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POTENTIAL POR POTASE AND RELATXD MINERAL RESOURCES
KHORAT PLATRAU, NMORTHEAST THAILAND AND CENTRAL LAOS

By Robert J. Hite
U. 8. Geological Survey

ABSTRACT

Thick beds of rock salt have been penstrated by mmmerous water
wells in the Khorat Plateau of northeast Thailand and central Laocs.
These deposits of Cretaceous age are in the Maha Sarakam Pormation
of the Mesogzoic Khorat Group. Beds of rock salt may also be present
{n the S8a0 Khua and Phu Kadung Formations in the Khorat Group and
E possibly in the Kanchansaburi Group of Paleozoic age.

The salt-bearing Maha Sarakam Formation extends over 21,000
square kilometers in the Sakon Nakhon basin in the porthern half of
the Plateau. It extends over an additional 36,000 square kilometers
to the south in the Khorat basin. The maximum thickness of the halite
facies is unknown, but may exceed 1,000 meters., Some individual salt
beds are at least 150 meters thick.

Studies of distridution of bromine and potaseium in halite from
core holes at Chaiyaphum indicate that at least one salt bed may
contain potash.

It is possible tirat potash may be found on the Plateau in almost
flat lying deposits at depths of less than 60 meters. These highly
favorable conditions, combined with an advantageous location to the

groving Asian potash market, justify additional drilling in the ares.



Analyses shoving anomalously high copper content in ground water
from many vater wells on the Plateau may indicate the presence of
sedimentary copper deposits in the red beds of the Khorat Group. The
potable similarity of the Khorst Group to strata hosting copper and/or
uranium deposits in other parts of the wrld suggests that exploration
for these resources should be undertaken.

DITRODUCTION

Thick beds of rock salt and associsted gypsums and anhydrite have
been penetrated at unusually shallow depths by numerous water wells in the
Yhorat Plateau of northeast Thailand and central Laos (fig. 1). Although
the full extent and character of these evaporites is relatively unknown,
there is little doubt that they are among the world's larger deposits.
This report is the result of a preliminary {nvestigation, undertaken
during the period July 23 to October 20, 1970, to evaluate the potash
potential of these evaporites. The investigation vas the first etep in
a two-phase work plan. The principal objectives of this firet phase
were to reviev and evaluate all existing geologic data pertaining to the
evaporites and then recommend vhether a second phase, involving exploratory
drilling, vas merited. Thus, such of the time was spent examining geologic
data from some of the hundreds of wa_er wells drilled on the Plateau.
Pieldwork included a one-week visit to Vientiane, Laos, to confer with
officials of the Royal laotian Goverament and USAID personnel regarding
salt deposits in the Vientiane Plair.. Another trip was made to the
horat Plateau to examine vutcrops »f the Khorat Group, and to study cotes

and semples stored at Khorat dy the Boyal Thai boputunt of Mineral Resources.
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Sooa after the investigation began it became apparent that it would
aleo be necessary to obtain cost estimates on a potash drilling program, and
where adequate drilling equipment and services might he obtained. As a
result, various drilling contractors, drilling service companies, and
representatives from several drill rig ssnufacturers wvere consulted.
Most of this work was accomplished in Bangkok; however, several inquiries
regarding drilling equipment were made after returning to the U.S.A. The
results of this work, along with a resums of technical problems involved
in drilling evaporites, are covered in a separate supplementary report.
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POTASH
Gensral etatement
' Bccnu;c many vho read this report will be unfamiliar with the
occurrence, origin, and use of potash, a brief introduction to these
subjects is included here in order to facilitate the reader's under-
standing of certain technical aspects in the main body of the report.

Potash is a general term used for compounds of potassium. It is
one of the three major nutrients required by plants, aﬂd thue, 1its
principal use is in agriculture as & fertilizer, Generally most
fertilizers are a combination of potash, nitrates, and phosphates.

The world's most important sources of potash are deposits associated
vith marine evaporites. Marine evaporites are cbcnicﬁl rocks precipitated
from sea water as the result of concentration by evaporation. Some of the
more common potash evaporite minerals are listed in table 1. The potassium
content of these minerals is always expressed in tarms of equivalent K,0.
Sylvito;hfor exaaple, has an equivalent 120 content of 63 percent and forms
potash deposits of greatest economic value, The value of a potash deposit

is dependent not only on ite thicknsss and areal extent but on K,0 content.
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Table 1, --Hinergls common in evaporite deposits.

Potash minerals

K20 content in percent

Sylvite
Carnallite
Langbeinite
Kainite
Leonite

Polyhalite

KCl1
KC1.MgCl,.6H,0
K,S0, . 24880,
KC1.MgSO, . 3H,0

K, 50, .HgS0, .4H,0

K, S0, .4gS0, . 2Ca80, .2H,0

63
17
23
13
26
16

Other associated minerals

Halite
Anhydrite
Gypeum
Calcite

Doloaite

Kieserite

NaCl

CaSO“

ClSO‘ZHZO

CACO3

CaC0, .NgCO,
4 (Mg80,) . (H,0)




All potash deposits are mixtures of evaporite minerals. One of the
®OSt common oui from these deposits consists of a crystalline inter-
grovth of halite and sylvite o‘t a tenor that may range from 15-35 per-
cent K50,

The basic factors involved in the formation of marine evaporites
and associated potash deposits are a constant source of sea water,
solar energy, and a topographic barrier or sill. In hot, arid climates
evaporation concentrates the salt content of the surface layer of the
ocean. Under normal circumstances this water of higher salinity and
density gradually sinks and remixes vwith water of open-ocean salinities,
but {f some type of topographic barrier slows or prevents the return
of the water to the open ocean, an increase in salinity of water behtﬁd
the barrier will result (fig. 2). The accessway of a hrrcd basin may
be so constricted that its flow capacity equals only the volume of water
lost by evaporation in the basin. Because a constant load of dissolved
salts is brought into the basin through the accessway, the water of the
basin will eventually become salt-saturated and evaporite deposiie will
form. If the accesswvay to the basin is widened or deepened so that its
flow capacity is increased beyond the volume needed to balance evapora-
tion, then a return flow (reflux) of brine to open sea can take place,
When reflux occurs, equilibrium between inflov salt load and outflow '
salt load is achieved, and there is no further increase in salinity..
1f equilibrium {s reached during the halite phase of conceutration, only
halite mixed with the less soluble phases will be Qopouud and the potash-
rich brines will be refluxed to the sea. Any change in the volume of in-

flov and outflow, caused by raising or lowering of barriers or sea level,
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Figure 2,--Models of a barred evaporite basin during (A) the transgressive phase
~ (high sea level), and (B) the regressive phase (low sea level), MNumbers repre-
senting vater densities) are approximate (from Hite, 1970).-
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will upset this depositional equilibrium and either regressive or
transgressive pﬁnlel will be deposited, Thus, potash deposits should
be expected to form only in basins where evaporation rates are high

and severe restrictions on circulation minimige or prevent influx.

In the barred basin, the most dense brines are concentrated by gravity
into the lowest parts of the depression. For this reason the most soludble
evaporites also accumulate in the docéoot part of the depression.

Most of the world's important dcp&oitl of halite and potash were
formed in barred basins. Notable examples include the deposits in the
Permian, Pctadox,‘and Michigan Basins of the United States, and the

Zechstein Basin of Burope.

Sea water, containiog 3.5 percent dissolved solids, is a complex
solution of many ions; however, 97.7 percent of the total is made up of

only seven ions. These include, in order of abundance, Cl., Na*. H3++. SOQ.f.

+=+ 4 -
Ca ', K, and HCO3 . pespite the complexity of the solution, the sequence

of salts deposited by its evaporation follows a definite order, at least

until the bittern stage of concentration is reached. After that the sequence
of salts deposited vuries according to changes in ghyoicorchcuical factors,

The depositional sequence of rock-forming minerals, starting with the least
soluble mineral, {s 1) calcite or dolomite 2) gypsum or ashydrite, and J) hnlt;o.
Only after the original sea vater has been reduced by 98,2 percent of iks
original volume do the highly soluble potash and -;;nooiu- salts begin to

precipitate.
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The depositional sequence in parine cvo,orlt. deposite shows that
the increase in brine comcentration by cv.potaiion i{s usually intev-
rupted long before salts of potassium or aagnesium are precipitated.
Often the sequence will be 1;tarruptod even before halite has begun to
precipitate. These {nterruptions in salinity increase are generally
the result of world-wide changes {n sea level. When ses level rises,
the circulation beamew the evaporite basin and the open ocean vill be
less restricted, and water vithin the basin will be freshened. Con-
versely, if sea level falls, cizculation becomes more inhibited, result-
13g in higher salinities vithin the evaporite basin.

If halite vas being precipitated at the tims of a sea-level rise,
{t will now be covered by a layer of the naxt less soluble salt, either
anhydrite or gypsum., If the freshening within the basin is of sufficient
magnitude, precipitation will proceed to an even less soluble salt, such
as calcite or dolomite. 1In this memner the repetitive layering of the
different mineral facies forming an evaporite cycle i{s achieved. BSea
Yevel may rhythmically rise and fall meny times during the depositional
history of an evaporite basin, giving rise to a large mmber of evaporite
cycles,

Another characteristic of marins evaporite deposits 1s the asym-
metrical character of individual evaporite cycles. Apparently in the
geologic past a sea-level rise slweys took place more rapidly than a
lowering. As a result, in potash-bearing evaporite sequences, & thick
layer of halite generally was deposited before the slovly increasing

salinity reached s concentration high enough to pricipitate potash
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minerals. Then with a sudden rise in sea level, deposition of potash

ceased and the salinity decressed so rapidly that only s thin layer of
halite was deposited before deposition of calcium sulfate began. Thus,
potash deposits are generally at or nsar the top of the halite unit of

the evaporite cycle, rather than a middle position.

Reconstructing the palecsalinities of evaporite cycles has been greatly
facilitated by the use of trace elements present in the evaporite minerals.
The most important of these elements is bromine which forms 4in solid solution
in the chlorides. The source of this bromine is the original sea wvater froa
vhich the chlorides were also derived. Theoretically, the first halite ta
precipitate from sea water should contain 75 ppm bromine (Holser, 1966, p. 253).
Experimental evaporation of sea water has shown, however, that the first
halite to precipitate contains 38 ppm dromine (Bloch and Scherdb, 1953).
Similarly it has been shown that the amount of broaine that passes into the
solid phase is always directly proportional to the amount in the parent brime
(Boeke, 1908).

Because only a small part of the available bromine in solution is
incorporated in the solid phase, the concentration of the elemont in the

solution continues to increase, ard halite pr&c(pltatcd at a late phase

of evaporation will have a much higher bromine content than the first formed
crystals. Thus, the bromine content of samples from a halite bed can tell
us something about the paleosalinity at the time each layer of halite vas
precipitated. Ordinarily most halite beds will shov a gradual increase in
bromine from bottom to top of the bed. This asymmetrical pattern of bromine

distribution in the halite unite of evaporite cycles is additional evidence
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supporting a slov lowering of ses level while salinities are increasing,
and then a very rapid rise in ses level causing rapid freshening in the
evaporite basin.

Because the bromite content of a salt bed tells us the salinity
conditions at the time of deposition, it also indicates vhether the
salt bed might somevhere contain & potash depusit. In using bromine as
an exploration tool, it is best to use semples from cores. If no core
saterial is available, cuttings from drill holes can be used, although
this is not quite as satisfactory (Raup and others, 1970). Valyukiao
has stated (1956, p. 578) that if the bromine content in halite is about
200 ppm, it vas crystallized from a brine that was near saturation in
respect to potash salts, and suggests the possibility of finding a potash
deposit nearby. .

From an exploration standpoint the regional distribution of bromins
vithin a salt bed must aleo b cmtdot@. As previously stated, the
most concentrated and heavier irines collect in the deepest part of the
evaporite basin, and this ls ¥ ere the potash deposits form. The most
concentrated brines would also contain the greatest quantities of bremine,
and, therefore, & horigontal bromine gradient will exist between the
ehallov parts (low bromine) and the basin deep (high bromine). Thus, if
a halite bed is penetrated by two drill holes located some distance
apart, and vell A has a higher bromine content at & given stratigraphic
{nterval than well B, a bromine gradient is established, and a potash

deposit may be present in the direction of the highest bromine content.
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It follows' then that, even though the maximum bromise values in
drill holes penetrating a salt bed are below 200 ppa, the bed could
still contain a potash deposit, depending on the position of the drill
holes in relation to the regional paleosalinity gradient. 1In eval-
uating the potash potof:tul of any salt bed, the difference between
snd the lowest and ht.}nlt bromine valuss is probadly more significant
than wvhether the highest value exceeds 200 ppm. If the bed shows a
difference, or an increase of 100 ppm bromine from bottom to top, there
is an cxcellcnt. possibility that somewhere the bed contains a potash
dopoott;

STRATIGRAPHY OF EVAPORITES OF THE KHORAT PLATEAU AND VICINITY

Evaporite deposits consisting of gypsum, anhydrite, and halite.
are found in the general Khorat Plateau region, in rocks ranging from
Paleozoic to Mesozoic age (table 2). The deposits of Cretaceous age
in the Maha Sarskam Po;utton are better known and economically the
most important and are treated in greatest detail in this report.

The older evaporites o!.soum not be ignored, howvever, as they too may
some day prove of economic importance. |
Paleosoic evaporites

Thick beds of anhydrite and gypsua have been penetrated in drill
holes in the Loei River Valley (Jacobson. and others, 1969, p. 18) about
75 kilometors west of the Khorat Platesu (see fig. 1). These deposite
are along the west-dipping limb of the Loei anticline in rocks apparently
belonging to the Kanchanaburi Croup. A sémilar deposit (Phichit) is

about 200 knouur-o to the southwest., The latter was cui;md to the

14
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Maha Sarakam in the Khorat Group by Cardner (1967, p. 14); however,
its similarity to the deposit at Loei plus other ‘eologlc relation-
ships suggests that it more likely belongs in the Kanchanaburi Group.
The more recently discovered deposit at Makhan Ssvan msy also be
correlative., |

Outcrops of a red bed sequence were discovered by Borax and
Stevart (1966, p. 15) between Loei and the escarpment of the Khorat
Plateau. On the basis of stratigraphic position of these t_mh compared
to nearby carbonates of the Ratburi Limestone, they felt the beds belong
in the Kanchanaburi Group nnd may be equivalent to the evaporites at Loei.

In summary, all these relationships suggest that the Kanchanaburi
Group, in addition to a thick section of marine carbonates, also contains
a red bed-evaporite facies. This facies probably extends eastward in-
to the Khorat Plateau, Whether the evaporite facies also contains
halite deposits in the subsurface is unknown, but it corqtnly is a
possibility. Thus, these rocks merit some consideration as a future
target for potash exploration.

Mesozoic evaporftes

The most extensive evaporites in the Khorat Plateau region are in
rocks of Mesozoic age. These rocks belong to the Khorat Group and range
in geologic age from Triassic to Cretaceous (tadble 2). The entire
sequence 1is about 4,000 meters thick, consiete of red beds and evaporites,
anﬁ forms the bedrock of the Khorat Plateau. The Khorat Group has been
subdivided by numerous authors largely on the basis of topdgraphic
expression. PFor example, nonresistant siltetones and mudstones of the

Sao Khua Pormation sre overlain and underlain by the resistant ridge-
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forming sandstones of the Phu Phan and Phn'imun Pormations. This
cyclic alternation of resistant and nonresistant is highly ol;nt_ﬁcant
in terms of prospecting for evaporites. The resistant, cleau, cross-
bedded sandstone probably represents, as Borax and Stewart (1965, p. 7)
suggest, deposition by an advancing and retreating sea. To the author's
knowledge no significant deposits of evaporites are intimately associated’
with coarse-grained clastics. BEvaporites are deposited in low-energy
environments where transport of sediment particles larger than clay or
silteize would be highly unusual. Bvaporites, then, are most likely to
be flound in the formations characterized by finer-grained mudstones and
siltstones. Formations of this tyin in the Khorat Group include the
Phu Khadung, Sao Xhua, and Maha Sarakem. Evaporites are well known in
the Maha Sarakam Pormation but little data are available on those in
the other two formations,
Phu Khadung Yormation

The Phu Khadung Formation, as msasured by Ward and Bunnag (1964,
p. 12) at the type locality, is more than 1,000 meters thick, Their
description of the formation {s as follows: ''The lower one half of
the section {s poorly exposed and is mostly soft, micaceous, reddish
brown and grayish red siltstons with mottling of greenish gray in some
beds, Thick, pale red sandstonss that are fine to very fine grained,
well cemented, slightly calcareous, micacecus, and partly crossbedded
occur above the middle of the section in a zsone about 120 meters thick.
Interbedded, calcareous, micaceous siltstonss and sandstones characterise

the upper part of the formation."
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_ The precise age of the Phu Khadung Formation is unknown; however,
it has been tentatively assigned to the Triassic by Borex and Stewart
(1965) and by Ward and Bunnag (1964). This tentative age determination
is based largely on correlation with strata in Laos and Cambodis that
contain Triassic foseils.

At present there is no certainty that bedded evaporites are
present in the Phu Khadung Pormation, but soms observations suggest
that ghu is probable. At the northwest corner of the Khorat Plateau,
gypsum and halite veins were found in drill core from the outcropping
Phu Khadung at the Pa Mong damsite. The Colombo Report (Stapledon and
others, 1963, p. 23-25) on the damsite refers to these evaporite-bearing
rocks as the Sam Phan Na Formation, vhich are here correlated with the
Phu Khadung Pormation. No bedded evaporites were found in any of the
drill cores; however, the veins of evaporite minerals are typical of
strata from vbi.ch bedded salt deposits have been removed by solution.
The Sam Phan Na Formation at the damsite has been penetrated by only a
fev shallow core holes. Ground water moving dowvndip from the upturned
edge of the outcrop has probably dissolved any salt beds that were
originally present. Drill holes located farther dovnﬁtp, vhere this
formation would be intersected at d;ptho of 300 meters oOr ;rf.ter,
might penetrate beds of salt.

Additional evidence of evaporites in the Phu Khadung 'ot:-tton
are some of the unusual synclinal structures along the western od;‘ of
the Khorat Plateau. The most striking of these structures is about

18 kilometers southwest of the Nam Phong dameite, near the village of
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Phu Wiang. The unusuasl saucer shape of this depresseion suggests that
it may have formed as the result of dissolution of underlying evaporites.
These evaporites should most likely be in the Phu Khadung Pormation
although possibly older evaporites in the Kanchanburi Group are in this
area. It should also be noted that groundwater has a higher than
average chloride content in the ares of this structure (Haworth and

others, 1964, pl. 23),
Sa0 Khua Pormation

The Seao Khua Formation consists primarily of reddish-brown to grayish-red
siltestone and minor amounts of yellow-brown and pale-red sandstone. Nnny‘of
the sandstone units are crossbedded. A few thin lenticular beds of conglomerate
consisting of pebbles of calcareous siltstone are present. The formation
veathers deeply and forms strike valleys between the more resistant underlying
Phra Wihan Formation and the overlying Phu Phan Formation. According to
Ward and Bunnag (1964, p. 16) the formation ranges from 400 to 700 meters in
thickness. The Sao Khua correlates vith tﬁc Pla Buk Formation at the Pa Mong
damsite. The Pla Buk 1is also a wesk siltstone unit and is about 350 meters
thick at the damsite. The Pla Buk also contains some thin calcarecus-pebble
conglomerates.

Although the Sao Khua Pormation is sparsely foootlt!orqus,.a diagnostic
fauns has dbeen collected. This includes gastropods, pelecypods, and an
{cthyosaur tooth, and from this assemblage the formation is dated s

Jurassic.
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Whother the Sso Khua contains bedded evaporites in the subsurface
{s not definitely known, as is true also of the Phu Khadung. At the
Pa Mong damsite shallow drill holes penstrated siltstons containing
traces of halite in this unit (Pla Buk). These holes wvere located
vell vithin the leached zone on the outcrop edge of the formation.
Where the Mekong River crosses the 8eo Khua outcrop a conspicuous wide
pool, called the Pla Buk pool, has formed. The origin of the depres-
sion containing the pool is thought by Gerdner and others (1967, p. 16)
to be the result of collapse folloving the dissolution of salt,
Gardner and others. (1967, p. 17) also mention that "brine springs and
wells in the mountains of northern Thailand and adjacent parts. of Laos
suggest that salt is being dissolved from lower strata of the Khorat
Group."

All this evidence suggests that if dseper welle are drilled on
the Khorat Plateau they may penstrate beds of halite in the Sao0 Khua
Formation.

Meha Sarakem Formation

The thick sequence of evaporites, nonresistant mudstons, siltstons,
and minor sandstone forming the uppermost unit ic the Khoxat Group was
named the Msha Sarakam Pormation by Gardoer and others (1967, p. 29).
This formation is present only on the Khorat Plateau vhere it forms the
bedrock of two large structural basins (fig. 3). Within the smaller
and northermmost of these _bu!u, the Sakon Nakhon, the Mshs Sarakam
ro‘nntton ccnti an area of about 21,000 square kilometers. Moet of

this area is in Thailand; however, along the Mekong River the formation
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crosses into Laos at the Vientiane Plain and the plain oear Ssvannakhet
(fig. 1). To the south, the Maha Sarakam Pormation covers about
36,000 square kilometers in the Khorat basin (fig. 3). These two basins
are separated by the east-trending Phu Phan Mountains.

The maximum thickness of the Maha Ssrakem Pormstion is unknown but
Gardner and others (1967, p. 32) believe it oay exceed 1,000 meters. In
the Khorat basin the deepest drill hole penetrated 610 meters of the form-

ation and was still in the formation at total depth. In the Sakon Makhon

basin several drill holes have penetrated as much as 450 meters without
dfilling through the formation. Estimates of thickness of the formation
from surface exposures are unreliable, not only because of poor exposures
but also because great thicknesses of halite have been leached from these
outcrops.

There is no direct evidence for determining the age of the Maha
Sérnkan Formation. Because it is transitional with the underlying KXhok
Kruat Pormation, which has been dated as Early Cretaceous on the basis
of a pelecypod fauna, Gardner and others (1967, p. 35) suggest the
formation is probably of Late Cretaceous age. The opportunity of deter-
mining a precise age seems best afforded by studies of fossil pollen
content in the halite beds. This technique of palynological age deter-

mination.has been described by Klaus (1970).
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Although the halite deposits of the Mahs Saraksam Formation are still
relatively unexplored, there is little doubt that they rank with some of the
vorld's larger deposits. At present, about 46 water wells have penetrated
halite deposits in the formation in both the Sakon Nakhon and Khorat basins.
- Although many of these wells are widely separated there is little evidence
- to suggest that the rock salt layers are not continuous between wells except
vhere interrupted by structure. The present-day distribution of the halite
dopooifo suggeste that originally they wvere even more extensive. Several
wells located along the margins of the present-day basins show that thick
salt beds extend right up to the outcrop edge of the Maha Sarakam Formation
(fig. 2). This suggests that originally the depositional edge of halite
deposits extended considerably beyond the present limits of the Maha Sarakam
Formation. In fact, these deposits may have been continuous between the
Khorat and Sakon Nakhon basim and were simply removed by erosion over the

Phu Phan uplift.
At least three wells in the Sakon Makhon basin have penetrated more than

240 meters of mnnat#é halite., Another well at Udon Thani penetrated 225 meters
and was still drilling in halite wvhen abandoned. It is assumed that these
wells penetrated a single vertically continuous bed of salt which may prove
to be one of the thickest in ;ho world, In tho)xhorat basin, the greatest
continuous thickness of halite penetrated so far is more than 150 meters.

The total thickness of the halite facies in the Maha Sarsksm Pormation
is unknown; the location of thc'thlckcat part of this facies is unknown,

Normally the thickest accumulation of evaporites is associsted with the
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lowest depression in the basin at the time of deposition. Vell dats
suggests, however, that the configuration of the present-day structural
basins of the Khorat Plateau may not coincide with the configuration
of the original basin or basins in which the evaporites were deposited.
Thus far the greatest thickness reported for the halite facies in the
Sakon Nakhon basin is 344 meters (vell Mo. EAUD1) near Udon Thani. In
the Khorat basin an even greater thickness, 423 meters, vas penetrated
near Maha Sarakam (vell No, P34M82). It should also be noted that both
wells were still in the halite facies at total depth,

In addition to massive beds, the halite facies of the Mahs Sarakam
Formation includes :onoo'dcacrtbcd as disseminated salt (Gardner and others,
1967, p. 89). In these zones it has been assumed that the halite {is
disseminated through a matrix of mudstone and siltstone. In many wvells
these zones in actuality may be maseive salt beds. In fairness to the
geologists who logged the cuttinge of these vells it should be pointed out
that frequeatly salt beds are drilled for many meters before halite is
detected in the well cuttings. Halite is a vary soluble mineral and until
the drilling mud becomes saturated for sodium éhlottdo it will not be found
in the well cuttings. Even then cavings from strata above the salt can so
dilute the sample that the Qoli 3eoiosilt may as.uﬁc that the halite is
{nterbedded or disseminated in other rock types. A good example of this
problem can be seen in ﬂ comparison of data from ons of the core holes
(DH-1) at Chaiyaphum and an cdjicont vater well (fig. 4). The top of
the massive halite layer is firmly established by the core hole at a

depth of 58 meters. There is no evidence of faulting or folding between
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the holes, which are separated by a distance of less than 230 meters.
Therefore, it seems reasonable that the top of the massive halfite
should have been intersected at approximately the sams depth in the
water vell, Note, however, that no indications of halite were logged
until the well reached a depth of 75 meters. Massive halite was not
reported until the well had reached a Jopth of 87 mesters, or nearly

30 meters deeper than vhat may be the actual top as projected from core
hole DH-1. In consideration of this example, and the history of
drilling in many other salt deposits of the world, there is good reason
to believe that most if not all the reported depths to massive halite
in wells on the Khornt.Plato.u are deeper than the actual top. In
addition, many of the intervals described as disseminated halite may

be massive salt. Again, this is the result of drilling vith fresh-water
gud. Under these conditions the fragments of rock salt were dissolved

{n the mud column before reaching the surface.
The halite facies of the Maha Sarakem Formation is characterized by

depositional cycles similar to those of other marine evaporites. The
1ithologic detail of a Mahs Sarakem cycle has been recorded only at Chaiyspbum
in the Khorat bagin. In the core from five holes drilled in this areas, fvo
evaporite cycles can be observed (Jacobson and others, 1959, p1. 2).
Lithologic units in the uppermost cycle consist of A) red claystone and
siltstone, B) greenish-gray siltstone and claystone, and C) gypsum with
scattered dolomite crystals. In order the vertical sequence in this cycle {8
A, B, C, B, and A. The underlying cycle is more complex, consisting of unite
A and B of the above cycle, unit C which includes an upper gypsum layer and

a lover anhydrite layer, and D) halite. The vertical sequence of units in
thia cycle in order 1s A, B, C, D, C, B, and A. A detailed description of

this cycle 1is shown in figure 3.






In both cycles the gradusl change from the red sediments of unit A
to the grayish-green .cdtqnntn‘tn unit B represents the change from
ssrobic to the snaerobic conditions of the evaporite enviromment
(tig. 6). 1In the upper cycle, all the calcium sulfate (unit C) s in
the hydrous form (gypsum). In the underlying cycle only the upper C
unit {s gypsum and the lower is anhydrite. This is probably the result
of hydrating the original anhydrite by groundwater, The basal enhydrite
has been protected by the overlying impermeable layer of halite and is '
therefore unaltered. This also suggests that the upper cycle nay
originally have contained a halite unit but it has been leached out by
groundwater, At greater depths halite may be found in this cycle.

Another unusual aspect of both of the evaporite cycles is the small
amount of carbonate minerals present. In many evaporite deposits thick
beds of limestone and dolomite are present in the vertical sequence of
the evaporite cycle. This is cxpcciod because, as previously explained,
sea vater first becomes saturated for the carbonate minerals, and their
precipitation must precede that of the: more soluble sulfates and chlorides.
It {s possible that during the deposition of the Msha Sarakams evaporites,
the carbonate minerals were deposited within the marine accessway and by
the time the evaporite brine moved into the more distant reaches of the
basin, it was depleted in these constituents. Thus, if a halite unit
vithin one of the evsporite cycles were traced laterally towerd the
accessway, }t would first grsde into a sulfate facies waich in turn

would grade into a carbonate facies.
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A. Hal{ite core showing alterrnating bands of very pure halite
(vhite) and anhydritic o-g.nic-rich layers (dark).

B. Base of evaporite cycle. C. Top of cycle.

Eigure 6.--Photographs showing drill core from Maha Sarakam evaporite
cycle. Stratigruphic base of coxra {s at lower left of core trays.
Letter A marks contact of anhydrite and siltstone. Haliteeanhydrite
contact marked by lctter H,
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CEOCHEMISTRY OF MAEA SARAKAM BALiTR

One of the major objectives of the first-phase investigation of
the Khorat Platesu salt deposits was to test the possibilities of ueing
bromide geochemistry as s potash exploration tool. The author was hope-
ful that, in addition to the halite cores from the five holes at
Chaiyaphum, cuttings from water wells vhich poncu;otod halite would
provide material suitable for bromine analyses. Unfortunately, because
of the ravages of insects, high humidity, and floods, the well cuttings
could not be used. Despite this limitation in sample material, some
very valuable data were obtained on bromine content of halite in the
Maha Sarakam Formation.

Because the core holes at Chaiyaphum are located in a relatively
lﬁll area, only samples from one core hole (DH-5) were chosen for
analyeis. One hundred sixty four samples composited from intervals
approxizately 0.6 meter thick were taken., These and halite picked from
the cuttings from two wells drilled near Vientiane, Laos, were analysed
for bromine and K,0 content. Analyses were made by X-ray fluorescence
spectromster in the U. 8. Geological Survey laboratories in Denver,
Colorado.

The bromine content of the halite at Chaiyaphum ranged from 30 to
150 ppm and the K,0 from 20 to 160 ppm. When these valuss were plotted
as statistically smoothed profiles (5-point moving averages) several
significant relationships were observed (fig. 7). The lower three-fourths
of the bromine profile shows a slow but continuous increase in bromine
content from the base toward the top of the sslt bed. Through an interval
of nearly 85 meters the bromine content increases only by about 20 ppms.
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This means that near equilibrium conditions between influx salt and
reflux existed in the evaporite basin during this period, and salinity
was increasing at a very slov rate. Above this point the bromine
content in the halite increases rapidly from about 53 to 150 ppm.

This suggests that during the deposition of the last 18 meters of
halite, circulation between the evaporite basin and the open ocean wvas
severely restricted, perhaps completely cut off. As a result, salini-
ties within the basin began to increase very rapidly and may have become
high enough to precipitate potash. The general shape of this profile
is very similar to bromine profiles of potash-bearing evaporite cycles
in the Zechstein Formation of Europe and the Paradox Formation of the

U. S. A,

The two halite samples from Laocs were picked from the cuttings of two
vater vells drilled on the Vientiane Plain nesr Vientiane. One semple as
marked came from a depth of 253 meters and contained 127 ppm bromine. The
other sample which vas a composite from a different well from the interval
283-380 meters, contained 172 ppa bromine. The salt bed from which these
samples were obtained may correlate with the bed at Chaiysphum; however,
at present there is insufficient data to demonstrate this. The stratigraphic
position of these samples in the salt bed at Vientiane is also unknown. The
average depth to the top of the salt in this area is probadbly about 60 meters.
Thus, these samples vere prodadbly collected from somewhere in the upper third
of the bed. These samples represent a mixture of halite fragments Cthat ceme
from dif!oront dopthl in the hole and perhaps span a stratigraphic interval
of 10 meters or more. Therefore, the sample that contained 2 ppm bromine

may have been a mixture of halite fragments containing less than U2 ppe and
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some containing more than that amount. This factor, coupled with the problem
that this well probably penetrated 10 meters or more halite before the
drilling fluid became salt saturated and halite fragments were preserved,
strongly suggests that the halite at the top of the bed at Vientiane nay
contsin wel) over 200 ppm dromine.

The analyses for trace amounts of K20 in closely spaced sample intervals’
{n ths halite bed at Chaiysphum may be the first time a compllete picture of
potassiua distribution through an evaporite cycle has been obtained. Ordinarily
halite rock is not analyzed for K20 unless potash minerals are known to be
present and the K,0 content is generally sbove 1 percent. Many complete
cheaical analyses of halite rock giving K20 content are published (see
‘Jacobson and others, 1969, p. 90-91); however, these analyses are seldom
carried out to the third decimal place, and generally are from random, strat-
igraphically unoriented samples. The manner in which trace amounts of xzo
forms in halite is unknown, It 1is unlikely that it is in solid solution
vith NaCl, It may be in submicroscopic crystals of potash minerals; however,
even the formation of those tiny cryetals is governed by the established phase-
equilibria of the sea-water system, vhich shows th‘l potash minerals are not
precipitated until a large amount of halite has already crystallized from the
solution, Therefore, the basal halite of any evaporite cycie should not be
expected to contain potash minerals, and the trace amounts of potash present
must be in some other form. The most likely form is in solution in the
tiny fluid inclusions disseminated through all salt beds. These inclusions

represent the mother brine from which the enclosing halite crystals grew,
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The brine was trapped in the halite as the crystalline mass grew and was
compacted. The brine from which the firet crystals of halite grew should
contain about 3,125 ppm K or 3,764 ppm K,0. Assuming that the brine inclusions
in the basal layer of halite at Chaiyaphum would contain a similar amount |
of K20, the 20 ppm reported in the analyses of this material would require
that 0,53 weight percent of the sample consist of brine inclusions. This
figure compares ressonadbly well with visual estimates of brine inclusions
1n halite of other evaporite deposits. The evidence cited here suggests
that brine inclusions are the major source of trace K,0 in the halite.
As more halite was deposited, the concentration of l20 in the parent
brine would have increased, resulting in a corresponding increase in the
trace amount of K0 in the solid phase. Thus, the trace K,0 content would
be a measure of paleosalinity of the brine. Note that on figure 7 increasing
K20 content corresponds closely to the bromine profile, The numbers of brine
{nclusions in a salt bed will probably vary somevhat from one layer to the next;

hovever, the average amount should be relatively consistent, The somevhat ragged

nature of the K,0 p;oftlo (f1g. 7), with numerous spikes showing amplitudes
of about 25 ppm, is probably the result of vertical variations in nusbers
6! brine inclusions. The highest K20 value on the profile was 160 ppm. If
the amount of brine inclusions in the upper part of the halite is about the
same as the base, then the K,0 content represents a concentration factor of
X 8. On this basis the parent brine, at the time the uppermost halite vas
deposited, would have contained about 25,000 ppm Ko0. Evaporation of modern-
day sea water shows that brines containing this much K,0 are nearly saturated
for potash and magnesium salt. This suggests that ths brine which deposited
the uppermost halite at Chaiyaphum may have been saturated for potash and
magnesium salts at some deeper point i{n the basin. On this note it should
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be mentionsd that Jacobson and others (1969, p. 71) noticed an easterly
{ncrease in the average xzo content in halite at Chaiyaphum.

In sumeary, the geochemistry of bromine and potassium in the rock
salt of the Maha Sarakams Formation strongly suggests that potash deposits
are present in the Khorat or Sakon Nakhon basins, Studies of the distribu-
tion of these elements in the halite from future core hole samples will
be of great assistance in & potash exploration program.

CORRELATION OF EVAPORITE CYCLES

Some investigators have suggested th;t some halite in the Maha
Sarakem Formation is restricted to -nil local basins (Jacobson and
others, 1969, p. 70). If this is true then exploration for potash deposits
will be very difficult. Each small basin would have its own particular
history of deposition. Some basins might contain potash and others would
not, and a much greater density of drill holes would be required than 1if only
one large basin were involved. It is the author's belief, however, that a
halite bed such as penetrated at Chaiyaphum i{s continuous throughout both
the Khorat and Sakon Nakhon basins and perhaps originally was continuous
between the two basins. Evaporite basins of small extent show the i{nfluence
of runoff from surrounding land areas. Evaporites deposited in these basine
generally have a high clay content and are poorly bedded. Periods of runoff
causing repeated dilution of basin brine and re-solution of salt are common
and result i{n many intraformational disconformities. In addition, the bromine
content in halite deposited in a small basin will show a much more erratic
pattern of distribution. The salt at Chaiyaphum shows none of these character-

{stice, It contains very little if any clay, is uniformly bedded (fig, 6a), -
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and as previously shown (fig. 7), it has a bromine profile characteristic
of & marine evaporite basin that was too large to be freshened by minor
periods of rumoff. Understandably, a case for discontinuity of beds can
be made if lithologic logs from water wvells penetrating the Maha Sarakas
Formation are taken at fac? value. However, as discussed in a previous
section, the problems of accurately portraying the lithology of an
evaporite sequence from well cuttings make it necessary to do some inter-
pretation where regional correlation is involved.

One of the characteristics of marine evaporite deposits is the .
presence of lithologic units, sometimes only a few maters thick, consist-
ing of anhydrite, dolomite, or shale that can be traced and correlated
over thousands of square kilometers. Geophysical well logs, such as the
gamma ray-neutron log, are particularly useful in correlating such units,
These logs record slight lithologic changes in the bore hole that even
a careful visual exsmination of core may miss. As & result, many of
these correlative units or marker beds have & definitive character or
"#ingerprint" on'tho log which can be recognized throughout the evaporite
basin. Unfortunately only a few electric logs were run in water wells
on the Khorat Plateau, and this type of log is almost useless vhen one
1s working in an evaporite sequence.

' Despite the lack of good geophysical logs, it is possible to make
some regional stratigraphic correlations for the Maha Sarakam Formation
by using only lithologic logs. By using lithologic units firuly estab-

lished on data from the core holes at Chaiyaphum, several stratigrephic
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cross sections were drewn through the Khorat basin, In these sections
the anhydrite of the upper evaporite cycle was used as & datus plane.
This anhydrite bed (locally altered to gypsum) may be continuous over
much of the Khorat basin, and if so {¢t wvill make an excellent strati-
graphic marker, As shown on gigure 8, there are local variations {n
the thickness of this unit and in some wells it was not observed at sall.
Again, this is probabdly due to the inaccuracy of lithologic logs prgpcrod
from well cuttings rather than to a discontinuous and erratic distribu-
tion of ths unit,

Correlation of the halite unit in th: lower evaporite cycle at
Chaiyaphum can be attempted in two ways. It can be assumed that the
top of this unit correlates with the first massive sslt recorded on
driller's logs (solid or dashed line) or it can be correlated with
the first material described as disseminated halite (dotted line). For
reasons previously described, the latter is probably the best interpre-
tation. The cross section (fig. 8) shows a definite thickening of the
halite facies right up to the northern limits of the Maha Ssrakam
Formation in the Khorat basin, This suggests that ort;tnilly the facies
vas continuous across the present Phu Phan uplift into the Sakon Nakhon
basin. Cross sectinns in the Sakon Nekhon basin by Gardner and others
(1967), and Watthanachan (1964) show a gypsum bed .bo'o the halite facies
which, because of its similar stratigraphic position, may correlate with

the anhydrite of the upper evaporite cycle in the Khorat basin,
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To summarize, this preliminary investigation suggests that with
better data stratigraphic correlation in the Maha Sarakam Pormation
{n both basins may not be a problem. It is possible that the upper
anhydrite at Chaiyaphum is continuous over both the Khorat and Sakon
Nekhon basins. If so, this bed can be used to guide future drilling
for potash. As shown on figure 8 the thickness of the interval between
the anhydrite marker and the top of the halite is relatively consistent.
The geologist in charge of a drilling well should watch closely for
evidence of penetration of this key bed. Once penetrated he will koow
approximately at what depth to expect the firest halite. This will allow
time to set surface casing, get the appropriate drilling wmud in the bhols,
and switch over to coring equipment before the first halite is penstrated.
This is extremely important because most potash deposits are at or near
the top of the halite unit of the evaporite cycle. 1f the proper mud ie
not in the hole and the switch from drilling to coring has not been made
before the top of the halite unit is penetrated, core of any potash
deposit present will not be obtainedy

STRUCTURR

The Kborat Platesu forms & large (155,000 Ea?) block-like stable
platform between two structurally complex orogenic belts that trend
north along the Plateau's ecast and west boundaries, With the exception
of the gentle open folds of Phu Phan uplife, wvhich divides the Plateau
{nto the Khorat and Sakon Nakhon basins (fig. 2), the Mesosoic rocks of
the plateau are essentislly undeformed. In sise and structural configura-

tion it ie strikingly similar to the Colorado Platesu of the western U.8.A.
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Within the Khorat and Sakon Makhon basins regional dips probadbly average
less than 2°. According to the geologic map of Haworth and others (1966,
pl. 2)..oo-n large but gentle folds bring rocks of the Phu Phan Pormation
to the surface near Chaiyaphum. Practically no faults have been observed;
however, this may be due in part to lack of outcrops.

The relatively undisturbed nature of the rocks on the Plateau 1s of
great importance vhen considering the econcamic value of any potash difootto
that may be found here, If potash deposits are broken by faulting or
steep folds, the cost of mining may exceed the value of the ore even {f
it s in a high-grade deposit. All evidence at haod indicates that 1f
potash deposits are found in the Maha Sarakaa Foraation they will be nearly
flat-lying and unfaulted., Thick deposits of halite vhen deeply buried have
a tendency to deform by plastic flow. The undisturbed anhydrite laminae
in the halite cores at Chaiyaphum indicate that there bas been no deforma-
tion of this type (see fig. 6a). In regard to depths, the halite in the
Hnﬁa Sarakam Formation is unusually shallow. Around the margins of the
Khorat and Sakon Nakhon basins the halite facies has been penstrated at
depths of less than 60 meters. The shallowest depth reported is at
Sakon Nakhon, where well FIOSN4 penetrated halite at a depth of 15 meters.
Considering the amount of rainfall in this region, it 1is truly remarkable
that deposits of highly soluble halite exist at such shallow depths.

Near the structural axes of the two basins, maximm depths to the halite
facies may be about 300 meters; however, compared to other salt dcpoottc_

even this is a shallow depth.



ECOWOMIC GBOLOGY

The major emphasis of this investigation is placed on finding
potash deposits in the evaporites of the Khorat Platesau. However, many
other mineral resources are directly or indirectly associated with
evaporites. A fev ¢f these resources. for wvhich the promise of discovery
is excellent are discussed here in addition to potash,

Potash

Prospecting for potash deposits {ie no different than prospecting
for any mineral deposit j.n that there is no guarantee of success. There
are fev axploration targets, however, that have more favorable odds than
the evaporites of the Khorat Plateau. Geochemical data has shown that
at least one salt bed in the Khorat basin is an excellent prospect.
Limited geochemical datsa from the Sakon Mekhon basin are also favorabdble.
Many other deeper salt beds, any of wvhich might contain potash, arxe
probably present fn both basins. Potash deposits, if present, will
probably be flat lying and at shallow depths. It is possible that potash
could be found here at depths of less than 60 meters, which would be ou'
of the shallowest deposits of potash in the world. Rocks above the salt
deposits have low ”Mtltttoo, and, therefore, no water problems
l.bould be encountered in sinking mine shafts. These aspects suggest
that potash produced on the Khorat Plateau could favorably compete with
the world's largest potash deposit in Saskatchewsn, Canada. In that
deposit most mine shafts are more than 1,000 metere deep, and a high-
pressure aquifer above the salt deposite makes shaft sinking extremely
hasardous and expensive. The initial {avestment to open & mine in the
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Canadian deposits requires about 70-80 million dollars. Another favor-
able aspect of the Khorat Platesu is its accessidbility. Most of the
ares is flat and many of the coreholes for a drilling project could be
located near all-weather roads (fig. 9). In addition the area is
lc;'vtcod by railroad from Bangkok. This should substantislly reducs
exploration costs.

The economic valus of & potash deposit on the Khorat Platesu will
depend on the supply and demand in Asia. Annual consumption in Thailand
1s estimated at only 13,240 tons of K,0 (United Nations, 1969, p. 7)
which would probably not justify the expenditure necessary to bring a
mine into production, However, total consumption for the region is
expected to reach over 2 million tons of !20 by 1970-71 (op. cit,., p. 6)..
A breakdown of consumption on an individual country basis is sehown on
table 3. In addition, it has been estimsted that mainland Chins will
soon be using 500,000 tons of K,0 per year (Industrial Minerals, 1971,

p. 10). Producers in the Cansdian field are thought to be attempting

to acquiu this market., At present there is no production of potash in
the Asiatic region although some production is expected late this year

as a byproduct from sodium chloride brines at Lake McLeod in western
Australia, This production may eventually satisfy all the Australian
demand but little will be left for export. Therefore, there is a .
potential market for about 2-1/4 million tons of K,0 that potash producers
from the Khorat Plateau could compete for, At present the Canadian
producers control most of this market, and they will offer the strongest

competition for years to come.

42



FPigure 9.--Photograph of typical Khorat Plateau topography.
Rice paddies in foreground.
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Table 3.--Appual consymption of potgsh {n Apis end cthe Far Kest
( rt prepar Minerals sor retarigt, 1969).

Annusl Retimated Projected
consumption domestic annual

1965-66 requiremsent consumption
(tons of K30) 1965-66 1970-71

(tons of K,0)

Austraila...ecoee 64,000 n.e. 166,400
Cambodig.cececoee 300 n.e, 2,000
CeyloNiecssessocce 34,400 18,000 30,000
China (Taiwan)... 45,400 42,000 45,200
IndiBccscecccccns 89,600 200,000 320,000
Indonesifecccccss 11,000 10,000 24,500
JapaBecsescssesss 607,000 595,000 700,000
Korea, Bop. of... 40,100 55,200 269,000
L8O8.ecescascsncs Nl n.e. n.e.
Malaysilecccccecee 15,300 n.e. 32,400
New Zuuaﬂ......' 108,600 0.8, _ 309,000
Pakistaneceoccces 2,300 18,000 50,000
Philippines.seees 50,000 50,000 101,000
Thailand.cecoeces 5,000 4,000 13,240

Viet-Mam..coocese 11,100 15,400 39,700
2,101,460

[Cowrected total, 2,102,44Q/

n.e., nOt estimated.



The Canadian potash field in the short time of 7 years became
the world's leading producer (table 4). This field contains huge
reserves of very rich sylvite ore and it will no doubt continue to
dominate the industry for many years. A too-rarid expansion of
Canadian production created an oversupply of pctash, and during 1969
the price dropped to an all-time low of $11 pur ton of muriate (XCl
averaging 60-62 percent 120). To correct thu problem of oversupply

and price cutting, the Cansdian govermment ¢ nov prorating production
and setting minimum prices. For the year 1970 allowable production was set

at 3-1/2 =illion tons Ky0. This was divided into separate quotas for nine
operators.

To successfully compete with Canadian potash a producer should have a
transportation advantage or a deposit which can be mined more economically.
1£ potash deposits are discovered on the Khorat Plateau,they may have an
advantage in both categories. The following comparison shows the advantage
a Khorst deposit would have in terms of transportation costs to Manila:

Canadian potash
Rail freight (Regina to Vancouver) 1600 km

1600 x S mille/ton-kma = $ 8.00
Ocean freight (Vancouver to Manila) 11,000 km 11.00
Total cost per ton $ 19.00

Khorat potash

Rail freight (Udon to Bangkok) 460 ka »
460 x 5 mille/ton-kn = L $ 2.30

Ocean freight (Bangkok to Manila) 2,400 kn

24600 x 1 mill/ton-kn = 2.40
Total cost per ton $4.70
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Table 4 .--Yorld's potash production in thoussuis of gons K,0

(Industrial Minerals, 1971, mo. 42, p. 10)..

1968 1969 Rated capacity
Canada------cecmecccccccccccccace 2,700 3,400 7,890
USSR=-e-==-=cecccecccncecrecceneax 3,120 3,200 4,500
USA==----eccceneccccccccccacnaa" - 2,469 2,544 3,500
East Germany------cccccecccccccas 2,293 2,400 2,500+
West Germany---=-<e-ceec-ecececc- - 2,220 2,260 2,500
France=---c-~ccccccccccccccnnca- - 1719 1,800 1,800
Spain--=~-ccccccaccccccccccccccnae 592 633 700+
Israele------c-eccoccccnccaccacen 366 400 600
Italy-==ce-ceccccccccccccocanrccee 266 259 300+
Congo====e=e=ecccccccccaccccance - .- 50 500
Total 15,745 16,946 264,790
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The above figures are based on estimated transportation rates in Canada

and from Vancouver. No figures were available on rail freight charges in
Thailand or ocean freight charter between Bangkok and Manila. It is possible
that the actual rates are much lower. Although the total transportation
costs used here are subject to correction the comparative coste showing

_that & Khorat Plateau deposit would have a $10-$15 advantage in the Asfen . _ .

market are reasonabdbly accurate.

[ .

If potash deposits are found in the Khorat Plsteau it is possible that
they might be mined more cheaply than the Canadian deposits. A co-pariobn

of factors influencing mining costs in both areas is mede below:

Cqnadian Khoret
1. Mining depths 1,000-900 M 50 1-300 M

2. Difficult shaft sinking conditions None

3. Plat beds " Flat beds

4. Rich ore | ?

S. Good roof conditions ) ?

6. Low mraétton ratio High extractioa ratio

due to depths
7. Bxpensive labor Cheap labor
In susmary, a preliminary appraisal suggests that if potash depoeits of
sufficient thickness and K20 coantent are found in the Khorat Platesu, they
should be able to compete economically for a share of the Asien market.
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Brines

Brines associated vttﬁ evaporite deposits are often important sources
of common salt, pqtuh. bromine, boron, lithium, {odine, magnesium and
sodium carbonate. These brines may be generated as the result of ground-
vater leaching of salt deposits or they may be fossil brines which were
trapped in the sediment during deposition. The cheamical composition of
| fossil brines {s often altered f-om its original form by reactions between
the brine and the enclosing rock.

Well-known localities of brins production in the U.8.A. include
Searles Lake, c.lifornia, Wendover, Utsh, and the Michigan basin. Major
brining industries using the many chemical cbnpoundo in these brines
have been in existence for many years. The p;oopoctl for finding brines
in the Khorat Plateau similar to those in the Michigan basin appear
excellent,

The Michigan brines have been exploited for many years by Dow
Chemical Company as a source of magnesium, bromine, and potash, In
Michigan the brine aquifers crop out around the margins of the large
saucer-shaped basin, Within the basin proper the brine-bearing horisons
are underlain and overlain by evaporites. The densest and most valuable
brines sre found in the deepest part of the basin. The geologic conditions
in the Khorat and Sakon.MNakhon basins are very similar, Some brines of
intermediate concentration have .ltudi been found in the Maha Saraksm
Formation at shallow depths, Similar to the Michigan basin, the more
highly concentrated brines should be found in the deepest parts of the

two basins., The best brine aquifers in the Khorat Group will prodbably



be. found in cosrse-grainsd sandstones and conglomerates of the Nam
Phong, Phra Wihan, and Phu Phan Formations, These units, wvhich
.’Iltcrutc vith the evaporite-bearing formations, should have such
more favorable permesbilities than the latter,

‘ The most valusble product from any brining {odustry on the Khorat
Plateau would probably be magnesium chloride. This compound is the basic
ingredient in the production of magnesium metal. Basically the process of
refining the metal is by electrolysis of magnesium chloride, and a large
source of chesp electrical power is required. With the eventual antlabiltty
of large amounts of hydroelectric power from the Pa Mong dam, the development
of a magnesiux metal industry on the Khorat Platesu has considerable appeal.
Magnesium, like potash, is subject to periods of oversupply; however, the
market shows a steady pattern of growth. The growing use of magnesiun in

the automotive industry will probably be one of the most important influences
on increasing consumption. Considering Japan's booming business in L@;htﬁi_;_h_t_ .
sutomobiles and motorcycles, s potentisl market for Khorat Plateau magnesium

may already exist. !
Sopper_spd uranium.

The Xhorat Platesu apparently has never produced copper or uranium and
has never been regarded as s particularly favorable area to prospect for
these commodities. If the geologic character of this vast area (155,0@“2, .
{s exanined closely, however, it becomes appsrent that s potentislly important
adneral province may have bees uverlooked. From the hundreds of water wells
drilled in this region, a large number of water annlyu.o contained significant
fucu of copper (see tables in Jacobson and others, 1969). Of nearly 1,600
analyses, almost one-third contained Cu in values ranging from 0.10.¢o 3 ppm.
These values are significaantly above the normsl background wuu.td by Hem

(1970, p. 202) and probably indicate the preseace of copper deposits in the
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Khorat Group. When the location of wells containing 0.3 ppm or more Cu
were plotted on a map of the Khorat Platesu, most fell within a large
linear area that trends northwest across the Khorat basin (fig. 10).
Within this anomaly it may be possible to find economically valuable
sedimentary copper deposits. The geology of this type of deposit is
discussed in the following paragraphs. 7

Sedimentary copper deposits associated with red beds and evaporites
ranging from Precambrian to Tertiary in age are distributed throughout
the world, Their association with red sediments has caused them to be
comnonly referred to as red bed coppers. These deposits are stratiform
and are in both sandstone and shale layers. Sulfide minerals such as
chalcocite and covellite are common in the unoxidized deposits, and the
carbonates azurite and malachite are found in oxidized deposits. Although
these deposits are associated with red beds, the mineralized zone is
alwvays a contrasting green to gray color. Not all of the lighter colored
strata in a red-bed sequence will contain copper; however, much unneces-
sary sanpling in any exploration program can be eliminated by concentrating
only on the "gray-green" sones,

’ Another characteristic of sedimentary copper deposits 1s the presence
of carbonaceous material or, in places, hydrocarbons. Most deposits in
sandstone are lenticular and many are confined to old stream channels,

The development of ore bodies in sandstones is apparently controlled by
variations in permeability., Those deposits in sandstons are considered
cﬁtgem.tic. Some deposits in shale beds such as the ucontly'dt‘ocovorod

deposit near Creta, Oklahoma, may be syngenetic (Ham and Johnson, 1964).
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There are many theories on the origin of sedimentary copper deposits;
hgvever. in the last decade most theories invoke evaporitic-type brines as
the mineralizing solution (Davidson, 1965). These brines, vhich can either
be fossil brines buried in the red bed-evaporite sequence or brines resulting
from dissolution of salt beds, are highly active chemical agents. Detrital
minerals soaking in these brines are decomposed and stripped of their trace
metal content. The copper in the brine can be held in nolution as a chloride
or sulfate. These copper-rich brines moving through permeable sones in the
red bed sequence would also solubilize and remove most of the hematite, leaving
behind iron-depleted gray-green-colored strats. Where the brines come in
contact with abundant organic remains or where they migrate in structural
traps along with hydrocarbons, sulfate in the brine will be reduced by

micro-organisms, producing st. This bilogenic H,S will react with copper in

2
solution and sulfides will precipitate.

The migration of copper-rich brines through relatively impervious
ngale layers seems unlikely, so deposits formed in shale are probadbly
l!ngcnecic. In this type of deposit, reducing conditions on tio bottom
of an evaporite basin could bring about a constant precipitation of
copper sulfides as long as a supply of organic matter was available.
Uﬁdot these conditions the source of coppsr in tha brine could be

réaction of brine wvith sediment around the shallov margins of the

evaporite pan or highly saline stresms draining into the pan.
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The volume of copper in all the red bed deposits of the world
must be enormous; however, {individual deposits are commonly small.
In western U.S.A. hundreds of localities have been noted in red beds
of Permisn, Trisssic, and Jurassic age. Totsl production from New
Mexico and Colorado has been eotimated by Soule (1956, p. &) at abe ..
21,000,000 pounds of copper. Some of the more important individual
deposits, such aa the Stauber mine in New Mexico, are known to have
produced in excess of 5 million pounds of copper (Harley, 1940, p. 96).
Favorable copper prices have recently revived interest in thess types
of deposits, resulting in seversl new discoveries and the reopening
of old mines. The nevly discovered deposit at Crets, Oklashoma, con-
tains ore averaging 3.8 percent copper. Inferred reserves in this
deposit total 137 million pounds of copper which can be removed by
open-pit mining (Hem and Johnson, 1964, p. 27). In amother nev
deposit near Cuba, Nev Mexico, & company has reportedly blocked out
15-20 million tons of strippable ore averaging 0.7 percent copper.
Compared to some of the huge "porphry copper” deposite the typical
red bed deposit appears quite small; bowever, 1f mining conditions
are favorable and labor costs are low, these deposits offer an

excellent profit margin to the msedium-size mine operator.
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Commsrcial deposits of uranium are col-odly associated with copper in
ssndstones of the Colorado Plateau, U.S.A. (Gott and Erickson, 1952). By
snalogy, considering the many striking similarities between the geology
of the Colorado and Xhorat Plateaus, uranium deposits may be found in the
latter. The Mssozoic rocks of the Khorat Plateau have all the characteristics
of the hoot rocks of the Colorado Platesu deposits. This includes locally
abundant organic matter, channel-type sandstones, and associated ovcporttco.
To the author's knowledge no urenium minerals have been identified in the
Khorat Platesu. Unfortunately no gamma-ray logs were run in the hundreds
of water wells drilled in this area. Some of these wells may have
penetrated uranium deposits. Without some direct evidence of uranium minerals,
exploration by drilling is unvarranted. Puture drilling in the area for
water, potash, and copper may indirectly lead to the discovery of uranium {f
gasma-ray logs are routinely run in all drill holes.

In summary, the prospects of finding economically valuable deposits of
copper in the Khorat Plateau appear excellent. The most favorable areas
to explore are localities where the groundvater contains anomalous amounts
of copper. - Although the deposits may be relatively small the chesp labor in
the region would allow profitable small-scale mining opcr;ttonp. Because
this region is also considered a favorable site for uranium deposits, gamma-ray

logs should in the future be run in all drill holes.



RECONSMDATIONS

This prcltninnry.1uvont1.ntion of the evaporites of the Khorat Platesu
bas shown that the possibilities of finding petash deposits and other
related mineral commodities are excellent, and & follow-up program s
justified. The recommended course of action for this program is outlinod
}n the following paragraphs.

In regsrd to potash, the immediste exploration target should be the
Maha Sarakam Formation in both the Khorat and Sskon Nakhon basins.
Exploration of the older evsporites can be postponed until the Maha Sarskaa
has been thoroughly tested. At present so little {s knowm about the regional
geochemistry of the Msha Sarakam Formation that it i{s {mpossible to pinpoinmt
favorable areas for drilling. Accordiogly, the exploration program recommended
here consists of two phascs of work. The objectives of Phase I will dbe to
provide the necessary da:a on regional distribution, stratigrsphy, and
.gco;hcmtotry of the halite deposits which will isolate the area or areas
" most likely to contain potssh. It is possidle that a potash discovery could
be made during this phase. Phase II will consist of close~spaced drilling
within the specific target area outlined by Phase I. The objectives here
vill be to find potash and to determine the character and extent of the

deposit.
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Phase I

The work in this phase should be performed in the following steps:
A. As soon as possible a cooperative program should be worked out

with the Royal Thai Department of Mineral Resources for re-entering
and running geophysical logs in all the water wells that

penetrated the halite facies of the Maha Saraksm Formation. This
would total nearly 15,000 meters of hole. Considering vhat it would
cost to drill this much new hole, and the value of these logs to the
entire program, the relatively small expense fnvolved is more than
justified. There is a good possibility that some of these old

holes penetrated potash deposits. Thus, this first step of the
program might result in a potash discovery. This work would involve
drilling out cement plugs and putting the holes in proper condition
for running logs. It is suggested thar the Roysl Thai Department of
Mineral Resources could handle this part of the work, Ordinarily s
logging service company éould be called in to log these holes; however,
because none of the companies are ‘ocated in Thailand the expense
would be prohibitive, Therefore, it is recommended that a U, 8.
Geological Survey specialist with the necessary expertise be assigned
to the project. Both Geologic and Water Resources Divisions in
Denver have the personnel and the type of equipment to do the job,
New equipment would probably have to be purchased for the Thailand

"work. It would be advisable to have at least two trainees from the

Department of Mineral Resources assigned to the logging team.
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People with ability to operate and repair geophysical logging
equipment are badly needed in.both the Water Resources and Economic
Geology Divisions of the Roysl Thai Department of Mineral Resources
and this would be an excellent trnintnﬁ opportﬁnity. As these loge
are run they will be interpreted by the geologist in charge.

This step will entsil drilling o; four holes in the Khorat basin

and four in the Sakon Nakon basin. It will not be necessary to
complete step A prior to the start of drilling. The locations and
approximate depths of these holes are shown on figure 11; however,
as data from step A becomes available changes in plan may be necessary.
Locations were picked that give maximm regional control and yet are
close to the railroad or good roads. It should be possible to
easily move a drill rig and supplies to these locations even during
the rainy season. All of thess holes will be cored continuously
through the halite facies of the Maha Sarakam Formation. Unless
depths are prohibitive, coring should be continued as long as the
hole {is still in halite. If brine zones are penetrated during
drilling, samples should be collected for analysis. After the
completion of each hole an appropriate set of geophysical logs will
be run. Arrangements should be made for storing core where it can
be protected from moisture during examination and sampling.
Ultimately, it may be practical to-utoro all cores af the Department
of Mineral Resources faciliti{es in Xhorat. An estimated 15,000 feet
of core will be needed to complete Phase I. All this drilling, ;1th

the exception of one hole near Vientians, Laes, should be done through.
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e contractor. The Leos location could be drilled by the USAID
Pailing 1500 drill rig if & fev minor items of equipment are
purchased. A more detailed account of drilling techniques in
salt deposits, equipment needs, availability of contractors
and drilling services, and estimated costs of the Phase I

program are included in a supplemsnt to this report.

C. All halite cores will be sampled by slabbing the core with a
diamond blade rock sav. These samples, which wvill amount to about
30 kilograms per hole, can be air freighted to U.S. Geological
Survey laboratories at Denver, Colo., for bromine and xzo analyses.
Results, wvhich may influence the location of future drill holes,
can be obtained and mailed to the geologist in charge in Thailand

{n a matter of days.

Phase 1I

After completing Phase I and evaluating the &.:.. the decision can be made
on whether further drilling i{n the Maha Sarakam Formation is merited. Should
{t be decided to continue testing this formation, the pattern of exploration
will be somevhat different than the preceding phase. The data from Phase I
" will allow drilling to be performed in a more selective manner. Drilling will
be confined to a specific target ares or areas. The size of these atoa; will
" dictate the spacing and number of drill holes needed. In addition, a specific
stratigraphic horizon in the Maha Sarakam Formation will have been aolcct&d.
for testing. This will eliminate the need for continuous coring and might
conceivably reduce the total depth of each hole by 50 percent. It may even
be practical to completely eliminate coring, drill each hole using standard

rock bits, and rely on geophysical logs to {ndicate the presence of potash
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minerals. This type of exploration could be dons very chesply. Ouce

a potash deposit is discovered in this matter it then would be nscessary
to return to coring procedures in the follow-up drilling, at least
through the mineralised interval.

If data from Phase I suggest that further prospecting of the Msha
Sarakam Formation would not be revarding, then attention should be
focused on the older salt-bearing formations of the Khorat Group. The
most logical place to drill these formstions (Phu Khadung and Sao Khua)
would be on one or more of the anticlinal structures of the Phu Phan'
uplift or possidbly along the western edge of ﬂu Khorat basin, Else-
vhere in both the Khorat and Sakon Makhon basins the greater depths to
these formations would put them out of reach of svailable drilling
equipment. The Phu Xhadung Formation is upoud in the cores of some
of the large anticlines along the Phu Phan uplift, Therefore, by drill-
ing on the crest ¢;£ the structure and at two or three more locations,
each a greater distance down dip, it would be possible to test both the
Phu Khadung and Seo Khua Formations even vith drill rigs of limited
capacity. This drt-lling would aleo provide data of great value to
£uturci petroleum exploration in this area.

Prospecting for sedimentary copper deposits in the Ihot;t Plateau
should involve s program similar to the investigations of Jacobson and
others (1969) in the Loei region. Geochemical surveys including stresm-
sediment sampling and possible additional ground -water anslyses would

be useful, Electrical surveys should be attempted; however, they may
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be ineffective due to deeply oxidized sulfides and near-eurface salt’
vater. Targets for diasond drilling in the Maha Sarakem Pormation
would probably average less than 150 meters in depth. Copper deposits
may aleo be present in some of the other formations of the Khorat

Group. Drilling in tb'uo tor-ttoﬁo night be somsvhat desper.
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