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Abstract: This paper is the result of mineral exploration engineering.
[Objective] The potash deposit in Laos is one of the most important potash deposits in the world. To carry out studies of the
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sedimentary environment during the precipitation of potassium minerals is very significant for a deep understanding of the
mineralization of potash deposits here. [Methods]The insoluble minerals in the potash seams, which can retain more original
information than soluble salts, is an important carrier for studying the evolution of ore— forming brine. Systematic studies on
insoluble minerals in borehole ZK16 from the Haixiafeng mining area of the Vientiane Basin of Laos were conducted through
microscopic identification, XRD, and SEM. [Results]Analysis results show that the insoluble materials mainly include anhydrite,
boracite, hilgardite, quartz, dolomite, magnesite, calcite, and muscovite, in which anhydrite and boracite are dominant minerals. The
existence and distribution characteristics of authigenic quartz and clastic muscovite reveal that continental waters have affected
potash deposits to different degrees during deposition. [Conclusions]Comprehensive studies show that the process of potassium salt
deposition in the study area can be divided into four distinct stages: fluctuation deposition stage, shallow water deposition stage,

stable deposition stage, and reworking stage.

Key words: potash deposits; insoluble minerals; sedimentary environment; evolution of brine; potash exploration engineering;
Haixiafeng mining area; Laos

Highlights: The detailed sedimentary environment information at the deposition stage of potassium salts was finely described using
the advantage of retaining more original information about the water—insoluble minerals than soluble salt minerals.
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Fig.1 Location and tectonic diagram of Khorat Plateau(after Guo Yuansheng et al., 2005)

1—Jurassic—Cretaceous Phu Pha Nang Formation; 2—Late Cretaceous Champa Formation; 3—Late Cretaceous Tha Ngon Formation; 4—Neogene
Miocene sediments; S—Pliocene—Quaternary sediments; 6—Quaternary Middle—Late Pleistocene System; 7—Normal fault; 8—Reverse fault; 9—

Speculate fault; 10—Location o
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Table 1 The main mineral components of ZK16 in Haixiafeng mining area
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Fig.2 Morphologic characteristics of boracites (stereoscope, x50)
a—Tetrahedral cubic borborite; b—Cubic borborite; c—Opalescent core—bearing cubic borborite; d—Bicarbonite; e,f—Concentric annular oolite; g,h—

Radial oolite borborite
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Fig.3 Morphologic characteristics of other insoluble minerals (stereoscope, X50)
a—Long strip anhydrite; b—Short column anhydrite; c—Cryptocrystalline anhydrite; d—Plate anhydrite; e—Muscovite; f—Quartz
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Fig.4 The morphology of ZK16 boron particles and SEM—EDS analysis results (the black box in the picture is the analyzed area)

a—Tetrahedral cubic boronite; b—Cubic boronite; c—Oolitic boronite center; d—Oolitic boronite shell
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Table 2 SEM—EDS element analyzed results of ZK16 boron particles
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A K FE 0 e A AR v B I Y T A R
TIE , AELJ5 399 D0) 38 3451 1) i 4 %% 72 (Cend6n et al., 2003 ;
Garcia et al., 2013) . FUCER R GKSCHL S R I
KW, KXHB ARG EERNT Y R
(Yechieli and Wood, 2002) ., Grice et al.(2005) X}
2K New Brunswick }[X. Millsteam F1 Penobsquis £f!
IR B B U S R R Wyt A T T B
WL R I AT FRER DR ) A+ A SR A B
FRELA 1) R ] B Mg—Ca iR £ , e B2 2 —
AN PRST 355 A B PN | 5 TS B PR R B
£ IERER MR 5 2R 1) Ca—K—Fe—Mg iR £k,
XFE 7R T 3% Z AL F AR R Il i 7K SC R HL A7 3]
TRl BT R SE R o e R LR LU X R R
B 58 0 1 1) 7 £k C1 [ o2 2R 4 (Eastoe et al., 2007)
Nt — S IR TP KNS R ER 4 6" BAEAE
HTE A A8 4k (Zhang et al., 2013) 487~ T AE i AH
AR W, U, 28 A AT e 5 8, B
IR ZE S5, Beti A K A FE RS2 ] A R R i 325
SEPR R X — S L A 2 TR
BT %5 £ B J7 A (Trembathite ) FlER 77 0l A
(MIZRA7 , Ericaite) (5K P43, 2012) , AHXS THFFEIX
PR IR ER A (B WA FK SIS A ) s A B
AR ok R (R PYE, 2012) , 2287 IXEP AR
2T A E T AR R X S A TR 2 1Y Fe St
FotEk . LIRIERRM @ X (TR A b i 2
i IX) 8 7K SCER S BT A 52 2%, 52 i AH 7K %) 52 e 52y
AN, il ZK16 fLK AT B 5E , vl L
SRR AR MRS [) B DUAR R A S o 3 2
AR AT RARMEEN Y . PR, KN A T g
A K A 221 1 e s R R RE DT AR PR e R Y

http://geochina.cgs.gov.cn H1EHLFT, 2023, 50(1)



504 5 14

R LT Gt B IR RN ) B HRT ORI I 2 o 179

FabR, X TR ZE K a i TREA HE R Y
6 4% i

(1B F WS I XRD 4T 28, &4 T 4 ifg 7
U Hb XK AN 4 2 A A A,

H 2B RGE IS A 45, b ai E 20 7 il
WAE A LR A AR SO B Fh o A

(2) A S = BRI Y A AE B o A
FRIEZR I, B ER DTN Z 0k 32 2 i AH K A s, (R
AR I R 2 TR

(3) F 4l R BAPEAR L K ANET WAL A K
S ARHE B DX AN A R BT A3 A A
U A TR L L —r B A K TR
Hh— B0 I A U TTORRURT A i B0 1 el e 1 FH 45 4
BBt

Brigh . b B AL 2 B F o BT BT A AR
By R BT T%ﬁ%%vﬂ%#%éy\#ﬁ#%%
WADHE, EHMITFTFARBTEZHENME
P, 7 W — I &% o R

References

Cendon D I, Ayora C, Pueyo J J, Taberner C. 2003. The geochemical
evolution of the Catalan potash subbasin, South Pyrenean foreland
basin (Spain)[J]. Chemical Geology, 200(3/4): 339—-357.

Eastoe C J, Peryt T M, Petrychenko O Y, Geisler—Cussey. 2007. Stable
chlorine isotopes in  Phanerozoic Applied

Geochemistry, 22(3): 575—588.

Gao Xiang, Cai Keqin, Li Dairong, Peng Qiang, Fang Qinfang, Qin

evaporites[J].

Hong. 2012. Mineralogical and geochemical characteristics and
genesis of the potassium— magnesium salt deposit in Khammouan
Province, Laos[J]. Acta Petrologica et Mineralogica, 31(4): 578—
588 (in Chinese with English abstract).

Garcia V J, Cendén D 1, Rosell L, Orteti F, Ruiz J T, Martin J] M, Sanz
E. 2013. Salt deposition and brine evolution in the Granada Basin
(Late Tortonian, SE Spain) [J]. Palacogeography, Palacoclimatology,
Palaecoecology, 369: 452—465.

Grice J D, Gault R A, Velthuizen J V. 2005. Borate minerals of the
Penobsquis and Millstream Deposits, southern New Brunswick,
Canada[J]. The Canadian Mineralogist, 43(5): 1496—1487.

Guo Yuansheng, Wu Jun, Zhu Yanzhe, Yan Chengwen, Zhao Jin, Chen
Wen. 2005. Potash Geology in Vientiane of Laos[M]. Kunming:
Yunnan Science and Technology Press, 1—219 (in Chinese with
English abstract).

Hite R J. 1974. Evaporite deposits of the Khorat Plateau, northeastern
Thailand[C]//Coogan A H (ed.). Fourth Symposium on Salt.

http://geochina.cgs.gov.cn F[E

Cleveland: Northern Ohio Geological Society Inc: 135—146.

Hite R J, Japakasetr T. 1979. Potash deposits of the Khorat Plateau,
Thailand and Laos[J]. Economic Geology, 74(2): 448—458.

Jiang Zhibin, Wang Xingzhi, Zhang Fan, Zeng Deming, Zhang Jinyou,
Lu Tiemei. 2008. Distribution and controlling factors of reefs and
oolitic beaches for the Changxing to Feixianguan formations in the
northern Sichuan basin[J]. Geology in China, 35(5): 940—950 (in
Chinese with English abstract).

Li M H, Yan M D, Fang X M, Zhang Z J, Wang Z R, Sun S R, Li J,
Liu X M. 2018. Origins of the Mid—Cretaceous evaporate deposits
of the Sakhon Nakhon Basin in Laos: Evidence from the stable
isotopes of halite[J]. Journal of Geochemical Exploration, 184:
209-222.

Li Yangiang. 2018. Geological Characteristics and Genesis of Potash

=

Deposits in Haixiafeng, Laos[D]. Beijing: China University of
Geosciences (Beijing): 3—54 (in Chinese with English abstract).
Liang Guanghe. 2018. A study of the genesis of Hainan Island[J].
Geology in China, 45(4): 693—705 (in Chinese with English abstract).
Liu Chenglin, Wang Licheng, Yan Maodu, Zhao Yanjun, Cao
Yangtong, Fang Xiaomin, Shen Lijian, Wu Chihua, Lii Fenglin,
Ding Ting. 2018. The Mesozoic— Cenozoic tectonic settings,
paleogeography and evaporitic sedimentation of Tethyan blocks
within China: Implications for potash formation[J]. Ore Geology

Reviews, 102: 406—425.

Meesook A. 2000. Cretaceous environments of northeastern
Thailand[J]. Developments in Palacontology and Stratigraphy, 17:
207-223.

Metcalfe I. 1988. Origin and assembly of south—east Asian continental
terranes[J]. Geological Society of London Special Publication, 37
(1): 101-118.

Qian Zigiang, Qu Yihua, Liu Qun. 1994. Potash Deposits[M]. Beijing:
Geological Publishing House, 216—243 (in Chinese).

Sato K, Liu Y, Wang Y, Yokoyama M, Yoshioka S 'Y, Yang Z, Otofui Y
I. 2007. Paleomagnetic study of Cretaceous rocks from Pu'er,
western Yunnan, China: Evidence of internal deformation of the
Indochina block[J]. Earth and Planetary Science Letters, 258(1): 1—
15.

Tabakh M E, Utha— Aroon C, Schreiber B C. 1999. Sedimentology of
the Cretaceous Maha Sarakham evaporites in the Khorat Plateau of
northeastern Thailand[J]. Sedimentary Geology, 123(1): 31-62.

Tan H B, Ma H Z, Li B K, Zhang X Y, Xiao Y K. 2010. Strontium and
boron isotopic constraint on the marine origin of the Khammuane
potash deposits in southeastern Laos[J]. Chinese Science Bulletin,
55(27/28): 3181-3188.

Tang Qiliang, Zhang Xiying, Li Wenxia, Han Yuanhong. 2016. Boron
isotope geochemical study of mudstone in Longhu mining area of
Laos: A case study of ZK309[J]. Mineral Deposits, 35(1): 196—202
(in Chinese with English abstract).

Utha— Aroon C. 1993. Continental origin of the Maha Sarakham

J5t, 2023, 50(1)



180 i [

b, J 2023 4F

evaporites, northeastern Thailand[J]. Journal of Asian Earth
Sciences, 8(1/4): 193—203.

Wang Chunlian, Liu Chenglin, WangLicheng, Zhang Linbing. 2013.
Reviews on potash deposit metallogenic conditions[J]. Advances in
Earth Science, 28(9): 976—987 (in Chinese with English abstract).

Wang J Y, Lowenstein T K. 2017. Anomalously high Cretaceous
paleobrine temperatures: Hothouse, hydrothermal or solar
heating?[J]. Minerals, 7(12): 245.

Warren J K. 1999. Evaporites: Their Evolution and Economics[M].
Oxford: Blackwell Science, 249—250.

Yang Z, Besse J. 1993. Paleomagnetic study of Permian and Mesozoic
sedimentary rocks from Northern Thailand supports the extrusion
model for Indochina[J]. Earth and Planetary Science Letters, 117(3/
4): 525-552.

Yang Z, Besse J, Sutheetorn V, Bassoullet J P, Fontaine H, Buffetaut E.
1995. Lower— Middle Jurassic paleomagnetic data from the Mae
Sot area (Thailand): Paleogeographic evolution and deformation
history of Southeastern Asia[J]. Earth and Planetary Science
Letters, 136(3/4): 325—341.

Yechieli Y, Wood W W. 2002. Hydrogeologic processes in saline
systems: Playas, sabkhas, and saline lakes[J]. Earth— Science
Reviews, 58(3): 343—365.

Zhang Hua, Liu Chenglin, Wang Licheng, Fang Xiaomin. 2014.
Characteristics of sulfur isotopes in evaporative rocks of potash
deposit in Taqu basin, Laos and its indicative significance of
potassium formation[J]. Geological Review, 60(4): 851— 857 (in
Chinese with English abstract).

Zhang Xiying. 2012. Constraints of the Insoluble Minerals on
Formation of Tachyhydrite and Evolution of Brine in Potash
Deposits of Vientiane Basin, Laos[D]. Xining: Qinghai Institute of
Salt Lakes, Chinese Academy of Sciences, 59— 173 (in Chinese
with English abstract).

Zhang Xiying, Cheng Huaide, Tan Hongbing, Yuan Xiaolong, Li
Yongshou, Miao Weiliang, Li Tingwei, Ma Haizhou. 2015. Late

Cretaceous potash evaporites in Savannakhet Basin of middle

Laos: Geochemical evidences of non— marine inputs[J]. Acta
Petrologica Sinica, 31(9): 2783— 2793 (in Chinese with English
abstract).

Zhang X Y,MaH Z,MaY Q, Tang Q L, Yuan X L. 2013. Origin of the
late Cretaceous potash—bearing evaporites in the Vientiane Basin
of Laos: ¢"B evidence from borates[J]. Journal of Asian Earth

Sciences, 62: 812—818.

Bt e 32 2% STk

e, Bl B, AOR, SO, JT R, ZRLL. 2012 BB SR IR
W IR B B0 2 R BR AL 2R AE KU [T]. 250 P2
A, 31(4): 578—588.

SR, S, RAEWT, EIRSC, BB, BRIC. 2005, BT S AR b
FEM]. B mraRE i aAt, 1-219.

P, T4, TRIN, W, sk 4, E4kH . 2008. 1)1 2t AL
R — AL TR 53 A S A ) IR ZR (7], rP I 5T, 35(5):
940-950.

ZREER . 2018, i EIEHIER T R BURRAE A i A D). b i
HFTRE, 66.

GG . 2018. R 5 P B HLHITFFE[I]. TR, 45(4): 693-705.

Ao, f—4e, XUHE. 1994, B3R PRIM]. U0 HBT i ek, 216
243.

R, TRVUE, 25500, #hn4T . 2016, HH R X I8 42 B [FAfA;
M ER A 2247 28 0F 5T LI ZK309 47 [7]. 5 B ML, 35(1):
196-202.

F AL, XIBEHK, £, SRAREE . 2013, SR R B S RIS S T
HEJE[I]. HhERBR2EEIRE, 28(9): 976-987.

kA, XUBHK, 7, J5 /NI 2014, it 2 AR RS &
B IFISE 2R B BB /R 5 S [D]. HUBRIE IE, 60(4): 851-857.

FKVGE . 2012, E48 TR AT ER D RAAS YR i A0 ORI
FREAL I TIZI[D]. V5T R =B S IR IR ST T, 59-173.

SKVEE, BV, LTS, /NI, 25K FF, DR, 2R, i
2015, 4t AR Vb T St A e S P AR R R AR AT A
H bR 2 UETR D], 25 AR, 31(9): 2783-2793.

http://geochina.cgs.gov.cn H1EHLFT, 2023, 50(1)



