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Identification and precise naming of trace boron minerals in the potassium-
magnesium salt deposit of Khammouan Province, Laos

GAO Xiang, CAl Ke qin, PENG Qiang, FANG Qin-fang, LI Dai-rong, DI Ying-wei and QIN Hong
(Institute of Earth Sciences, China University of Geosciences, Beijing 100083, China)

Abstract: The potassium-magnesium salt deposit of Khammouan Province in Laos is located in the eastern part
of Khorat Basin. The main salt minerals of the deposit are halite, sylvite, carnallite and anhydrite, and the
boron minerals in the deposit are of small or even trace amounts. The identification of trace boron minerals in the
lower salt layer of ZK318 borehole in the deposit was studied in order to complete the mineral assemblage type.
Chemical analyses show that the content of boron is related to the type of salt minerals, and that according to the
distribution characteristics of boron, the lower salt layer can be divided into five layers in upward succession, 1.
e., halite layer—>sylvite layer —>carnallite layer —thin halite layer —upper sylvite layer. According to the linear
relationship between the content of boron and the salinity of brine, carnallite, as the last evaporative product of
halide brine, should have the highest content of boron theoretically. However, the boron value of the upper
sylvite layer is up to 890.78 X 10~ ® which is higher than that of the carnallite layer, indicating that boron in the
upper sylvite layer came not only from sea water but also from deep hydrothermal solution and that there exist
small amounts of boron minerals in this layer. Preliminary XRD analytical results of bulk rock samples show that
there is a small amount of boracite in the upper sylvite layer. In order to identify the type of boron minerals ac-

curately, the authors conducted XRD analysis of insoluble substances collected through the soluble experiment
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of bulk rock samples. The result shows that the boron minerals in insoluble substances are mainly boracite
(55% ), and subordinately anorthic hilgardite-3A (15% ). Hilgardite-3A belongs to trace mineral because its
content is less than the detection limit of XRD (1% ) so that there is no diffractive peaks in the XRD pattern of
bulk rock samples. In addition, the Chinese name of anorthic hilgardite-3A is discussed in this paper. It is point-
ed out that the precise Chinese naming should follow the international conventions. Therefore, the name parahil-
gardite is cancelled and replaced by the name hilgardite-3A so as to reflect the slight difference between the min-
eral structures, i.e. the difference between this mineral and another anorthic polymorph 1A. This modification
is consistent with the Chinese naming norms. Therefore, small amounts of boracite and trace hilgardite-3A
(anorthic) exist in the potassium-magnesium salt deposit of Khammouan Province, Laos.
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Fig. 1 Curve of boron content variation in lower salt
layer samples
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Table 1 Characteristics of boron content of each layer in lower salt layer samples

B 1.40~64.60 2.87~27.04 14.32~420.20 3.08~18.97 206.60~3294.00
B 12.70 15.16 126.70 9.71 890.78
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Fig. 2 XRD pattern of boracite in upper sylvite layer
a— b—
a—XRD pattern of bulk rock sample b—Tlocally magnified XRD pattern of boracite
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Fig. 3 XRD patterns of insoluble substances in upper sylvite layer
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Table 2 A comparison between observed data of boron minerals in insoluble sample and international standard data
when relative intensity values for peaks are higher than 10

boracite Mg;B,0,;Cl hilgardite-3A 3A Ca,BsOg OH ,Cl
d A JCPDS  49-1806 d A d A JCPDS  11-0403 d A
6.050 6.054 5.740" 5.763
3.505° 3.495 5.660" 5.657
3.024" 3.020 4.970 —
2.705" 2.702 4.030 —
2.468 2.463 4.230 —
2.137" 2.134 3.160* 3.170
2.044° 2.042 3.140 3.138
2.017 2.013 3.120" 3.116
1.913 1.910 2.870" 2.877
1.8257 1.822 2.830" 2.824
1.7467 1.743 2.755 2.758
1.677 1.675 2.560 2.570
1.616 1.614 2.128" 2.134
1.575 1.574 2.108" 2.118
1.513 1.510 2.033" 2.042
1.467" 1.466 1.914 % 1.910
1.425 1.424 1.819" 1.822
A 8.868 A 3A hilgardite-3A
ICDD JCPDS hilgardite
3A 3A hilgardite-1A  hilgardite-3A
X hilgardite-3A A-anorthic
>1% Chose & Wan 1977
Choctow hilgardite
hilgardite
2.2.3 3A hilgardite-3A parahilgardite m l

hilgardite Aa
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