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Boron isotope geochemical study of mudstone in Longhu mining area
of Laes: A case study of ZK309
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Abstract

Because boron exhibits relatively concentrated distribution in nature, has low average abundance, and the
quality is different between "'B and B, the fractionation effect is significant. Therefore, the boron isotopic
composition may be used to determine the effective boron source indicator and facies. The Longhu potash mining
area is one of the main potash mines in Khorat plateau of Laos, and drill hole ZK309 is the representative in the
Longhu mining area. The boron isotope geochemical and mineralogical analyses of the salt rock overlying mud-
stone layers in this drill hole indicate that the 8''B values range from 7.44%0 to 11.62%0, 8.96%0 on average,
obviously between 8''B value of seawater (39.5%0) and the terrestrial groundwater value ( — 3%o = 5%o),

mineral composition in the drill hole preserved some characteristics of parent rocks, and quartz is sourced obvi-
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ously from terrigenous materials. In addition, halite, anhydrite and gypsum are related to residual brine. It is in-

ferred that the rock salt deposition was impacted by terrigenous water at the late stage, and the mudstones were

reformed by brine after deposition. The brine might have been generated from dissolution of the underlying salt

rocks by meteoric water. This could explain the abnormal sequence of salt rock deposition (sylvite overlies carnallite).
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Fig. 1

Geological sketch map of Khorat PlateauCmodified after Zhang et al. » 20100

1—Modern fluvial sediments; 2—Neogene-Quarternary sediments; 37 Late Cretaceous Nonghok Formation: 4—Mekong River Faults
5—Objective drill holes 6—River

(In Fig. 1, Pliocene and Pleistocene are undifferetiated and the geological symbol N,-Q; represents sediments from Pliocene to

Pleistocene; in the inserted maps the dotted line represents the range of Korat Plateau area)
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Table 1 Boron isotopes in the mudstone of drill hole 3G9

LS WIE/m w(B,03)/ % 3 "B/ %o /10 RZECE) /%0
ZK309-56 101 0.027 8.13 4.08960 0.16
ZK309-57 102 0.027 7.48 4.08696 0.34
7K309-58 103 0.026 7.6 4.08745 0.09
ZK309-59 104 0.020 7.92 4.08875 0.21
ZK309-60 105 0.021 10.59 4.09958 0.10
7ZK309-61 106 0.014 8.17 4.08976 0.21
ZK309-62 107 0.016 9.65 4.09577 0.07
ZK309-63 108 0.020 8.75 4.09212 0.21
7ZK309-64 109 0.019 9.73 4.09609 0.08
7ZK309-65 110 0.017 11.61 4.10372 0.13
7ZK309-66 111 0.022 7.44 4.08680 0.15
7ZK309-67 112 0.031 7.73 4.08798 0.39
7K309-68 113 0.021 11.62 4.10376 0.16
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Fig. 4 The composition and variation tendency of essential minerals of mudstone in drill hole ZK309

HROPRE SUBAENE N 7.44%0 ~ 11.62%0, ¥1{E
8.96%0» " BARTHE K 8B (H(39.5%0 ) T Fili#
HR KA SUBAE C — 3%0 + 5%0 ), HL 1% X 1y £
HE 1B HEK.

P, 28 WA T B B AH Sh A DOBUS A RO
IR TG BN AK AR KA 3%, 5 T 78 Bk b A
SOEVER, A= 81 B {5 w2 52 Wk ik )5 R 4% <1 7K
Mg AL, BT Lh 8 B AE A T K 5 B AHHL T K
Z ), Ut BH 224 I Ok 2 BOAGE TR T A B8, IR A B %
NFRGE B2 BRI BEAE R e K

3.2 BREMIEMTYESHXR

ZK309 Wi fLE KO 5 B0 V) F 2 A o 4
VA VR A A 5, BT e fLIE ) b
AR I 40 Horp, 2607 AR A + e A 4l
&, HFA T EIRE, & IA 63% , &A% 12%,
1 37.66% . Ve w EMTKER Y, EERS
A VPRI, T B RN R S HFIA R
DI, B0 o34k, X 2 IR K 2 Bt A A # AL
SEM OB, 108 & AT T 2 1B FEAK, IR )
HHBR AR AT AR SR TR T B T, X R IR B O B



35 1

—  ZK309 201

105~113 m

B

SUB B

ZK309

' B
8”B 811B
8.96%o "B 39.5%
3B —3%0 £ 5%

3.3 B

8“B @

B OH j
B OH , 0B
B OH ,

1 7ZK309 B
B 3B
3B — 3%0 * 5%o

39.5%o

2 ZK309

References

Aggarwal ] K and Palmer M R.71995. Boron isotope analysis J . Ana-
lyst 20 1301-1307.

Donald E G. 1996. Potash deposits proceeding properties and uses

M . Great Britain' Chapman and Hall. 159-164.

Fan P F. 2000. Accreted terranes and mineral deposits of Indochina J .
Journal of Asian Earth Sciences 18 3 343-350.

Gaillardet J and Allegre C J. 1995. Boron isotopic compositons of coral
Seawater or diagenesis record ] . Earth & Planetary Science Let-
ters 136 3-4  665-676.

Hite R ] and Japakasetr T. 1979. Potash deposits of Khorat Plateau
Thailand and Laos J . Econ. Geol. 74 2 448-458.

Kakihana H Kotaka M Satoh S Nomura M and Okamoto M. 1977. Fun-
damental studies on the ion-exchange separation of boron isotopes J .
Bulletin of the Chemical Society of Japan 50 50 158-163.

LiJ Z and Sun D P. 1996. Boron isotopic geochemistry of Da Qaidam
salt lake Qaidam Basin China J . Geochimica 25 3 277-285 in
Chinese with English abstract .

LiuWG PengZC Xiao YK WangZR NieBFand AnZS. 1999.
Boron isotopic composition of corals from South China Sea and their
environmental significance J . Geochimica 28 6 534-541 in
Chinese with English abstract .

Oi T NomuraM Musashi M Ossaka T and Okamoto M. 1988. Boron
isotopic compositions of some boron minerals ] . Geochimica et

Cosmchimica Acta 53 12 3189-3195.

Qu Y H. 1997. On affinity of potsaaium bearing brine in Lanping Simao
Basin China to that in Ale Basin Thailand and location of target
areas for potassium hunting in former Basin ] . Geology of Chemi-
cal Minerals 19 2 81-84 in Chinese with English abstract .

Sattayarak N and Polachan S. 1990. Rock salt in the Khorat Plateau



202

2016

A . Proceedings of the 3rd conference on geologic resource
management C . Bangkok Department of Mineral Resources. 1-
13 in Thai

Schwarcz H P Agyei E K and McMullen C C. 1969. Boron isotopic
{ractionation during clay adsorption from sea-water J . Earth &
Planetary Science Letters 6 69 1-5.

Shima M. 1963. Geochemical study of boron isotopes J . Geochimica et
Cosmchimica Acta 27 63 911-913.

Shirodkar P V and Xiao Y K. 1997. Isotopic Compositions of boron in sedi-
ments and their implications J . Current Science 72 1 74-77.

Spivack A ] and Edmond J M. 1986. Determination of boron isotope ra-
tios by thermal ionization mass spectrometry of the dicesium
metaborate cation ] . Analytical Chemistry 58 1  31-35.

Spivack A ] You C F and Smith J. 1993. Foraminiferal boron isotopic
ratios as a proxy for surface ocean pH over the past 21Myr J . Na-
ture 363 6425 149-151.

Sundharovat S. 1976. Potash in E-Sarn J . Mineral Resources Gazette
21 11 1-8 in Thai .

Swihart G H and Moore P B. 1986. Boron isotopic composition of ma-
rine and nonmarine evaporite borate ] . Geocheimica et Cos-

mochimica Acta 50 6  1297-1301.

TanHB MaHZ LiBK Zhang XY and Xiao X Y. 2010. Strontium
and boron isotopic constraint on the marine origin of the Khammune
potash deposits in southeastern Laos J . Chinese Science Bulletin
55 27-28  3181-3188.

Thiramongkol V. 1978. Some suggestions of potash an drock salt gene-
ses in NE region ] . Mineral Resources Gazette 21 8 24-40 in
Thai .

Tran van Ban. 2000. Report geology and minerals of Mid-Central Laos
Region R . Laos Department of Geology and Mines.

UthaAroon C. 1993. Continental origin of the Maha Sarakham

evaporites northeastern Thailiand ] . Journal of Asia Earth Sci-

ences 8 1-4  193-203.

Warren K. 1999. Evaporites Their evolution and economics M . Ox-
ford Blackwell Science. 235-239.

Xiao Y K Beary E S and Fassett J D. 1988. An improved method for
the high precision isotopic measurement of boron by thermal ioniza-

International Journal of Mass

tion mass spectrometry ]

Spectrometry & Ion Processes 85 2 203-213.

Xiao Y K Sun D P and Wang Y H. 1992. Boron isotopic compositions
of brine sediments and source water in Da Qadam Lake Qinghai
China J . Geocheimica et Cosmochimica Acta 56 1561-1568.

Xiao Y K YinDZ Liu W G and Wei H. 2001. Boron isotope method
for study of seawater intrusion ] . Science in China 44 1  62-
71.

Zhang XY MaHZ TanHB GaoDL LiBK WangM X Tang Q
L and Yuan X L. 2010. Preliminary studies of on geochemistry and
post-depositional change of Dong Tai potash deposit in Laos J .
Mineral Deposits 29 4 713-721 in Chinese with English ab-
stract .

Zhang XY MaHZ MaY Q Tang QL and Yuan X L. 2013. Origin
of the Late Cretaceous potash-bearing evaporates in the Vientiane
Basin of Laos 8''B evidence from borates J . Journal of Asian
Earth Science 62 812-818;

Zhao Z Q Liu C Q and Xiao Y K. 2002. The geochemical characteristics of
Boron isotope in Loess during weathering process J . Science in China

Series D 3276 507-513 in Chinese with English abstract .

Zhong W'F i Z W and Shan W G. 2003. A study on the sedimentary

characteristics and origin of K-Mg salt in Khorat Basin J . Yunan
Geology 22 2 142-150 in Chinese with English abstract .
. 1996. J .
25 3 277-285.
. 1999.
J. 28 6 534-
541.
. 1997. - R
J 19 2 81-
84.
. 2010.
J . 29 4 713-721.
. 2002.
J . D 32 6 507-513.
. 2003.
J . 22 2 142-150.





