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ABSTRACT

The Patala Formation was studied In Salt Range and
Kala Chitta Range. Abaut PR samples were collected to
Investigate the <clay wmineral composition and o understand the
palec—enviranments and diagenetic/ sedimentalogical contral ot
the «<lay minerals. The samples fTrom the Salt Range representing
the southern end of the Pt::t;uar basin contalin mostly fLaolinite,
1I11ite and mixed-layer clay mireral (a mIixture of general Iillite/s
montmorillonitel. The chlorite mineral was detected arnly In  Tive
samples Trom the Nilawahan area (central Salt Rangel.

The samples Trom the Kala Chitta Range (Khawri Khawar
sectiom? cantalrn mastly illite, chlarite and mnived—layer clay
mineral. The &aclinite was TFound iIin 12 =samples. I¥ wmas concluded
that the 1llite, chloerite mireral are the Jdetrital clay wmiIinerals
which were brought Iintoe the dep(:)siti;:wr:al hasin thrauvgh erosional
and sedimentological processes Trom a source rock exposed In the
sauth.

The kaolinite Yrom both Icz)calities.; was Tfound o be
partly diagerelic and partly of detrital origin. The wmixed-layer
clay mineral was aohserved ta be or diagenetic QrIgin. The
kaolinite in Khawri Khawar section {Kala Chitta Rangel MNas
Interpreted as detrital wineral. The caomparison of <clay mineral
compasition Fraom the Salt Range and Kala Chilta Range (Khawrrs
Khawar section}) Indicated that &Laolinite decreases 1In the samples
aof Kala Chitta Range wrhile 1llite and chlorite show Increase. The
mixed-Iaver clay =iIreral dJdid not =show any significant variations.
The decrease of fkaolirite In Kala Chitta Rarge  samples was

Interpreted as a sedimentolagical/ depositional control.

ii



The eryztalinity Indices of  Illite and &aelinite show a
decrease In  crystallinity In the sawples from the Kala Chitia
Range as conpared o the Salt Range samples. It Is Q.
kaalinite, Q.37 Taor Illite Iin Kala Chitta Rarnge, nd Q.28 Tar
kaolinite and Q.19 (average? Tor iilite In Salt Range. The
decrease In crystallinity oF IIlite and fkaolinite  again  verity
the transportation of &kaolinite and illite frowx =seuth toe north of

the dJdepositiaonal basin which was the directiorn of Jdeepening of

the hasin.

e
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CHAPTER - 1

A. INTRODUCTION
1. LITERATURE REVIEW

Davies and Finfold (0937) mamed s seriss of shales
with subordinste limestone &z "Patala Shale"  after the Fatasls
Mala, Balt Range. Prior to this Wynne (0878) named it Mummulite
Formation and descoribed it &g & part of  the  Hill l:h"ne&a%'!.:or‘;é.
Cotter (1933 refered to it as the wunit of " MNMussulite serigs  of
Middlemiss" (1a%2é&). Stratigraphic committes of P abis b am

formalized it as  the Fatals Formatiomn, and included it inm the

H
]

Tarkhobki Shaless  and Tarkhebl linestone described by Eames ((9532)

(]

from Fohat area.

Wadia (937) described the Fatala Foroation as the
U et urit of Famiot series, - which lithologically comprisas
shale with interbeds of limestone ard sandstone.

Forishhnarn (1988) described the Fatala zhales as the
upper Famikot beds corsisting of dark Qrey slales, oflten
carpornacecus  with subordinste limestone and sandstone. The shalss
are alum  bearing on accounts of  the actics  of  sulphuric acid
derived  from  decomposing pyrite  dn them.  Fatmd (978) descrilbsd
Fatala ahales in gletail, discuss iﬁ € thes lithology, contacts,
thickness, age and fossils.  Shabh (1280 lriefly  accounted  abouwt
the Fatala shales.

The: type locality of the Fatala Formation is the Fatala
Mala (lat  ZEe 29 N o long 71° 49E) loceated i the western Salt
Rarmge, district Miarwali, Pundab (fig. 1.

The wpper part of the Fatala Formation i& composed of

clive  greemn, orey  to browndshgrey shales, light  grey  siltstones

~ane. In the central Halt Range the upper wait o can

and grey Limes
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e further divided into two parts,the lower part is predominantly

shale where as the upper part shows more freguent occouwrrence of

limestorne layvers.  The shale  ig  friasble  with

distributsd  throughout. At placess  coal sgams  are  developed.  The

ig  profitably mined i the central and eastern Salt Range

areas, generally two  workable  cosl  seans sre found im0 these

kit

areas. The coal ams  dwariakly  contain  inpersistant  clay  band

The stratigraphic position of these coal csr ams iz the middle part
i e Fatasla Formation. ldmestones  is wEually darbk grey,
pyritiferous mezcilm brerciciescl, silty, prartly nadular  and
fossiliferous,

At the tyvpe locality, the formation is conformable with
wrderly ing L.cockhart Formation arnd gradations] withy v eErlying
Eocerng formation except in the eastern Salt Range, where at
is uriccrrformalle with the Haoga  or older

[l e the ba

bral  Salt Rang

formations bDut  top  ds conformable. In the
thick shale beds mark the kase of the forsstion, while usually
sandstone  forms the bottom of the Fatala Formation. The top of
the formation & gradational  an d' the contact is placed at  the
limestons  above which Dluish  grey shale of the Mammal Formation
COUCT S,

Im the Salt Range and the Surghar Range the formation
is  vichly fossiliferous and contains abundant  lavers  of
foraminifera, gastropods and ostracods. 0On the basis of  largsr
forains, the ags of the for-mation is weper  Faleccene. The
following fossils have been reported (Ihvahim Shab 1780).

Fathina nammalensis,

Lochortia off diversa,

Aromalina bandy.

i




Cilobidc 11a 1iﬁaxQVt&“

Bord stominel e dubi e,
Funjalbia patalensis,
Madvalina  traingul aris,

Thies i chine

I the  Salt

ey

SRRl AT S R R WL

Type locality. In the Burghar Range the thiclness

senhtlon.

mEters to TV omebers with 6d meters at Chichalli =

Fokrat eores 4t ds B0 meters to 18% meters. I Harars the thickne

WAL S Troun S0 meE ko 1A

meters {(Huragall section Y. In

ok ket bhii ckmess of 210 meters bas boen measuared,

Critta Ranoe,

2. 500ME  OF STUDY

The olxdective of pre

bl varies from 27 meters ab Ballkasssr bto 109 meters in L

TWhs bty Feat &b

Fe

nrowor o was to study the  chareo-

ey ot clay mingrales present im the Patalsa Foroatdon Wi’ T

“wgh o, T

Live depth of the basin at difterent place,

~tiorn. The study vreveal corvelation

dorme along  veriows
variouws  olay minerals, indicated the shape, depth and  brend

Thie  deposition basio. Ir o addition this study will also heip

locality the coal measures

clay hordzons usefa) dn oRranios.

I CORRELATION OF THE PHTALS FORMAT DO

I the Sa

Larting from Sancdbal & o sres dn the east, the thickne

towards west., Lithologically

e formation gradoally inoraas

mairly conslsts of calcareous shales and interbedded Dimestons

4

tigate the palecsenvironments, teend aonc compar

T Range, the Fatals Formeation  extends  fr

wilh wvarying thickresses and variowus  lithologiocal

e

close sampling b &3 55

[l

-~
g

in

of the aress, and Lo demarcate the

" HT

it

it

1

e s g MRS N SR




ther  amrea. Ir e western sl Ramge the Patala Formatidon i A0
mataer Lhick at NMammal Gorge, the thickress at Choba Saidan Shah
is about 20 meters. In the Surghar Range, the formation attains a
thickness of 44 meters. The lithology of the formation consists
of shale and meoml with subordinste lisestones and sandstone. The
shale is dark gresnish grey, selenite bearing  carbonacecuws  ard

e ) ooar 2t . Tire

ol &t places, marcasite nodules daore also

colow of limestorne is white o Light grey and Lexbwally it is

rocdul ar. The sandstone e yvellowlsh browsn in colore.

F. GEOLOGY OF THE FATALA FORMATION — PRESENT WORK
Thes formation exdposed i bhe Gandhals Nala sastern
Halt Rarmge, displayvs ferrogereons sandy beds at its base. The

F B D BT E A sancis anch meris lie unconformably on top of the

The Fatala Formation at  Gandhala

Pearmian shaless Sardbal Shal
Mala  sres displays several thin coaly bands bat oorrly ome coxl
seam  has  heen developed as an erploitable coal horizon 41 .t
Fatala Formation. The formation displayve marls  and  nodalae
limestone lensss towards its  tap., The FPatala Formation  is
cornformalzly overlain by the Nammal Formation of BEocene asge. A bed
of Felecypods, mark the cgmtaat between the Patala Formation and
thie  Nammal) Formation. The formstiorn ds about 20 meters thick  at

Garndhala MNMala Fig. 2.1071.

The Fatala  Fuormsatlon g w il dm Nilawabhian  Borge,

of sandstone beds at its bass, which are greesnish grey

SOnELS
in colow . The formation displays  bBlulsk grey to greenish grey

cl ogrey shaly horizons interlayvering the  lentioal ar

artd dardk bla
sancdstongs  and marls towsrds the top. The forostion s abowat 23
meters thiclk at MNilawshan Gorge {(fig. 2.11). The formation i

R cob e Meonme e T 3 4o 1o T L o Fp
R 1 il ) . . AR S J 1 L N - LU IR N [ U ST ¥ A
cverlain by the Mammal Formatior with conformable comtact.
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mostly faulted, covered

s The  Foormectd om

lamtroul ar comal

EBENEIE

e The formatiorn ie

o,

comtain mos

sarcdy

LT ERC COTT L e ) al

rodul ar Timestornse of
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cortact (Fig.

The Pabtala Format

conslsts

meteys thick,

ardd

s L RS .

Fal ssocens

Eocerns mearly

Foar mat d o

comsists of

sandstornaes

and olayvey

the Mammal

bimestones (5

SRFT B E 3

[T i cbhe Eatha

23
o
o

arnd can be studied only i parts

pocsly bedodwd shales with

marle and limestornes  Lowsrds

abowt ZO meters bthick. The ooal R T

partings and  make  the coal

rver ) ain by Tk

;

The $ormation s

Formatiaorn  with cornformation

iy edposed &b Kela Uhitte is about 56

af marls, dark clavs and  argillaceous

Yies comformabdy om the

The  formeation

v

age. Tt dis corntormably overlain by

g. 2.5

4. MATERIALS COLLECTED FOR PRESENT WORK

Fby et 109

studies. The sanples were

Salt Fange IR L

(Fig. 2.11), Katha area,

ry

Chitta

thickrneszes

samples  were collectbed

WAL awakian
central

Rannge {fig. 2.9,

froe the present

collected +from Gandhala HWala sastern

GBorge, Cerntral  Sxlt Range

fig. 2,132 anc Boala

Balt Ranmge

Fepresertl ng the stratigraphic

in the representative & eas.

5. PREVIOUS . On CLAY MIKERGLS I COol .

Stont LLEREY

geresis of seateaxrths clay

rature. Geim o arnd Alleaen

foundg that

b

and

(1238

thier ol ave wer

(134220 have discuss

Lagar:

mingralogy and stated thelr authigernic

studied [llinois underclays

Eomostly kaolindte.

=l the
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Brammel  Lesch (1942 amd Hicks, Naglschmidth (193 .
studied the petrolagy of roof and clod $rom thees anbheracibte amd

bitaminouws ool mine i Sowbth  Wales. Trhey  conoluded  Lhat

anthracitic samples comntained more mics and less  kaolinmite o and

sitd o smaanpd

leew carbormate thar the mom-anther e

FErdelld, J.{19%54) tdentifiad The clay minsrals 10
Bitumirnous  and  brows cosls as i1lite  and  kaolind te. Wol tmarn
(19548)  dinvestigated the oclay mineralogy of blue beamd of Tllinois
coal and he observed thet 11lite, kaclinmite and chlorite were the

doeminant  olay minsrasls  icdicating  rmormal  clay  sedimentation

DF 0 B Wind bmarm (195&), also concluded that the normal olay

sedimentation rather tharn derivation form volcanic was thie
ordagin of the clay &t llirmcis. Mo Millan 49085 studied the

petvolaogy of the Modawsy under—-clays (Permsylavanian) .

Brorger (1955) , desoribed the ol ss

gl rack e ol ey mineral s
in coals  as similar to bthe normal subagqueous  dispersiorn of
weather g prrohucts, a  wiesw  supported by Schesrs CL9ET ).
Sohwllare (19586 and Hoshne (1997), studied in detail about  the
crvstal bindity of clay minerals arnd found that it is squivalent bto

siliceous pebrification.

Weslily (19&17 mtudi the olay mineralse snvircronments  and

0
suggested that there was upward incorease of mixed-laver olay
miteral  and decrease in kaolinite and chlorite from older  to

vounger sedimsnts., s Comparsion of the mimeralogy  bebwaen  andes

clays  ang over lying roof roc of maringe shales  exhibits  that
uwrderclave contalin more kaolinite amd expandable clay minerals

armg le itllite and chlorite (Bagrei, 1%77).

Huddle and Fatierson (12610, have sugoested bt

seatearth  formation was & stage in the develoopment of & coal

ERL

mwamp. Ferham (1985, studisd the < 2Zu $raction of 1linois




underclays,  and reported  that the mineralogical changess are af
heeposd bl oreal faries variatiors. Fietener and  Werrer (196355
proposed  that all comstitwents of the clay minerals in cosl may
be  the oxidaticrn prodoucts of the organic materisd. He also

esb

~ved  that  tho-iam and phosphorsons are twoe brace  elements

whiich are abundant i olay mingrals of shale
et oal. (1944 cbhserved that the perfect orvetallized kaolinite was
devel oped in arn acid environment charing slow depositdon.

Wiltsorn (19430, studied widerclavs from the South  WNales

o F

=zl and Ffournd no o sigrificant changes in clay  mineralogy.

Marston (1967), concluded that the genesis of seatearth depesrded

primarily  on o bthe physical comtrol of  sedimentation. He  also
pDbhserved that kaolinite reflsect the rate of deposition, i.e& the
mor e kaolindte, slowegr the rabte of deposition.  Gluskotor (19&7)
faurnd a sigrnificant amount of well crystallized kaolinite, illite
arid edpandable minerals anc obsesrved that pyrite was dissenlnated

as - a cleat filling mineral matter, in Illinois cosls.

Mz e (1e&s) corncluded that the three $factors  whioh

cortrol thse mineralogical and chemiocsl composition of rateartins

HIT 1) degree and natuwre of weathering before transportation,
i) diagernetic changes and 1ii) effects of aerobic and  anaerobic

condi bions.

Hostermarn et al (1970 discus

2o the di sgenests of the

uwnderclays  in detail. They claimed that alteration of clay Lakey

place by leaching processes of accocumalatiorn sand proposed  three
types of underclays 1) plastic id) semiflint 1iii) amd flinmt.

I modero maring sediments, distribution of o

By xle e

been related to the lithologies and the wesathering regimes in the

cortinental  source areag {(Briffin et &) 1948, Eeller (1970Q)

&

i

e —————




Dunover de & 270, Dixon  and  weed (977), have discus

Tatulubl- Yo

the sowrce  lithology and weathering  regine conbero @ olay

mirneral  formation. Theilr studies are summarized on the bases  of

clay mineral occurrenc

as follows

1. Bmectites are developed by contimental or submarineg |

of basic igneous rocks:

il Chlorites are developed by physical weathering of

SO CE rocks, arct are @specially (CEmmear i glacial

grvirormertt sy

idi. Tllites are developed by moderaste weasthering of

acidic  sowrce rocks, i temperate climates;

Chemical

A Faolinites  are developed by intense

weathering i warm, Bumdd ol imates.
I older sedimsntary sequences, the ocourrences of

thess clay minerals can be  modified by  disgernesis. & disgenetic
sequence  for olay rich  sediments  wndergoing buweial  and  dncressed
temperatures was descoribed by  Howsr et.al1976).  The sequence
was  recognized  and characterized by  the conversion of smectite
o] successively hetter-ordered forms af dlite i the
temperatuwre range of  70%-120°C. The degree of illite orderi;g.
wlich indicates either the  abundance  of physically weathered

detrital dlite o the zabent of thermal  diagsnesis & e

i
b
i

determined by X-ray diffractrometiry (Weaver, 1960; Dunoyer  «
Smgnorac, 1970; Guthrie et.al, 19db4).

The sbundance of varicws illite polytyp Carriss

e dmilar drrf e ml Ao witkh the disordered 1M Adlite pealy oy e

doaminating  most sedimentry clays, whiile the co-clerred 2 mes g

illite palytype dominates PRy sically weathereo detrital dlite

arnd  Allites that  have ewperienced high temperature tlia m eresis

(Dunoyer de Segonzaed?70, Maxwell &  Hower, 19677 Velde,




(e W ks e Macve demonstrated thast enectihe T chiloritss

trangition can by & dominant reaction (Potter et al 3 1980), but

smectite  to 4lld arnd smectite to  ohlorite  transitions  do $ob
nledwifle simultanecusly iry the & Eme stratigraphic horizar.

i clay Fich

is ranmEly developesd 3y diageresis
deposits, and doge not form under the conditions that favour
illite o chlorite formation.
Hughes (1971) studied the mimneralogy and envicornments

of  lincis  wnderclayve  and grouped  the clays on the basis  of
mineralogy irtoy; ) the first group contain ed poorly crystallized
kaolinite, illite, chlorite, espandalile mineral ard rsridizing
zoil activityy i) the =second group contaimed  dominant  illite

arnd chlorite; 1D the third group represented  the  suthigenic

sl

phase. Fleaves (1871} cconducted research ]l British

Carboniferous seatearths from the ron e coalfields ard

i

al. MHe  oladmed

cbserved that aolinite was  the dominant olay  mdne

that the rate of depesition, degrese of weasthering, and  sowce

material before deposition couwld not accouwnt for  the degree of

modification of the amigdnal clay mineralogy. Hughes (1771)
e e

extracted the inorgenic fractions of the coal by the low ashing

technigue  of Gluskoter (967), arnd found & significant amount  of

wWwell orystallized Kaolindte, illite and expandable minerals.

10




B. METHODS OF INVESTIGATION
1. PREFPARATION OF X-RAY SLIDES AND DIFFERENT TREATHMENTS.

Al clay sample were orushed and finely grounded upto
soapy  towuch. A& group of oriented clay sanples were prepared by
dispersiocrn  of the powder samplegs in water for 30 mingtes  and
later on sampled from & depth of % centimeterm. This  vields
material wpto S op eesldy, which was  put onto glass  slides  and
allowed to dry. AL slides, were prepared and subjected to the
following treatments.

i MNermal elides : Diffraction patterns of  &ll the adr-deied
ciginal materials WErE recorded before further treat-

meril.

it Glveolated slides @ The clay o some slides was glycolated
with  ethvlens glycol st 60°%¢ for one hows in an oven. In
special  cases differsmt intervals of time were used for
alycolation. Certain o Erie melectules af ethylene
alycol  can enter  the lattices of colay minerals such &s
martmorillondte, hallaoysite, vermiculite ard & Cume
mixed-layer oclay minerals, which causes expansion.  But
certain clay mingrals do not c-:-:-:lr.n";md an glycolation, such L &=
kaolinite, dlite and most of the chlorite. This  tschnigue
ig an importent griterion for the recogrition of some clay

mirerals.

Lered at  SE0°c Tor

iidi.  Heat treated slides @ ALl slides were hes
twe howrs. FKaclonite mingrals undergo structural changes at
this temperature which cause the basal reflections to
dizappear. The 001 reflections of the chlorite wminegrale show
prhancement &t 14A. The illite minerals show no  change

gpt that the main 201 peak of  illite at 10.18 becomss

symmetrical.  Montmorillonite minerals  collapse  at 9.64.

11




2. PREFARATION OF COAL SAMFLES

The inorganic mineral-matters were

separated from the

organic matters by  floating in carbon tetrachlorite. The specific

M

gravity of the carbon  tetrachlorite (1473

igs  greater  than  that

of coal (average L4353 and less than that of the mineral matters.

:

The samples were thoroughly shaken in cearbon tetrachloride space

o)

and  centrifuged for 20 - 30

produce two distinct layers at the top and

gently removed. Cerntrifuging was repesated

remove  most of  the  light, cosaly

mintes  ab

matter.,

HEOO o~ ZO00 rapemabo

at the bottom of the

st tubes. The thick coal layer &t the top of the test tube was

two  or thres tines to

Fimally  the remaining

inorganic fraction, with some carbon tetrachloride, was placed in

an evanorating dish and allowed to dey  at

driecl, rorganic fraction Was thoroughly

peroxide and gently Heated  to owxidize

fraction obtained in

matter. Ths inorgan:

room  temperature. This
mixed  with  hydrogen
the remaining organic

Fimally

this way, was

grounded  and some of it was wsed te obtain the YRANDOM  FOWDER!

data  and then preserved a&s a reference sample. The rest of  the

powder  was used to prepare the normal,

glavcolated and hested

slides according to the procedure given above for olay samples.

IDENTIFICATION OF CLAY MINERALS

Tie clay minerals are gensrally ddermtified by through

w=ray  different analyvses, by measurement

ings  obtained from &

The random powder data may be needed for

tion, Changes of the d-spacings  are

~y

Aol

cheart  of

obhserved

af  hasal lattice spac-
f the clay fraction.
more precise  ldentifica-—

atter different

S
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treatments, such as glycolation, heating and acid-digestion. The
most  important  oriteria for the  recaognition of  dnportant clay

mingral groups are provided in detail dn Brown (19861

4. IDENTIFICATION OF NON—-CLAY MINERALS.

Iderntification of non-clay  minerals by X-ray
diffraction was cearried oult  on a random  powder  sanple  scannsd
between 29 and &5 29 . This  range  the dsportant reflections
ef the  commorn minerals oocwr. The - «?—,tr:‘:i;'":(;gt—:. were listed with
thedr  dntensities  and the AL powder  datsa  file was used to
identify the minsrals. Standard charts were prepared fTor the
recogrition of  commonly  ooccwering non-clsey mimerals, associated
with clayes.

The commonest non-clay minerals are guartz, dolomibe,

caloite, feldspars, pyrites and gypsums.

3. COMPARATIVE CRYSTALLINITY INDICES

The orystallime natuwre of clay mineral has  been
investigated by many  workers. Weaver  (1960,19461) meas s the
cryetallinity ratiocs of the 108 illite peak. Eubler (1284 stated

that the orystallinity of illite andicates  the deep diagenesis

s

Jaior (1767 concluded that crystallirmdly of illite decreases
wpwar-ds i weathered rocks. Dunoyer de  Segonzac (19469) Tound
changes v crystallinity of ildite due to weathering which is  the
influenc & of palasogeographic condition.

I the present work, the orystallinity indexs of illite
and kaolinite are determinec by measuring the (SR TNy ot o half

height of  the {20 kaolinike reflection at TAEA ard L0444,

Figure 1.2 represents the (001) reflection of kaolindtes and

illite  width in 28 at  half height messures the orystallinity

1A



Fig;'l.Z"Measurement of the crystalinity of Kaolinite (1)v
and I11ite (1) at 7.13 and 10.04A respectively.



Limity irdex s &1 invers
ity of kaolinite amd illite =so

inden (indicating Co. e
relation to the true crystalld

the small valves here ddicates a high degres of orystallisit

6. SEMIRQUANTITATIVE ESTIMATION OF CLAY MINERALS

i Xeray diffractometry are

Intensities of refle

proportionsl  to o the guantity of  the mineral im0 the mpde,  Lime

e ard interference Fre minerals

disorder  effects, particle

with similer epacing

& method bhased

Jobre, Grim oand Bradley (1934 sugge

peak of

orn the comparison of  the (O0F) peak of dlite, the (002
kaolinite  and  the (Q04) peak of chlorite and concluded  that the
Equal gquantities f each m A a 1 have the SaMme &t ea 'm b
reflections.

Weaver (1988) and Schultz (960), used the illite pes b
area as standerd peak. They are determined the oryetallinity of
the kaolinite by using  the ratio ares/ height ot the  (O01)

reflection. The reflecting power of the Q01 peak of hkaolinite

is considered to be three times theat of illite, if the value was
elow one. However, if the value was betwesn 1.0 and 1.3, the
reflecting  power  of  (0O01) kaolinite  was  to be twice of (Q0D)
illite. F o ohlorite, the {00D2) reflection takern the twice
reflecting power  of  the  (001) illite pealk, whien chlorite and

& wsample.  Their relative

baclinite are hoth pressnt  in the
amounts  can be  estimated by rurnnming an "acid  digested slide"

glvoolated montmorillordte (001D gives & reflection &b 17.04  with

four times the reflecting power of (001) illite.

The proporticn of random mixed laver clay miner s

gdifficult to  determing.  The (00D peak of the mixed laver olay



thet of (001 illite

as  two to three times

mirerals  may  be tak
for the equal ammants of glyvecalated illite/s mertmor illonite
interstratification.

I the =l semi-gquantitative analysis of the olay

mirmeral, the peak srea of the firet order of basal reflection are

dlite peal ares is  normalized

directly compared with  dlite. T

abk areas  compersd  directly  with  dllite

and &1l the other bkeassal
gxcept  that the &rea of glyvoolated samples, is  divided by  four

for mixed-layer olay minerals., The peak area  of  Hacolinite is

measwred  on "acild  digested” slides  when seamples  containing both

i

: and chlorite.

&

kaolinite

The ratios giver in this work &re not cladnsd as

o 2
=

i
fi

accuwrate  guantitative determinaticrns  bult  ss  compearative dndi

obtained by applying & standard procedure to similsr mat

1a



RESULTS

A. X—-RAY DIFFRACTOGRAM DATA FOR CLAY AND OTHER MINERALS OF THE
FATALA FORMATION IN KaLA CHITTA RANGE AND SALT RANGE

1. PATALA SHALES FROM THE KHAWRI KHAWAR (Kala Chitta Range).
{(X~ray diffraction data (random powder) of the samples,

given in appendix — A.

Sample no-L/RRR

The  seampls mainly  comsiste of  caleoite as it gave all the
reflections of calocite.

Weak reflections of guartsz were also observed.

Sample no-2/kEF

T

The sample contains mainly caloite as it gave &1l the reflections
of calcite im0 the randon  powder. A random mdsed laysr clay
mineral  (dllite/montmorillonite) is  present  dn bracss, S5 isTwd =1 wigpak
reflections | were chssrved ab the place of  the mied layer olav
m ﬁ.r'; eral.

Guartz also gave weak reflections.

il

Sample no— Z/EEF

The illite mineral gave weak reflections in the normal slide but
hetter reflections e clhisarved in the acid-digested slide.
Feflections of illits at 104 increased ;o intensity on heasting up

Lz 55D 0 for two  hows. Mixed  layer clay mineral  gave it

i

reflection in e rarge 17.65-15. 584, which expanted @
alycolation  and contracted  on heating. It ds  probakle that &
rarcom mixture o f dlite/morntmorillonite is prresert. Weak
reflections were observed at the position of the main @ .—m of

chlorite, whiich disappesaread cir Feacting & existed in acid



Heated

550 2h074“\f\,\/\_¢//\,\_/

[}
Clycolated 60C(2hours)

Y e/
\~//\\ififzctei/\—/’/(/J

12 0 9 8 7 & L3 2

2
|

6 (CuKe )

Fige2.1 X-ray diffractograms of interstratified
- ¢lay mienral showing peak position at
different treatments.
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clay  mineral,

s also present.

Sample noe—4a4 /B

glides. Tt may be due to the presence

gol lavyer

It ds  also probable that & coarse grainesd ollorite

Feflections  of calocite, guartez, feldspsos and

simwveed (Fle. &

This sample contadins mostly  calcite and quartz  according to  the

reflections glv

o

gr by the ramdom powder data (appendis —A

Saunple nee SRR

The

T1lite

alides.

was noted at

any'  ohange  an

lectioms  of  lkaolind

mireral  were not observed in normal

10,044, [& reflectior

i

hroad  reflection at

geand & £

the po ion of the chlorite peak. This did not show

glycolation and acid-digested slide and could be &

mived layer clay mineral. O hesting upto 550 *C Tor two howrs it

dict ot

presaent i traces. Mormal slides gave reflections for  the

laver clay

reflections i

glyvcalation
rarcom ard
presaent.

Refl r’-‘~ ctioms  of

observed.

disappsar.

mineral  and

and contracted aon

It is  possible that somne chlorite may be

mixed

e imil a1y acid-digested slides gave weak
-4

the range o f 2RS0T 12615, whiich expancled Ty

Meating. It is  concluded  that =&

regulaee mdsebures e f

calcite, feldspears and pyrite wers also

urartz,

Sample no-& kR

The

il cortains

i
ot
1Y

-
8

caloite and  traces  of mixed  layer

minsral. Weak reflectiorns of gquarts were also observed,

E5E‘mD].€£'

no—7 /R

The  mormal

criented slide gave also

reflections for

19

illite/montmorillonite may e

kadinite,




[

Alite  and miced-laver clay mingral. The acid-digessted slide also

A

reflection  for  kaclinibe, illite and  mixedlayer

QaVE WEry
clay mingrals.  The nided-layver olay  mineral  gave  expansion Ty
glycolation.,  The mineral  may ke & prarddom mxtuwre o f illites
morntmorillonite.  Strong reflections of  guartszs,  caloite  and  weak
reflections of feldepars, and  pyrite were noted im0 the Ramdom

k=3

powder data.

Sample no-8/ kR

gaEveE oo hasal reflections i bl cirisnted elides,

Very weak reflections of illite were gbhssrved and the mineral may

be in  traces. Mixsd layver clay  mineral reflections  were
oheerved i the glycolated and  acid-digested slides. The mixed
laver olay mineral may bhe a random mixtoure of dlite/montmorillo-—-

clay mireral. Other reflections o f ragrte, caloite,

i the  random powder

andd  pyrite were  also

data,

Sample no-—-2/KEF

ent in

The sample contains  calcite. Tllite mineral might  be  pres

Mived-layer clay  mimgral (Alite/montmorillonite) RS alea
present i traces.

Feflections of gquartz were also observed.

Sample no—10 KRR

s ], refleaction. Tliates

Fanlinite was  obhserved Troum ite & A b

Fa)

gave reflection at 108, & mixed laver clay . mineral was recoorired

by & long tad of dllite towards low  angle 2% and this s

L Pl
st



vearrbmese il lionat. i

profably & Farelom mixture o f

reflectiocn was noted at  the position of ohlorite peak  dn hes

AW 2w wlides Y ulw e chicl rieat disappear gl

anl acicd-di

Farndom

1t i L &iss

glyeolatiom, probadsly chlorite is e

m
if

@ may be pressnt din trac

mitures of  illite/montmoridlord

very weak reflections were observed in one of the

Reflections erf cpartay, el = Teldepars ano pyrite W

also ohoserved.

~

Sample no-l1/8EF

Faolinite was regoogrized from  ibts main basal reflection &t 70054,

shions for kaclimdbe.

Farndom  powdesr data did net give good refle
Illite mineral gave wvery weak reflecticon &t 100440 Normal  and
glveolated slides did not give amy  cbservable reflection at 144
for  chlorite, bDuv hested slide gave & reflectiorn a0 140018,  which

cornfirme the presence of ohlorite in the sample. Mided-layver olay

mineral  gave  ite higher  spacing reflections  am range from 2200
EBATA, Mived-laysr  olay  mineral  may be & random omixbture . of

illite/morntmorillonite or mortmorilondte/swelling chilorite.

ata  gave  the reflections of guart:,  cxloite,  anhydrite

i
i
el
P

Rarmdom

ard pyrite.

e
1631

ample no—-12/EKF

The random  powdsr  data showsd  that  sample contains kaolindte

mime

i

rEly mixed—layer clay mimeral (llitedmortmorillonites) im

traces. Calecite and guarts were also observed.

Sample  no-lESRRKE

The minsral idlite gave weak reflectiorns  in normal slides bot

el
i o



imtensity was lnoreased ]yl eating at HE0D “C anc Irest ey
reflections were observed i the acid-digested and  glycoclated

A broad  reflection was sobed A the  reange  of 1ES8-

12848, which did mot show  any  change on glycolation  and heating

When heasted at 550 °C for two hows, an dntense peak

did nmot dis gd A the

at 1E.758, The reflect

acid-digested slide and it meay e due to the presence of  some

coargs-—grained Mg  chlorite. Mixed layver olay  mineral  gave  ibs

Fighey  spacing reflectiorns as & Jong tail of  dlite  towards  low

—h

the  miced

~
i

B, Obher lower spacing reflections

arngle %9 degre

wers also abserved, These reflections  expanded

laver olay mineral
orr glycolation &nd corntracted on heasting. It may be  the random
maztire of illite/chlorite &l illite/mortmorillonite nl
illite/swelling chlorite.

The better reflections of  the guartz, calcite, and feldspars

W served in the random powder data.

Sample no-1d /KR

Faolinite gave very weak reflections at 70348 and ZE874.0  Jllite
gave its main basal reflections &t 10044 The other eflectioms

4978 ancd 40488, The meimer &l

bY
P

of  dllite were also observed

chlorite WaE recogrized fr-om its reflection &t 144, wWiich

survived  on tirg. A& mixed layer clay mineral ‘was recogrized by

a longe tail of idllite towards low angle 299 and this  is

a rardom mixture of dlite’montmorillonite.

i
—
it
o

Feflections of feldepars, quarts, caloite. and pyrite were

oy

ohserved.

v

Sample  no-lSSREF

11lite gave ibts main basal reflection at 2.814. It showsd & more

A
il il




wed, Mormal

s

or e abing towards  low o ang

HY
in

n
HH

stakhle  peak  on
sedimernted slide gave distinguished reflection for &  mised  layer
mirmeral. It is  possible  that  the traces of & mixked layer oclay
mireral of the llitelmortmorillonite may b e: el

ouartz, calcite and feldspars were  alsn observed

-

Reflections  of

3

i random powder data.

Sample no-—-17/FK

chlorite arcd s laver  clay

Thigz iyl e cortadms Allites,

mineral. A& weak reflection was noted for ollorite &t 144,

elicle did

ating. Acid-dige

AppneEar on o e

reflection  did not
ot give any  reflsction &t the posdition of  the ohlorite  main

peak., The mixed layer olay minersl  may  be & random

G

Lure of ,

llite/ montmorillonite.
Feflections of quartz, calcite and feldspars wesre also observed

in random powder data.

Sauynple no-l8/ B

The sample corntains mnadinly chlorite and  dllite  with  kaolinite in

i

]
1

traces. The normal slide gave reflection for  ohlorite at 144,

This reflection did rnot show  any  change o glycolation  and  on

heating, It i probkable  that & coarse-grained Mg chlorite is

t. The mixed layver olay mineral may

I other minerals, quarbts: and calcite gave good reflections. Weak

of Fesd

topars, were also observed.

Lample no-l9/EER

=

Faclimite gave weak reflecticons  at  7.03%  and ST

ol
~1
T

B Il1ite W

recogrized by dits main basal reflection &bt 10048, The internsit Y




atimg. Im additdon o hhe

of illite reflections  inoressed  on e

illite WEre

13 A e fle oo, et ey g et rreflections

T
1

of RT and L4474

4,48 and 1L4%A0 The

cohserved &t 4.9

&L nature ]

reflectiones panerally inmdicate thg tli-cot aly

illites. Mired laver clay marer &l gave & b erad e flectiom =

TADS—13.53848.,  They showed & little expansion on glycolation  and

-

corntracted on heatingtt s  probable  that the randosn sd:ture o1

errta

Reflections  of guerrtsz, feldspesrs  and celodbte were also observed

Sample no—20SE

Faolimite was recognized by its  medn basal reflecticos abt 70354,

The idntensity  of hkaolindte pealk was  weak  and road im0 normal

slides.  [llite gave its

compared  to the acid-digested

m&ain basal reflection at 10044, Qther reflectiomns  of  illite were

at 4.97 .48,  LEE and LARA. The illite maey e o f

"

dicctahedral ard tricctahedral nmeabuwre. Mixed layer clay  minersl
QaEvE weEd Fdghen sacing reflectiors., Chlorite Ly g et ter
reflections in normal slide  at 14244, on heating wp to 850 °C
for bwe howrs this reflection did mot  disappeas =o chlorite is

in this  sample. The msixed laver clay mineral  may be

random  mixture  of  dlite/ montmorillondte, merrtmorllomd!
chiorite.

Sample no—-DL/RE

it e ir hagal reflectiomes Ar

ta

2

Faolimits Vi rrecogrined T

acid-digested s licde in traces. Feflec orf illite WEN &

(w3n

mved at 10044, Mixed layer  clay  mineral  is present

rarcdem mixcture af martmorillonite/ sWelling chlorite cae
Alite/montmerillomite.

Reflections of quartz, calcite, and pyrite were also obssrved

24



oy g

Sample moe-S0 Sk

Illite W S recogriisec by its medn awal reflecticons. The

imternsity  of  ilite reflections incressed on heating,  Midsc

clay  mimsral geve ite reflection as & long tall to the illite but
i the directicon of low angle 22, They showed & little expansion
o glycolation and contracted on hesting. It is  probable thsat  the
mireral is a random minture of lite/montmorillonite,

Flefle

stiome of  guartsz caloite, and  Tfeldspares wereg also observed

a

1 bhe random powder data.

Sample no-—-Z3/REF

Faolinite Cav e ite R reflecticons at 71 &I S.87A.
Feflections were noted at the place of dlite in normsl slide. On
Feating the  intensity erf the illite W increased. Chlorite

icle, Thes % &

reflection Was obhserved at 144 ir rentmal
reflection was missing  in acid-digested  slide.  The mixed layer
clay mineral may be a random mistwre of illites/chlorite,

Fleflections  of  gquarts,  calcite  and  feldspars were observed  i;

randon powder data.

Sample no-2478

The sample displayed reflections  of  illite, cohlorite and mided

laver clay mineral i oriented slides. Reflections of quarta,

caloite and pyrite were noted in random powder data.

Sample no-29/ERF

The sample contains chlorite, illite arc nixed Ly ey wlay



mineral. The mixed layver clay mineral appeared as & "tail" to the
illite 104 reflectiom Lo aErles leaw angle 20 arnd alowed

i prroibabsly

gxpansion on glyvoolation and  cormtraction  on
consists of illite/montmorillomite.

Feflections of guartz, calcoite, feldspars, and pyrite  were also

Sample no-Ee KRR

Oriented <lides did  rmot Qive  strong v getions  for bhe clacy

i

mirerals, only  glycolated slide gave & @ sharp reflection For the
Alite at 2.9Z4A. FRandam  mixture of  dllite/montmeorillonite msy  be

present in traces.

Famdom  data gave the reflections of guaErta, feldspars

and pyrite minerals.

Sample no-—-27 /R

I1lite gave ite main reflection at 1000440 The reflection iz weak
to medium. & random mizbtwre of  dlite/montmorillonite may also be

presert i braces.

of guartz, calecite, Teldspars  and  pyrite werse also

ohservead.

Sample no—28/ERF

I1lite showed  the basal reflection at PUELA, O e reflections

were moted at 4.87  and 40484, The dllite reflection decrs ir

gity on glyocolation  and  scid-digestion but not on heating.
The  illite reflecticns  at 7 814 showed & decrsase in thedr

imtensity  after glycolation. When the slide was hested 11 the

mixed layver  oclay  mineral reflections contracted and & more i

symmetrical peak  of  dlite  appeared  at  10.048 (fig.

ey

M2
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Fig: 2.2 X-ray diffractoaram of well-crvstalline
i11it(I) and Mixed laver clav mineral
showing Peak position at different
treatment.
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The  midec lavyer mléy e el &y ke & P E TG G st e o f

illitesm

flections WE T E also

ldepears, caloite arl pyrite

i orarndom powder data ohart.

e no-29/00

5 am

Reflection of  illite was Cibe e v el el P04 B with &

towards  low  angle 2°9. Weabk reflections for & mis lavaer olay

mingral  were  nobed tail  of  dllit Thes s lavver clay

mineral may be & random mixtuwre of illite/montmorillonite.

S
1

Fandom  powdsr data gave the reflecticns o uartz, oal

feldspars,

ANy

v ite  madin baszal reflections &t 0048, Brosd and ow

This reflec-

reflection was nohted &t 4.014 i the normal

el ioles, Thes mAre &l

tiom  was not observed in the  acid-dige

chlorite ile presert. Miked layver clay mineral was observed &as &

These reflec—

of  illite  towsards low  angle 256 d

tions  gave  some  expansion on glycolation and  disappeasred  on
Reating. The mixed laver clay minsral may be & random mixtuwre of
montmorillonite/dlite.

Reflections of guertz, calocite and feldspars were also  observed.

Sample no-31/KER

The mineral illite gave ite . main reflection &t 10044, FRandom

1
N

mixture litesmontmorillonite may be present 5 traces sz a

PR
r{)#

low angle 2°9,

tad of illite towsard

ef quartz, calocite and feldspars were also obssrved,



brave sl Frecflections &t 7.l arcl HATA. The

reflection were very weak, [llite gave & sharp

ons  were noted  for s mixed  layver  olay

at 10044, Wealk reflect
mineral  as  oa  tall of  illite. The reflections did  »at show &y

i ey colation bt contractec ity hreatimg. The mistesc

it i traces.

e &l Tésy [oe e

I other e ourar s, feldapars, & pyrite bR g

ohserved.

Sample no-337K

Faolinite gave ite main basal reflections &bt 74%  ancd 3G74.
IMlite mineral gave medium  reflections. b lsg  probable tha £ OIS
iron-rich chlorite may be present in the sample.

Feflections of queartsz, feldspars and calcite were alse observed.

Sample no-34 /KR

Niite  gave medium  to weak reflection  at 100448, Random  powdse

data  alsao gave e other frrominent reflections for illite

minsral.,  Random

e af  dllite/mortmorillondte may be present

im traces as & tadl of idlite towsrds low angle 29,

=3

W il

HR

gypsum, feldspars, guarts  and  pyrite

Sample no-3500E

The reflections Tor illite was weak in the oriented slide, but

the anternsity inoreased o heating and  the acid-digested slide
gave weak reflection for Alite. It i prrobable et illite
mineral iz present in traces. VYery weak reflection was noted at

the position of chlorite peak  which did rnot show  any change  on

glycolation and also ewxisted on heating for twe hours at S50 °0,

R ol |
all C_,




fre

arsa-gqrainsd Mg chilorite irEy

vt Mormal slide did onet give  any reflection for the  md

reflection

but acid-digested slide gave

147

ey

in the range 22

24528 which g prarcied o glyoolation =3l

contracted  on heating. It is  concluded  that

v b o

pht
~

random mixture of dlite/montmorillionite ma

ot opuEr b, caloite, 3 5

RO |
VWEI

chlorite  smgd dllite.  Miwed  layer  olay  mineral

The  sample

showed a road ite 108 redf

towards low angle 2°69,

W alec

caloite, and  pyrid

Feflactions of

=

obeerved in the random powder dalta.

SDample no-37 /EEF

Illite  reflection  appeeared from medidan o low Eraczhogyr ol

heating and  glveoolation, the  dntensity  of illite decoresased,  The

mixescd layer mireral &y b @ I arctom mixture ovf ilit

mormmer-illonite  and is presect in traces.

Reflections of quartsz, calcite, feldspars  and  pyrite were  als

oilrserved.

Hample no-38/REF

Feflections  of  kaclinite minerals were obeerved dn orisnted
slide which were very weak and may be present 0 traces. Weak

reflections were observed for  illite &t 10,048, The intensity of



2 ) a0y M ach g Famchom

mortmoridllonite  mas b pres

towaerds low angle #2°

B Were alsc

Fles T Fenl oles

WIRE- Tk arncl pryridd

clryserved.

Sample no-39 7K

Ther  sample contains mostly  dlite and ohiloeite. Mised laver  olay
mireral ey b & rrardem i ture of Alite mormtmoridlonite.

Feflections  of quartsz, calocite and pyrite were also observed  in

The sample gave poor reflections  for clay  minera arnd  those of
kaolinite W 1k detected, although dlite W E RV NERFTY W Al

and may be present i the form of trac Feflections

reflectiomns

af  gquartsz, feldspars, calcite, and pyrite were also observed  in

rancdom powder data.

no—41/EE

This  sample mainly  consistes  of caleoite  with  pyrite. Reflection
for  gypsum were also chserved at 7.624. Mided layer clay mineral

may be present in form of tracoss.

Flections of ohlorite and illite were also observed.

arnd

Caolinite  gave  weak  to medium reflections atl
Illite gave week reflections at 10044, & mived layver clay

mireral  was recognized by a long tadl of dllite  towards  low  angls

e and this is o clratily & rarndom mixtures of illite/s

S|
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Heated 55\0C°/

Glycolated:

Heated 550C
Glycolated ’\/

=

Y

10,04

—

Normal _M3s/kxp

10 8 6 4
 78(CuKo<)
Fig:2.3 X-ray diffractoaram-of medium

to well crystalline i1lite
showina different treatment.
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montmorillonite. Ny weEak rreflections

positiorn of the main pesk of chlorite.

< e

T

Reflections alther  minerals

ezl aleso observed

L= -

and pyrite were

B

T

Sampl e

The sample contad mainly caloite.  Mised

-k

illiteSmontmorillicr

-

Frarccam midture

C

nti]

glhismerved.

for quart: mineral were al

Sample ro--add s e

chae bt dts madn

imite  was  recognized

reted at the

reflections

ez aks

e e @

reflections were s weak that illite may be onl

Chlorite reflection was observed at 142448

werak  reflection was observed in

R )

at 1E7%95 and it is  likely that the

chlorite. Mixed layer olay minsrals  did not

reflections. Some  weak reflections

[

~1q .

2LEFA. They showed some @

réarsion  on

orn  heating. Mostly the reflections of

were noted as & tail of illite toward

lang

mixed  layer clay mineral may bies thes

llite/montmorillondite, illits/chlorite.

In  other minerals WERETY weak reflections

feldepars and pyrite were slso observed.

F

ra - G

sample corntaing  mostly caleite

e e

Y RS LAy,

b

hasal

acid--oigestecd

chlorite

glycolation

mded

with

abrearved at the

guarts,  calcibe,

mineral  omay

Weak

reflections.  very

cof  dllite  LOMD4A. The

voan traces

i normal slides. A

arwl heated zslides

= & magresiam rich

give  perominent  higher

LS -

ot e

were  noted at 24

armct  contraction

layver  clay mineral

low  angle 2%, Thies

- ardam mixtwre o f

o f cqLLaE i, CIY I ELm,

BOITE guarta, bleal:



ohsarwved  dn L

reflection of mided layver olay mineral wers
random powder data.

Fyrite and feldspars were also detected by random  powder o ta
cHart.  Appendiz (& provides  the respective reflections of  the

above mentionsd minerals.

g



2. PATALA SHALE FROM GANDHALA NALA (Eastern Salt Rangs)
(X{—Ray diffraction data (random powder) of the

samples, given in Appendix — H)

Sample moe1/GNF

Foalinite mineral gave very strong reflections  in this  sample  atb

FASA (Tigu2.4) Ilite gave mediam to weak  reflection at  10.044,

Larncom powoder  date gevs  the prominent  reflsction st and

for kaolinite  mineral. On hesting  the intensity of illite

decreasad.

arc dolomite were also observecd.

baolinite Then caloite

Mhis sample contains compeorabively

and  dolomite. laver  clay mineral is  probably s mixbuare of

Alite and  monbmoridlondibe (Fig. 205,

Sample noe2/ENE

5 &, reflections at VL.ER4A anrd SLBEA,

Faolinite maadr

gawe Ab

Midte  mineral was present  in traces. The reflecticns  of ;miced

laver olay mineral were observed at RLL0Z, B0.06A,  which
showed supansion on glycolation  and acld-digestion. Mied  laver

mineral is probably & random mixtwes of ddlite/montmorillonite.

The reflection of gypsum and guarts were also observed.

Sample moe-S0 0N

gave  its main basal reflegtions atl TORAE

The  minsral
arl FE7A, Ilite dis present in traces. Mixed laver clay  minsrsl

pave  very  weak  high

i

acing el

gxpanded o ation  and contres

layer clay mineral is k2t mistire o

if




7.13 Kao

: 21/ GNP
N

I/ GNP

Fo Guros)

Figr2.4 X-ray diffractograms of well-
crystalline Kaolinite (Kao).
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Figi2,5 X-ray diffractograms of Mixed
layer clay mineral of illite/
montmorillonite,



%

montmorillonite (Fig. 2.5

Weak reflections of gypsum and guarts were also observed.

Sample no--d S GNE

hasal  reflections at

Frcim

Lindte mineral was  recogni

3 b-cad

T,

05 and BGTA. 0 Illite Gave ite reflection at 10A,

reflection of mixed layer oclay mineral was chserved at  1E&61 -

These reflectiorns expanded on glyeolation  and  contracte
2

o heating This reflection was not effected by acid-digestion.

YR T

mirerals, gypsum, quarts and feldspars wera

Sample roe- S ERE

Faolinite e sle Il 55 e teriizec chaes e it HERE bamal

at  7.LEA  and BE7A. The reflections given by oriented

refle
slide suggested, the presence cf & medium to poorly orvstallines
kaolinite., Illite gave basal reflection &bt 10,0448, On heating  at
S8 °C for two hows  the dnternsity of  dlite increassed. Traces of
mired-layer clay  mineral o f llite/montmorillonite &y be
present.

FReflections of quarts: were also observed.

Sanple reeed s ENE

Faolinite mingral gave wvery weak reflections &bt 7048 and Z.574,

Mlite is wesent in Draces. The sample soostly consistes  of  guarts

arc feldspars,

Bample  noe-l0 S ENE

its  madn basal reflections at 74038 amd Z.E7A The

Faolinite &

mireral  1lite  was  recognized by ite reflegction at 10,044, &

=8



mdsturs  of clay miners orf Amerhmoar 311

i traces tail  of torweanrcle

Feflections of guartz  and pyrite were also  obsery

dats powder,

Sample no-11/6GMNR

The sample mostly contains  kaolindbte  snd traces of

iz also observed.

Sample mo-13/GNF

7.1

S u

Faolinite gave ite madin  basal reflections at

Ilite reflection at L0l 5,

(T80 LT

its

JaEvE

iy Gt

fea

llite AN eas

=]

argy

laver <lay mineral geve reflectione which produced s

towarods  low =,

the  illite 1048 refle argle

ard corntracted T a]

litthle prareior on glycolation

glyoolatl the  mixed laver olay minsral &

Ul &

ey

s

etween  12.461 - D74, Tt ds  possible that the

random mixtuwre of ilite/montmorillonite.

of

Reflections gquartsz, gypsum and calcite wers also

Qample mno—~147GNF

e )it e ite  madn yamal reflections

R

weak  reflecticons were observed alt the place

Veary

N\

A

bree prasent  in broad reflection of

MEy

P R

ORI EIAM

ey

o Y
12284,

mimeral was observed bhetweesn {Ir

------ S bl it corntracted.  This s e Yy e

mistuwre of Allite/montmorillonite.

o
wr

P—
VET

wii Oy prELun arcl muartm WETE aLE

Feefleot i

R

b e

mrdat

gl

illite. CGuarts

A and
antensily
i Mixed

lexmg tail  to
shcwed
Meating.

reflectic

mirmeEral

observed.

et

of  illite

@c layer
Mealing

cbradaly

=

[
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Figiz.6 X-ray diffractograms of degraded illite
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showing-Peak points at different treatments.
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vy dbe madin

it basal  reflection at 100048, The

& larmg

of low

VBT &l

From  dbts main Reassl  reflection at 7048

it gave wesk reflection abt 108, The reflections of

Al o

W

i1 A3

alt 10,048, The

acid-digestion Etutal

0 for btwo houes

eyl

zections of  feldepasre nd guart:  wers

ach reflection of  midsd laver olay  minsral o e
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e The mixed  laver clay mdineral  may e a

Fowes. db olisapp

mirture f illite/morntmnorillonite. Wi ek reflect Loms w

o)
o]

and gquarts were also obssrved.

Sample no-1900MNF

e aw  very weak reflections

mineral 18 pres

were observed., Dlite reflection was observed alt 10044,

mainly consists of gvpsun and guearts minerals.

Sample no-—-2076NF

The sample ocortains kaclindte  arced dllite. & brosad reflection was

that & mixed

erveec  dn the range 1471 - Z2EO078. It is

dlite/montmorillonite is  present. Gypsuam o and

layver olay

cuartz minerals were also observed by thelr reflecticons.

Sample mo-—-217ENF

Faclinite mineral was recoghized from  ite  main basal reflections

reflectiogr  at 100044,

at A% amd BETA. Illite mineral QEveE
£ mixed  laver olay  mineral  was  recognized by & long tadd of
illite towsards low angle 299 and this mided laver olay mineral is
probabkly & rardom omdxtbure of illite/montmorillomite Feflections

were also obkhbtained.

guar b,

Samule mo-2 2/ GNF

et et io

elivles Qave very
baolinite, but random powder data geve  medilon basal  reflections
at  the place of kaolindte. The mineral hkaolindte may be present

in traces. Ilite mineral  may be present  dn traces. The gypsum

minerals iz the most doeminant mineral o this sample. Reflections

mf quart: and feldspars were also observed.

-~



3. PATALA SHALES FROM NILAWAHAN GORGE (Central Salt—-Range).
(¥—Ray diffraction data (random powder) of the

samples, givern in Appendix — Q.

Saanmle e LN

Ty cldrites, Tilites

aonpler ocortad

&l siowsEcd Draad

im traces, Mied
Yl o e ilite 1004 A et leotion towarcls Yow wmee,

il A randdom

DA WEre a@leo

FRaeflections of oguwearts  and  fe

Samiple o2 NBE

Flaolinite gave wvery weak reTlesctiorns st 7088 and 25748 so this

in traces. Illite mineral  &lso gave weak

mireral  may be
reflections but  om heating  the intensity  of the  illite  minsral
was  incoreased. FMided-layver olay  mineral may be & random mixture

of illite mortmorillonite,

Sample moe-S/ NWE

Vindte gave wvery sharp refle

i at 7uE and FLET7A. Illite  is

present  in races. Miced-layer clay mineral  showed SREITE 00T O

aric cold )] & rarccn maxbures ki illite/

mortmorillonite.

FReflections of guartz and feldspars were also observed in the

random powder

Samphe no-A/MNE

A strong reflsction was  observed at  the place of chlorite atb

14,7458, which ddid ok showed Thes

o Meating ard



gdus Lo chlorite  and mixed  laver

o, this v

Were presen t.

clay mineral. Feflections of guarts: and

e

Sampmle no-S 4;’]‘“-*”“

Gample cortains illite, trace orf chlorite, quartzs and feldspses.

Bample no—é/ NN

andc mixec—lay e clay mireral. Chry

This ampn e cortains i3l

xﬂ

Meating the  internsity  of the  Allite was inoressed. Mided-layver
clay mineral may e s random midture of Adlite montmorddlonite.

Feflections of quarts: and feldspars were also observed

Sainple po- 7MW

reflection at 1004580 A& mided-layver clay mineral

THite geve wesk

WaRE recognized by & lomng tail of  dllite towards low angle 2599

R

and  this  ds  probably & random mixbwee of  dllite/montmorillondte,

Lol R

N

=k

guarts,  dolomite and

P

Random powder  dats gave  the reflections

feldspars.

Sample no--B2LNWE

Fanlinite was  absent in this  sample. Illite gave its  main bas

i

reflection . &t 10044, Mined-laver clay mineral iz o abialaly
random midture of dllite/ mormtmorillinite.
Feflections  of guartz, feldspaar-s and  gypsum were also observed

e random powcder datae

Dample noe-S A NWE

gave very weak reflections. It omay be present only dn

ok wh Rl ir S AL

Ilite R e &I erhanced Fefl

23 Lo

T

Ir this  slide llite eflection paroduced




towarrds low angle Tt ds likely  that & rvandom  mixtures cof

i present.

1
1

werrer  @leo  obtadned A0 random

pad

arch

sflections  of  quar

e,

rica-- 10 AW

Faolinite was absernt v this  sampls. lldte gave  its reflection

at 100448, The  int o f illites increased wly Featimg ard

3

ycolation. Mlisecd—aoy e clay mireral is frcakrataly & Faricdem

mixbwre of illites montmorillonite.

Feflecticons  of guartz and  feldspears were  &lso observed in the

[a=1utalwlif fane tler .,

Samiple el MEE

clirmite by dte  madin basal  reflec

e 6 G Lc

present At tracss.  The mised-laver olay  mineral  gave & 0 bDiroad

twaar 1000458 to  17.458,  which  partially shifted and

Freflectiom

expandaed  to  12.61- O7A o glyeolation. It ds prababls that =
random  mixtwee of  dllite/morntmor-illondite i present. Reflecticons

served.

of guartz, gypsuwn and feldspars were also ol

-

Sample roa—105/NWE

This sample ClEss e b e reflections Tor baocliinite, illite and

ey

mixpd-laver clay mineral (Tig. 2.7 Traces of  chlorite  may be

rreflection at

present. Mixsd-layver oclay  minsral gave &

10321721248 which  expardded or gQlycolstion  at D7A, I ds

b it

prooable that & e mixtire i illite/montmoridlonite iz

I

)
-

present.  Random  powder data ClEN Fefleohions s CJLLEFUE a1l

feldepars.

LR




1-10.04

Heated-550,2 hours

7.18 . \v\//\,//W/A“

s
D
[

13/GNP

Glyc olated

Normal {\/J

i

15 W 13 12 11 10 S 8 7

(o]
(84
s~
[F8]

28 (CuK« )

Figgz.7.X7ra_y diffractoarams showing well-crystalline Kaolinite (K)'
Mixed layered mineral (ML) and I1lite (I) peaks at
different treatments.



Sainple Mo ]ld SN E

Tid sample Iy mixed-las ohaoy 21 @] abichs

AR

-k

porebyakily & misbuee ¢ Adlite/ mortmor- il lorite. Faolinite aricd

i

illite mirsrals were & =t dn orisnted slides.

Feflections  of  guarts, ancd gypsuwn werse  also obtainsd

From rancom .

Bample MNo-185/puf

Flaolindte  was  recogrized by dts main basal reflections st 7188
amd  RETA, Tllite gave ite reflection et 1000480 Mixed laver clay

im urntreated

mineral gave & reflection betwesn 12988 to 1é

e were noted

but  orn glycolation, it expanded and e
at 1471520074, It i po etz e le that & I & mixture o f

mixed-layer clay minsral is present.

Feflections of quartz, feldspars are present in random powder.

Samole MNo-1&8719/MNWF

M e el s mestly kaolinite. Thies

il
rp

T1lites

crvstallized armd  gave reflectiorns &t 7088 and

mirmeral  is presemt in traces. O @lycolation  the mnided-layer

gave reflection at  16.4648 but  in acid-digested  and

Reated slides such reflections  were not observed at morirta

Tt ds prabably e random misture of Adte/mortbmer-illonibe,

Sample ro-17 A NWE

=1k i

Faolinite, llite and mivgd-layer olay  mineralds  wers  pre

Slie sample. A broad reflection was  also  observed &bt 1402448,

i glyoolation  and  dissppesred  on heating. It

gave a broad reflection  in glycolastec =lide. Hined-layver clay

mimeral dis  present and  the mixtwre  may  be & e of  Ulites




fFeflections of quartz and feldsps AP

Sample Mo--187NMWF

The sample  corntains kaolindbte  with

Alite mineral 18 wresent im
illite/s

MEy Inlcd & misbuire orf

IR R

gprartz amd feldspars were also b

Samnle no-21 A NBF

rrtadms s dridy b gadimid

mireral. Thiez

- Ly B clavy
mixtuwre of dllite’ montmerillonites.

Reflections of oquarts  and

meowcler dat s

b
A oo

Sample e

ZFIbIF

cortain mostly  kaclindbe

clay mireral. The
7

mixture of dllite/ montmorillonite .

Feflections of quarts and feldspars were

Sample Mo-23/NAF

The sample contains mostly  kacolinite

mired-layver  olay  mineral.  Mixed-layer

mivtuwre of illite/ montmorillonite.

48

mivech-layer olay
traces. The

mortmorillonite

vt b tracas o f

mied-layer clay

mixed-layer  clay

N random  powder

marer . The

mised-lay

i random powder datsa.

illite ancd

W

e &l is

feldespars were &lsc obssrved i random

with  tracss of illite &I

o

i ArErT &l is

also ohsarved.

with  traces of illite arci

clay  mirmeral iz &  random




4. PATALA SHALES FROM THE EATHA AREA (Central Salt Range}
(X—Ray diffraction data {random powder) of the samples,

given in Appendix — D)

contains  kaolindte, mised-layer olay e &l ardd L
o f illite Thies wed-layer clasy e @ OV ER ite  reflections
i illites. Thes mdlsed--Lay e ey mirmeral o B2 KA

o glyoeolation  to LEAA

4y SnTE P o S d. Jeae o3 groe foon !
IVETA  and  ZE.6A,  which  expand

ard ZRAA lesving & symmetrical illite  pealk. Plined-layer

mireral ds & random misztuwrs of dlites monbmorillonite.

sz g g2l i

FReflections of lodspars, gquartz:  and caloite W

rardom powder.

ryge il SR T R

Faglinite was recognized from dte main basal reflections  at 7.065

may e

and EETA L pave ite reflection &b 1000445, T1hites

mresent in traces. The mixed-layer olay mdmers sl gave a  brodd

reflection  between 1027215348, which iyl glycolation

B rarclom

towards low angle 2% & in the range of

mintwre of illite/ morntmorillondte s present.
Fandom powder data geave a reflections of quaorrtz, feldspars  aod

caloite minearal.

Sample No-3/ETRF

Thiz sample contadns  kaolindte  with  traces of idlite.  Mived-

Gy e

clay mineral ls & midtwe of dlite’/ montmorillorite.

Feflections  of  guartz, feldspses and caloite were  obtadned  in

ramdom powder data.

mler NMo-d /B TRE

aclinite  was  reoogrized by its e DEsal - T The

49



illite CIEWVE its  re shiors ir ricarmely, alyoolated anel hested

S ir

slides, Mix gave its  lwroad refleckhio

c-laver  clay

r A E cof  1E.AI-Z5.9468, wWhiich exparclec) o glyoolation bt I

ik e, A rarcdom miktbuwre of

Feating  and  &cid

Alite/  montmorddlondite  is as @ Mhadl [whi illites towaros

~

low angle &

Feflections of quarts, feldspers and gypsum were also obsesrved.

Sample Mo-7/RTRP

crf

Thes s a e contains mairily kaodimite, illite aricl trac
mixed-layer  olay mineral. A brosad reflection  was noted betuwsesn

tirmg  but  sxpanded an

F1.53-11.0448,  which  did not disappesc on b

glvcolatior from  12.44--27.5856,  This  broad reflecticon may  be a

swelling  ohlorite The  mixed-layer clay  mineral is & rancom

mixturre o f swelling chiorites morrbmer A lomnite, illites

et e

mortmorillonite

Feflectiorns of guartz, Teldspsrs  and gypsuam were

also observed in orandom powder datas

3/ TRE

Sample Moo

This @ Emp e Fraev e b wimilar clersor ipt o =) A & @um el e

-7 /TR,

Sample nogeS AT RF

Y 4TY

of dllite  (fig 2.8,

Laolinite and

o

This

clay  mineral  gave rosd reflection  which espanded on

ticn  but partly dissppesred  on hestding. It is
that a random mixture of dlite/ montmorillonite ls present.
Feflections of guartz:  amd feldepsoers mdneral  wers observed from

thie random powder data.

=i



Sample No-10 0 TRF

clinite  was  recognized by dts madin basal reflsotions  at 70348

FA. 0 Tllite mineral was  present in

mided-layer  olay fireral CEVE & et reflaectiomns

AB-E20TA, towsrds low

1994, which  expanded on glyvcolation  to

argle Z¥e,

Samole no-110TR

e flections &t FUABA and

e,

Kaolinite gave

mireral ils traces., The mixed layer olay mineral gawve

L B R 07 A Thdes et

Efalut-

-y

toweards low  angle 2% st the range belwsen

clay  mineral ds 0 & rancom omisbors o illite s

montmoyrilloniteReflections of queartz,

At @ypEpsuam Were

serrved i orandom powder data.

Bample na-—-i2 B TRE

This samprl e contains kaolinite, Allite & misec-layer Clay

S

. Mised-layer  olay mineral gave its reflections

i

mimeral (fig. 2.8

between 12.98-1%.0%48, which slightly zwpancded on glyoolation to

2 for two hours.

14.24-19.194, but appeared on hesting at

The mivec-—-layer clay mareral is prersent AT iMlite/s

mertmorillonite,  Reflections of guartz, Teldspars  and VRSWM  WEreE

abserved in orandom powder data.

s

SBample e LR ST RE

gdue  to basal

wWas e

7 at D4 A. Mized-laver

retween BB 00A, T

glycolaticon  towards  low  angle  2°

{fig). 2L Mised~layer olay marmeral i & FraErcom st Wi



13/KRTP

K-7.13

~
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¢

12/ KRTP
| K / /\/ 11/KRTP
— /\\\/’/ A 10/KRTP
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2°0 (CuK«)

Fig:2.8 X-ray diffractograms of Kaolinite (K] and Chlorite (ch)
in different sample from the Katha Section (Central Salt
Range) showing-degraded to well crystaline minerals.



illites morrbme &t on prewcles tiact s Gl E the

reflections of guarts, feldspars and gypsum.

Saunmle el AT RE

mair  reflections at

Faaolinite  and  dlite were recognized by

&
-t
-
)
7
i
-
et
-
-
m
i

FEA ard 10,045 respectively. The ntensity caf

mineral  dnoreassd on heastding st 5350 T For two hows. & road

sived for mided-layer Clay mineral

,_
et
a
-
1]
=
=
HH
Ty
it

reflection was
LLogs o ZEOTA which  expanded  on glycolation  in range from

T

towards low  sngle 209,  indicating random mixbure o

idlites mortmorillornite.

e o CRLLERE @l &gl Cly LUTE e

random powdsr datas

Hagpple Mo 180T REF

L& cortalns kaolinite arc mixec-—layear clacy mirnerad,

This T
Tilite minsral dle present A braces. Miseod—-Lay s clay e al

ey

tweer 1LEZA to ZEOTVE which expsnded on

gave o

glycolation arcd WE s ricat atfected o acid-digestion, arict

e Cart Pesst g, Tt i & Fadrctom. st et illite/

mormor il lonite,

Reflectiorns

of guartz, feldspars amd gypsun wers slso obsseved in

rarcdom powder datas

-1 AT R

aumipler g

Baanple contains mostly kaolinites, illite arcl e e - L ey e tlacy

minerals. Mired-layer clay mireral Gl & & b caad reflection

i untreated aat o glyveolation

Betweer 113284 to

oy

the reflectiorn at ILEZA shifted by FargeE

acid-digestion it did not chamge  but dissppesred  on heabting. . It

>

Gl-E2.07 A, (i

|
i




mixec-layer clay mireral is illites

is pr ek

mortmorillonite,

Feflections  of gypsum,  feldspars, guarts  and  calcite  wers  also

obtained in random powder data.

o i mEod

gammle Mo-17/8THE

oueg  to 7JA88  and  EETVA reflections dn

the o derted elides. Ilite

I0.Q4 4, The: irbensity et illite ANCrERBET winl Fesating aricl

ot T

acid—-digestion., Mixed-laver clay mineral gave & road reflecticons

-
AR Lim

WeTu)

iy wumtreasted  and

Rayll =4

glvoolaticn  these reflections  were observed between 1298259584,

@o-layer  clay mimeral  ds & rancom

that  the ol

Tt s prob
mixture of illites monbmorillonite.
FeTlections of guartsz, calcite and feldspare wers a&lso observed

i oprandom powder data.

Sample no-18/7ETRE

Faolinmdte, illite and  mixed-layver  olay  minersals sorse praesent in

e &l Glave broad el

zid—-layer

tivis

samprle. M

e b e e LLR2, 152

oy

olyserved after acid-digestion bhetwesn 15326,

Hl—Lbibé-

2 TEE, ot e s e iy

gy co] i orangs of

S for two howrse Tt ds probabkle that  mised-layer

Fezating  atb
clay mimeral is a random mixbtuwrs of dllite/ monboorillormdite.

af  guarts, feldspers, caloite and gypsumn were &lso

Taimpie Nl TRE

Wamlinite  and mixded-layver clay minerals are mainly present dm this

sample.  Mived-layer olay mineral gave a broad reflection betwsen

54




alide

[}

" - g
& i b B

towsrds loww angle  2°
girecd o tirge Tt s

iw

arne calolbe were &

Allite /mortmoril Lol

and ir

(S

LRy 2

]

b I o olay

of

flections quartz,

)

vt dn random powdsys datas

by




B. DISCRIPTION DOF CLAY AND DTHER MINERALS.

1. KHAWRI KHAWAR {(Mala Chitta Range)

. Senerad clay minerad ooy

Ve olay  minerals wers ionve

samplas  for ddentification and samniguantitative anlysis of  ©lay

mi e aml s o ikt in the Patala Formation, sdiposed i Ehaewrid

Ehawar area.

KHAMRY KHOMAR  (Rala Chitta Range} .

i. Kaolimite

el i be WERE B due  to dits main basal

. : -y R o ol --D g o
retlections  at 7. L13E and 5U5TE. The rasdom powdar data of the

sampl @s gave obher additionsl reflections for kaolimite minsrals.

Thee  kaolivmits miner

al de not continaously distributed im0 the
atala Formaticon from its bhase to the top as it was mot  debecled

veomany samples. Ite distribotion is scattered and generally it

Lowards the base of the formation showing depositicral

Loy s

ard diegenetlc vardations. The mimeral inores irn wmhaly  and

coaly of the foremstiorn. Its mean percentage iz 5.6 parcenh
i cthe  Fetala Formetion  in bthe Ehaowed b ewanr Wi th Y, Q77

3

arvcdard errors CELEDY amd 11.7 standard  dewvi abtion (=00, The

masty maam kaolindte iy o samples of the Khawrd Ehawar Fala Uhitta

im 31 percent to ¥ percernt. The kaolinite was mot deltectec

Jes. The details  of the dndivicaal L L e

L bwenty Four samp

Facve beern olven inopreviouws section.

Taksl e Al oprovides the ssodguantitative analvs

the haolinite minsral  dn dindividual  samples of  the FPatala
(" J.

Fonmact 4 o MHﬂkfig"'ﬂ.W}ﬁthE ite distribution from be o bhes

top. Sppendix-n provides the position of reflections given by

pata. The bebvavi oy of Balimite

baclinite in random  powder

ool
P b}



Table: 2.1

THE  SEMIGUANTITATIVE  ANSLYEIS OF CLAY MINERALS OF THE  PATALS
FORMATION  EXFOSED  IN KHAWRE EHAWAR (KelA CHITTA RANGE) UTHE
CRYSTOLLINITY INDICES OF EAQLINITE & TLLITE (0.1 ARE ALSO  FRO-
VIDED)
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CALCARCOUS SHALE
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g peropnt in the Fals Ohitta, (Khaw i Khawsr section) samples.

dow. Hised—1ayer clay miner-al

Most  of the samples gave reflections of & mived-1layer
clay minerals in the khawri HhawaFJ(Fig.ﬁul)SWDwm the behaviows
wf mived~1ayer olay minerals on glycolation and  on heat
treatmert. The samples, contaim  a random midture of mired-laver
clay mi e &l which shows sxpansion oo glycolation ard
contraction  on heating. Most of the samples sxhibit some of the
higher spacing reflections of mixed-layer clay minerals. These
high specing reflections generally ococuwr in the range bebtween
1&-E8ﬁﬂ wich mhow some expansion on glycolation and  contractilon
@y heating. Fossible mixed laver colay minarals are  11lites
muntmorillonite, illite/ chlorite, illite/ swelling chlorite and

morrtmori bl emites ohlorite.

b, Dther mimerals Present

i ueeets
uartz reflections were observed in all the samples  in
the Patala Formation szposed at Kala Chitta Ramge, Fhawril lkbhawar

section {apperdis-~A).

idl. Feldspaes

Wealk reflections were chserved in most of the samples

for feldspars tappendis-A).

Add. Brepesium

The reflections of gypsam wers observed  ocoasionaly.

Some of sample shows the reflectioms of gypsum in Yappendisx-a).

.
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iw. Por-ite
Fyrite dfs & well knowy mineral associated with  black
shales. It was detected in forty samples from  the measured

swebion. {appendi -,

wa.  Calcite

Calvite was found in most of the samples. Reflections
observed in twerty severn samples {appendia-—Ad.,

I additicn tee the above mingrals, reflections of  the
iron oxides, dolomite and several other minerals were detected in

thie individual mamples. The details are provided  irn the

tappendix—a) .
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2. GANDHALA NALA {(Eastern Salt Range).

3. General Clay Mineralogy.

The  mean analysis and veariations of clay minerals of
all the samples from Gandhala Nala Eastern $Salt Rarnge, are given
in table (2.2). FKaolinite is the dominamt clay mirmeral  with
appreciable 1llite and with some amount of a mised-laver o©lay
mirgral bhat the chlorite is absent. The comparison with the kala
chitta shales shows that kaclinite is more abundant in this

swotion of the Salt Range.

i. Kaolinite
The distribution of kaclinite in Gandala Mala Eastern
ure
Salt Range samples is shown in figd 2.10 and the average value is
I8 percent (table. 2.2). S8harp reflections of kaclinite were
obhserved in &ll samples. The kaolinite has a madimuam gquantity  of
7R percent in (sample  No. 12515 /6NFY . Ites digtribution is
scattered throughout the formation, showing the deposition  and
diagenetic variations. However the amount of this minerals
imcrease i the coaly and shaly part of the formation. The
crystallinity of hkaolinite was better. The mean corystallinity
indesr is 0.2, Table 2.2 shows the semiguantitative anzxlysis of
the hkaolinite mineral.
Figure 2.7 provide the behaviour oo baolinite
reflections in  the oriented slides to the heat trestmenh,

acid- digestion and glvoolation for the individual sanples.

- Illite

[}
s

The distribution of illite in all Gandhala Nala samples
of khe Patals Formation s shown in figwe2.10. The mean value of

ey

illite is 38 percent which is reported in table. 203 togather

&G
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Table: 2.7
THE  SEMIBUANTITATIVE ANALYSIS DF CLAY MINERALS OF  THE FATALA
4 FORMATION EXFOSED  IN GANDHALA NMALA — EABTERN SALT  RANGE. {THE
CRYSTALLINITY  INDICES OF RADLLINITE % H.LITE (C.I ARE ALBO
FROVIDED) .

Ry SRS PSR US SERpSEpRSp g p—So S s s o o S T

B.MNo. 1Sample No.o | Kao 4 I % v ML % b Rao (€.I 10T (€01
} | ! i ) : i
1 ] 1 /7GBNP ! RAW) Pooea { ig ; GO.2 ! 0,1 !
1 1 I 1 1 1 !
1 1 1 } t Ll 1
% 2 : 2 /GNP : 28 PooEa ’ ) | 0.2 i 0.1 '
I 1 | 1 | ) 1
1 ! 1 ' 1 ! !
& ! I /GNP { S0 o3I ; 17 i 0.3 ! 0.2 '
i 1 1 1 1 i 1
1) ) ! ! 1 ! }
4 ! 4 /GNP Vo 7 12 i 1 ; Ou 4 1 0, E !
1 1 ! 1 1 1 b
| 1 ) ! ¥ 1 1 E]
J 5 ! 5/ BN | 7 ' e } 55 ; 0. E ] (AT !
I 1 1 ! 1 1 H i
¥ ! ! ! ! H [
& : & SGNF i e } 10 ' 532 i G.d : 0.1 H
1 1 1 1 . 1 ! [}
! 1 ' ! ' 1 )
7 } 7 /GNF ; E ! S i i1 : 0. { 0.1 3
1 1 ] I 1 ! ]
) + ) ! 1l 1 ¥
& ; B /GNP | A& o 5AE ’ i1 ; 0. ' 0,4 '
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i - -
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] | ! g i ! !
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} 16 1 16 /GNP 42 1 oED 5 0.2 I P S
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with 1%.453  standerd deviation (8.D) and 4.14 standard B O
(8.8, It is the dominant clay mineral and is present in  all
sampl et It drmcreases in reasonable amount from base to the top
of  the formation. The intensity of illite was increased on  hReat
treastment  bult  no change was  observed on arid-digestion and
glycolation.,  Appendix-B  provides the reflections of illite of
random powder data saples.

The crystallinity e shows T significant
variations. The average crystallinity index is 0.2, The measimum

amount of  illite disfound in sample Mo-13/6NF, and minimum 9

percent observed in the sample No-5/GNF.

iii. Hixed-layer clay mineral

Reflectiomns of the mixed-layer clay mineral were
observed in all samples from the Gandhalas Nala as a long "tadil”
te 108 illite reflection making it asymmebtric towards low angle
- degree. These reflections gernerally showed peaks which
expanded on glycolation and contracted after heating. The mixed
tayer clay mineral is probabaly a random mixtuwre of  illite ‘and
merrbmorillonite  in various proportions. The average content of

e

mixed-laver clay onineral in this section is 25 percent.

iv. Chlorite

The chlorite mineral was not detected in the Gandhala Nala.

b. Other minerals

i. Quartz

Duartsz is the most abundant mineral. Buartz peaks were
abserved with medium to strong intensities in the random powder

data (apperndix-B).



iit. Feldspars
Reflecions of the feldspar group minerals were observed

im most of the samples.

iii. Pyrite

Fyrite gave its reflections in most of the samples. The
pyrite is arn lmportant mineral for its diasagenetic development in
the cosl environment. fppendix B, provides the reflections given

by pyrite mineral in various samples.

iv. Calcite/ dolomite

reflections of calocite and dolonite were also observed

i most of the samples (appendix--ED.

v. bBypsum.

The mimeral gypsum gave its reflections in most of  thes
samples (appendix-E).

In additicn to the reflections given by the above
mineral, several other minerals gave thire reflections in  the
random  powder  chart. Appendix-B provides the details of other

reflections.

&3
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3. NILAWAHAN GORGE (Central Salt Range)

a. General clay mineralogy.

Identification and semiguantitative analysis of clay
mineral was done for 23 samples of the Fatala Formation collectd

from Nilawahan gorge, Central Salt Range.

i. Kaolinite

Faclinite was recognised due to its main basal
reflections at 7.1@@ and 3.57@. The average value of 43 percent
is reported in table. 2.3 with 7.31 standard error (S5.E) and
25.07 standard deviation (5.D). Haolinite was rnot detected in siw
samples.  The maximum value was 90% in black coaly shale, sample
No—Z2/NWF and minimum value is 5 percent in the sample No-5/NWF.
Though its distribution is scattered an increaseing trend towards
the hbase of the formation shows depostiormal and diagenetic
variations.

Crystallinity index of kaolinite wa= determirmed in  the
samples in which its reflections were recognised. Indices show
that the mimeral is well crystallized. The mean crystallinity

-

is 0.2,

ii. Illite
Illite was recognised due to its reflection at 108. The
rardom powder data of the samples gave other additiornal

reflections for illite mineral. The illite in Nilawahan area is

not continuously distributed however minor increase towards the
base and top of the formation showing depositional and diagenetic

variations. The mineral increases in shaly part of the formation.

ITte average value is 1% percent in the analysed samples with G.08

standard error (53.E) and 24.2% standard deviation (5.D).

Table 2.3 provides the semiguantitative analysis of

=y



Table: 2.4

THE  SEMICGUANTITATIVE ANALYBIS OF CLAY MINERALS OF THE FPATALA
FORMATION  EXFOSED  IN  KARTHA  AREA  CENTRAL  SALT  RANGE. {THE
CRYSTALLLINITY  INDICES OF  FAOLINITE &  ILLITE (C.I) ARE  ALSO
FROVIDED) .

. Yol

S.No | Sample No. | Kam % 5 1.4 1 ML % ! Kao (C.I) ¢ T (@.3)
T T RTRET T TR T CTET TR T T Tohe T TTTe E T

! : ] z ! ! !
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: ] : ! : : :
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the illite mineral in individual samples and ﬁig. E.ll}shnwg its
distribution from base to the top of the formation. The bshaviows
of the illite reflections in the oriented slides +to the heat
treatment, acid-digestion arnd glycolation has been given for

individual samples in the previous section.

iii. Mixed-layer clay mineral
The mixed layer clay mineral was recognized as & long

tail of illite towards low angle ﬁé degrees inm all the samples.

This mineral gave prominant reflections amd was found ir
comparatively higher guantities. Table 2.3 provides the

semiquanantitative mineral analyses and displays that in  some
samples it is  as high as 100 percent. Figure 2.11 gives its
distribution in the Nilawahan Gorge from base to the top, while
(fig. 2.7) provide the nature of the reflections givens by the
mixed layer clay mirmeral. The mixed layer clay mineral appears to
bhe & mixture of illite-montmorillomite as it shows some edpansion
on glycolation. It could be a mixtuwre of illite/montmorillonite

and chlorite also. It is irncrease in this sgction as compared to

the Gandhala MNala.

iv. Chlorite

The mineral chlorite was observed in seven samples
only. It varies between 2 percent to Z% percent. Table. 2.3 gives
the percentages of chlorite observed in the samples from the
MNilawahan area,(Fig. Z.11)gives its distribution according to its
stratigraphic positions in the Fatala Formation. The nature of
chilorite reflections and its behaviouwr with the acid and heat
treatments indicate that the chlorite was deposited as a detrital
minmeral. The reflections of chlorite existed after heating at

550 £ and disappeared after acid digestion im most of the
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samples, (Fig. 2.8) provides the nature of chlorite reflections
after wvarious treatments. The mineral chlorite in the Nilawahan
Gorge also displays its mixtures with other clay minerals, such
as illite, montmorillonite stc.

b. Other Minerals

The random powder gave the reflections of several other
minerals in the smaples from the Nilawaharn Gorgea. The wmirerals

are mentioned as below:-

i. Guart:z
The reflections of guartz were fourd in al1 the samples

Appendix—~C, provides the details of these reflections.

ii. Feldspars
Reflections of the feldspar group minerals were

observed in all the samples and can be observed in appendix-C.

iii. Calcite/dolomite
Reflections of calcite and dolomite were also noted in

many samples. Appendix—C provides the details of the reflections.

iv. Gypsum

Reflections of gypsum were also noted in many samples.
Appendix-C gives the details of these samples.
v. Pyrite

Feflections of pyrite were alsc chserved in many
samples. Appendix~C gives the details of the reflections and  the
zamples.
iv. Several other minerals were noted inm the random powder charts
antd the details of the reflections of other minerals are given in

appendix-C,
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4. KATHA AREA (Central Salt Range)

a. General clay mineralogy.

Identification and semiquantitative aralysis of clay
minerals was dore for nireteen samples of the Fatala Formation

exposed from Matha area Central Salt Range.
i. Kaolinite
Faolinite was  recognised due to  its  madin basal

reflections at 7.13@ and 3.57&. The random powder data of the

_Eamples gave additional reflections for kaolinite mimerals. The

minerals is not continuousely distributed from base to top in the
Fatala Formation in Katha area. Its distribution is scatterad,
showing depositional and diagenetic variations. The mireral
increases in  shaly and coaly parts of the formation. Its mean
percentage is S3% in the formation with 3.91 standard error (S.E)
and 17.05% standard deviation (5.D).

Table 2.4 provides the semiguantitative analysis of
the kaolinite mirmeral in the individual samples and (fig. 2Z.12)
shows itz destribution from the base to the top. Kaolinite is a
domirarnt clay mineral this section. The behaviour of kaolinite
reflection in ariented slides to the heat treatment,
acid~dige$timn ard glycolation has been given for individual
samples in previouws section. The maximum amount of kaolinite was
H#0 percent (observed in sample no.  12/KTRF)  and minimum is
T2 percent (obssrved in sample 12/KTRF)

Cryvsetallinity indices was determined in the samples in
which reflections of kaclinite were recognised. The kaolinite is
not well crystallized and mean crystallinity indices is 0.4 with
0.08 standard deviation (5.D) with maximum crystallinity indices

of O.% and minimum crystallinity indices of 0.2, It should be
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pointed that the crystallinity indices is inversely proportiona

to the real crystallinity of the mineral.

ii. Illite

The distribution of illite in Katha area is shown in
fig.2.18) The megan value is 11 percent and is provided in  table
2.4  togather with 6,43 stardard deviations ($.D) and 1.47
standard S rOrs (5.D). The mineral is rot continuously
distributed in the FPatala Formation from base to the top and  was
detected in traces in most of the samples. [ts distribution is
scattered showing depositional and diagenetic variations. Table
2.4 provides the semiquantitative analysis of the illite mineral
in  the individual samples of the Fatala Formation, and reflects
its distribution from the base to the top of the formation.
Apperdi -1 Aprovide& the position of reflections given by illite
in  random powder data chart. The behaviour of illite mineral in
oriented slides +to the heat treatment, acid-digestion and
glycolation has been given for individual samples inm  previous
section.

The crystallinity indices of illite is 0.3 which shows
that the illite is not & well crystallized mineral. The maximam

~

crystallinity indices is 0.8 minimum as 0.2 table. Z.4.

iii. Mixed-layer clay mineral

Reflecticons due to mided-layer clay mineral were founc
in shale samples diffractograms as & "tail" to the 1@& illite
reflecticn towards the low 28 degres angle. These reflection
generally expanded on glycolation and contracted on heating.
Mixed¥1ayar clay mingral may be a random mixture of illite and
mentmo—-rillonite.

The average value for the abundance of mived-layer clay
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mineral showed variations in Katha area. Ite mean value observed
is 38 percent with 3.88 standard error (5.FE) and 16.93% standard
deviation (58.D). Table 2.4 provides the semiquantitative analysis
cf the mixed-layer clay mimeral in  individual samples and
(fig. 2.12?) shows its destribution from the base to the top of the
formation. The maximum value of the mixed laver clay mineral is
&S percent and minimum valus iz 13 percent in the samples of the

Fatha area table Z2.4. The mixed layer mineral increases inn  the

cernter of the formation.

b. Other minerals

Guartz, feldspars, dolomite and pyrite reflections were
aleo observed in the samples of Katha section of the central Salt

Rarmnge in the Fatala Formation which has been mentionsd below;

i. QGuartz

The mineral guartz gave its sharp reflectiorns and were

found in all samples (appendix-D).

ii. Feldspars

The reflections of the feldspar group minerals were
observed in most of the samples. Appendix-D provides the details
of these reflections.
iii. Calcite/dolomite

Feflections of calcite/dolomite/ankerite were | alsn
observed in many samples. Appendix-D provides the details of the

reflections.

iv. Pyrite

i
i
<
=
fi:
1

The mineral pyrite gave its reflections  in

78



gsamples. Appendis-D provides the details of the reflections  with

the respective samples.

v. DBypsum

Feflections of the mineral were observed in the coharts

of the random powder data. Appendix-D provides the detalls of the

4 sample

in

vi. Other Minerals

In addition, reflections of other minerals were also

observed (appendix-D).




CHAPTER ~ 111

INTERFRETATION OF RESULT
. GENERAL

The distribution of the clay minerals was investigated
and interpreted in the samples from eastern, central and western
Salt Range to understand the horizontal variations in the Patala
Formation from east to west. The average percentage of clay
minegrals from fouwr sgctions of the Salt Range were studied and
compared. One section from north of the area was sampled from the
Fala Chitta Ramge to understand the distribution of clay mineral
from south (Salt Range) to the north of the Fotwar basin {Kala
Chitta Range). The sast-west variations of the clay minerals
indicate that the kaolinite gradually increases towards the
western Balt Famge, indicating gradual changes im the
depositional environments and showing that the acid environments
{(Fossovekey st &l,1%64) were existed during the deposition of the
Fatala Formation from east to west (Sallt Range area). Im the
present Fotwar basin the kaoliniite gradually increases towards
west amd it could be duye tQ late diaqenetic changes after the
burial of the coaly and éhmly sediments and sedimgntary process
of brackish waters to shallow marine origin.

Weaver (1958) pointed out that gernerally the illite

deposited in basins are detrital in nature amd depositional medis

N
T

m

Go net provide sudden structural changes. It is most likely th
. r~ ‘ V‘.

the i1llite mineral found in the Salt Range areashas a detital

rracbure . The illite mineral gradually decreases in amount towards

west  indicating that it is a detrital mineral which was brought

due Lo erosion of the sediments in the sast  and south. This

indicates a gradual deepening and subsidence of the basin of

a0



depocsition from east to west, with local ridges and troughs. It
iz alseo probable that the distribution of illite reflects & shore
lirne or parallic deposition (fig. =.1).

The mixed-layer clay mineral gradusally show an increase
towards west and it could be due to diagenetic changes in  the
montmorillonite and  illite. It is &lso possible that the
montmorillonite mineral &cquired K+ dons from  the ocean  and
garly diagernetic waters during the early burial stages gave rise
to a mided-laver clay mineral of 1illite/ morntmorillonite
composition and occasionally illite — momtmorillomite —- chlorite
composition.

The chlorite mingral was detected in some samples  of
Milawaharn srea indicating some local diagenetic conditions where
Mg-++  iloms were avallables in the ses water and early diagenetic
waters locally geave rise to the chlorite mineral. It may be
partly due to closing of the basin and hence concentration of the
Mg++ dioms. It is also probable that the detrital cohlorite was
brought imto the depeositiornal basin from the ercsion of  local
recks/ridges in south of Nilawahan. The distribution of average
clay minerals of the Fatala Formation of Salt Range from  the
Gandhala NMNala in the sast to the Nammal Gorge in the west, is
givern in (fig. Z.1).

The variatiocns in the clay mineral distribution of the
Fotwar basin from the south to the rnorth show systematic
sedimentational changes i the depositional  basin which was
degpening  towards the north, these varialtions are shown  in
{(fig. 3.38).

The mived-layer clay mineral did not show mue

variations, 1t could be due to early or late diagemetic changes
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of the smectite type mineral (fig. 3.1). The clay minerals from
the BSalt Range are better crystallized as compared to the clay
minetrals from the kala Chitta Range. The average crystallinity
indices of kaclinite in Balt Ramge, is about 0.26 millimeter far
&4 ﬁﬁmples {(fig. 3.73), while the average crystallinity indices of
kaolinite in  the Khawri khawar (Kala Chitts Range) samples  is
0.77  average for 12 samples. This indicates & significant
difference in the crystallinity indices of kaolinite amongst  the
Salt Range and kala Chitta Range samples, and also indicates the
distribution of crystallinity during its transportation in  the
deeper parts of the basin from the south  (southern continent).
The crystallinity of illite was determined in all samples from
the Salt Rarnge (fig. 3.4) and found to be O0.23 (average of 64
samples) while the mean crystallinity of illite from Eala Chitta
Famge is 0,37 {average of 3% samples). This indicates the sharp
difference in crystallinity indices of illite from the Balt Range
and Kala Chitta Rarnge showing the disintegration of the minerals
due to tramsportation from south to north.

The less crystalline nature of kaolinite mineral in
Fala Chitta FRange may be due to its detrital npature, it is
assumed that it was transpoarted by the sedimentary processes from
&rmsimh of the soils in the southerrn shallow continental parts.
It is probable that the stratigraphic horizons rrich in kaolinite
may represent the horzions of orgarnic rich matters brought  from
Lhe southern part of the continent, and may be responsible  for
the origin of the gas and oil. Additional work on clays and
quantitative amalysis for the organic matter would be more useful
to understand thése important processes of the gerneration of oil

ard gas in the Fatala Formation.
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The deposition of the Patala Formation in  the Salt
Range, Fotwar basin, and Kala Chitta Range, took place imitially
within uplifted shallow continent towards south  -southeast,
where the uplifted parts were eroded and ferrogensous  sandstones
with goethite mineral were deposited. This is evidert by  the
presence  of the ferrogenous sandstone at the base of the Fatala
Formation, in Gandhala Nala and other areas in the eastern  Salt
RErge . This ferrogerous sandstone indicates conglomeratic
unconformable sequence below the Fatala Formation at Choa Saidan
Shah, and hence it reflects an uplifted area towards south -
southeast. At the same time this depositional basin was gradully
deepering towards west with local uplifted and depressed areas,
where the HFhairabad Limestorne was in the fimal stages of  its
deposition/precipitation. Similarly the basin was comparatively
deeper towards north (present Fotwar basin) and Kala Chitta Range
where Khairabad Limestone was also inm its  final stages of
depostion/ precipitation. The tropical, rain forest were
gradually developed in the scuthern uplifted areas, which were
Tinally submerged and transported towssrds north  and  northwest,
ard  gave rise to the parallic deposition of the coaly/ organic
materialg many of which gave birth to the local coal seams. The
deltaic condition were not as common as parallic conditons  for
the depositiom of the cosl (limestone intercalations), but the
deltas existed during the Faleocene times and gave rise to @ the
thick segquences with coaly partings. The tropical rainy climates
were  gradually altered by hot evaporating conditions with
coccasional  submergence of the uplifted parts in  the southwest,
which resulted in the deposition of limestone beds within the

Fatals Shales. Finally, the hot climate prevailed with abundant




maring life such as pelecypods and gastropods and the deposition
of Nammal limestorne and marls was initiated.
1. KHAWRI KHAWAR (Kala Chitta Range)

kaolinite mineral was detected in only 12 samples  of

the FPatala Formation, collected from the Hhwari Fhawar section in
Fala Chitta Range. The Fatala Formation of the HEhwarili FHhawar
section lises on the Lockhart limestone, while the top of the
section is partly covered. The distribution of the kaolimite from
base to the top is mot wniform. The samples from the base of the
Fatala Formation gernerally show more kaolinite as compared to the
samples from the middle part of the formation., Similarly, the
samples from the top of the formation, display more kaolinite as
campared to the middle part of the formation (fig. 3.&4) and table
2.1). This increase and decresse in amount of the kaclinite in
the samples indicate the changes in environmental condition at
the =source area. The erosiorn of kaclinite rich rocks were
followed by the non-kaclinite rich rocks.

The illite mineral was detected in &1l the samples of the
Fatala Formation exposed in the Ehawri Fhawsar. Illite appears to
be & detrital mirmeral brought from the southern shallower part of
the basin of deposition by transportation and incressed due  to
sedimentational sorting processes (fig. Z.5). This mineral does

rot show & urnifors distribution due to changes in depositional

environments from stable to changing basirn conditions. The
mtable corditiorns existed during the precipitation  of the
carbonates where marire life such as large Torams, cstrocods, ond

gastropods were present. The illite is  the maximum detritus
found in the shaly parts of the Fatala Formation and ie about 44

percent (average) in the samples. It indicates that during the

ga
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deposition of the Fatala Formation either metamorphosed sediments
were beirng eroded or the sediments rich in illitic meterial were
brought into the depositional basim. The illite shows a gradual
increase Trom south  to north and  reflects the sedimentary
ProcEsses.

The mixed-layer clay mineral is present  in &ll  the
samples (fig. E.8). Tt dis about Zé& percent {average) in  the
Fatala Foramation, of Ehawri HKhawae. 1t shows a sudden  increasze
in the samples from the base of the formation but the ircrease is
random in the samples from the top. The mixed-layer clay mineral
appears to be diagenetic, formed due to alteration of smectite

++
mingrals by the addition of .. ions Trom the sea  water and

diagenetic, sclution  during early and  late diagenesis. The
misxed-]ayer clay mingral is & random mixture of illites

morntmerillonite, illite/montmorillonite / chlorite, which shows
expansion on glycolation and contraction on heating.

The smectite mineral were most likely & product of
weathering of the volcanic ashes and basalts in the southern part
of the basin.

The chlorite mineral was brought into the depositional
basin due to ercosion . Chlorite increased from south to the rnorth
dug to its firme grained nature. It is the second dominant minersal
in  the Fatala Formation after illite‘(fig. 2.7) and is about 27

percent (average). The mineral was found in the shale samples but

was  met detected in the carbonate rich samples. Chlorite is &
detrital jimentry mineral brought to  the basin  of the

deposition  fram the southern shallow continental psrt of the
mamir.  Some chlorite rich sediments may be  altered hasalts,

which were eroded during the deposition of the Fatala Formation

in Kala Chitta Range. The increase of chlorite in  the samples



Ffrom the northern part of the area show, comparativel: deeper
F .
Eart of bthe basin in mnorthern area than soubth.
Figures 3.9 and .10 showing the crystallinity indices

of kaolimite and 11lite from the Ehawri Ehawar samples.

2. GANDHALA NALA (Eastern Salt Range)

The clay mineral composition of the samples of the
Fatala Formation from Gandhala Mala (Eastern  Salt Range) is
kaolinite, illite, and mixed-layer caly mirnerals. The kaolinite

=y

is detected in a&ll the samples and varies from 22 percent to 75

percent with average of 37 percent in 22 zanmples. The mimeral
kaolinite appears to be dominantly diagernetic. The highly

crystallized kaolimite is assumed to be a diagenetic mineral

G

found  in comparatively acidic environments Eossovskey et al
(1964) . The kaclinite of lesser crystallinity is assumed to be of
detrital natwe. The clay mimneral composition of the Gandhala
Mala  indicates acidic envircnment containming organic matter  and
scils eroding  and depositing closer to the souwrce area. The
distribution of clay mingrals from base to the top of the
aralvsed section shows  the maximum  kaolinite percentages at
the base and the mindimum at the top, which may be dus to more
acidic environments at the base. The continuous distribution is
mot uniform, indicating abrupt increase of kaclinite at various

irttervals, specially in the samples from the base and top of ©the

mecltion. It was also roted that the kaclinite increases in the
coaly Morizons  indicating  a&gainm acidic environments. T e

gistribution of kaolinite in the mamples of the Gandhala Nals
sections is given in ﬁig. F.12Jand  table 2.2 provides the
semniguantitative analysis of kaolinite.

The crystallinity of kaolinite was determined in  &ll

e d
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the

TrTem the Gandla Mala area. It sppears that the

crystallinity changes in samples from the stratigraphic horizon
to  horizon, may be due to  the charnge inm  the depositiornal
environments and Fluctuations of the depositional conditiorns from
acidic to less acidic or basic conditions {(fig. Z.19).

The  1llite mineral is observed in moet of the samples
and  shows  variation from the base to the top of the measwred
section, (fig 2Z.11). It is about 38 percent (average) in 22
samples and display wvariations stratigraphically from horizon to
horizon. It die the most dominent mimeral and probably was brought
into  the depositional basin by sedimentational processes  and
appears  to detritasl in nature. The sowrce rock was not very far
fram  the depositional basin, as it is comparatively hbeltter
crystalline (fig Z.14). The variation in crystallinmity of 4illite
from  horizon to horizon depends on the distance from the source
roch, better crystallized illite was transported from a nearer
source while the lesser crystallized came from the source rocks
Far away from the depositional basin.

The mixed-layer clay mineral was detected in most of
the samples frmm‘ﬁamdhala Mala area (fig 3.13). It is & mixture
of  illite/ morntmorillomite. It is likely that the mixed-layer
clay mineral was transformed from the weathered material after
its deposition into shallow waters. The K+ ions were added from
the marime water to provid the stability to the montmorillonite
shructure and  to  convert it into & ‘minture of illite/
morntmorillonite. It is most probable that the mixed layer clay
mirerals were diagenstic in nature.

The mixed-layver clay minerals show fluctuations Trom

the one stratigraphic horizon to anpother horizon and it could
+4+ . _ .
availability of the K- ions during the sarly and late

e dus to
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diagenesis (fig. 4.1).

3. NILAWAHAN AREA (Central Salt Range)

The kaolinite was detected in most of the samples with
the excepltion of & samples. It varies between 5 percent to 93
percent and  was observed az & dominent clay mineral inm the
Fatala Formation &t Milawahna area (fig. 3.17). The distribution
of kaolinmite is variable in this section. 1t is domirmnant in  the
carbonacecus  samples and decreases in the carbonate samples,

which indicates increase and decrease in acidic and basic

snvironmernts, respechtively.

The kaolinite mineral is highly crystallized in coaly,

carbhonaceous horizon (fig. Z.21) ard less  crystallized im

carbonate horizon {Gluskotor 1947) and therefore, indicates its
diagenetic origin in acidic environment.

The illite mineral was found in most of thé samples
rich  in carbonaceous material {fig. 3.1é6) indicating that it is
rot & diagernetic mineral associated with the acidic environment.
It was detected mostly in the samples from the top of the
formation indicating that the rate of transportation of the
illite imcreased at the end of deposition of the Fatala
Formation. The crystallinity indices of illite mineral display
variations im the measured section (fig. F.20) and wvary from
stratigraphic horizon to horizon and reflect the distance from
the source rock to the depositional basin. The more crystalline
illite was transported from near by source rock as  compared  to
the less crystalline illite brought due to erasion of the far
away source rocks.

The mixed-layer clay mineral is the second  domimant

mireral atter kanlinite and was detected in all the samples. The
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mimeral wvaries  from S percent to 100 percent (fig. 3.19) Its
amsociation with feldspare indicate its removal Trom the haszaltic
tyvpes  of rocks. Tt is likely that the feldspars were originally

brought  into the ba

ir of deposition with snectites which were
cornverted into the mixed-layer clay mineral after the additiorn of
K+ dons, during early and late diagernesis. The mineral ohlorite

was found ornly i the five o sa

mples and varies from 3 percemnt to

vy oy

22 percent (fig. 3.18). The presence of chlorite mineral could be
due to alteration of smectite minerals after deposition but it is

aleo  likely that chlorite was transported into  the depostional

basin  due to erosion of the chlorite rich source rocks. It 4

15

probable that the fine-grained chlorite could rot be setteled  in
the shallowsr part of the basin and was transported to the deeper

part of the basin.

4. KATHA AREA (Central Salt Range) .

The kaolinite mirmeral is found in all the camples of
fhe Patala Formation from  the kKatha area (central Salt Range),
which varies from 2% percent to 7% percent (fig. Z.235). It is the
mo=t dominent mineral im the formation and is aboult 5% percent of
the total percentage. Guantatively the ‘samples showed more
kaolirnite compared to the other sections of the Fatala Formétiom,
Nilawaharm section, Gandala Nala section {cenral Salt Range),
thafi Filawar {Halé Chitta Range). It is highly dominarnt at the
top  and the base of the formation and showed gradually decrease
irm the middle part. The kanlinite appears to be mostly diagenetic
hut some of detrital nature. The increase of kaolinite mineral
in the carbonacecus horizon indicates diagenetic origin in acidic
gvironments (HKossovshkey,1964).

i . ) A A B
The crystallinity indices V&T1ES between 0.2-0.5
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4 e

reflects the variatiorns in the depositional basin from acidic o]
basic, marinmg environments (fig. Z.24).

The mineral illite was observed in all =samples with the

gxception of coal samples (fig. 3.22). It is considered that the

i1lite i & detrita mineral which w&s brought i to the

depositiond basin by sedimentry processes. The variations in the

crystallinity indices of the 1llite {(Ffig. 3.25%) and table. 2.4
reflect its distance from the sowrce rocks. The more crvstallized
illite was transported from the nesr) by souwrce material while the
less crystallized rought from the Emurce_rachg located far away
from the depositional basin.

The mixed-layer clay mineral is the second dominent
clay mineral. It varies from 18 percent to &% percent in the
zamples and is= 28 percent (average) of 19 samples (fig. D024 .
The mixed-layer oclay mineral is & random mixture of illite/
mormtmorillonite which was found due to diagernetic slteration of

+¥
smectite due to addition of the K igrns from the marine waters

in early and late diazgenetic stages.
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CHAFTER - IV

DISCUSSION

The principsl clay mimerals analve.ed from the Fatals
Shales of the Halt Range and Kala Chitta Range section  are
kaolinite, illite, mixed-laver clay mimeral. In addition calcite,
quartz, feldspars, cohlorite, dolomite and pyrite are alsa
observed during  the s-ray diffractogram analysis of the rock
samples.

I general the kaolinite may have either a detrital or a
digernetic origin. Detrital keolinite is an important indicator of
the proximity of the shoreline and  thus of palecgecgraphy.
Detrital hkaolinite is formed by erosion of weathered rocks in
leached acidic environments, the process of lateritization
producing kaolinite in tropical regions. When primary silicates
af alumins are subiected to chemical weathering at & pH between

S and 7, im oxidizing conditioms, kaolinite is the most likely

'~

mirmeral  to e formed. Erosion and subseguant sedimentation  may
deposit  this mineral i favowrable areas and give rise to
sedimentary kaolin- deposits.

Famlin mimerals can be destroved during diagenssis,
gither by replacement or by desp burial. Dunoyer de Sesgoniac
{(1946%)  studied the Siluro-Devonian rocks of the Sahara desert
ard  concluded that calcite of fossils was replaced by kaolinite
which was ﬁubswquahtly destroyed and gave rise to pyrophyllite.
T1litization of kaolirmite is claimed as & common replacement
process  in which imterstitial solutions play an important role
inm the transformation of kaolinite into illite. Dunoyesr de

(1570) explained illitization of kaolinite in  Triassic

T
13:

5 O O B
sandstones as a result of the influence of saline waters.

Eonssovekey et al. (1964) [jtlsé-FVE’d that the perfect
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crystallized kaolinite was developed in acid environment during
slow deposbion.

Glass (1958) investigated the oclay mineralogy (ki

Fernnsylvanian sediments from Southern Illinois in & comparative
study  of cores and outocroups of different facies. He found more
kaclimite in sandstones than in the shales and demonstbrated Tthe
post-depositionsl  formation of kaclinite. He also observed that
shales and  sandstores below  cosl  seans, being TOnmaring,
contaired more kaolinite than the maring shales ahove coal seams.

Fuchtbauwr and Goldschmidt (1963) studied the changes in
clay minerals of the sediments with increseing depth. He found
the disordered kaolinite in shales and crystallized kaolinite in
sandstones, up to a depth of J000m. Burial depth indicates the
decrease of kaolinite amd increase of chlorite and guartz. Stout
(1923)  and Longan (1942) have discussed the origin of clay and
seatearths  and pointed out that the kaolinits increases  in
seatearths as compared to the other clay minerals. Grim and allen
{1938) invesltigated the underﬁlay from the Illinois basin and
WE&DFtEd‘that the underclays were mostly kaolinite.

Brammal and Leech (1943) found that the seatearths and
roat  shales of  high volatile matter coals contained . more
keolinite.

Endell (19594) investigated the clay minesrals in
bituminous coals, and found 1llite and kaolinite as the
domimant clay minerals. webb (1%61) concluded that ~ thé
underclavs contained more kaolinite, and Expandalble clay
mirerals, and less i1llite, and chlorite. Huddle and Patterson
(1%&1), have suggested that the formation of seatearths was the

first stage in the development of a coal swamp.
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Fietamer arcl Werrer (1963 P S 6 that a1l
constituents of the clay minerals in coal may be the oxidation

proaducts of organic material .

Gluskoter (1967 Tound & significamt amount of wel 1
crystallized kaolinite, 1illite, and expandable minerals, and
cheerved that pyrite was disseminated as the cleat Filling matter
in INlirnois coal. Moor (1968) concluded that three factors

sition of seatearths

control the mineralogical and chemical compo
which were as follows:
i. Pegres and rnature of weathering before transportation,

ii. Disgenstic changes

idi. The aesrobic or anaercbic conditions.

Larssn and Chillinger (1967) studied diagenesis of clay
minerales with imncreazing temperatures and pressures st depth and
the time of burial. They investigated up to  the depth of 10,000m
from pre-burial stage up to the metamorphic boundsary. They found
that kaclinite irmcreased i the shallow burial stages, bDut
decressed and finally disappeared below the depth of S000m.
Mormtmorillonite &lso disappesred &bt the depth of  5000m, bt
chlqrite increased with the depth. Winkler (1%67) stated that
whern shales containing Hamlinite‘ were subiscted te 1w
temperature metamorphism, kaolinite disappesared but  pyrophyllite
appearéd at the expense of kaolinite and qusarrtz. Bub Ferry  &nd
Heowe ‘(lﬁﬁg), who studied clay mineral diagenesis in Gulf conast
pelitic sediments down to about 4500m, found no  systemabic
variations of kaolinite with depth.

Dunvyer e HSegonzeac  (1970) studisd the effects of
diagernetic processes of kaolinite. He fourd that the
crystallographic  eveolution of kaclin mineral may take place in

the order of kacolinite -kaolinite/ dickilte —dickite/ nacrite amd
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mactrits in

Bh

diagensses. Hodson {(1971) stuwdied the Samplwﬁ

FTrom some horeholes of Mamurian of Foland armd divided e

formation into therese mineral zones. He concluded, that kaolinite
was more sbundant in the stratigraphically voungest zones, while
chlorite and 111lite were the dominant clay mimerale in middle and
lawer zones, respechtively.

The above mentioned review support  the concluations
drawn by the auther from the analysed samples of the Fatala
Formation. The kaolinite minersl present in the samples of  the
Fatala Formation i the Eastern part of th&k Salt FHange, is
relatively coarse grain and show comparative decrease in  amount

towards the deepsr part of the basin duwring deposition. Different

graim  size distribution arcl variablity irm the  amournt  of
kaclinmite towards Central and Western part of the Salt Range
indicates local ups and downs i the basin of deposition.

The crystallinity index may be & Qood indicator  for

differernciating betweern  the well orystallized {either of

diagernetic or of detrital mature with micmimam transport)  and

for  long distance). Tt is noted that the ocrystallinity indices
for  kaolinite remsin  high for &ll the studied samples from  the

Salt  Range. In additicn the presence of carbonacsous  sha

Ll

1 s

H
il

sugoest the transportation of kaolinite mineral with carbonasceows
detritus was local and may be present ing to nearby clq%e asins.
411 these properties of kaolinite from the Easstern Salt Range
suggest that it is mostly detrital in character. Howsver in local
deaper part of the basin in Central and Western Balt FRange, thes
kaolinite may be partly detrital and partly diagenetic.

The amount and grain size of  kaolinite decreases
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towards  northwest, 4in Kala Chitta Range. In addition the
crystallinity  indew ‘of kaolinite is also low 0.77 millimester.
This clearly sugoest a detDrital character of kaclinite, which is
deposited irn the Kala Chitta Range after being transported for &
long distarce from the source in south,

Grim and Johmns (19254) studied recenlt sediments from the

rnorthern Gulf of Midico and comcluded  that with  dncressing

salimilty, A gradusl loss of montmorillonite reswlts in the
formation of poorly crystalline chlorite and 1llite. The 1illite
was  formed by fixstion of potassium  betwsen  montmorillonite

layvers., Milne and EBEarley (195%8) observed the formation of 1l1lite

fram morntmorillonite i the Mississipl delts. Weaver (1258c)
concluded that the majority of clay minerals in sedimentary rocks

have a detrital origin reflecting the character of the sourcs

material with arily - slight modification imposed by e
depositional grnvironment. White House and MoCarter (1758)

reported that illitic clay minerals can develop from smectite  in
the marine environment. Weaver (193%c) ohserved that when
vermiculite amd montmorillonite were subjected to mild treatment
with ROH, they changed to illite. The oclay minerals in the
present-day oceans absorb more  sodium and  magnesium ‘ tham
potassium  and  that the vounger sedimernts generally have more
sodium and momntmorillonite and less illite than older sediments.

Weaver (1967 concluded that much of the Falasozic ard

Frecambirian illite was formed on land rather thamn in the ocean.
Grim (1951) invegtigated Falagozoic shales inm Illinods
arnd  concluded the domirmant clay mineral to be i1llite. Chlorite
was also found in relativliy small amount. Kaclinite was rarely
sheerved but no montmorillonite was found. He concluded  this

gvidence to various diagenetic stages in & marine envivonment.
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shtage was the rapid deveolpment of well orystallilzed

The Ffirst
mica from degraded 11lite and chlorite amd secondly & slow cohange

o f mortmorillonite  and chlarite imto illite. Grim (1758)

in

grplaimed  these changes during diagenels and  suggested  that
transformation from montmorillonite  into  mica  and chlorilts
depends on the availability of potasseiwn and magresium.

Millot (L963) proposed alteration of kaolinite to
illite in the presenee of saline water during diagenessis.

Fuwrst (1937) suggested diagernetic conversion af
montmorillonite with depth. Weaver (1960) studied the sediments
Tfirom  Ouachita mountains of Oklahoma and the bDwried structural
belt of East and South Teras. He cmhcludad that by measuring the
108 illite peak orn the X-ray diffractometesr, 1t is possible  to
determine the relative degres of metamorphism wi#hin the
metamorphic geosynclinal facies. Dunoyer de Segonzac (1970)  has
described the five zones of diagesnesis on the basis of i1llite
crystallinity and chemistry:

1. The zone of zedimentation: Erosiorn and  weathering of
sediments on the continent gave rise to 1llite, which in marine
aggradation can produce disordered 1Md illite.

2. Early diagernesis: This zorme does not show marked changes
im illite due to the lack of magnesium ions &nd  illite remains
h&LGFUQPHPQUJ.

. l.ate diagenesis: due to increased temperatuwre and
compacticn, & re-ordering of the illite lattice coours o and
absorption of potassium begins. This stage may consists of two
rones, an upper zong. where the crystallimity is variable and all

the polymorphic  variations  exist, and lower zone, where ithe

crvetallinity is highly uniform, arnd independent of lithology.
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4. The anchizong: This i1s & transtion zone dowards
metamorphism., In this zone illite and chlorite are the dmminamt
caly mirnerals.

. The epizone: Here the 1llites are generally transformed
to white mica called sericite. The 1llite minerals of this rone
ma&y contain socdium.

Weathering also effects the 11llite cryEtallinity.r The
weatherd illite rich rocks have the more degraded crystallinity
of mineral. The glacial climate has & less weathering effect and
produce hmtt@é crystalline illite than in & hot climate. Fine
graimed particals are mudh mere sensitive to degradation  and
Fydration during weathering, in deep diagernesis.

Rokbinson et al. {1%90) carried ot cletasiled
investigations for the corystallinity of 1il1lite. He gave the
details Tor the preparation of samples by centifugal of clay
fracticons, bhallmill crushing and ultrasonic dissaggration.  He
concluded that the analysis  for pr@c%imn of te illite
crystallinity of the clwﬁly spaced samples can give the reliable
resul .,

Robimnsorn o st &l. (198%), investigated the 1llite
crystal linity and pointed out its importarnce as the indicater of
vEry low grade matamorphism.

Wright et al. {(1%9921) carried out work (wiy the
palecoclimatic condition of the Faleosoles in Scouth Wales using
the clay mimerals as Faleoclimate indicators. They found anpual
clay minerals assamblages from @arly Carbonlferrcus in paleosoles
which contains the three components kaclinite/chlorite material
smedite mived layer clay. They int&rpferted it as the product of
ferrolysis, & compled processes invloving dissolution of clay and

subsequent production of inter layered varities.
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The 41lite is the dominent mimgral in the Salt Hange

and Fala Chitta Range of the Patale Formation. In the alt Range,

B
—

the Gandhala MNala section shows more 111lite (38 % tharm the
octher sections L. MNilawahan (1% %) and Katha (11 %), However,
the illite ocontent is higher in the Khawari Fhawsar section of
Fatala Formation from the Kala Chitta Range. This indicates the
more saline natuwre of depositicornal mediuam than the Milawabarn  and
Fatha of Certral Salt Range. Swmeraliy from the analyveed samples
in &ll the fouwr sections, the illite comtent shows  an dncrease
towards the top of the profiles. It has been observered that the

illite mineral is well crystallised in the roof shales tham  the

seatearths  and poorly crystallised in or near the coaly beds.

o1
1]

ey
~~

Thes distribution of 1il1lite in the Gandhala Mala {Eastern

i
il

—
~

Rarmge), MNilaWahan (Central Salt Range), Katha (Central
Rarnge) ., arnd Ehawari Khawsr section from the Kala Chitta FRange)
reflects its detrital mabture and transportation from the South to
Morth.

This may indicate the deposition which wltimatelsy
becomes more saline and gave rise to the i1llite dominated roof
shales (Edmunds 1975). This may be explained by the availability
of Hj ions, which resulted in potassium fixatiomn and better
crvsetallinity. Fixation of potassium in illite leads to better
crystallinity. It would be expected that in the coal environments
the potassium is leached out and hence a less structured 1llite
is Fformed (5alter 19464).

The crystallinity of illite alsc indicates the degree
whi tramsportation from the continental»ar@as to the desper part
of the basin. It is well crystallized in shallow and continental

areas  and  looses its crystallinity in the deepsr parts of the
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OCEAT . Im  the a&area of investigation 1t is found that  the

toward the deepsr part of  the

crystallinity of illite decreases

depositiornal basim (fig, 4.2).

s

The crystallinity of 4L1lite mineral in  Hallt Range
indicates that the area was not & wniform area  but  the local
depressions existed during deposition of Patala Formation in the
Balt Famge area, with the gerneral deepening of basin toward west.
The direction of the marine bazin of deposition, on the basds of
illite mineral concenbtration appears fraom Bmﬁth&azt to Morthwest,

Weaver (175%4) suggested thalt mixed-layer olay minerals
are  usually derived from the degradation or aggredation of pee-
gxigting clay minerals. Burst (19%%) found evidanca of 5y5tema£ic
diagernstic changes in this mineral with depth. The mived-layver
clay mimegral in the areas of the S8alt Range and Eala Chitta FRange
was drnterpreted as  diagenetic mineral and thought to be  the
product of  alteration of smectite followsd by early and late
dizgenetic stages. The mixed-layer clay mineral is & random
mixture ot illite/ montmorillormite, displays 2 PENT S 1o CF
glycolation and contraction on heating. Weaver (1938) studied the
clays and alteratiorm of the clay mineral lattice amd concluded
that interlayver changes were to be excluded from diagenesis.
Dunoyver de Segonzac (1970), reviewed the disgenesiz of clay
mimerals and postulated the following stages.

i FEarly diagenesis or shallow burial stage in which s OmeE
mired-layesr clay minerals uwndergo aggradation by adsorpbtion
cf Mg, KB oand Ma.

ii. Middle diagenesis, argillaceous sediments compaoted with
0% of  LbhE€lr connate water. Many types of replacements take
place due to the circulatiomn of interstitial water. Some detrital

minerals such as bictite are unstable in this stage.
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i late diagenesis, temperature increases more  than

100E.

UL 1 e Incres

sed and the poarosity i reduced.,
Morntmoril lonite ared regul ar mived-1ayer clay minerals

cdi

sprre @l .

- 0 v - u‘ -
iv. Anchizorne the temperature incresses upto 200€6., It may be

regarded  as  a transitional zorne  towards metamorphism.  I[llite
and chlorite are dominant minerals.
Read and Watson (1962) defined disgemesis as & process

by which all the changes occwr in @ sediments after deposition

with  ingressing b

mperature and presswre and later  pa irntbo

metamarphisn. Burst (176%) concluded that swelling clay graduslly
changed dnto mnon-swelling clay with depth, showing quantitative
charges of  swelling lattice into mixed non-swelling lattices

zpth in samples from Guld Cosst sediments.

clave agsinst bhurial d
Dorste, RBhattacharya and Sunderman (196%) investigsated the soil
profiles armcd  Tound  that cohlorite completely altered imto
marntmerillionite  with intermediate stages of b ol om mixed—1ayer
chloriteg-vermicul lite-montmorillornite, and &lso obkserved that
some Lllite changes to montmorillonite therough ramdmh mixed-layver

Pllite s mormtmerillonite.

Seherp (1%43) found that illitization took place before
burial diagernesis. The clay minerals were studied from boreholes
at different places (Libya, Tunisia, Sicily, Italy) by Long et aL
{1964, 19&66), and Lmﬁg amd Meglia (1268). They observed that
mertmorillarite  Finally disappeard. Muffler and  White (1969)
studied the clay mingralogy of the Saltorn Basin in California,
where the gecthermal gradient was high and chserved a gradual
change of montmorillonite to illite, passing through a stage of

i i & i g z ived-layer minerals
disordered mixed-layer clay mireral. The miwxed-—-lay e
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. U - . -
were stable in the ramQe of BO-Z00 € which prevailed at depth  of

1,000-3,000m,

=t

Durnowver de SDegomnzsae (1970), cmﬁcludedg that "&ll  mined
lavers, whatever ftheir oigins, were inevitably pass to 1llite and

chlorite in deesp diagens

The mixed-layer olay mineral in the Salt Fange is
mainly &  random mlxture of illite/montmorillinite, but  in Kala
Chitta FRange the mised-layver clay mineral was random  mixture of
ITllite/montmorillonite/chlorite. It indicates that more Mg++ ions
were  available in the mnorthern part of the basin s compared  to
the Bouthern part, and were probably derived from the chlorite
and ocean water carbomates, rich in Mg+, It is most likely that
the mixed-layer clay mineral in Salt Range and Kala Chitta Range
criginated due to diagenesis of smectite and chlorites.

The mingral chlorite was detected in the samples from
the Fatala Formation exposed in Milawahan, Central Salt Ramge and

Fala Chitta Range alt Ehawerl BEhawar. The ohlorite mineral was

gengrally absent in samples from the Gandhala Nala, Easterm Salt
Rarnge, katha and Nilawahan area Central Salt Range. It indicates
that +the chlorite is a fine grain mineral which was ‘transported
kfurth@r into the deeper part of the basin towards north.  Sudden

incresse of chlorite in sample=s of Eala Chitta Range gives a self

explanation of the sedimentatioral cortrols of the fine grairned

material. It may be stated that coarse grain materials are always
deposited inte the shallowsr part of the bkasin while filiner grain
materials move away towards the deeper parts of the depositional
hasin. Grim am Johns (19594) studied the recent sedimsnts from the
Gulf of Mexico and cobseved that montmorillonite gradually changes
imto illit/chlorite. Chlorite Can bhe pocduced fream

morntmorilionite by tresting it with magnisium. White House and Mo
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Carter (1948) prepared illite and chlorite from montmorillonit by
treating 1t with artificial sea-water at ordinary temperature,

e
[,

sure and Tound that transformetion of montmorillonite depends

(win] L ST R tic. Sawhney (1960), Barmhisel and  rich (L9863

treated smectite with varicus aluminiwm at moderate

5]
n
o
il
n

temperatre  and  observed Uthe developrment of & 14% chlorite
shructure,

Chlorite  can  also be produced by  the disgenesis of
other clay mireals. Bursht (193%) investigated diagenesis in the
sediments of the Wilcox formation of the Gulf Uoast. He observed
that the chlorite sappesared to be the more dominant constituent at
depth, arel thermal stability increases with depth.

Webb {(1%41) investigated several Fennsylvanian sections from  the

3

M

ast Cerntral United states, the chlorite abundance decressed
Wiward in some underclavs. Farbham (1964) demonstrated the lateral
variations in clay minerals of Fennsylvanian underclays from  the
Illirnois and OMio coal basins and found  that the kaolinite,
illite, ohlorite, vermiculite, montmorillonite and mixed-layer
clay minerals wers present in different proportions, according to
thedir palapogeagraphic  locations. Haolinite decreases Trom
nearshore to basin_wards, while illite is absent in nearshore
regicon  and ther appears towards the basin. Chlorite was reached

-4 - 3 - oty o A l\_ R ',.." 'J
ite maxwimum  and showed a basin ward increase. Jermiculite is

._m . e e 1 oves
“t im areas containing dominatly illite and  mixed layer

olay mirmeal. Mixed layer clay mineral were observed in  &ll the

Dunover de Segonzac (1970) stated that in garly
i i i arit transformed t chlorite via
disgenesis, mantmorillonite may be transformed to

- : ; it lar and stabilized
Corrensite while cohlorite hecomes more regu
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churing  late diagenesis  and hecomes the major minersal  in the
Epizone, taking up iron and magresium. Wilson (196%) showed ©that
underclays  of upper coal measures of South Waless contained more
chlorite and illite and less Kaolinite tham the urnderclays in the
lower and middle coal measures. He comcluded that chlorite im the
underclays  of  the upper Coal measures was of primary detrital
crigln.

Im view of the findings mentioned above, the chlorite
firom the Fatala Formation may be & chlorite which WRS
transpor ~ted  intoe  the dmpmﬁitiggl basin due to ercsion of the
rocks  rich  in chlorite minerals, in the South. The chlorite
mirerals therefore appesrs to be detritsl minerals in the Fatala
Formation  exposed at Nilawahan and Kala Chitta Range at  Khawri

The clay mineral show a systematic depositiconal

n

Fhawar

rattern  according to grain size. The coarse clavs are gensrally
deposited im the shallow part of the basin and finer clays are
depesited towards  the deeper part of the basin. The kaoline
mineral are generally  known to be coarser olays while the
chlorite, 1l1lite and mixed-layer clay minerals are known to be
firmer clays. In any huge depositional basin, when the coarse
materials such as gquartz, feldspars, towrmaline estc. are not
tranported further away into the basin, the clay minerals are the
corly  minerals which provide the sedimentational control  during
the depeositiorn in an extensive bhasim. The kaoline minerals are
genserally deposited in the shallow part of the basin and L e
illite, chlorite and mised-layer clay minerals are increased in
the deepsr parts of the basin. It is therefore concluded that the
clay minerals are mainly controled by sedimentational PrOCESSES
ared  partly controled by diagenetic alteration during esrly and

diagenetic phases in Balt Range arnd Kala Chitta Range.

ted
bt
o+
it
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CORELATION OF CLAY MINERALS EETWEEN SALT RANGE AND

KALA CHITTA RANGE

The distribtion of clay mirnerals in dififerent = tions

of Lhe Fatala Formation measured from ecast to west im the Sall

Famge displays sudden incresse of kaolinite representing  the

e Erg i ervironments suitable for the formation of kaclinite.

Thie kaclinite is distributed throughout measured

sections  of the Patala Formation exposed in Salt Rarmge, except

the Nilawharn section. The different sections of the southerm Salt
Ramnge measured  forn egast to the west can be correlated on  the
bazsis of distribution of mimeral kaoli;mite. Four different
Forizons  sre  distinguished throughout the area, where coal or
carbomaceous  shales cam be esxpected, (fig. 4.1). Although the
coal is not found in the Patala Formation in westren Salt Range
but  these correlation could be very usefull for the e:ploration
of  coal irm the westren Salt Range. The kacolinite rich horizon
represent  the seatearth/ undercla?s or roof shales in the
western Salt Range from where the coal was either being ercded
away or thinly deposited which needs to be explored. The

kaolinite germerally decre:€ses towards the deeper part of the
depositiornal basin,. Ragri (1977) investigated the underclays  in
the Sputh Wales cosl field and observed that the kaolinite de-
creases Trom sast to west, the direction for the deeperning of the
basin. It is most likely that the kaolinite in the Folwar area
was alsn  partly controled by the sedimentational processes as it

decreases from south (8alt Range) to the north (Kalachitta Range,

The correlation of the illite mimeral present im  the

1320



e 0 U T . H o T NORTH L
Tm\pmﬁT - : SALT RANG E WEsT
w GANDHALA NALA lLszF>,>\>I>z|.[*lx2:> AREA———NAMAL GORGE —] KALA CHITTA m>zol w
m Clay Mineral Clay Mineral || Clay Mineral Clay  Mineral Clay  Mineral S
. . N 3 0 )] ' i @]
_ILlnrx E 0 uo/mnu 70 W 10 d0. kq 20 xw_%i 410 30. .W. A6 w0 m\o. 0 100 w
= e i3 ot E
Hu [y =i m..r|...
o X5 & et T -
W< I o s T
5 E g = =
- 3| B
4 S B = EERRERESS S
(ol Py 2 —— ..‘n...
LOCATION MAP OF THE POTAWAR _ARE A , 3
71 . BO ‘7210 130 730 P &
MAP OF T iy
THE POTHWAR . i
] +: 20 _.RW
o ek Am
T~ <
L . - —
Scale =T =~ ﬂ &
S -
o INDEX
w DE T} - CALARCOUS
. : k H SHALE
=] kaoLmite MARLY  SH ALY
N > 20 _ LIMESTONE
AREA )\mI>Lo\v_r. Bl e == RIVER
@LNAMMAL GRS POTHWAR Y CHLORITE C
ORGE "~ (g STNARHAD | AREA N " . D MONTMORILLONITE
2 3 2| . EHE MIXED LAYER :
: “ 7/_ A b0|_ paxisTan CLAY MINERAL
4 \ ) e
a Fig: Percentage distribution of the clay minerals in the Patala
Formation exposed in Salt Range and Kala rhitta Ranoe and
7 o 130 7210 130 7310 [30 % 1o probahle clay minerals correlations,




ctions indicat

measred s

the gradually decre towards wes

SLITE)

tirg local wvariations due to local depressions.

The correlation of the mived-layer clay mineral From
sast  to west indicates an increas towards west. The mixed layer
clay mingral of dllite/ montmorillonite towards west is  formed
by bthe additicon of H++ ioms i the montmorillornite. The presence
of montmorillomnite in the west supports this view, Bagri (1990,
pelrsonal communication).

The same correlation is true  from south  to north,

e twesn Halt-Range to Eala Chitta Range.

e
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CHAFTER - ¥

CONCLUSION
1. The average clay mineral composition of the Fatala Formaticon
gxposed in Gandhala MNala  (Estern Salt Range) includes

Fq

Baomlinite 27 percent, 11lite 38 percent and random mixture of

mixed laver clay mingral illite/montmorillonits

b

peErcenit.

The orystallinity index of kecolinite is O.Z7  a;d illite

is 0.2 . The minerals are more crystallinme in this section.
Th&’ illite is  debtrital im origin. kamlinite idis  peartly
detrital and partly diagenetic. Mixed-laver illites
morrtmoer i) lonite clay mineral is most likely early and late
diagenstic in  crigin.

2. The  average clay mineral composition of Patala Formation
exposed at Nilawaharn gorge (Central B8alt Range) is  kaolinite
47 percent, illite 1% percent and Chlorite 3 percent.
The kaolinte is partly detrital and partly diagenetic. The
illitehdmtrital. Mixed-layer illite/montmorillonite mineral

is diagenetic and authigenic. Chlorite is fournd mainly as

a

fl

the alteration product as observed by the analysis.

) T Katha area the average clay mineral composition show

that  the Kaolimite is 5% percent, illite is 11 percent and

mixed-1ayver olay mineral, a random misture illite/

mortmorillonite is 38 percent. The illite is detrital,Whle

Kaolinite is diagenetic in nature. The mived-layer clay

mirmeral illite/mortmorillonite is diagenetic/authigenic.

The orystallinity indices show better crystalline state of

mimerals.

4. The average clay minerals of Khawri Khawar section exposed at

Fala Chitta Range include illite 4% percent, kaolinite &
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7

1.

11.

percent, ohlorite 27 percent, and a random mixed-laver clay

5

mirmeral illite montmorillonite, illite/momtmorillniters
chlorite which is 26 percent. The illite, chlorite and
kaolimite are  probably detrital minerals. The mixed-layer
clay mirdral is diagenetic/authigenic in origin.

The kanlinite mineral shows & decresse in amount from Salt
Farmge Lo Kala COhitta Range indicating the direction of
desparing mfvbawim.

The illite and Chlorite show an increase in amcount from  Salt
Ramge (smouth) e Hala Chitta Range, also indicating  the
dirsction of deespening of basin.

The orystallinity indices of illite in Salt Range show &

llimdty from east to west, indicating =

decrease inm

]

py
gerneral direction for the deepening of the basin with local
depresslons.

The crystallinity indices of i1llite from Salt Range to Hala
Chitta Range showed the sudden decrease inm crystallinity,
indicating the deepening of basin. The cryetallinity index of
kaolimite in Salt Range also showed & general decrease

towards west, representing the general deepening of basin

(S

with & mimor local depression,

=3

The ocrystallinity index of kaolinite in Balt Range 1

0L arnd show a decrease in Eala Chitta Range which is

S I S

0,77, The crystallinity index of illite inm Salt Range is

R

i sxl= Chitta Range to Q.37.
; amd show decrease in Kala Chitta Range to ©.E7

b

.l

o

The depositiornal basin during the deposition of the Fatala

Formation extendsd from southeast to northwest, where the

detritus was transported from the comtinent in the South.

inerals in the Fatala Formatian 1s

The distribution of clay m

=)
o



1

e

mainly  controlled by the simple sedimentary processes  and

partly by esrly and late disgenetic processes.

—h

The distribution of clay mineral in Salt Farmge and Kala
Chitte Rarge display the stratigraphic comtrol, where
IMCrease o kaolinite and 1)llite may [l correlated
significantly. This would be very useful for the esploration
of coal.

This work indicates that the Fatsla Formation towards west
and  north-west would include more marine deposits with high
organic matter and should be explored for the gereration of
@il as & potential sowrce rock. The mineral kaolinite was
recogriissd in abndant quantities as seateariths and
roofeshales in the sections of Eastern and Central Salt Range,
which is & useful mineral for the sconomic exploitation  and
Ceramic materials. The seatearths and roofshales can be

eronomical ly  exploited after +the investigation of their

AT e R

Lo propertles.
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APPENDIX = g

X—RAY DIFFRACTION DATA {RANDOM POWDER SAMPLES) FOR THE

GENERAL. MIMERAL ANALYSES OF FPATALA FORMATION,
KHAWRI KHAWAR (¥ala Chitta Range).

Gample mo-1
W Lime =

- Caloite
gquartsz
“h calcite
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! oQuartsz
& calcite

Sample no-2 /KKF
Rl LLimestone,
S.No JERE & Mirmerals Remarks

i 20.8 4.26 quartsz limestones

o 2E. L. B4 calcite
X 2b.b : quartsz
3 29,4 calcite
bl 6.0 calcite
& 43,2 clcite

47,5 cloite

Sample mno-2 JREEP
Rock:  Mearly Shales.

1 4-al7 22 07-18.78 mixed-layer

2 14,324 Mi./chl (probable)
a.8 10,04 illite

19,8 4,48 illite

0.8 4.26 gquarts

& 2ELO Z.B6 calcite

7 24,0 I.70 feldspar group

g8 25.4 .50 feldspar group

g 2o. b 2034 guarts

10 29.4 ZLO3 calcite

11 I35 2.8% feldspar group
19 47,2 1.92 pyrite

20 48, & 1.87 calcite

21 5001 1.81 guarts

e Gh. & 163 pyrite

24 &0.8 1.52 pyrite

2 &H4.8 1.43 feldspar group
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Rock: Marly shales.
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= e quartz
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pyrite
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14 1.9 pyrite
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Rock: Limestorne.
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Rocks: Marly shales.
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14 Sb. b 1.63 pyrite

12 bH1.5 1.80 pyrite

149




BSample no-3ib

Fock: Shales.

S.Ne., 28

Minerals

1 H.l
= &.8
A 12
4 17.
& 19.
e 20,
7
&
9

Lo

24

24

R

-
'~

ot
10 &
11 2.4
L2
13

15
1é

-

17

TG0
RIREE
L
"y

o2
e

chloarite

illite
guarts
feldepars
kaolinite
chlorite
guartsz
calcite
feldspars
calcite
WAVE e Wy =
cuiarte
e d tes
v ote

form of traces. ;

Sample ra-37

Rock: Bhales.

S.Ma. 2 °

Minerals

Fremarh

ut

1 5, Db
=z a.8
) 11.6

7.8
17.9
20.8

my
et W

26.6
29 .4
11 54 .8

~ i ]

Lo -t
13 47 .2
14 0.l
15 e
1é& Sh.h
17 Bl S
18 a4, 0

LR I 5 BN I A

176513
10.04
7L b3
715
IR
.48
4,286
.84

3,54

DR

e

IR IR
2. 548
2,07
1.72
i.81
1.67
1.63
1. 30
1.4%

L

mined-layer
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Sh.b 1.63 pry e i b
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& LT 1.52 pyrite
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Torm of braces

Aample o4l SRR
Kb e

Moy Bhales.

oMo

W B

Mirnerals

Remarkea

13

14

ne

1é
17

70 17 G-
DL 11,04
Tl
40806
.84
by L4
29 .4 0%
IR ORE
S0 aa7l
YS! 2.49
45,3 S
47 0 1.92
Sl 1.81
Hhe b Labd
T ! 1. &Y
&HO LB 1,88
&Hl.l 1CED

Sl
&4 1

md el ayer
mised-1ayer
{3y paum

e ts
caleite
guarts
calocite
calocite
[yt
calcite
caloitr
Py i te
quarts
pyi-it
Py dote
pyrite
[y it

(]

At




Dample ne-42 SEEF

Fock s

Marly Shales.

Minerals

Femarks

N
iwd

P
i

s
., o rm
8

N

>,

J

oo

irs
M
[I
a
Iy
and

mixed-layer

illite
Gy psum
i1l
feldspars
illite
cuartz
caloite
Gy psum
feldspars
feldspars
gquartz
calcite
2ldspars
pyrite
quarts

Gy prsuim
ouartz
[ryrite
pyirite

Sample no-43% /SEREF

Fock:

Limestone.

5.MO.

28 &

Minerals

Remarks

&8

gquartz
caloite
quartsz
caloite
calocite
guaErtz
caloite
st
caloite
caloite

153
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Fadd Sk

Fookys Marly Shale

S Mo P & Mimerals Flemarks

1 Bty mixed-layver
- Lié T b . Givprsum
&) 3 10 1llite

IR
P11d e
cpaE e

L iif
PN
Y

Yy Yo O
oo

7 0 I fexdc :
i e l- o

BPRRY) CpLd
PR caloite

S R feldspars
Hahd feldepars
cpu et
gquarts
Py Lle
pryr-ite
guaEr b

A% SR
e U e e

SaNo. oo & Mirerals

4.dhA aquartsz

i .84 caloite

5 R paEr b

2 EHL0E calcite

el & PO & 0 feldepars

é 42 209 calcite
7 47 .92 pyrite
& 48 .4 1.87 caloite
4 LR 1.8a1 gquarts
10 Séh. b L.6E py e
11 &HO . 1.52 pyrite
12 bl 1.580 pyrite
) . 1.43 quarts

154



X-RAY DIFFRACTICN DATA (RANDOM POWDER SAMPLES) DF THE GENERAL
MINERAL ANALYSES OF THE PATALA FORMATIDN,
SANDHALA NALA SECTION (Eastern Salt Range}.

BSample no-1 /GNP

Rock: Calcarecus Shal es.

5. Mo 2ea & minerals Remar ks

1 S L. O mixed layer
2 S.8 1&. &3 chlorite

A b 14,01 chlorite
4 8.8 10,04 illite
gy R sum
kanlinite
illite
illite
quartz
calocitet+gypsun
Faclinite
caloite
illite
kaolinite
kaolinite
baolinite

024 baten osn i o s o S S Seans Gt8rm et St ieed Sinm Somed Smase Sret SR Sermt oot s Tt Seoet Sebih Somes Simty Yo hrort T P Sare (et otk Semt S AL Samed 2e4R bt e Seeg SorE e s St S e S i Skt o US4 S Sk A Somn ot et S b S S0

Sample no-2 SGNF
Rooilos Calcaremus Shales.

5. Ne. 204 ° Minerals Renarks

O7-13,. &1 mixed-1aver In normal slide
1., G4 illite the miked-1ayer

7. bhd gypsum mineral ,reflection
713 baolinid te ovhserved at 25,22,
4,97 itlite 21.02, Z20.06A.
illite

uarts

gypsuam

baolinite

guartz

gQypsum

kaolinite

kaolinite

baolinite

kanlinite

:
!
o




Sample no-3E JGHNE
Rock: Calcaresous Shales.

S Mo, 204 ~e

mi ved—1 ayer

1 4 - 2R 0T-13, 79

aot e b

f}a

= .8 10, 04
A Li.ﬁ 7. b
i 12. 7. 13
b 14, 48
& FO. &s 24
7 2.4 a1
= 24,4 =7

2hed
1U Zha 4
11 Gy, 2 “4
1 5.7 1.982
I S0 .81
14 a2 .49

Minerals Remar ks

illite
Y P sLIn
kaolinite
illite
qrarts
Qypsum
kaclinite
quarts
illite
illite
kaolinite
quartz
baclinite

F mped e no-4 0 S ENP

S Calcareous Shales.

SN, 2% e

1 -7 29,012,613
10.04

Sample no-3 /GNP

S P Tnl Calcareous Shales,

Minerals Femarks

mined-layer clay mineral
illite

aypsum

kaclinite

illite

gquarts

Qypsum

kaolinite

ot b

Qypswm

gypsum
baclinite

qurts

. MNO. 296

Mimerals Remarlks

Z25. 6
a e,
o =0, 0

- Ly e
1\_) L'::n u:

2=1E. b1
0. 04
Tl

4. 48

o
]
g
'u [

..h4
2,00
.81
1,49

mixed-layer clay minerals
illite

kaolinite

illite

quartz

kamlinite

quartsz

kanlinite

gartz

kaolinite



Sampl e no-d SGNF

Rk s Calocareous Shal es.

S.No.

= &° Mirmersl Remar i

1 12.4 FuLE braolimite
2 18.8 4.71 feldespars
B 20.49 4,26 quarts

4 2.0 ELT0 feldepars
" i kaolinite

r
h
)
s
.}_‘l
.
(a2}

& 28. 4 pyrite
7 RR2.9 pyrite

~
R

quarts
pyrite
kaolinite

&

1O &g, 2

Sample no-7 SGNF
Foolks Calc-careous Shales.

50 Minerals Remarks

S MNo. 27 £

. : W= mixed-layer clay minerals
2 8.8 10.04 illite

A T lE kaoclinite
4 48 illite

5 ST kaolinite
£ 41 apatite

2. 60 apatite
T feldspars
2.14 teldspar

Sample no—-8 /GNF
Rook s Calcareous Shales.

BRL.OT7-3,1 mived-1ayer

e T.1E kaolinite
= 4. 43 illite
i 4.3 cpaer b
ol B.ET baolinite
& quarts
7 illite

baolinite
kaolimit
baolinite
illite
CLhEr
guiar




S.No.

7
&
4
16
i1

13

o m

[ lnl TR

Remarks

=, Mo,

Sample no—11
Calcareous

Rocbs

D MNo.

it et woemn smntt ot seres S442n Setee rame Shens bovmt Somen Sa0wS e smims ShreS rmivn Semen f30me SHBAS ednh temmn e Sontd Smedd Btar With cerey ek P SHSLP beMis Sioet Iefee S4sed Hate i Aebb} Seord Hese Sreds hoord Siime Sbres Pmekd Hm BB Tt Seee) St et S P B ot b et Seind e 0% T Sl St

0 ¢

1.8

20.8
24,8
d2h. &
4.8
45,8
50,0

9.9

ample no-—-10
Calcareous

2°4

a.g
12.4
19.a
RO.8
24.8
Ré. b
28.9
29. 4
40,2
4.8
50,0
g, 8

e 2
S&. 6

294

Shal gs.

-2

1.98
.81
1.4

Shales.

10,04
Tl

4,44

Shales.

gd-1ayer

illite
Oy psum
kaomlinite
illite
uarts
taclinite
quartaz
kaolinite
baplinite
quartz
nueartz

Minerals

illite
kaolinite
illite
guarti
kaolinite
guarts
kaolinite
caloite
pyrrite
illite
warte
kaolinite
pyrite

Minerals

kaolinite
feldspars
quartsz
baolinite
quartz
feldspar
kaolinite
guartsz
teldapars

marks




Sample no-12 /GNP
Fracis Calcareous Shales.

5.No.  2%a P Minerals Remarks
1 2 -7 O7-12.461  mixed-1layer
2 11.5 7 Grypsum

= 12.4 kacnlinite
9 illite
il quartz

caloite
kaolinite
guarta
calcite
caloite
quiarte
kaclinite

& 26, b

48.5

=0, D

Ao
Loe AP

Sample no—-L13 SGENF
XY Tl ER Calcareous Shales.

° Remarks

] : mixed-1ayar
2 2.8 10,04 illite

= 12,4 Ta L kaclinite
4 19.8 4. 48 1ilite

o 20,8 &, 2b guartz

& 4.9 E.BT kaolinite
; R cquartz
& 4.8 2,57 illite

9 28.5 2033 kaolinite
10 0.0 .81 guarts

11 94,9 .67 kaolinite

Sample mo-14 /GNP
Rocks Calcareous Shales.

e Minerals

"0

S.Mo. 2749

OF-13.26 mived-layear
gypsum
kaclinite
furartz
calcite
baolinite
gquarta
caloitergypsum
kaolinite
& 1.87 franlinite
G .81 quarts

&

-
4

=@
L?
10
11

189



Sample no-15 /ENF

Rl Calcareous Shales.

= 0 - o ) "
S.Mo. 204 fA Minerals Remarks

04} illite
i Oy [Estm
7.1E kaolinite
4,26 quartz

5. 86 calecite
B.ET7 taclind te
ZLE4 guartz

R calcitetgyvpsum
1.87 calcite
1.8l quiar ke

1. 45 kamlinite

Sample no-1& SBNF
Kook s Calcareous Shales.

S.Ma. 208 e Minerals Remar s

1 £ T 28,0-12.61 mined-1ayer
e 8.8 10.04 11lite

) 12.4 7.3 kaolinite
4 20,8 4,26 puarts
s 1 calcite

) 8.0 R feldspars
7 24,6 .57 kaclinite
: quatta
caloite
illite
guartz
kaolinite

1

Sample no-17 SEMF
Rocl Calcareous Shales.

e Am-12.61  mired-layer | In normal slide the
1, 04 illite the broad reflection

) Tah8 gypsum observed at 24.52 -

Tl baolinite 26.70 for mixed-layer
G 4G illite clay mineral.

guartz

QYR SUn

kaclinite

quarts

kaplinite

quarts

kaplinite

5
10 45,7
11 50. 0

=3 = I
e wt ‘q‘ w ol




Sample no-18 JENP
STl o Calcareous Shales.

5. Mo, @8 5° Mirmerals Remarlks

mised-—-1ayer

2 illite
a3 QYypSLIm
baolinite

illite
illite
Quar-tz
banlinite
guarits
feldspars
feldspars
cqurts
kaolinite
haolinidte

AR

S
-

Sample nmo-19 JENF
Foctk: Calcareous Shales.

5. MNa. 204 5P Mirmerals Remarls

,...i...._.._‘...................*.....:_.J-......_.,.:3}.....4 e crvae these a devnn S oo 4305 S i S0300 et Stk o300 o4 S 430 G 48D s $0m8 S S92 e sy 4400 SRS Mnes B chb s s I $4008 e 18908 S 49D ek ghen a8 i o dass b

=7 29.82-12. 41 mixed-1ayer sample is mostly
= 2E.2 E.83 Y sum contain gypsum
= & b R quartsz and guartz.
4 2.5 Had Gy PELm
b Y 249 gypsum

TG b 2l oy p sum .
7 4%, 4 .08 QYR SLUn Coet
& 47.8 1.0 Qypsum i
7 48,8 1.8é QY EsuLm
10 0.0 L.l guarts il
11 57,8 1.5 Oypsum e !
el 61,32 1.51 QYR sum e

Sample no-20 /S GRF
Rocks Calcarenus Shales.

mixed-layear 35 ﬁ i
illite ';»f

gypsum o
kaomlinite S
illite [T
guarta e
haolinite ;};Klg
o Bl b S. 04 quartz o

kS 29,9 301 gypsum
10 50,0 1.81 guartz

'..,. Lk

e

[y
e
i

-t



Sample no-21

Rocks Calrcareous

S.No. 2°8

FAEIR I

Shal gs.

Minerals

Remar s

g
—
.

.
G

S L
g 1
{

H
.
k.
-
i
e
P
)

O
S B Y
3 B

S o
~G
»

= O

~

'-o,
™
i

-

4
£of
a1
L)
i

1é& &L O

sy

Dample no-22

e M,

&

= 2. 4
& T O

g 47,6
10 46, &

11 7. &

29.42-1%

po
10, O
.1
4,97
4,48
BT

w4

SENP

oo tss Calocarenus Shales.

mixed-1ayer

illite
kanlinite
illite
illite
guartsz
baclinite
quer-te
calocite
pyrite
baolinite
kacolinite
quartz
baolinite
pyrite
kanlimlte

Mimnerals

Remarks

G 2E
x.84

L EA

1.90
1.d7

1. &0

mived-1layer

cpar b
gypsum
piarte
gy psum
gy psum
calcite
gypsum
calocite
gypswn
gy psum

kaolimite, illite
minerals & & not
ohsarved.

162




APPENDIX - C

X~RAY DIFFRACTION DATA (RANDOM POWDER SAMPLES) OF GENERAL MINERAL
ANALYSES OF PATALA FORMATION,
‘ NILAWAHAN BORGE (Central Salt Range).

SGampls no-1 SNWP

Rocks: Calocareous Shales.

Z.MNo. R2es ° Mirmerals Remar ks
1 S 14,98 chliorite
2 2.8 10,04 illite
& 132.4 A kaolinite
) 17.48 a.,.97 illite
= 19,8 4 .dd illite
& S0, u 4,26 opar e
7 22,0 4,01 feldapars
&2 24,8 N baclinite
< 2506 .47 feldspars

10 Hbha b EeE4 quarte

11 2T LT R feldspars

13 Sl .81 et

Sample no-E SNRE
Rock: Calcareous Shales.

S.MNo.  F08 4° Minerals Remarks

14.,9& chlorite

= 7.18 kaolinite in form of traces
A 4,48 illite

4 4.2& ruartzs

5 A feldspars

:

quartz
teldspars
feldspars
7 34,6 2.5 chlorite
10 R 248 chlorite
i1 Ho.l 1.81 feldspars

Sample rno-3 ANWFE
Rock: Calcarsous Shales.

5. NG, e £4° Minerals Remariks

1 g.8 10, 04 illite
2 1205 Tal8 kaolinite
= 19.9 4,48 illite
4 20.8 4,328 pguarts
i 24,9 ELET kaplinite
& 2.5 H. 34 quartz
7 EEH.0 el teldspars

/ wdadw
&l Sl - 1.81 gquarts

1&3
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Sample no-4 SNWF I
Fock: Calcocarenus Shales. i

S.No. zed £y° Mimerals Remear ks
i a0 14.71 Chliorite
2 Had 7.LE kaclinite

s 19.9 illite

4 20,8 guartz

o 22,0 feldspars
feldspars

faldapars

uarts

feldspars

Juarts

quarts

& I

7 24,0

- oy

2 PFH.b

o ey
2w ad

10 SE. 4
11 S0. 1

Sample no-—-3 ANWE
Rock: Calcarpous Shales.

S.No. 2°a &1 Minerales Remarlks

1 S. 9 14,964 Chlorite illite, kaolinite
2 19.7 Z. &0 feldspars mineral are not

3 20,8 4,25 gquartz ohserverd,

4 2R feldspars

o 24,1 feldspars

& Pl b nuarts

7 27.9 .19 feldaspars
= N .7 feldspars
) 50. i.831 qQuiarts
16 aY.9 1. 54 quartsz

:

Sample no-& SNWF
Rock: Calcareous Shales.

i
T T Ty T T T T T T T T T T T T T T T T T T T e T e T e e e i
B.Ne. 204 A Minerals Remarlks Ly

1

T4.71-14.,24 MLACHL /ML

2 10.04 illite

= 4,48 illite ;
4 4,26 guartsz TG
] 4, Q% tfeldspars .
& .78 feldspars i
7 ELET feldspars

£ : uarte

R feldspars
2 2. 58 chlorite
i S0.1 1.81 quarte

s &1.3 1 EO chlorite

- et snaen Savmn Soass b e oo Fees rere Parad Sease Seid S st s PP rbbs $u4n Sepem ot Seube Meek MAes et S St Seem S4mr L4 S90S St Sem s TRl Seann OGSt barmt o Seote =
it atrom s s St Bt e e S42t0 St it 8 o Fb S Smts Soet s Seind Themn Soatn e e Seehe 1



SDample no-7 SHNWF
Rock:Calcareowus Shal es.

o e o emant e s samss St dome 1o Snaey ot isee Piod TS AvS Ghma ke bebee s sassh Semem saem S Beiss 208 Festd amt % T s Rame Tirie Sasme eaan See e boee soewe Som3 S0t Framm Seet) Feans o Sheme St S SerRS S SIS Sitim SeSrS RkS e P et S3008 sty b s bromn

S.Na. 2°8@ e

baoclinite

i 8.3 10,04
2 15,8 T
= 19.7 4. 48
4 20.8 4,24

G 22,0 4, 0%

Minerals

illite
feldspars
illite
guarts

feldspars

-t L dla ®
& 24,3 i 95 feldspars
7 2H.8 S 34 quartz

& 277 A
g T4 8 059
10 S0. 1 1.81

11 P R 1. 4

feldspars
illite
muarts
illite

Remarks

mheerved.

rnot

£ NWF
Eous Shales.

Sample no-
Rook: Calo

G Mo 204 ° Mirgrals Remarks

10,04 illite baclinite not i
4. 48 illite chserved. s
d.2b quartz

4. 0% feldspars
Za b7 feldspars

Ha54 quartsz
2.70 feldspars

1.81 ruartsz

Sample mo-7 SMNEP

Roclk: Calocarscous Shales.

B.MNGo. 2%43 e Minerals Remarks

1 @.8 10. 04 illite kaclinite not ﬁ“i
2 17.8 4.97 illite observed. ‘
! 19.4 4. 48 illite
. a2 4,28 quartz
1 4,01 feldspars S
3 . AD feldspars
& IR oquartz
i Ee 24 feldepars
g =] 2.0 illite
10 1 D0 TO illite
i1 7
L

12 .

2059 illite
.81 quartz

1&5



Sample no-10 SNWE
Fock: Caloareous Shales.

H.MNao. 2°8 0 Minerals Femarks

1 feldespars clay minerals
feldspars are nobt ocbserved.
Quartz
feldspars

e feldspars
& feldspars

!

quarts
feldspars
quatta
guarts

2y

2T .9
5001
G D

Pl

[y
-

b
'

Sample no-~11 SNWP
Rooctos Calcareous Shales.

1 2.9 10,04 illite

= 12825 7.1 Ckaolinmite
= 19.9 4044 illite
ks gyt
57 kanlimite
4 gquartz
“g9 teldspars
a8 5.0 T feldespars
7 8.4 PEC Y teldepars
10 0.1 1.8 gquartz

Sample no—-13 SHNWF
Rock: Calcaresous Shales.

5. Mo, 294 4° Minerals Remarks

10,04 illite i

il T.18 kaclinite

= 4. 48 illite

4 4.4 quarts §
5 / kaolinte \
é& guarts

pyrite
2. 70 pyrite
2,049 kaolinite
202 pyrite
11 47 .4 .21 pyrite
132 S0. 1 1.81 quartn
13 B2 4 1.48 kaolinite

1 &6




[rong

Semple noa-14 SNAF
flock: Calcareous Shales.

5. No. 2o ° Mirmerals Remar ks

1 S 14,98 mixed-layer kaclinite mineral
= 1e.¢ 4, 4 illite rot observed.
3 20,8 guaErte

4 2h. b quars

= fedapars
& calcite
7 chloarite
o pvrite

& chiorite

2.5 feldspars
.92 pyrite

12 1.81 quartz
13 1.50 chlorite

SGample no-—-13 FANWF
Roclk: Calcareous Shales.

14,24 chlorite

= 10, O4 illite

3 FT.13 kaolinite
4. 4,48 illite

[ 5=

G.Zh quartsz
2,70 feldspars
ELE7 caolinite
G guarts
2470 feldspars
2.36 feldspars
11 S0. 1 1.81 quiar e
12 &l 1.30 kaolinites
13 &l é 1.48 chlorite

Bample rmo-1s FNWFP
Roock: Calcareous Shales.
SN, 2o e Minerals Remarks

1 5.9 14,94 chlorite

2 o. 8 1, 04 illite
12,05 7.18 kaolinite
4 T4 EPES feldspars

= 19.% 4., 46 illite
4,328 gquarta
Z.d3 feldspars
SR 2.T0 feldspars

24,8 K kaolinite

g«
R}
:ﬁl
.

o

'

o

Y

'
G
3

1.
RN N

Kl
L

10 R . quarte

2,70 pyrite
1. &3 pyrite

1&7



[ample no-17 /NWP
Roehk s Calcarenus Shales.

5.No. =208 A Minerals  Remarks
B S O B
2 8.8 10,049 illite

= 2.4 FulE khaolinite

4 19,9 4. 4 illite

5 20.d 4,26 quar-tz

2 ~ L Ean)

& 21.0 b2l feldspars
7 2409 S kanlinite
(=} 2e. b S A4 cpaarts

g 27 .4 Z.24 feldspars
10 4.9 2.596 feldspars
i1 I d.52 kaolinite
e 20,1 1.81 guartsz

173 HEE 1,50 chlorite

Sample no—1a8 /NWP
Rocks Calcareous Shales.

1 b0 14.24 chlorite
b 10,04 illite
= 12049 R % kaolinite
4 19.9 4,48 illite
o 20.48 G4, 26 quartz
&

3
3
[

22,0 4.41 feldspars
24.9 2,97 kaclinite
) quartz
2R.T70 feldspars
L.ué chiorite
2.0 kaolinmite
1.81 guarts

= 1.80 chlorite/kaoclinite

Sample no-19 /SNWP
Rooks Calvarszous Shales.

5. Ma. 2°8 {3° Minerals Remarks
S 6.0 14,986 chlorite
e g.8 10,04 illite

i 12.4 W13 kanlinite
4 19.49 4. 48 illite

bl 20,8 4. 38 quErte

& A o HLET baclinite
7 Ehe b Z R4 quartz

=] 279 .19 feldspars
= F0.0 e Sb feldspars

R 1.81 fuar tx

168
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Sample no-20 FNWF
Rockr Calocareous Shales.

S M. 20 e Mirmerals Remarls
i GHa.0 Jﬂnhﬂ chlorite
z a.a 10 . 04 illite

g3 .18 kaclinite
4 bHo Bb feldspare
= 4,48 1llite

& 4,26 qurtz

4,05 teldspars
L EmT kaplinite
256 chlaorite

.81 quarte

Sample no-21/NWF
ool Calocareous Shales.

S.ho. 2°@ A Mirmerals Remar s

i B8 10,04 illite illite , kaolinite
2 12.% 7.18 kaolinite chesrved in form of
@ b Bé feldaspars traces.
G 4,48 illite
4 4. 34 teldspars
208 4.26 guartz

] il k

0oy o

2 feldspars
g kaolinite
o 2. 83 e ts

feldspars
quartz

Sample no-22 /NWF
Rocks Calcargous Shales.

N 208 ae Minerals Femar ks
TS T T T T a4 chlorite illite observed in
# a.58 10,04 illite traces.

3 P a 718 kalonite
4 12.8 b.wu feldspars
3 20.3 26 quartz
& 4.1 G.mh feldspars
7 24,9 E.E7 kaolinite
2 2éa b T guarts
3 BT .21 feldspars
o 1 1.81 quartz
7 1.54 quarts

u
I8

it



Hample no
Rocls Calcarecus Shales.

S.No. e e Minerals Remarts

aa

1 2. illite illite observed
z 124 kaolini te in traces,
A 1.8 feldfaspars

hlorite
quar

& feldspars
7 kaolinite
fa quarts

3 feldspars

feldspars
quartsz




APPENDIX — D

X—RAY DIFFRACTION DATA (RANDOM POWDER SAMPLES) OF THE
GENERAL MINERAL ANALYSES, OF PATALA FORMATION
KATHA AREA  (Central Salt Range).

Sample no-1 FETRE
Rock: Calcsresous Shales.
S No. 2% 4 A Minmerals Remarks
! Bwelling chlorite
2 illite
! kaclinite
4 illite
& illite
& guarts
7 feldspar group
= baolinite
K quartz
10 feldspar group
11 calocite
12 caloite
1z quart=
Sample no-2 JETRP
Rock: Calcarsous Shiales.
3. No el P Minerals Remarks
Tl EL 06,0 21.583-10,27 mirxed-layer  illitste/montmorillonit
= 10,04 illite mived layer observed.
A P kaolinite
4 4,48 itlite
& G026 quartz
& E.84 feldspar group
7 kaolinite
= chlorite
o Quartse
10 ; feldspar group
1 R4 calcite
12 FHWO calcite
135 . 1 quarts
14 B7 .4 calcite
1% &Had 0 gquarts
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Sample no-5 SETREF
Fock: Calocarecus Shales.

S, No. 20 ° Mirmerals Femar ks

1 &, 0 Swlling chlorite
2 8.8 illite

) 2.4 zaolinite

4 19.9 illite

bl 20,8 quarta

& 24,9 haplimite

7 ST . feldspar group
& 27 .4 raloite

= 47 . 6 caloilte

10 .l 1.81 gquarts

Sample no—4 /ERTF
Rock: Calcareous Shales.

8. No. R & Mirmerals Remaris

1 &0 14.76 mixed—layer

2 .3 1. G4 illite
7L LE kaolinite
17.8 4.9 illite
19.7 4,44 illite
4,36 quartz
24,7 F.G7 kaolinite
chlorite
quarts
chlorite v
quartz . o

]
-
——
L
ma
Iy

RISt IENEER 1 RN -
k1
ot
!
s

joy
-~

Lot

X

r

it

E
'

11 0.1

2

Hample no-d SRETRP &
Fock: Calcarcous Shales. d

14.76 mixed-1aysr

2 &8 10. 04 illite _

= 12,4 Tel3 kbaclinite '1

& 17.8 4.97 illite

= 19.9 4. 48 iilite

L. 2 guarts

ST kaolinite

ELEO chlorite
i quar-tz

R caloite

}:I":

0

e
i

et
b
'
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il KICRS P calcite
12 T. .81 quarts

Sample no-F SRETRP
Rock: Calcarcous Shales.

= =0 S e -
DeNo. 206 £y Mirmerals Remarbs

1 N i¢Lod iliite TTTTTTTTmTmTTTTTTTTT
= 14,5 Ta.18 kamlinite

= 19,5 illite

quartts

kanlinite

4 E0. 8

S

& opaartE

7 pyrite

& feldspar growp
5 pyrite

illite
baolinite
pvrite
pyrite

Sample no-8 FETRF
Fock: calcareous Shales

1 1 7.18 Kaolinite

2 ) : illite

3 24,7 kaolinmite

4 Ehaé oquarts

bl R feldaspar group
& feldapar grioup
7 quarts

Samples no—9 JRTRF
Fock: Celocarceous SDhales.

R =0 £ ae Mirnerals Remar ks

14,98 mived-layer

=2 G .40 talc
= 12,35 7.1 kanlinite

3 L7404 Q7 iltlite
] 20,8 4,24 quarts
& D40 F.70 feldspar grouwp

7 2hH. b 504 quartz



talo

feldspar group
10 Sl quiarrtz

11 &40 145 kanlini te

Bample no-10 SETRE
Rock: Dalcareous Shales.

8. MNo. =08 e Minerals Remarbks

ST 14.96 mixned-1ayer

2 F.40 talc

= TLO1E baolinite
4 4,48 uarte

= 4,26 quartz

F. 86 feldepar group
E.EGT Ckaolinite

FaE4 quarts

E. 2 feldspar group
.06 tale

2a b7 talc

.21 paart

&
<
10
it

-y
Ao,

Sample mo-11 SETRP
Fock: Calcareous Shales.

8. Mo 2o @e Minerals Remarbks
1 Ha b 14,94 mixed-1ayar

2 11.d TaEE gy ERm

A 12.4 FolE kaolinite

7.9 4,48 illite

o] & 4,2k quartz
& . 4,18 kanlinite

Ao d Z.81 feldspar group
4L E x.E7 kaolinite

) & RN quarts

10 BT L4 S ds feldspar group
: : feldapar group
guarte

Sample no-—-12 /ETRP
Fock: Calcareous Shales.

SoNo. 24 & Mirmerals Remarks
—m“m_m—gtgﬁw_wmuzﬁj§amm—“m. mived-laysar

: 2.8 10,04 i1lite

R 123 .18 kanlinite

4 7.8 4.9 illite

= 19.9 4. 49 illite
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& 2.8 ouEr o
7 2409 kaolindte

o
i

R W ]

guartsz
AT. b RS feldspar group

10 ZELD T feldspar  gQroups
11 S0. 1 1.8l quartsz

~g

Sample no—-13 JETRF
Rack: Calvareous Shales,

-y

8. No. 2P i5° Mirmerals Remarks
1 G.d8 14,796 mixed-1layer

2 2. 1, O illite

! Q.4 F. 40 tale

4 11.8 Ta & gypsum

b 2.4 A A kaplinite

& 17.48 4.97 illite

19.8 4. 48 illite
20.8 £, B mpuar b
7 24,10 feldspar group
10 Zhed quarta
11 27T feldspar group
z S0.1 Cpuart

I

F RN AN

Sample no-14 JKTRF
Rock: Calcareous Shales.

mixed-1ayer
talc

gypsum
kaolinite
illite

illite

quarts
feldspar group
kaolinite
chlorite
feldspar group
talc

gquartsz

g 17.8

Sample rno-15 JKTRRF
Fock: Calcocereous Shales.

SN ZoH &0 Minerals Remarks

1 &a 0 14, mixed~layar
-y

2 .8 10,04 illite
A 1.4 T bl Oy s
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4 12.4 FulE anlinite

= 9.9 4. 48 illite

£ 20,8 4,328 qQuiar

7 24,0 ELTO faeldspar group
& 24.8 R a7 kaolinite
gquarts

1o 29,4 TL0XE calcite

11 EE.0 T feldepar group

L L
#a o D PR

Sample no-1é& SETRP
Rock: Caloaresous Shales.

5. Mo il 3° Minerals Flamar ks

1 &H.0 14,2 mised-1ayer

@ .8 10,04 illite

A A Tah2 QY psum

4 12,4 T LA kaolinite

b A 4, 48 iltlite

& LRI L guarts

7 RECE g1 feldspar group
(=] 24,9 baonlinite

=4 2t quartz

10 BTG HL24 feldspar group
11 29 .4 R calcite

2 ST.0 YT feldspar group
% S0.1 1.31 quartz

Sample no-17 SERTHE
Rock: Calocarecus Shales.

5. No. @oa &° Minerals FRemar ks
1 . b Lo, 0f mixed-1ayer
2 G 14,324 chlorite
= @, 4 10,04 illite
4 12.4 Tal3 baolinmite
] 17.8 4,97 illite
s 19.9 4,48 illite

7 20,48 G, 24 quarts
g 2103 4.1& baclinite
2 24,9 a7 baclinite

10 2606 ; guartz

11 29,6 EL0Z calcite

12 0.1 1.81 quartz

Sample no—-18 JETRP
Rocks Calecareous Shales.

8. Mo, 78 £o Minerals FRemarlks

1 5. d 18,76 mixed-1aysr
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11.&8 P Ty [sum
1203 7.18 kaolini te
2.9 4. 468 illite
o 20,8 4,26 puarte

& 21.2 L ) baolinite

7 24.9 baplinite
= 2.2 kaolinite

9 Hha b
10 2.9

14 FE.0

quartz
caleite
feldspar group

SGample no-19 FHTRP
Rocl: Calcarecus Shales.

i 8.8 1004 illite

= 12,2 7.18 kaolinite

= 19.9 4,49 illite

4 20.8 . guarte

5 21.4 4,16 kaolinite

& 2EL0 HoBéb feldspar group
7 24.9 x.G97 kaolinite

=] B ls : gquarts

o 29. 4 R caloite
10 S0 o & feldspar group
11 ThHL0 249 calocite
13 29,4 2,28 quartz
1= S0, 1 Lagl quarts
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