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1% 9
w Cu =0.01% w Pb =0.001% w Zn =
0.02% w W =0.007% w Sn =0.008% w Cr =0.03% w Ni =0.02% w Mn
=0.1% w S =0.10% w B =0.01%
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Be Nb Ta Zr Hf

Nb Ta

32t 14m
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K Na H,O0 F CI B S CO,
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K Na K Na
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30 ~
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H,S HCI HF SO, CO CO, H, N,

Fe* Fe'* Cu™ Cu**

pr+ Zn** Cl™
C0O, CO H,S SO, HF
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F€3+ F62+ B62+ Nb5+ Ta5+ W6+ Sn4+ M06+ M06+
F~ CI~ HS™ HCO; OH 0*° $~

SO;” CO;
1.
PbCl, *° 200°C
100°C 100°C 90°C 5%10°°% Ph
PbS + 4NaCl==4Na* PhCl, >~ + $*~
2.pH
pH pH
U0, CO; 5 ~* pH 7.2
pH Na; AsS;
pH
3.
H,0 CO,
€O, 7T S 010
Na; Ce CO, —>Ce'* +3C03" +3Na*
4.
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U6 + Fez + U4 +

U0, CO, , H,0 , > +2FeCO, +20H —>UO0, + Fe,0; + 4HCO; + H,S

W6+
R, WO, + CaCO; —>CaWO0O, + R,CO,

2Na, FeCl, + 3H,0 ==Fe, O, + 6NaCl + 6HCl
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4.5~1.5km



300 ~200C

3~1.5km
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Fe
1 2.
1 Fe 2
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Si0, AL O; Fe,O; Si0y nH,0
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ALO;y mH,0 Fe, Oy pH,0
Al, Oy 2Si0, 2H,0 Al Oy 2Si0y
nH,0

90%
K,0 AL O, 6Si0, + mH,0 + CO,—>AL Oy 2Si0; 2H,0 + K, CO; +4Si0; nH,0

Fe, O; 0.7% ~ 1%
2
20 60
2.
Si0,
ALO; mH,0 Fe, 0y pH,0
ALO; 3H,0 Al OH , ALO; H,0 AlO OH
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A% #H(K,Na,Ca, Mg, Si,Al,Fe,
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EFEH BT
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B 1 AlL[ Si,0s 1 OH],

HFSHN
(BTN
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RE AlLFS U Si #E
18 AI(OH),

5% ~9%
510,

Fe

35% ~T70%
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0.1% ~ 1%
1% ~1.5%

4-5-4
1985
1.
Cu, O
CuO
2.
FeZ+
Zn’* PbH** Cu, S CuS
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PbS + CuSO, ==CuS + PbSO,

ZnS + CuSO, ==CuS + ZnS0,

S5FeS, + 14CuS0O, + 12H,0=—=7Cuw, S + 5FeSO, + 12H, SO,
4FeS, + 7CuSO, + 4H, 0 ==7CuS + 4FeS0, + 4H,S0,

5CuFeS, + 11CuSO, + 8H, 0 ==8Cu, S + 5FeSO, + 8H, S0,

CuFeS, + CuSO, ==2CuS + FeSO,
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4-6-3

R maR BRSO OPR

= L.

& He +y sy 8P

4-6-4

694 -



695 -



696 -

R Y g




3.
4.

NaCl KCl KCt MgCl; 6H,0 MSCly
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CaSO, 2H,0 CaSO, Na, SO, 10H,0
MgSO,- 7H,0 K,S0, MgSO,~ 4H,0 2CaS0," MgSO, K,S0,-
2H,0

Na, COy 10H,0 Na, COy NaHCO,
Na, B, 0; 10H,0 KMg,B,, 0,y 9H,0
NaNO, KNO,
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E, 0.2

E, 0.2~0.1
E, 0~-0.3
co, HCO;
E, -0.3~-0.5
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20% ~ 50%
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1000m CO,
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40°
3

P, Os
90 %
80%
1937
2~ Smg/m3
CO, 30.39Pa

1.2156 x 10*Pa 12x107*
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4-6-13

50mg/m3
3x107*
CO,
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30% 23%
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26.08%
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0.5~2.0m

15% ~ 30%
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2.

— 90 %
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4000
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S N
82% ~ 87%

0.75~0.98

C11H2n+2 CnHZrl C HZn 6

n -

Fe Al Mg Cu Pb Zn 30
11% ~ 14% 1%
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CHO
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4-7-1 Anderson 1992
km/s 1.6~2.5 2.05~4.5 3.25~3.6 0.16~1.45
s/ft 190 ~ 122 149 ~ 68 94 ~ 85 1910 ~ 210
km/s 0.38~0.39 0.14~1.56 1.65
s/t 800 ~ 780 2180 ~ 195 185
glem® 1.26~2.42 1.15~2.4
1ft=0.3048m
4-7-2 Sloan ~ Makagon 1997
Mohs 2~4 7 4
MPa 12.2 7
2.4 3.9
g/em’ 0.91 >1 0.917
m/s 3300 3800 3500
kl/em® - 273K 2.3 ~2 2.3
W/m K 0.5 0.5 2.23
kQ m 5 100 500
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100°C  800<C

500 ~ 600°C

H,0 CO,
CaCO; + Si0, = CaSiO; + CO,

H,0 CO,
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5% ~ 15%

21

90%
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O Si Fe Ca Na K Mg
98.59%
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855C CaO  CO,

It 0.4~0.9t
1t 0.12~0.16t
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2300°C

1580C 1770°C
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AL O, 30% 510,

65% Ti Fe Ca Mg Na S 5%

80%

2

4.

1

CaF,
1270 ~ 1350C n=1.434
1t 0.9 ~ 9kg
S P
2
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Fe, O,

3Ca0 AL O,
Si0,  ALO;
Fe, O,

3Ca0 Si0,
4Ca0 AL Oy Fe, 0,4

4-9-1

4-9-1

Ca0O SiO, AL O,
2Ca0 Si0,
CaO
Ca0O SiO, ALO;

95 %

3MgO 2Si0,2H,0

NaFe SiO; y FeSiO;

Hyo Mgs F6182+ FezzJr Al Sizs 034

H, Cay Mgs Sig Oy

Ca, MgFé* 5 Siy0;, y OH,

H, Mg; Sig Oa4
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80%

510,
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Si0,
10%
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870C 30

3800°C

60% ~ 70%
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550°C 1000°C
2000 ~ 4000kg

100
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50%

K,0

Si0, Si0, > 98%
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Mg, Si,0,, OH,
2 1490 ~ 1510C

99 %
Si0,

1700°C
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Si0, H,0
1610C
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20 : !
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BaSO4
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4 1Ct=0.2g
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30%
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0.3% ~0.8%
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Ag Ge Ga In Cd Tl
Co Cu
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Fe;0, w Fe

72.4% Fe,O; w Fe 70.0% Fe,0; w Fe 70.0% FeCO; w
Fe 48.2% Fe,0;- nH,O o Fe 48% ~ 62.9% Fe,0; w Fe
62.9%
1.
4-10-1
4-10-1
w TFe % w TFe %
20 25 20 25
25 28 ~ 30 25 30
2 ~4m 1~2m 1 ~2m
Im
TFe
2.
4-10-2 4-
10-3
4-10-2 wy %
TFe Si0, S P Cu Pb Zn As Sn
=56 ~ 60 <8~13 <0.1~0.15/<0.1~0.15 <0.2 <0.04
25 ~250mm 10 ~ 50mm
1.
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4-10-3 wy %
TFe Si0, S F
Cu<0.1~0.2
=50 <0.3 <0.25
Pb<0.1
Zn<0.05~0.1
- =50 <0.3 <0.25
® Sn<0.08
F<1.0
=40 <10 <0.3 <0.25
As<0.04~0.07
8 ~40mm
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12%

45%

45%

13%
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40%
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60%
70% 48% 27%
13 ” 18 - 19
6.
$i0,
— 25%
55% ~58% 68.7%
4% ~5% 25% ~30% 15% ~25%
0.5% ~ 8% 75% ~ 80% 97% ~ 98%
1% 60%
20 ~ 200m 1300m
2400m
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8. 89g/cm3
1083C

Cu- Sn
13 ” Cu_Zn 13 ”
Cu-Ni—-Zn “ K “ "
Cu
- Al Cu - Ni Cu - Be Cu - Co Cu-Cd Gu - Fe Cu-Pb
250 CuFeS, w Cu 34.5%
CusFeS, w Cu 63.3% Cuy,S w Cu 79.8% Cuy,O0 w
Cu 88.8% CuO w Cu 79.8% Cu Fe ,Sb,;S;; w Cu 52.1%
CuS w Cu 66.4% CuCOy Cu OH , w Cu 57.3%
30% 10% ~ 30%
10%
4-10-4
4-10-4
w Cu % 0.2~0.3 0.2 0.5
w Cu % 0.4~0.5 0.4 0.7
m =1~2 =2~4 =1
m =2~4 =4~8 =2
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11.81%

4%
Au Ag Co Bi Mo Pb Zn S Se Te

Pt Pd
15

1% ~1.5%
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Au Ag Mo Se Te Re

Cu Mo Sn W Pb Zn

4.
11.89%
— 230km 30 ~
40km 60 10 x 10°t 300
1200km 50km
100 150
100
100
5.
30%
23.5%
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