CHAPTER IV

COAL GEOLOGY AND CLAY ‘MINERALOGY

4.1 Coal geology

rock and composes ©
The oldest coal occurz
Finland, Precambriag

America (Bouska, 198f) £ Afel 21 arge ‘Seurces of p]:ant matter
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giving rise to efio: n appear before the

Carbgniferous and®in important coal deposits
haye been preserved, thon ferous is the "bituminous-coal
period”, Gymnospermae doz #plant kingdom from the Permian to

the Cretaceous Rgrig iae ~which first appeared in
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Triassic time, UNAETWent & Tap EY(Diessel, 1982). They
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amount of coal alsaf deyveloped in the Tertiary and the greatest thick-
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deposifs are:

and :, e Dicotyledons. A large

a) basin development,

b) appearance of land plants in geological time,

¢) accumulation and preservation of plant remains,

d) diagenesis, or surface or near-surface transformation of

the coal remains, and
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e) coalification under the action of mechanical stresses

and temperatures.

Increased demands for energy in the face of diminishing sup-
plies of readily available liquid hydrocarbons have turned the atten-

Many characteristics of coal bands,

namely, thickness continuity, 'q / . can be attributed to the

tﬁlated and to the tectonic

setting at and a - \ . Therefore, a knowledge
/‘/-/ AT \

of depositional enyvifondic flufmces should be in the

— ':‘ ; .\‘\ al bodies.

AN

made in the present study to

exploration and deygloph

An attempthas Fo
focus some detailed St \ the Tertiary sedimentary
sequence of Mae Moh h#sig - “.9 : py"®f coal in this study covers
various aspects, namel .-l tra position and characteristics
of coal seams, (eddl type, coal rank, —and oroposed coal depositional

T o |
aspects will be dis-
-

model, Details .‘" a

cussed as follows:
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cally exploited, 2 minor coal seams and one band. Besides, on the

top of A-2 Member and locally within C-3 Member, coals are also
present as minor coal seam or ligneous trace (Table 3.5.1a). The
characteristics of each coal seam or band from bottom to top are as

follows:



156

The lowermost minor coal seam is present on the top of the
A-2 Member. This coal seam grades lithologically from coarse-grained
clastic associations of the underlying strata to lignite band at the

top. It comprises of alternating of thin band of low quality lignite

aystone with intraformational

pﬁce from a few boreholes show

that it is widely diS®rs i area with the thickness

and parting of calcareous si
conglomerate and ligni
varies from a few Due to its small

ttle economic wvalue at

quantity and grea

present.

The midd haracterized by another

minor coal seam, It tipn varies from 50 metres

below the B-2 Member M hto about 100 metres

in the eastern part of t- Study B9 The thickness of lignite band

is about 1-2 metfe it comme dlyith thin bedded silty
Y|

claystone, intr? 461 shebioturbation and gas-

tropods, Althoug I]11: is widely dlstrlbutedﬂahroughaut the study

area, it uﬁﬁgﬁ ﬂﬂﬁ}%’gﬁ m‘ﬁ .ﬁalue under the

pres ent ~‘.‘.'11'

Q qu Mﬂi?ﬁdﬂ“%}?hw&]% Hur.:h is further

subd:vlded into 4 beds (see Chapter III). The area between mine-grids
S7 and N'34, the coal seam is characterized by lignite with a few
partings, Parting is highly calcareous, white to light gray claystone
and appears as thin-to medium-bed as well as lenses. In this area,

it is thinning westwardly with thickness varies from about 25-30 metres

in the eastern margin to over 10 metres in the western margin. Beyond
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this area, the total thickness of the seam increases rapidly with
increasing in number of the partings. In contrast, lignite is split-
ting and decreasing in both thickness and quality. In the study area,
however, the degree of splitting in the northern area is relatively

more apparent than in the sou aréa.
\

s characterized by another
.—#

one minor coal se

limit of the B-EM

southern parts of

ew metres below the upper
ized in the northern and
less than a metre. In the

western and easte : “fhe area, it @ppears as trace or only a

The upperma, @ is thel B-4 Member which is firther
subdivided into 5 beds L Chapter III). Between the
mine-grid area S7 and H3d of high quality with small
amount of part 5 —Fm
white 1I:u light g c
bedsto lenses, 5ur:h' , B4.2 and .4 Beds. This is probably due to

e o BB BRTHE AT o o0 .

total thmk‘!ss of the seamgis general greater “&‘5‘ that of the B-2

R AR R DI Foheh v

ness nf about 30 metres in the eastern margin to 15 metres in the

. "y highly calcareous,

n%llizedly present as thick

western margin, Beyond this area, each band of lignite decreases in
both quality and thickness., In the far north and south areas

only lignite on the top and bottom of the memberare present. In
contrast, the thickness of each parting increases rapidly. Consequen-

tly, the total thickness increases rapidly to the order of 40 and
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80 metres in the northern and southern parts of the study area, res-

pectively.

In the scuthern area, the B-4 Member is more intensively
splitting than the B-2Z Member whereas in the nothern area it is

opposite. The similarity of

) members is that in the far north and

h
\ i y/ the top and bottom of the
of éﬁnﬂ:er is more persistent

| —

south areas the lignit

member. However, t
than the B-2 Memb : poor quélity lignite of
the B-4 Member p : ‘.\ \\:\t s=grid N 46 and continues

a short distanc %) \ as It In the south, the

lignite of B-4 M south as mine-grid S30

while lignite of ades out and completely

p
i
The another oneé-m

disappears at the mife

seam is the B-6 Member. Generally,

jind appears as thin to

i85l idated highly calca-

the lignite is chax
thick bands in tfe
reous of claystmm silty one, micritmbeds and intraformational

conglomerate Tntﬁil! thin to ®Whick bands of lignite are present

in the wesﬁnuﬂ mﬂnjnﬂg nlﬁrahhmn, 1983). The
lignite qu-tr:lqsﬂ are :ednmina.r&l resentio in the®dastern and
nurthgqnmgsafﬁlﬁ] lm ilﬁﬁglﬁﬂl ia 2‘[ westwardly
and southwardly., Although, the lignite contains heavy amount of

mineral matter, economic exploration of these lignite bands is pos-

sible using selective mining during the overburden removal operation.

4.1.2 Coal type
The lignite at the Mae Moh basin is characterized by dark

brown to black, hard and brittle, moderately dull to dull luster, and



159

hackly to earthy texture. It is considered to be attrital coal with
some previtrain. It is humic coal or banded type (Fairbridge and
Bourgeois, 1978) based on its characteristics and the original plant

materials.

The micropetrographic structure of the lignite of B-4
Member was first described by /ied, Kéupp Rohstoffe Co. group

gxamination under the microscope
shows that the Mae Mot by pouniform also as regards to
its texture. For-ats mI ‘er -dnter :alations the coal contains
more than 95% of humuse e ic) | ec \ s which in contrast to
other types of 1igniges 6t exception finely detritic.
Cell aggregates & Aum 3 are extremely rare, and
woody tissues wers ihute amounts of proto-
bitumen mainly pollgf afd ding £ = nénts inite as well as
strongly reflectinf fiing are embedded in this humus fine
detritus which obvigiis ' mﬁp on product of stems,

i \ he pollen content varies
slightly, and is larger , the—coarse-sized portion of the total sample
than in the finer fra -‘3‘-’" ” : not exceed 1% of the
total coal exce f;::*:::fz:ﬁ.:.,m.;..—_f,ﬁ ule {s that it is not of
any importance Efoy soint of view. The

resinite content 1[ esins and 15 als minimum. The so-called

inert components fupaite and sclwtinite occur also very seldom.

Fusinite 1ﬁoﬁ( m ﬂﬁ clayey and

calcareous igiclusions exist. ppears to een concentrated

here e pa sclefétinite (str@dgly reflecting
ol e o4 BRI

tiary 1g:n1te which in Europe usuall;y contains higher proportions

of this component. The existing fungus spores are remarkably small

and in the majority of cases belong to the two-cell teleutospores ",
Ratanasthien and Reungwathanasirikul (1983) and Ratanas-

thien (1983 a) reported that the Q seam (B-2 Member) contains pre-

dominantly humic gel of huminite and gelinite in the lower part of
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the seam, whereas the middle part of the seam predominantly comprises
of huminite with small amount of gelinite. This difference indicates
that the depositional environment changed from deeper lake with
floating plants to shallower lake with semi-aquatic plants. Petro-

graphic study further reveals that traces of pyritizedly preserved

s with Mae Moh lignite
both at the stockpilegfing fhe nine-fac Besides, it can not store
for a long time even #ingdé v:g‘”“,‘~]n a its slacking property.

The slacking propéTtyfdepefids dn quality of\coal, high quality lignite
tends to slack rapilyf= . 5ubce idal 'and cubical fractures while
matter content tends to

slack rapidly as sheet - ik 'ni anasthien, 1983 a)

Accord ach et ‘al. thef Spontaneous combustion
o s ——————————————e——————————————————
caused by exothefm: e |of these reactions
are as follows: —'"Sgo of @lcoal can occur only when

the quantity of he@t released by oxidation is greater than the quantity

of heat car £xi If this happens,
the temperatﬁﬂﬂe ;ﬁ Wg’lﬂ 5]:35 the rate of

oxidation 1nc£lasa this agalg leads to a rise in te rature and so

RS P b e 11 AR N

regardless of rank, is always the maceral group most susceptible to
spontaneous combustion. . Spontaneous combustion increases considerably
with decreasing grain size. It was also enhanced by the sulphuric

acid which forms by weathering of finely dispersed pyrite or pyritic
concretions. . The seams or part of seams containing finely dispersed
pyrite in high concentration (5-10%) are more inclined to spontaneous
combustion than seams which are free of pyrite. . "
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Ratanasthien (1983 b) reported the experimental work of
spontaneous fire of Mae Moh Lignite stockpiles as follows: ''the
reactions starting by the accumulation of temperature in the stock-
piles resulting from the sun, followed by the steam releasing
causing the dehydration reaction which was effective mainly at the
surface of the stockpiles, the oxidation, hydrolysis and hydration

reactions inside the stockpile rise to the increasing tem-

perature from the heat of \;; | . led to the partial
distillation of low-ighition | : gases. Spontaneous fires
: ; *“'of the stockpiles or

ank of Mae Moh coals, the
Tow-ignition temperature

within 40 days ins
loss of moisture
gases, partial di eratures are thought

to be the major ca

4.1.3 Coal

‘Iu 3 A -
The categorigati -] ) ggree of metamorphism is

e s o 2
known as rank classiflca{;ﬁfﬂ The inges in rank result mainly
from the weight af o 1ying sedis gck .~ the heat produced by

#tdon, all of which
contribute to pruigessi : ‘ustlghnk classification
systems are based off ghe followinggfour changes that occur with

increased m%wsg n&nﬁgw ﬂlﬂrﬁned by laboratory

tests, are: (1) decrease in the amount mof volatile matter yielded
surin ok GO e bopd 1D Inckebien bk e

fpalur;gic value) until the volatile matter content has decreased

to between 14 and 22 percent, after which the heat value decrease also;
(3) increase in carbon content; and (4) decrease in hydrogen content.
In this study, the standard classification of coal by ranks (ASTM D

388-77) has been used, This classification is :based* on fixed
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carbon and calorific value (expressed in Btu/lb) calculated to the
mineral-matter-free-basis. The high-rank coals are classified accor-
ding to fixed carbon on the dry basis; the low-rank coal, such as
of Mae Moh coal is classified according to calorific value on the

moist basis.

In this stud

: ' .
boreholes scatteringwover-ma agstud}r area have been
(% . a8 .:»? ;: ‘--

selected for coal rag ie proximate analytical data

ive analyses of coal from

are obtained from ta of B-2 Member obtained

\d of B-4 Member obtained

.&-' ’\\\\ e been evaluated. These

data include heat vallie -iﬁ-; s ‘\\:\ , ash content and sulfur
W erT

from 21 boreholes

from 21 boreholes

content, The calorif matter free, on moist basis

obtains from equation o [4s is as follows:

itu - 505. x 100

Moist, ‘M ,.r-m iy = -l

ll%"" D-

Iﬂm I

= mineral matter

AU 9 V}&J VISl finkbimscs per

unde{calorific vak

QW’]ﬂ\ﬂﬂ‘m«l UBINYIDY

= percentage of sulfur

The calculation of calorific value of 2 coal seams in the B-2
and B-4 Member have been carried out from 252 samples. The final
evaluation reveals that the modal value of calorific wvalue of the

coal seam in both B-2Z and B-4 Member fall within the range of lignite-A
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(Figure 4.1.3a). However, some of them fall within the rank of sub-
bituminous coal. For general name, coal of Mae Moh basin is concluded
to be lignite. Generally, the lignite of B-2 Member shows higher
calorific value and sulfur content than that of the B-4 Member. The

lignite of Mae Moh basin exhibits a wide range of ash content, total

lorific value. Longworth CMPS
. ity from their laboratory
tests as : specific '. ey T " ~ 24 MJ/kg (gross, dry basis,
equal 6020 to 103200t /1% sam - 1sis); the total moisture
value range from of 50 fércent with an estimated basin average of
content of K-seam (B-4
Member) is about 26 ent “{d9% basis) and Q-seam (B-2 Member) is

» & sulfur content of lignite
limnic coals elsewhere.
The abnormal higher su%-ﬁv'?g?‘ﬁ; aused by the calcium-rich
depositional -,;1,,;T(“_ .;- i g uited forisle bacteria activity

|

similar to braC'é?‘ Jf'c coal). At present

the sulfur is mafi contributad by the inorganic sulfur and free

sulfur. ﬂxng.aa ﬂﬂﬂ?w ﬂqﬂ?c value (dry basis)

versus ash dpntent (dry b a515 .

o Vil TUUBIINLUI B e,

also shnws relevant physical characteristics, namely, rapid slacking
under ordinary atmospheric condition, brownish black streak, imparts
a coffee-brown color to boiling potash solution, and yield a dark
golden yellow solution upon leaching with nitric acid (Fried Krupp

Rohstoffe Co,, 1959 in Gardner, 1967).
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4.1.4 Proposed coal depositional model

The lignite deposit wihtin the Mae Moh intermontane basin
is concluded to be a limnic coal. This means inland coal swamps OT

basins which never has any connection with the sea. Evidence of

fossil records strongly supp ./ ¢hg non-marine origin. This coal

deposit usually shows & la d number of seams with

The relatively thi ad” st \of lifited areal extent also

‘:.ts which after death

\ 5\\ asin is concluded to be

b4

on and rather uniform in

form peat In Situ.

autochthonous coal. es which support this

conclusion, they are

thickness of individual Esafii, ble thickness of lignite

without partingfsmteruption, gradational coni@ét at the lower boun-
Y )

'.

dary. According b Ochthony, the coal seam

o |
should be stratlflﬁi with alternatlnns of coarse-and fine-grained

wis <SRBI Y| Y PGP =

water perln of river fluwarg into the lake. More aver, the

oo B FEEAP FRERTI PR B s

tens of metres of lacustrine claystone which are practically devoid

of lignite seam (e.g. B-5 Member). In term of allochthony, it is
difficult to see why the inflowing rivers, after having carried
plant material into the lake for hundreds of years, suddenly stopped
doing this and hrought in only inorganic matter. However, evidence

of abundant lignite flakes which are present close to lignite band
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is concluded to be hypautochthonous coal.

Due to the fact that the depositional environment of the
B-Formation in the Mae Moh basin is the calcium-rich one. The parting
and even within the lignite band itself contain considerable amount

of primary calcareous substance. This calcareous substance appears

as spot (nodule) and cemgi ; calcareous micro-nodule is believed

to be syngenetic pregipitat on o (Fried. Krupp Rohstoffe Co.,
1959 in Gardner, &ich, would be the only explana-
tion to why calc keletons are well preserved.
The coal-bearin here in the northern part

b-basin, Pha Kha sub-basin,

etc. show evidencefoffthe sofut 2 alcareous skeletal material

ca is also easily dissolved.
=i i
However, the silice olution - precipitated as a gel else-

where in the 4Wwimp WhHere £ ahér (Stach et al., 1975).

The siliceous hard band B4, Beccurs at the base of the

coal seam (Figures€3g3.4. la and @y3.4.1b). It is black, hard and

very mpaﬂeu,amm&mmm*a' detrital silt-sized

quartz Hlth siliceous cemenf and somegquartz veinlgy (Figures

Sy ﬂ W&a}ﬁmﬁm mflq mall:la'lﬂeuchamstry
of the depositional environment change from calcium-rich of B-3
Member to acid environment of B4.1 Bed. Therefore, the origin of
this hard band is believed to be both clastic and chemical nature.

The latter one is relatively more influential.
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Coals, which were deposited in calcium-rich swamps, show
similar properties to marine influenced coals (Stach et al.,1975).

The calcium-rich waters must have been leached from the surrounding

bounded by limestone hangAad Joi Long Formations of Lampang

- _‘
Group. Besides, e _l@ws that the basement of
the Mae Moh basin is pftefy nhderlain By.Doi Chang Formation.Bacterial

actiyity is accelezafedf i fghisl envixonment, resulting in increased

degradation of plag mains, Pe compos '\- is especially severe

in aerobic environmg \\

of the Mae Moh basin g a) -—u-- ' e characteristics of semi- aquatic

Vit

plants. The other reaso y.:- =

tant part of plants is

S the reason why coal deposit

Of plant growth is rapid and the

. compared with the

life of semi-aqi :
woody plant, o/ ] re fid For their extremely

growth, resuitingmnadequate of plant mﬂtﬂlﬂl to form thick coal

S el ) 1
q R FRE HIAAG IR e v

is condluded to be mainly of autochthonous coal, plant materials are

. mainly of herbaceous and semi-aquatic types which had grown in calecium-
rich marsh or swamp. In the case of thick coal band, the prolonged
reducing coal-swamp environment coupled with the continuous suhsi:dence
of the depositional basin are believed to be the major controlling

factors, This is the case for up to 3 metres thick of the B2.1, B2.4,
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B4.1 and B4.5 Beds. Considering the wide distribution of the lignite
deposit, type of plant accumulation, and considerable thickness of
lignite band, the lignite of Mae Moh basin originated in large marsh
or swamp with plants of semi-aquatic and herbaceous widely distributed

throughout the accumulation area, This semi-aquatic plants in general

require a higher water tab ’";-J”’ an the true swamp. Addition of

water to the swamp should be - ‘ sh stream that carried only
i ‘ —

medium-to fine-graings § asdl ;_'_ by a few medium-grained

=rn and southern areas.

Peat bogs of Mae, ,owmoor bogs. The peat

clastic rocks in \Q\:\:H\\\

bogs must have a ich preserved the remaining
3ecause the rapid subsidence
during sedimentatio 1t5, geperally linjgbrupt variation in coal-

d trace-element content

whereas slower subsiden?ﬁﬁgrj@u¢ sreater lateral continuity,
m e S a2
but higher cont€ft of sulfur, 1T TRES1 ;;,53 rate is more slowly,
e -
X )
plant materials SapU .ﬂ%m- results no plant

matters were preserved ﬂfcourse the whol® basin must not have the

same subsiﬂmuﬂ ?%WTWﬂ‘Tmf coal seams or

bands and tRickness of part1ng. The present eastern and southeastern
margﬁﬂr1ﬁ}!ﬁ|isfqadf1'€?1§ljagﬁrﬁfrf1dgriyanEJtﬂri$r1Ejt of more
suitable conditions for peat accumulation than the western margin.
Gastropods and bioturbation commonly present in the partings indicate
the shallow water environment. Besides, intraformational conglomerate
is also common in the parting, It is believed that the intraformational
conglomerate originated from reworked mud-crack, a chip of mud-crack

was able to be redeposited faraway by the water buoyancy force even
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in calm aquatic environment. It is also indicated that some areas were
exposed while the others submerged under the water. The presence of
some lignite flakes lying parallel to the bedding plane within the
parting also indicates some shifting of plant material within the .

basin,

Compaction zatu = lignite of Mae Moh basin has

been measured from -« lustenwwidhin the B-4 Member in the

active mine-pit, with Gardner (1967) who
measured the fragi dec in the lignite and

Longworth CMPS Engi e -third to one-fourth, Coal
seams in the eastery n “with a few partings have
the thickness of aboyt 20, L0705 i ating that the present
coal seam have been cg -f:;"; { ;‘1_1na1 thickness of 60-to
i x

100 metres., Longworth CM# (1981) concluded that the

difference of present thickness b al seam with few partings
and coal seam wigh \ech and southern margins

is due only to t differential ompaction ggaracteristics of organic

and argillaﬁuus ndtéri

‘IJEJ’WIEJVﬁWEJWﬂﬁ

4.2 Clay mi ralugy

9 mmamum ANYIAY coge o

ahundznce of clay minerals from B-Formation and pre-Tertiary rocks

are based on peak areas on diffractogram of oriented samples.
Altogether 43 samples have been analysed and evaluated, 41 of which
are obtained from 7 representative boreholes scattering cover the
main part of the areas except the southern part where no sample is

available at the time of investigation. The others two are obtained
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from outcrop of Hong Hoi Formation and weathered rhyolite rock in

the western part of the basin,

The brief characteristics of clay minerals obtained from the

x-ray studies and relative degree of abundance of clay minerals are

of 1.5 in Chapter I. Besides,all

description are shown in Table

\\\R;‘_ethrlana glycol treatment
» A-5.1 to A-5.4 of Appendix

ol treatment with respect
5 5 of Appendix 5.

ls of B-5 Member were previously
carried out by Duangd€un £39° i,% T}\ icul (1983), The clay peak
tograms in the present study are
better defined th sse previc : e indistinctive peaks of

v. — of

the latter maysb s ‘ preparation, parti-

cularly-WLth,regIﬂd to carbonate and ﬂrganlm removal. Consequently,

= VERL ) (kiR i i

llite is gener@liy farmed under cond1 ion of non-acid,

pocie} W’%ﬂ SR BASH E}?ﬂz&}md e

moderate and intermittent, Kaolinite is characteristic of acid tropical
soils where leaching is intensive, while montmorillonite is generally
a product of intermediate leaching and weathering, and alkaline

conditions,

4.,2,1 Clay mineral associations
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The major groups of clay minerals observed in this study
are mainly of illite, kaolinite and montmorillonite. However, a
trace of chlorite is also observed, but it is considered to be an
unimportant constituent because it is present only in one sample

in small amount (Figure A-5.3 of Appendix 5).

peak area percentage, is

ﬁe. Its 001 X-ray

diffraction peak iS modeZafély |sharp foudull or blunt, Kaolinite

Illite, ac

the most abundant

is common clay mine It is well to moderate

crystallized with s'mq;srillunita is found in
B-5 Member. Accordifiz o measurement method, the

ratio v/p has beed esf: >}J‘U , \\ he height of the peak
above background, and J.V, jf he "valley” on the low-

the V/P ratio of montmorillonite
'ﬂity.

Y]

angle side of the peak;
of B-5 Member samp
7
4,2.2 RelZaie
ﬂ
The identffigation and thé Semi-ﬂl:ntltathE analyses of the

sajor ot <t A& dALELY bl b

tive borehales and basement focks reveadsthe follow relationships:

QW?Mﬂ‘imNW]'mEﬂﬂ

a) In the fine-grained clastic rocks with three groups of

les from 7 representa-.

clay mineral associations, namely, illite, kaolinite and montmorillo-
nite, the relative kaolinite content varies inversely with the mont-
norillonite content, Therefore, the kaolinite shows antipathetic

relationship with montmorillonite (Figure 4.2.2a).

b] The kaolinite content has a tendency to increase
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Monimarilionite %,
3

' L
1'“ oy = X
K2 o

Kaol

ASINIRNTIINEAY

etween kaolinite and montmorillonite

contents in fine — grained clastic rocks.
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vertically towards the coal bands, especially within the coal seam

(Figure 4.2.2b).

¢) The clay mineral in the parting consist of illite and

kaolinite of approximately equal proportion (Figure 4.2.2b , and Table

A-5.1 in Appendix 5).

d) Considéring the cléﬂ suite of the fine-grained

clastic rocks aboVE™ipaeEefoy [thé\major™esal seam (B-4 Member), the
illite-kaolinite-moafmor, ’3 b- fined within the B-5

\ \ -1 illite-kaolinite suite

AN
9\\\ %

e) Due —f‘:r-.-_. \ neral data of the basement

Member above the ma
is confined witHi ow the major coal seam

of B-4 Member (F&g

rocks which are conside e sotential source rocks of cla
n #“rdgw [+ ¥y

minerals in thelbasinal Tertiary ! . ,9' conclusion regarding

the clay mineral it at this stage.
- :

il |
W

ﬂ‘lJEl’JVlEWIﬁWEI']ﬂ‘i
awwmmmum'mmaa
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Figure 4.2.2b Semi-quantitative analysis of clay minerals from
boreholes LMP 65, LM 28135 and LM 2567C illustrating the
variation of kaolinite, illite and montmorillonite
contents with respect to depth.
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Figure 4.2.2.c Pie diagrammes illustrating the relative

degree of abundance of clay minerals in both 1lateral
and vertical variations.
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