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Ore-Forming Genesis and Model of Eastern Liaoning Borate Deposits
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Abstract: In order to figure out the genesis and the model of eastern Liaoning borate deposits, the four main controlling fac-
tors including boron-bearing rock system, magnesian host rocks, regional metamorphism and migmatitization, and tectonism
are studied. It reveals that the boron-bearing rock system is rich in boron, the host rocks of the borate deposits in magnesi-
um and is the precipitator for boron; besides, the boron of the boron-bearing rock system has gotten more active and a lot of
boron-bearing fluid formed in the course of the regional metamorphism and migmatitization of the boron-bearing rock sys-
tem; while the magnesium borate deposits have formed in the metasomatism of the boron-bearing fluid with magnesian hos-
ting rocks in favorable structural space. Thus, the boron-bearing rock system and the magnesian rocks are the foundation of
the borate deposits, whereas regional metamorphism and migmatitization and tectonism are the necessary conditions. Ore-
forming model of eastern Liaoning borate deposits is the primary enrichment of the eovolcanic sediment and the metamorphic
hydrothermal replacement between some boron-bearing fluid and the magnesian rocks during the process of regional meta-
morphism and migmatitization and tectonism.
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Fig. 1 Geological sketch map of boron deposits in eastern

Liaoning and South Jinan areas
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Table 1 Compositions of trace elements and concentrated coefficient of boron-bearing rocks in eastern Liaoning boron deposits
Li Be B F Cl Sc Ti A\ Cr Co Ni Ga
(3) 10 4 843 2691 575 31 2094 144 1155 60 393 13 421.5
3) 15 3 507 2485 102 10 1861 25 42 8 14 19 253.5
(4) 3 4 1769 397 148 3 1211 17 17 5 4 19 884. 5
(6) 25 2 5065 2613 64 7 2770 88 48 49 8 14 2532.5
(8) 3 1049 486 111 4 1122 10 8 3 8 19 524.5
Rb Sr Zr Nb Cd Sn Cs Ba Hf Ta Th U
(3) 47 68 50 5 100 8 2 73 0.5 1.1 0.3
(3) 124 482 169 10 31 6 7 243 0.9 7.3 0.5
4) 56 193 288 5 121 3 1 283 18 0.4 5.0 7.1 923.3
(6) 113 152 216 7 32 7 4 154 5 0.5 27.5 1.1
(8) 82 191 211 15 26 4 2 442 7 1.1 20.1 2.9
s H :®1CP*()ES;Be,0. 2 “g/g;Li,l gg/g;@lCP*MS;Cd,ZO ng/g;Ta,O. 1 “g/g;
U, H{,0. 2 pg/g;Co.Cs.Ga,Sc. Th, 1 pg/g:;Nb.Ni, 2 ug/g; @XRF:Ba,Cr.Sr.V, 5pug/g;Rb.Zr, 2 pg/g; V.5 pg/g; Ti, TiOy , 0. 02% ;@
ISE: F, 100 pg/g: OES:Sn. 1 ug/g. .
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Fig. 2 Mantle-normalized patterns of trace elements of boron-bearing rocks
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Fig. 3 Pictures of the rocks and ores
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Table 2 Major element composition of magnesian rocks in eastern Liaodong boron deposits

SiO; TiO:  ALOs; Fe: O3 FeO MgO CaO Na; O KO MnO  P:0s B0 Los Tatol
37.91 0.09 1.45 2.14 3.47  40.55 1. 50 0.18 0. 14 0.11 0. 06 0. 47 7.73 99. 62
46. 47 1. 74 15. 47 2.44 6. 50 9.65 7.06 2.81 1.92 0.13 0. 29 0.43 12.06  99.74
34. 94 0. 10 1.15 1.37 2.46 36.70 1. 96 0.12 0. 18 0.08 0. 09 0. 16 20.23  99.56
17.61 0.02 0. 99 0. 81 0.37  41.75 4.17 0. 10 0.03 0. 06 0.01 5.21 28.40  99.52

: L. (15);2. (8);3. (7);4. (1D s .
. :DXRF: SiO; . AL O3. 0. 2% ;5 Fez 05, 0. 1% 5 MgO, CaO, Na, O,
K;0,0. 05% ; MnO,P,05 . TiO; ,0. 02%. @ :Fe0.,0.1%. QES: B, 0s.2pg/g. DGR:H: 07 ,0.1%. ® :CO;,0. 2%.
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Fig. 5 Geogical map showing the section along No. 22 exploration line in the Houxianyu boron deposits
1. 32, ( )3 3.
34, ;0. ;6.

115°2£43°
0 4 m
6 Vv ©
Fig. 6 Sketch picture showing the cross section of V body in the Houxianyu borate deposits
(@D ;(2) ;(3) 5 (D) ;(5) ;:(6) (7 N ;(8)
’ N ’ ( ’
3h); ; (1987) s
¢ 6, o
( ). ’ ’
78%. . (1988) ;
’ 606X107°, 60. 6
: B (1993)
’ ’ . Xia et al. (2005) .
’ ’ ,ORC —2.69%0~—1.04%0, ;

,1993. S  1.58%:~9. 80%:,



6 819
, . (1993) . )
(1995) . (1998) , ( ,
1974),

(Ozo0l,1976) , C D, ,

R . (Barker and ( 1, ,
Wilson, 1975; Barker, 1980; Barker, C and Barker, R .
J.1985; Smith, 1985; Sieke, 1991; Crowley, 1996) ( 2), s

\ (Inan et al. , 1973; . 2
Helvaci and Firman, 1976; Helvaci, 1995; Helvaci R R
and Yagmurlu,1995). — ( 3. ( 4).

: 600’\’
700 C, 0.5 GPa=t. s
( 72004; 72005).
(Spearfs, 1993; ,2001),
( ,2001),
( ,2001),
50
45t
40
35+
gc/ 30F
i—j 25+
® 20}
15F
10
5_

7

2Mg,SiO, + CO, + 2H,0 — MgCO, +
H, Mg, Si, O, 5 (D
H, Mg, Si, O, + 3CO, + 2H,0 —> 3MgCO, +
2810, +4H, O; )
2MgO+2H,BO;, —>Mg, (B,O;) +3H,0; (3)
3MgO+FeO + Fe, O, +2H, BO, —> (3MgO -
FeO « Fe,O, » B,O,)+3H,0. D
2

D

—O— AR

—— g

—o— KRR K B
—A— AR

— B AW EEEER R
— A AT i A
e ) AT R (AL

Fig. 7 Comparison of major oxides of all kinds of magnesian rocks in boron-bearing rocks



820 E— 33

3
Table 3 Boron isotopic components of boron-bearing minerals in eastern Liaodong borate deposits
C BB
MgBO; (OH) 11. 00
Mgs (B2 05) 7. 80
VaMggAl(,(B();g)gSie;()m(()Hh 1. 60
Nach(Al.Mg)g(B();)jSl@()lS(()H).L *3. 80
(3) MgBO, (OH) 3.47
(2) (Fe ,Mg)Fe(BO3) Oz 7.65
MgBO, (OH) 12.3
Mgz(Bz()s) 13. 2
(2) (Fe,Mg)2Fe(BO;)0O; 10. 90
(2003).
, . 1997). uR, "B
( S5, (OH) B, MB  ( )
. 2003), 3"'B ,

( 6). ( )8! B . )
Mgng()s+HgO—)MggB2()g M HZO; (5) SUB N ’
2(3MgO ¢ FeO « Fe,O; « B,O;) + ( , 1993; ’

2H;BO; —>3(Mg, B, 05 « H,O ) +2FeO « Fe,O;.  1993; ,1994; ,1995).
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