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Fig. 1 Distribution of layered migmatites in the boron field, East Liaoning ( modified after[1])
32—

17

33— 34—

1—Tlayered migmatites ;2—granulites and leucoleptites in B—bearing series ;3—turbidite series ;4—fault

15% ~45% |

N

o

20% ~45% ,

40%

[2]

¢ ) L
2
2.1

1. Si0,

Al O, 10. 42% ~ 18. 16% , FeO

61.36% ~76.18%

5.07% ,Na,0  2.12% ~6.64% ,K,0 1.

6.32% ,

1
Si0, . K,0 Na,O
FeO ,CaO MgO

o (2)

(1)

9

,K,0.Na,0,

1. 13% ~

09% ~

’

Fe, 0, +

CaO

549



2009

1

(wt/ %)

Tablel Chemical compositions of migmatites and metamorphic rocks( wt/ % )

Si0, TiO, Al,0; Fe,O3 FeO MnO MgO CaO Na,O K,0 P,05 Tos ANKC
82119 74.92 0.18 11.29 2.65 1.35 0.01 0.62 0.48 3.92 3.54 0.16 2.17 101.29 1.01
01B2617 73.02 0.15 10.89 2.67 1.88 0.22 1.70 2.85 4.83 0.04 1.02 99.08 0.84
01B2616 74.36 0.37 13.16 2.52 1.13 0.22 0.40 0.71 4.93 1.23 0.03 1.85 100.9 1.23
YDS-1 76.13 0.13 10.42 0.54 1.26 0.02 0.31 0.64 2.12 6.32 0.01 1.47 99.38 0.91
YDS-4 73.46 0.23 12.04 0.66 2.13 0.04 0.21 1.13 3.90 5.19 0.02 0.56 99.60 0.85
YDS-5 66.17 0.11 18.16 0.28 1.13 0.04 0.92 3.93 6.64 1.99 0.03 0.54 99.98 0.90
YDS-7 72.63 0.27 12.01 0.99 3.55 0.02 0.20 0.42 4.55 4.11 0.03 0.55 99.36 0.94
YDS-10 76.18 0.10 11.54 0.20 2.38 0.01 0.23 0.22 3.68 4.74 0.01 0.69 100.00 1.00
YDS-14 74.03 0.29 12.92 1.62 1.57 0.01 0.26 0.54 5.71 2.59 0.03 0.42 100.01 0.98
YDS-15 73.53 0.31 12.41 1.91 2.16 0.02 0.31 0.95 6.13 1.09 0.03 1.27 100.13 0.96
1 (5) 63.05 0.33 16.39 1.35 1.75 0.04 3.35 3.59 6.36 2.17 0.16 0.95 99.63 0.85
2 (3) 71.86 0.21 14.77 0.24 0.32 0.01 2.80 1.25 5.29 2.27 0.05 0.90 100.01 1.10
3 (7) 61.19 0.53 16.38 2.06 1.34 0.02 5.42 1.99 4.56 3.31 0.28 0.96 99.85 1.11
:82119 .01B2617 .01B2616: [2];YDS: s XRF o
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2 (x107°)
Table 2 Composition of trace elements layered migmatites and metamorphic rocks( x10~)
YDS-1  YDS-4  YDS-5  YDS-7  YDS-10 YDS-14  YDS-15 (5) (3) )
Rb 173.9 146 46.1 98.2 105.5 44.6 28.1 84.4 56.3 113.2 200
Th 61.15 19.37 4.10 16.76 24.99 11.85 21.79 6.60 5.00 27.60 18.00
Ta 0.69 1.33 0.53 1.18 2.72 0.99 1.11 0.80 0.50 0.50 3.50
Nb 7.7 19.8 6.5 17.9 32 16.4 15.3 8.9 4.5 7.2 20
Ba 820 867 533 224 218 525 290 162.6 283.3 153.5 830
Sr 93.7 84.4 827 43.3 31.6 104.1 145. 1 302.8 193 152 300
Cs 1.64 1.15 0.88 3.11 3.16 0.54 0.77 4.9 0.9 4.2 5
Zr 135.9 269.9 89 254.3 252.7 308.4 348 150.3 288.3 215.6 200
P 43.66 87.32 130.98 130.98 43.66 129. 68 132.29 698. 55 218.3 1222.5 700
Ga 16.8 20.5 18.5 16.7 20.9 19.8 21.5 14.2 18.8 14.3 20
Hf 4.50 8.72 2.48 6.49 9.14 8.74 11.27 4.2 17.6 5.3 1
Li 6.2 4.9 3.8 15.7 16.0 3.9 4.3 33.6 3.3 25.1 40
Be 1.56 2.59 2.83 3.12 5.75 1.86 2.21 3.0 3.5 2.4 40
B 36 82 128 79 51 54 33 467.1 1768.8 5064.6 5.6
Sn 3.26 3.54 1.43 5.47 4.07 3.28 4.20 6.5 2.6 6.9 1.5
Ti 701 1134 530 1388 545 1513 1747 1582 1211 2769.9 2300
Se 1.45 3.39 3.47 4.12 1.34 1.98 4.31 7.5 2.6 6.5 3
A% 17 7 7 <5 <5 10 13 19.2 17.0 87.9 0
Mn 159.62 322.44 328.92 159.62 79. 81 76.69 156.47 309.8 77.4 154.9 600
Cr 5 3 10 3 4 4 5 29.5 16.9 48.4 25
Co 0.7 1.2 3.1 1.7 2.3 1.0 1.3 5.7 5.0 4.4 5
Ni 2.0 1.5 4.5 2.9 1.7 2.3 2.6 9.9 4.3 8.4 8
1ICP-MS o B
1000 ¢ (La/Sm) y:(La/Sm)
L, ;
100 , o (La/Sm) =1.56 ~
10+ 7.27, 4.68, o
5 (Gd/YD) y: (Gd/Yb)
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X oyl 0.61 ~ 3. 94, 1. 67,
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Fig. 2 Chondrite-normalized trace element patterns of average dku=0.620.10
dEu=0.46"" :
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3 (x107%)

Table 3 REE abundance and some parameters layered migmatites ( x10™*)

83001 82120 82119 YDS-1 YDS-4  YDS-5 YDS-7  YDS-10  YDS-14  YDS-15

La 22.18 21.33 5.12 249.70 49.02 9.32 140.7 99.11 47.74 159.00

Ce 42.33 50.47 13.84 494.4 108.2 18.03 262.00 183.50 96.81 302. 1

Pr 4.82 5.11 1.40 57.94 13.46 2.14 28.04 18.88 11.52 33.86
Nd 18.34 18.00 4.80 186.7 50.84 8.12 87.91 59.57 39.98 109.9

Sm 2.41 4.14 2.07 27.86 10.61 1.86 12.17 9.68 7.15 15.17

Eu 0.40 0.36 0.48 2.29 1.62 0.56 1.48 0.97 0.94 1.67
Gd 1.52 3.19 2.27 23.28 10.65 1.83 11.10 8.91 6.05 12.77
Th 0.30 0.67 0.36 3.15 1.91 0.33 1.68 1.44 0.98 1.83
Dy 2.57 4.70 2.35 16.34 12.24 2.10 9.92 8.95 5.98 10. 62

Ho 0.54 1.31 0.61 2.77 2.52 0.45 1.81 1.77 1.12 1.94
Er 1.23 2.63 1.93 7.62 7.73 1.39 5.72 5.70 3.29 5.84
Tm 0.27 0.49 0.38 0.91 1.09 0.23 0.80 0.88 0.46 0.80
Yb 2.02 2.09 2.55 4.71 6.18 1.39 4.37 5.15 2.44 4.49

Lu 0.52 0.64 0.59 0.71 1.04 0.26 0.73 0.89 0.39 0.65

S REE 99.54 116.83 38.74 1078.44  277.11 48.00 568.44  405.40  224.86 660. 64
Y 13.40 20.49 17.34 62.40 63.50 16. 60 48.20 48.60 27.30 51.60
SREE+Y  112.94 137.32 56.08 1140.88  340.60 64.57 616.64  453.97  252.15 712.24
LREE/HREE  10.09 6.32 2.51 17.11 5.39 5.02 14.73 11.04 9.85 15.97
(La/Sm) y 5.79 3.24 1.56 5.64 2.91 3.15 7.28 6.44 4.20 6.59
(Gd/Yb)y 0.61 1.23 0.72 3.94 1.39 1.06 2.05 1.40 2.00 2.30
(La/Yb) 7.40 6.88 1.35 35.27 5.34 4.50 21.73 12.98 13.20 23.89
SFu 0. 60 0.29 0.67 0.27 0.46 0.92 0.38 0.32 0.43 0.36

.YDS cP-Ms (2],
4 (x107%)

Table 4 Average REE values and some parameters of layered migmatites and metamorphic rocks( x107)

Ce Pr Nd  Sm  Eu Gd Th Dy Ho Er Tm Yb Lu Y

57.1 7.0 25.5 46 0.8 42 0.7 41 08 25 05 2.5 0.4 21.86

16.82 2.20 8.79 2.37 0.61 2.34 0.43 2.61 0.53 1.62 0.25 1.52 0.32 13.76
53.12 110.09 13.89 51.27 8.91 1.13 7.34 1.04 5.77 1.02 3.01 0.41 2.30 0.40 24.60
80.32 157.17 17.72 58.42 9.31 1.08 8.16 1.26 7.58 1.49 4.31 0.63 3.54 0.64 36.94
YREE  REE+Y LREE HREE LREE/HREE Eu/Sm (La/Sm)y (Gd/Yb)y (La/Yb)y  8Eu
135.32  157.18  119.69 15.64 7.65 0.17 3.38 1.36 6.66 0.53
47.74 61.51 38.13 9.62 3.96 0.26 1.95 1.24 3.26 0.80
259.70  284.31  238.41 21.29 11.20 0.13 3.75 2.58 15.57 0.43
351.62  388.57  324.02 27.6 11.74 0.12 5.42 1.86 15.30 0.37
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Study on the Genesis and Geological and Geochemical Characteristics of Layered

Migmatites in East Liaoning, China

ZHANG Yan—fei'? | LIU Jing—dang'?, FU Yan—chun’, LI Jian—feng®, ZHANG Jian—hua’, HE Fang—Jun’
123000 2 Liaoning Geological Survey for Chemical Industry, Jinzhou 121000)

(1 Liaoning Technical University, Fuxin

Abstract; The layered migmatites of boron deposit in east Liaoning is an important component part of the boron—bearing strata, which conformably
contactes with various granulites and leucolepitites, and shows transition in lithofacies. Residual crossbedding can be observed within transitional layers
between striated hornblende migmatites and granulites. There are widely developed metasomatic textures. Compared with the metamorphic well-rocks, the
major elements such as SiO, , K, O and Na, O are significantly increased, meanwhile such as Fe, O;+FeO, CaO, MgO and MnO are distinctly decreased ,
K,0/Na, 0 is in complex change. The difference among petrochemical compositions in the layered migmatites is obvious and is related to metasomatism.
Trace element distribution of migmatites is similar to that of metamorphic well-rocks, except that their REE content is higher than that of wall-rocks. The
distributed pattern of REE is consistent with granulites, especially biotiteleptynite, and is of representative anatexis characteristics. The reason for this is
that part of granulites melted and formed the layered migmatites. So the results indicated that the layered migmatites are produced by anatexis and metaso-
matism of metamorphic wall-rocks.

Key words: the layered migmatites, boron deposit in east Liaoning, the origin of rocks, anatexis and metasomatism
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