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Relationship Between the Hard-soft Acid-base Properties of Magmatic
Hydrothermal and the Metal Metallogenic Specificity
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Abstract: According to the maximum hardness principle and the minimum electrophilicity
principle of hard-soft acid-base theory. based on the calculation method for hardness and
electrophilicity of the complex compound system, the hardness and electrophilicity of
metallogenic rock body and hydrothermal of some typical magmatic hydrothermal deposits around
the world were estimated, and then the metallogenic specificity of magmatic hydrothermal was
discussed. The results show that hardness and electrophilicity of hydrothermal are higher than
that of magma, the hydrothermal can extract metal element from melt, and then the magmatic
hydrothermal deposit is formed; the fluid from felsic magmatic rock related to collisional orogeny
is richen in F, and the hardness and electrophilicity of F are higher, so that the hard acid W and
Sn flow from melt to fluid for mineralization; the hardness and electrophilicity of soft base S are
lower, and the basic magma rich in S and formed by arc magmatism is favourable to attracting the
metallogenic element with lower hardness, so that the porphyry Cu (Au) deposit is formed;
alkaline magma related to magmatic underplating in the intraplate extensional environment

releases the fluid rich in CI or CO, ; the hardness of Cl is lower, but the electrophilicity is higher,
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so that the hydrothermal mainly attracts Fe, REE and Au to form IOCG deposit.
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hardness; electrophilicity; metallogenic specificity
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Tab.1 Electronegavity, Hardness and
Electrophilicity of the Ions

BT M| BEEE/ | ket BT R/ | BEEE/ | Rt/
eV eV eV eV eV eV
OH 7.5 | 5.7 4.93 ||Mo** | 36.8 9.6 70.53
CO™ | 6.1 | 7.9 2.35 || Mo'* | 53.8 7.3 198.25
Cl™ 8.3 | 4.7 7.33 || WET | 32.4 9.6 54.67
F~ 10.4 | 7.0 7.73 || Wi | 4.4 6.2 138.22
SEME| 5.5 | 3.9 3.88 || Sn2* | 22.5 7.9 32,04
HS™ | 6.4 | 4.1 5.00 || Sn*T | 56,5 | 15.7 101. 66
SO, 6.7 | 5.6 | 4.00 | Fett | 23.4 7.2 38.25
SO§~ | 7.2 | 5.5 4.71 || Fest | 42,7 | 12.1 75.34
Cu™ | 14.1 | 6.8 | 14.62 || Cu* | 28.5 8.3 49,93
Me2t  |20~30] 4~10 | 80~200 || Me** | 30~45 | 8~24 |250~4 000
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Fig.1 Diagram of Hardness-electronegavity for lons

GRACERESHERIEMCKER., —Hhe)s
BT REAEL R 10 eV, M & Jm B T E] 25~
60 eV Ay B PN, 1M =4 )8 B 1 50~110 eV
BT A R 2 R R U B ) TR B T
FHBC ML, Jog i A, K 2 8 e Jm mBE L Oy 5~
15 eV, & JEE 72 i W) it i 5 LLC (7 48 XA
TE, FECRRERM. ALRMENEREETRA
R APERUR B A BORRY R
1.2 BRAEEREMG/EEERE

TR PR T FRAE v o B ) 2 A AT — I« 2 el
B SO 6] TR ROR R R R 2 T BN R S T
Z RS A S T B L R AR B R
Y S A T A RE ARG B R AL 5 5 B RE AR B S
TEXFRES AT B TR R T LA B e e RS . Xt
S N JR  (Maximum Hardness Principle) ,

231 O Mo*
A—M&ERETF —
VoHh&RET = .
O=M&RE T OSn
ONh&ERET OFe™"
183 OHHETF cu
v >
2+ OLu
) Fev R o La3+
. Clo v, Zn®
% Pb
3 13}f AAY ol
&= A AAg'
Cu
Fo
0.8 g
HS» <90H
S0
S, SO,
co
)
1 1 1 1 J
0.3 0.5 0.7 0.9 1.1 1.3
1g(n/eV)

B2 BFHERME-EEERR
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Tab. 2 Electronegavity, Hardness and Electrophilicity

of Oxides
AR L ftE / eV TR /eV FtE/ eV
SiO; 7.12 5.46 4,64
TiO, 5.76 3. 86 4. 30
Al; O3 5.98 3.85 4. 64
FeO 5.28 3.37 4.14
Fe, O 6.01 2.95 6.12
MnO 4.79 3.49 3.29
MgO 4.90 2.95 4,07
CaO 3.97 3.06 2.58
Na, O 2.69 2.33 1.53
K. 0 2.37 2.20 1.28
P2 05 7.13 5.25 4. 84
H;O 5.05 7.56 1. 69
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Fig. 3 Diagram of Electrophlicity-hardness for Oxides
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Fig. 4 Diagram of Electrophlicity-hardness for the
Host Rocks of Typical Deposits
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