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Occurring Order of Tourmaline Rocks Associated with
Pyrite Deposits in East Liaoning: An Indicator of Hot-
Water Deposition at Sea Bottom
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Abstract Tourmaline rocks widely occur within the pyrite deposits of the Proterozoic rift in the
eastern part of Liaoning province, particularly in the pyritized sequences of the Gaojiayu formation of the
Liache group. Genetically closely linked with pyrite mineralization, they not only rest on specialized
stratigraphic levels, but also constitute a characteristic spatial order of occurrence from laminar tourmaline to
banded tourmaline to massive tourmaline, an orderly orientation typical of minertlization through sea-floor
spouting. Comparative studies reveal that the tourmaline rocks in the eastern Liaoning have almest the same

occurring features as do those associated with some superlarge pyrite deposits, mostly of sedimentar
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genesis, in the other parts of the world. Following systematic researches on the eastern Liaoning’ s
tourtnaline racks in terms of self-structuring in rhythmic layers, ratios of FeO/{MgO+FeQ), oxygen and
hydrogen isotopes and REE pattern. a model for their hot-water depositional orders was proposed for
locoting the related pyrite deposits. And it was pointed out that all these tourmaline rocks should be
attributed to sea-floor, hot-water spouting in intracraton basins. They, particularly laminar tourmaline rock
tend to coexist with pyrrhotite layers, thereby serving as an important guide to hunting ores. Moreover,
their occurring orders can underline what channels the hydrothermal solution flowed through, where the
spouting vents were situated and how much the range of the depositional basins cover, thus providing a great
deal of information about how to identify the locations of pyrite orebodies. In fact, the application of these
practices to those mines which will soon be mined out has led to discovery of new orebodies in their peripheral

areas.
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Fig.1 Tectonic setting and position of sulfide-pyrite deposits of East Liaoning rift
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Fig. 2 Cross-section of No. 60 exploration line in Caijtagou ore block
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Table 1 Chemical composition (%) of tourmalinites and pyrrhotine ores

¥ 8 G-21 G-23 G-16 G-19 G-18 Zh-02 Zh-03

WER | SRR &ER | AR ASREE  BRAST RRESA
BREW  pomae  waFEE  BNAE  BSAE BFRSAE MEEVE REBPFDE

SiO, 59. 04 61. 04 61. 00 56. 60 59. 35 31. 42 26. 46
Al 16. 72 13. 96 13.93 17.98 15.26 4. 36 1.18
TiO; 0. 55 0. 41 0.48 0. 54 0.56 0.18 0. 08
Fe,(; 1.03 1.01 1.23 1.32 T1.13 TFe 35. 14 TFe 42. 20
Fe) 2.56 4.94 5.25 2. 84 2.88

MnO 0.048 0. 044 0.066 0. 045 0.058 0.038 0. 044
Ca0 1.57 2. 06 2.04 1.71 1. 40 0.32 0.34
MgO 5.10 5. 68 5.30 7.98 5.21 1.50 0.53

K0 2.84 0.16 0.31 0.13 8. 89 0. 0048 0.014
Na,O 0. 47 0.18 0. 30 0.30 0.30 0.03 0. 015
P;0; 0.19 0. 10 0.18 0.072 0.10

B;0; 5. 41 5.13 4,92 5.76 2.74 4. 60 2.10
H,0+ 0.95 0. 65 0. 82 2.30 1.10

CO; 1.22 0.72 0.40 0.34 0.28 Ts 21.73 Ts 26. 91
BHHLC 0.34 0.23 0.37 0.32 0.21
O 2.82 3.64 3.36 2.28
5 & 100. 86 99. 95 99, 96 100. 54 99. 20 09, 27 99. 85

e RPBAE o T RSB M S h 4T TFe 2B A B, Ts N4MAR.

B AEHANR--FEMMEE RS (Plimer, 1986), FAIFAMNEINRREMMEER
£ BT IR AR B TiO,-ALO; Ml ALOs (K.0+Na,0) ZLESH FIm S0 E R
B FLABRESAAREER I ME L b, SONEEERARTERFEOREREESX, ]
BRS5PHXHET R REBRSMSERAFTEROERBELDT EHOESE S,
Broken Hill §Y82% B iS5 5 — 5 (Slack, 1993),

BRSO ANR L CREAMNE 2, MR 2B, NAEREBSAS- RRESARES
748 CA). W+ HE ZREE B &K, SREE M 23. 73ug/g BLF] 8. 66ug/g CFHD . H5A
AMESOMEEY AR ARELH LTRSS, HRBY Ce SH, BRSO ER
Ce THIIMERA Ev ERBMTA, MASAHESy ANESET FFEH (B5). IR
RESEEM ETRIFIES (Michard, 1986) R8I KERMKRMER LTE (58
&, BRLIAEIBRRTERLOCESE, Eu ERERCe SH) HITR-FH (F2H,
1995).
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ATLVEL, EUR R~ R PR E ) AR RS A RS RE T R, FeO 48 & 4.
43%=8. 05%+10. 59 CPHD; HERSELYR, B ERTINE iS5 BAEk.
Kig EERRE R YR B i S 4 1 FeO/ (FeO +MgO) M MR FRLE 0. 17~0. 69 {5 H
. SHAFESHRESREOTRAT KA ESHER. £ Al-FeuoAl,-MgsoAl, 541 B
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Table 2 REE analysis of tourmalinites and pyrrhotine ores (ug/g)

S Sm-01 S-07 S-02 Sm-04 S11 Z-08
HELE ﬁfﬁm SRR %ﬂ’ﬂm %ﬂ?ﬁw i =) i)
BEAE B AE BEOE BTE REST A WEET L

La 6. 02 3. 32 4.09 5. 67 1. 3% 0.8
Ce 10. 48 3.55 5.31 9.45 2. 88 0. 122
Pr O.93 <1.4Q0 0. 63 <1.00 0. 332 0. 152
Nd 3.28 2.90 1.85 3.24 0.95 0. 337
Sm 0. 74 0. 81 0,51 0.90 Q.24 010
Eu 0. 38 0,24 0, 37 0.31 0. 031 .03
Gd 0. 44 0,54 0. 64 0.71 0. 252 0.12
Th <0. 30 <Z0. 60 < 0. 30 <0, 60 0. 045 0.02
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£
= =2 Sm-01 5-07 $-02 Sm-04 S-11 Z-08
K N & =3 A

HABH Kyl Bl el ﬁéﬁ%&%‘ ﬁgéga ﬁ%@a
Dy , 0. 56 0. 66 0. 85 0. 55 0, 245 0.123
Ho 0,13 Q0. 14 0,24 <0, 20 0. 048 0. 024
Er Q. 25 0. 38 0. 66 0.22 0.127 0,072
Tm < 0,10 < 0. 20 <010 < 0. 20 0. 02 Q.02
Yh 0. 33 0. 36 0. 77 0,21 0.114 0. 088
tu < 0. 10 <0, 20 < 0. 10 <0, 20 0. 02 0. 01
Y 3. 11 5.22 6. 00 2. 84 1. 39 0. 634
IREE 27. 15 19. 67 22.32 25.79 8.134 2.242
8Eu 2.04 1. 136 2.195 1. 287 1. 10 Q93
8Ce 0. 839 0. 44 0. 63 0. 83 0, 86 (. 08
(La/Smdy 5. 082 Z. 564 5.012 3.936 3.62 3. 75
Sm/Nd 0. 675 0. 838 0. 828 0.834 0. 757 0. 891
(Gd/Yb)~n 0, 817 0. 918 Q. 509 2.075 1. 355 1.114
(La/Yb)n 7.772 3.371 2.426 11. 588 3. 947 2. 99
Eu/Sm 1. 406 0.813 1. 986 0. 944 0. 925 0,822
LREE/HREE 4, 357 1. 478 13. 49 3.788 2.598 1.218
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Table 3 Electron microprobe analyses of tourmalines in percentage (%)

BB 1 2 3 4 5 6 7
HEOEH HURR 2R SRR EZHRBR FWRESA FWRESE SREKD
% B BERE HSFEE HBSFE ORAST A BESTE EESFrn HEBESO
Si0), 37.50 37.29 38. 15 37.40 37.51 37.74 38. 04
AlLO; 30, 94 34.35 34. 81 30. 40 32. 43 32.74 32,80
FeO 2,49 4.50 1,36 5.47 8.02 8. 07 10,59
Cal 2.43 2.25 2. 06 1.89 2.28 1,09 114
MgO 11.91 5.52 6.16 10. 68 5. 84 5.24 1. 84
K0 0.10 0,29 0. 40 0.10 0.43 0. 46 0. 30
Nas0 1. 67 1.88 2. 14 1.82 1. 84 2,55 2.35
TiC), 1.02 1. 37 0.57 0. 80 0. 55 0.47 0.57
MnO 0. 04 0. 43 0. 04 0. 06 0.10 0.15 0. 38
By 10. 70 9.75
HO* 0. 80 1. 00
F 0.39 0.33
Cra(); 0. 019 0. 00 0, 00 0,02 0, 060 0. 00 0. ()
Py0ds 0.99 0,82 0. 80 0.82 0. 00
Li0 0. 008 0.016
FeO/(FeO+MgO)  0.17 0. 45 0.45 0.34 0, 56 0.61 0. 69
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Fig.5 REE distribution pattern of tourmalinite rocks and Pyrrhotine ores
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