CHAPTER V

CONCLUSION

This study primarily aims at vtilizing the existing 65 drill~
holes information coupled with detailed laboratory data to synthesize
the sub-surface geology, and to reconstruct the depositional model as
well as pest-depcsitional changes of  the gvaporite formetion in
Bamnet Narong Area, Changwat Chaiyaphum covering an arca of approxi-
mately 170 square-kilomctere. Thercfore, the overall geological
history and geological processes concerned have heen proposed to
explain the existing geological deposits. The findings from this
study will, in some parts, assist in thc expansion of the potash and
rock sait exploration and development programmes elsewhere in this
region of northeastern Thailand from the better understanding of the

origin of evaporite deposits-in the study area.

Cenerally, the sub-surface lithostratigrarhy of the study
arca is essentially based on the lithological analysis, mineralogical
and textural detcrmination, chemical as well as geophysical charac-
teristics of the sedimentary sequences from the ground surface dowvn
to the depth range of €0-465 meters. Consequently, it is apparent
that the sub-surface lithostratigraphy of the copplete lithostra-
tigraphic sequences of the Maha Sarakham Formation of the Khorat Group
can be subdivided into five rock mcmbers, namely, Basalt Salt, Lower
Clastics, Middls Salt, Middle Clastics, and Upper Salt. Howcver the
uppermost two members overlying the Maha Sarakham Formation, notably,

Upper Clastics and Alluvium should be arranged under another different
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rock formation. It is noted that almost complete evaporitic sequences

are present only in the Basal Salt Member of the Maha Sarakham Formation.

With regard to the sub-surface lithostratigraphy of the incom~
plete lithostratigraphic sequences of the Mahe Sarakham Formation of
the Khorat Group in some localities ccnsists mainly of Basal Salt
Member with incompletc evaporitic sequences, and the uppermost Clastics

Member that rest local unconformity (?7 on the Basal Salt Member.

From the synthesis of the sub-surface geological maps, the
Maha Sarakham Formation in the study @rea gradually gentle dips towards
the southeastward. Generally, this Foxrmation is located at small
depth and thickening towards the cemtral part es well as the northern
part. In contrast, this Formation gradually appears much deeper and
thinner towards the southeastérn and northeastern parts of the study
area. It is realized that the compléte lithostratigraphic sequences
of the Maha Sarakham Formation-is generaily present at localities
where the formation ies thin and apwears at @ relatively greater depth,
On the other hands, the incomplete lithostratigraphic sequences of
this Formation is always present at localities where the formation
is thick and appears at a relatively smaller depth that are mainly

controlled by the pentle salt anticlinal structuies,

The detailed sub-surfacc geology of the study area, from the
lower part to the upper part cf the lithostratigraphic sequences; is

concluded hecre.,

The Basal Salt Member, containing almost complete evaporitic
sequences of the Maha Sarakham Formation, has been divided into seven

Beds, mamely, Ferrugenous Sandstonc, Calcarcous Sandstone, Basal



Anhydrite, EBaszl Palite, Potash, Coloured Halite, and Basal Cap
Anhydrite. It is noted that the Basal Halite Bed is the major pert
of this Member. Above th: Basal Salt Member is the Lower Clastics
Member lying most distinctively between the Basal Salt and the Middle
Salt Members. Cemerally, the Middle Salt Member has been divided
into four Beds, namelv, Lower Middle Halite, Middle Arhydrite, Upper
Middle Halite, and Middle Cap Arhydrite. Overlying the Middle Salt
Member is the Middle Clastics Member lying between the Middle Salt
and the Upper Salt Members. The Upper Salt Member is subdivided into
four Beds, notably, Lower Upper Halita. Upper Anhydrite, Upper Upper
Halite, and Upper Cap Anhydrite., Tt is, however, noted that the
uppermost two Members, namely, the Upper Clastics and the Alluvium,
should be arranged under another different rock formation seperated
from the underlying Mzha Sarakham Formation cf the Khorat Group
because of their distinctive lithological fcaturcs and considerable

thickness.

Resides, additional attempt has been made to define and
describe in deotailed the mineralegy and petrograpby of the rock
sequences in order to fully understanding the origin of evaporite
deposits in the Maha Sarakham Formation under the present investigation.
Generally, the mineralogy of cvapcrite deposits in the study area
varies from the lowerest order to the nearly highest order of theo-
retical evaporitic scquences. These evaporitic minerals are hematite,
calcite, dolomite, pypsum, anhydrite, halite, carmallite, sylvite,

tachyhydrite, boracite (7), etc.

Tt is realized that the detailed knowledge of the lithostra-
tigraphy of the Maha Sarakham Formation, which is the ovaporite-bearing

decposits, is most essential and has been an invaluable aid in relating
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to the origin of salt deposition. Furthermore, detailed studies on
petrographic and some geochemical aspects of evaporitic sequences
have bkecn extremely useful in defining various sedimentary facies

concerned.

with regard to the nature and characteristics of the depo-
sitional basin, evaporites can Le classificd on the basis of their
environmental relzticnships, particularly with respcct to the uncer-
and over-lving sedimentary sequences as shaliow epeiric sea. The
sequences are dominated by marind imput, with transgressive and
regressive cycles across. a stable dintericr platform. It is noted
that the sediments of the Khek /Kruat Formatior, the underlying
sequences of the Maha Sarakham Formation, indicate the depositional
environment of fluvial and coastal plain as well as clastic shoreline
with short periodic marine tramsgression particularly towards the
uppermost part. It can be - further juterpreted that the depesitional
slope of the Khok Kruat Formation is relatively very gentle to flat
under the arid to semi-arid climate. However, the marine transgression
occurred only in awary limited spean of time and causcd only rectricted

influcnce on the scdiment end-procucts.

Furthermore, an attempt has been made to define the sedimentary
sequences concerned in terms of sedimentary facies from this study.
Generally, the sedimentary facics of the evaporite-bearing Maha Sara-
kham Formation can be categorized into two types ¢ depositional facies

and disturbed facies,

On the basis of the lithological, mineralogical, textural,
as well as peochemical characteristics of pumerous bore-hole data,

the detailed lithostraticraphy of the study area hac been established.
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In the area where salt anticlinal structures have been identified,
the nature and characteristics of the lithostratigraphy are summa-
rized and concluded using the term “incomplete lithostratigraphy”.
However, in the outer zones of galt -nticlinal structures within the
study arca, the lithostratigraphy is defined snd established using

the torm cowplete lithostratigrophy™.

Detailzd apalysis of tue "complete iithestratigraphy" reveals
that the sequences, in almost all parts, representing the depositional
sequences with only slightly recognizable post~depositional changes.
In contrast, the "incomplets lithostratijraphy" indicates that the
sequences have undergene poskdepositional changes up to a certain
degrec both in terms of the structural deformation and the diagenetic
chemical altecrations. THerefore, the 'incomplete lithostratigraphy”

further defined with respect to post-depositional changes as disturbed

facies.

The informationron "complete lithostratigraphy’” that is
furthered defincd in terms of depositional facies will be utilized in
the reconstruction of original depositiomal environment using the
model concept. Considering from the lithostratigravhy, mineralogical
associations, geochemical profiles, as well as textural and structural
characteristice of the "complete lithostratigraphy' or the depositional
fzcics of the evaporite-bearing Maha Sarakham Formation, three sedi-
mentary cycles have been recopnized and defined in terme of evaporitic

facies.

The first sedimentary cycle is elmost exclusively composed of
lower, middle, and some parts of higher orders of theoretical evapo-

ritic facies. The second and third sedimentary cycles are generally
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composed of the clastic facies, and some parts of the lower as well

as the middle orders of thecretical ewaporitic facies.

Due to the fact that the evaporitic facies of the three
scdimentarv cycles are essentially the primery precipitates of marine
evaporites in almecst all parts, the reconstruction of depositional
environment and paleosalinity can, therefore, be mede on the basis

of successions of evaporitic sub-facies present.

It is conclucded earlicr that rhe naturc and characteristice
of the depositional basin is a shallow epeiric sca with gentle
sloping depositionzl surfaec, /However, it is realized that there are
numercus limiting factors wHich make thu complete interpretation of
the depositional models of the whole cvaporite basin incomplete.
Nevertheless, an attempt has been made to make maximum utilization
of the existing data and information in partial interpretation of

this gipantic evapcrite basin of the Khorat FTlateau.

Originally, the sedimcnt substrate of the shallow cpeiric sea
during the initi=1 marine transgression period was mainly medium-
grained clastic typc of nearshore and/or terrcetrial origin. Then
the conditicn of the depositional environment had changed from the
open marine to the restricted marine under the influences of
threshold depths of the basin elsewhere outside the study area.
Subsequently, the brinc concentration cecurred indicating by the
primary lower order of marine evaporitic sub-facies, namely, the
ferrugenous clastic sub-facics and the calcareous clastic sub-facies,
respectively. Then, the paleosalinity of the brine had progressively
increased into the penesaline condition and caused the precipitation

of the anhydrite sub-facies. The brine in the depositional basin
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continued to be further concentrated to the stage of saline where the
halite sub-facics was precipitated. Then the brine had progressivcly
incrcased and eventually reached the potash sub-facies under the
supersalinz condition which marked the end of the restricted marine
environment. Afterwards, there must be a uarine influx tewards the
end of the deposition of the potash sub-facies which caused the brine
dilution back to scline condition. This ie indicated by the presence
of the halite sub-facics at the uppermost part of evaporitic sequence
cf the first sedimentary cycle. Therefore, the marine transgression

bepan towards the end of the depositionef the first sedimentary cycle.

The depositional basin/had been once again influenced by the
influx of detrital clastic gedifments of finer grain sizc, mud and
clay, aftcr the marine transgression. Therefore, the depositional
environement was determined as the open warine. Aftcrwards, the
depositional environment had changed from the open marine to restricted
marine followed the marine regression under the influences of
threshold depth of the basin clsewhere outside the study arca, The
brine in thc depositional basin had been concentrated and reached the
saline condition to precipitate the lower halite sub--facies of the
evaporitic facies of the seccend scdimentary cycle. Then, the pro-
pressive saline condition had been interrupted by the short period
of marine influx as cvidenced from the presence of the thin anhydrite
sub-facies on top of the lower halite sub-facies. Afterwvards, marine
reflux and brine mechanism proceeded to precipitate the upper healite
sub-facies undec¢ the saline condition., Towards, the end of the
second sedimentarv cycle, there was another marine influx which
subsequently precipitated the anbydrite sub-facies. This marine
transgression marked the end of deposition of the sccond sedimentary

cycle.
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As a consequence of the marine transgression tewards the end
of the sccond sedimentary cycle, the depositicnal basir was the open
marine with fine-crained detrital clastic sediment depcsitionm.
Afterwards, the depositional enviromment had changed from the open
marine to restricted marine followed the marine regression and the
development of thresheld depth of the basin clsewher~ outside the
study arca. The brine in the depositicnal basin had becn concentrated
and reached the saline condition to precipitate the lower halite
sub-facies of the evaporitic facies of the third sedimentary cycle.
Then the prograssive salines conditicn had been interruptel by the
short peric! of marine influx as evidenced from the presence of the
thin anhydrite sub-facies on top of thc lower halite sub-facies.
Afterwards, marine reflox 2nd brine mechanism proceeded to precipitate
the upper halite sub-facies under the saiinc condition. Towarde, the
ond of the third sedimentary.eyele, there was another marine influx
which subsequently precipitated the anhydrite gub-facies. Thig marine
transpression marked thg end-of deposition of the third sedimeuntary

cycle.

The clostic facics overlying tha third sedimentary cycle of
the Maha Sarakham Formation were believed to be deposited under the
nearshore and subsequent terrestrial environments, respectively after
the transgression towards the end of the third sedimentary cycle

foliowed by the marine regression.

It is, however, noted that the time frome of this depositional

model has not been discussed because of the unavailability of the

chronostratigranhic controls and dating evidences.
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Furthermorc, in this study the "incomplete lithostratigraphy”
in the sa't oaticlinal areas has been redefined as disturbed facics
and used in the reconstruction of post-deponitional changes.
Furthermore, the rogional as well as local geological structures have
been taken into consideration. Generally, the post-depositional
changes are proposed in two aspects, namely, structural deformation

and cherical alterations,

With regard to the structural deformation, the sedimentary
sequences of the Maha Sarakham Formatiom within the study area exhibit
the monoclinal structurc with gentle dipping less than 15 degrees to-
the southeast direction. ~Thé evidences of the sub-surface data,
detailed structures of core~slabs as well as the geochemical bromine
profiles strongly indicated that the evaporite tacies in the For-
mation had been sutjected t6 the structural deformation. The mechaniem
which caused this deformation of salts might/be either the differential
loading of the overlying/ sediments and the high plasticity of the
evaporitic sequences ot regional tectonic disturbances or the com-

bination of both.

Considering the post-depositional chemical alterations in the
evaporitic facies of the Maha Sarakham Formation, there are numerous
evidences indicating this aspect, First, the present-day charac-
teristics of cvaporitic mineral assemblages or zonations are different
from the primary depositional mineral associations. Second, the
rextural cheracteristics of the evaporite facies, especially in the
salt anticline areas and the anticlinal flanks are effected by the
chemical alterations. Third, the additional evidences of the bromine
contents in the minerals and zonations of the evaporitic facies are

also the useful indicators feor the chemical alterations.
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From these evidences of post-dencsitional chemical alterations
in the evaporite facies of the Maha Sarakham Formation, it is believed
that, firstly. the percolating groundwater from the cap of the anti-
clinal salt structures down the flanks ic mainly responsible for the

\

mechanism of transforming of carnallite to sylvite through the process

of incongruent alteration. Tt is poted that the rroblem of the MeCl

~)

[§

solution left from this incongrucnt alteration cannot be soived.
Sccondly, the basal cap anhydrite in the 2nticline areas was the
result of 2 residual accumulation from the anhydrite layers leached
from the dissolution in the upper patrt of 2 considcrable thickness cof
salt of the Basal Salt Member: /It was formec on contact with
groundwater. Furthermore, the characteristics and origins cf important
evaporitic minerals have alsc been seperately discussed and concluded

{
here,

The dolomite that is scatteringly present as subhedral rhombs
in the arhydrite rocks-was formed by carly diagenetic dolemitization
of pre-existing fine-grained calcite and/or aragounite. The anhydrite
in the Basal Anhydrite Bed of the Basal Salt Member is suggested to
be the initial denosition of calcium sulphate, whereas the origin of
anhydrite in the Middle Anhydrite Bed of the Middle Salt Member cannot
be solved. Residee, the halite is stromsly rocrystallized in the
salt anticline areas and only siightly recrystallized in the outer

parts of the salt anticlines.

Besides, the sylvite that is present in the sylvite/carnallite
zone in the anticlinal flanks around the basal cap anhydrite zone was
believed to be originated from the process of incongruent carnallite

alteration. It is also noted that the primary sylvite is also

scatteringly present in the potash sub-facies of the evaporitic facies
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in the first scedimentary cycle. In addition, the cap anmbvdrite that
is generally present in the salt anticline areas was oricinated by

the residual accumulation of the anhydrite laycrs and/or dissiminated
anhydrite grains from the leaching of the considerable thickness of
salts in the Basalt Halite Bed of the Basal Salt Member. It is als~
suggested that the cap anhydrite on top of the Middle Salt Member

as well as Upper Salt Member might be geperally originated in the same
manner as those of the cap anhydrite on the crests of the salt
anticlines. For the origin of tachyhydrite that is associated with
the potash sub-facies, it is difficult to conclude clearly whether

tachyhyvdritc is primary or not:

Despite the fact that am attemnt has been made in this study
in reconstructing the dépgsiticnal environment and post~depositional
changes of marinc evaporites in the Maha Sarakham Formation, some of
the problems regarding this matter remain unsolved., 1t is, therefore;

proposed herewith suggestions for furthez study.

a) &nalysig of the sub-surface geology of the evaporite~bearing
Maha Sarakham Formation throughoui the region of Khorast Plateau using
additional bore-hcle data.

b) REet-blishing the chronostratigraphic controls particularly
reparding the dating of sedimentary deposits concerned.

¢) Conducting detailed geochemical study of evaporites i=
order to diffcrentiate the primary and secondary mineral suites.

d) Reconstruction of the structural deformation of salt
deposits,

e) Reconstruction cf the paleogeography cf the evaporite

deposits with reference to the regional geolepical setting.
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