CHAPTE« LIl

MINERALOGY AND PETROGRAFLY
3,1 General

The mineralogy and petrography of the sub-surfacc lithostra-
tigraphy of the study arca are essentially based on the lithological
eznalysis, mineralogical and textural determinstion, chemical as well as
¢eophysical characteristics of the sedimentary sequences from the ground
surface down to the depth rangé of 60-455 meters. Yactual information
obteined from the precent investigation is presented in this chapter.
besides, additional attempt/has becn made to define and describe in
detail the mineralogy and petrography of the rock sequences in order to
fully understand the origin of evanorite depesits in the Maha Sarakham

formation under the preseat investigation.

Generslly, the mineralosy of evaporite deposits in the study
arca varies from the lowest order to the nearly highest order cof
theoretical eveporitic sequences. These cvaporitic minerals and their
theoretical compositions 2re as follows

Hematite (¥e,0.)
2°3
Calcite (CaCv.)
Dolomite (C?i-ig{CQ})z)
Gypsum (CaSOa.ZHZO)
Anhydrite (CaSU&)
Helite (NaCl)

Carnallite (ﬂMgﬁl3.6H20)
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Sylvite (KC1)
Tachyhydrite (Cafg,Cl,.12§,0)

joracite (M IRV (%
Boracite ( gBCIdzUL ) (%)

3

The mincralogical suites are sumarized ond presented in some
represcntative x-ray diffractogramtes {(appendix 1-D)., Besides, the
analytical results of come mejor and trace elements of some main 1itho-
logical zonations are summarized and tabulated in Apoendicesl-C, 1-E and
1-¥, JYurthermore, some typical gamta-ray log patterns and bromine
profiles ralated to the sub-surface lithostratigraphy of the study area

have been also studied and presented in Fipurcs3.1l,1! end 3,:.2,

Jeteailed wmineralopy /and netrography of the lithostratigraphic

sequence in the study arca is being discussed in the foregolng part.

3.2 Basal Szlt liember

Thoe bLasal Salt Hember, containing almost complete evaporitic
secquences of the Maha Caraskham tormation, has been divided inte seven

Beds as described below

3.2.1 TIerrugenous Sandstone Eed

From core-slabs study, the lithology of the Ferrugenous send-
stone bed is dark reddish brown,uniformly very fine-greined, very well
sorted, massive, dense and very herd, UFesides, there ore some
calearcous petches (1x2 to 3x5 square-millimeters in size) and 2 few
associated claystone layers. (figure 3.2.1.1). ilineral composition
is mainly quartz and some feldsﬁar. Cementing materials are normally

ferrugenous with some calcarcous patches,
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Figure 3.2.1.1 thotograph of the polished core-slab of Ferrugenous
Sandstone bed showing 1ts general appearance. Note
some assoicated calcareous patches. Core-slab width
is 8 cm,

(from drilled hole no. RS-2.21, at depth 260.32-260.48 m.)
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From thin-sections,the textures of the bed generally consists
of very well nacked quartz-chert-feldspar framework (quartz grains
partially fused) without grain-orientation. cementing materials are
ferrugenous and some calcarecus. The original porosity of the sand-
stone is partially preserved. The grainsize is very fine sand, very
well sorted and matrix-free. Besides, large numbers of the framework
grains are subrounded to rounded and the sphericity iec in the range of
0.60-0,85 and is highly variable duc to the heterogenous composition.
(Figure 2.2.1.,2) The bed is texturally mature as indicated by the
sorting and roundness. The miperalogy of the bed is composed of the
essential minerals of quartz, chert, plagioclase feldspar (mostly
albite), and the accessor; minevals of iron oxides, calcite, muscovite,
biotite, cpaque iron grains, enhydrite (?), pleochroic  unidentified

green mineral grains.

besides, minerals in x-ray diffractogramme of the bed
(Appendix 1-D) are mainly characterized by quartz, albite, hematite,

calcite, etc.

It is noted that the ferrugenous cement coated almost all of
the detrital grains in the thin-sections and the iron content in the
red is rather high up to 5,112 ppm or about 0.£112 4% by weight
(appendix 1-£), This can be concluded and interpreted that the
Ferrugenous Sandstone Bed represents the early stage of evaporites as
fezoj zone in the clastic basin where evaporite minerals are deposited

as cementing materials,

The contact of the Ferrugenous Sandstone bed with the overlying
Calcareous Sandstone bed is a nearly horizontal gradational type

(¥igure 3.2.1.3).



(b)

Figure 3.2.1.,2 Fhotomicrographs of Ferrugenous Sandstone Bed showing
(a) ferrugenous cement coating well packed detrital
grains. (uncrossed nicols, approx. x 85),
(b) well packed quartz-chert-feldspar framework in
ferrugenous cement. Y-quartz, C-chert,
F-plagioclase. (crossed nicols, approx. x 85)

(from drilled hole no. Kb-2, at depth 355,14 m.)
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Figure 3.2.1.3 Ythotograph of the polished core-slab of the gradational
contact between Ferrugenous Sandstone and the overlying

Calcareous Sandstone Beds.

(from drilled hole no. KB-2, at depth 354.90-354.98 m.)
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3.2.2 Calcareous Sandstone Eed

From core-slabs study, the lithology of Calcareous Sandstone
Bed is greenish grey, uniformly very fine-grained, very well sorted;
massive, dense and very hard, with calcareous cement. Lesides, a few
claystone layers intervened have been observed (rigure 3.2.2.1).
Mineral compositions is mainly quartz, and some feldspar. Cementing
material is calcareous that increases in content toward the upper
part of the Bed. Loczlly, some dark reddish brown metallic-luster

spots (1x3 square-millinmeters in size) are present.

From thin-sections, the textures of the Bed generally consist
of quartz-chert-feldspar framework without grain-orientation. Besides,
cementing material is mainl? calcarecous with small amount of ferru-
genous. From the lower part of the Bed, the calcareous cement
gradually increases in content to the upper part of the Bed until the
detrital grains are floated as the cement-support framework (Figures
3.2.2.2 and 3.2.2.3). There are also some anhydrite cement
disseminated in the bed. Besides, grainsize of the Bed is very fine
sand, very well sorted, and matrix-free. Mostly of the detrital
grains are subrounded to rounded, Sphericity is in the range of
0.60-0,85 and is highly variable because of the heterogenous compo-
sition. Furthermore, the Bed is texturally mature. It is noted that
the calcite replaces both feldspar and quartz, especially in the
uppermost part of the Bed. Mineralogy of the Led is composed of the
essential minerals of quartz, chert, plagioclase feldspar (mostly
albite) and coarsely crystalline mosaic of calcite and the accessory

minerals of anhydrite and cpaque iron grains.
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259.51m.

digure 3.2.2.1 Yhotogreph of the polished core-slab of the upper part
of Calcareous bandstone Bed contact with the overlying
bagal Anhydrite bed., Core-slab width 8 cm.

(from drilled hole no. ’5-2,21, at depth 259.51-259.85 m.)
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figure 3.2.2.2 ‘hotomicrograph of the lower part of Calcareous
Sandstone Led showing quartz-chert-feldspar framework
in calcareous cement. WN-—quartz, C-chert, P-plagioclase,
Ca-calcite, An-anhydritc. (Crossed nicols, approx. x 85)

(from drilled hole no. Kb~2, at depth 354.91 m.)



Figure 3.2.2.3 Fhotomicrographs of the upper part of Calcareous
Sandstone bed showing the detrital grains floated in
calcareous cement. w-quartz, C-chert, Yr-plagioclase,
Ca-calcite. MNote some detrital grains replaced by
calcite.
(a) crossed nicols, apprax. x 85
(b) crossed nicols, with quartz compensater, approx. x 175.

(from drilled hole no. Kb-2, at depth 354.35 m,)
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In addition, minerals determined from x-ray diffractogramme
of the Bed are mainly characterized by quartz, albite, calcite, anhy-
drite, etc. It is noted that calcite and anhydrite are relatively
more abundant in the upper part of the Bed. Besides, results from
the chemical data (appendix l-E) indicate that iron contents generally
decrease from the Ferrugencus Sandstone Bed, from 5,112 ppm, to the

top of the Calcareous bandstone Bed, 3,422 ppm.

Concluding from the petrological characteristics described
above, the Calcarecous bandstone bLed represents the CaCU3 zone of eva-
porites that is the higher order of thecretical evapcritic sequence
continued from Fe203 zone in the Ferrugenous Sandstone Bed. Evidences
of this interpretation are, firstly, ferrugenous cement decreases
upward to the ton of the Caelcareous Sendstone bed. Secondly,
calcareous cement gradually increases from the lower to upper parts
of the Fed until the detrital grains are floated in coarsely crys-
talline mosaic of calcité cement whereas the properties of the detrital
grains are not changed, but the supply of the detrital grains during
deposition decreases, Thirdly, calcite replaces both feldspar ~nd
quartz indicating the pil of 8-1]1 and solubility control of the seawater
during calcite precipitation in the nearshore or shallow marine zone

(Blatt et al,, 1580). (Figure 3.2.2.4).

However, it is interesting to note that the contact of the
Calcareous Sandstone Bed and the overlying Basal anhydrite Bed is
nearly horizontal sharp plane, and a thin green calcarecus layer
(2-3 centimeters thick) is commonly associated with this contact

(Figure 3.2.2.5).
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figure 3.2.2.5 FPhotograph of the polished core-slab of the contact
between Calcarecous Sandstone and the overlying Basal
Aphydrite beds.

(from drilled hole no. RS-2,21, at depth 259.61-259.70 m.)
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3.2.3 Easal &nhydrite bed

Generally, the Basal snhydrite Bed can be divided into three
parts, notably, the lower part, the middie part, and the upper part.
The lower part of the bed consists of medium light grey nodular anhy-
drite with some brownish grey networks of calcareous algal layers.

The algal networks are abundant at the base of Basal Anhydrite Bed
and decrease urwardly (Figure 3.2.3.1). The middle part, the main part
of the Bed, is generally chearacterized by light grey nodular anhydrite
surrounded by only a few calcareous ‘algal networks (Figure 3.2.3.2),
The upper part of the Bed that varies in thickness from 0.20 to 0.45
meter, and is composed of wavy-laminated medium grey anhydrite with
thin brownish grey calcareous algeal and black carbonaceous layers
(Yigures 3.2.3.3 and 3,2.3.4). It is noted that the contact between
the Basal Anhydrite bed and the overlying complete sequences of Basal
hHalite Bed is usually sharp in a nearly horizontal manner (0°-15°
dipping). In contrast, the contact between the Basal £nhydrite Bed
and the overlying incomplete sequences of Basal lHalite bed is
generally sharp with low to high 0-45°) dipping angles. (Figures

3.2.3.3 and 3.2.3.4)

besides, mineral compositior of the Bed determined from
x-ray diffractogramme (Appendix 1-D) ie mainly anhydrite, calcite,
halite, carbon, gypsum (?), quartz (!), ete. Lt is noted that halite

is present onl; in the uppermost part of the bed.

From thin-sections, mineral composition in the lower part of
the Bed consists of radiated acicular and fine-grained anhydrite
developed between calcareous algal networks. OSome calcite crystalline

mosaic patches and a few coarsely crystalline mosaic of gypsum are
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¥igure 3.2.3.!1 Photograph of the polished core~slab of the lower part
of basal Anhydrite Bed showing ncdular anhydrite with
abundant calcarcous algal networks. An-anhydrite,
Cal-calcarcous algal networks.

(from drilled hole no. KB-2, at depth 354,24=354,32 m.)
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Figure 3.2.3.2 Llhotograph of the polished core-slab of the middle
part of Basal Anhydrite bed showing nodular anhydrite
with sone calcarcous algal networks.

(from drilled hole no. KB-2, depth 354.03-354.11 m.)



80

Yhotograph of the polished core-slab of the upper part
of basal anhydrite bLed showing wavy-leminated anhydrite
associated with calcarcous algal and carbonaceous thin
layers. An-anhydrite, Cal-calcareous alpal, Car=-car-
bonaceous. MNote the uppermost part of the bed in
contact with the overlying basal nalite bed.

(from drilled hole no. KB-2, at depth 353.35-353.45 m,)



os]
—

Figure 3.2.3.4 Yhotograph of the polished core-slab oif the contact
be tween basal Anhydrite bed (wavy-laminated anhydrite)
and the overlying incomplete sequences of basal halite
bed. MwNote the sharp contact and high-angle dipping.
Wavy-laminations in basal Anhydrite arc generally
parallel with the contact plane.

(from drilled hole no. R5-2.21, at depth 258.66-258.76 r.)
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also scatteringly present (Figures 3.2.3.5 and 3.2.3.6). The middle
part of the Bed is composed of fine-grained anhydrite with some
aggregates of acicular anhydrite, calcite crystalline mosaic patches
and a few calcarecous algal layers (Figure 3.2.3.7). Besides, mineral
composition in the upper part of the Ued is characterized by wavy-
laminated acicular anhydrite with calcareous fine-grained layers,
calcite in both micritic and sparry forms, and some carbonaceous
layers, furthermore, there are some gypsul (dissiminated, aggregated,
tabular and rosctte forms), subhedral dolomite crystals, and a few
disseminated detrital quartz (?) grains in the upper vart of the Ded,

(¥igures 3.2,5.8 and 3.2.3.9)

Generally, the textures of the Eed consist of acicular anhy-
drite in radiated form and acicular crystals parallel to the wavy-
lamination. Within anhydrite nodules, the textures are mainly fine-
grained with some asscciated acicular anhydrite aggregates. besides,
the diagenetic fabric of the bed is characterized by the dolomitization
of calcite and the replacement of calcite by anhydrite and gypsum,

Both calcite and gypsum also replace acicular anhydrite. Some parts
of coarsely crystalline mosaic gypsum is replaced by acicular c ahydrite.
Besides, some subhcdral dolomites are replaced by acicular anhydrite

in the uppermost part of the Bed,

liowever, it is noted that the Basal Anhydrite Bed is in the
CaSU& zone of theoretical evaporitic sequences that is the higher
order continued from CaCU, zone of the underlying Calcareous Sandstone
-

bed,



Figure 3.2.3.5

(b)

Yhotoriicrcgraphs of the lowest part of basal Anhydrite
bed contact with the underlying Calcarcous Sandstone
bed. #an-anhydrite, Ca-calcite, Cal-calcareous algal
networks .

(a) crossed nicols, approx. x 35.

(b) crossed nicols, sapprox. x 85.

(fron drilled hole no. KB-2, at depth 354.32 m.)
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Figure 3.2,3.6 VYhotomwicrograph of the lower part of basal Anhydrite
bed showing anhydrite nodules composed of fine-grained
anhydrite and surrounded by calcarcous algal networks
or layers., #An-anhydrite, Cal-calcareous algal networks.
Crossed nicols, approx. x 85,

(from drilled hole no. kb-2, at depth 354,29 m.)



figure 3.2,3.7

(b)

Fhotomicrographs of the middle part of basal Anhydrite

bed showing fine-grained anhydrite with some aggregates
of acicular anhydrite and a few calcite mosaic patches.
sn-anhydrite, Ca-calcite.

(a) crossed nicols, approx. x 85,

(b) crossed nicols, approx. x 175.

(from drilled hole no. hb-2, at depth 354.21 m.)



Figure 3,2.3.¢

fhotomicrographs of the upner part of basal énhydrite
bed showing wavy-laninations of acicular and fine-
prained anhydrite, and calcarecus algal layers.

(a) from drilled hole no. XB-2, at depth 353.44 m,
(t) from drilled hole no. “E~2, at depth 353.36 m.

(crossed nicols, aprrox. x 35)
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figure 3,2.3.9 ‘hotomicrograph of the upper part of basal Anhydrite
bed showing replaced subhedral dolomite in wavy-
laninated fine-grained anhydrite. Do-dolomite,

an-anhydrite. (crossed nicols, approx. x 85).

(from drilled hole no. Kb-2, at depth 353.36 m.)
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In addition, geochemistry of some trace elements (Mn, Fe, or,
Ba) in Basal Anhydrite Bed are studied and presented in Appendix 1-E,
These trace clements show specific patterns of behavior during the
deposition of marine evaporites: strontium is concentrated in the
earlier products of deposition, particularly in the sulphate zone

(dtewart, 1963); strontium and manganese show significant differences

in concentration in gypsum and anhydrite, etc.

Strontium replaces calcium in sulphates and carbonates, and
average values of strontium for anhydrite in evaporite rock is
up to 800 ppm (Stewart, 1963).  Noll (1934) found that gypsum which
had replaced earlier anhydrite at ordinary temperatures cannot always
retain all the strontium of the anhydrite, and so celestite is formed
(Stewart, 1963). This may explain the generally higher strontium
values in the anhydrite. Besides, this may give an indication of
anhydrite deposits, and enable a distinction between primary anhydrite
with high strontium concentration and anhydrite which has replaced
primary gypsum, The sr0 figures in evaporite rock that Stewart (1963)
cited (after Noll, 1934) are highest in anhydrite rock : G.17-0.69%;

0.003-0, 134 in gyosum rock, etc.

Strontium values in Basal Aphydrite Bed vary from 663 to
903 ppm and generally high towards the base of the Bed. This may

explain the initial deposition of calcium sulphate as anhydrite.

Manganese occurs as evaporite rock impurities and is also
concentrated in dolomite, where it presumably substitutes for
magnesium. Kropachev (1960) reported average values of 120 ppm
manganese in 80 anhydrite rocks and 370 ppm in epigenetic gypsum rocks

(Stewart, 1963).



Manganese values in Basal Anhydrite Bed vary from 39 to 344 pem
and generally high towards the base of the Bed. Significant concer-
trations are present in the contact zome with the underlying Calcareous
Sandstone Bed, up to 1,125 ppm., Generally, the quantities detected in
the bed are typical for initial deposition of calcium sulphate as

anhydrite.

Like strontium, barium replaces calcium in sulphates and car-
bonates (Stewart, 1963)., Van Lngelhardt found 1-3 ppm in anhydrite

rock, and 3-10 ppm in gypsum, in Uerman evaporites (Stewart, 196 3

In Basal Anhydrite Bed, barium amounts are generally below
50 ppm which ie the lower limit of detecticn of barium. The low

values which are expected in/ evaporite minerals connot be measured.

Besides, iron values in the Bed vary from 68 to 433 ppm and

show no obvicus trend with depth,

In addition, the chemical data of some water soluble components
of some compenents of representative samples of the Basal Anhydrite
Bed are summarized and tabulated in Appendix 1-C, It is noted that
the weight precent of soluble components of the Bed is in the range

of 53.32-58.32.

3,2.4 Basal Halite bed

The Basal nalite Bed, the major part of the Basal Salt Hember,
is found extensively throughout the study area. The complete sequences
of the bed are subdivided very generally into four parts with their
nearly horizontal gradational contacts to each cther. The lowest part

of the Bed consists of clear fine-to medium-grained halite interbedded



with smoky dark halite bands (figures 3.2.4.] and 3.2.4.2). bBesides,
some white-dull fine-to medium-grained anhydrite are scatteringly

present and increase downwardly.

The sccond part of the bBed is characterized by clear and milky
white mediuc—to coarse-grained halite interbedded with smoky dark
halite bands and anhydrite layers (Y¥igure 3.2.4.3). Hilky white
halite grains and anhydrite layers (.05-.60 meter thick) decrease in
their degree of abundance downwardly. Iin contrast, the smoky dark
halite bands (0.03-0.30 meter thick) ‘that are interbedded in every
1.50-1.80 meters interval, increase downwardly. 1t is noted that the
lowest and second parts of the Bed have mearly the same thickness and

they are the major parts, about three-fourth of the total thickness,

of the Basal halite Bed.

The third part of the Basal Balite Bed consists of clear fine-
to medium-groined halite with some anhydrite layers (Yigure 3.2.4.4).
The anhydrite layers, 0.1-5.0 centimeters thick, are interbedded in
every 0.05-0.60 meter interval. Besides, the thickness of the anhydrite
layers increascs downwardly, the interval between the anhydrite layers
simultaneously decreases. bome milky white halite grains are dis-

seminated and increase in the degree of abundance downwardly.

The uppermost part of the basal Halite Bed has generally only
clear fine-grained halite (Figure 3.2.4.5). The thickness of this
part is rather small as compared with other parts of the Bed. it is
noted that the contact between this part and the cverlying Potash Bed

is gradational type (Yigure 3.2.4.6).
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figure 3.2.4.1 rhotograph of the core-slab of the lowest part of basal
halite bed showing clear fine~-to medium-grained halite
with interlocked crystalline mosaic teXture.

(from drilled hole no. Kb-2, at depth 353.08-353.16 m.)



¥igure 3.2.4.2 thotograph of the core-slab of tha lowest part of
basal halite bed showing clear fine-to medium-grained
halite interbedded with smoky dark halite band.

(from drilled hole no. Ki-2, at depth 323.63-323.75 u.)
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¥igure 3.2.4.3 Fhotogreph of the core-slab of the second part of
bagal haiite bed showing clear and wilky white medi um~
to coarse-grained halite interbedded with smoky dark

halite bands and anhydrite layers.

(from drilled hole no. KB-2, at depth 286.60-28C,72 m,)



Figure 3.2.4.4
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Fhotograph of the core-slab of the third part of basal
tzlite bed showing clear and ndlky white fine-to
medi um-p rained halite interbedded with anhydrite layers.

(from drilled hole no. KBE-2_ at depth 203,92-204.14 m,)
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rigure 3,2.4.5 Fhotomicrograph of the core-slab of the uppermost part
of basal halite bed showing clear fine-grained halite
with interlocked crystalline mosaic texture.

(from drilled hole no. Kb-2, at depth 182.63-182.75 m.)



figure 5,Z2.4.6 Yhotograph of the core-slab of the gradational contact
zone between basal balite and Fotash beds.

(from drilled hole no, &b-2, at depth 179.71-180.10 m,)



Besides, the texture of most halite grains in the basal Halite

Bed are interlocked crystalline mosaic.

In addition, the mineral composition of the Yotash bed deter-
mined from the representative diffractograrme (Appendix 1-D) is mainly
halite with some anhydrite, gypsum (?), etc. Besides, the chemical

water .
data of somensoiuble components of representative samples of the Fotash

Bed are sumnarized and presented in Appendix I-C.

In the incomplete sequences of the Basal halite Bed, only the
lowest and sccond parts of the complete sequences of the basal Halite
Bed are commonly present. AIn contrast, the third and uppermost parts
of the compli te scquences of the Bed are mostly absent. Generally,
the incomplete sequences of the Eed arc subdivided into two major

parts, namcly, the lower part and upper part.

The lower part of the incomplete sequences of the bed, similar
to the lowerest part of the complete sequences of the Bed, is charac~
terized by clear fine-to medium-grained halite interbedded with smoky
dark halite bands. Besides, some white-dull fine-to medium-grained

anhydrite are scatteringly present.

The upper part of the incomplete sequences of the Bed generally
consists of clear and milky white medium~to coarsc-elongated grains of
halite. Some smoky dark halite bands are interbedded. Besides,
anhydrite layers are absent or rare in this part. 1t is noted that
the dipping-2zngle of the incomplete sequences of the Bed progressively
increases upward from low-angle dipping in the lower part to very

high-angle dipping in the upper part (¥igure ko R S ) 1



Yigure 3.2.4.7

thotograph of the core-savple cf Basal halite Led of
the incomplete sequences showing very high~dipping
angle of the anhydrite loyers and smoky dark halite

bond.

(from drilled hole no. RS-2,21, at depth 257.64~257.84 m.)
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In addition, the deformation of the incomplete scquences of
the basal halite bed is stronger than in the complete scquences of the
Bed. Jlhe eavidences are, iirstly, @ marked angular contact plane re-
presenting salt flowage along a more competent underlying Basal Anhy-
drite bed (figure 2.2.3.,4). Secondly, the attitude of the incomplete
sequences of basal halitc bed generally increzses upwardly trom low-
angle to very high-angle dipping (indicated by a few thin arnhydrite
layers, smoly dark halite bands, as well as criented-elongated halite
grains), Thirdly, the bromine profiles of the incomplete scquences
of bszsal Halite Bed (Figure 3.1.2) are in average of about 100 ppm eof
nBr content throughout the sequences. In contrast, the BBr content
in the complete sequences of Basal kalite Bed progzressively increases
from the lowest part of approximately 100 ppm 8Br, to the uppermost

part of about 50C ppm nbr (Figure 3,1.1).

liowever, the basal Hzlite Bed is mainly in the haCl zone of
theoretical ecvaporitic sequence that is the progressive higher order
continued from the CaSU& zone of evaporites in the underlying Bzsal

Anhydrite Bed.
3,2.5 Potash bed

The fotash Bed, containing the higheést order evaporites af
the Basal Salt lember, is generally subdivided into three Sub-Beds,
notably, the lower Sylvinite, Carnaliite~Halite-lachyhydrite, and the
upper Sylvinite. It is noted that the Carnallite-halite-lachyhydrite
Sub-bed is the major and most common part of the Yotash bed. Besides,
nineral composition, determined from some representative X-ray
diffractogrammes of the totash bed (Appendix 1-D), is characterized

by carnallite, halite, tachyhydrite, sylvite, anhydrite {f), ete.
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The lower Sylvinite Sub-bed is rather rare and only present
in the western part of the area as shown in the stratigraphic cross-
section (Ylate 4). The Sub-Bed is characterized by amoeboidal or
graphic intergrowths of halite and sylvite {(Figure 3.2.5.1). However,
this Sub-bed consists entirely of sylvite and halite with few magnesium
salts. The generzl lithology of the Sub-Bed is mainly composed of
clear, blue and/cr viclet-blue medium-to coarse grains halite inter-
growths in amoeboidal or graphic texture with cloudy white, pale orange
and/or orange~red sylvite grains. Locally, some orange-red carnallite

grains are scatteringly present.

The Carnallite-halite-Tachyhydrite bub-3ed, the most common
Sub-Led in the Yotash bed, can be génerally subdivided into three
parts, notably, the lower, /the middle and the uppcr parts which grade
to each other. The lower part of the Sub~Bed is mainly composed of
pale~pink, violet-pink; clear and/or pale oramge to orange-red medium-
grained carnallite. ©Some clear and/or smcky dark medium-to coarse-
grained halite are present in the form of interlocked crystalline
mosaic mix‘ng and alternating with carnallite bands (figure 3.2.5.2).
This part of the Sub-Bed is the major part and the highest grade of
carnallite. The associated halite bands,(.15-1.00 meter thick,
increase in content downwardly. Besides, some white-grey coarse-
grained halite, carnallite, sylvite, amhydrite (?), etc. (determined
from x~-ray diffractogramme in Appendix 1-J) are disseminated in this
part (Figure 3.2.5.3). A few yellowish white minerals (boracite 7)
are also scatturingly present in this part too. Locally, deep orange-
red sylvite grains are associated with deep orange—-red carnallite

grains.



figure 3.2.5.1
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thotograph cf the core-sample of Sylvinite Sub-bed
showing amoeboidal (or graphic) intergrowths of halite
and sylvite. ta-halite, o-sylvite.

(from drilled hole no. K=47 in Khon khaen Area, at

depth 436'-436" 5").
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figure 3.2.5.2 fthotograph of the core-slab of the lower part of
Carnallite-halite~Tachyhydrite bSub-bed.
Carn-carnallite, ha-halite, An-anhydrite (?)

(from drilled hole no. KE~2, at depth 171,40-171.50 m.)
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Figure 3,2.5.3 ‘hotograph of the core-slab of the lower part of
Carnallite-salite-lachyhydrite Sub~ied with some
disseminated white-grey coarse grains of halite,
carnallite, sylvite, anhydrite (?).
Carn-carnallite, tla-halite.

(from drilled hele no. KE-2, at depth 166.46-165,56 m.)



The middle part of the bub-Bed is mainly characterized by
vellow, orange, orange-yellow, honey yellow and/or yellowish brown
tachyhydrite. bome clear medium-to coarse—grained halitc are asso-
ciated in the form of interlocked crystalline mosaic mixing and
alternating with tachyhydrite bands (Figure 3.2.5.4). The tachyhydrite
grains are normally large, l-4 centimeters wide, as well as they de=-
crease in size but increase in content downwardly. besides, the
texture of tachyhydrite is sugary, very brittle and easily dissolved.
There are slso somc carnallite prescnt in the form of interlocked
crystalline mosaic mixing and alternating with tachvhydrite bands.

A few white-grey anaydrite (?) grains and yellowish white boracite )
minerals are scatteringly present in this part. It is noted that
carnallite and tachyﬁydrite normally occurred as the crystalline

intergrowths,

The upper part of the Carnallite-halite-Tachyhydrite Sub~-Bed
consists meinly of clear, white, honey and/or smoky dark medium-to
coarse-grained halite. bSome oramge to deep red, honey brown and/or
pink fine~to coarse-grained carnallite arc associated with halite and
exhibiting the crystalline intergrowths texiural relationships mixing
and alternating with halite bands (Figure 3.2.5.5). The thicknesses
of halite beds and carnallite beds vary in the range of 0.05-1.00
meter and 0.05-0.50 meter, respectively. Besides, there 2re a few

white-grey coarse-grained anhydrite (7) asscciated with this part.

In the uppermost part of the Carnallite-halite-Tachyhydrite
Sub-bed, some dark grey clay layers and halite bands are interbedded
with deep orange-red carnallite and/or sylvite bands. It is noted
that mineral composition in the dark grey clay layers, determined from

x-ray diffractogratme (Appendix l-0), is mainly halite, anhydrite,
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figure 3.2.5.4 Photograph of the core-sample of the middle part of
Carnallite-halite-Tachyhydrite Sub-bed. T-tachyhydrite,
Carn-carnallite, ha-halite.

(from drilled hole no. Kb-2, at depth 155,10-155.21 m.)



Figure 3.2.5.5 VYhotograph of the core-slab of the upper part of

Carnallite-halite-Tachvhydrite Sub-Bed, Ha-halite,

Carn-carnallite.

(from drilled hole no, ki-2, at depth 147.90-143.00 m.)
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quartz, illite, 'aolinite, etc. Tor niunerals of the Zeep oransg.-ed
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tand, they are senerally balire. carnallite, =sylvite, etc.

The upoer Sylvinite fut-Ped of the Potash Ped has the general
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the positive relationships with eacl other.



3.2.6 Coloured nalite Led

fhe coloured nalite bBed is mainly characterized by the inter-

bedding of several coloured bands of halite, carnallite and/or
sylvite, and darker élay layer (Migure 3.2.6). The halite bands,

1-5 centimeters thick, are fine-to coarse-grained, clear, grey to
dark grey, swoky dark, yellowish brown and orange. The bands of
darkcr clay layer, 0.5-2 centimeters thick, arc black and dark grey
in colour. uesides, some docp orange-red carnallite and/or sylvite
bands (0.5-1 contimeter thick) and grains are intercalated and

disseminated in the halite bonds raspoctively.

In a relatively thick sequence of the Coloured halite bed,
the lower part of the bed is usually clear coarse-grained halite
interbedded with thick smoky halite bands. There are some white-grey
grains and layers of anhydrite, as well as the traces of carnallite

and tachyhydrite associated in this lower part of the Bed too.

dowever, the darker clay layers in the bed increase in content
upwardly indicating the gradational comtact with the overlying Lower

Clastics vember,

3.,2.7 basal Cap Aphydrite bed

Generally, the basal Cap hnhydritgigg mottled very light grey.
Mineral composition 15 mainly anhydrite with some black carbonacesous
matters, (ypsum end dclomite. Anhydrite grains are in the lenticular-
shaped nodular texture having the preferred oreintation or gneissoid
texture (Fipure 3.2.7.1). besides, the bed is rather tightly packed,

and strongly fractured. In thc upper part of the bed, some euhedral

gypsum crystals are scatteringly present. It is noted that the



Figure 3.2.6

e
c
(Y]

Fhotograph of the ccre-slab of Coloured Halite bed
showing interbeds of several coloured bands of halite
(ha), carnallite and/or sylvite (C/%), and clay layers

(€1).

(from drilled hole no. KB-2, at depth 140.80-141,02 m.)
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{a)

(b)

rigure 3.2.7.1 Yhotographs of the core-slab of basal Cap Anhydrite

bed showing gneissoid texture of anhydrite nodules
and black carbonaceous layers.
(a) from drilled hele no. ®S5-2,21, at depth 68,11-68.17 m,

(b) from drilled hole no. R5-2.21, at depth 66.07-66.13 m,
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carbonaceous layers normally increase in their abundance downwardly.

From thin-sections, mineral compositicn in the Jlower part of
the bed consiste of main fine-grained anhydrite with some fibrous to
fibroradiated acicular anhydrite patches. A few large disseminated
subhedral dolomite erystals are present in the bed too (Figure

3,2.7.2});

It is noted that acicular anhydrite generally shows fibrous
to fibroradiated texturc. Lhe large disseminated subhedral .dolomite
crystals are commonly replaced by acieular anhvdrite crystals

(rigure 3.2.7.2).

uowever, the mineral/composition of the basal vap Anhydrite
bed determiped from x-ray diffractogramme (Appendix 1-D) is mainly

composed of anhydrite, some gypsul, etc.

irom the field relation and pctrological characteristics of
the Basal balite and basal Cap sSnhydrite Eods, the basal Cap Anhydrite
Bed seems to be the result of a residual accumulation from the
anhydrite layers leached from the dissolution in the upper part of

the complete sequences of the basal halite bed.

In addition, the geochemistry of some trace elements Mn, Fe,
Sr, ba) in basal Cap Anhydrite bed ore analysed and presented in

appendix l-b,

Strontium values in the bed vary from 51i to 674 ppm and show
no obvious trend with depth. Lt is noted that the strontium values
in the bed are relatively lower than those in the basal Anhydrite bed.,
The average values of strontium for anhydrite in evaporite rock can

be wp to 800 ppm (Stewart, 1963). Therefore, it is apparent that the



figure 3.2.7.2

(b)

Yhotonicrographs of tasal Cap Aphydrite bed showing

fine-grained anhydrite and acicular anhydrite teXxtures.

Note subhedral ° dolomite crystals replaced by acicular

anhydrite. An-anhydrite, Do-dolonite.

(z) from drilled hole no. KE&-2,21, at depth 67.02 m,
(crossed nicols, approx. x 33).

b) fror drilled hole nc. RS-2,21, at depth 66.0% .

(crossed nicols, approx. x 85).



average values of strontium content in Fasal Cap fnbydrite Ped Iv thie

study are much lower than normal vilues,

i

“anoanese values in the Bed vary from & to 55 pnm oand show no
olvious tremd it depth. Ir is noted that manganese values iv i
Fed are lower than average values of 1Z{ ppm mancarese in 30 avhyarite

rocks (Stevart, 1963).

Parivm values in the Fasal Cap Anhydrite “ed and the Tasal
Anhiydrite Ped are generally helow 50 pofa, rvesides, iron values very

from 72 to 204 rpm ip the Ded with ao obvious trend with denth,

The chemical data of some/sater soluble cormponents of reprasso-
tative samples of the Tg¢d are summarized and preserted Appendin 1-C,
The veight percert of the ftotal seluile components ir the Faszl Can
Anhvdrite Ted varies in the rance of 69.32-70.12 that {is relakively
hirkar than the reight percent of the total sclulle components iy vhe

Basal Ankvdrite Ted,

3.3 Lower Clastics ;¥ rbexn

The Lower Clastics Hember is ganerally sutdivided jnto two
narte, notably, the lover and the upner paris. The lower nart of the
*lember consists of the darl grey semi-~consolidated clay to claystona/
mudstope that is unwardly araded to creenish grey semi-consolidatad
clay to claystene/mudstone. The thictiiess of this mart is about one-
fourth of the total thickness of ttre Member. (ererally, this part i
main. v seni-consolidared, nlastic, sticlk: ant very well compacted,
nassive and nearly borizontally laminatod in some irtervals. Tesides;
numerous halite crystals are associated with dark arey semi-consolidated

clay to claystone/mudstone as chaotic wdetone~halite texturae,



crystals of halite floating in mudstone-matrix, These hzlite crystals
increase upto 504 in content downward to the bottom part of the Member.
In addition, some clear, pale oranye, yellowish brown halite and orange-
red carnallite are associated as veins znd veinlets along the steep to
nearly vertical dipping fractures. [t is noted that there are some
white-grey anhydrite spots and/or layers disseminated throughecut the

grecnish grey semi-consolidated clay to cleystone/mudstone.

The upper part, the major part of the Member, is characterized
by the reddish brown semi-consolidated clay to claystone/mudstone.
vore associated greenish grey semi-consalidated clay to claystene/
mudstone is mottled and interbedded,especially in the lower interval
of this upper part of the Lower Clastics Hember. lhe other lithological
characteristics are generally similar to those of the lower part of
this Member. However, the amount of halitec crystals associated with
this upper part are less abundait. Ly contrast, the amount of anhy-
drite grains and/or layers azre relatively morc abundant in the upper

part than the lewer part of the Member.

I+ is noted that the lower part is graded into the upper part
of this member indicating by the interbedding of the greenish grey and
the reddish bLrown scmi-consolidated clay te claystones/mudstones.
Besides, the contact with the overlying Hiddic Salt iewber is of nearly

horizontal gradational tvpe.

From the x-ray diffractogrammes of this Member (appendix 1-D),
mineral composition of the lower part of this Member is quartz, halite,
anhydrite, kaclinite, illite, chlorite (¥), hematite (¥), etc.
tiowever, mineral composition cf the upper part of this Member is cha-

racterized by quartz, annydrite, halite, illite, kaolinite, chlorite,
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bematite (?), etc. Therefore, mineral compositions in both parts of
thic 'ember zre gencrally similar ir nature with only elight wariction
it their atundances. 1t ic interesting to note that the chemical
content of some water soluble cornonents of representative sample. of
the Lower Clastics “Yember (Appendix 1-) iwndicates that the weizht
nercent of zoluble components in this ':ember ipcreacse dewnward froo
11.32 to 32,37 atr thre bottom of this = ler, Vesides, the weizht
nercents cof solutle alaline oxiden (ﬁz?ﬁg FEG, Cal aad “aC) cenevally
increase downward to the Lottom pact ai this Yember toe {fonendisn 1-0j,

It is noted that the coastent of soiubtte lpd in rhe Lower Clastics

Member is in the rangze of 2,26-C, 50 wt . %,

Vowever, this 'enily “igigetiposed wainly of fine-grained clastic
sediments vith some HaCl~aLd-GaSQ1 ordeve of evanorites, Yesidesz,

traces of notassium and moagnesiut $altis arve Jisseminated in this

Hember too.

3.4 Middle Ealt lMemter

L] ‘.

namely, Lower Middle Palite, ifiddle Arhydrite, ilpper "iddle Halite,

and Middle Cap Anhyvdrite in their decreasing depti order respechineiv,
Tecides, tlese reds bave mearly horizental gradational coantacts wifh
each other, and conformaile wit! the overlyine iiiddle Tlastics .enmier.

The detailsd mineralogy and petrography nf thrse Peds i- the Hiddlz

Salt “enier are descrited helow,

1.4,1 lever Middle Lalite Ted

The Lower YMiddle Palite Fed is subdivided irto three parts
vith eradatioral contacts to each other; notavly, the lower, the

middle and thke upper parts.



The lover part of the Ted comsists mainly of dark honey fine~

srained kalite interbedded with smoky dark hzlite beds, 1-5 centimaters

thicy (Fisure 3.4.1.1). Besides, same nale orange, lipght yellow.gh
brown Falite grains and traces of oranpe-red carnallite and/or clouvdy

vhite ¢ lvite grains/layerc are scatteringly presept.

The middle vart of the Fed is characterized by homney brown,
pa‘e oranze, lipht vellowish brewn fire-to medium-grained halite in-

tertedded with some smoky dark halite hands.

The upper part of tie Ped is comgosed mainly of dirty honev,
dark yellowish hrown fine-orained hallte interbedded with smoky rark
halite bands (Ficure 3.4.1.2)+ Locally, soxz clear, light browr,

orange and srey coarse—frained halite are diszeminated.

it ie noted that the arhydrite layers are lese atundant in
the Tower Middle Palite Ted. Farthermore; fractures developed along

the tedding nlane are domirant.

Tn addition. mineral composition of the Ped, determined fromw
#x-ray diffractozramme (Sppendix 1-D), is mainly halite, anhydrite,
aypsum (?), etc. Traces of carnallite snd sylvite rrains/layers

associated in the Ped are also noted.

The chemical data of sore water scluble compoOnencs of

renresentative samples of the Lower 'liddle YMalite Ped are surmarizac

anl tabulated in Appendix 1-C.

3.4.2 Migdle Anhydrite Ted

The Middle Anhydrite Ded has daik grey to light grey colour
and is generally subdivided irto two parte, notally, the lower part

and the upper part,
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Yhotograph of the core-slab of the lower part of Lower
liddle balite bed showing its general appearances.

(from drilled hele no. K5-2, at deptb 121.05-121,27 m,)
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Figure 3,4.1,2 Yhotograph of the core-slab of the upper part of Lower
fiddle halite bed showing its general appearances.

(from drilled hole no. KB-2, at depth 104.16-104,38 m,)
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The lower part, the main part of the bed, consists of massive
and dense nodular anhydrite associated with swallow-tail halite grains,
and halite layers (Figures 3.4.2.1 and 3.4.2.2). The swallow-tail
texture was originated by the slow evaporation of calcium sulphate-
saturated NaCl solution (Ugniben, 1957). ¥esides, some carbonaceous

layers are commonly interlaminated in the lower part of the bed.

The upper part of the Bed is characterized by laminated anhy-
drite associated with carbonaceous layers, 0,1-0.5 centimeter thick.
It is noted that a few massive nodular anhydrite arc associated within

this zone.

In general,the Middle Aphydrite Bed is partly massive anhydrite
interbedded with partly laminated anhydrite throughout its sequence.
From x-ray diffractogramme of the Bed (Appendix 1-D), mineral compo-

sition is mainly anhydrite, gypsum (?), carbon (?), etc.

In addition, some trace or minor elements (in, Fe, Sr, Ba) in

Middle Anhydrite Bed are analysed and presented in Appendix l-k,

Strontium values in the Bed vary from 495 to 629 ppm and show
no obvious trend with depth. These values are lower than average

values, up to 800 ppm, for anhydrite in evaporite rock (Stewart, 1963).

Manganese values in the Bed are fairly low at about 5-12 ppm
and show no obvious trend with depth. This may explain the very low
values of manganese in the Bed differ from the average values of 120

ppm manganese in 80 anhydrite rocks (Stewart, 1963) .

Barium values in the Bed are generally below 50 ppm. Besides,
iron values vary from 75 to 240 ppm and show no obvious trend with

depth,



¥igure 3.4.2,1 Fhotograph of the core-slab of the lower part of Middle
Anhydrite Bed (contact with the underlying Lower Middle
halite bed) showing laminated and massive nodular
textures.

(from drilled hole no. KB-2, at depth 100.87-101,06 m,)



Figure 3.4.2.2 Photograph of core-slab of Middle Anhydrite bed showing
laminated anhydrite and swallow-tail teXture of halite
associated with anhydrite.

from drilled hole no. Kb-2, at depth 100.66-100.85 m.)
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The chemical data of some vater coluble comnonents of sone
reoresertative sasple of tle Fed are sumuarized and tatulated ian

Appendix 1=,

3

3.4.3 VUpper Middle "lalite Ted

'The Upper Iiddle ‘lalite FTed is pubdivided very genmerally info
two parte, namaly, the lover part and the uprer part. Tre loweyr part
of the Ted consists of srey, darl) grey nediu—-graired halite inter-
bedded with syoky davk hali®e andsFisuvze 3.4.3.1). Lesides, theve

are sonc anhylrite layerc aSenciated with the smoky dart halite sands.

Locallv, traces of oranec~réd carnallite @ni/or cloudy white sylvite

The upper part,” the madnipart of the Ted, is charactexized ty
clear firz-te medium-crained Balite, and gaokv dart halite bands.

The arhyirite lavers| 6. 5=5,9 centimeters ahick, are interbedded ot
every 0,10-0.60 meter interval (Fisure 3.%.3.2). Tesides, some illy
vhite medium—groined halite are disseminate:l loeally. Tn the uprermost
interval, some orey, rale orange fime-to coarsed-srained halite are
nsresent. It is noted rhat arhydrite layes interbedded with snoky

dark halite bands seperzlly increase ir their abundances and thick-

nezses dewvnuard to the bottom of this Tedl.

The mineral composition determirad f£ron x-ray diffractogrimre
of the Ted (fprendix 1-D) is mainly halite, anhydrice, gypsurm (73,
etc. The chremical data of some water soluble componerts of
reprecentative samples of the Upper Middle Felite Ped are suamarzzed

and tabulated in Appendix 1-C,



figure 3.4.3.1 Photograph of the core-slab of the lower part of Upper
Middle halite bed showing halite interbedded with
anhydrite layers,

(from drilled hole no. Kk-2, at depth £9.45-89.70 m.)
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Figure 3.4.3.2 Photograpi: of the core-slab of the upper part of Upper
Middle halite bed showing the genmeral appearances of
halite and anhydrite layers interbedded.

from drilled hole no. KB-2, at depth 55.92-56.14 m.)



3,4.,4 Middle Cap Anhydrite Bed

The Middle Cap Anhydrite bed is generally mottled light grey,
massive with some carbonaceous layers. Ffrom the x-ray diffractogramme
of the Bed (Appendix 1-D), mineral composition is characterized by

anhydrite, gypsum, etc.

from thin-sections, mineral composition is generally composed
of very fine-grained anhydrite, some acicular anhydrite, and a few
euhedral to subeuhedral gypsum crystals (Figure 3.4.4). Locally, some
dark brown thin layers are present. Lt is noted that acicular anhy-
drite generally shows fibrous and fibroradiated texture, Besides,

most of the annydrite grains are very fine grained anhedral.

Generally, anhydrite grains in the Middle Cap Anhydrite Bed
are relatively finer than those of in the basal Cap anhydrite Bed of

the incomplete sequences of the Basal 5Salt Merber.

In addition, geochemistry of some trace or minor elements
(Mn, Fe, Sr, Ba) in tiddle Cap Anhydrite Bed are studied and presented

in Appendix 1-E,

Strontium values vary from 328 to 671 ppm and generally in=
creasc towards the base of the BEed. These values are lower than
average values, up to 800 ppm for anhydrite in evaporite rock

(Stewart, 1963).

Manganese values vary from 11 to 37 ppm and generally high
towards the base of the bed. These values are lower than the average

values of 120 ppr manganese in 80 anhydrite rocks (Stewart, 1963) .
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Figure 3.4.4 FPhotomicrograph of “iddle Cap Aphydrite bed showing
fine-grained aphydrite and some acicular enhydrite
associated, (crossed nicols, approx. x 175).

(fFrom drilled hole no. KB-8, at depth 55.19 m.)
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Barium values in the bed are generally below 50 ppm. besides,

iron values vary from 1)1 to 811 ppm,

Besides, the chemical data of some water soluble components of
representative samples of the Bed are summarized and tabulated in

Appendix 1-C,

From the typical bromine profiles of the halite zones in the
Middle valt Member (Figure 3.1.1), the KBr content progressively in-
creases from the lower part of approximately 200 ppm KBr to the upper-—

most part of 450 ppm kBr,

However, it is interesting to note that the Middle Salt Member
generally falls in NaCl zone of the theoretical evaporitic sequences
with thin CaSU4 zone associated in the middle and uppermost parts.

The potassium and magnesium salts of higher order of evaporites in

the Member are only traces, locally,

3.5 Middle Clastics Member

Generally, the lithology of the Middle Clastics Member is
similar to the Lower Clastics Member except the absence of orange-red
carnallite veins and veinlets. This Member is subdivided into two
parts, notably, the lower and the upper parts. The lower part of the
Member consists of the dark grey to greenish grey semi-consolidated
clay to claystone/mudstone, The thickness of this part is about
one-seventh of the total thickness of the Member. Besides, this:part

has the grodational contact with the upper part of this Member,

The upper part, the major part of the Member, is characterized
by the reddish brown semi-consolidated clay tc claystone/mudstone

with the greenish grcy semi-consolidated clay to claystone/mudstone



mottlinz and interteddirn, The generzl liztolopgy is sirilar to i

urner part of th. Lover Clastics Memler,

From x-ray diffractosramies o, Midcle Clastics Yepker (Apverdls
i-T), the minerals comrosition of the lower vart of the ‘lember us
quartz, halite, illite, koolinite, arhydrite (?), etc. FPesilas. the
nineral composition in the upner part ie gusstr, arhydrite, baling,
illite, baolinite, hematite, etc. lowerer, mincral compositions in
poth narti~ of tie 'euber are gencrally similar in characteristic:,
except differencae in thedrabundaicées” Yo rddition, the miaeral
comnosition in Middle Clastitg)ienber da . ensrallv similar to thit

the Lower Clasztics Members

The chemical dat/of some sater soictle comnorerts of re-weaszo-

tative samples ol the ‘ember are summ:rized and tabulated “r fprendix -0

5.6 Upper Salt “embez

The !pper falt liember has the vesrly horizontal sradatioral
contacts with Loth the underlying 'fiddle Cliastics and the overlyinz
Usver Clastice tlembers, Generally, thz lictoleogy of Uprer falt reubar
is similar to the Middle Salt Member. 7The Upver Salt Mamier is cube

divided inte four Teds, namely, Lower Upner Haiite, Upper Anhydrit

Unner Upper "alite, and Upper Cap :nhydrite, as descrilbed telow.

3.5.1 Lower Upper llalize fed

Ceneral litrslogy of the Led consists rmairly of c¢lear medium-
orained halite interbedded with smokvy !z halite bands (1-5 centi-
1

meters thick). I=zsiles; sone vnale~onzy to oranre medium—-grained

halite are ascociated in the lower part.
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3.6.2 Upper anhydrite Bed

The lithology of the Upper Anhydrite bed is generally similar
to the Middle Anhydrite bed of the tiddle Salt llember, The lower part
of the Upper Anhydrite bed consists of massive nodular anhydrite asso-
ciated with swallow-tail halite grains and halite layers. Furthermore,
the upper part is commonly characterized by laminated anhydrite with

carbonaceous layers,

3.6.3 Upper Upper Halite Bed

The general lithology of the Bed is relatively similar to the
Upper iliddle Halite bed of trhe Middle Salt Menber. The Upper Upper
Halite Bed consists mainly of clear, milky white medium—grained halite,
and smoky dark halite bands with anhydrite layers, The anhydrite
layers (1-5 centimeters thick) are interbedded with the smoky dark
halite bands at every 15-30 centimeters interval. Besides, the milky
white halite grains decrease downward from the middle part to the

lower part of the bed,

From x~ray diffractogramme of the bed (Appendix i-D), the

mineral composition is halite, anhydrite, gypsum (¢), etc.

It is interesting to note that potassium and magnesium salts
are absent in both Lower Upper halite and Upper Upper Halite Beds of

Upper Salt dember,

From the typical bromine profiles of the halite zome in the
Upper Salt Member (Figure 3,1,1), the KBr content progressively
increases in the narrow range from the lower part of approximately

200 ppm KBr to the uppermost part of 300 ppm KEr,



130

3.6.4 Upper Cap Anhydrite Bed

The gencral lithology of the Upper Cap Anhydrite Ded is
composed mainly of massive mottled dark to light grey anhydrite with
some carbonaceous layers. Locally, some dark grey or reddish brown

semi-consolidated clay to claystone/mudstone layers are interbedded.

From thin-sections, the mineral compositicn of the Bed consists
mainly of fine-grained anhydrite and acicular anhydrite crystals
(figure 3.6.4). Besides, some gypsum crystals and dolomite (?)/cal-
cite (?) are aggregated and disseminated in the Bed. The acicular
anhydrite crystals commonly show the fibrous to fibroradiated texture.

Some gypsum crystals pseudomorph after the anhydrite crystals.

from x-ray diffractogramme (Appendix 1-U), the mineral compo-

sition of the Bed is mainly anhydrite, pypsuwr, etc,

In addition, thc geochemistry of some trace or minor elements
(Mn, Fe, 5r, ba) in Upper Cap Anhydrite Bed are studied and presented

in Appendix l-E,

Strontium values in the Bed are fairly consistent at about
514~540 ppm and are generally lowered towards the base of the Bed.
These values are relatively lower than average values (up to 800 ppm)

for anhydrite in evaporite rock (Stewart, 1963).

Manganese values in the Bed are fairly consistent at about
61-6& ppm and show no obvious trend with depth. These values are
lower than the average values of 120 ppm manganese in 80 anhydritec

rocks (Stewart, 1963).
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4 FPhotomicrograph of Upper Cap Anhydrite bed showing

Figure 3.6

acicular and fine-grained anhydrite teXtures

(crossed-nicols, approx. x 35).

KE-21, at depth 149.76 m.)

(from drilled hole no.



L2

Parium values in the Ped are aenerzily helow 50 prnim, Pozrnaue,
; Y X )

iron values vary from 75 to 115 ppm ond stow no obvious trend wirh Jenith

The cremical data of some water soiuble comporents of represens
tative sanples of the Upper falt "ember ave surmarized and tabtulated

in Apnendix 1-C.

3.7 U=per “lastics Menter

The -~emeral lithology of the Upper (lactics Teuter is the
reddish lrovn and creenistigrey semi=consoiidated clay to claystone/
mudstone interledded witt the ¢aleéareene claverone/mudstone and
ciltstone/ssndetone. The grednisl grey seri-consolidated clay to
clavstone/nudstone is commbaYveassiciated with the reddish broww ¢Yoy
to clavetore/+udstore ag mottlirz avd ldyerins, Tesides, cypsun veing
and veinlete, ac well as gypsmmfashydritc layers, and rods are

scatteringly present Ar_thEis=tenbers

Tt ie noted that the mineral.cemrosition of the Membter deter=
mined from u-ray @iffractogrampe (Nrpendix 1-5Y is euartz, anhydrite;
altite, calcite, illite, kaclinite, halite, heratite, etc. The
differences in mineral compositiors tetweer this Member and the *icdle

& Lower Clastics Members are their abunilances apd the nresence of

calcite and alkite in the Upner Mlaatice Tlevter.

reaides, the undifferentiated overiviny Clastics MerlLers nf the
salt anticlinnl areas sometimes have whire te dark arey Anbydrite/ Typ~
com Bed (0-1C.77 wmeters thicY) associated in the lower nart (Jigure
2.2.2). The seneral lithology of the uppev -art of this Clastics
Vembore, 12.1¢-53,%€ meters ttick, consists of reddist brown and

sreenisht grey zemi-consolidated clay ro claysione/mudstone interbedoed
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with the calcareous claystone/mudstone, and siltstone/sandstone. In
the lower part of the Members, 5.06-~17.90 meters thick, the general
lithology is similar tc that of the upper part of the Member. Howeaver,

the reddish brown and greenish grey siltstone/sandstone is absent.

In addition, the chemical data of some water soluble components of
representative samples of the Upper Clastics Member are summarized and

tabulated in Appendix 1-C.

3.6 &alluvium denber

The general lithology of the Alluvium Member consists mainly

of yellowish grey to brown unconsclidated clays, sands, and some gravels.

Besides, this Member that overlies the undifferentiated Clastics
Member of the salt anticlinal zonesof the area shows only a slight
difference in 1lithology from the Alluvium Member elsewhere in the
study area, The litholegy of the alluvium Member in the salt anti-
clinal areasis yellowish brown and grey unconsolidated to semi-

consolidated sands, clayey sands, gravels and some clays (Figure 2,227,
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