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Alkaline mantle fluids and alkali-rich hydrothermal metallogenesis

DU LeTian and WANG WenGuang
(Beijing Institute of Uranium Geology, Beijing 100029, China)

Abstract

An important ore-forming regularity concerning the alkaline metasomatism in literature has been long neglected. In the past 30
years, the authors have gradually found out that the alkaline metasomatic process constitutes the crucial ore-forming mechanism, as
evidenced by the following facts: @ the whole hydrothermal process starts with the alkaline metasomatism (the introduction of K +
and Na+ to the altered rocks) ; @ this process provides ore sources by leaching and extracting of ore components from pathway rocks
through metasomatism; @ the process can promote the hydrothennal solution transition from alkaline to acidic by the exhaustion of
K" and Na* in the solution and the destruction of the stable migration forms of ore components, thus resulting in their precipitation;
@ alkaline metasomatic rocks become very porous, which is favorable for the introduction and penetration of ore-forming solution and
provides ore and oil- gas traps. New evidence is given in this paper which shows that the metasomatic hydrothermal solution is derived
from deep alkali-rich mantle fiuids (A-HACONS flow).
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in South China Du 1982
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K,O content variations after alkaline metasomatism of Indosinian-Yanshanian granites in South China
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Table 1 Content variation of accessory minerals in granities and their alkali-metasomatic rocks w B 10™® Duet al. 1985
D03 12.04 214.79 0.18 0.16 2.02 79.85 305.84 12.77 5.97 1.32 + 24.15 +
D-06 17.76 259.07 4.25 38.98 5.81 150.02 2.88 2.34
D-07 11.10 117.33 15.36 37.11 7.27 51.23 8.54 20.80 +
D-04 13.42 147.72 6.02 1.87 3.26 51.76 10.41 6.30
D-02 12.80 16.01 25.47 35.96 16.52 40.49 2.99
D-08 11.98 150.86 7.50 0.70 25.78 1.13 2.29 2.54 40.17
D-05 6.80 18.88 45.09 2.30 269.05 0.23 3.32
D-14 52.52 98.79 88.59 1.11 1.11
D-17 6.09 159.54 1.72  2.68 3.52
D-01 27.78 65.40 65.07 0.39 0.46 0.14 0.30 0.61 10.02
6 4
REE “ +”
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Fig. 3 Geological sketch section of the Dabu uranium deposit
1—Two mica granite 2—DBiotite granite 3—DBoundary of K-alter-

ation in ductile shear zone whose upper part is red alteration type ore

© e

bodies whereas the upper part is mainly green alteration type ore bod-
ies 4—Ore body 5—DBreccia zone
REE Nb Ta Zr

Photo 1 U raninite in granites U source of uranium deposits

In spite of its perfect crystal form uraninite has been subjected to the

following actions O B « ¥ decay with U-Pb age ~160 Ma @

spontaneous and induced fission of U @) decay with 11 daughter ele-

ments from Pato Tl @ release of He Rn and O gases and @ ac-

cumulation of radioactive heat as a result the crystals of uraninite be- 34 2 663 m
come seriously loose and tend to be dissolved by hydrothermal solution 5 7 662 m
into activation uranium thus providing ore source. Uraninite is a min-

eral with most concentrated uranium element in nature. If granites

have too many REE Nb Ta and Zr accessory minerals these miner-

als will cause the fixation of uranium in them and turn the uranium in-

to inert uranium which is unlikely to provide uranium source

NaKCO;  NaHCO;-KHCO;

1.8 %
107~67.6x107° 0.24x10°6
0.7x1070~1.9x107°
0.24%x10°6 1 60
16.5%10°° 0.31X10°°  1.6x10°°
0.3x107° 47%10°° 180 Ma
0.12x10°¢ 74 %1070 3.23%10°° 75 Ma Li Be

15300106 7798 x10°¢  Jlaxosna 1979 W Sn
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Fig. 5 Geological section of the Antai uranium deposit showing distribution of ore mineral assemblages and wall rock
alterations after Nikorskii 2003
1—Rhyolite 2—Trachydacite 3—Andesite-basalt 4—Conglomerate 5—Leucogranite 6—Fault 7—Ore body 8—U-halo

9—U-depleted zone 10—Residual uranium U and primary uranium Uy
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Table 2 Relationship of potash alteration sodium alteration
and uranium mineralization to altitude above sea-level
0 m 0 m
U >1% <0.1%
2000 K,O >4% <4%
1999 2005 1996 1999 Nay,O >5% <3%
3
Table 3 Whole rock chemical analyses of mantle melt enclaves
1996 2001 from Xilong Zhejiang Province
wB %
7 NEE SiO, 56.92
ALO; 13.21
K,O 7.10
Na,O 2.89
70 CaO 9.66
Na K MgO 2.19
2 FeO 3.41
Fe,O 0.95
TiO, 0.59
MnO 0.09
P,0s 0.20
1992 ~1995 ° 0.p
Cl 0.02
F 0.05
H,0" 2.11
99.42
® ).n~nmm K Na
1992
K,O 3 16 KO 9% ~15.9%
1990
1990 1996
K Na K
345
3
Na K Si Al 44 % 24.7%
10.9% 8.4% 8.4%
100 90
Menzies 1987 10
1998 10
100 km o
50~70 km 1996
(1] “ " bleb drop pocket 60 km

(2] . 1999.
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4 wg X107°
Table 4 Trace element analyses of mantle melt enclaves from Xilong Zhejiang Province wy 107°
Li Be Cu Zn Ga As Se Rb Sr Zr
1.42 1.86 73.5 134 16.4 241 0.25 111 270 311
Nb Mo Cd In Sn Sh Cs Ba Hf Ta
16.5 0.31 0.32 0.036 3.54 0.62 0.74 1802 9.37 1.59
W Re Tl Pb Bi Th U Sc Ti A\
2.62 0.001 0.088 21.4 0.14 12.40 4.30 12.0 3434.1 95.7
Cr Mn Fe Co Ni La Ce Pr Nd Sm
450.7 766.26 33177.9 19.6 211 36.7 66.0 8.43 30.7 6.0
Eu Gd Th Dy Ho Er Tm Yb Lu Y
1.57 5.82 1.05 5.70 1.19 3.49 0.49 3.04 0.43 34.6
8Ce™ SEu” SREE”" SREEE+Y SLREE SHREE LR HR" La Yb Y La Sm Gd Yb ¥
0.78 0.91 170.62 205.22 149.40 21.22 7.04 7.17 3.82 1.17
* 1
5 Au
—800 m
Table 5 Scanning electron analyses of lava xenolith in
basalt from Xilong Zhejiang Province
wB % M14-17-4 M14-17-6 M14-17-5 ~1000m -1
SiO, 53.24 63.82 54.08 200 m
AlLOs 19.89 17.63 12.10
Na,O 0.47 1.65 3.61
K,O 13.55 13.73 6.44 1
CaO 0.76 0.44 8.54 K Na
MgO 0.22 0.06 2.28 K N
TiO, 0.06 0.23 0.88 a
Cr203 0.01
FeO 0.37 0.37 3.32 2 1996
SOs 0.53
88.60 98.00 100.00 K
CcO, cO, 1996
1992 ~1995
K 6
KO 5.8%~9% NaO 0.8%~2.1%
5
2001 2005 13
23
51 K 1 3
K KO 3.1%~3.5% 4 KO 6.1%
2004 ~6.9% 2 KO 8.9%~9.2%
Au 70~ 80 Na,O  13.8% ~14.1% 1 K,O
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2 M10-11
X40 ne— gl—
5
Photo 2 Lava xenolith in basalt from Dafangshan Qixia 3 MI0-11
Shandong Province M10-11 5 ne g—
Analytical results see Table 5 ne—Kaliophilite brun— -
gl—Melt glass Photo 3 Enlarged M10-11 image
Analytical results see Table 5 ne—Kaliophilite gl—Melt glass
0, 0,
9.4% NaO 14.2% brun—Chlorite Dark network—Shrinkage fissures
6 5.2
5 Pb Zn Au
U-Mo 10
1999
o —
2004 W Mo Na K 3 K,O 5.1%
7.6% NaO  6.3%~8.1%
6 w B 0/0
Table 6 Electron microprobe analyses of glass of lava xenolith in basalt from Dafangshan Qixia Shandong Province w B %
M10-11-7 M10-7-15 M10-7-16 M10-7-17 M10-7-18 M10-10-5 M10-11-10 M10-13-5 M10-11-11
SiO, 43.47 44.08 28.58 36.08 30.81 29.70 31.51 31.90 42.30
AlLOs 33.45 33.53 16.12 15.11 14.30 10.51 11.55 13.77 33.15
NaO 15.67 14.81 0.17 0.26 0.16 0.07 0.25 15.97
K,O 7.55 8.02 0.11 0.73 0.52 1.37 1.30 0.70 7.46
Ca0O 0.06 6.80 1.10 0.90 3.44 2.56 4.05 0.01
MgO 0.20 0.28 3.67 16.63 7.67 4.90 5.59 8.13 0.20
TiO, 0.01 0.44 0.24 0.28 5.28 2.80 3.06 0.06
CrOs 0.02 0.01 0.01 0.01
MnO 0.03 2.72 0.64 0.87 0.70 0.53 0.38
FeO 0.87 1.70 27.13 17.48 31.52 21.30 22.28 15.97 1.14
NiO 0.09 0.02
14.26 11.77 12.82 22.58 21.72 21.73 0.04

101.29 102.57 100.00 100.00 100.00 100.00 100.00 100.00 100.35
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5.3 5 Na,O  31.4% ~32.5% K,O 8.2% ~
8.7% CO, 30.4% ~31.6% CaO 13.5% ~14.1% Cl
3.4% ~3.9% F 2.5% ~3.3% SOs 3.72% ~
1994 4.80%
1997 NaKCO4
K Na 5 K,O Lengai
4.3%~6.8% Na,O 2.1%~5.5% F Cl
S H,0 CO, CO Hy, N, H,S
- A-HACONS Lengai
_ 1~5m
1991 550C 0.1~1Pas HA-
2008 CONS
5.4
_ _ Na, CO4
K CO,
2007 20% ~80% 1996 NaKCOs
5.5
Au Pb-Zn '
Ge ’
Pb-
Zn SrSO,
2007
Sr Ba P
1996 6
CO3~ HCO;
HCO; CO, Pb Zn
5.6 CraHoBHK Dari- 1 500~1 000 m
ganga
1
8 Na,O  7.5% K, O 3.3%
4 Na,O 8.7% K,O 3.3% Cemenosa
1984 Na
K 34 2
km?
1993
Cemenosa 1984 3

1987 Ionov 1993 1997 Hurykosa 2007
5.7 1988
Lengai
A-HACONS

Oldoinyo
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