CHAFTER 1

INTRODUCTION

1,1 General

Increased fertilizer minerals supply is vital to the agricultural
development because they are essential for increased food production to
meet the demands of the expanding population. This is well recognized
by all nations, and consequently stimulates the exploration of fertilizer
raw material resources for fertilizer manufacturing. Many geologists
have recognized that discoveries of additional fertilizer mineral deposits

are possible,

Potash and rock salt are one of major components in chemical
fertilizer and other industrial raw materials, They are mined as either
solid minerals or as brines, The geological deposits from which these
materials come are called evaporites. Most of the world's potash and
rock salt come from marine evaporites which are ultimately derived from
seawater. The potash is an industrial term that refers to potassium-
bearing minerals that are mined both for fertilizer and chemicals,
whereas rock salt is the common term for both the commodity and rock

composed entirely of halite, WaCl.

The northeastern part of Thailand is 2 vast region covering
approximately 150,000 square kilometers or about one-third of the totai
area of Thailand., Formerly, this region was considered to be a mineral-
barren plateau except the northwestern corner where there are some
non-productive economic mineral deposits. Almost all parts of the region

suffer the problems of draoght for quite a considerable long time.



The Thai Department of Mineral Resources has therefore launched the
groundwater exploration programme to meet the demand for water in this
region since 1955, It is noted that some of the groundwater drilling
wells have penetrated the rock sz2lt layers, and the groundwater qualities
in some wells are considered salty., This leads tc the geological hypo-
thetical thinking that there might be exXtensive salt layers associated

with the underlying rock sequences in this region of northeastern Thailand.

As a consequence, the potash and rock salt exploration drilling
programme has been conducted by the Thai Department of Mineral Resources
in both kKhorat-Ubol and Udon-Sakhon Nakhon Basins of northeastern part
of Theailand since 1973, As a2 result, one of the most promissing target
areas of rock salt and potash deposits is located at Bammet Narong Area,
Changwat Chaiyephum, Therefore, semi~detailad drilling programme in
this area has been carried out extensively in ordef to obtain the infor-
mation regarding reserves and erade of the econorically important

evaporite deposits,

Generally, the site selection for exploratory drilling wells of
potash and rock salt is defined on the basis of the salt-contaminating
soil terrains or areas where the grouandwater are salty. In addition,
the expansion of the exploration target area is considered from the
existing sub-surface information on potash and rock salt deposit without
the full understanding of the geolopy of the deposit. 1t is against
the existing background information obtained from the exploration
drilling programme, as well as the various geological problems arisen,
the present investigation is, therefore, conducted. The geological
aspects which are related to the origin, distribution and all other

nodifications of the deposit will undoubtedly be azble to brighten the



exploration concept, as well as to minimize the exploration cost.
Besides, it is expected that findings fromlthe present investigation
will, in some parts, assist in the expansion of the potash and rock
salt exploration programme into other important target areas in this

region.

The better understanding of the geology of potash and rock salt
deposits will lead to the subsequent successful exploration and deve-
loprent of these industrial raw materials. Comsequently, the ambitious
Eastern Scaboard Develepment will be partially acceralated considering
from the industrial raw material supply, notably, potash,; rock salt,
natural gas, etc., for the fertilizer manufacturing preject, the sode-

ash industry in particular,
1.2 Study areca
1,2.1 Location

The study area is mainly confined to Amphoe Bamnet Warong,
Changwat Chaivaphum end some parts of Amphoe Chatturat, Changwat Chai-
yaphum and Amphoe Dan Khun Thot, Changwat Nakhon Ratchasima., Total
area is apnroximately 170 square kilometers, from lattitude 15°25° N to

15°30" N and longitude 101°39' E to 101%49? E (Figures!.2.1.1 and 1,2.1,2).

1.2,2 Distribution of drilling wells

There are altogether 65 drill-holes in the study area (Figure
1,2,1.2) from the ground surface down to the depth range of 60-465 meters.
Thesc drill-holes are mostly concentrated in the central part of the area
with the well-spacing range of 0.1-1 kilometer, but in the outer most
parts of the area the spacing between the drill-holes vary from 1 to §

kilometers.
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1.3 Objectives

The study primerily zims at utilizing the existing drill-hole
data coupled with cetailed laboratory data to synthesize the sub-surface
geology of the study area from the ground surface down to the depth
range of 60-465 meters. In addition, the depositional wodel of evaporite
formation as well as the post-depositional changes have been reconstructed
and presented. Therefore, the overall geclogicel history and geclogical
precesses concerned have been proposed to explain the existing geclogical
deposits. The model obtained from thé present investigation can be used
in predicting the evaporite deposits with the similar geological setting

elsewhere in this repion.

1.4 Approach to the study and methodology

In order te fulfill the objectives of the present investigation,
4 steps of approach have been forrulated. In cach approach, approprizte
methed of study has also been specified in order to obtain required date

and information. They arc as follows:

1.4,1 Literature survey

It is essentially required to chtain the state of the arts re-
garding the evaporite formation as well as the overall prospective of
the geological setting of the area prior to the actual detailed study.
Therfore, the fundamental step on literature survey has been carried out
to cover the following aspects, namely, theoretical background of the
eveporite formation, previous works of the study area, and relevant coase-

studies elsewhere.



1.4,2 Field investigation

The direct field investipation concerning peological and geo-
physical drill-hole loggings as well as the sampling programme has been
conducted during March to June, 1981 and February, 1982 at the drilling
sites in Zamnet Harong, Changwat Chaiyaphum, Besides, additional obsar-
vation on the drill-hcle materials for both coresand cuttings of the
previously completed drill-holes including the sampling programme have
been carried out several times at the drill-hole matcerial storage at

Changwat Khon Khaen.

1.4.2 Datz acquisition, compilation; and analysis

A1l the existing drill-hele datz collected and compiled includ-
ing additional subsequent laboratery studies cen be classified into 4

categories as follows:

a) Lithological logs

Altogether the lithological data obtained from 65 drill-holes
are determined, compiled, and tabulated (Appendix 1-A). Additicnal
attempt has been made to correlate the lithology of all drill-holes
from the prepared geclogical cross-sections. Finally, the sub-surface
geolegy of the study ares has been synthesized on the basis of various
lithostratigraphic units (Appendix 1-B)., Besides, the structural contcur
and isopach maps of some importent stratigraphic units have been prepared

to further illustrate the subsurface geolcpical conditions in the study

b) Georhysical lors

Due to the fact that the gecphysical gamma-ray logeing is a

standard practice for almost every drili-hole, an attempt is, therefore;



made te utilize this data for the confirmation of lithological data
previously cbtained from tho direct litholosicel logzing., Furthermeore,
the geophysical data has been proved to be a very useful tool in

correlation.

c¢) Wineralogical and textural characteristics

The mincral identification and the determination of mineralogical
suite which are the important keys have been extensively studied using
the x~ray diffraction technique and thin~section method. The x-ray
diffractometer employzd in this study is the Fhilins x-ray genecrator
model PW 1730/12 and the goniomecter model i 105C/70. Thc operating

conditions of the equipment as/well'as the mineralogical suites arc sum-

marized in Appendix 1-D.

The tertural characteristics of different lithological and minera-
logicel zonations are determined from the thin-sections, and polished

rock-slabs as well as irpom tho core sampies;

d) Chemiczl compositions

Selactced chemical composition of certain lithological and minera-
logical zonations have been determincd. The contents of daZO, KRO’ CaC
and MgC in the —otaesh zonc from the whole rock sample of 28 drill-heles
have been analysed by the Thai Department of Mineral Resources usinp the

atomic absorotion spectrophotoretry method (VARIAN, AA-4),

In addition, the contents of Na,0, KZO, Ca0 and g0 in the
water-soluble fraction of the whole rock samples obtained from some
major lithological zenation are determined using the atomic abscrption

spectrophotometry method (VARIAN, AA-1275).
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Emphasis has also been extended to cover the characteristics of
some trace elements, particularly in halite zones. The Kbr content in
the halite zones as well as the 8r, Ba, Mn and Ye contents in certain
anhydrite zones, calcareous sandstono zone, and forrugenous sandstone
zone has been determined by the Office of Atomic Energy for Peace using
the isotope x-ray fluorescence spectrophotometry method (KbBr, Sr, Ba)

and the atomic absorption spectrophotometry methed (Mn and Fe).

The eanalytical results are tabulated in Appendix 1-C, 1-E, and

1-F, and some geochemical profiles have been constructed,

l.4.4 Evaluation and interpretation

The information ard dota regarding litholegical and mineralogical
characteristics as well as geochenmicaliand geophysical patterns of the
sub-surface geology within the Study arer are finally integrated and
evaluated. As 2 resultg various sedimentary faocies are defined for the
purposc of reconstruction of depositicnal environments. Facles models
are used as a basis for understanding depositional environments and are
constructed from real and theoretical study, both of the rock record

and of medern environment.,

It is, however, recognized that post-depositional changes have
inevitably played important role on the deposits under the present
investigation., Therefore, additional attempt hes been made to consider
post-depositional changes of evaporitic facies in particular., These
changes can be categerized into twe types, notably, the structural
deformation of the lithostratigraphic scquences, and the diagenetic

chemical alterations.
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Finally, the overall geolopical history as well as post~deposi-
tional changes including processes and products concerned are preoposed

to explein the present geological sctting of the areae.

==}

1.5 DBacikgrouné theories cof the evaporitc deposits

Consideration of stratigraphic sequences containing marine eva-
porites from most parts of the world lead to the rccognition of a major
cyclical successiens of verious selts, These salt deprsits indicate
successive environmental conditions fvom rormal marine, through stages
cf increasing salinity, to evaperitic eenditicns in » somewhat restricted
basin where evaporation exceeds precipitation and runoff. When high
coencentrations of seawater are /developed, » strong horizeontal salinity
gradient exists which prodncgs lateral segrepaticn of different evapo-
rites during precipitation’and the order irn which cvapcrites occur in
the vertical colurn can be predicted fr¥nm ocecanographical and chemical

data (Scruton, 1953: ond 5Iess, 15537,

Studies of evaporites in the past. have preduced some nctable
differences of opinion which can bi summarized in the fecregoing part.
The "bar theory” by Bischof-Ochsenious (1877, 1888, 1893) explains the
thick accumulations of salts in a2 continucus supply and persistent
subsiding basin in an arid region. Loter ony Bransen (1915) has pro-
posed to mecdify this classic theory te e¢xplain the relationships which
he observed. Major conflict has, hewever, arisen in 1900 when Walther
published his "desert theory" as an explenation fer the origin of eva-
pcrites by the paucity cf marine faunal remains in evaporites or if
they were found they were exclusively non-marine indicating that the
salts are not coastal lagoon deposits. Thic theory has been later on

ignored in favour of the bar theory.
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Besides, there have been many other new theories c¢f the origin
of evaporites proposed, but non of them are survived, notably, "saline
lava theory' by Lichtenberger (1927), “infiltration theory" by Fulda
(1927), “ercat tidal flood theory" by Wilfarth (1933), and "replacement

theory" by Kudryavtsev (1971).

Another modification of the bar theory was introduced by King
(1947) in an attempt to explain the thick anhydrite. his “theory of
reflux" has survived and becn supported by observations in modern
cstuarics. Recently, the concept of 1add-locked basin has been revived
by bst (1372) in his surprising cxplanaticn of the origin of the eva-

porites of the western Mediterranian.

In recent years, the classical bar theory for the origin of
cvaporites has been seriously challenged,  Marine cvaporites are con-
sidercd to form under multiple conditions --- in sabkhe (Shermarn, 1966
¥riedman and Sanders, 19457 Kinsman; 1969 Sherman, and Fuller, 126%),

in bar basin (Scruton, 1953; Borchertand Muir, 1944; and Schmalz,

T

L1

1469), and in shallow epeiric shelves (Richter-Bernberg, 1955, 1968).
In zddition, the bar basin concept cmbraces two school of thought,

namely, the decp-vater" school and the 'shallew-water' school.

1.5.1 Lknvironmental classification of evaporites

Interoretation of the lithnlegical and paleontclogical asso-
ciations of evaporite deposits makes possible classification and mapp-
ing of the cnvironments inveolved in evaporite occurrences. Generally,
the consideration of stratigraphic sequences containing evaporites
leads to recognition of a major cycle made up tc successive environ-

mental conditicns from normal marine, through stages of increasing
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salinity, tc evaporitic conditions (Scruton, 1953; and Sless, 1953).
They are as follows:
+ breackish and terrestrial envircnments,
+ normal marine environments,
+ euxinic environments,
+  penesaline environments,
+ saline environments, and

+ supersaline envircnments.

The disgrammatic interpretation of the wmajor cyele of which
cach important evaporite aceurulation can be surmarized and presented

indtiated in a section dominated

e
{#]

in Figure 1.5.1, The ideslmajor/cycle

by fossiliferous limestones indicative of open circulation and normal
marine sa2linitics. This norglal jmaripe .gection is supcrsed by interbedded
dens¢ dolomites and thin anhydrites lacking fossils of indigenous ben-
thonic crigin. These beds ropresent ‘the partially restricted penes2line
environment and sro followed in upward succﬁssion by massive anhydrite
and halite beds of the markedly restricted saline environment. In rare
instances extreme reStriction preveils fora-sufficient length of time

to account for the development of significant supersaline deposits zs

potassium and magncsium salts.

1.5.2 Deposition of evaporites

The foregoing background information, derived from studies of
circulation in estuaries and evaporation basins, chemical experiment,
and theorctical consideraticn, permits = gencral reconstruction cf

events and circusstances leading to cvaporite deposition (Scruton, 1953).
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a) Ocecanographic data

Modern oceanographic studics in estuarics and other restricted
arms of the ces have shown that a characteristic circulation exists,
Surface currents flow from regions of low salinity to regicns of higher
salinity in response to hydrostatic head and arc accompanied at a depth
by oppositely directed currents flowing from high to low salinity regions
because of density distribution {(Sverdrun et el., 1946:
1949; Redficlé, 195C; Ketchum, 1951; /Britchard, 1950, 19%1): Stommel

and Yarmer, 1%32 b; tedgpeth, 1950, 1953* and Scrutcn, 1533).

b) Chenmical data

The first important experizents on the crystallization of sea
salts were carried out by Usiglio (1849). Later on, analyses of the
water itself and of threc bitterns of différent densities, representing
different stages of evaporation, have been présented by Clarke (1524)
and are given in Table 1.,5,7+l. Lata on-th¢corposition and amount of
salts precipitated during concentration of the seawater have been sum-
marized and presented by Stowart (1963), reproduced in Table 1.5.2.2.
Usiglic’s order of precipitation indicates that the first material to
be deposited would bc iron cxide. As the wroter bocomes more concentratcd,
the zone of iron oxide precipitation moves toward the entrance of the
basin, and calciuc carbonate is precinitated in the distal portion.
Further concentration results in cz2lcium sulphats coming from solution
in th. distal portion and entrance-ward movement of the zone of calcium
carbonate precipitation. Still greater concentracion of the water
Lrings sodiur chleride from solution in the distal region, Thus; a2 ver-
tical section through the resulting deposit would show, at the base,

beds containing iron oxide overlying in ascending order by limestone,
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Table 1.5.2.1 Analyses of Mediterranean water and bitterns (Weight

percentages of tatal solids) (After Clarke, 1924)

A B G D
Cl=—— = == = = = 54,39 56.18 49 .99 49.13
Br - = — - = = = = - 1.15 122 2.68 3.03
SOQ ———————— 7.72 5.78 14.64 17.36

B, — == .18 s = w - -
Ng = - —-=- - ==~ 31.08 32.06 20.39 12.89
K == === =-==-= W71 .78 2,25 3..31

Ca= === === =3 1/ L8 .26 = =
Mg = = = = = = = = = 3.59 3. 72 10.05 14.28
Total - - - 100.00 100.00 100.00 100.00
Salinity, percent - 3.766 27.546 33..712 39.619

A. The water itself, density 1.0258

B. Bittern of densi

C. Bittern of densi

D. Bittern of denmsi

tyh A el
ty 1.264

ty 1.32

007667
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Table 1.52.2 Salts lald down during concentration of seawater.

(After Stewart, 1963)

Densityt Volume Fez{J3 CaCO3 CaSOa.ZHZO NaCl HgSOQ HgCl2 NaBr  KC1
1.0258 1.000  0.00%%

1.0500 0.533 0.0642

1.0836 0.316 Trace

1.1037 0.245 Trace

1.1264 0.190 0.530 0.5600

1.1604 0. 1445 0.5620

1, k732 0.131 0.1840

1.2015 0.112 0.1600

1,2138 0.095 0.0508 3.2614 0.0040 0.0078

1,2212 0.064 0.1476 9.6500 0.0130 0.0356

1.2363 0.039 0.0700 7.8960 0.0262 0.0434 0.0728

1.2570 0.0302 0.0144 2.6240 0.0174 0.0150 0.0358

1.2778 0.023 2,2720 0.0254 0.0240 0.0518

1.3069 0.0162 1.4040 0.5382 0.0274 0.0620

Total

deposit 0.0030 0.1172 I.7488 27.1074 0.6242 0.1532 0.2224
Salts 1in last

bittemn 2.5885 1.8545 3.1640 0.3300 0.5339

Sum 0.0030 0.1172 1.7488 29,6959 3,3172 0.5524 0.5339

t Given by Usiglio in Baumé degrees.

Restated here in specific gravities.

1 Values given in grams for one liter of sea water.
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gypsur or anhydrite, ond rock salt, initially with some CaSO later

4!
containing more votassium and magnesium salts (Usiglio. 1849: Lang,

1837 hills, 1942: Adams and [frenzel, 1250:; Scruton, 1253 and Hite,

1270, 1573, 1982).

Begides, the bromine geochemistry has becn usced as the indicator
for reconstructicn cf depositicnal cnvirenments in eveperite basins and

as the criteric for potash exploration (Faup, 19656: Kihn, 1968: and

-
-~

Hite, 1378).

¢} Mincralogical data

The minerals of mardne /évaporites, excluding those of detrital
origin, are listed in Table A/5.2.3, , Those marked with an asterisk

rank as mejor constituents, /(Steward; 1263).

From the gencral obscrvaticon on the geological setting, as well
18 sub--surfacc factual dnformation, it is rather cenclusive that the

evaperite model of the "Bar-basin theory” d6ulcd be uscd as a basis to

Lir]

explain the origir of cvapsrite deposits under the rresent investigation,
Under this modcel, evaporites are deposited in restricted arms of the sao
where evaroration cxceeds precipitation plus runoff. The necessary
restrictien of the estuary or basin are in rart dynamic and in part
static, Dynamic restriction is causced by the nydrostatic head and by
frictional stresses between the bottom current and the channel flocor,

Static restriction is produced by topographic cenfinement as physical

barriers,

When high concentraticons are developed a strong herizontal sali-
nity gradient exists which produces lateral segregation of different

evaporites during precipitation., The escaping deep current returns te
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Table 1.52.3 Mineraln of marine evaporites (After Steward, 1961},

Chlort des:
Haultte” ' NaCl
Ly]vll:. kel Carbonates:
Bigchofite MECI 64,0 Calcite cacu,
Kosnenite H%ALQCIB{UII)H. H,0 Hagnesite‘ MgCO,
Zirklerite Baslc chloride of Al and Fezf, Siderite T"eCCP3
with minor Ca and Mg Aragonite (‘ZaCO,j
Chlorocalcite KC:[C13 Strontianite Sr(IO3
(= hydrophilite). UDiomlle‘ C.‘:I"'lg;(C.U.!J2
Cnmalllte* KHgCll.GHQO Ankerite Ca(Fe, HS}CO‘,}?
Tachyhydrite Cm!g?ﬁib‘ 12,0 forates:
Douglasite K,FeC1,. 24,07 Pinnoite Mg(80,),. 3K, 0
Erythrosiderite Kzfr‘eﬁls.itzo Kurgantaite (5r, cnisaua.nzo
Rinneite Nu}'\JFeClh Priceite (Pandermite) Ca&ﬂmulg.?lizu
Fluorides: Ulexlte NaCauSUg.Sn?U
Fluorite Cst p-Veatchite smﬁolo.zuzo
Sellalte Hng Colemanite CaIB‘)O“‘SHIO
Bulfates: Hydroboractite CM3560|1.6H20
Aphthitalite (glaserite) (It,Nn}3Hu(.‘.i(a'r_,‘J2 lnderborite L'anHﬁU“-HIIZO
Thenardite NaESO& Inyoite CazBGOH.DHzU
Barlte BaSOL Kurnakovite HBZBGOII'ISHEG
Celestite SrSUh Inderite HEZBbUlI’HHEO
Anhydrite caso, Howl1 ce Ca,S18,0 (OH) ¢
Vanthoffite Naﬁl‘ig(SOQ)ﬁ Paternoirte HgBBU”.!.HzO
Glauberite n‘i’.azui‘.ﬂlsua.)2 Ginorite CaEEMO“.BH:U
L.‘lnghcin'lte‘ KIHRZ(S“-:}! (Cryptomorphite)
Mirabilite Na SO, . [0H,0 Kalfburite KM By 10, . 9H,0
Syngenite K2Ca(50!‘}2.H20 Volkovite Hydrous borate of St and K
Loevelte Naaﬁsz(sog)g'wzu Ivanovite Hydrous chloroborate ot Ca
Blodite (Astrakanite) Nufig(SU&)z.&H?U {and K?)
Leonite ‘ KZHg{SOQ}z.ﬁHEO Szaibelvite (Ascharite) (HSJ(BGE}(UH}
Picromerite (Schoenlte) K?Hg(SOQ)Z.GHE‘O Boracite HSJB?O”CL
I’ol)flullli.te‘l KztazHg(SL}&)L,ZHzD Ericaite (Fe.Hg,Mn)3B?013Cl
Gérgeylte Nztfl,,(.‘illq)h.lﬂlzll Hilgardite c"‘a{sﬁoll“.\u;"'""“
Bagsani te 2C350Q.H20 Parshilgardite Cnslﬂbﬂu)jti‘_'.w?(l
Kiesert te‘l HgSOﬁ. H20 Strontiohilgardite (Ca,Sr)z(BSOB(OHJ?CI )
Sanderite HgSD!‘.ZIizU Heidomite NEECG3CI(50{.)2‘“203(0H!3
l"q.'fmumili CaSUQ.E‘HzO Lueneburgite “8332(0'{’6(904)2
Starkeyite(Leonhardcite) Mgsoa.mzo Sulphoborite Hgan‘(wj){.(suﬁ}z.?u?n
l'entahydrite (Allenlte) HBSUQ.‘)UzU Danburite CuSizhzos
Hexuhydrite ﬂgso_,‘.:,uza Elements, sulfides, oxides, silicates, phosphates:
Epanmite (Reichardtite) Hy,}mﬁ_mzu Sulfur, pyrite, hauverlce, hematite, goethite (llmmite
Kn’m’ie. KHgtSU:'ICI"JH?U magnetite, quartz, opal, talc, {li{te, kaolinite, gove
Anhiydrokainite RH.;(SU:.JCI
D'Ansite MBNa“t('l Jm'&”s”.‘."q

* major constituents.



the sea these evarorites which have net been rrecipitated. Fluctuation
in equilibrium caused principally by changes in excess of evaporation
or in derrce of channel closure cause wigrations of the horizontsl sali-
nity sradient along the leongitudinal axis of the basin which produce
vertical differentiation of evaporites. PBasic principles for horizontal
segregation of evaporite depcsits and nature of the inferred vertical

.

scquences are presented in Figure 1.5,2.10

Besides, the distribution of bromine in the chloride facles of
marinz evarcrites is uscd in-the rccoénstruction ¢f the paleosalinities
in evaporite basins and prevides an importaat peochemiczl tool in the
exploration for potash dep€sité/  Detailed atrstigraphic profiles of
bromine distribution are/algs/dseful in resslving preblems in under-
standing some of the peost-dérnsitional rrocesses that have occurred in

the evanorite rocks (Raun, 1966: Kuhn, 1962, and Hite, 127€).
i = 2 4

The bnsic for the broopine methad i tho diadechal substitution
of bremine fer chloride 4n the structures of the chloride minerals.

a gensitive measurce of its

o'
o

Bromine content in the halite depeosits
concentraticn in the solution and the bremine prefile irdicates the
change in concentration that cccurred during the seperation of the rock
salts (Kihn, 1268). Theoretical bremine profile of reck-salt deposition

by evaporation cf the seawater is rresented in Figure 1.5.2.2,

1.6 Previous investigation

Thick beds of rock salt were discovered in neortheast Thailand
in the 1950’5 after the eroundwater roscurce development programme con-

ducted by the Thai Department 0f Mincral Resources (LaMoreaux ct al.,

1959) . By 1963, scveral hundrid groundwater wells had been put down,
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most less than 60 meters deer, but some as much as 690 meters. Rock
salt had buen encountered in about 70 of the decrest wells, most of which
were abundoned soon after reaching the salt, The results of this early

work were summarized by Cardner et al. (1967).

In 1563-1964, five holes were drillecd to investigate the rock
salt deposits. This rrogramme was carried out by & jeint Thai Depart-
ment of Mineral Ecsources/U.S. Geological Survey team with funding by
the United Naticns Special Tund, 2s part of the U, N. - sponsored lower
Mekong basin development project. /Th¢-lccality chosen for the rock salt
drilling was Chaiyaphum whieh was’ esteblished that over 600 million tons

of proven and ;robable Tcgerves of good quality rock salt (Jacobson and

Japakasetr, 17€5),

In 1376, the five /ASEAN countrics of Indenesis, Malaysia, the
Philiprines, Singepore, ond Thailsnd, 2preed to ccornorate in prometing
a nutber of rricrity industrial projects. ' One of these was the manu-
facturc of scda ash in Thalland. Bamnct Narong Arce is cne ot the
target arcas thot have been tested for rock selt. In 1977-1978, a de-
tailed investipation for the feasibility study on rock salt and soda ash
nroject was carried out in the Barnet Narong Arca., Furthermore, 2
technical and cconomic feasibility study of establishing a rock-salt mine
at Bamnet Narong Arca is being carried out with assistance from the

Lgien Developront bonk.

Meanwhile, it had long been rocognized that the Khorat Flateau
evaporites provided s target for potash exploration. In 1970-1971 an
evaluation of the potash potential was carried out and recommendaticns
for drilling were made by R.J., Hitc of the U.S, Geological Survey

(Hite, 1971). The Thai Department of Mineral Resources then embarked

[}
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on & programme for potash expleration in Rhorat Plateau, Bamnet Narong
Aren is alsc rne of the tarpet cress that have been tested for notash,
In 1579, the Bamnet Warong Area has been develored into a part of soda

ash project with an cxcellent notential for —eotash develorment.

In 1276, Suncdharovat presented the idea cof the oririn of potash
in nertheastern Thailand related with the warring of the rocks in Khorat
Greoup, transgression of sea water and the deposition of evaperites in

Late Tertiary or Fleistocene.

In 1777, Sundharovet proneéscd-the ' laokhenomkrok' hypothesis of
nctash in northeastern IThailand, According-to this hypothesis, potash
should be docosited in the small basins (dtructural lew) dissirminated
in the khorat Plateau ond/sylviteishould bg related with the deepest

narts of thase small basins,

In 1978, Sundhercovat reviewed the history of rock salt in north-
eastern Thailand that hgihad already presented since 1976 and 1977, In
the seme yeetr, Thiramenpkol (1978) prescnted ‘that the rock salt in north-
eastern Thailond were depeosited in dnland sea or lagoon envirenment in
Upper Cretaccous and was effectad lator by epeiropenic movements as
warping and block faulting. Later on, Suvarich (1979) published the
details of the stratigrephy, structure and age of lleha Sarakham or Rock
Salt Formaticn, He presented that there wos only one layer of rock salt
with clay lens intervened, ond there was unconformity occurred between
Khok Kruat Yormation and Maha Sarakham or Rock Salt Formation of Upper
Tertiary or Quaternary age. Later on, Denusawasdi ct al. (1978) con-
ducted geophysical survey in Dammet Narong Area as a detailed deep
reflection seismic survey and a detailed resistivity survey which the

results of these investipations gave a few uscful informations. In the
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same year, Japakasetr (1978) reported the result of potash drilling
programme in Yhorat Plateau. Ge presented the etratigraphy of Maha
Sarakhan Formation by dividing it into three layers of salt interbedded
by clay layers and the potash zone only presented in the upper parc of
basal salt layer. Besides, he conducted the ecomomic comsideration of

potash zone in Khorat Flateau.

In 1$79. ESSO Exploration and Production Khorat Inc. conducted
the regional gravity survey of northeastern Thailand as bouguer gravity
map in scale 1:1,000,000. Later on, Hite and Japakasetr (1979) published
the details of votash deposits of the ¥horat Plateau in the view of
regional peology, tectonfc bistory of the Maha Sarakham Tormation of
Cretaceous age, bromine geochemistry of three layers of salt and the
origin of sylvite resulted from leaching of the primary carnallite.

Tn the same year, Anderle (1979) reported the progress of potash and
rock salt investigation in northeastern Thailand, especially in Bamnet
Warong Area. This renort was concluded in more details of geological
structure of three salt layers and occurrence of salt anticlines ralated

with incongruent alteration of potash zone iu basal salt layer.

In 1980, Japakasetr carried cut the most comprehensive final
report of potash deposits of northeastern Thailand. This report covared
the regional structure, revised the stratigraphy of Salt or Maha Sara-

kham Formation.

In 1981, Japakasetr and Workman presented the latest informatious
of evaporite deposits of Hortheast Thailand summarized from 68 core logs
of rock salt and potash drilling programmes in Khorat Plateau. They
sresented the diagrammatic columnar section through the Maha Sarakham

Formation.
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In 1982, hite presented the more details of potash deposits at
Bammet Narong Arez in the views of geological structure and the salt

anticline model of secondary sylvite in this area.
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