CHAPTER 1II

GEOLGGY AND LITHOSTRATIGRAPHY

In order to fully understand the origin of evaporite deposits
in the Maha Sarakham ¥Yormatiom under the present investigation, it is
considered that the geological setting of the region as well as detailed
local geology including sub-surface geology of the study area must be
well established. The regional geology and stratigraphy of the Khorat
Flateau has been compiled exclusively out of previous investigation up
to 1982, In addition, detailed sub-surface information from the drilling
exploration and laboratory studies has been carried out under the present

study.

Factual information obtained from the present study is presented
in this chapter, Besides, additional attempt has been made to define
and describe in detail the lithostratigraphy of rock sequences from the

ground surface down to the approximate depth of 465 meters.

2.1 Geology of the study area

2,1,1 Repgional geology and stratigraphy of Khorat Plateau

The Khorat Plateau covers an area of about 170,000 square
kilometers in northeastern Thailand and central Laos. It forms a large
blocklike platform between two structurally complex orogenic belts
which trend north-south along its east and west boundaries. The Phu
Phan uplift or anticlinorium trends east-west across the plateau and
divides it into the Khorat-Ubol Basin on the south and the Udon-Sakhon

Nakhon Basin on the north (Figure 2,1.1.1).
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The Khorat Plateau is essentially underlain by a considerable
thick sequences of Mesozoic and Cenozoic sediments., The consolidated
sediments which are widely distributed in the Khorat Plateau of north-
eastern Thailand belong to the Khorat Group. Lithologically, the *horat
Group consists mainly of the typical red-bed facies of clastic rocks.

In addition, several cycles of marinc evaporites and carbonate sediments
have been found interbedded in some formations of the Khorat Group.

Generally, the Khorat Group rests unconformably on the Paleozoic rocks,

Numerous workers have attempted to subdivide the khorat roup
into several formations, and these stratigraphical subdivisions have been
summerized and presented in Table 2,1.1. Here, particular cmphasic has
been focussing upon the upper formations of the Khorat Group, not=bly,

Khok Xruat Formation, and Maha Sarskham Formation.

The lower and middle formations of Khorat Grcup are extensively
exposed along the margin of the Khorat Plateau as well as slong the Fhu
Phan mountain range. Within the two structural basins of Udon-uckhion
takhon Basin and Khorat-Ubol Basin of the Khorat Flatezu, the Khok Kruat
Formation is thoroughly exposed along the basinal mergins whereas the
Maehe Sarakham and posibly younger formations occupy the central pcrts
of the basins, covering the areas of sbout 21,000 square kilometers in
Udon-Sakhon iekhon Basin and 36,000 square kilometers in the Khorat-Ubol
Basin. It is also noted that in the southern margin of the Khorat-Ubol
Basin, Pliocene-Fleistocene basalts are found extruded the Khok kruat

Formation in several localities.
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The Khok Kruat Formation is overlain by the Maha Sarakham
Formation where evaporites deposited in 2 vast basin probably
established in Late Cretaceous time (Japakasetr and Workman, 1981i).
Lithologically, the Maha Sarakham Formation consists mainly of evapo-
rites interbedded with claystones. The upper of the formation is
characterized by the claystones, with veins of gypsum, small amount
of dolomite, and siltstones and sandstones in places with total thick-~
ness up to 300 meters. The total thickness of the Maha Sarakham For-
mation is up to 650 meters. For Khok Kruat Formation, the lithology
is mainly sandstone, siltstone and shale, with some limestone and
conglomerate. The percentage of sandstone in the succession decreases
from about 60 near the base to about 20 near the top (Workman, 1972).
The diagrammatic columnar scction of the Maha Sarakham Formation and
the upper part of the Khok Kruat Formation is presented in Figure

2.11.2.

2.1.2 Geology of the study area

The study area, with an areal extent of approximately 170
square kilometers, lies near the western border of the Khorat Plateau
in the northwest corner of the Khorat-Ubol Basin. The topography of
the area is characterized by the flat plain in the central part with
minimum elevation of 194 meters above the mean sea level. Bordering
the central flat plain on the northern, castern, and southern parts
are broad undulating terrains with relief of approximately 30 meters.
On the eastern and southeastern parts of the central flat plain are
gentle sloping hills with maximum elevation of approximately 240

meters above the mean sea level.

The study area is in most parts underlain by the Quaternary

alluvium, namely, flood plain, alluvial sands and silt, and backswamp
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deposits, The Khok Kruat Formation occupies only the small area in the
most northern and northwestern parts of the area, whereas the Mzahe
Sargkham Formation is extensively exposed in the southern and eastern
part. However, almost all of the arca presently overlain by the
Quaternary deposits is the rocks of the lfaha Earakham Formation. The
thickness of the Quaternary deposits varies within the range of 1-60
meters, The geclogical map of the study area (Figure 2.1,2,1) is based
on the unpublished geological map of northeastern Thailand with

1 : 500,000 scale by the Department of Mimcral Resources, 1982,

Besides, evidence of the Bouguer gravity map of the study area
(Figure 2.1.2,2) with 1 : 1,000,000 scale and 1.0 mgal contour interval
indicates that all contour values are negative. Generally, the gravity
shows an increasing pattern ol about 5 mgal northeastwardly within a
20 - kilometer distance, liowever, therc are many areas of anomalously
gravity low and high scattering over the eastern part out of the study

areal

Detailed sub-surface geology of the study arce is being discussed

in the foregoing pert,

2.2 Lithostratigraphy

Generally, the sub-surface lithostratigraphy of the study area
is essentially based on the lithological enalysis, mineralogiczl and
textural determination, chemical as well as geophysical charccteristics
of the sedimentary sequences from the ground surface down to the depth
range of 60-465 meters. Consequently, it is epparent thet the complete
lithostratigravhic sequences (Figure 2.2.1) of the Yeha Sarakham For-

mation of the Khorat Group can be subdivided into several rock members,
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EXPLANATION OF FIGURE 2.1,2.1

Basalt (Quaternary)

Recent flood plain, alluvial sands, silt, back swamp deposits, beach sand.
Terrace gravel, sand, silt, laterite and lateritic soil.

Si{ltst, shale, sandstone, brick red, purplish red, weathered white to grey,
thin to thick bedded; with rock salt, potash, gypsum and anhydrite.
Sandstone, brown, reddish brown, partially micaceous; shale; siltstone,
pale brown, pebbly, micaceous; with some lime-noduled conglomerate.
Sandstone, white, pale orange; sandstone, pale orange, yellowish brown,
pebbly, cross-bedded; with some shale and conglomerate.

Sandsone, reddish brown, grey, mlicaceous; siltstone, grey, brown;
lime-nodules conglomerate; purplish brown, brick red.

Sandstone, white, pink, cross-bedded, massive, pebbly layering at the
upper beds; with some reddish brown and grey shale.

Shale, brown, reddish brown, purplish red, micaceous; siltstone, sandstone,
brown, grey; with some lime-nodules conglomerate.

Conglomerate; shale, grey, black; mudstone, grey, calcareous; limestone,
argillaceous; sandstone, yellowish brown.

Limestone, light to dark grey, bedded to massive with fossils; shale, red,
grey to black, carbonaceous, calcareous, laminated to thick bedded with
fossils; sandstone, yellowish brown, bedded to massive, lense; chert,

black, noduled or thin bedded; siltstone, conglomerate, mudstone, sandy
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shale; micaceous sandy siltstone; tuffaceous sandstone; ctuff; andesitic tuff;

agglomerate; rhyolite; andesite.

major faults
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namely, Basal Salt, Lower Clastics, Middle Salt, Middle Clastics, and
Upper Salt., towever, the uppermost two members, notably, Upper Clastics
ond Alluvium should be arranged under another different rock formation.
It is olso interesting to note that almost complete evaporitic sequences

are present only in the Basal Salt Member of the Mahe Sarakham tormation.

The incomplete lithostreotigraphic seguences (Figure 2.2:2) 6F
the Maha Sarokham Formation of the Khorat Group in some localities
consists mainly of tasal Salt Member with incomnlete eveporitic sequences.
Besides, the uppermost Clasties Membera rest lccal-unconformably (7) on

the Besal Salt Mermber.

The synthesis of the sub-surface geolegy of the study area is
{1lustrated in lithostratifr#phic crosc-sections (Flatesl to 6); struc-
turel contour maps, as well zs. isopach meps of major stratigraphic units,
Location of cross-scctions of the study area is presented in Figure 22
Generelly, the Maha Sarskham Formation in the study arca is located at
small depth 2znd thickening toward the central part es well as in the
northern part. In contrast, this formation gradually appears much deeper
and thinner toward the southeastern and the northcastern parts cf the
study area. (Plates! to 6) It is noted that the shallow and thick
sequences of the Maha Sarskham Formetion in the central and northern
parts of the study area arc mainly controlled by the gentle salt anticli-
nal structures that are always associated with the incomplete litho-
stratipraphic sequences, Furthermore, this incomplete sequences of the
Meha Sarakham Formation is gencrally unconformably (?7) overlain by

merbers of another rock fermaticn..



38

INCOMPLETE STRATIGRAPHIC SEQUENCES TN THE STUDY AREA
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becides, the complete sequences of the Maha Saraskhen Formation
is renerally present at localities where the formation is thin and
cppears at a rﬁlatiV&lY crcater depth. However, the Mahe Sarakhem forma-
tion gradually gently dips toward tho southeest of the study area.
In addition, it is very interestin; tc note that the thickening
ZOnes of the sequences, especially of the incompiete sequences of

the Basal Salt dember, sre usually asscciated with the salt anticlinal

structuree ir the arca. (Fletesl to 6)

Detailed sub-surface peclogy af the study arca is being discussed,

from the lower part to the upper part of the sequence as follows

2.2.1 Besal Salt llember

The Bacal Salt Member, containing almost complete evaporitic
sequences of the lMeha Sarakhon Formation, has been divided into seven

Beds es described belowi:

2) TFerrugenous Sandstone bed

The Ferrugenous Sandstone Bed is comsider:d as the base of the
flgha Sarakhem Formetion in the study arca, This Bed may be categorized
as the uppermost part of the Khok Kruat Formeticn. ILts thickness is
unable to identify due to the limited depth of the drill-holes, However,
it should be over 5 meters in thickness., Llesides, the Bed is found
extensively throushout the study arca znd acrmally has nearly horizontal

eracdational contact with the overlying Calcarcous Sands tone Bed.

b) Calcarcous Sandstone Bed

The Calcarcous Sandstone Bed is extended throughout the study

ares despite the fact that it is very thin. The thickness varies within
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the ranpe of 0,07-1,10 meters but commenly in a relatively much narrow
range of 0,20-0,60 neter, The depth to the top of the Bed gradually
increases to southeastwardly within the depth range of 60 meters above
the mean sea level to 220 meters below the mean sea level

(Firure 2.2.1.,5). From the stratigraphic cross-sections (Plates! and 2)
the Bed is veneraclly very pentle dipping (less than 157) to the south-
east direction of the study area, Generally, the contact with the

cverlying Bas<] Aphydrite Bed is in nearly horizontal sharp planc.

¢) Basal Snhydrite Fed

The Basal Anhydrite Bod, gimilar to the underlying Calcarcous
Sandstone Bed, is found ¢xtensdvely throuchout the study arec although
it is very tnin. The thickneds vepies within the range of Q.77-1,86
meters but commonly in a relatively much narrow renge of sbout 0,90-1.30
meters. The depth to the top of Bed gredually increases southeastwerdly
similar to the underlying €zlcarcous—Ssndstone bBed (tigure Zo2oloeil)a
Generally, the Eed is rother thin in the centrzl part of the area with
a tendency to increase in thickness in the surrounding outer zone
(Figure 2.2,l.c.2). TFromw the stratigraphic cross-sections (I'latesl and
2), the Bed is very gentle dipping to the southeast direction conformable
with the underlying Calcarcous Sondstone Bed. besides, the contact
with the overlying Basal halite Bed is nearly horizontal to very high-
angle dipping sharp plane with the complete and incomplote sequenc:s of

Basz1 nalite Bed, respectively,

d) BRBasal Halite Eed

The basal Halite Eed, the major part of the basal Salt Member,

is found cxtensively throughout the study arca. The thickness varies
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within the range of 21,66-191,44 meters in the complete lithostra-
tigraphic sequences, but varies from 37.38-295,22 meters in the in-
complete sequences within the study arca. The depth to che top of the
Bed generally incrceses southeastwardly within the depth range of 140
meters sbove the mean sca level te 200 meters Lelow the mean sea level,
Lesides there is ¢ gentle salt anticlinal structure in the northwest -
southeast trend extending frow the northern part to the eastern part of
the study area (Figure 2.2.1.d.1). Besides, the thickness of the Eed
also increases southeastwardly and the ‘thickest part of the Bed is
renerally assoclated with the salc antiolimwal zones (Fizure 2.2.1.d.2).
From the stratiprephic cross-scetions (#lates 3, 4, 5 and 6), the salt
anticlines in the study arcy are rather cemtle dipping and arc usually

sssociated with the incomplete sequences of the Eed.

it 15 noted that the bed is in ncarly horizontal and has thc
gradationzl contact with the ovcrlying fotash Bed of the complete
sequences of Basal Salt dember, However¢lt.is in nearly horizontal
sharp contact with the overlying rocks, commcnly the Basal Cap Anhydrite

bed, of the incomplete seguonces oi bBasal Saltiember.

e) FPotash Eed

The Potash Led contains the highest order evaporites of the
Besal Salt Member, L1t is found in limited areal extent of the study
area end always absent in the saolt anticlinal zones. bDesides, the depth
to the top of the bed gencrally increases southeastwardly within the
depth range of 120 meters above the mean sea level to 200 meters below

the neon sea level (Figure 2. 2.1.e.1), The thickness varies within the

b

renge of 1,25-71.20 meters end the thickest part of the bed is present

in the lewer central part of the study area with a tendency to be thinner
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in the surrounding outer part, especially in the southwestern part of
the study arca (Figure 2.2.1.¢.2). The contact with the overlying
Colourad Helite Bed is commonly of nearly horizontal gradational type.
However, if the Sylvinite sub-bed is present within the Bed, the bedding

3 1% - =D
plane has rather higher dipping angle up te 55,

Cenerally, the rotash bed is  subdivided into three Sub-Beds,
notsbly, the lower Sylvinite, Carnallite - halite - Tachyhydrite, and
the upper Sylvinite Sw-Beds. The Carnellite - EHalite - Tachyhydrite
Sub-ped, the wost ccmnon Sub=Bed cormonly nresont in the rotash bed,
varies in thickness in the range of 1,25+65,07 rueters. besices; the
lower end upper Sylvinite SUb“¥¢ds are locally vnresent in the study ~rea
with their thicknesses of cbout 0-0,22 znd 0-5.!1 meters, respectively.

The distribution of the rotash Bed is cleerly illustrated in the 1litho-

stratigraphic cross~sections’ of the study arce (flatesl to €).

£f) Coloured Halite Bed

The Ccloured helite Bed is the uppermost bed in the cornlete
sequences of the Basal Salt Mewmber, 'The thickness varies within the
range of 0,2¢-15.90 meters but normelly narrew ranging cf about 0,60~
2.10 meters., besides, the depth tc the top of the bed is generally
conformab 1o with the underlying Potash bad because of its neerly uniformly
thickness (Figure 2,2.1.f). It is noted that the contect with the

overlying Lower Clastics Wember is in nearly horizontal gradational plane.

) Dasal Cep Anhiydrite bed

The Basal Cap Anhydrite Bed is usuelly present in the uppermost
part of the incomplete scquences of the Basal Salt Mernber, as well as

essocicted with the salt anticline zones of the study area (Plates3 to 6).
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Generally, its thickness varies within the rasnge of 0-2£.75 meters.

rrom the stratigrashic cross-sections, the thickest part of the Bed is
present along the crest of the gentle salt anticline sres. Lesides; the
contact with the overlying Clastics lienber is the sharp plane with

20°-40° dipping angle.

2.2.2 Lower Llastics Jdember

\he Lower Clastics ilember lies most distinctively between the
Coloured talite bed of the complets gequences of the basal Salt ilember
and the Jiddle Salt Jdember with nearly herizontal gradational contact.
Lt is noted that the demberis hardly to be seperated from the overlying
Clastics dembers (¢/) in-the salt/anticline zones. Generally, the thick-
ness of the Jdember varies wifhin the range of 1.68-25,76 meters. The
depth to the top of the Member gemerally increeses from the central
part to the surrounding outcr part, especially to southeastward, within
the depth range of 140 @ters—abeve the mesn seo level to 180 meters
below the mean see levell (Kigure 2.2.2.1) ./ Lowever, the structure on
top of this denber ig meinly conformable with that of the underlying
Coloured ualite Led of the corplete sequences of bBasal dalt Member,
besides, the thickness of the Lower Clastics tember varies from place
to place in the central part of the study area, eXcept in the eastern
lower part of the ares where the thickest zone of this Member generally
decreases southeastwardly (figure 2.2.2.2)., The distribution of the
Lower Ulastics dember is illustrated in the stratigraphic cross—-sections

(Plates | to 6)..

2,2,3 Hiddle valt uerber

The diddle Szlt Member that consists essentially of halite is

generally less clear than in the Basal Salt Merber, This mermber always
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overlies the Lower Clastics ierber and its thickness veries within the
range of 12.51-125.59 neters. lhe depth to the top of the Member
generally increases frow the central part to the surrouncding outer part,
particularly southerstwardly, within the depth range of 150 meters above
the mean sea level to 120 meters below the ncan sea level

(Figure 2.2.3.1). 1t is noted that the structure on top of this Member
is mainly conformable with that of the underlying Lower Clastics Menmber
and the couplete scquences of basal Salt deuber. Lesides, the thickness
of the Member generally increases from/the central part toward the
surrounding outer part., The thickest zens in the southcastern part is
thinning again eastwerdly (Figuré 2.2.2.2). The distribution of this

Member is in the stratigraphic cross=scctions (Platesl to 6).

Generally, the liddle Salt dember haz been divided into four Eeds,
nawely, Lower Middle Halite, Widdle anhydrite, Upper niddle Halite,

.

and Middle Czp 4nhydrite, as described bolov

a) Lower vliddle halite bed

The thiciness of the Lower iliddle halite bed varies within the
ronge of 10,94-22,17 neters. Generally, the Led has nearly horizontal
gradetionszl contncts with the underlying ~ower Clestics -ltember and with

the overlying iiddle anhydrite bed. 1ihe ertension of the Led is

illustrated in the stratigrephic cross-sectiens (Platesl to 6).

bp) Uiddle Anhydrite Eed

the Middle Anhydrite bed is the typical key-bed of the Middle
Salt dember. The Bed is very thin but uniformly present in the Middle
Salt dember. The thickness of the bed varies within the range of

0,11-2.04 meters but most commenly limited in the range of 0.60-1,00 meter,
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The ked hes nearly horizontal grodational contacts with both the un-
derlying wower dicddle lialite Bed and the overlying Upper Middle Halite
Bed, The distribution of the bed is presented in the stratigraphic

cross-sections (Flatesl to 6).

c) Upper Middle Halite bed

The Upper Middle Hslite Bed forms the major part of the Hiddle
Salt Member. The thickness veries within the range of 1,46 to 95,33
meters. Llhe Ead has ncerly horizontal gradational contact with the
overlying #iddle Cap snhydrite bed, The extension of the bed is

illustrated in the stratigraphic¢/cross-sections (Plates! tc 6).

d) fiddle CGap snhydrite sed

The Hiddle Cap Aphydrito bed 15 usually present in the uppermost
part of the liddle Salt Merber, The thickness varies within the range
of 0-6.15 meters. DBesices, the Bed is in nearly horizontal ¢radationeal

contact with the overlying Middle Clastics flerber.

& Middle Clastics llember

The Middle Clastics iember generally overlines the diddle Salt
dember with rradationzl contzct. %he thickness of the iember veries
within the range of £.94-53,00 meters., besides, thc contact with the
overlying Jpper belt Member is & nearly horizomtal gradetional type.
nowever, the Member is rather difficult to be seperated from the
overlyinc Upper Clastics .ember in some parts of the study area where

the Upper balt .ember is cbsent. Tha distribution cof this iermber is

illustrated in the stratigraphic cross-sections (Plates 1 to 6).
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ha

5 Upper Salt Menber

The Uppef S5alt Merber is only present in northeast and southeast
perts of the study area where the overlying Upper Clestics idember of
enother different rock formation is very thick (Plates 2, % and 6). The
thickness of the Member varies within the renge of C-51.30 meters.
sesides, the contect with the overlying Jpper Clastics dember is of

nearly horizontzl gradational type.

Generally, this Member has been /divided into four Beds, notably,
Lower Upper Halite, Upper Anhydrite, Upper Uprcr dalito, end Upper Cep

Anhydrite, 8 described balow

a) Lower Upper kalite Bed

The Lower Upper Halite Bed is the lower part of the Upper Salt
Member. ihe thickness varies from 0=13,02 meters, The contact with the

overlying Upper Anhydrite is mearly horizontal gradational type.

b) Upper Anhycdrite Bed

The thickness of the Upper Anhydrite fed varies within the range
of 0-1.05 meter. The contact with the overlying Upper Upper Halite Led

is nearly horizontal gradational type.

¢) Upper Uvper Halite led

ihe Upper Jpper Halite bed forms the major part of the Upper salt
Member. The thickness varies within the range of 0-30,16 meters,
Besides, the contact with the overlying Upper Cap Anhydrite bed seems

to be in the horizontal gradational (¥) plenc.
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d) Upper Lop sphydrite Led

The thickness of the Upper Cap Anhydrite Bed varies within the
range of 0-7,01 meters. it is noted that the Red is rather thick if the
underlyinz beds of Jpper balt Hember are absent. In addition, the contact
with that of the overlying upper Clastics dember of another different

rock formation is a necarly horizental gradational tyne,

The distribution of these Leds in Upper Salt Member is illustrated

in the stratigrophic cross-sections (Flates?, 2 and 6).

2,2.0 Upper Llastics ember

The dpper Clestics tlenbér and the overlying slluvium Member

should be arranged under enother different rock formation scperated fromw

h

the underlying ushs Sorakham formation of the bhorat Group because o
tneir distinctive litholopical features znd considerable thickness,
fhe thickness of the Upmer Clistics dember varies within the range of
13.24 to 316,07 meters. .This Member generally increzses in thickness
northeestwardly (Plates2, 3 ond (). besides, the contect with the

overlying Alluviur Member is a pearly heorizontal eredational type.,

In the selt anticlinal arcas, the Clastics .lembers, lies local
unconformable (?) on the incomplate sequences of the basal Salt Member,
cannot be distinguished into Upper, Middle, or Lower Clastics dembers

(Yigure 2.2.2, Plotes2, 3 and 6).

2.2.7 Alluvium Hember

The Alluvium Member is the uppermost Member in the study area.
The thickness varies within the range of 1.00-20,00 meters., It is

interestine to note that this Member which overlies the Clastics ilembers



(Upper Clastics & Middle Clastics & Upper Clastics Mewbuers ?) in the
incomplete sequences of the salt enticline areas is much thicker than

the common Alluviun dember of the complete sequences (figures2.2.1 and
2.2.2), above the incomplete sequences, the thickness of the alluvium

dember veries within the ranpe of 3.02 up to 60.36 meters.

In the stratieraphic cross-scections cf the study area (Flates

1 to 6), the Upper Clastics end the Alluvium tlembers arc not seperated

frem cach other.

Detailed mineralogy and petrosrapiy of the sequence in the study

area is being discussed in the next chapter,
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