 3,84 Z2.23] 1.18| l.40 4.34) 0,54 3,25 O0.48] 4.400 1,58 1,00 3.78 2.7F| 7.5483.1503.7C
160) 3.64] 3.47] 1.02p 1.34) 3.894] 1,02 3.26] 0.50] 3.14| 1,32 1,00 3.65 2.56| 10,4713.56(3.43
120) 3.94f 4,72 1.13 1.2 4,05 1.99) A.56] 0.6& 5.7 l.e8f 1.000 3.94] 2.5H 11.05[3.94)5,37

2000 3.400 1,120 0.97 l.of| 3.89] 1.48] 4.04] O0.45 B.88 1,74 1,001 3.29 1.800 6.03|2.763.19
240 3,84 3,50 1.64p 0.04] 4,886 4.44) B.45) ©0.74 4.85 L.74 L.00) B.76F 2,74 T.5l2.9258,23
2800 4.58] 4.26] .61 0.90 4.50] 4.35 4,08 1.25 4.57 1.74[ 3.34 4.D3 1.98 B9.352.783.23
g 3.2 1,97 2.58 1,00 2,00 1.83 2.47| 1.46] 12.006| 4,21 1.00 2.82) 1.72| 2.20/1.47)2,60

d.68 4.7Z 1.590 1.48 4.61] 2Z.20| 4,33 1.31] 5.43| 1.79) 1.38 4.13 2.54| B.66/3.55{3.90

1o

#® 09 EVRETHPEELENZENTE (bpm)

A B Be (%3] Mn Cu b Zn cd Ga Cr M Cer Ay
HEEREE (1) 25,35 104200 228,8M11080 2344 | 14.84|320,80{427.10(T38. 20(196.00( 455,
A ERE (22 21,74 918 184.1) 5172 1323 TLEB — | 94.82[488.100117.5012477.0
HEmA RN 8.3 3591  65.74| 826,070 621.54p 1,21] 24,420132.87 58.91| 23.16) 340,28

(103 2.74 23 3.28  11.97 3,69 12.35) 18.14 3.21) 12,53 B.46 1.37
(2)/03) 2.63 K] 2,64 5.5%  2.88 6.02] — 0,71 #.25 5.09 T.u7

Koo A HRE

¥ R i R ERESM
1 W ITRES (pH- T B A (BN
2 BiEe + LR (pH=4) BEE ST g
3 3melfl. I GREBREEAY
4 FHELS + 3RO : IEA R
5 HF + #HNO, L EERR T R
ik,

(4) TRALHFHHHSARIA: W, Sn, Mo, Bi, Co—f7 50—150cm &
MmEBRARE AHHEERSTILRELNBERIATE.

(5) W, Mofp BB, A9 IR & AL LHAIE R 109 X3F s
ARTERR, S0 mm L, RERARERSER>20 B3R <240 Hnsi
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F 9-11 HignER (FESSERNT D

+ ® le €% 3 ‘ Mn (%) s e

12,65 64.70) 7.38 8.18] 1. 2z, 3. 4, 5 MMz, W
A L AL —11,

RS £ 6, 25]0.908 41,18 9,38 43.enl 16,42

EE XA 0.52{0.42] 60.58] 12,38] 26,08 43,80 c¢.42) 39,30 2.75 7.70

<80

[+

hERE 4+ |o.52[0. 18] 42.84] 14,24 42,26] 25,548 ¢.18] 64.74 3.58

- Cu (% b (%) Zr %)

'

EEIEe i |2, 16(4, 08 24,52 6.50| 81.82| 5.22| 18.20 37.24] 15.900 22,42 1.35| 1.24| 16.72] 35.32] 45.28
EH RS A 9. 4005, 23] 56.83) 11.68] 16,83 4,75 11.15) 42,65 10.75] 30.70) 1.66] 1.04) 44.08 10,43] £2.583

hVlE - 8 |2.04[4,16| 33.26| 9.98 50.52] 6.64| 7.92) 43.26] 14.5 [ 25.54] 2.60 2,60 30.80 13.00f 51,88

F* 912 AFREFARERCLIEPHTREESR ppm)

RN Cu Ph l Zn Te (%) l Mu Co N EE fir
(1) 227 3060 1200 11.98 15980 55 121
(2> 58 1380 550 6.353 6604 r§| 73
(3) 38 g10 354 4.60 4824 27 41
(4) 48 1080 147 5,44 5488 38 §1 A
(5) 72 720 498 5.56 3727 29 59
(6) 120 610 596 7.58 2963 29 21
(1) 83 1180 730 8.63 4776 36 78
(2> 54 740 506 6.65 2840 28 0
(3) 50 630 45% 5.93 2393 9 49
(4) 49 590 486 5,97 2024 22 13 B
(5) 80 820 636 6.50 2123 28 66
(6D 106 640 880 £,15 2285 21 80
{1) 72 1670 240 10.84 6472 45 96
(2) 59 730 554 7.29 2528 30 59
{3) 48 580 446 5,83 1369 22 15
(4> 30 570 486 6. 48 1652 26 48 <
(57 82 492 664 7.30 1737 26 B85
(6) 96 500 786 7.60 1634 30 B6

B HEIWHEREY, EELEPWEEREAC—160HfhMbrgt, Mot L ER
RAE40—160 B By R 8 h

(6) AR LWAMHTREASFERM T A ERGHRBREREN. FRE—MM
BOHEK AR LENBL TRARNTRI—16. HILRAREANEI—10. L
POkIER A ERAR L THARSER GENREERT) AR, TRIENELTREAL
A LR T HRAERSEOHES IRHER SYERTL, LENE0 Eufiiy, -
HReRFTERNETFRELERNLERE. ARNEERAE-SERETERLLH,
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300

2004 \ ——— HYKELE
\ —— EFKE

i \ RREE

10+
o
&1
?’.—-

5

1 1 1 1 [ 1 i 1 1 1 1 i 1. il 1
LaCe Pr Nd SmEuGd Th Dy Ho Er Tm Yb Lu

B o—9 AOPERARLEOE®ELTHERRER
%913 ABHETELIRNTFHRERE

T * Al K Fe Mg T Mn Ba St P Ga
ERERY 1,23 | 0.563 1.24 | 0.89 1.20 0.71 0.80 0.42 | 0.87 | 1.25

v #® Sc Zy Th Li Be Nb W Sn Mo Bi
BERM 1.468 | 1,14 | 1.21 0.82 0.87 1.37 | 3.48 1,33 | 1.48 | 3.20

I % Cu I’b Zn Ap sb As Cr Wi Co v
HHAY 2,11 1.20 1.28 0.77 1.77 1.92 1.05 1.85 2.14 1,34
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® 014 UHEFEERNEPRERROTFHERATFHEATN

Lt i W S5 | Mo | Bi Cn Pb Zn Co|Ag|As | Ta
FATERE R Ty 78.32| 15.11 4.17 | 30.04] 8E.57| 220,537 | 118.18 (8.77|0.05(2,04[153.18
H SRS F () 10,81 15,00) 1,50 | 4,44] 19,03; 197.00 | 123,90 |6,10;0.03i1,85113.70
IR mMEEEERM 7.34] 1,03 2,78 | 6.77] 4.55 1.18 1,52 j1,44/1.66|1.10] 1.33
FWALIEI SR T RS 8 | 14,86, 17.830 2.14 | 7.13{ 22,57 94.50 | 129.84 |2.65,0.040,31]227.55
&5 AR (ppm) 5.46] 15.68| 0.52 | 2.88 19.61} 98,44 | 131.20 |2.5200.03[0.28/266,80
1B ENSEAR 2.65] 1.14] 4,04 | 2,48 1.15) 0.9 $.89 j1.051.201.07] 0.85
»*¥9-15 LB RHNRLRRER
yﬁts-ll -}rE(S-zl
N 48 -
M ARTER B Kk 18 HARTERAE K J R it
TRER 317 288,01 251 449,37
3 351 245 232,55 208 370,90
THREE 0.8 55.48 42,9 78,17
TLREE/THREFE 9,29 4.19 4,84 4.73
Eu/Eu® G40 0.39 D.48 0.32
3004
200 €1 Y3 D
‘.\ COYH3 Dyt
\-a_
A=y
510
& 9y
* 8.
s
4
H B0
504
404
30
201
b Yoy i Nd T Em Fo Gd T DI; o Br T V5 LLu -
(5 9—10 0SB H0% 0T R BN
4459



%, BRI CENLERESE FEE, Fu/Eu* i 25K,

2. A b A R A MR P4

(1) B, TR EADLE BY 8RR L3 By Rk hFHERE
BN EWEERFEFDEERNIFFRI—16+h, AMTFERIEPITEND EFHE £R%—
AKX, BETLIEAD, R ILEW, Sn, Mo, Bi, Be, Cu, Ag. Sb, As, FEHFMH
PEE, THAMLEBREZFEYPHRERITHE. ATTRERR #BTR4r XHEER
., BESK, #EEARR, HEEW, Bi. Be. Cu, FETEMEENER, 1id
RoE B RS RD, BEW, BIEFELEANEEBRERNOE TIEY L LIR, T
AT R E.

(2) ZEMGFREVREERD AR EERRESFEREYR, ERIXMH
g LW, BisBe, SbIF#E3%, Mo, As5Fe, TIRANEEME; HIFET KHE
L 1Hh W, F5Be, Cu, AIFF#3, Sn, Mo, Bi, Pb, Az, As5MnIEfH¥,

(3> W, As—BHEELATER0—40emE FIEE s Bi, Mo, Be, CuE—BE
BELHEEHLI0cm E TR ERN, B, MoEELRELHE S &,

(4) BREOPRIEAHWEETEEI100H 180 ki, Mo HWHEE<100
H ke,

® 916 BB, ¥R ELRMNETHERTHERRETHREREY

* ] w Sn Ma Bi Be Cu Zpn | Ag| Sb | As F

RS R TS E (ppm)| 59.84] 44,82] 14.09(127.98 16.49]218.47|100.520. 11[0. 28|101.71|8T3. 00

HEPEHA TS E (ppm? 13.04] 6,01 2.0 | 15.58| 5.11( 42,20(111.85[0.18/0.281 5.24[710.00
o T R E E E & 4,59 7.48) 7.05] 8.21 3.23 o5.18 o0.98]0.61)2.22| 19.41] 1.23
.23
o] RE LT BB S A e
i SE(¢ 3.760 9,32] 0.76] 7.41] 3.23) 57.86{135.21{0.06{0.08( 1.T8667.75
X DG}
SRR SE S (ppom) 2,37 5. 700 0.18] 1.13 3,08 13.56/103.34/0.04]0.03) 0.541385.00
+ R E ¥ F # 1,59 1.64] 4.22) 6.68 1.05f 2.79] I.31i.503.00f 2,12 1.69
iy 28 [k 2 E MR R S8 (ppim ) |102.19) 93,54 2.30| 43,40 10.25\184.28(141,65(0,248|0. 57689, 40(153.8
HEEHIEINER (ppm) 62.00 82,170 0.60[ 15.12| 11,12206.60)120.95/0.532j0.68(309.11)602.5
? I By # R 1.68| 1,14 3.98 2.87] 0.92] o0.80] 1.1700.880.84] 2.23] 2.58
Bl #vnampeasney
5 A B topm) 1.24] 4,57t 0.70] 1,84 2,28 31.44[107.53(0.0510,16 12.24/468
X HE B R S B (ppot} 1.38] 2,48 0©0.56 0.89 3.25 25.80| 85.89)0.05l0.08] 8.61|262.5
I ®5 & F ¥ 0.91| 1.84] 1.25] 2.08] 0.F0| 1.20[ 1.20[1.00j2.00{ 1.42] 1.88

=. IR EHHRERTEX

(=) RFREFEMARITENLE

LT B A RGE LR S e PR EEAOX LR, #XSHBET TR LK
fRETEELRETEFARABERMER. ELEHibRE? Hdk F8 L0 B8 K
Bt LHObREEHEL S THRERSEEGR TR, M TRSEk s hEEHE
BRI R R TR E 2 2k,
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B LA RET SEFREHRAE T ELEER Ik, B AW, Bi, Db,
Sb, As, Mo e EEEH, M7.4—41.2 (&9—2), HERALMREES S
RAOREET R, eiI2ERENERITE.

() RTRERM

MO EET KERELEHEFLEXEWOMREAFR, BEEHR260cmEk
ZEEREEN0cmpnERE LR, BRBEETHERY iR AL TE, XRALR
bisdi il ok 410823 =2 N

ST, 2. BEEAYVK, BT RSAERSMERD S, §FayHhi
FEWRERE L%, RV EAMEREELEINEEEAE A -BNE, FEEBE
B, IHEEEWAET20—50cmZ[H,

(Z) XTSI Bh

fEA KRR, RICRETIFRMIETILRE. B8, EREMERE & DR
METREFHNZEREMERE, RBERENH, FEESHHLED, LESRERRR
BRI EER BN, FHLENEF-AEEATFTERERTEE RS, HRERR%
AfaFH, X5 LBEBRMETRE, PHBEREREFTORALHSEY. LBPER
EEMBEENEANENBEYE, E4MENBRERT R, RESNSBEMETRNELYS
MBERERE, AMBEAREERZ&ES., LOVEERENERBERZN, &Y
HATLETEE BE20—OFM< 200 iR SRS, W THEXREN &R %Kity
W, R—HA RS HEEE. nBRX—HAERATZIFE, NELEHNAARLESR
SRR it B e, W RIFFERCR F40—60 B AI<<200 H iR RSt 7047, BB K KSR
HE

ETHGHEABOS ALK K EAW, MoK FEZHESM BE N HE R
d, DERFREEHRE. HREBHE-FHITR, DEEEEEAaRs,

() X FRrEEHEAEER

MAATREET R AR LIRS HEI,. R TERAAETENHEIRRET
FELBHmPHERSAHRROAAEREL, CEEALBRALDRT K, SR
BREREBEREHTRLIAFLERRT TS REEETENIEREH, URE2EEEE
EELDRIRESAHRHREFREERFOIEER. SRS 2 E0OBRA 2R
HE, AR TELTHNRE, ReEadaEStonemRNAfmoER, Hik
B3 ek EAL R RN, RED RN LEED, R EE b ek
FR2UE, MELARRLRE. EEREHEMEN,

() AF % RUED OB TR S5 e

HAAMAET XBRERLRER L ERENTE, EHT LSRR L TELARBSH
B, AR ERBTHRADR:2HHER. ERERAIES, BEAETHENE £
s

RARLKEY R, BHLERLRARRHEST Yy ngRahnhREee A
BROEE, HLMEYSRAT - h#RFRA TED SRR LINT 4, wdhke
W BES A, FAMFTET 80¥05.

AROTERARLEEERAORNWES, I HENMHRERTHEH.
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BoH FRAREHRRA

KU R R A L RE B B R R BB Z —, J6 T 1R Ca, Pb,
InE & MBHLHY FAEUT T, HHIBE AR KSR, FEFRZ.

FRLAEE H O RAVRIENT sy, PR2 . B PR RETRRR
A, LR BRI R A A

—., VERLHH—~RBRE

(=) FREMFIIORE . BB EF
IXALT R AR PR R R D, SR PR, R A%, KATE
tH 7 i it )2 5 h R & 46 iy — E R 38 B

.\ N N o ) ERERSRERE. BRETATE.
{ C| wmstn. wBE sE. 0 AR RS
m Qe CON\Y| %, semraERRRUEREY, 5
’ /8 , iy 2P 2 B AR R A (Rl —10),

Vi h ERFUARKY . BRE&EY. ®
e, NSV IBReT. b, ZE8 b
PR T Bar i Dok fE . W E AT sl
HRIGE, BT RERR S SMAIER

R LSS S, g2 RN YR
g BN S M R R A A
ot BB EMo, WHICH k. BRESH
HHEEEBET2oRAVAL L, KKk
[ ]s BETERTTHL LELBIRET
[t s WU E > L,
Sk A IERE B AL T8 B —l
s K. RO LWL TRESE, FHER
WME. EEHSER 16.94C, HAEE

76.36%. Pk AR 4 1365mm, EXRR
B oo—11 §ERENEE B 3h 1339mm, X PR EMEE . B
RSB SLLE LR RRRE MR KRR
s—TLIINE S E 6—RREIED Tk, 8- RO T AR & i
Al (Z) BMEMEA, RS54
FEBAFRE ™ B SRR DRV E, HpLl 1 Be-RR, HEARI6HK, b
%562k (MLE5—21), ENNW—SSEjEBef 8. mdbk£12000m, KPS 400
m, SERERH40m, BRREEAIm, HRBREERRES A0, RIEE636m, §*
REAR, B0 —15" Wi A AINEEM@ &, Tk 2 m K &R, BWENW il
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T, SE MBI, 150 RbRRMREL, 2 E 6 SEBE/N, Rk
&,
() BEHT ARG ANEwE
IR T
PRI DGR R EE 5 A3 PR, SR ERR MRk, SRR R
&, . B, JeRiE, FE®RE, £50T2BR0H. BRRTE I 8K
@, #KE, 2AREE, oAebH, LRy oRERA, L6, Hitk, EEy
fE2TRLAE ULESs—21),
2., &G
YD SR R AT A B A A, BRI BT A= Kk,
(1) Rz KRR
BRI IR 0 WKL RO TR 0 R B BRI R R . BRE R E
B EHBERBRE, TLUAARRBRELSRB LS, BE RS ME QRGE
&,
(2) HRigA
FIEME B L L B, SRR HREIE ST R —Mis 28, a5 kg
HHR. BRI B IRABIR R IEE.
(3) EH kit
PRBHRTRIBHIERERIERDIA, SEMEFH #—B5 T 94 A2k
1. BRARIGE. FHRGE. LHREMBEREMIVRIGES, WibNE aERG
e

= skEBHT WS

KRENZEBYRECFLRED, FHHLEL, HERE T (MR, £k
TEAXG &G . Lo, Edhodi k. RLBMBERBITSF Fkstieh2o #y-

Rl SRBYTHE S

oW oa % £ & # ¥ x B OB ZF
B # T & Hédm
o BEr. ARy, BEy. #E BT EST
S B L RN, EMED. KEHT. 5. BR HERE, REE. ST, BE. g,
b, BET. 2EEV ARET . RET. Bae
23]
o &% %%EL- ?J{ﬁ:lﬂ"\ BEELE, jJ-#FE\ Tl Ei&a“\ Eﬁahs %%%a&\ ?@%Bﬂ &
Fi) HEY
bop @ FWE. BABLE. SKEWE. K& | RAEE. NEE
Lk EleT. BRG, FRY. BER
H th Ha. Ber
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% 9-18 BHTGEHLERS O

i
LT ] 2 3 4 5 B
TN
Woy 0,144 0,128 0,214
Sn < 0,01 0.023
Mo 8,013
Bi 0.057 0.030 | 0,073 0,035
Fe 54,20 49,85 50, 40 51.18 43.69
Cu T 0.236 0,202 0.207 0,340 0,243
Fb 0,042 0.053 0.112 ‘ 0.009 0.146
Zn ’ 0,132 2,170 0.4 0.006 0.105
Az | 0.0001
sh | 0.003 I
As 0,076 0.115 ‘ 0.053 0.155
5 | 0.368 0,250 | 0.228 5,405
Sig 9,729 10,558 12,90 [ 11,200 9.687
AL, 2.553 5,058 2,300 | 2,330 5.120
-8 0.1881 ft,i41 { 0,425
Na 0.0093 6,003 ‘ 0.000
20 0.168 0,100 J 0.060 8,475
Mg 0.053 0. 100 I 0.020 0.2a08
Sr 0.0005 T
Ba 0.0063 0,05 ‘
Mo 0043 0.047
TiO; 0,209 0,300 0.200 0.463
p 0.172 0.062 0.079 0.043 0.066
B 0.020
cl 0.940
fEe 1. ZHUERZFY, S8 TAORERN, 17T B ESE,
2. RNHMAZERBREERAS, BFREYH, Cu.Pb,Zn, Ag H23MHESHERT, K, Naa0rBR
(B o f =
3. ARFZILETHIRE, REE&aSdr, 3540 BREERIE,
4.5, FIHERFAE, KFUIRRT SEEAERS W NBERS.

8o JTATHTOSHLAERL, {bZE a0,
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# 919 TEAXBSHT AMLIPES

£Rr =2 511, AlCy Cacl M) Feply MupQ T4,
830-001 1.00 1,12 0,27 0.07 77 .64 0.01 0.114
g20-004 3.60 3,44 0,20 0.08 83.06 0.01 0.20
&10-0032 1.52 2.54 G.I10 .02 54,96 0.03 0.05
T90-002 1.70 1,20 0,22 .01 82.40 .01 0.10
780 007 1.08 2,80 0.10 6,06 26.76 0.0l 0.12
L {49,514 0.98 0.14 0.02 46.30 0,01 0,36
7H0=-001 17.00 3.68 0.20 r.12 74.30 0.01 .82
A 17 1.40 1.86 0.02 .01 81.72 0.76 .38
A-19 1.78 2.88 0.02 0.01 82,42 0.01 04,10
A-28 23.02 2.08 0,16 4,04 65,96 0.01 0.06
A-210 14,48 0.64 i, 06 n.02 27.28 .01 .04
C-04 3.20 2.62 0.14 3,03 83,84 a.06 0,134
€07 7.32 3.50 0,36 3,02 78.74 0,01 0.28
LBB-24 2.52 2.04 0.38 .12 Bi.72 .18 0,04
2032-13 1,56 1.82 0,01 0,02 87.64 0.01 0,082
5-9 2,16 2,66 0. 04 0,02 84,72 0. 006 0.192
H i 10 St Ba B & i B

580-001 .76 <5 <15 EXawm&R, sug%s, ot
820-004 .28 13 <15 KRG RS T RBHY
810-003 0.27 <5 <15 B, BEASTRGE
780-002 0.21 <5 38 R £ FLRREY
TEO-007 0,80 12 46 ERRILREL
TEO-018 0.4 8 46 2R AEBERSF
730-031 0.66 16 72 ALK EBUBBE

A-17 0.32 <5 36 BB RBET

A-19 0,60 <5 30 BEOBEY

A-28 0,20 <5 34 =Rt A ERET

A-23 .14 <5 28 HOEBIREET

c~0d 0,16 <5 12 R SIN Tt

c-07 0,24 <5 10 ROEEResT

BH-24 0.30 8 100 2GR AR B
2032-13 0.28 <75 15 LIRS S/ o3

58 0.18 < B 12 BB

b (BFRI—17) EHTIRBHER, BXHXSHER S B, 05 Kk dhey fox
2% LR R AR B EMR, A ¥R O AHERE R RBRIEERT B+
=%,

M ER, SREEGT RS AT

(1) &itdhr. EELY. HUZHET AT FASEEHEEHART H.

(2) BEAi, HHERERLHRERD.

(3) Cu, Pb. Zofik AT WAREE. ¥ ms, CuIRAEYVHIEELIGFALT R
ALil, WiZafuk N HLIEERRE £.

(4) WREBERTHRANHT, ERENEEHEL, Ule, Gl AE,
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(5 BhRERRV ERIE RO S, Fby 0 0. MR NI BB Rk
BT, LB RmALER,
(6) BEEERBLMTTHAL,

=, SKiEn i

G- SRR RN MERE R

AREENEERSERE S 20 RANTTICRTEE.

W, Sp, Mo, Bi, ¥e, Cu, Pb, Zn, Ap, Sb, As, 5, Si, Al K, Na, Ca Mg,
Sr, Ba, Mmn, Ti, Cr, Ni, V, La, Ce, Pr, Nd, Ga, Zr, P, F, Cl¥,

A R ENES SR EI—18, AEERRKYAPHEE XES 2ATR
9—19t, WLIAE, HHREMHLERS T e, #Cal Mg, P. SHFuF. 4 HERA
AW, Bi, Cu, Pb, Zn%, HaW, CuRxHOEAMA. BT TEFEAHZ LA,
H&AP, S5 HpAsPHERSMANG, WP, SHE RN EIK.

() RETHBTFEEN

BATVBE SRR AR BB s L. B RS ERENEEE YD L hay Cu,

Db, Zn=HHEFE MR, HRAGRFATHRI—20, FRERIITFR—21,

*® o0 HRKMILRREE

2 B B B ® W REHE®EPEH
I ERAMR, RiFoosih DS
n Piol/L BEEEE. fREBR04F 1P 1% %
if 1wol/T. FARE, $idH90s ph B
Iv 1G]+ ITNO, S{kd + Bk
v HNOQ, + BRE + Todl ke R

MEI—21 I, AREWEIBTEARILTY, ELEB®RY P T4, Cu. Pb, Znly
AE i + BikpihE, InphrkBEiEd b EE, RHIRK RRE £44 L. %
{Lipm R IR R B BB RANRERHE LR F M9 A h, Cu, Pb, Zniy
HEIL A BN RS, RHEARRBOERSE D, BRRLEAHRREEENAT
H—RW, E—2BE FESERRNRTER,

. $t8gFe. Cu. Pb, Zn, S, Asfy=H=EH %

AU fe R ISR S TL A DR e B BT 4R, PIR =4 5E Sris ik Xt Bk B Fe.
Cu, Pb, Zn, S, Aspy=HZRSHAETTHE, KB, BXHF=:
(1) ZHEHERNTY SRR RERETRE T Bk, HE-—-FFE&ETL
AREHER I LS T REEE K PR Ry B2 ) 4 A
(2) ERMEPFXEEELTHRGMNE, WLUETRARES RAETE ZRER
(3) RHGIREAB A HEERMAT L& RN RERIME, ARV MECY
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% 9-22 FRHEHLELROTEIRER OO

# Fe Cu Fh Zu 5 As
FERS Om)
793 41.0256 6,2190 0.0289 0.0272 0.1173 0,0625
794 42.4348 0.1830 0.0861 71,0633 0.3057 0.0640
790 418211 fh.1014 0, 0850 0.1669 0.3126 0.0392
Ry 41.8001 0.1638 0. 0879 0.0878 0.2789 0.0571

IR EEE. SRFWEWEERITFHEH O, Ak TEFREIERN Fe Mwirik il
L R R i R T RS R E AR,

AU RSB FEEARZUGT RS HE (F5-32) i ERIEN, A 10 &1k
FATLR, F|H LML H88ImMERE E63TmERE . FATIfFTI3m, 7T45mAIT09m =AM B
Bk E AR AT RE RN E I EERTBRILH T o BEREE, LiT185K,
Hoeh g ik RE9—12H5—19,

Fe. Cu. Pb. Zn, S, As;AHcEE79I3m. 746m, 709m RS EHE rikfifi R
H Bk R ES T Ro—224,

HATEMLE 83K RrEGESFRLEETLLE H % 8 & Fe, Cu, Ph, Zn,
S, Asfyz3 R4y A7 I T AAL

(1) ¥Fe: AEFi EAILFIREFHERM K, KT 0% ML A9 & LIEkk
X, B&EES &MHE, PHRT0%ELA. B Fe B EHE RN SHIE B KINWAKG
REREAE. R, MALEFL, Fe PSRN, EEAF AL, FehE AR
FEF-fhhiEE, L. FHRrEg.

(2) Cu: CufEEHmt, Rer&PALEREAE, £Hik0.25%, 1KLL EEE
ML, F0.15% ., CupREELTRESREI B h Ca i FRFEG. 27 &Lk, T
RAWTET %, SRER, REBERHEESD, Cod BFE.

(3) Pbh: HEBPLHER—BIET TS, HoffgEadeads PhindEH
B, Bikzhik, 2ERER, TESTRELBVARPbERNSHE L.

(4) Zn: B Zof B &R 00.0878%, HEHMBETE HER: JEME 55 2 4%
1928, BEESAK0.2%, G TFREEYERDZafarHE K.

(5) S SEERBDPOARRELY, EREZESMEIIRT27E&, 268F 214, 2
REIATHRE. TREFAL BEES, SHSERE. B SAEHERTUR
B DB 1L Ao AL R, RALBER, £ bRSE R, KRS RES.

(8> As: AsfErk T hm EL S R2rei B R ARE, KkE2EE64. As R
i o M OL ) H BUAE WY BRI, 46 B 2 R kIR BE A TR A . BBk W As 1Y
KEAZ, H—kBRELEBY K, H—rlBESHRKTEIDAHR,

BWRER, ARES ERAANMHITENZRIOHRRAERERATE & FE—O~Ca E
EoMETEAH, mPb, ZolEELHHEF XS S XRERCe, Pb., Zoh 4K
Form A AMEHRRENE CEREH=TD, RPALWFERENTKEE &€ &L, &R
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’lﬂ 5, Qaq 30\"-
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P00 T, e =
M 08 0‘0‘?\
S : 5 \ | ]
~-{h2 Oy ey L
8 o R
Gy
—0.4 - L
Cut Fe'*
--{1,6 B
a[.'eu 10-—3
e
- 0.8 4 ‘Di; q’HFeo_-w‘;i‘
. = *S:K \
&,
T & F*og ™
o e "
10+ i
1.0 NG
CutFe % ""\__é%o
"‘O‘\ 6:? \'w_
= B
1.2 ,a.\e
-1.4 T T T T T  aa T T -
! _l; p *Ii L] B 10 12 14 16 - 18 20

pH

B 9—20 Cu-Fe-5-O-HEFEA25C, 1MKRFETF, T$=10"*mol HMMBERA
{51 BGarrels, 1965)

Fak R X —#RR A ERE AL FHREFRREELRRT KRS 2EL.

A, GEEARNHERLFERY
R Bk, AREELHEEL S ERPFABTERKS L, HEAFERD R L
STHATRRE LS L. ARRFARHRICHY EMERY T &, JcHAHET k. W
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xRty Etn BREKEEHATEE. BERIMMEBAE B
PRy, PR ERERXE, THESEM RN it &,

JeER i FE W S AR AL Bk RS, PETRERT T A, e R
P K. BREVMEET, PTRAESRRE ERASBSRT P Lh, BRLK
& EFFEE, THWHE. B8PV ERREFSEEY: RSy uaENL, FTHL
FHEAGLOF ARG L, AN THRERAREFOAXBLTTRESHESOARE, M
kEERRFEETEAERE, FHAO. AEES 2L, KGUEALR, F5EHHN
B, B, RESITIER &S kmFS, Feot, G fuiERt:, BEERATE, &
AR BB ARRY, HoERBIFHCe, Pb, Zof)al B F S AR D,
EXEHMTEARBEEE, RRERKESARENR: SRy HAEATE, 5
%, kAL, HESAEARSHSEE, HEERS, WHFAXRBETHART;: &
My LA EZE. FHAASBA-SkESH, M EEAS. B ER B
%, Hikd. SELBUEEY. KRV AE. RESPKEENTIET @R,

#Garrels Cu-Fe-S-O-H $k £E25C, 1) KKETFT, TS=10"'molf#ypH-EbE
EiAR C(FH9—20), ®LAHEMTEkIEF R R ppH-Ehfy bR, AEH FiH, & Lo,
B, KAV RETELETF. EhB-0.4——0.5VEHA, pEAS—10EL, EEHH
15, REPARETEEL, ik EEREAERY R, B BN ED 0 EH
i, EHEHI, HES gy ENEER pH 4 1.1-7.5 24, Eh A-0.25—+
0.10V, MEEkERNE—S2R, HEERVG5S_HEETHRE K, pHH B8R
%, EnifiFleg, HHpHEMEEBD.3—7 54, EbEBENG+0.32——0,1V. EHH
Fe,0:5Cu,Siit X, HKEREN FTRESEpH=1044, Eb FRE-0.33VLL k. @O
RGN EESILR AT, EBFREARY, EbHAtE.

Bl9—21 AR R AR NRER S hpHAMERH AR, WE & W, =
KA TR, E8R FTEHR, BEERTS, SKRERLEEER, RETLEES BHA
ARR B . X—RBHXHpHERKMENET T, FehCu AFifbay hHkiglisk, RA
Wi, ERAEZRE, EREERLFHEAE. BRVGMARE. YELERESAREH
B, RS hATREN, pHETE, REBFEANCHRERT, BR RHET,
ABH, BHETRARS. X—HiLARSEE 205 RMMERE~%.

AL SR MR B B TR LR E AR, REEfe i E b, BAERLT W
Rt TR & 8% PRRay. PaRMAREFRKEET AE, SEHHENET
i R P B, AT RS . HENIEEYMBRET. NEs—22 R F
4, HYpHY6—8, Eb>—0.18—0,00VHl, FHPEILRAFED, XIHIZX %I pH
FEh M ZE P AEPpH=6fEh=—0,8VEL L, BT & HIBEE, #HFEIEF 19804
FRE, ReEPRE BEMHGERREAETO M. bR RERRENRRAROE
Ivl] Bk

g LETA, HEEZKEE. LW AR WA A LR, REURENE
TN TR, GRS nEityREE o R, EEneREnREL. KPRt
MBMEBBRENBAERY, DS nEEcsinihd, eNan THE SRt
SREENEE, EEMBENRER. HHGEERASRDE AR LS, SALEKE
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.
T

!

0.8 4 c,. 5
T BRI e
N AT F& g Sato, 19601

M 9—21 #25C, 1 4RKFEMC-
H,0-CO~O~SthRiaEw (BIRKRH
¥y R Garrels 1960, fEIE)

(#cBrown, 1075)

BAFRBREAMFIELEETHELER

B 9—22 #£25°C, —TREETAS,

o TCO,=10°, ES=10-%, LEH Si0. FFE

B, REg R AEFe (aq), Fe''
(aq) RBHHER-pBEMR

(#BGarrels, 31965)

ok, BEMEER, ARHTRERY: LHEERMELEE, CETHRENATLER,
Wi R TR LA 3, MR NIRRT IR,

B A B E T R Y, RAER R e ARk g pH, Ehjl
2, REEREREEE @Radis. fhs. BERREEE®S Bpllhi—64£%h,
WP, REP T ENDEAI—4, BB MpHAT—8 LA, BB T TMpENG 6k

A LR REMERERT T,
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FHE XI5t

HF—T XEBERFEFHMGER 5T =

—. REATERRAGHE R

A RHER LTI, HRACFEERE - HRAEE", HaRie¥ i Rl
Wz IR A0 AP0 TR 2 X Mo BRfE 2 (R R T A MR A . 2T MhBR (b7 b o i 0 By AT
AR ER. HEN MR ESHTEHESN, NARMIRE IR ST
RARZE RS, B—-FPREFEEABNERATLH. 85, PN HREREF R
WA REEIE, AT R A R i e (U S5 it — AR b R ar b7, WA ISR 7 o
BOGEIMERIX) BaSREMEN SH. XbREAERHREAITS.

STEFT I B SR A B TR TR, T RO ER (L2 R 4 i T 22 il R 4 1 £ R 8 i Y
FgRad, JFEAARSOREE SR EHRINIRS, 58 BUSRT LLL0E St AR E
FLARA R i “ R L REHc S #7

R E L RRILM I 2L R0 AR, T REBREESR OB RS EREAT
R H) 3 L -

(1) AMAFETRBRENE PS5 RERN:NEE T EERN o F ik, A&
—NEA, HALR B FERE, M ‘DR, R TR R, £50
ERETHR “Gibdr” MEM, RIEMEZHE [ BB agnh ™4, JFRH T ENMN
BAE .

(2) BAGLRMEBENERERNER MR BENIFRERGECNE T AR &N, At
BEAUINGE T REAMMA T WL B R AEM#EST, EEAsiEsERRNARZRNE
Rk, B RBIBASMEEES HIREE.

WFREESE, “HEMRIL B (REFEZK EETARNMTAL RIS
7, BILRNER RS 5™ B R a pE B h#0 9r. R R
LR L RAERBE BN T RSN, XTEOERERBUHUN “Bkik il Gl
B SRR, BRI RIRIRIRA AT K IR (bR K GRETERED JEH
Lk RGEEGHLH, RS X RN (FRE i RETD LBk RE <o
AR F e &R I Rk, RS IR

= REREBTFROEUNSHE

AR B R B T AU AR R S 3T 1982 R IR IO Bl E S i FRR R 55 058, LA
KRN A F T LER R E AT EREZ 2R WET SEARE P, AX#5 8
(a2 kR AT mBRREEELY .
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#x 10— EBXSBEZIERTTRNRETRA)  BRER®B) —K%

& ZHl 2 3 4 5 6 7 8 3 e |11 12|43} 14 | 57
A gt

A | so.of ®0.0| 80.0] 100.0 50.0] 70.0] 60,0 [ ’ ’ 74.3
L.j

B | 65,8 22,9 18.0] 22.6 ea.9| 25,8 43.2 ' ‘ [132,7

‘ a| 6.3 6.5 1.5 3.85] 3.5 | | ] | ‘ 4.3
e

B | a3.1 0.3 s2.d se.el 2o.1 1 ‘ ‘ I [ ‘ | 3.9

LAl 200 27.0 | ' ‘ | ‘ ‘ I 25.5
Th |

‘ B | 15.5] 19.4 | ’ [ [ [ ‘ 1.5

Al 35,0 | ‘ 1 | { ‘ { 36.0
¥

: n| 18,2 ' | | I f [ ‘ { f [ 18,2

A | 3.0 2.0 1 uL 2.0\ 1.8 1.s] 1.l 2.0 z.ol 1.5[ 2.0 1.5 1.5 z.n[ 2.1
W I

! B 2].7‘ 15.4! 1082 Bo.6] E2R.2[ 14.3F 15.3 26.3 20.4‘ 13.1 13.923.313.4’39.8 32.8

| A IU.GI S.5 14.5 2.5 16.0 ]3.{]i 4.0 8.5 ‘ ’ ‘ 10,0
T '

K 15.4! 14.2 16,4 7a.6] 276 3.{:’ atodl 6040 ’ ’ ' r 31.1

A l 1 0‘ 1.0 l.ﬂ" 1.0 0.8 1.2 U.3| 0.8' ‘ ‘ ‘ ’ [ 1.0
Mo

BJ 22,1 11.8] 17.8 lﬁ.U' 20.1' 2645 98.0] 55.Z J ‘ ’ ’ 40,9

A 1 0.8 0.8 1.4 1.e 2.0\ 0.8 0.8 0.5 ‘ ‘ ( | 1.1
Bi

B 32,2 188.5| 46.7F 37.9 32.3 9.3 34.8} 33.3 ’ J Ez2.0

al 280 16.0 24.0‘ 28.0 24.01 12,0 11.00 2¢.0] 20.0 | i ’ 21.1
u

Bl dz.4] 21.5 s.sl 11.7 92.1\ z4.g| 2.9 zn.aj 45.6[ | ‘ 30.8

al 5.0 35,n| 5.0/ 60,00 5.0 50,00 40.0] 40.0| 5.0 50.0|50.055.o 7.5
Pb N

B | 49,3 23.2| 84.2 23.7I 13,5 76.8] 26.2| 16.7] 15.00 8.5 7.6/17.9 3.3

A 90.0) 50.0[ V0.0 gﬂnﬂl 0.0 70.0 50.0' 80.0 | [ ' 73.8
i

B | 17.2 32.3 77.8 e7.5 15.6' 15,5 28.4 32,0 39.3

Al 7.0 7.0 .00 7.0 5.0 9.0! 11.0 11.0[ :r.nf a.0 9.0/ 7.011.0 8.2
As

B | 10.3 7.9 12.2] 18,0 13.5 15.3‘ 80.7 41.3 10.1] 2e.4l21.0f11.aleds0 24,0

A( 2.0 1.5‘ 2.3 Z.U‘ 1-5‘ 2.4 2.8 2,0 2.0 2.0 ’ 2.0
S

B 5.3 5.6 19.4 8.2 12,2 11.2) 12.0] 82.3) 15.4| 117.4 | 2%.19

Al 40,0 0.0l ¢0.0/ 30.0] 30.0] 30.0 30.0 ] l 31.3
Hga

B | 18.8] 36.4 30.5| 36.8 33.4| 4.5 55.# | F a1z

A J 1.0 s.oj 3.a] a.o] | ] [ 3.3
Au

B’ 1o.a| 29.5| 55.2 9.4 | | 23.9

AI 0.08 u.n7| o.08] 0.08] 0.08 n.us| 0.06 o.07] 0.07 o.08l0.08 0,07
AR

B] 38,5 35.0| 20.2 16.1 12.8] 5.5 155 37.3 42.6 45.0la.s 26.3
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b * gg 1 2 2 4 5 6 7 8 S w iz l1a| ! Py
A | 600.0| 3000 450.0) 500.0] 600.0] 350.0] 450.0] 450.0| 650.0 505.5

F
B | s0.8| 14.4 20.3] 9.9] 12.8| 1.9 &6} 41.7] 52.1 35.7

By BETHR: AvHe 2 ppb, 25N ppmy FEAEE: k'
# 10—z FEEXARSEEATERNTSARTREBRRANRE TR + 20 18

% = THETTFR T 42 o % EHRT TR T rs
Ti 74.3 103.40 Pb 47.5 95,8
Be 4.3 Tud Zn 3.8 133.0¢
Th 25.5 29.3 As 8.2 23,3
Y 16,0 34,3 Sh 2.0 10.6
W 2.1 5.8 Hy 34.3 81.7
Sn 10.0 16.2 Au 3.3 3.1
Ma I.0 2.4 Ag 0.07 0.16
BEi 1.1 3.1 B 50E.5 72,1
Cu 21.1 44,9

fifir, AuHg Jyppb. B H ppm.

Bk, E-pRAEEXBENRTHRED. AREDRRTFEREMA, KR
FRIEFHRE QEFERER), FESRDRyHME, Wt BETEN, R A &
%, BasaTrk. Hig. BREAMR-2EHLTRENYD, THSEHE & RA
HBEE R oA, ERFEALED, BTLERF R SEREZREERIUT KN E
B S5HRAH, EEAFERNHEEHESARBTATZETES, S NEoblnX
xR, ERRBAFRT SR BZARERS, RRANADKES XAHEHKE, BHTFLY
i, MEKZOFRENE, RETERMEASR, TRERNLEFN “EHRE” (chao-
tic state) WWABMAIFN “HREH". EHEXRERNOBER LRI HHBH T
A QRIBEREEAT, X—HITRBRRETRDPOHMS TR B BNE R
FEMKEERNTREEZESREMOBTAEARE TRERS AR EPRESEHNA

i ERB R EBIRB N REXRE A IR ERARE TRASFEAANT
#I0—1h, HRIABHTHRETREBHFXANEFE TR —HE h ZH 4w 2
(x+28) BB GR10—2), WLLAEMH, WHE—-KRETHESE, FRTRARE B L
& B

=, BEERTERRHRUEHZ

(1) REFF 01 pHFLTHEEET LEHFE TRERHGSAREE— &
BEXWRELSFERYF TEEBRIHEHESZOREE (E10—D, FLAROEK RS
EEE%IKEEB"—IO
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(2) RF\AFATEHRE PREERBEE AT RO B ROF DR &0 E R
KA ey, By ERKE (BlU—2), RESBARELENREREAORTEX M
BEAEFERK, fnERX I, 0. V. IV f0XX. #TUHA 5 — TERE, &
BRI, ZAZENREREHE, ARERBRALX A CREOREBREELHME,
—BRARFAHRTERE. RAERVEA, RV THEOTE -RETHbTENTE,

(3) SFEBEERERAE SHLCHRMERE. #ERRLBLHRGBE.
a3 REATLKR, URERT ZRK. DEBREERE—-h AREFHRTE,
HREGHR 2 BN RHEREWAHTHNMRE, AFHTIEME X S48, S
s, BESERBEEHMe-W-(Cu-As-Ap) B EREBT M S5 ABEHFUMRHE. &
BABRT R, SHIEMOA-SOFLTERER, SFIEILER XXV, J5 & %
&5 XX,

(4) AAT ERE A5 HRBEREYV EEBHNNREHEECEOESES S
BEH/NEREAMEXER, Rl aETESNASAR. S8 .4
BE (RRFRERX) £5. ARV ERKERB MG F ABaErR.

(5) RIBHABFRHLEZARHAHEFMNERZ D LT,

FF RERF Z RN

ARTELXBEZT Z+—AE&BRTZERER, 235FEnT FilhsHRELEN
19704 KR 1 1005 M B A .

I. BF-FR-2&BERIX

1. FEHE W, S5n, Mo, Bi, Cu, Zn, Ag, Be, Li, Y. F,

2. EREEE mHHI34.0km?,

3. AR¥RERE (1) REBREBR—WH; (2) REBRRUAH R (3)RE
B Rk —KFIE.

t. RV ERSHT ZEZEREAUBERRANBELER (i) s BEME U &4
(Y3, YN, ANEESRET T RERLHE FCu, Zan S EES. TARE
AEAERESE: ®UEr L EETE W, Sn, Mo, Bi, Be AR, FLLEREN
AELAEI A W, So, Mo, Bi, Cu, Zn, Ag, Be, Li, Y, FEREMTHKGEBE
ERH B RSE X RASE, JRARARE-FA-2&RAEZHRYFHE, &R
EAEEWEEDA6.7ppm EEHERTAMEHRERES SR EETBED 4 W
BAHE, MEBNEEEEEENSRELS, TR, HEEEEHIE (AEKREREH
XN LS —2h I - AR, ARBEARRENR, AREHEHEERE
BSREM R, BEASBHEILRELTR, bREREKRA LBER M HE,
RETELENEBTREE, BIEESERTERE—-HRE, TED; Zn 127ppm, 3%
K gEE2.6f%; Sn 18.6ppm, 4K HEEM4.5(%; Bis.0ppm, ALEEE KM 12.7
f%; Mo, Cu, AgE B RENEX (1) EEASHXT 2ppm, 30ppm, 0.16 ppm, 5r5HY
AR 345, 2.2f8 M3 %, EEEEHRE. EXENRETEEREAESELT.
HHESRFRE (1) AEBRERN.
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EREF RETACRE Y, BFHHE-LEF AEARERK, SETEKED
MPFEMEMEREERT A TSRV ORE-IREAELRE. A6, 2R
ERE, BIESREERER (1) ARTRER, SRR, B - PHEATRY
KEESF K&,

I . W-Bi-(Li-Be-Th-Ag) E&EKX

1. TRElE W, Bi, Li, Be, Th, Ag,

2, EREXER mRAHH122.6km?,

. BREERRE (1) CHEAEREE (2) SeEamEHE (3) {2k 28T

(4) CHERELIE.

4. RFIEZIMY RAFEEHEUMESLEE, @Y AoHEAZRE B B, T
R4 E&HW, Bi. Li, Be, Th, Ag, AXASHERE A XHETERHBBAS, Rkl
IR R AT RETE . RAWRIBH & KiE0.9ppm CRERDBHE HLEN542.9ppm),
X HEERNT.ef, BIHEEFRE, RAEW, BIEENRIRETESEAEAHE
HHRFAE, RERERY. C2IBHKEELEENTERE LB HAMARKHNNE
M HDEARR, TEREDZTMETBE. T LAR Bl hERsEmTEds®y
SREETVEEERAHRESEEEMY, HEFHRT SR,

ARBREAREE Ry R, REARELE LA FHRAN W-Bi-(Li-Be-Th-Ag)
R

M. W-Sn-Bi-(Ag-Be-Th) &K

1. oEH4 W, sn. Bi. Ag, Be, Th, Li, F,

2. EREEE ®ERHL05.3km’,

3. BRERX CHESARN-—KER .

4, REZEEFN ZEEXATFZEU@EHE LS WaE CAERLE—~, 8 4 1,
WEZ WD), HEBEASRRE SR, BERRERATFH LSS DSk EWmE
HFBEREE, &0RpCHR LS KR 1T, SRt ERX G,

EREAW, Sn, Bi, Be. FIWREERMRE, REREAN, WHER S E K6, 6ppm,
Bify B &8 k5ppm, Y AHRKREED 6 ZMIE, FUREREAZES ML ME A,
BEI-IHFEHERE, 3} TIEW-Sn-Bi-(Ag-Be-Th), DIWAHERT ERHBEENX.

V. Pb-Zn(Cu-Az-Hg)in ® X

1.oH®4l4 Pb, Zn, Cu, Ag, Hg, W, As, F,

2, BRXHEE ERH72.2km?,

3. MRERX REZHWMBRANLEMIRK. RFE—HF,

4. RVERTHYT SRESHMBENHTFEEAZZSEAN BRETAREHT 1%,
ARMERFREAHOESRT HERE, FUFEEREF LR THMEGHTKER
SPEESRT HEHRX AL, RN RKER DR EHEERLM, EHAEFmbhkE
BHTILHRCENSRERR A, MESRETELDYT XHMENET XNne%E,

V. Zo-Hg-Cui B X

1. cR44 Za, Hg, Cu,

2. WRIXTER mEHH83.2km’,
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3. MREREK  (CAELDEET X RELAEMERES.

4 REPEZEH AOXEBEFRETAREER S8, LOBEFKRES MMk
HZn, Cogg R Rn, WARIMMAS Hg B8 o, BFEARER KRR TEMF KE
HEMEAEZRR, HFNEERERFRGHTK A8y 8y - REIHNR.

FAXFRBEZWHEREES, BHRESHEGHE, NS HEMBRLE. 5
R, RSk S AR R R ERR L R EALEHEL, AR Rk
REHAERBUNFESXR: R SEEEHRY REHEN, mmlasy mRIES ®
HY “PERiRy” WRERN. RPERMRE. ARCHENBEN TSR, RYE
HERYEBOBN R B RY RERRME LA, BRTREESHESRY . 2XF
LREE T REDRMER, RALSNEEERCEARBEUL R RRERE, AREAER
Po. ZnRESRHNEREY, FERELEL. GREOWBBFEHTEKES Pb, Zn, FHH
W RETER, Bd# NAZTERENESBRILERT, #—-FPHEH: FXERY
WP PbRI BB E R X B IR, Zn, Coll| TREM AR A, BRLOHMEFFER, T& P
b & BT R R PR B LTI R FER TERE v (9 2n, Cu, BESHKESY
BHESESEY: RARBEETUTESR.

(1) WMEARLE. ARLBESTHPL, ZnS BHRTESERE.

(2) WERHEL. EREBEFESZa, Cu, XN BAEED KB EREAZn,
CupFRMFHBEEE, EREHEEA B,

(3) EFairER2RY, EMX AP, Zng8, REED S LEPb.Za A&k,
SR EHENREALRE, FEE3.09ppm, HXHELL. 73S, MEREKRHZ
LERK, H54.18ppm; MR, SPbEENEEREE,. FEFRNTY®E, & W%
AP Pb B 2455, 03ppm, YA LML B 5 ¥h A PbERE 446.65ppma (&8—3), 23!
AE S (31.66ppm) H1.74F01.478%, WRIRALEREFHPLERBRK.ABE.
ERE. BRARWMPbE FAH%30.23ppm, 25,44ppm, 22.47ppm, BE/NFLARHPLE
. BERERESEHPb, ZnfLliA,

S EANRME RN EMBEY KHZRE GEREN, V), H FHJL & EH
&

(1) EEREAFHCanag, ENhWRELSEBERRNERE. LT
NN BRAE T RE. aREHE.

(2) AR EASESE (RO, 0 figt A (NBHREDMR B« AED
SEHEGHER SEELR —, {HRERFE-BREZEE, AR HERRBRBER B
IR R EPD. Zap" BT ASFEE,

(3) WHIKNEL L35 EESGHEGDIERE FRAH—&KERHE RGOS,
AFE LA kmy MBS HEE TG, 2RS4y RinAENRE, BEFEEALO KX
MAE. ELOFK, DAEARARYEET -ANERBRME-W MG 4LE, K
FRINE [l E DI, WTREAR L TR e A LiEaB i,

(4) Zn. CoR B BT, HPORAE My AHBERERAETHE LR, 4 WS
AT E AR By HERENART Pb. Zn, Cu, Ag, FEZHRREHEESS, X
FHEMMNMPbRELREE (WAATR)., HEEN, Zn, CoaREWLLENXE A"
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RREERT f7E. MPh, InREEENRFHAAE L,

LA b JLsCRTREX T IX IR - B i B B R - A R E L

VI. Sn-Bijg & [X

.. LEAS So. Bi,

2, IEREERE EMRLA31.3km?,

3. BREEBEX HBrEAMT—LRb.

4. RPCERIHY ERXAFEEUMESLSE L, Sn, Bif -2 RERE &,
RIEHEH, X ASaHEY WREE, FEREBE - BEmkE, HSn, BiR ¥E
F, GEERPHEE, R R MEREHEE, RBEE—5 TENBSE,

. Sn-Bi-Mo-Pbh-AgiiR[X

1. TEH4 Sn. Bi, Mo, Pb, Ag. Li,

2, ERKFEE EFRH49.0km’,

3. WRHYERK MITEXRK—FAb.

fo BT ERTFN FREALEZRIETEST, BIENBZHEREER ASa,
BiRE EHRTI, WMERE S, Bihgm & &ikd. 2ppm, Sy B4 &ik18. 1ppm, 43 5l
%JLhﬁqiE:E’JS Iff 4. A, MAEZERBRERMERMN, QNEBHER—L & —# 0

AgREEERN, WERELER, BEHPbAEE110.4ppm, HRIEEEHI. 5,

EREERETESUARZE ERBEARBLHBE., XHE& SRS M
WA By RAEF, DHEHEF-HELH, B E 5 USS4E LREBEHY K
W HEERNREZ -ARREEE R EHHES TR, BRanEHREREZEE, iF
BHRT HREZLER. HEEER, SEOLHESH SE SO LRy s E
. RAILACET KR, W apmofE5hfws,

B2, ZrEENMEFEREE-EEEK EREVD) HiF.

M. Sb-(As) EEX

TTRASE Sb. As, Pb,

2, EREER mEHZ56.Tkm',

3. BERNEE (D HEEBHO—-XKEN: (O ARAEREHE O ABEE
Hi— $Eﬂﬁ¥; (4 ABEEHSALR1kmfE,

v BRETE RSN EREASh, AsHRE EREF. SORBEESE & 9.3ppm, X
Ehﬁiﬁﬁﬁ’:z-%&% REBERS, ERyEEHESESBLEXRE AR5 ¥, 2—4
AHHEMHS-AsERIX .

K. AuERX

TLREEL Au, As,

2. EBEEEE mEHH20.5km’,

3. MRYIER BT R RBIkERNM,

1. B EZVES EREANBHRDLOHE, NBBEUSTENGRIEH T8 §
M EEERE, HERENAuREHE, BE&ik10.9ppb, JK 3% £ E (1.60pph) f16.8
. ARHEEASRE, H4RERBAFREVENEA—-TEESEHNERE,

X. Mo-Ag-Asi & [X
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1. THEHA Mo. Ag. As,

2. ERETEE EHR23.7km’,

3. AWK fhil &% R,

4, BREEBVER A SR AT R R R TR E L. s 29 An
B, BHA_BR WEIRE. BELHE. AfElERDE, dARRMEK, K kA
%P, QELREFES, BRAHFEENRE. ARCHEERBRFESYT BL, &R
SERARREGEHE&HBRERATIER D, RFEEFTRMAFAERZHEBEELSE, TR
ARFE LT+ 8FT T HHEEAL.

AiE X Mo, Ag, AsHiREERT, 843K 1.7ppm, C.11ppm, 0.18ppm,
BT R 2 0L L, WEBMERE, 16071 FE & LRI SR BN AL
B, -4 HEHERMe-Ar-AsiE RIX,

X . Phiz X

1. LFEHA Pb,

2. WREAE WHA64.2km’,

3. BRFERX CAAFF—MITERERE.

i, BPERTFN AZREMTHASEMRHEEANESR ZANBRREREEE AT
MRS, RAOBEREER, LLEKRH, FHEERAFHBIRE ERETEY
{F - 7 kA& K LR B S M K, XA R TN & EAENELMBAZERLEE
2, H5SHM ATEEPHERTRFATSEN GEAR)., LI 18 1, ®mU
MR EAEEP (BAE, FLBE-, ANER, UL EEZRLH i,
HPHPbT R EETASZMN P HEARBTRES P, FEREAS O R & S & I8
85.8ppm, MK G REM2. 76, APbARris SELERFLIE N, Pb R WAEH &M,
E—AEBENHPDLREK

. PhizaX

1. THEAH Pb. W,

2. ERXER mA28.7km’,

3. HREEX MTAEAEE-HIIRET, HL—4,

4. RPERIEN ZAEREaTAEEATL%, XAHBEHEFEAD £ &, &
MEETRSAEZX XA, APbHREBETH, ERPbAR X 97.0ppm, AXIREE
B3, 6%, EREDFLEEN, 2~ EHENTEREK,

XE. Ag-Sbhima X

1. nEH4E Ag. Shb, Pb.

2. ERXER WH63.0km’,

3. BREEE MILRERE-—MESE.

4, R ERTN AERECTREHELM HREEF+T ERAGMARAE. T
#H & %Az, Sb. Pb, RFFHBRETKNHKE, PEBN ERAER F NW 751‘3&‘3
BEEL RREEMAZRE, EREEONE, XTEEE Ty ARy ZH, &
REMNAZ, SOEEIEN, BA T2, AELE—F TSR,

XIV. Mo-W-(Cu-As-Hg) mEX
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1. TEHSL Mo, W, Cu, As, Hz, Pb,

2. iﬁ;%E?’E@ HEL#116. 3km?,

3. WY QO BITERAEAHEZE)KHE @ Mild g3 & &5 ¥
w)mﬁﬁi%ﬁﬁEMERM #o

- R ERIFR ARREMTRBEHZ L, XRHE KMo, W, Cu, As, Hg,
Pb, ﬁi%ﬁ?ﬁ%%ﬁtﬂﬁ%%ﬁifﬁﬂﬁﬁ%‘%&ﬂo EKACEAZM, KLA. KW, A
Wk FHRA LN, B, ASEETENT S, RAZRRKES LERT SRR
HEAXHRERT BEERER, ANWERERY A, HREE.

XV. Shit ®[X

1. TREASE Sb,

2. EREXERE \EF79.3km?,

3. MBERRE O HAYEKENEEL @ BREEFASIHE A G X

LN H,

4. BEERIMT AZREATRBEBILEN, EREHERSEARR 5 #.
Bk ik HIRELE ., ARCMEELNBE, ETRE—BSWHEE (H8—2) HNE M
REWH, LSBT RE, TERAMEY EE.

EREASbRE B, BESOERAL.5ppm, AKBEFEWI.F. KAHBA Sh
BREEBE, E—MTHTE—N K, CRAAATLESHT K, FAHEK. 2
AHAREE. Bk, REFZERE ARSI ERG RERHL, BF 4 SHH
i KRR FE,

XVI. BE-Fa-feREREK

1. TEAE W. Sn. Mo, Bi. Cu, Pb. Au, Ag. As, Be, F,

2. MEXIEHE WHRHAI2. 0km?,

3. ARELK BI&—AHEX.

4. RPHERIPH fT--NBERESFAYHEE K E & X, 24 F Nb, Ta,
W(Sn. Mo, Bi}, Cu, Pb, Zn, Sb. Hg % £ By EME K, FAZRETERM T—A
BERA-HOEBEN X —FX, ABERNE, ARREAAURFRLPIRTL, &
FrAuf Bik20ppb, HEXBERN12.5E, AvREEBIUBRAEATREBEAR, fbh
EHBEL RAOERXNE, VNS BERKBANIRET KEESEMAE. '

XVl. Hga X

1. THEHA Hg.

2. ERXTERE EHb5.8km’,

3. BRERE HILEBER—RE.

fo BPZRIHY EREAEREERPERY KAREHERT M. KR H W
MR T SRR, FARRESRE. 50, AHeh R SEAESTLAE I, Hy
FEMEER TR, SXECRNHE, REMERTE. FANEMEEE—FF
BRT RO REIFATR,

XW. Sh-Au-(Cu) ZTREKX

1. TH#HHE Sb, Au, Cu, Pb, I,
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2. EERERE WmHAHN120.0km?,

3. BREELEE (O@EXHHTLE— DT 4 @2 hitmckmp K 4.

i, EPRRIEST FEFEMTRTEFMANEBREFAE. RFEETHLERRE,
SAEEXKMEM Y RHE—5 (F3—2), BRHRFEENTETZRE N # &iH
e o

EREASLERRE, WERE, SkAEM, Pb, Ca, FH R EFREHE. KAB
QERBEY A, REGERY A, SBEY SAALAEBEY T A,

AICLfEd, Pb, CuF R EREUHRT AT BHY K, # B E NBEy 1S
HE, UFAZERTHERF KO- oEEMERE, A ERENHLRT ¥
makE, BRERFEEHNBRSSETEESTERS.

WX. Auv-Hgin & X

1. THEHAA Au, Hg, As,

2. WRKXTER W38, 0km?,

3. AREFRE BMIBBAH—WH.

j. B EESHH FZZEHAu, Hg, AsSREESI, MEREESE, AulEd
& 8ik8.3pph, HegiB B & 5 ike3.9pph, A BILEMEREMHS.2 . 4.7, 2 4%
AFREMAv-Heii g X

XX. Zn-Pb B X

1. THFHASE Zn.Pb,

2. RN TEE wMR38. 0km?

3. MmBEHE T BEXEAHIEEN,

1. RP-mREEH FEIEETHRECEHLEZ BERFEEARE. BAXTEHRASR
SR, YEARESN _EOHE. Pb.2nRYESMNL. HENE®SITE, BBLTE
NEPL Lo R HE MRS, 2EZIXNEELAE, GHENRS, BERESHIN
T B4 Pb-Zo R ES,

XXI, FAa-2&REEK

1. TRA4 W.Sn.Mo,Bi,Cu,Pb,Zn, Ag.As.Be.F,

2, BREERE mEHsekm?,

3. WREER HNEBG—KKHE,

4. W ERIN FERRETRESHRGREZ. ORFGEME L, BEGHT KE
AFRE., RENERT -ANERBKREE, fTIEIVREBHEE EKNTEW,. 50 Mo,
Bi,Cu.Pb.Zn, Ag. As.Be. F HREER, HERIBHRERYT UABTHEAL S5 KE
—~AREFRBEE-2EERTE,

FZV ERAFT TMRRALW 5P

— B FAESN
BEARSEEXEEMHEERTERBEMIE BRI TOTERRR:
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1. ZARECEY Ry A2585% A REEH2140 2 BRF B A, HERE,
DL 25 g 0 T S O IE B R e T AR X LD B fRHF A, HEmT LA Z PRS0 TR =T S 4k Gtk
#.

2. AL ITIETBBE,. FATEERMEH, SHTHAINERERR . 5%
BATHUETEHNS, TS THRVMREEGE, HEHTHE PRV BRREH R, 1,
IV.VXVIXVI XV XXIZ7AMEFE AT a5 K s bitiE, BHE/RY
Ko WFERKT KA, WETARESEY Ane, SRR X HONW-—-SEN K, B
HEHRY . R RKENR.

. REATUAHHRY ERE, EPERE T HW,. Sn,Bi Ag.Be, Th R EEEEA,
J e s 1y R AR 1) ) R A R T RAE, R X VISn. Bi Mo Pb, Agip #9EZ, W
R gl EREXVAShrg ik ExEXXAPb.Zn Rt EE GXEHE2RATE
By R, BHRRE SRR TRER.

B R EE X MRIE T EE B, &R T0sH RN L R #7 X VISIE 2 X i 5 s 45
1 51983 SRR ILA 2, 706 MG A U R B{T 7 b R RIS B L2 R i B I T
Wl VEZERK MEAY, 1065 M IZHBB ST T1/25000501/10000 LhOi R AL
TEAETR . BB, EREERENTHELS SXVISERK FHlERABL, BE
TREBRRIEE kg WEEHATH, HERIFAMALLY, HHZK3SILAEL. 6mi
Pb.Zoi" ik, ZK35FLFILEE185m B 225mik 4y B M20cmEltem i) Pb, Zof B, RAEWH
RIENC O ER. INZEREOERERENEEET —ANNE KR, FHIVE
WRE RIS MEMZE ZROOBHENGH I SRR K, I SERERERE ) RT3
X K SR (L R 0 R h A ER A R RIFE R X, BEFKHE T XV] Sig
BEX—if5r. T06HREAREL FEROARERHIZKAIA T~ REHBE,

Pr Rl AR A £ 55 B BT T 1979 R g e B RS R A A
PEM S HE (FEREN®D—RBd, ML 200 hARMEIBRARILFREI RN
-, PEPE, BEARYVEROAEST I, HEEAK50—300km, FwHiR
HEEEHThm?, HFEBMEHESkm AR, RAITREE A d4m?®, 354 &,
PR R R R 89212 R K B3I 4 20.5—134, 0km® (FH 25T 2R B 4.53—11.58
km), F#69.0km? GFHMT RS, 31km) , LB B H1%, E—PLHRAFRIIERLE
Aok B mE R A i R A EEmE,

.2y n W

AR TERBBRLAREE R, B TH S LEXRXRT TRBRETR,
Bk Egk KARGEN My, EHEkE HHSEOREERH R R BRI
HART(RTPEEE) BERSERBERSNE, HBE Ry BRILELE"RETHER
A EHG R EEREH”, RV ERKE & LR B4 F X SR RE e SRR tenas
SEEANS AL XS RMETRAFSHEBL TS GRO ERFAS L EEHX,
ERER, FE RAKEDSE KE. Bib, BE Bk AR08 E S R
SERIROTE R, ISk Mt R EMRE TRVBRREESE R ERK, RELERE
) BELERAh,
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MR REREAEE HRILFRAMN K B, B9 REREEND
W—amEsh M ERREM AR ICRREY LORBMIEE, REELMT Ry %BiEE
R A (AR R RE 5407 R i “ U R R BE R AL S IR A e IRV L B
(AR E Ayt i & S B AR B, R A ReR B B F AR 1 S b Ry BB AR 2, T kR
ROE E R B B e BRI R X AR IR A RE B Y. RE LB BN R B ERTI7.5—
122.7km?®2 [ G 25 T 2% BE4.2—11.08km) (F10—1), F#J37. 18km? (FH 24 T-£% JF6. 10km)
BIsmEam 21 e Bl mEX A S84 20.5—134.0km? (FH2 T £ BF 4.53—11.58
km) , FH69.0km? (HMTF£&ES.31km) E BRI L ENEHTRA 2.27—19.75km 2
] (EKS—6NIL7FILE) , 8. 40km, GEIEXE R EHMM (SRS 31km) -4
i, DEFFRHTERER G 10km) R, HFEBR—%ESR, BRRU btk
BRRar, RMMIERT ARR;EZIFNAAREFEHAL GERSEHER) K,

At FREFEBRRY CRALBREENEHEREAS.40km, AR TIENENES
FARREE S 1. 72km (E-W . N-S K ) E 2.43km (NE-SW NW-SE Hii) (B ADE =
) E/NTREERARNTEHER, RIBBESETERE CGRZEERE DN, ARIEHE
HEEVTURIEARBET BT,
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. BEEBBRLEHERETE

A ERIEET 19821985 FRIRER BRI FA G-248 4" HEdA RN T -
D ARTEASRARAEERERAFORRELERERSHEE, HL2EAE
i1 M ER LT SR TN iR B S A i 5 B AL

MR FW SRR T HEMHRLZRE. S L, BOENE®H. FPFRHHET
A, BB, MERA, ARG ARESE AR, REDHYRE bXRY
B B, BE-ERORSEHFToERELRY, ENSE4HREEEM, 1§
gfEddz . RETRREGHRCZEAHLTBERTETE. HRLEEMNER
L RIARBARELR, HWAHRERN LS, 2R LRIHBRESFS, F
AfRREHEELER, HLgREFOEEE RN B REZRERG T, BREEHE
M. HERILZEE RANR IR 2B M2 BT, WERHERSEXTYREH SHE. =
ARES— A, WP SN, SEHER—-IH—fE, KT HF LimAs
AN — SR IR LA R S-S AR, Kb DU ERR L S R MR o AR,
M ERIE 2 AR F RO, M FRY BREBERGE, MWHE ZORL BRI TERAMNE
A" H U R R R R IR LT R B etk SELH), AR ERER RREC
FRE B EE PRI K- BRAL,

EHEW L, DUBRERER 5R- 28 B MG — S0 EM AR A E 5 BE, 5
B R A ERMBH2ER, BARABBNALR P TERLTRHA A
At B RS R AR F R SR- AR AERR,
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REGIONAL GEOCHEMISTRY OF
THE NANLING DISTRICT

ABSTRACT

The presemt researches cover an area of about 320,000km?, including three
geochemical areas of northern Guangdong, northern Guangxi and southern Jiang-
xi Provinces(fig. 1-1). In these areas systematic investigations of the geochem-
istry of strata have been accompliished.In addition, systematic and comprehen-
sive studies of regicnal geochemistry have been carried out in the Shaoguan
district in northerm Guangdong Frovince occupying an area of about 4300 km?
(fig. 8-1).

1., The theories and methods of regional geochemistry

1, The systemn of theories and methodology of the discipline of geoche-
mistry

The first author Yu Chongwen of this monograph carried out researches
of thermodynamics of irreversible processes on diffusion in the formation of
bimetasomatic calc-skarn frome 1962 to 1863. It is the first time.to apply ther-
modynamics of irreversible processes to researches in gecsciences. Later on im
1980, he poimted out that it is indispensable. for geochemical researches on
genesis of ore deposits to start from dialectical. materialist world view of dia-
lectical unity among the motion -of matter, space and time. And in 1982, on
this basis he further put forward a theoretical point of view of “ore—forming
processes and spatio~temperal structures”, and began fo apply the theory of
“dissipative structures” to elucjdating the interrslatiopships among them.

During researches of this project, from 1982 to 1985, the first author
advanced in the light of the viewpoint of “ore—forming processes and spatio—
temporal structures” a new system of theories ‘and - methodology of geochemi-
stry which is different from the current system. of the discipline of geochemi-
stry at home and abroad, and took it as the thearetical basis and guiding
thought for carrying out geochemical researches and predicting mineral resour-
ces, , ' Co

Geochemistry investigates the wvarious geochemical systems in the earth,
On the whole, they are open, nom-equilibrium physicochemical systems, and
possess the fundamental attributes of integrity, interconmection, ordered struc-
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tures and dynamic evolution. The matter in these systems has the fundamen-
tal attributes of umity betweem quality and quantity and isseparability of
matter from motion, It takes part in the various geochemical processes and is
always in motion, The overall courses often the gecchemical processes taking place
in the systems is irreversible. The geochemical processes are developmental and
evolutionary in time, and have often the rhythmic temporal structures. They
appear as geochemical fields in space and have the localized spatial structures.
Hence the theoretical system of geochemistry should consist of four parts——
matter of geochemical systems, geochemical processes, geochemical courses and
geochemical fields. According to the viewpoint of dialectical unity concerning
the motion of matter, space and time, the geochemical processes and their
spatio-temporal structures constitute an unified whole; and so we can further
surnmarize the above four parts into “gecchemical processes and spatio-tem-—
poral structures”, in which matter of the géochemical systems is the basis,
whereas the geochemical processes occupy the central place. As for the ore-
forming geochemical processes, the core is the“onset of ore-forming processes”,
and the crux of this problem is the cause, condition and mechanism of the
“trapsition from mineralization to ore-formation”; while in the basic theory
of geochemistry, it is the unity of opposites and tranformation of “dispersion
and concerntration of the chemical elements”,

In methodology, we take the unity between geochemical processes and
spatio-temporal structures as the fundamental guiding thought for conductiag
geoscientific investigatiops, "'We regard the ore region as a large dynmamic sys-
tem, use systems science to study the geochemical systems, and employ the
theory of disdipative “structures in thermodynamics of irreversible processes
to probe into the interrelationships between geochemical processes and spatio-
temporal structures,

The adoption of the theory of dissipative structures in systems science
for this research work is based on the following consideration;

1) The atoms of chemical elements are mot isolated entity, but are inter-
comnected with the wvarious earth’s matter and geological processes, forming
an unified whole of the geochemical system, and they are always in motion.
The universal - conmnectivity and integrity of the material world are the two
fundamental attributes of the geochemndical system, and systems science is the
science of dialectical thinking. for systematically and compreheusively analy-
zing and synthesizing things. And so the object of study of geochemistry should
be breoadened from the “atoms” of chemical elements in traditional geo-
chemistry to the whole “geochemical system”,

2) The ordered structures and dynamic evolution are the other two funda-
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mental attributes of the geochemical system. The asymmetry in time and the
irreversibility of the geochemical processes, the asymmetry in space and the
self-organization of geochemical systems into ordered structures (the so called
“dissipative structures”) are the basic law of existence and developmesnt of all
geochemical systems. Hence we should use nonequilibrium thermodynamics of
irreversible processes to investigate. geochemical systems. Furthermore, nonequi-
librium thermodynamics links up with chemical kinetics and dynamics, so that
it is advantageous for dynamic analysis of geochemical phenomena.

3) The theory of dissipative structures is an unifying physical principle
which relates motion of matter and space and time, therefore it may be taken
as the theoretical basis for probing into the interrelationships between ore—for-
ming geochemical processes and spatio-temporal structures.

2. The matter of geochemical systems

The unity of the geochemical systems comsists first of all in its materia-
lity. The matter of the geochemical systems (the various earth's matter)
possesses the fundamental attributes of unify between quality and quantity
and inseparability of matter from motion. The aspect of quality appears as
paragenetic association and form of occurrence of chemical elements, and the
aspect of quantity is expressed as dispersion and concenmtration of them (the
abundances of chemical elements and the regularity of their dispersion and
concentration) . Earth’s matter takes part in various geochemical processes and
is always in motion.

(1) Static analysis

1) The abundances of chemical elemesnts

The abundances of chemical elememts of a certain geclogical body should
be strictly defined as the initial average concentrations of chemical elements
during its formation, and ought not to inclide the increase or decrease of them
caused by overlapping of geological and ore—forming processes happening in
later stages. Investigation confirms that the initial concemtrations of chemical
elements in geological bodies obey the nmormal distribution law, but in geclo-
gical bodies overlapped by ore-forming or other geochemical processes of later
stages, the frequency distributions of chemical elements deviate from the nor-
ma) law, and is often positively skewed. Kolmogorov-Smirnov’s nomparametric
test of normality can be used to eliminate essentially the influences of the
later overlapping processes, and to obtain the best approximate values to the
real abundances of chemical elements. The results of investigation provide cri-
teria and indicators for discriminating syngenetic sedimentation from later
overlapping processes, and also criteria and indicators for estimating intensity
of the latter. These afford new approaches for studying the sources of ore-
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forming materials, for evaluating the ore-forming potentiality of strata and
for predicting mineral resources. The present researches have confirmed, enri-
ched and developed the “fundamental law of the geochemical processes” raised
by Vistelius.

2) The paragenetic associations of chemical elements

We apply the theory and methods of crystal chemistry,phase equilibrium
of minerals, multivariate analysis, geochemistry of chemical elements and
other branches of the discipline of geochemistry to analysing the paragenetic
associations of chemical elements,

3) The forms of occurrence of chemical elements

X-ray diffraction apparafus, electron-microprobe and scanning electron
microscope can be ulilized in combination with artificial synthesis of minerals
in researching into the forms of occurrence of chemical elements in minerals
and rocks.

(2) Dynamic analysis

By employing experimental techniques of X-ray diffraction of single cry-
stals under high femperatures and pressures, we can investigate the wvariation
of crystal structrues of minerals with temperature, pressure and composition,
predict material properties such as molar velume or crystal field energies at
high temperatures and pressures, and deduce phase equilibria and phase trans-
formations.

We look upon the paragenetic associations, forms of occurrence and disper-
sion of chemical elements as the qualitative and quantitative aspects of non-
equilibrium steady states of open geochemical systems under specified condi-
tions, and regard the concenmtrations of chemical elements and the correspon-
ding changes in paragenetic associations and forms of occurrence as the resulits
of loss of stability triggered by local perturbations. Consequently we may use
the theory of dissipative structures to carry out dynamic researches on the
paragenetic associations, forms of occurrence and dispersion and concentration
of chemical elements.

3, Geochemical processes

We place emphasis on the ore~forming geochemical processes.

(1) Static analysis

We apply various branches of the discipline of geochemistry such as geo-
chemistry of ore deposits, geochemistry of chemical elements, geochemistry of
trace elements, geochemistry of rare earth elements, geochemistry of isotopes,
thermobarogeochemistry and experiments conducted under higher temperatures
and pressures, experiments of chemical kinetics and simulation by computer

techniques to investigating comprehensively the ore~-forming geochemical pro-
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cesses and constructing their chemical and thermodynamic models.
(2) Dynamic analysis

Contemporary researches on ore-forming geochemical processes are cen-
tered on the following four fundamental problems——the sources of ore-for-
ming materials and seolutions, the driving forces of flowing of ore-forming
solutions, the forms of transport of ore-forming materials and the conditions
and modes of their precipitation. We hold that either from the theoretical
study of genesis of ore deposits or from the practice of prediction of mineral
resources, the central problem is the “transition from mineralization to ore-
formation” or the “omset of ore-forming processes”.

According to the theory of dissipative structures, the essnece of the

“transition from mineralization to ore-formation” is the loss of stability of
the barren, nonequitibrium steady states, and the conditions and mechanisms
of their transition to dissipative structures (ore-forming states). Before the
loss of barren, nanéquilibxium steady states and the taking place of transitions,
geochemical systems follow the chemical kinetic laws, so we may induce ma-
thematically the formation of ore-forming states (dissipative structures) into
the stabiltty and bifurcation of solutions of the “reaction-diffusion equations”
(the dynamic equations which reflect the time evolution of ore-forming pro-
cesses); and we can adopt ‘the deterministic approach{(the bifurcation theory)
to carry out the investigdtion, when the rate constants of chemical reactions
and the diffusion coefficients are available from chemical kinetic expefiments.

But the bifurcation theory can only illuminate phenomenologically and
macroscopically the emergence of ore-forming states, and point out the critical
conditions of the onset of ore-forming processes. In order to make clear tho-
roughly the origins and mechanisms of the transitions from mineralization to
ore-formation, we have to pay special attention to the point of transition.

At the point of transition, nonequilibrium steady states lose their stability,
and geochemical systems cenform to the stochastic dynamic laws, so we must
take probabilistic approach (the fluctuation theory) to provide microscopic
interpretations to the emergence of cre-forming states, and to show the origins
and mechanisms of the onset of ore-forming processes.

1) The loss of stability of the barren, nonequilibrivm steady states and
the critical conditions of the omnset of ore-forming processes——the phenomeno-
logical, macroscopic analysis by bifurcation theory.

If under isothermal conditions and without conmvection, chemical reactions
and diffusion go on in an open system, then the dynamic equations are

X
= LX) + DV, (1
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(i:j=1:"”“)
in which X, is the composition variable, D); is the diffusion coefficient of

i LE &
ax% T oyt T pat F:({X},2) expresses

component £, V* is the Laplace operator

the rate law of chemical reactions, it is a nonlinear function of Xy 2in f;is
a set of parameters, including rate comstants of chemical reactions, diffusion
coefficients and concentrations of major reagents and etc,.The linear stability
analysis of eq. (1) shows that,

(i) When the nonequilibrium steady states of a system are disturbed,
the rate of growth or decay of the external perturbations or the internal
fluctuations is govermed by the competition between chemical reactions and
diffusion processes.

(i) The possibility of the loss of stability of nonequilibrium steady sta-
tes of a system and the ability of emergence of time oscillations or spatial

patterns are determined by the properties of the eigenvalues of coefficient-

matrix of the linearized system of dypamic equations derived from eq. (1)

according to the principle of linear stability. The eigenvalues are in general
complex numbers, the real parts of which are the growth factor, determining
whether patterns emerge spontaneously and develop or mot; whereas the ima-
ginary parts express the frequency of oscillations accommpanying the patterns.
When the solutions of the reaction—diffusion equations (1) become unstable
and bifurcate, they will lead to (a) muitiple steady states (spatio-temporal
Symmetry remains unchanged), (b) limit cycles (asymmetry in time), or (c)
spatial patterns (asymmetry in space).

2) Spontaneous emergence of ore-forming patterms (dissipative structures)
and the origins and mechanisms of the onset of ore-forming processes——
microscopic analysis by fluctuation theory.

Let {X;} be a set of macroscopic variables, they evolute conforming to

dynamic equations (1) (neglecting diffusion processes);

dﬁf =f:({2:}) £=1:2!"'rﬂ (2)

Aceording to the statistical mechanical point of view, macroscopic variables
are statistical averages of mechanical quantities over a proper probability
distribution function,

N,—(Xp

The evolution equation of ¢X;) is

E%ﬂf;({x;}))

For nonlinear systems
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in general, they differ from each other by a square deviation or a term of

higher order;

d{X:)
%3

= f({<X;)}) +a term containing
AC@XDD = XY Hmeems) N EP

in which (X)) =D, (X, — (X)) PHX,},8)
Xy

(£ is probability function). _

The first term on the right hand side of the statistical average expression
of the evolution equations () is the same as the macroscopic, phenomenslo-
gical evolution equations (1 ). The difference of eq. (3) from eq. (1) comes
from statistica] deviations from the averages, i. e., from fluctuations. Eq. (3)
shows that, when fluctnation grows with time and reaches prominently large
values, the system will spontaneously evolte from the unstable solutions.

In the application of fluctuation theory, the. procedure of amalysis can be
divided into two levels, In the first place, there-is the global analysis, the
chemical reactions are regarded as “birth-and-death” processes, during which
minor quantities of molecules produce and vanish with time. And-then there
is the local analysis, the diffusion processes are looKed upon as “random walk”
of matter between certain volume element and its neighboring domain.

In short, the following comclusions may be drawn from the -fluctuation
theory of nonequilibrium systems,

1) The emergence of nonequilibrium stability in macroscopic systems is
due to deviations of fluctuations from the Poissonian distribution.

2) In the neighborhood of instabilities, systems exhibit long-range spatial
correlations, which is characterized by lengtihs of coherence. - :

The statetments given above are only limited to researches on .the onset
of ore-forming processes starting from mass transfer, We hold that the concept
of “gecchemical migration” or “geochemical transfer” in geochemical processes
ought to be broadened out from mere mass transfer in traditional geochemis-
try. In a broad sense, geochemical processes are coupling of processes of trans-
formation and transport. The former includes transformmtion of physical states
(phase transitions) and chemical states.(chemical reactions},. and the latter
consists of mass transfer, energy transport (heat conduction) and momentum
transmission (fluid flow).

For energy transport, in order to study heai comduction in ‘geochemical
systems in nonequilibrium steady states, we miake use of changes in “local
potential” in nonequilibrium thermodynamics to reveal the evolutional trend
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of thermal states of geochemical systems, and to judge whether they have
reached the nonequilibrium steady states or noty and then utilize the “excess
local potential” and the method of variation of successive approximation to
investigate the thermal stability, to derive critical states from solutions of
the eigenvalue problem, and to elucidate further the relation between thermal
instability and ore-forming activity. '

For momentum trapsmission, we use “excess local potential” to examine
the hydrodynamic stability and its critical conditions, and to illuminate fur-
ther the relation between hydrodynamic instability and ore-forming activity.

In brief, comprehensive investigations of ore-forming processes should be
based on the differential equations describiﬁg conservations of mass, energy
and momentum, and the state equations describing the properties of ore-
fluids and their changes with temperatures and pressures. By way of ther-
modynamic and dynamic experiments for ore-forming processes and wall-rock
alterations and computer simulations of physicechemical models of ore-forming
processes, a mode] of prediction for ore-forming processes may be constructed,
which combine mass transfer with fluid flow to form an unified whole. This
model can be employed to obtain the spatio-tempoeral variafion of the values
of parameters (the concentration of chemical elements, density, viscosity and
enthalpy of ore-fluids and the porosity, permeability and heat conductivity of
wallrocks)of ore-forming processes in different horizontal levels and transversal
and lopgitudinal sections in the studied regio;ls.

4, Geochemical courses

The transition of states of geochemical systems constitutes geochemical
courses. They are not only controlled and governmed by various random factors,
but also possess definite internal structures. The Markov property of courses
determines the developmental and evolutional characters of geochemical cour-
ses. The multiple orders of dissipative structures determine the evolution of
geochemical processes, and introduee “history” into geochemistry.

(1) Static analysis

Researches carried out during the past few decades show that geological
processes are almost exclusively Markov processes. Ore-forming geochemical
processes are often “continuous-parameter, nopstationary Markov processes”,
but we may apply the theory of discrete-parameter, stationary Markov pro-
cesses to studying the time evolution of ore-forming processes, and reveal
their temporal structures.

In geochemical practical problems, we call those probability models of
Markov type “Markov schemes” which are applicable not only to time series
but also to space series, The essence of the Markov schemes is to use the
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method of analysis of multivariate time series to abstract the probability laws
of stochastic processes from the observed time series. Equation
x+1) =Ux(n) + Eqau (4)
describes multivariate Markov schemes, and reflects the regularities of chunges
of processes with time, or the“ternporal structures®. In eq. (4), x is the vector
of time series, {f is the transition matrix, Ux(n) is the predictable part of
x(n+1) and &,,, is the random part. ’
Term #)x, in the equation
Voo =48 X0+ (5)
is called the ®first trend factor of Markov scheme” which expresses the domi-
nant trend of evolution of the processes. Inm eq. (5), A, is the largest real
eigenvalue of matrix U, ¢, is the left eigenvector of U corresponding to X,
and e,,; is the random residual.
( 2) Dynamic analysis
The geochemical cycles of chemical elements are similar to the complex
dynamic chemical reactions in that they also possess definite temporal struc-
tures and rhythms. Consequently there is good reason for adoption of the
theory of “dissipative structures” to make dymamic analysis for geochemical
cycles,
Let A=(A,As, 0,4 be the concentration vector of chemical element
A in n reservoirs, K=(#%;;] be matrix of rate constants of the first order of

flux of A from reservoir ¢ to § or from reservoir j to s, then

dA '
_JT—KA (6

is the general rate equation for the linear geochemical cycle of chemical

element A for n reservoirs. The general solution of (&) is
r—1
AR =3, ;e vl (7)
=0

in which »} is the eigenvector of matnx K corresponding to eigenv;due A1,
a; are elements in vector a=(®")" 'A(a—[cag, @15ty @g_y)}and A is the initial
content of A in reservolrs.

The time dependence of eq. (?) demonstrates that the overall response
of a system to perturbations is exponential in time. In other words, in a geo-
chemical cycle, chemical elements evolute exponentially with time, This
response is controlled by eigenvalues of the matrix K. It can be shown that,
the eigenvalues of K are all negative except one which is zero {representing
the steady state). The fact that matrix K has only one zero eigenvalue ex-
cludes the possibility of emergence of multiple steady states in linear geoche-
mical cycles, The rate of attainment of the overall geochemical cycle to the
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steady state is given by the negative eigenvalue i, which has the smallest
absolute value, because it is the term that decays lasi., The time of response

of geochemical cycles for several reservoirs is
1

Terere =T (8)

Geochemical cycles of many chemical elements in nature are mutually
interdependent. The coupling between geochemical cycles of different chemical
clements gives rise to various feedbacks, which affect deeply the dynamic
behavior of geochemical cycles. Coupling between cycles leads to nponlinear
evolution equations. The following possibilities then arise which are different
from the linear geochemical cycles;

1) The relative stability of nonlinear geochemical cycles as compared
with linear omes.

2) The appearance of multiple steady states,

3) The taking place of chemical oscillations.

The property of these problems is similar to those of complex, dynamic
chemical reactions, consequently they may be studied by the theory of dissi-
pative structures.

Assume that there is the following scheme of chemical reactions;

&y
A+2X—3X (9D
¢!

L

=B

ke
the first reaction involves autocatalytic mechanism which is a kind of positive
feedback. For this scheme, the following dynamic equation of evolution of X

with time exists.

% = — By X0+ B AX?— B X + kB (10>

It is evident that autocatalytic mechanisms give rise to nonlinear rate laws,
which make geochemical cycles nonlinear.

Let dX/df=0, then we have from (30),

— ke X3+ 2 AX — R X+ R B =0 (11)

Solve (11}and three monequilibrivm steady states X,,;(¢=1,2,3) are obtained.
From this it is obvious that autocatalytic mechanisms in schemes of chemical
reactions make multiple steady states appear in nonlinear geochemical
cycles,

With the principle of linear stability we test the stability of each of
these steady states. Assume that a system is disturbed by a small perturba-
tion x, making the geochemical cycle deviate slightly from the steady state,
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Xg+x, then the evolution of X with time will follow the following perturba-

tion equation,

X =Xo+xe" a2
in which w is the eigenvalue of the matrix K of rate constants, representing
the response of the system to the perturbation. Its mathematical expression is

w=—38 X} + 2R AKX, — k& (13)
By Lyapounov’s theorem, if w is negative, then the steady state is stable with
respect to the perturbation; on the other hand, if w is positive, then the
steady state is unstable.

Now the nonlinear coupling is introduced into the geochemical system.
Assume that flux of component 4 from reservoir 2 to 1(4,—4,) depends on
the total amount B; of component B in reservoir 2, then the coupling between
A and B geochemical cycles leads to nonlinear evolution equation. The sum
of eigenvalues of coefficient matrix K is,

4
Siw=— iy + o) — (Bl + B —ha (AL/BY) (14)

=1

The value of eq. (14) is more mnegative than the sum of eigenvalues of the
4

independent, ur_!coupled linear geochemical cycles of A and B, Zw%n — (ka4

i=1

ko) — (kL + BL). This shows that the coupled cycle is more stable than the
uncoupled one.

Under the perturbation of 1 unit, the response of the coupled cycle 4 to
it

A=A} + 1 (b + Ry + 2 R} (15)

(in which R=A3/B}, A} represents steady state) is more quicker than the
response of the uncoupled cycle A, (A=A} +1— (k;+ %)), In the coupled
cycle A4, the perturbation decays and returns to steady state with greater rate,
and the larger the value of R, the quicker the response, and the cycle fis
more stable.

5. Geochemical fields

Because the interatomic distances in minerals and rocks are very small
compared with the distances among concentration centers of ore-formation,
so the matter of geochemical systems (earth’s matter) may be conceived of
as continuous medium, Under the assumption of local equilibrium, we can use
fields of macroscopic state parameters to describe the changes of nonequilibrium
states of the continuons medium. These state parameters (scalar quantities,
vectors and tensors of “regionalized variables”) depend on space and time,
are thus functions of space and time and are called “field quantities”.
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Henece geochemical regions are “geochemical fields”, The interactions among
material compositions of geochemical systems take place through the inter-
mediate media of geochemical fields.

(1) Static analysis

ore-forming geochemnical processes.

the spread in space and the spatial structures of

Geochemical fields possess the dual attributes of randomness and structu-
rulness (i. e.. spatial correlation). With the theory of stochastic ficlds and the
method of kriging we investigate the spread in space of ore-forming processes
and display their spatial structures. Kriging bases on spatial correlation of
regionalized variables, and the conception of “spatial correlation” comes from
studies of spatial structures of ore-formation. With the basic tool of vario-
grams

2¥ (x,h) =E{{z(x+h) —2(x) 7} - (162
kriging can be utilized to carry out the structural analyses of spread in space
of ore-formation. Kriging gives linear unbiased estimators (ealled “kriged
estimators”)to the average grades of domains to be estimated, with the sma~
llest square deviations of estimation (called “square deviations of kriging”).

By solving the system of equations

Z Aﬁ-’;’—(va,vﬁ} tr=7 (p,,V) Va=l,w,n
8 D

Z.‘ﬂ=1
B

we get i, and 2. In eq. (17), ¥ is the averages of semi-variograms, V is the
domain to be estimated, v are supports of information and # is the lLagrange
multiplier, By use of equation
n
Zi= Y 4.7, (18)
a=1
we obtain the best linear unbiased estimators Z} for the averages Z,(%x.) of
the domain V{(x.).In eq. (18), Z. {a=1, «, %) is a set of discrets wvalues of
grades, i,(xz=1,++, #) are the weighting coefficients of Z.. The square devia-

tions of kriging are

ob=3 0.7 @, V) +a—T W, 1) (19)
~ .

As kriging takes random functions as its mathematical tool, so i can reveal
both the randommness and structuralness of the spread in space of the regional
variables, gives linear unbiased estimators to the quantities to be evaluated
with the highest precision, and is thus able to describe and exhibit accurately
and in detail the spread in space of chemical elements and the spatial struc-

tures of ore-formation.
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(2) Dynamic analysis——the shaping and development of geochemical
areas of ore formation. .

When ore-forming processes occur in bounded media, the open geochemi-
cal systems will deviate from states of equilibrium under the restriction of
boundary conditions, and will form “localized dissipative structures” confined
to natural boundaries.

The spontaneous formation of matural boundarfes which cause dissipative
structures to localize has far-reaching significance for the shaping of geoche-
mical! areas of ore formation,

1) Natural boundaries are located at the line of demarcation between
states of regional near-equilibrium and local far from equilibrinm. View from
the regional side, natural boundaries correspond to the“thermodynamic branch”,
canstitute a certain kind of “screens”, play the role of “buffer zomes” which
damp down disturbances from environments, guarantee and promote the for-
mation of localized dissipative structures amd strengthen their stabilities.

2) The formation of matural beundaries creates favorable conditions for
nonlinear feedbacks in local domain, and thus facilitates and enforces the
occurrence and progress of various irreversible processes in the systems, causes
chemically active components to concentrate within the local limited space,
producing difference of concentrations of chemical components inside and
outside lacal dowmains.

From the foregoing we may conclude that geochemical areas of ore tor-
mation are “localized dissipative structures” confined to bounded media.

Localized dissipative structures are spatial patterns forming in local space.
Their formation and development must be elucidated by local analyses for
fluctuations with the “local theory of fluctuations”. Consider the interactions
between a small subsystem AV and the remaining part of the system V-AV,
and use macroscopic variable X to describe the dynamic processes taking place
inside this subsystem. We may derive the master equation of probability
P(X,#) inside subsystem AV,

fﬁ)ﬂ_—_.;éx"j_)—zlhv(x yPay (X,1))

F PPy (X—1,H—Pur(X,8)]
+ DX I DPAX+1,H) —DXP (X, 1) (200

2]
in which «X» =Z XPuw(X.t), R (X, Pup(X,8))represents contributions from
X=0
chemical reactions [described on the average by eq. (2) or (3)) inside
sybsystem AV, & 1s the transport coefficient, playing the role of “effective
diffusion frequency” of transport of matter across interface AY of AV. The
second moment equation derived from eq. (20) reads
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%<X2)np= ZXZRM’ (X, P (X, £)) +2Z (X)) ay— (3X) 1) ) (21)
X=0

Eq. (21) shows that &7 plays important role in evolution of fluctuations when
the system deviates from Poissonian distribution.

Assume that the system described macroscopically by eq. (2 ) Is drived
to the threshold of instability, then the possibility of growth of fluctuations
(thereby it is able to drive the averages to a mnew level) is deetermined
by whether eq. (21) permits a critical point to appear or mot, which is the
dividing line between steady state and the state accompanying growth of fluc-
tuations with time. Let % be the rate constant of chemical reactions, &k be
the critical value of %, which corresponds to the emergence of chemical insta-
bility.

D

= (22>

in which D is the diffusion coefficient, I is the characteristic size of subsystem
AV. Introduce eq. (22) to the conditions of critical points, and the relations
between the size of subsystem and the rate of growth of fluctuations can be
obtained. If £2>k,, then disturbances whose ranges of perturbation is larger than
I, will grow and extend over the whole subsystem, the steady state loses its
stability and forms the localized dissipative struetures.

[n short, the local theory of fluctuations illuminates the origin and me-
chanisms of the formatiion of localized dissipative structures. and makes clear
the shaping and development of geochemical areas of ore formation. The emer-
wence of critical points in local space marks the formation of localized dissi-
pative structures,and the lengths of coherence of fluctuations determine the size
of geochemical areas of ore formation (localized dissipative structures).

II. Geochemistry of strata

‘The crucial task of the geochemistry of strata is to research into the
regularities of concentration and dispersion of chemical elements in strata and
in different kinds of sedimentary rocks. In theory, the concentration and dis-
persion of chemical elements are the fundamental attribute of unity between
quality and quantity of the matter of geochemical systems; and in practice,
the regularities of concentration and dispersion of chemical elements should
answer the question of whether ore-forming processes have taken place or
not, and solve especially the problem of potentiality of ore formation or evalu-
ation of ore-potentiality of strata.

In the present research work, we lay stress on the following three aspects;

(1y the refinement of the concept of abundance of chemical elements, (2 )

the paragenetic assoclations of chemical elements and(3) the historical evolu-
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tion of chemical elements——to examine the regularities of concentration and
dispersion of chemical clements in strata. On this basis, we propose a set of
criteria and indicators for evaluation of ore-potentiality of srata.

In geochemical areas of the nporthern Guangdong, northern Guangxi and
southern Jiangxi Provinces in the Nanling District, 65 stratigraphic geochmical
sections of total length of 160km have been made, nearly 10,000 bedrock sam-
ples have been carefully collected according to strict techmological specifica-
tions and every sample has been analyzed for 47 chemica! elements, acquiring
400,000 data of concentrations. From synthesizing and inducing the large a-
mount of available data by the theory and methods in chapter 2 section 2,
thefollowing major conclusions are drawn,

(13 To examine the regularities of concentration and dispersion of che-

mical elements in strata from the three aspects——abundances, paragenetic as—

sociations and historical evolution of chemical elemeuts keeps to the stand of
quality and quantity of geochemical systems and their evolution, and thus has
good theoretical grounds. In practice, though the three aspects analyze and
synthesize independantly, but they ;re mutually complementary and give con-
sistent results.

(2) We give abundances of chemical elements a new definition and a new
method of calculation,in order to make the concept of“abundance”of chemical
elements more precise. Researches confirm that in a stratigraphic formation

(member, group) and in the same kind of sedimentary rock, concentrations
of chemical elements conform to the normal distribution, whereas in geclogic
bodies overlapped by later ore-forming processes or other geochemical proces-
ses, the frequency distributions of concentrations of chemical elements deviate
from the normal law, and are frequently positively skewed.

(3) By way of Kelmogorov-Smirnov’s nonparametric method of test of
normality of distributions, we succeed in eliminating essemtially the effect of
post-sedimentation processes, there by we obtain the best approximate values
to the real abundances of chemical elements in sedimentary rocks. In accor-
dance with this, we strictly define”abumdance” of chemical elements in various
rocks as their initial average concentrations in these rocks during their
formation, not including the increase or deczease of them caused by the over-
lapping of geological and ore-forming processes taking place after sedimenta-
tion.

(4) The present investigations provide criteria and indicators for discrimi-
nating syngenetic sedimentation from overlapping post-sedimenta tion processes,
and also criteria and indicators for estimating the intemsity of the latter. These

furnish new approaches for investigating the sources of ore-forming materials,
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for evaluating the ore-potentialities of strata, for elucidating regularities of ore-
formaticn and for predicting mineral rescurces.

(5) A. B. Vistelius stated that “the probability distributions of the con-
ceatrations of chemical elements in the earth’s crust are divided inio two
groups, The first group of distributions is that of the fixed stage of the geoche-
mical process. These distributions are normal. The second group of distributions
is that of mixed products of many stages of the geochemical process. The latter
distributions are skew, with a large positive shewness”. And he named these
features the “fundamental law of the geochemical processes”. The foregoing
points 2,3 and 4 show that the present researches have not only confirmed
that the “fundamental Jaw of the geochemical processes“ advanced by A. B.
Vistelius is established for the strata in the Nanling District, but have also
enriched and developed this law.

(6) According to the above definition and method of calculation for abun~
dances of chemical elements, we have evaluated abundances of 33 chemiegal
elements (tables3-11 to 3-13)and 14 raie earth elements (tables 3-18 to 3-22) for
different series and formations(members, groups)of strata and three major kinds
of sedimentary rocks (sandstones, shales and carbonmate rocks) in the three
geochemical areas—northern Guangdong, northern Guangxi and southern
Jiangxi Provinces. Besides, abundances of chemical elements for sedimentary
rocks in Lotal of different ages in the upper crust of the Namling District have
also been evaluated (table 3-17).

(7) Iuvestigation shows that in strata of nmorthern Guangdong IProvince,
Ca, Li, Th, Sn, Bi, Pb, Sb and As are notably concentrated during sedimenta-
tion (table 3-28). The ore-forming elements obviously overlapped by post-se-
dimentation processes on strata of different ages are respectively: ] (Mo, Sb,
As), T (Sb, As), P (W, Zn, Sb, 4s), C (Mo, Cu), D (Cu, Zn, Sb, As, Li), O (W,
Sn, Mo, Fb, Ag, Sb), € (W, Mo, Ag, Sb, As), Z (Sn, Ag, Sb, As ) (table 3-
29},

In strata of northern Guangxi Procince, Li, Rb, Th, Sn, Pb, &b, As, 5, K,
Ba, Ga,B and F are notably concentrated during sedimentation (table 3-31).
The ore-forming elements obviously overlapped by post-sedimentation processes
on strata of different ages are respectively: P (As), C (Mo, Zn, Sb), D (Li,
Cu, Zu, Sb), § (Mo, Cu, As), O (Mo, As), € (Mo), Pt; (Sb, As) (table 3-32).

In strata of southern Jiangxi Province, 1i, Th, W, Su, Bi, Pb, Zn, Sb, As
are notably concentrated during sedimentation (table 3-34). The ore-forming
clements obviously overlapped by post-sedimentation processes on strata of
different ages are respectively, T (W, Mo), P (Cu, Mo, Ag), P, (Sn), C (W),
Ci (Cu, Sy, D (Sn, Ag, Auw), O (Mo, Ag), € (W, Mo, Ag, Aw), €,, €: (Cu, Mo,
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Bi, Ag, Au), Z (W, &g, Aw, Z, (Cu, W, gn, Bi, Ag, Aw) (table 3-35),

In strata of the Namling District, Ca, Li, Th, W, Su, Bi, Pb, 3h, As are
notably concentrated during sedimentation (table 3-37).

(3) The total content of rare earth elements TREE in different kinds
of sedimentary rocks in total in middle and western part of the Nanling District
(172.91ppm) is slightly higher than that of the continental crust (150,68ppm)
and the Russian platform (144,25ppm), slightly lower than that of sedimentary
rocks in Australia (183,.03ppm), and is close to that of shales in north Ame-
rica (167,37ppm). The TREE of chales in middle and western part of the
Nanling District (209,67ppm) is close to that of Palasozeic shales in Europe

(203, 46ppm) but cobviously higher than that of shales in nerth America and
shales of Russian platform (168.12ppm). The LREE of the middle part of
the Nanling District (221.26ppm) is higher than that of the westemn part
“(198.02ppm) (table 3-23, figs. 3-21, 3-22),

Although the absolute concentrations of rare earth elements in strata of
different ages and different kinds of sedimentary rocks are different, but their
relative abundances are quite similar, the notable enrichment of the Hght rare
earth elements (LREE), the obvious negative Eu anomalies and weak negative
Ce anomalies, the strong fractionation of LREE from the HREE and the hi-
gher extent of fractionation of LREE than that of HREE These traits demon-
strate that the sedimentation processes in middle and western part of the Nap-
ling District have already homogenized the REE fractionation which oocurred
during the formation of igneous rocks,there by the average abundances of REE
in the sedimentary rocks may represent the average contents of REE in the
crust at least the upper crust) of the Nanling District.

The trend of variation of TREE in the time sequence from older to youn-
ger strata in middle and western part of the Nanling District is in agree-
ment with the polar reverse frequency of palacomagnetism since 600 mifion
years ago, and reflects the structural geological history of the Nanling District

(fig. 3 —23).

The notable enzichmet of LREL and the strong fractionpation of LREER
from the HREE reflect the relative high abunbances of LREE of the upper
eontinental crust in the Nanling District. The obvious negative Eu anomalies
are probably suggestive of certain inheritance of the sediments in this district
from the granitoids of the Yanshamian movement, while the nezative Ce ano-
malies imply that the REE cams from sea water.

(9} Factor analyses of concentrations of chemicnl elements in strata of
different ages and different kinds of rocks in northern Guangdong, northern
(Guangxi and southeia Jiangxi Provinges (tables 3-24 to 3-26) show that the
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rock-forming elements (Al, X, Na, Ca, Mg, Sr, Fe, Ti and so on) and the REE
in strata of different ages in the Nanling District often form characteristic
paragenetic associations respectively, while the ore-forming elements (Th, Nb,
Li, W, Su, Mo, Bi, Cu, Pb, Zn, Ag, Au, Sb, As and so on) notwithstanding their
taking part also in the associations of rock-forming elements, frequently ap-
pear in the form of two or three elements in cornbination with eath other or as
independent single factors. This phenomenon indicates that the rock-forming

elements and the REE tock part in syngenetic sedimentation in this district,

whereas the ore-forming elements have the dual behavior not only took
part in syngenetic sedimentation but also experienced the ore-forming processes
overlapped, in later stages,

(10) Systematic researches on the sequence of strata in northern Guang-
dong, northern Guangxi and southern Jiangxi Provinces confirm that the trans—
fer of states of the sediment-system with the lapse of time during the sedimen-
tary processes in the Nanling District is governed by the probability laws,
that is, the chemical variables representing the states of system fluctuate sto-
chastically with time,therefore the sedimentary processes are“stochastic proces-
ses”. Further investigations make clear that the sedimentary processes taking
place in this district possess Markov property, belong to the“Markov processes”
and they are developmental and evolutionary. Consequently it is mnecessary to
apply the theory of Markov processes to studying the time evolution of the
sedimentary processes occurring in the Nanling District, to revealing their
temporal structures, and to use the first trend-factor curves of Markov schemes
to display them quantitatively,

We give trend-factors of Markov schemes clear and definite meaning.
they reflect comprehensively the regularities of evelution with the geological
history of the sources of sediments, the states of the sediment-system, the
environments and conditions of sedimentation and the mechanisms of sedimen-
tation in the Nanling District. In combination with the geological history,
the analyses of Markov schemes clearly show that the evolution of sedimen-
tay processes in this district has undergone stages of geosynclines(frem Sinian
to Silurian), quasi-platform (from Devonian to middle Triassic) and continent-
marginal activities (from Iate Triassic to early Tertiary) (figs. 3-24 to 3~
28).

Further investigations demonstrate that the curves of time series of con-
centrations of rock-forming elements in strata in the Nanling District are in
general agreement with the tremd-factor curves of Markov schemes which
reflect the evolution of the sedimentary processes. This marks the syngenctic

sedimentary characteristics of the rock-forming elements. The curves of time
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series of concentrations of ore-forming elements have similarities as well as
peculiarities as compared to trend-factor curves of Markov schemes. The for—
mer indicates that they took part in syngenetic sedimentation, while the latter
reflects the overlapping of mineralization after sedimentation and diagenesis.

(11) The reasoning based on the abundances of chemical elements, their
paragenetic relations and historical evolution should make it clear that the
rock-forming elements, rare earth clements and ore-forming elements instrata
of different ages in the Nanling District all took part in syngenetic sedimen-
tation; in addition, certain strata and certain kinds of rocks also underwent
overlappings of ore-forming processes of different types and in different. de-
grees after sedimentation and diagenesis.

Results of researches show that although there are probably ore-potential
strata of various ore—forming elements in the Nanling District, but as the
coefficients of overlapping-intensity of post-sedimentation processes are gene-
rally not large, therefore considering from both aspects of quality and quantity,
we are convinced that the strata in themselves are hare to constitute the
chief source of the ore-forming materials, nevertheless the possibility of their
providing part of them is not excluded, The ore formation in this district depends
in comsiderable degree upon ore-forming materials supplied by granitic magma
of the Yanshanian (or Pre~Yanshanian) movement.

(12) In the Devonian strata in the Naunling District,the ore-forming ele-
ments and their accompanying elements mainly. concentrated in arenaceous and
carbonate rocks, among which there are ore-forming elements such as Li, Be,
W, Sn, Mo, Bi, Cu, Pb, Zn, Ag, An, Sb, As, La, Ce, Th, Co, Ni and so on, ore-
controlling elements such as K, Al, Ca, Sr, Ba, Fe, Mn, Ti and so on and ore-
transporting elements such as P, F and so on 5b, Co,Ba are elements with high
concentrations spread all over the Devonian sandstones in the Nanling District,

The elements and horizons in Devonian strata in the Nanling District
subjected to intemsive overlapping of ore-forming processes after sedimentation
and diagenesis are.

Arepaceous rocks ——W(D,,; in southern Jiangxi Province,D; in middle and
eastern part of Guangxi Province}, Sn (D;.s in southern Jiangxi Province;D,

! in middle and eastern part of Guangxi Province), Cu (D.,; in southern
Jiangxi province, Di—D; in middle and eastern part of Guangxi FProvince),

Carbopate rocks——Sh (D; in northwestern part of Guangxi Province, D}
in middle and eastern part of Guangxi Province, D; in northern Guangdong
Province), Cu(D;—D} in northwestern part of Guangxi Province, D, in middle
and eastern part of Guangxi Province, D} in northern Guangdong province),
Zn (D} in northwestern part of Guangxi Province, D} +D, in middle and eas-
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tern part of Guangxi Province, D; in northern (uangdong Province).
. The thermodynamics and dynamics of ore-forming geochemical
processes

1. We have systematically studied the characteristics of the geoclogy,
petrology and mineralogy, petrochemistry, compositions of trace elements and
rare earth elements, isctopic compositions of lead and oxygen and the initial
rativs of Sr-isotopes of the granitoid bodies of the Yanshanian and Pre-Yan-
shanian movements in northern Guangdong Province. Abundances of 40 elements
in gramitoid rocks from Caledonian to Yanshanian period in this district are
also obtained according to our new definition of “abundance” of chemical ele-
ments and its new method of calculation (table 4-22).

The origins of the granitoids in northern Guangdong Province are com-
prehensively investigated on this basis (tables 4-30, 4-31). It is shown that
the Pre-Yanshanian granitoids belong to the mixed-origin type of earth’s
crust and mantle and are close to the I-type granite. Their source materials
are directly related to matter in the mantle and the lower earth’s crust, but
are assimilated and contaminated by the crust materials. The rock-forming
matter is of mixed origin. The Yanshanian granitoids belong to itbe crust-ori-
gin type and are similar to the S-type granite. Their source materials are the
sediments in the eath’s crust. The Yanshanian granitoid complex bodies are
products of differentiation and evolution and successive intrusion of magma of
the same originThey formed in the same structural environment{continental arc
of orogenic zome), from similar source materials (alumino-siliceous sedimentary
rocks in the upper earth’s crust) and by analogous ways (partial melting to
form magma and followed by fractional crystallization).

The genetic affinity of granitoids to tungsten ore-deposits and the condi-
tions and processes of concentration of W are discussed. On this basis geoche-
mical indicators of evaluation for W-potentiality of granitoid bodies in northern
Guangdong Province are proposed.

2. One of the distinguishing features of the Pre-Yanshanian and Yanshan-
fan granitoid rocks in northern Guangdong Province is that the plagioclases in
them have generally prominent zonal structures. The present investigation re-
veals the dynamic trait of crystallization of the granitic magma in this district
by researches on this phenomenon, Using for reference the “growth Lkinetic-
diffusion model” (a kinetic mathematical model of crystal growth) of Haase
et al,, treating the processes of growth of the plagioclase crystals as a Stefan
moving boundary problem and starting from the functional dependence of crys—-
tal growth rate on both melt and crystal surface composition and the trans-

port of material imside the melt, we study the oscillatory zoning in plagioclase
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crystals in morthern Guangdong Province, According to the viewpoint of ther-
modynamics of irreversible processes, oscillatory zoning is a typical temporal
dissipative structure——“limit cycle” formed in open systems under far from
equilibrum conditions. Its emergence demonstrates that granitic magma of the
Pre-Yanshanian and Yanshanian period in this district was in a far from equi-
librium state, its process of crystallization has the dymamic characteristic of
periodic chemical oscillation (“chemieal clock”).

3. The present researches hold that the concept of “geochemical trans-
port” must be broadened out from the mere mass transfer in traditional geo-
chemistry. In the broad sense, geochemical processes are coupling of processes
of tramsformation and tramsport. The former includes transformation in physi-
cal states
icaf reactions, while the latter consists of three interrelated processe——mass

phase transition and transformation in chemical states——chem-

transfer,energy transport and momentum trapsmission.In any rock—forming or
ore-forming process, mass trvansfer is frequently accompanied by energy trans-
port and momentum transmission. The pressent work uses differential scanning
calorimeter and laser heat-conduction apparatus to measure respectively the
specific heats and heat conductivities of granites of the Dadongshan barren
granitoid body (three times of successive intrusion) and the Reshui ore-bear-
ing granitoid body (four times of successive instrusion). This is an effort for
studying the heat conduction after consolidation of the Yanshanian granitic
magma. The object of this research is to apply thermodynamics of irreversible
.processes to investigating the trend of evolution of the thermal states of the
granitoid bodies after the consolidation of the gramitic magma,to judging whe-
ther they attained the nonequilibrium steady states or not and testing their
stabilities if they are in steady states, and finally to elucidating the relation
between thermal instabilities and ore-forming activities.

4, We study comprehemsively the ore-forming processes of the tungsten
ore deposit of Hongling, the lead-zinc ore deposit of Fankou and the polyme-
tallic ore deposit of Dabaoshan, belonging respectively to two series of ore-for-
mation (in the Caledonian structural-igneous activity zome and the palaeozoic
sedimentation basins) in northern Guangdong Province. We proceed by tackling
with various branches of geochemistry, such as geochmistry of ore deposits,
geochemistry of chemical elements,geochemistry of trace elements, geochemis-
try of rare earth elements, geochemistry of stable isotopes and thermobaro-
geochemistry, by simulation experiments and kinetic experiments under high
temperatures and high pressures and by techmiques of computer simulatinn.
The following results are obtained from these researches,

(1) The ore-forming processes of the tungsten ore deposit of Hongling
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The tungsten ore deposit of Hongling occurs in the Reshui complex granite
body formed in early Yanshanian movement. Investigations show that the lat-
ter belongs to the type of remelting of the contimental earth’s crust in ori-
gin. We hold that the ore solutions mainly came from the extraction of W
in the magma by the water-containing fluid phase separated from the gra-
nitic magma. This conclusion is drawn from the spatio-temporal relations be-
tween the igmeons body and the ore deposit, the compositions of hydrogen and
oxygen isotopes in fluid inclusions in minerals, the introduction and removal
of ore-forming element: during the alteration of wallrocks in combination with
experimental studies conducted by other Investigations.

We find out the conditions of separation of the water-containing fluid
phase from the granite magma and the conditions of its preservation, by
making use of Burham’s thermedynamic model established through mechani-
sm3 of solution of water in the magma, and by computer simulations for the
formation of the water-containing fluid phase during four stages of crystalli-
zation of the granitic magma according to the conditions of formation of the
Reshui granite body.

The solubilities of WO, and CaWO, in solutions of carbonate and chloride
are measured experimentally under the conditions of £=4507T and p=500bar,
there by the conditions of extraction of W from the gragitic magma by the wa-
ter~containing phase are ascertained.

With simnlation by calculations of the W-contents in the granitic magma
according to the thermodynamic model constructed with the theory of par-
tition of W between the granitic magma and the water-containing fluid phase,
we discuss the role played by fractional crystallization of the gramitic magma
in the formation of ore solution, and reveal the conditions favorable for its
formation.

(2) The ore~-forming processes of the lead-zinc ore deposit of Fankou

Judging from the characteristics of palasogeography, the microfacies of
sedimentation, the fossils of organisms, the compositions of sulfur isotopes in
strata and ore bodies and the ratios of Co/Ni and S/Se of pyrite in strata,
we infer that the ore region of Fankou is located in a semi-closed, coastal to
shallow-sea basin of carbonate sedimentation in middle to late Devonian pe-
riod. Due to the reduction of sulfate in sea water by anaercbic bacteria,authi-
genic pyrites formed widely during the stage of sedimentation and diagenesis,
and source of surfur demanded by the later ore~forming processes of Pb and
Zn was afforded,

The positive shewness of the frequency distribntions of concentrations of

chemical elements in ore-bearing strata and the difference in compositions
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of sulfur isotopes between strata and ore bodies indicate the overlapping of
geological and ore-forming processes after sedimentatiin and diagenesis.Factor
analysis shows that in ore~bearing strata and ore bodies, ore-forming elements
such as Pb, Zn, Sb, W and so on constitute independent factors and do not
take part in associations of rock-forming elements, This demonstrates that the
ore-forming metals do mot come principally from strata,The difference in com-
positions of Jead isotopes between galena in ore bodies and pyrite in strata shows
further that the lead required for ore formation is not supplied mainly by strata.

Basing upon the temperafure of formation measured by the method of
homogenizatiin, the chemical composition and salinity of the IJiquid phase
and the composition of isotopes of hydrogen and oxygen in fluid inclusions in
sphalerite and other characteristics, we infer that the ore solutions of Pb and
Zn have close affiliation in genesis with the magmatic activities,and that Pb,
Zn chiefly come from hot water derived from magma. Noting r'!:I:ue obviocus dif-
ferention of Pb and Zn both in temporal and spatial distriibutions——Zn rela-
tively concentrated in Sinian and Cambrian strata,whereas Pb principally con-
centrated in Devonian and Carboniferous strata and especially in Yanshanian
granite——we hold that Pb and Zn are probably of different origins——¥Pb mainly
originates from deep sources while part of Zn comes possibly from Pre-Devo-
nian strata.

In the light of sharp contacts betweea ore bodies and wallrocks, the al-
most lack of alteration and recrystallization in wallrocks closely adjoining
contact surfaces with ore bodies and the abrupt rising and steep falling of
concentrations of ore-forming elements (Cu, Pb, Zn, Sb, As), ore-controlling
elements (Al, Ca, Mg, Ma, 51, Ba) and ore-transporting element (¥F ) as their
concentration profiles cut through the contacts (figs. 5-16 to 5-19), we ra-
ise a new viewpoint of genesis of*hydrothermal-dissolution ore-forming proces-
ses” for lead and zinc¢ ore deposit of Fankou. The mechanisms of these pro-
cesses are that the separation and precipitation of Pb and Zn from the
hydrothermal solution and the dissolution of calcite of the wallrock limestone
in the hydrothermal solutions go on synchronously.

We establish the chemical and thermodynamic model of the hydrother-
mal ore-forming processes for lead and. zinc ore deposit on the basis of Hel-
geson's theory of mass transfer, construct there by the mathematical model of
the ore-forming processes, and then carry out the simulation experiments by
computer tecchniques, The result of simulation (fig. 6-14) shows that the
ore region is a system open to sulfur, the sulfur required for ore-formation is
supplied by ¢he carbonate strata. The sulfur-deficient acid hot water of mag-
matic origin may carry enough quantities of Pb and Zn. After this water re-
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acts with the carbonate wallrocks, enough quantities of suifides of Pb and Zn
may be separated from the solutions. The separation and precipitation of Pb
and Zn from the solutions and the dissolution of calcite in the wallrock lime-
stone go on synchronously, and the precipitation of sphalerite precedes that of
galena. These facts confirm the foregoing viewpoint of genesis, and this appro-
ach reforms the traditional qualitative representation of peribds and stages of
oreformation, materializing the quantitative representation of the evolutional
history of ore-forming processes.

(3) The ore-forming processes of th;‘ polymetallic ore deposit of Dabao-
shan

On the basis of different kinds of geological and geochemical phenomena,
we conclude that this ore deposit not only has characteristics of sedimenta-
tion but also undergoes later overlapping of hydrothermal processes. Conse-
quently it belongs to the stratabound ore deposit.The polymetallic ore bodies
formed in middle Devonian period, afterwards they were overlapped and
reformed by the hydrothermal solutions in the Yanshanian period.

The ore deposit i5 situated at the transgression sequence of strata in the
middle and late Devonian sedimentary cycle, and has a definite sedimentary
facies,

1) Spatially it belongs to the tidal fiat-lagoon facies or to the depression
inside a platform.

2) Temporally it belongs to the transgression period, the ocean bottom is
in frequent oscillation owing to structural activity.

3) The hydrodynamic condition is relfatively weak, indicating the control
of sedimentay environment for the ore-formation.

4) In sedimentary facies, the bed-like polymetallic ore bodies largely
occur in tramsition positions from alevrolite, argillaceous rocks to carbonate
rocks. The wallrocks mear ore bodies possess rhythmic structures of double-la-
yers or multi-layers of “clastic-——carbonate rocks”, showing the control of se-
dimenatry facies for the ore-formation.

The compositions of sulfur isotopes in the ore deposit are close to those
of the chondrites. The range of variation of the compositions of lead isotopes
is rather large, they are lead isotopes of mixed origin. On the coordinate gra—
phs of lead isotopes, the spread of data points is dispersed and mnonlinear,
showing the heterogeneous mixing of lead isotopes from different sources. The
compositions of carbon and oxygen isotopes in limestones in the ore region
also show that after the formation of limestones, they have been overlapped
by hydrothermal solutions.

On the basis of the phase rule and the moderation theorem in combina-
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tion with the mineral associations in ore bodies and wallrocks in this ore
deposit, we examine the thermodynamic system of ore formation. Within the
‘overall nonequilibrinm system of the ore bodles and ore-bearing wallrocks

(the global chemical compositions of the ore bodies may be looked upon as
a complex system of Fe-Cu-Pb-Zn-5-0), subsystems of Fe-S, Fe-Zn-S and
Cu-Fe-S are ascertained which are in local equilibrium states. The physico-
chemical conditions of the hydrothermal ore-forming processes such as tempe-
ratures, pressures, activities and fugacities of components are determined, on
the basis of (a) the mineral chemistry of sulfides in ore bodies, (b) the re-
Iations between the activities and fugacities of components and temperatures,
pressures, chemical compositions of minerals and the distances between net
planes in crystal lattices of minerals, and (¢) the changes of free emergies of
chemical reactions in ore-forming processes and their relations with reaction
constants under tbe conditions of temperatures and pressures of ore for-
mation.

Based on the quantitative analytic data of ores, we use the method of
kriging to study quantitatively the spread in space of Cu,Fb, Zn and S, There
by we reveal the spatial structures of the ore-forming processes (figs. 5-32
to 5-46), and show that the spatial distributions of the major ore-forming
elements exhibit eminent horizontal zomnalities, Cu being distributed mainly
over the northerm part of the ore region, while Pb, Zn being distributed
chiefly over that of the southern part,We infer that the horizontal zonalities
are controlled principally by the stratigraphic horizons and the distribution
of sedimentary facies, but the overlapping of later hydrothermal processes
may also play a positive role.

5. The chemical kinetics of ore-forming processes of the tungsten ore
deposit of Hongling :

Making use of the experimental measurements of the varicus parameters

(concentrations of chemical elements; density, porosity and permeability of
rocks) on typical geochemical sections chosen for reflection of the character-
istics of ore-forming processes in this ore deposit, we obtain diffusion coeffi-
cients of 21 ioms and complex ions uader the conditions of 100, 200,250
and 300C (table 6-11), for greisens beside wolframite-quartz veins, and related
to the ore-forming processes and wall rock alteration. Tahle 6-11 shows
that during the ore-forming processes, the diffusion coefficients of ions and
complex ions of the major ore-forming, ore-controlling and ore-transporting
elements are of the order of 107'% to 10-!* m?/s, Arrange the diffusion coeffi-
cients in the order of their sizes and the sequence obtained is somewhat
similar to the sequence of spatial distribution of chemical elements in the
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ore deposit. By calculation, the infiltration rate of hydrothermal solutions In
pores of granites (of the order of 10°®m/s) is also acquired. Compare it
with the value of diffusion coefficients and we see that the transport of the
metallic chemical elements during the ore~forming processes is controlled by
both diffusion and infiltration mechanisms.

The wallrock alterations of the granites and the formation of the wolfra-
mite-quartz veins are two interrelated aspects reflected by tbhe unified whole
of the ore-forming processes of W, Consequently the investigation of the me-
chanisms and rates of dissolution of feldspars——the principal rock-forming
mineral of granite——in very important for illuminating the chemical kinetics
of ore-forming processes of W.

By conducting chemical kinetic experiments for dissolution of feldspars
under conditions of intermediate temperatures and pressures, we obtain the
dissociation rate of feldspars of 4,060 x 10~ !*mol/cm?+s under conditions of 2007
and 90 bar, interpret the dissolution processes of feldspars with the iransition
state theory, and discuss the controlling factors for the dissolution of feld-
spars.

Finally, with the ascertained fact that the ore-forming processes in tung-
sten ore deposit of Hongling are controlled by mechanisms of diffusion, infil-
tration and chemical reactions, we establish the physicochemical model for
the ore-forming processes.

6. The chemical kinetics of the ore-forming processes of lead and zinc
ore deposit of Fankou

The solution of calcite in wallrock limestone and the separation and pre-
cipitation of sulfides of metals from ore~forming soluticns are two interxelated
aspects of the unified “hydrothermal dissolution ore-forming processes” of the
Fankou ore deposit. Therefore the investigation of the chemical mechanisms
of dissolution of calcite in limestones is very important for explaining the
chemical kinetics of ore—forming processes of Pb and Zn.

By conducting experimental studies with static pH method for the kine-
tics of dissolution of calcite in ore-bearing limestones in Fankou ore region,
a rate equation for dissolutin of calcite essemtially the same as that of Plum-
mer’s is obtained. Extrapolating to 150 with the relations between rate
constants and temperatures, the required rate constants for temperature of ore
formation in the Fankou ore deposit is acquired. The experimental results
further point out that the apparent Ahremius emergy of activation is close
to the diffusion energy of activation, implying the comntrol of diffusion for the
various chemical reactions.

In order to approximate to the natural conditions, dynmamic experiments
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by the“method of slow flow without stirring” is designed,thereby rate constants .
for dissolution of calcite are obtained, and the approximate valie of 1,19 x 10-°
mol/cm?+s for rate of dissolution of calcite under the conditions of 150%,
pH=5.8, pco. (partial pressure of CO;)=3 atm is acquired, which is much
larger than the rate of dissolution for feldspars in hydrothermal solutions.

7. Contemporary investigations of the geochemistry of ore~forming proces-
ses are making progress centering on four fundamental problems—the sources
of ore-forming materials and ore solution, the driving forces of the movement
of ore solutions, the forms of transport of the ore-forming materials and the
conditions and modes of separation of ore-forming materials from the ore solu-
tions. The present researches put forward a new theoretical viewpoint that
starting off either from the theoretical investigations of the genesis of ore
deposits ‘or from the practice of prediction for mineral resources, the central
problem of the ore-forming processes is the “onset of ore-forming processes”.

According to the theory of dimipative structures, the “onset of ore-form-
ing processes” is in essence the problem of the conditions and mechanisms of
loss of slability of the barren nonequilibrium steady states and their tramsition
to dissipative structures (ore-forming states). Before loss of stability of the
barren monequilibrium steady states and the taking place of their traosition,
the geochemical systems conform to laws of chemical kinetics, thé:reby the
formation of the ore-forming states (dissipative structures((i. ¢. the 'onset of
ore-forming processes) may be stmmed up mathematically as the problem of
stabilities of solutions to the “reaction-diffusion equations” (dynamic equations
reflecting the time evolution of tbe ore-forming processes) and their bifurca-
tions, The acquisition of the principal chemical kinetic parameters {(diffusion
coefficients, rate constants of chemical reactions) of ore-~forming processes for
typical ore deposits of two series of oreformation in northern Guangdong Province
has lay foundation for studying the ceatral problem of the genesis of ore
deposits —the “onset of ore-forming processes”—with the theory of dissipative
structures. .

8. The types of soils in different residual deposits and slope washes, the
structural characteristics of soil profiles and the material constituents for two
kinds of typical ore deposits in northern Guangdong Province has been inves-
tigated. Furthermore, we research on the geochemical traits of the processes
of weathering and soil-formation of different rocks for these ore deposils, and
afford concrete suggestions for prospecting by soil-geochemical methods in
southern part of our country with warm and humid climate.

The geochemical characteristics of the oxidized zones of the polymetallic
ore deposite @ Dabaoshan has been studied. Minerals discovered in irom hats

529



of the oxidized zones amount to more than 50 species,among which 29 miner-
als has been accurately identified in the present researches. The chemical
compositions of the ironm hats are complicated, more than 34 chemical elements
have been discovered by analyses. Analysis of phases of species indicates that
in the iron hats Cu, Pb, Zn occur mainly as oxides and suifides, but silicates
of Zn are also important. In limestones altered by skarn-formation and in
limonite ores developed on them, contents of carbomates of Cu, b and Zn are
relatively high.

The three dimensional spatial distributions of Fe, Cu, Pb, Zn, S and As
and their quantitative display have been ascertained by the method of kriging,
making use of the concentration data of these ore-forming elements obtained
with quantitative chemical analyses. The spatial distributions of the 6 ele-
ments in the iron hats show clear horizoutal zonalities (figs. 9-12 to 9-19),
which possess tbe same regularities as the primary zomalities of Cu, Pb and
'Zn in the depth of the ore region, manifesting the inheritance in evolution
and development of the iron hats in the oxidizcd zones from the primary ore
zones. The inheritance has the significance of directing prospection in southern
China for primary hidden ore deposits in the depth by iron hats in the earth’s
surface. .

On the basis of the mineral compositions, mineral associations and the
interrelationships among minerals in the northern and southern parts of the
iron hats in the ore region, and using for reference Garrels’ graph of pH-Eh
phase equilibrinm of the Cu-Fe-S-H system under the conditions of 257,
1 atm and ¥8=10"* mol/L, the conditions of pH-Eh for the formation of the
iron hats are analyzed. Thereby we infer that the formation of iron hats in
Dabacshan has experienced stages of sulfates, carbonates, oxides and bydroxi-
des, and is developing toward the silicate stage. On the whole, bowever, the
stage of oxides and hydroxides is principal and the stages of sulfates and car-
bonates are subordinate. The oxidized zones go through acidic—weak acidic—
weak alkaline stages, and are developing toward the alkaline stage. Sandstone
and brecciated argillite spread over the southern part of the oxidized zones
which are favorable for the development of the iron hats, whereas carbonate
rocks spread over the northern part which defer the progress of formation
of iron hats.

[V. The evolution and temporal structures of ore-forming geochemical
Processes

Combining analyses by plumbotectonics and Markov schemes with the
dynamic analysis by the theory of dissipative structurés, we bring to light the

epochs and geological structuzal seitings of ore formation, the sources of ore-
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forming materials, the evolution and temporal structures of ore-forming pro-
cesses of the major ores and their dynamic origins and mechanisms,

1. Aanlysis by plumbotectonics

Pb is the final stable product of the decay series of radiocactive chemical
elements U and Th, its isotopic composition is not only time-dependent, but is
also related to the geological structural settings and the source areas of rock-
forming and ore-forming materials. Consequently the compositions of lead
isotopes of geological bodies may be used as good tracers for the genesis of ore
deposits, the epochs and geological stuctural settings of ore formation and the
sources of rock-forming and ore-forming materials.

(1) The characteristics of compositions of lead and sulfur isotopes in dif-
ferent kinds of geological bodies.

By comparison of the characteristics of compositions of lead and sulfur
isotopes in strata, igneous rock bodies and different types of ore deposits as
well as the U-Th-Pb system they belong to, it is made clear that,

1) The pyrite of sedimentary origin in Devonian and Carboniferous strata
and that in ores of the lead and zine ore deposits of Fankou{occurs in Devo-
nian strata) and Yangliutang (occurs in Carboniferous strata) have similar
compositions of lead and zinc isotopes and belong to the same U-Th-Pb
systerm. ‘

2) The compositions of lead isotopes in pyrite of sedimentary origin in
Cambrian and Ordovician strata is similar to those of stibmite in antimony ore
deposit of Yiliu district and sphalerite in polymetallic ore deposit of Dabao-
shan as well as potash feldspars in Yanshanian granite, and belong to a system
with U and Th anomalies.

3) The compositions of lead isoi:opes in potash feldspars in various granite
bodies of the Yanshanian period and those of sulfides in wolframite-quartz
veins of the first group are stable, while the sulfides in wolframite-quartz veins
of the second group have“old lead”mixed into the compaositions of lead isotopes,

4) The # values of galena in polymetallic ore deposit of Dabacshan are
low, indicating characteristics of deep sources.

5) The compositions of sulfur isotopes in sulfides (elated to igneous activi-
ties are close to those of chondrodites, those in sulfides occurring inm carbonate
rocks reflect the characteristics of sulfates in sea water, and the coraposi-
tions of sulfur isotopes in ore deposits of multiple origins are complicated.

In short, the compesitions of lead and sulfur isotopes in different kinds of
geological bodies in this district not only have distinguishing features of their
own, but also possess some similarities, The former reflect the different source

areas and the overlapping of different rock-forming, ore-forming processes and
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other processes of later stages, while the latter mirror the inheritance and
development of the rock-forming and ore-forming processes.

(2) The epochs and geological and structural settings of ore formation.

1) On the basis of chronological data given by isotopic dating and the
geological and geochemical characteristics, the following epochs of ore forma-
tion for major ores in this region are ascertained,

(i) The epochs of ore formation for W and Mo belong to the Yanshanian
peried.

(ii) Cu, Pb and Zn ave primarily concentrated by sedimentation in the
Hercynian period, and are then reformed by hydrothermal solutions from the
granites in the Yanshanian period.

(iii) The epochs of ore formation for Sb and U belong to the Himala-
yian period.

2) Using for reference the Doe-Zartman’s graphs of evolution patterns of
structaral settings composed with compositions of lead isotopes,we examine the
evolution curves of compositions of lead isotopes in different geological bodies
and demonstrate that,

(i) The points of projection of the Devonian and Carboniferous strata
and the lead and zinc ore deposits occurring in them fall on the evolution
curve of the orogenic zones.

(ii) The points of projection of the Yanshanian granitoid bodies and the
wolframite-quartz veins related to them are located amid the evolution curves
of the orogenic zones and the upper earth’s crust. They are in settings of
non-ocean-basin continental arcs in the orogemic zones.

(iii) The points of projection of the antimony ore deposit of Yiliu dis-
trict, the sphalerite in polymetallic ore deposit of Dabaoshan and the Cam-
brian strata all fall on the evolution curve of the upper earth’s crust, never-
theless the points of projection of galena in polymetallic ore deposit of Da-
baoshan are situated below the evolution curve of the mantle.

By the geological structural settings occupied by different geological bodies
and the epochs of rock and ore formation, we find out that from Hercynian
—~—Yanshanian——sHimalayian periods, the trend of wvariation in geological
structural settings in northern Guangdong Province is; orogenmic zomes(margin-
al sea of continental activities)—>rorogenic zones (contimental arc}—>upper
earth’s crust.

(3) The sources of rock and ore-forming materials.

1) Igneous rocks of Mesozoic Era and the ore deposits related to them,

Basing upon the compositions of lead and sulfur isotopes, the imitial *'Sr/
%3r ratios of Rb-Sr isochroms for whole rocks and the W abundances of Sinian
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and Cambrian strata,we infer that the source areas for the Yanshanian grani-
toids and the related wolframte-quartz veins are located in Pre-Sinian base-
ment of the earth’s crust.

2) The lead and zinc ore deposits occurring in Devonian and Carboniferous
strata. .

The characteristics of compositions of lead and sulfur isotopes indicate that,
during the principal stage of their history of ore formation, the lead and zinc
ore deposits were formed in the geological structural settings of marginal sea
of continental arcs in Hercynian palaeo-orogenic zones, However, further in-
vestigations discover that,

(i) The galena in ore bodies has Pb of radioactive origin (anomalcus Pb
due to decay of Th), while compositions of Pb isotopes in sedimentary pyrite
in the strata belong essentially to normal Pb, showing that Pb in them are of
different origins and that Pb required for ore formation is improbable to be
supplied solely by the strata.

(i) The compositions of sulfur isotopes in ore bodies are different from
those in the strata, mamifesting overlapping of hydrothermal processes after
diagenesis.

From these facts as well as from the informations afforded by the geolo-
gical traits of the Fankou ore depesit, the probability distributions of concen-
trations of chemical elements in the ore-bearng strata, the computer simula-
tion of the ore—forming processes,the chemical composition of the liquid phase
and the isotopic compositions of H and O in fluid inclusions in sphalerite and
the spread in space and distribution in time of Pb and Zg, it stands to reason
that the ore-forming materials of the Pb-Zn ore deposit occurring in Devo-
nian and Carboniferous strata are mixtures from several source areas and that
Pb and Zn come from different sources.

3) The antimony ore deposit occurring in Devonian and Carboniferous
strata.

Judging from the various related data,we believe that Sb and S both come
from the upper earth’s crust, and the hydrothermal solutions are probably
meteoric waters infiltrating along fractures and fissures in wallrocks.

(4) To sum up, from all the foregoing ascertained facts, we draw the fol-
lowing conclusions concerning the epochs and geological structural settings of
ore formation and the sources of ore-forming materials for the major ores in
the Shaoguan district in northern Guangdong Province,

1) The chief epoch of ore formation for Pb, Zn and Cu is Hercynian
(300 Maz). The geological structural settings for ore formation are orogenic
zones (marginal sea of contigental activities). Pb probably comes mainly from
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deep sources, Zn and Cu possibly come largely from Pre-Devonian strata, .the
source of S is sulfates in sea water and the ore-forming solutions are probably
chiefly magmatic water in the depths.

2) The main epoch of ore formation for W and Mo is Yanshanian (150
Ma=+). The geological structural settings for cre formation are orogemic zones
(continental arc), The ore-forming materials are of mixed sources. the base-
ment earth’s crust and the upper mantle.

3) The chief epoch of ore formation for Sb (U) is Himalayian (50 Ma+),
The geological structural settings for ore formation are the upper earth’s
crust. Sh comes mainly from the upper earth’s crust.

2. Analysis by Markov schemes,

Taking evolution of sedimentation with time as the principal basis and
inserting corresponding igneous activies and ore formations according to the
ages of processes into the time sequence, we construct a comprehensive time
series including all the three geological processes, and apply the theory and
method of Markov processes to studying and revealing the evolution and tem-
peral structures of ore-forming processes in the Shaoguan district in morthern
Guangdong Province. Researches show that,

(1) The evolution of the three geological processes may be divided into
four stages (fig. 7-5);

1) The stage from Sinian to Ordovician, during which the corresponding
sedimentation and Caledonian structural-magmatic activities tcok place. Du-
ring the Silurinn peried, the earth’s crust of this region was uplifted and was
devoid of corresponding sediments.

2) The stage from Devonian to Carboniferous, during which the corres-
ponding sedimentation and several times of ore formatioms took place,

3) The stage from Permian to Cretaceous, which is accompauied by Indo-
Chinese and Yanshanian structural-magmatic activities and ore-forming pro-
CTB3eS,

4) The early Tertiary period, during which sedimentation took place in
river-inland lakes. i

(2) During the geological history of this district, the rock-forming
elements and rare earth elements took part in sedimentation and magmatism
syngenetically; the ore-forming elements, however, in addition to joining
rock formation in syngenetic way, also took part in ore-forminy a~tivities
after rock-formation (fig. 7-8).

(3) The major ore-forming elements in this district are the chalcophile
elements—Cu, Fb, Zn, Ag, Sb and As, the elements of the W-Mo group—W,
Sn, Mo and Bi, the rare element Li and the radicactive element Th, Their
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evolutions during the geological history of this district show the following
regularities (fig. 7-6) ; :

1) W, Sn, Mo, Bi, Cu, Ag. Their concentration. curves in Sinian period and
lower Palaeozoic Era show small fluctuations, in Devonian and Carbonifercus
periods during which the Fankou and Yangliutang Fb-Zn ore deposits were
formed, curves of Mo and Ag rise slightly and concentrations of Cu also increa-
se. During the Mesozoic Era, concentration curves of these chemical elements
fluctuate slightly in general, nevertheless corresponding peaks appear during
periods of igmeous activities. Qoncentrations of Cu and Ag rise in Lingxi gra-
nite body of Indo-Chinese period, concentrations of W and Sm increase motably
in Zhuguangshan, Dadongshan and Guidong batholiths of Yanshanian period.
Besides, concentrations of W, Sn, Mo, Bi in granite bodies of Longjing, Shiren-
zhang and Reshui and in fungsten ore deposit of Hongling rise markedly.

2) Pb. During the geological history of this district, the concentration
curve of Pb fluctuates slightly, except in Pb-Zn ore deposifts of Fankou and
Yangliutang, where outstanding peaks appear. The latter demonstrates that
during these periods ore-forming activities are intense and that the overlap-
ping of Pb after sedimentation is evident. There is also Pb mineralization in
Yanshanian small intrusions.

3) Zn. Its concentration curve is very similar to the trend-factor curve
of Markov schemes in form, which shows that it took part in rock-forming
processes chiefly in syngenetic way during the geological history of this dis-
trict. Only in Pb-Zn ore deposits of Fankou and Yangliutang, distinctly high
concentrations of Zn appear, reflecting ore-forming activities happening after
sedimentation.

4) Sb. Its concenttration curve flictuates markedly from Sinian to Car-
boniferous periods, and rises obviously in Devonian period,during which Pb-Zn
ore deposit of Fankou was formed. The concentration curve of Sh from Per-
mian to late Tertiary periods is relatively stationary.

5) Li,Its concentration curve is relatively stationary before Carboniferous
period but fluctuates considerably after it. The intrusion of graniteid batholiths
and the emplacement of small granite bodies cause the concentrations of Li to
increase, demonstrating its relative activities during the Yanshanian structural-
magmatic movement,

6) Th,The trend of evolution of its concentration curve is essentially similar
to that of the trend-factor curve of Markov schemes. Concentration peaks
appear in intrusive bodies, showing the close relationship between Th and the
intrusion of magma.

To sum up, after the formation of Devonian and Carboniferous strata in
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this district, intensive overlapping of metallic ore-forming elements such as
Pb, Zn, Cu, Ag and Sb took place, thereby their industrial concentration took
shape. The igneous activities of Indo-Chinese period are accompanied by mi-
neralization of Cu and Ag During the Yanshanian structural-igneous movements,
nonferrous metals, rare and radioactive elements behave very actively and
become highly concentrated in succeeding post-magmatic hydrothermal pro-
cesses.

3. The dynamic analysis by the theory of dissipative structures

The analyses by Markov schemes of the comprehensive time series of
sedimentation-magmatism-ore formation in the Shaoguan district of northern
Guangdong Province have already confirmed that these geological processes
possess the characteristics of evolution and development and definite temporal
structures, which appear in the form of geochemical cycles. Upon this basis,we
adopt further the theory of dissipative structures to make global dynamic
analyses for the geochemical cycles in this district bring to light the regu-
larities of geochemical evolution of the upper earth’s crust in northern Guang-
dong Province. Researches bear out that the geochemical cycles in this dis-
trict have nonlinear characteristics owing to the autocatalytic processes pre-
sent and the coupling between geochemical cycles. They are similar to the
complex chemical kinetic reactions, which make the evolutiorn of geochemical
cycles “self-organize” and they form complex spatio-temporal structures.
Results of dynamic researches on the mnonlinear geochemical cycles in this
district by the theory of dissipative structures manifest that.

(1) The geochemical cycles of W, Cu, Pb, Sb (typical ore-forming ele-
ments), Ga, Sr(representative ore-controlling elements)for different periods in
this district have at least ome stable nonequilibrium steady state respectively
(table 7-12), showing that they all took part in rock-formation in symgenetic
way during these periods. The most stable steady states of W, Cn and Pb
appear in the late Cretaceous cycle, whereas the most stable steady state of
Sb appears in the Permian cycle. These facts point out further that the geo-
chemical behaviors of W, Cu and Pb are affected by Yanshanian magmatism,
while that of Sb is mainly influenced by the total amount of Sb in Carboni-
ferpus strata.

(2) For different geochemical cycles of different periods, the unrique triple
nonequilibrium steady states all appear in the Carboniferous geochemical cycle
(figs. 7-24 to 7-29). This is the result of the monlinear dynamics produced by
the autocatalytic mechanisms present in the corresponding chemical reaction
schemes. Linear stability analysis shows that the present value of the total
amount of Sb in Devonian strata greatly exceeds the critical value, the triple
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steady states isolate one another. This fact manifests that the Carboniferons

goochamiral cycle is in far from equilibrium state; and the Devonian stratas
are in certain “excited” state, the total amount of the metallic elements in
them attains high levels, which exerts important influences on the develop-
ment and evolution of the Carboniferous geochemical cycle, and profoundly
retroverses and reveals the dynamic causes of ore-potentiality of the Devonian
strata.

(3) The coupling between the geochemical cycles for different chemical
elements leads to a faster response of the coupled cycle to perturbations, there
by increases the stabiliy of the cycle. Researches confirmed that, en the
whole, the geochemical cycles of W, Cu, Pb and Sb for different periods all
have weak couplings with the ore-controlling elements represented by Ga and
Sr; the nomlinear cycles have characteristics of stable linear-like cycles. The
latter afford a new dynamic interpretation to their taking part in the rock
formation in syngenetic way. Investigations further show that the R-values
for coupling of W with Ga and Sr in late Cretaceous cycle are rather large
(table 7-13), that the R-values for coupling of Cu and Pb with Ga in all the
12 cycles are notably large, but are largest in the Corbonifercus cycle and
that the R-value for coupling of Shb with Ga in the Carboniferous cycle
is the largest. The foregoing facts demonstrate that the stability of the W
cycle is mainly related to granitold magma of the Yanshanian period, that
the concentrations of Cu and Pb are related to the total amounts of these
metals in Devonian strata as well as magmatism of the Yanshanian granitoid,
whereas the enrichment of Sb is enhanced and stabilized by its association
with Devonian siliceous-aluminous and carbonate rocks.

V. The spread in space and the spatial structures of ore-forming
geochemical processes

1. Static amalysis of the geochemical field-~application of the theory and
method of stochastic field

(1> Researches confirm that a geochemical region constitutes a geochemi~
cal field, the interactions among the material constituents of geochemical
systems take place through the intermediate media of the “geochemical
fields”. Consequently it is necessary to employ the theory of fields for inves-
tigation of geochemical ficlds.

The matter in geochemical systems may be regarded as continuous media,
Under conditions of local equilibrium, the nonequilibrium states of continuous
media may be described by macroscopic parameters (“regionalized wvariables”
~-scalar quantities, vectors or tensors). They are funtions of space and time
and are called “field quantities”,

537



Geochemical fields have the dual attributes of randomness and structural-
ness (spatial correlation). We apply the theory of stochastic fields (“geosta=-
tistics”) and the method of “kriging” to studying the spread in space of the
ore-forming processes and to revealing their spatial structures. Kriging bases
on spatial correlation among regionalized variables, and the concept of“spatial
correlation” originates from researches on spatial structures of mineralization,
As kriging takes random functions as its mathematical tool, therefore it is
able to reveal both the randomness and the structuralness of the spatial
structures of regionalized wvariables. Consequently the theory of stochastic
fields and the method of kriging are reasonable and accurate methods for
quantitatively investigating and displaying the static spatial structures of ore-
forming processes.

(2) Making use of the theory of stochastic field and the method of kri-
ging for studying the spread in space of concentrations of chemical elements
(regionalized variables) in bedrocks in an area of 4232 km? of the Shaoguan
district in northern Guangdong Province({figs. 8-1, 8-4), we expose the follow~
Ing spatial structures of the ore-forming processes in this district (figs. 8-19
to 8-36—contour maps of kriged estimators for 16 chemical elemesats and a
ratio of one pair of chemical elements),

1) The high-concentration areas of W, Sn and Bi are roughly in agree-
ment with the spread in space of the Yanmshanian granitoid bodies. However,
the degree of concentration of Sn is rather low, the high-concentration areas
of which appear as “platforms” with small rises and falls, while those of W
and Bi appear as “peaks”.

2) The high-concentration areas of Cu and Zn are consistent with the
spread in space of the Pre-Devonian strata. The degree of local concentration
of Zn is higher than that of Cu. On the contrary, the concentrations of Pb
in the Pre-Devonian strata are very low; whereas in areas spread over by
Yanshanian granitoids, the concentrations of Pb are high, forming “platforms”
with small highs and lows.

3) The degree of local conceatration im this district of W, Mo, Bi, Pb, Zn,
Ag, Au, Sb, Hg, As and F is high, the areas of their high concentrations form
peaks in spatal structures, manifesting good perspectives of ore formation.
The degree of loca! conceutration in this district of Sn, Cu, Be, Li and Th is
low, the spatal structures of Se¢, La, Sr, Ba, Zr, K, V are dispersed and differ
greatly from those of the ore-forming elements.

4) The spread in space of the ratio 5r/Ba may be used to investigate
the regional envirarments of sedimentation of Devonian sediments. With rela-

ted data we infer that tilore are two centers of submergence within the
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NNW-directed Devonian-Carboniferous zones of subsidence, separated by ar
uplift. The Pb-Zn ore region of Yangliutang and the rare and monferrous
elements-polymetallic ore region of Yiliu are situated respectively in the two
centers of submergence, and the Pb-Zn ore region of Fankou is located at the
NE-extended part'of the uplift and the margin of Huanglingzhang uplift in
the north, belonging to the coastal-shallow sea emviromment of the margin of
uplift.

5) The early Tertiary and Cretaceous saundstones and conglomerates im
the Danxia basin inherit characteristics of trace elements from Yanshanian
granitoids. Chemical elements such as W, Sn, Mo, Bi, Pb, U and Th enriched
in the granitoids may be concentrated secondarily in the Danxia basin.

(3) We examine in detail the probability distributions of concentrations
of chemical elements in this district, determine strictly by method in chapter
2 section 2 the abundances of 37 chemical elements in strata of different
formations (members, groups) and different kinds of rocks and in granitoid
bodies of different periods (table 8-2). They are obtained from strata and
igmeous bodies spread over the whole district and- are highly representative of
the regional abundances. On this basis,the ceefficients of overlapping-intensity
of post-sedimentation processes of major ore-forming elements are calculated
to reveal the ore-potential informations of the various geological bodies (figs.
8-3 to 8-9). The following regularities may be discerned from these figures;

1) In the major ore-bearing Devonian and Carboniferous strata, the a-
bundances of Cu, Pb and Zn are low;, but the overlapping of post-sedimenta-
tion processes are intensive, indicating that the metallic elements in Fb-Zn
ore deposits occurring in Devonian and Carboniferous strata come mainly from
the overlapping of post-sedimenthtion processes. The abundances of Zn and
Cu are high in Pre-Devonian strata; on the contrary, the abundance of Pb
is very low i1n these strata but is high in granitoid bodies. Judging from the
results of factor analyses, the spatial structures of the concentrations of Pb
and Zn, and the geochemical characteristics of ore-forming processes, it
stands to reason that Pb in Pb-Zn ore deposits in this district is probably
related to post-magmatic hydrothermal solutions, and Zn and Cu partly
come from Pre-Devonian strata.

2) In the Yanshanian granitoid bodies, not only the abundances of W, Sn,
Mo, Bi are high, but also the overlappings of post-sedimentation processes are
intense, It is hold that mineralizations of W, Sn, Mo and Bi are directly rela-
ted to the granitoid bodies.

3) In the ore-bearing Devonian strata, the abundace of Sb is very high,
furthermore the Devonian and Carboniferous strata undergo intemsive over-
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lapping of post-sedimentation processes. Hence the Sb ore deposits in this dis—
trict are probably formed by primary sedimentation followed by overlapping
of post-sedimentation processes.

4) In spite of the bigh abundances of Be and Th in the granitoid bodies,
the overlapping of post-sedimentation processes are weak. Therefore the per-
spective of their mineralization is not very good.

5) In the Devonian and Carboniferous strata, the overlapping of post-
sedimentation processes for Au is intense,Thereby it is inferred that the De-
vonian apd Carboniferous strata are favorable for mineralization of Au.

2. The dynamic analysis of geochemical fields—application of the theory
of dissipative structures to, elucidating the causes and mechanisms of forma-
tion and development of geochemical areas (perspective areas of ore-forma-
tion), and to predicting the regional mineral resources.

(1Y In the light of the theory of “localized dissipative structures”, we put
forward new methods for determining the threshold values of anomalies of
ore-forming elements in the Shaoguan district in morthern Guangdong Pro-
vinceand mnew methods for delineating boundaries of perspective areas of ore
formation. On the basis of the spatial structures of ore-forming processes
already exposed, and on the contour maps of the kriged estimators for dif-
ferent chemical elements, we take the concentrations of ore-forming elements
at the inflection points between thc gently fluctuating values and the sharply
increasing ones as the threshold values of anomalie. On the map of compo-
site anomalies delineated by ihese threshold values (fig, 10-1), we demar-
cate 21 perspective areas of.ore formation (fig. 10-2) by the natural boun-
daries manifested by the overlapping of contours of threshold wvalues of
different chemical elements. Among the 21 perspective areas, severn of them
d, IV, V, XIV, XVII, XVIII, XXI) reflect spatial scopes of minera-
lization which are however all expanded in extent, and are valuable for pros-
pecting in situ amd enlarging the perspective of the kmown ore areas. The
remaining 14 perspective areas are mewly discovered by the present resear-
ches, many of which (III, VI, XV, XX efc,) are of promise. The perspective
area XVI has been verified by prospecting and prediction of ore formation
is effective. The mnew discovery of intemsive Au anomalies deserves special
attention, as its concentration reaches as high as 20 ppb which is 12.5 times
that of regional abundances.-

(2) We make theoretical analysis for the formation and development of
the “geochemical areas of ore formation” (perspective areas of ore forma-
tion) with the theory of “dissipative structures” amd acquire the following

recognitions,
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1) The “geochemical areas of ore formation” are “localized dissipative
structures” copfined to bounded media.

2) To make local analysis of fluctuations by the “local theory of fluctua-
tions may bring to light the causes and mechanisms of the formation of
localized dissipative structures, thereby makes clear the formation and deve-
lopment of the gecchemical areas of ore formation.

3) Outside the boundaries of the perspective areas, the contours of con-
centrations of chemical elements are sparse, whereas imside the bhounbaries
they are very denmse. The spatial domains with sparse contours demonstrate
that they are mear equilibrium. and correspond to the thermodynamic branch
(straight line (a) in fig. 2-2). Nevertheless, the spatial domains with dense
contours indicate that they are far from equilibrium and correspond to bifur-
cation of the thermodynamic branch (curves (b) and (ec) in fig. 2-2). Conse-
quently the boundaries of perspective areas are sifuated exactly at the divi-
ding line between the regional near equilibrium states and the local far from
equilibrium states. This dividing line corresponds to the point of bifurcation
of the thermodynamic branch {(critical point) (point A in fig. 2-2).

4) At the critical point, fluctuations are amplified, steady states lose their
stabilities, lengths of coherence of fluctuations appear in space and seif-orga-
nizations of the geochemical systems dre promoted, Thereby the systems trans-
form from the disordered confused states to the new, ordered “dissipative
structures”. Consequently the emergence of critical points in local domains
marks the formation of localized dissipative structures, and lengths of coher-
ence of fluctuations determine the extents and sizes of the geochemical areas
of ore formation (perspective areas of ore formation or latalized dissipative
structures).

5) The lengths of coherence of fluctuations characterize the long-range
spatial correlation exhibited in the vicinity of instabilities, the ore-forming
materials are in coherent motion within the specified lengths. The “ranges” of
the semivariograms characterize the range of influences exerted by ore for-
mation. They likewise reflect spatial correlation within the specified lengths,
Consequently the “lengths of coherence” in the theory of dissipative struc-
tures and the “ranges” in the theory of stochastic fields correspond one
another. The extents of anomalies of major ore-forming elements in this
district are 17.5-122,7 km? (corresponding to linearity of 4,2-11.08km) and
equal to 37.18km? on the average {corresponding to linearity of 6.10 km).
The extents of 21 perspective areas are 20,5-134.0km? (corresponding to
linearity of 4.53-11,58 km) and equal to 69.0 km* on the average (correspon-
ding to linearity of 8.31km). The average ranges of major ore-forming ele-
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ments are 2,27-19.75km and equal to 8.55km on the average which is very
close to the average extent of perspective areas of ore formation (linearity
of 8,31 km). Although it is slightly larger than the average extent of anoma-
lies (linearity of 6.10 km), but it is still of the same order of magnitude.
Therefore it is perceivable that the above argument is tenable, and that the
present prediction of minmeral resources has systems science (theory of dissi-
pative structures) as its theoretical foundation.

(3) The 21 perspective areas of ure formation delineated by the preseat
researches correctly reflect all the known ore deposits and lacalities of miner-
alization which are good grounds for testing the effectiveness and reliability
of the present prediction. The Principles and Methods of Geochemical Re-
searches for Predicting and Prospecting Metallic Ore Deposits{Recommendation
of Methods) by Cmerenos et al. published in 1979 in U. S S. R. stipulates
that regional geochemical investigations in scale 1:200,000 should predict and
delineate perspective ore-bearing structural zones and regions with lengths of
50—300 km and areas of several hundred to several thousand km?, The Soviet
recommendation stipulates 1 sample point per 4 km?, the present researches
specify the density of sampling to be 1.35 point per 4 km? which is quite
close to the former. Nevertheless, the average extents of the 21 perspective
areas delineated by the present researches are 20,5—134.0 km? (correspon-
ding to linearity of 4.53—11.58 km) and equal to 63,0 km?(corrcsponding to
linearity of 8.31 km). In other words, the average extents of the 21 perspec-
tive areas of ore formation are several tems of times smaller than the ex-
tents of prediction stipulated by the Soviet recommendation for the same scale
and the same density of sampling wiich provides convincing evidence for
the higher efficency of the theory and method of prediction advanced by
the present Investigation.

SUMMARY

The comprehensively studied Shaoguan district in northern Guangdong
Province is a dynamic system in development and evolution. During its geolo-
gical history it experiences from begining to end the spantaneous internal
fluctuations caused by irreversible processes inside the system as well as the
external perturbations produced by environmental disturbances outside the
system. The system makes responses to them in different ways and with dif-
ferent rates, becomes self-organized and develops into regnlar, ordered spatio-
temporal structures. The rhythms in sedimentation, the multiple intrusions
of magmas, the historical evolution of structural movements, the occurrence

and development of ore-forming processes of multigenesis, multisource and
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multistage, the spatial zonality of strata, igneous bodies and ore deposits, the
formation of ore areas and ore zones and the establishment of epochs of ore
formation and so on all come from self-organizations taking place in macros-
copically homogeneous systems and are ordered spatjo-temporal structures form-
ed thereby. Consequently researches on the origins and regularities of dy-
namic spatio-temporal structures of a geological region are of strategic impor-
tance both in theoretical investigations of geosciences and in practices of
prediction and prospection of mineral resources,

The dynamic responses made by geochemical systems to the perturbations
inside and outside the systems and their stabilities are origins of the occurrence
of self-organization and the formation of ordered spatio-temporal structures,
The emergence of the triple nonequilibrinm steady states in geochemical
cycles during the evolution of the upper earth’s crust, the taking place of
periodic chemical oscillations (ordered femporal structures— “limit cycles” or
so—-called “chemical clocks”) in the crystallization of granitoid magmas of the
Pre-Yanshanian and Yanshanian periods and the demarcation of perspective
areas of ore formation (ordered spatial structures-- “localized. dissipative
structures”) in the district manifest distinctly that the overall Shaoguan dis-
trict is a nonequilibrium, open physicochemical system. It undergoes a history
of dynamic progress,self-organizes and forms spatio-temporal dissipative struc-
tures. The canse of this effect is that, after the exertion of perturbations
(the exertion of influences due to changes of physical and chemical conditions
of rock formation and ore formation on the boundary conditions of sub-sys-
tems, the fluctuations induced by emergy and mass exchanges between sub-
systems and their environments) on the local temporal and spatial domains
in the system, they do not make responses to these perturbations in time,
thereby they are displaced far from equilibrium and their nonequilibrium
steady states lose stabilities.

The multiorder of dissipative structures determines the evolution of geo-
chemical processes, introduces history into geochemistry and brings to lght
the dynamic evolution and temporal rhythms of geochemical processes of ore
formation. The localization of dissipative structures defines the spread in space
and the spatial structures of geochemical processes of ore formation, introdu-
ces geochemical fields into earth’s sciences and elucidates the genesis and
mechanisms of the formation and development of dynamic spatial patterns of
the geochemical areas of ore formation (perspective areas of ore formation),
Further investigations along this line will provide enlightenment, open up new
areas and exhibit bright perspectives for revealing the interrelationships among

metallogeny, historical geochemistry and regional geochemistry.
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SERIES OF GEOLOGICAL MEMOIRS

Regional geology
Stratigraphy and Paleontology
Petrology Mineralogy and Geochemistry

Mineral deposits and Mineral resources

1.
2.
3.
4.
5. Structural geology and (eomechanics
9, Hydrogeology and Engineering geology
7. Prospecting techniques and methods
8. Geomathematics

9.

Analysis and Multi-utilization of minerals

10, Instruments and Equipments





