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ABSTRACT

The Koga complex is compesed of alkali granite,
alkali syenite and nepheline syenite. The ayenite and
nepheline syenite are intruded and fenitized by carbonatite and
idolites at different places. The ijolites and carbonatites are
éﬁposed mainly in the western part of Koga complex.

Amorg st the mafic minerals 4dn the Rogsa  asyenlte, (ANTY

fernitic Na-pyrorene ahow trends of crystallizatimn from

acmitic to diopsidic and/or hedenburgitic components. Which is

reverset to the magmatic trend. The fenitic amphibole shows a
trench Tfrom magnesio - arfvedsonite to richterite which is
oppes i be o the magmatic subsolidus trend. The fenitic alkali
ferlolspmar z0lid  solution series in the Koga fenitized syenite

are  anomalously low albite and maximum  microcline. Temperature

for  this solid solution series is suggested as JIBO-H00C0 in
contrast to  the magmatic feldspar for which temperature is

BOO~10O0OC.

From the whole rock geochemistry and petrography of Koga
complex it is suggested that the carbonatite has produced two
types of fenites: 1. Na-fenites and 2. kK-fenites. Both the type
of fenites show great deferences in their Ba, 5r, Nb and Th
contents. K—-fenites are depleted in REE as compared to the unfen-—

itized rocks wherepas Na—-fenites show enrichment of REE.

id




The composition of MNa-pyrodenes, Na-amphiboles, feldspars
antl  whole  rock geochemistry  of Fogs compex sugoests  that  the
rocks  have  beern fenitized by the soluatiomn  emanating  from  at

whieh have i fferent Na/k ratios.
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CHAPTER 1
INTRDDUéTION

Carbonatite achieved geological importance only  about 30
vears ago, largely through the impact of work in Scandinavia and
Africa.  Broger (1921) worked on carbonatites at Fen in South
Norway  and suggested that Carbonatites owed their origin to
metasomatic hydrothermal replacement. Broger’'s work was  strongly
disputed by Bowen {(1924). But Saether (19257) re-established the
Broger "s work and demonstrated that calocite—-rich rocks mould have
@l the characteristics of intrusive magmatic bodies and they
alkali metasomatize {(fenitize) their host rocks. The rocks  which
develop as a result of metasomatism due to carbonatites are
uéllmd fenites and the process is  termed as  fenitization.
CEdtensive work has been done on fenitization of rocks by a number
of authors (Mckie, 194643 Verwoerd, 19663 Sutherland, 19693 Currie
arnd  Ewrguson, 127313 Cooper, 1971; Woolley et al., 1972; Gittins
et @b, 1@75; Vartiainen and wooley, 19743 Le Bas, 19773 Ferguson
et al., 1978; Vartiainen, 1980; Gittins and Mckie, 19803 Rubie
aried Gunter, 198&3 Viladkar, 1980,1986; kKresten and Morogan, 1986;
Miarm and lLe Has, 19843 1787), but the process is not well
understood because it depends on different factors including,
rrature of fenitizing Fluids, variation in mineralogical
composition, textwre, chemical reactivity, the state of oxidation
and particularly permeability of the country rock. Fenitization

mainly  effects the structure and composition of the individual




mi rer &l .

Im Fakistan three main occurrences of carbonatites has  been
reported  so far, (1) Loe Shilman Carbonatite Complen, (2) Silad
“atti o Carbonatite Complex (3) Narinji Kandau Carbonatites of
Ambella Granitic Complex. An appreciable work has been  done  on
the fenitizaticon around the Loe Shilman Carbonatites and Silad
Fatti Carbonatites by Mian and Le Bas, 19863 19873 and Le Bas et
al., 1987. The authors have described the effect of fenitization
e omicas, and Na-amphiboles. Very little has been published on
the fenites around Naranji carbonatite. To know the effects  of
fenitization on  the Syenites at Koga area has been selected.
These Syenites surround  the Naranji  Kandau Carbonatites of
fmhella Granmitic Complex.

The Ambella Gramitic Complex is an intrusive batholith in
the alkaline igneous province of Feshawar plain. It is composed
of & varied assemblage of granite, alkasli granite, guartz
avanite, alkali-quartz syenite, syenite, alka1i~5yenite;
feldepathoidal syenites, carbonatites, ijolites and related rocks
of FEoga Complex (Saddigui et al., 1948).

The Koga alkaline complex is an nval shaped body of about Ad
s0. km  (Fig.1.31). It is emplaced in Chingalal gneisses +to the

wast  and metasediments to the north and west. It is composed of

alkaline rocks ranging from undersaturated segirine ant
feldspathoidal -bearing syenites to slightly oversaturated

hiotite-bhearing normarkites (Saddigui, 1967). The complex has



beer  intruded by carbonatites, ijeolites, lamprophyre dykes,
pegmatitic and aplitic veins. The carbonatite rocks are confined
te the westerm part of the syenite body and occur in the form  of
lenses, pockets and veins that may vary from a few meters to &
few cerntimeters in thickress, with lengths of upto a few mneters.
Ther  host  rock at Neringdi Fandaw is Nepheline syenite. In the

vicinity of carbonatites fenitization has taken place.
PREVIOUS STUDIES

The Ambela granitic complex ococupies the core of an
anticline in the Swabi~Chamla sedimentary group {(Saddigui, 1965).
The  feldspatholdal  syenites and associated rocks of  the Koga
area, and Naraniji Carbonatites were firstly reported by Saddigui
(1967) . Latter on, Saddigui et al. (1968) described three main
petrological types in the Koga aresa:

T Feldspathoidal syenite

2. Feralkaline syenites and granites or Habaji syenite

1w Caloc—-alkaling Chingalail grancdiorite gnelsses

They suggested that the rocks of the Koga and Eabaji area
wer e cthe products of a peralkaline syenitic magma which becams
undersatwrated  and was emplaced as a viscous mush with alkaline
feldspar crystals suspended in & liguid capable of crystallizing
mephel dne., Cim the hasis of petrography and preliminary
gerochemistry, Saddigui (19658) also suggested that the Shewa

Formation (the so-called Shewa-8hahbaz Garhi Complex) may be

[



related to FKogas feldspathoidal syenites and related rocks.

Colson (1934)  correlated the alkaline granitic rocks of
Warsak with Shahbaz Garhi. Subsequently Kemp and  Jan (1970
consi dered that these rocks along with the alkaline rocks in Eooga
and  Terbela, constitute an alkaline igneous province. Later on,
Femp  and Jan (1970) and Kemp (1973) concluded that the rocks of
the alkaline dgneous province were the product of magmatism
associated with rifting, caused partly by rebound relief tansimn
o compressl on relaase.. The riftimg event, activating the
allkaline magmatisem, thought to be late COretaceous or Early
Tertiary, followed collision between the Indo-FPak plate and
ITsland arc.

Engineers Combine Limited (1977) presented a detailed
aecount of the petrography and geochemistry of the Koga Nepheline
syenites. A classification scheme based on alkali-feldaspar
content, texture, mineralogy and ceolowr indices was prresented for
these rocks. The carbonatites of Narinji Eandaw, fenites of Koga,
Lamprophyres of Bibi Deral arnd acidic dykes and zoned pegmatites
rear  and within Hoga Syenites were als& described. BRased orn the
repo-t, Chaudhry et al. (1981) described the petrology and
geochenistry of these rocks and suggested that the rocks were
emplaced along a rone of weakness developed south of MMT in  the
sequente as Babaji Boda granites, pulaskite, nepheline syenite,
feyalites, sodalite syenite, fenite and carbonatite.

Rafig (1987) described the Ambela granitic complex and



divided the rocks into three main groups, 1. granites and alkali
granites, II. guartz-syenites and alkali-quartz-syenites and
NI, hasic dykes. The author suggested that the major and  trace
element  variation show fractionation of silicic parental magma
from  granites  to alkali granites of group 1) generated by
partial melting within the lower crust. He further suggested that
during the later phases, the partial melts of the corust  were
continuously  contamninated by influx from the activated upper
mantle and progressive desilicification of magma led to  the
format i on tof guartz-syenites, syenite and feldspathoidal
Sy e b e, It is proposed that the initiation of partial' melting
occurred predominantly in the lower crust in response to crustal
swel ling.

L Eas st oal. (1987) assigned an age of 315418 Ma  for  the
Babaji  Syenites and 29744 Ma for the Koga Syenite. The authors
propossd that the semall difference is because the Foga syenite
cuts  the Babaji syenite and granite, and all bhelong to Ambela
Complex. So they swggested that there must have been alkaline
igreouws  activity in carboniferous period which had not been
previously appreciated by Femp and Jan (19270) and Eemp (1973).
OBJECTIVES

Mot  muach work has been done on Koga Syenites specifically

B

with rrespect of fenitization. Therefore, the objectives of th

present study are:

1. to know the nature of fenitizing fluwids emanating from

£



carbonatitesd jolite and its effects on the suwrounding rocks.
2 To distinguish the composition of the fenitic pyroxene

and amphiboles from that of magmatic pyroxens and amphibole and,

IR To distinguish the structure and compeosition of  the
fenitic feldepar from the magmatic feldspar.

4. To  describe  the geochemistry of fenitized and un
fwnitixmd rocks, and established the various priocesses/paramgters

which cause and influence fenitization.



CHAPTER 2

GEOLOGICAL SETTING

INTRODUCTION

The northern part of FPakistan has been divided into three
peonlogical domains separated by two suture zones (Tabirkheli an ol

Jar 1979y Tahirkheli et al., 1979)

o BEwasian plate in the north,
2. KHohisten Igland arc in the middle, and

o Inmdian plate in the south.

The northern margin of the Indian Flate is marked by 'thc-?;
Frrmer zone or Heazara zone of the Lesser Himalavas. The ilgneous
rocks of  the zone conprises Mansehra-Nawsen  and  Manga F-"ar‘bar't:.z
grelsses, Swat Lahore granitic greisses and  Alkaline ic_:}macn.\s-:;iE
province  of Peshawar Plain. Alkaline igneous province trendingé
WEW-ENE  and  extending  for about 200 km in morthern F'akistar-s%
consisting of alkaline and peralkaline intrusions and hypabasal%
vworks has  been described by Eemp & Jan (1970, 1980) and It’.amp?
19735,

REGIONAL GEOLOGY

Most of the geological features developed in the nmrthern%
Ppart of FPakistan are the products of Collision of Ewrasian plat e:=
with Indian plate, 35 m.y. ago (Powell, 1979). The (:D].lisic:-n%
orccurved due to northwards subduction of Tethys ocean floor unden*%

.’z
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the Rurasian plate. The Kohisten island arc was  formed  in
Fesponse to this subduction during Cretaceous and was sandwitched
betwesn the Ewrasian and Indian continents cduring Early Tertiary.
The northern and southern boundaries of the Kohistan island  arc
are marked by two branches of Indus SButure Zone. The northern one
is  called as Main Earakoram Thrust (MET)  which separates the
Eohistan arc from the BEwasian plate, and the sowthern one is
called as  Main  Mantle Thrust (MMT) along which the kohistan
island arc wedged with Indian plate (Tahirkheli et al., 1979).

Im  the south of the Eehistan arc occurs a series  of
stubthward directed nappes, aﬁd tight to recumbent folds, The
series s bounded by MMT in the north and Main  Boundary Thrust
(MBTY  im the south. The belt was classified as  inmer zone or
Harara =some of lesser Himalayan belt (Tahirkheli, 1982). This
zome  marks  the northern margi;n of  the Irndian plate with
Frecambrian to paleozoic rock  seguence. - These are thrusted
sounthwards  with the formation of complex structures such as  the
Hazara-Fashmir syntexis, western arc, and Indus re-entrant
(Calkin et al., 1978).

The dgreous rocks exposed in the lesser Himalayan belt
(irmer  Tone) comprises granite gnelsses, granite and pegmatites
called as Mamsehra-Nausen and Nanga Farbat gneisses to the east,
and Bwat-lahore granite gneisses to the west of the Indus river.
irm  the south of the Swat granitic gneisses lies the alkaline

igrieous province of Feshawar plain (Kemp and Jan, 1970).




The allkaline igneous province of the FPeshawar plain exdtends
over  a  distance  of 200 Hilometers aleong  the northern and
nmtthwwﬁtmrn margins of Feshawar plain, from Loe &hilman in  the
west  through  Warsak, Mohmand-Malakand Agencies, Ambella, upto
Terbella inm  the wsast or even upto Mansehra (Fig.2.1). The
alkaline province includes Shilman Carbonatite Complex, Warsak
alkaline granites, Silai FPatai Carbornatite Complex, Malakand
Carbomatite, Bhewa Shahbazx Garhi  Comples, Ambella albkaline

complen and Terbellsa allbaline complex.

Compositionally  the rocks of the alkaline igneous province
I EF S f 1 cim ighly ssturated granites to undersaturated
feldespatholdal syenites. Besides these small gabbroic intrusions,
dolerite and metadolerite dykes, albites and carbonatites are
gperadi cal Ly distributed throughout the province.

The west cemtral part of the Ambella granitic complex is
peoupied by the feldspatheoidal syenites, ijolites, carbonatites,
antd related rocks which constitute the Koga Syenites(Fig.2.2).

The origin of the rocks of the alkaline igneous province éf
Feshawar plain is attributed to extentional tvyvpe environments
(rift graben-related) during Tertiary time (Hemp and Jan 1970,
1980 Kemp, 1973, 1283, The authors suggested the production  of
alkalineg magma a&s a result of "Rebound release tension”. During
the process of subduction of Indian plate, continental deep
crustal  fractures were formed as & reswlt of siesmic gap and

relict forces. Whern the episode of compressional forces was over,



parallel tension fractures were produced rnear the Mainm Mantle
Thrust (MMTY . Simel tanecusly continental crust melted producing
arn alkaline magma. Rafig (1987) suggested that the Ambella
granitic comples might be the product of an epicrustal  phenomena
i structural pattern (crustal swell) within the crustal basement
before the disintigration of Gondwana land began.

e Bas et al., (1987), proposed that in  northern Pakistan
strongly  alkaline and carbkonatitic magmatism occurvred in two
periods,  one  in Carbeoniferous (o, 300 M.a) and the other in

coligecerne (31+2 M.a). The Tertiary carbonatites (Loe SBhilman  and

~

dilai Fatti Carbonatites) are pemplaced as sheets along fractures

now interpreted as thrust planes. This negates the proposal (Hemp
and  Jan, 1970 thalt there was alkalineg magmatism near Feshawar
whii oy wag assccd ated  with  rift during  the Tertiary. The
Carbomiferous Carbonatite at Foga (Le bas et al., {1987 confirms

to normal interplate magmatism.,
LOCAL GEOLDGY

Foga Carbonatite Complex is asspciated with Ambella granitic

Commpl e . The [l Tod 54 constituents are nepheline-syenite,
guartz-syenite, alkali-syenite, idolite, carbonatites and

associated fernites (Fig.1.1). In the north of the complex lies
alluvium  laid down by the Chamla river and its tributaries. 1In
the west and southwest occur peralkaline oversatwrated syenite

ard granites. In the east and southeast lies the  Chinglad

10



ariEl BEes,

T bhe field it ds difficult to distinguish between the
nepheline  svenite, alkali-syenite and guartz-syernite of the Foga
Creamp b e, Their contact relationship is  little difficualt T
deterninad, Howevery o the whole the Koga Syenites have an
irregular  and  sharp contact with the Babaji syenites. At some
places  shean-ing can also be cbserved. Apophyses of the Koga
sverdtes  with chilled margins, cut the Chinglal gneisses  and

Pabaii syvenite., Xenoliths of the Babaji  syenite and  Chinglad

gnel sses ooour within HEoga Syenites.

The colouwr of the Foga syenite is whitish, light grey and
dark grey on fresh surface and on weathering surface it is grey
to D orusty grey  depending upor the composition of the rock.
Exfomliaticon weathering is prominent in the area (Fhoto.i1,2)  due
to o which  sapherical blocks of the rocks has been formed. These
Rlocks cocur in the fwrmfu% huge boulders on the outorop.

The rocks show marked hetercgenity with respect to its
composition,  lithology and texture. The grain size varies from
fine to coarse. Coarser variety is more leuwcocratic. The coarse
grained  ard  fine grained varieties are intermingled with each
nther. The patches and veins of the toarse-—grained roclk occw  in
the fine-grained rocks and vice versa (Fhoto.3,4,5%9,6). Fegmatites
and aplitic veins are intruded in teo the kFoga syenites.

Feldspar, nepheline, sodalite, pyroxene, biotite and ore

mimerals can be recognized in the handspecimen. In an  area of

11




alrout  one square kilorneter near Foga Village and at places in
Miarne  Mandaw the nepheline syenite contains garnet. The garnet
has been dmve}mped only within the coarse-grained leucooratic
part (Fig. 7). In the rest of the area the garnet s not found. /A
detal led work is required to know the natwe and origin of this
gaPhwtu
IJOLITES

Hiwlites have been found at various places (near  MNarinji
Fandaw, Bagosh Sar, Shpala, and Nawe kEalli) in  Foga &Syenites
(Fi g.2.2). These ocour in the form of pockets and lenses. These
are  firme to medium grained, and dark black or brownish black in
colowr. Usually traversed by the veins of albite and pyrodene and
alsm havimg  alkite at the contact with syenites. Pyroxeney
mephel ine arel allkali-feldspar Can bre distinguished in

Rancspect mer .,
CARBONATITES

B s Carbonatites are sporadically distributed vtk
syernite and ocow in the form of pocket, lenses and veins. Mostly
they are wuposed to the western part of the syenite (Narinii
Fandaw, Shpala and near Mawe FKilli)., These ranges in size from a
few centimeters te about 45 meters in width with length of uwp to
120 meters. The veins of carboratite cut across FHoga syenites.

The Carbonatites are mediom to coarse-grained and generally

laclk foliztion. These are white on fresh suwfaces but due to



weathering changes to browndsh or rusty-white-soft material. In

field pyrovens, feldspar and ore minerals can be distingudsbed.

FENITES

The Foga syvenites have been fenitized by carbonatites and/or
ijnlite.  The two types of fenitizabtion can he distinguilshed by
petrographic and chemical studies. In the field the rocks colowrs
shows & kind of backing effect which may be called turbidity.
This turbidity of the felsic minerals, which are moshtly feldspars
is  Fouwnd dirm the low grade fenite and its intensity increases ink
the medivm grade rocks, while is diminished in the high grade
rozks (capes rock and MNMarinjl Fanmdao)., At the contact with
carbematite intrusion largs pyrodense needles are found which are
apprasimately at right angle to the wall of the intrusion.

I the case of ijolite white rims of faldspar have been}
developed along the contact of ijolite with syenites. Detail

study of fenites is given in the following chapters.
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CHAPTER 3
PETROGRAPHY OF KOGA SYENITES
INTRODUCTION

The geclogical region of Buner, Swat in which Foga syenite

lies, wconsiste of low to high grade metamorphics (Bwat—-Chamla
mext ssenhi ment ary group) which  are  cut by var il ous igneous

intrusions (Aebella granitic  complex).  The Ambella granitic
complex has  been emplaced into the core of  an anticlineg  in
Buwat-Chaml a metasedimentary  group (Saddigui, 198635). The koga
syenites ooow in the south western part of the Anbella granitic
comples.  Petrographic featuwres of the Koge syenites have been
descri e by Baddigui et &l., (1968 and Chaudhry st al., (1981).

Sadoigqui et al., (19468 divided, the rochks of the Koga area,

into three main petrographicsl types: (&) Chingalai granodicorite

Gried SEE5 , {h)  Habaji syemites and (c) Koga syenites. Thees
Chingalai granouiorite gNEl S5EeE includes granitic to

granodioritic greisses with dykes of aplite and diorite. The

Babaii seyenites consist of & rather varied azsemblage of alkalil

granite, quar-tz-~bearing aegirine—augite arid arfvedsoni te
nesdmar ki bes ard  gquartz-free aergirine-auwgite seyenites and

aplites. These rocks are characterized by a gerneral peralkaline
natw e with & granitodid texwbture. The rocks of the Koga syenites
are silice wdersaturated and composed of feldspathpids such as
nepheline, cancrinite and sodalite. The two major types of
nepheling syenites suggested by SBaddigui et al. are foyaites and

Hitehfieldites and the minor varieties are nepheline-cancrinite-
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syenite, sodalite, hydromuscovite syenite, and pegnatite.
Besides, these syenites the other rock types include arbonatite,
fenites and lamprophyres.

Chawdhry st al., (1981) described almost the same rock
unites as  established by Saddigui et al., (1968). Chaudhry et

al oy C1oR1L) tivicewd  pegmatites  into pulaskite and my e bk

pangmamlid by - R T TT morem wi i Pecmnt i be mave  eluoe ean
TR E6 i e o i PE i e g Fipx o 3y mRE VS e REEET R RN

gibites in the area.

e Bas st &l., (1987 descritbed the petrography of these
Foga rocks which were analysed for Rb/5- isotopic ratios. Thaey
reported djolite dintrusion in o the nga nepheline syenites near

Marrarmji  Wandaw. According to themn some of the 1jolites near

Marar ji  Fandaua are metasomatized by the Carbonatite. This
Carbonatite metasomatism of ijolites suggest that Some

carbonatites are later than the ijolites.

The present study of kKoga syemites has  been done with
respect te fenitization by the Carbonatite intrusions at
different localities. BSBixty five samples were selected by the
petrographic study on the basis of which the Koga syenite can  be
divided intp following units:

1. Alkali gramite

2. Alkall syenites

3. Nepheline syenites

4., ITiolites
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e Carbomnatites
&H. Fenites

ALKALI-GRANITE

Allkali granite is

Fraa] F a mile in the east

It diw also found in boulders

The &lkali-granite is

Frypidionoerphic testure. It

aegirineg-augite, hiotite and

Perthite (S50
of e and is mlightly

coarse-grained, anhecdral

located &t
of Naranii
TR &
medium Lo

i composed

gpoours s phenoorysts,
Kaglinized,.

argd highly fractured.

WEY Eutinction arnd contains
aepgirine-awgite.
Biotite (1-2¥) is darb brown

subbech-al flaks, in association
Aegiring-auglbe is  dark-gresn
inclusions of ore. Magrnetite
coarse-grained, does not

ALKALI-SYENITES

Alkali
Foga syenites

roacks are fing t

are porphyritic.

Syenites form the most dominant rock
particularly from Koga to Naranji
o coparse-grained,

Sporadically these are fractured

(24)

a very few localities (about

Fandao small intrusions).,

as
Neawe Eilli.

cparse-grained and has

of perthite, guartsz,

magnretite.

containing  dnclusions

Gtz {35%) fire- to

At places gives

imcliusions of iotite &
and ocowrs as medium to coarse

with ore and asgirine-augite.

to yellowish-green, contains

is dark black, medium to

show any alteration.

unites of the

FKarndaw. These

hypidiomnorphic and at places
and show iron
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TG g along the fractuwres. Alkali syenites comprise of albite,

M0, € e goe o oy . .. . . .
oy ez dive, perthite, pyrodene {aegirine-augite), biotite, ore,

=hop- e Gy, apatite and sericite (table 3.1).

Flbite and microcline form about 30-785% of the whole rock.
Heste 1y minerals ocows in the form of phenocrysts contain inclusions
A Cae  and apatite. In the groundmass the feldspars are fresh
Wi a1 e, phenocrysts  are corroded at the margins and  both  the
feld depars are sericitized. Perthite is microcline microperthite
G 0% and D’CCLH"&‘B aKS St.\bhe?dral phenocrysts.

Fyrovense  (4-15%, table 3I.1)is aegirine—auwgite and has

Coxl warles to light green plecchroism. The grains are anhedral and

mezxen -t 4 ananci ated with B Biotite (23 Doours a5
Qv ezxezr d sh-brown subhedral flaks. Ore mineral (1-4%) is magnetite

emenvar s in the form of subhedral to suhedral crystals. It also
pEour s as massive core to the pyroxene and bictite.

Zircon (0-2%) has subhedral to eubhedral crystals. Rarely, it
ien associated with ore. Apatite ocowrs in traces as subhedral  to

gtabyercivral inclusions within feldspars.
NEFHEL INE-SYENITES

MNepheline Svenites are sporadically distributmd within the
ar-ea as snall intrusive bodies and veins. A r.eelatively large body
i ws £ ound about 200 to 300 Ymet&ar‘s in the west of Miane Kandauw, and
a ssmall hody is found about 1.75 to 2 km in the south east of

Maxr i1 i Kandao,near RBagosh  Sar.These rocks are  dark-grey  to |



whitish grey, medium to cosrse-grained and hypidiomorphic. It is
composed  of perthite (50-60%), nepheline (5-9%), Muscovi te
(ZO-207) ,  biotite (1-2¥), ore (29, zircon, spherme and sericite
is found in traces {(Table 3.1).

Ferthite is mediun to coarse-grained, at places fractured
and  mostly malddng triple Junctions. Perthite is  commonly fresh
but  at places shows kaolinization and sericitization. Nepheline

prains  are coarse and eubedral to  subhedral. Small nepheline

grains also ococwr in a few rocks as interstitial in perthite. The

i

nepheline and perthite grains are corushed at the boundaries.

The mircacecus minerals are mescovite and biotite. Muscovite
crours in the form of large flaks and shows corroded bouwndaries.
Biotite de gresen to browndsh-green and is associated with ore.
The {flaks of biptite also occour within muscovite and cross—cut

the muscovite cleavages. The Al O content of biotite is about
23

A

-

18-19%  in the nepheline syenite of Miane Kandau (see Table 3I.32)
which shows that it is of magmatic origin Speer (1984). The ore
iw magnetite (see Table 3.3) which is massive and coarse-grained.
Zircon  and sphene have euhedral to subhedral crystals and occour
in  association with ore. Sericite occurs as  alteration product

within perthite.
IJOLITES

Tiolite intrusions hbave been reported by Le Bas et al.,

(1987) at different localities in Koga. During this study a few



moe 3 jolites have found between Bagosh Sar and Naranii  Kandauw.
These ococur in the form of dykes and veing oross-ocutting the Koga
svenites and nepheline syemnites., One of the biggest intrusion
fabout 400 meters  long and 1.5 mmtarﬁ wide) is exposed at a
distance of about 530 meters in the north east of Naramiji  Kandaa.
The  other  small  bodies and showings are found at  following

localities:

1. In the south sast of Naranji Fandau at about 45 meters
tistance.

2. At the north sastern margin of Naranji Handau Carbonatite

(. Fas et &1, 1987).
Fa At a distsrnce of about Z5-40 meters in the zoutbwest of

Mawe Willi ¥Village.

The iijnlites are dark hlack to brownish black,
medium—grained intrusive bodies and in tuwrn intruded by a&lbite
viging., JTinlites &are composed of nepheline (55-60%), pyroxene
(28-30%) ,  sphene (5-8%), calcite (2%, apatite ((1-4%), =zircon
(1=-3%) and ore (1-2%) Table Z2.1.

Nepheline is medium to coarse—grained, anhedral to euhedral.
At places the margins of nepheline are dusty. Nepheline contains
inclusions of zircon and ore. Pyrodene has grass-—green to
veallowish-green, anhedral to subhedral grains. The pyroxene shows
zoming 0 et places, the dark-green core is  rimed by the
vallowish~green margin., The green core is diopsidic while the rim

is  hedenbergitic in composition (see table 2Z.4). Sphene has



subbiedral to  euhedral orystals associated with  nepheline  and
pyrozene.  Apatite and zircon grains are euvhedral and occocuwrs  as
inclusion in nepheline.

Fenitized ijolite (Kn-44) in the field shows white bends and

vaeine of feldspar. In thin section these are composed of augite,

rgpabre) done, cancrimite/ vishnevite, sphene, k—feldspar ancl
caloite. Mephel ine 15 altered to cancrinite/vishnevite.

E-feldspar is interstitial and is metasomatically introduced and
it has high barium content (1.7 wt¥%) which is characteristic of
E—faldepar associated with the Kega carbonatite (ke Rasg et al.

19846).
CARBONATITES

The carbonatite of Foga are typical sovites, made up of
mediwn to coarse-graired caleite. It shows saccharoidal testwre
and generally lack the permanent orientation of the minerals. But

at

places orientation of pyroxene, and apatite can be found. It
is  composed of calcite (75894, apatite (7-8%), sphene (53-6%),
ore (0-2%)  and pyrodens (3X) Table Z.1.

The calcite is well cleaved, sguigranular and subhedral to
guhedral. Dusty calcite is also common and sometimes present in
the  matrix betwesn the clear calcite grains. Apatite occurs as
guhedral prismatic crystals. It is usually’#mund irn two habits:
(a2 small isplated avoid-shaped grains Within calcite,

()  idomorphic  prisms form aggregates. Some of the grains are

]~
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fractuwed.
Fryroene has  euhedral  to  subbedral grains corntaining
inclusions of calcite, apatite and ore. It has been altered to

o along the cleavages.

FENITES

Fenites  asre  the most common rocks i the Foga syenites
particuwlarly in the western part of the Koga rocks and around
Narinjii KHandauw.  This fenitization is due to the intrusions of
carbonatite, which showings are common in and around the Nararmji
Fandau (see Fig.2.2). The effects of fenitization are observed by
the petrographic study, geochemistry of the rocks, mineralogy and
A-ray differaction study of the feldspars. The dintensity of
fernitization is highly variable and proper zones of +fenitization
carn not be marked on the map. Thise is due to the textural
heterogenity of the igneous rocks, sporadical distribution of the
fenitizing hodies or the distance from the source rocks of the
fenitized rocks.

Two main types of fenites has been observed in the studied
arma. 1. FPotassic~fenites 2. sodium—fenites. This difference in
the types of fenites may be due to the difference in the origin
of fenstizing solutions. These solutions may be emanated by morte
tharr one solution of carbonatite intrusion having different Na/K
ratio.

POTASSIC FENITES (low Na/k)

Fotassic fenites are most common in the studied area
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particularly, in the swroundings of Naranji kRandauw carbonatite.
These are medium Lo coarse-grained, hypidiomorphic, porphyritic
(at  places) and are traversed by the veins (1 mm to 1 cmd. The
vaing contain calocite + bicotite + ore and calcite + microcline +
bictite (Fhotograph 3.1,%.2). These potassic fernites are composed
WE3 perthite, albite, microcline, Cancrinite/vishnevite,
natrolite, apgirine-augite, bictite, calcocite, =zircon, sphene, ore
and rarely nepheling {(Table 2.5).

O the hasis of textwal and mineralogical studies the

potassic fenites can be divided into:

) low grade fenites

b)) medium grade fenites

o) high grade feniteén

The most dominant felsic mineral in  these fenites is
perthite which is medium to coarse—grained and occours as
subthedral to suhedral crystals. The k-feldspar within perthite is
turbid. This turbidity is present in the low grade fenites,
increases upto medium grade fenites, and decrease again in the
Figh grade fenites close to the carbomatite contact. These high
grade fenites are fresh, very ceoarse-grained k—feldspar rocks
(rnormally called orthoclasite) are present in the cape rocks on
top of the carbornatite at Naranji Kandauw. This type of change in
the twbidity can also be seen in thin section (section No.kn-38,

krm-—-47) . In which one vein passes through perthite the k-feldspar

in  the perthite becomes turbid but when second wvein, which



rrross-cut the $irst vein, the k-—feldspar in  the vicinity of
gecond vein becomes clear and the k-feldspar of the first vein
becones turbid. Such turbidity in the feldspar is also observed
ir the syenitic fenites of Sekli, Finland {(Vartiainen and
Woollaey, 1978)  and Fangankunde Carbonatite, Malawi (Woolley,
1969) ., Woolley (1969) suggested that this turbidity may he the
result of a change in the ratios of alkalies in feldspars.

Borim of albite arouvnd the perthite is observed. This rim is
partially developed and is single around the perthite of low
grade fenites while, it is completely developed and becomes
double i the mmdiuh grade and in the high grade fenites. The
characteristic featwe of the rims is that the rim  around one
perthite grain is in optical contirnuity with the albite of the
adjacent perthite and the rim around the other perthite is in
optical cortd nad by with the albite of the first grain
Fig.3.3,3.4), Buch rim of albit around perthite is also observed
i nepheline svenites of south Greenland (Stephenson, 1976, in
the fenites of north and south Ruri (Dixon and Collins, 1977) and
i Sillai Patti fenites (Mian, 1984). The natuwre and behavior of
the two rims is not fully understood different suggestions are
given only for the single rim around perthite.

1. The albite rim is formed due to wunmixing and
recrystallization of the initial homogeneous feldspa- in  the
Presence of sufficient supply of volatile materials (Tuttle and

Bowen, 1954). The outcoming albit crystallized around the



adiacernt grain of perthite (Butt, personal cummunication) .

2. This behavior of the rim may be due to the carlsbad
twinfming of albite within the rim.

These suggestions can explain the bebavios of one rim around
perthite but  the behavior of the double rim is difficult to
g ) Al .

In high grade fenites k—feldspar and perthite are fresh,

VY comrse-grained, subbedral to  euhedral. Mediumn—-grainesd
k=feldspar iws  present dnterstitially, with coar se-grained
pethite. These interstitial k-feldspars shows microcline

-

i i vig . Howsver, twinmed or uantwinned small grains of albite
are also present in the coarse—grained pertﬁite.

Fyronene iw apgirine-augite in  composition which is
shattered and corroded at thermargins and along the cleavages. In
medium  grade fenites it has been altered to biotite =along the
cleavages and at the margins (photograph 3.8,%.9). Thé vein of
caloite  when passes through pyrodene it forms bictite. In high
grade fenites pyroxene shows zonning {(photograph 7)Y and its
composition changes from core towards the margins table (4.2).
Biptite is reddish brown to green in colow and is associated
with ore arnd pyrodene.

Zircon is. euhedral  to subhedral and occurs as  isolated
grains as well as a worm-like structure along vein which shows
that zircorn may have moved (Fhotograph 3.10a, 3.10b). This repre-—

sernt that even zircon can be moved during fenitization. Sphene is



stbbedral to subsdral and is assonciated with ore and other mafic

mireral s.

Nepheling is rarely found in low grade fenites whioch has
been altered to k-feldspar and at places contains minwte flaks of
biotite., Guartz is alse rare in low grade fenites and has  been

altered at the margins to biotite. The formation of microcline
from quarts is not observed, which may be due to the availability

of water in the environments.

SODIUM-FENITES (High Na/k)

In handspecimean the andium—Ffenites are same as
potassic-fenites (see k-fenites). These are found near the Nawe
Eilli and in the north of Bagosh Sar in the vicinity of ijolite.
These are fresh and not turbid as the k—fernite are. The rocks are
traversed by albite veins and are medium  to coarse-grained,
Frypidiomorphic, comphsed of perthite, albite, ﬁyromeme,
ore,hiotite, Na-amphibole and rarely nepheline.

Ferthite has same textural featuwres as in the rcase of
potassic fenites. But in the case of socdium fenites the perthite
is traversed by the veins of fine-grained albite. Small grains of
pyrosene  sometime present in these veins of &lbite (Photograph
Tol1,3.12). Meedles of newly formed pyrodene ocowrs within
perthite. Fine-grained albite mostly with albite twinning. oCcours
irnterstitially. FPyroxene is yellowish to dark green associated

withh ore and bictite. Biotite amd ore has been altered to

0
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pyrodens (photograph 3.13,3.14). The needles of pyrodene seems Lo
radiat from a common center of ore (photographs 15,16), which is
the typical ocowrrence of fenitic pyroxene, as in Uyl fenites (Le
Blawm, 1977)  amd Homa mountain fenitized granites (Clark et  al.
19775 .

Nepheline rarely found in the low grade fenites and has
guhedral  to subhedral grains,. containing abundant needles of
pyrosene  which  are oriented randomly. Nepheline has  also  been
Feplaced by albite. Cancrinite/veshnuvite and natrolite are ‘the
commorn alteration products of  nepheline (photograph 18,19 .

Mepheline is diminished in the high grade fenites.

POTASIUM—-SODIUM FENITES

In Hoga fenites some rocks show both types (potassium—  and
sodiun-fenites) of fenitization. In these rocks textural and
mireralogical  features of both the fenites carn be observed. The
rocks are found near Nawe Willi (KEn-272, Kn--281, En-247,, Kn-276)
and near Bagosh Sar (En-—-32, En-23).

The potasiuwn-sodium fenites are traversed by the veins which
are  found in‘ potassic~fenites {(calcite + biotite + ore, and
calecite + microcline + bioiite) and also by the veins found in

sodium fenites (calcite + pyrowens + ore and albite).

i
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Table 3.2, ANALYSES OF RIOTITE FROM NEFHELINE SYENITES.

Z TN
Sampl e RNo,

farvad

o

19, 054
e 2P0
‘ n t‘."é).-:f
1,390
DL
1.197

AR e :} J. RB. 844
Total Dy, 374 I~

M. of dorms on the basis of

. : Tn BBV S 31

DLELY

T €. A
3 11 “7 o
F e B ed
i '“1“ 0 ,..5‘.\7
Fia Q. 310 0, B
(i O.0bl L Q02
I 0,159 Un ETE
15 1.952 L.81LE

Vot ed drom oas Fell,

32

0. 20
19 . 069
2,184
5”5,74 )

RE omygeng.

325

S
0. 0R%
HLTFOS
.47
U. w71
. DB
v 159
1 L 0]
1,901




Table Z.3.

(ERd i
Tt ml

Pde .

-t £

1
o
F e
fhn
e
(-1

Ma

ANALYSES OF MAGNETITE FROM NEFHEL INE

ke
0, ETY
0, 245
0,143

Q. 241

0, 2T

0.0
DL 614
£, D&

o e

Wi, B4

of dors o the
DRI N A

0, OFE

O 065

D, 010
i, gas

U o DD

AT W)
0,013

O, Abads

SYENITES.

2

b
O, 425
I TR I = W
0, 00N

By, L&
0, 245
€, 075
0,272
£, 071

E A TR

Prasis of 22 {Oayvgemns.
SIS Wy
G DI

Oy, OO

e g ey
Al ERE

0. 081
0, ORE
0. 206
O, OIE

33



Table 3.4. ANALYSES OF PYROXENE FROM
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TARLE Z.1 MODAL COMPOSITON OF THE ROCKS FROM KEOGA
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TABELE 3.1 Continued.
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CHAPTER 4
sSODIC PYﬁDXENES AND AMPHIBOLES FROM KOGA SYENITES
INTRODUCTION

Carbonatites are typically surrounded by  the metasomatic
auwrecles, which develop as a result of metasomatism of cowntry
rocks by the carbomastite fluids emansting during the emplacement.
Although many authors (Mokie, 19663 Currie and Ferguson, 1971 Le
Bas, 19773 Vartiainern, 19803 Viladkar, 19803 Welley, 19823 Rubie
and  Gunter, 1983 and Mian and Le Bas, 1984,1987,1%88) have made
ertenszive studies of fenitization by carbonatites but the process
is  still rot well wunderstood. This is partly because of the
uncertainties  of the natures of the femitizing fluwids, but alsc
hecause of the variation in mineralogical composition, textuwre,
chemical reactivity, the state of oxidation and permeability of
the country rocks. 6t Foga in NW Pakistan carbonatites and/or
ijwlitmﬁ.are intruded and fenitized the syenitic rocks.

To understand  the process of fenitization in  general and
brgbavi o of  Na-pyroxene  and  Na-amphibole (FPyrobol es) in
particular, samples are collected from different syenitic rocks
of Foga. This chapter presents the variation in the chemistry of
pyropbhole as & result of fenetic fluides emanating from  the
carbonatite.  The chemistry of other minerals present in the
syenitic rocks and whole rock chemistry is discussed in  later
chapters.,

GEOLOGICAL SETTING

The Koga syenites occupy the eastern part of the Ambella



pranitic  complex of alkaline igrnecus province, NW  Pakistan  and
located &t the border of Swat and Mardan District rnear Koga
village at a distance of about 3% miles in northeast of Mardan.
The syerdtic rocks constitute an oval-—~shaped body (about 40  sq.
kmed  and aré pmpl aced in Chinglali gneisses to  the east  and
grani tes  and syenites in the north and west (Fig.1.2). The rock
wnites of Hoga are alkali-syenites, nepheline-syenites, ijolites,
carbonatites and associated ferites.

The Fogs svenites and carbonatites are first reporbted by
Hiddigui et al., (1987). Chauwdhry et al., (1981) described the
preldmimary .petrnlmgy arntd chemistry of these rocks and  suggest
the emplacement of magma along a weak zone developed south of
Main Mantle Thrust in the sequence as  BRabkaji Soda granite,
malaskite, nephelinitic syenites, foyaite, sodalite syenite, and
mafhmnatitma and their fenites. Rafig {1987 suggested the
generation  of magma by partial melting of the lowewr crust,
contimimnation during later phases by the influe  from the
activated upper mantle and progressive desilicification of the
magma which led to the formation of the guartz syenite, syenite
and feldspatheidal syenites. Le Bas et al., (1984)  give the
preliminary petrography of the Babaji Syenites and Koga syenites
ands suqgest an age of F15+15 Ma for Babaji Syenitag and 297+4 Ma
foor Koge syenites on the ba5i5 of Rb-8r isotopic ratios.
PETROGRAPHY AND MINERALOGY

Detaziled petrography of the syenitic rocks, carbonatites and

)
}
|
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iicdlites  aral their fenites is presented in chapter 3. However,
petrograpghy  of  the ariginal Na-pyroxenes and Na—-amphibol es
(Fyroboles)  in the syenites, nepheline-svenites and the fenitic
pyrabales  which Sformed as & result  of metasomatizing fluids
emanating from the carbonatites and/or ijolites discussed below.
Amongst  the pyroboles, pyroxene is more abundant in the
urfenitized rocks both in the central and marginal rocks at Fogsa.
The pyrosens  in the anfenitized syenites is firme to  mediuwm-
grained, subbedral and is yellowish green in colouwr. In the low
grade fenites it is medium-grained, yellowish-brown in colour and
corroded and altered axlomng the marging and cleavages. The change
i the colow from yellowish-green to yellowish-brown increases
with  the idntensity of femitization. In the high grade fenites
pyrodene shows zoming, where the relict vellowish-green pyroxene
iﬁs surrounded by yellowil sh-brown pyroxene (photograph 3.7).  The
cdre is sometime dusty. The dusty brown rim arround  the relict
green  pyroxene 4% interpreted as the reaction rim  between the
ariginal pyrodene of the protolith and fenitizing fluids, low in
MNa/k ratios emanating from the carbonatite.
| Na-amphibeoles are abundant in the fine to medium—grained
syenites and nephelineg syenites. Theze syenites and
mepheline syenites occuwr along the contact with Babaji granite
artd  syenites. Na-amphibole in unfenitized rocks is taramite,
which is fine to medium-grained, subbedral and is mostly parallel

to foliation. These taramites are unzoned and has strong



aheorption.,  The pleochroism scheme ie a = yellowish-brown,
Bo= ogreenish-brown and 0 = hluish—green. The biotite also occur
in the form of nesdles parallel to the febrics.

The amphibkole in the low grade fenites is medium~grained,
ard  mostly parallel to the primary foliation but at places the
crvergrowth of the amphibole crosscut the folistion., The amphibole
iw zongd and zoning can be sewen also in thin section. The ocore

cf  bhe amphibole is taramite which has the same plewochroism as

described  a&bove  apart from the which is now pale brown.  The
mer 3 i kataphorite arc the plecchrolc scheme 1 s
a o= yellowish-gresn, B = greenish-blue, and g = greenish-yellaow

o orange. NMeedles of amphibole can also be found which  radiat
from  the zoned amphibkole. The amphibole in  the medium-grade
fewnites ds formed in granitic rocks. These granitic rocks  are
prasent as wenoliths in bthe syenitic rocks between Nawe Killi and
Maranii  Eandaw, and are composed of quaftz, perthite and
muscovite., These granitic rock are foliated. the foliation is
mar- ked by the parallel alighment of guart: and perthite. The
amphibole and pyroxene memed as clusters and from these clusters
Na—-amphi bl e racdiates., The radiating graing of amphibole
mress-cut the foliation., Relict guartz is present sometimes in
the middle of the cluster of amphibole and pyroxens. New
k—-feldapar which is fresh and untwined are formed at the expense
of gquertz ands muscovite.

The newly formed amphibele in the granitic senoliths is



maEgreEsl o edson i te which shows idiron leaching along the
cleavages. The amphibole is zoned in thin section but little
variation dws present in the chemistry. The pleochroic schems is

a = gresnish blue, B = pale-indige, g = greenish-vyellow.

COMPOSITION OF PYROBOLES

The pyroxene from the Fogs granites and syenites is
as@iring-augite amd  amphibole is taramite, ketaphorite arit

magresiwm arfredeonite (IMA nosencl atures; Leak, 1978). fnal vees

4

af  pyvroboles (three or four oryvstals per- sample and two o more
apots per orystal) were performed on polished thin sections  with
Jeol  supsrprobe JOX-703 using wave length dispersive system  and
V8 kv ovoltage. ZAF correction was applied through & computerized
plrogeramms. Tables 4.1 and 4.2 gives the representative analvyvses
of  the core and margins of the pyroxene and amphibole {for each
sample respectively. The data for  pyroxdene is  recalculated on
the basis of sis oxygens and four caticons and for  amphibole
recalculation scheme is on basis of 237 odygens and 1353 cations.
Ma-pyrosene 15  ome  of the important mineral present in
ﬁgénite and nepheline svenite formed during magmatic process. The
composition  of these pyrodenss have been studied in detailed in
such type DF‘FQEHS- Different authors have given different trends
for magmatic  pyrodenes. Magmatic pyrodene in  syenitic rocks
ranges  in composition  from diopsitic to aegiripe auwgitic in

syenetic rocks fractiomate charimg magmatic emplacement (Yol ,




1RG5y Taylor and Eing, 1967y Varet, 1969:; Bomes st al., 1970;
Stephenson, 19732; Flatt mﬁd Woolley, 19863 Mian, 1987).

The composition of magmatic pyrosene from Koga syenite and
nepheline syenite follows similar trend as given by Stephenson
CEE7EY  for nepheline syvenites of  scuth  GQorog Centre, gienatb
gresnl and. The myrmﬂan@‘ﬁwom Foga nepheline syenite along the
corbact  with  Babaii granites and evenites, along  the road  to
Miarme Fandauw, show  trend  from  hedenbergitic asgirine-augite
(Ma-Mg=1) to asgirine-augite (Na-Mg=0) in core and margin of the
grain  respectively. In the coarse-grained rock present i the
middle of Fogse syenites little variation is  present in  the
ponposition  of  magmatic pyroderne. Although  this  wvariation s
emall bubt the trend is the same from diopside or hederbregite  to
aggirine. In the Fig.4.1 the parameter Na-Mg in atom per forsula
urnit  ds used by the Stephenson (1272) has been chosen &s &
fractionation trend duwing the emplacement of different types of
v k.

The above parameter in Fig.4.1 hss been chosen as a dsegree
of  intensity of fenitization by alkaline fluids which emanated
from  the carbonatite ha?ing different NMask ratic. The fenitic
pyironene shows a reverse trend on Fig.4.1 with increasing degrees
of dntensity of fenitization. The composition of the relict green

pyrodene s oaegirin in the core in which Na-Mg is approdimately 1

while in the overgrown brown pyroxens Na-Mg decreases to 0.5, Ca
2+
arct Fe decreases in magmatic pyrodens with fractionation while
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inoreases. Ir feretis RYIS G enes Ca and Fe

with the decresse of Mg ratio

increases. Similarly Na+lE inoreas

{100 Mo/ (Mg, Fe, Mnd i the magmatic pyroxene, showing &
fractiomation trend  during  the evolution of @ syenites ard
nepheline  syernites (Fig.d.2). The fenstic pyrodenes show &
reverss trend. With the increase of Mg ratio Net+k decreases. Somne
of the analvses show little but a reverse trend than that of the
mapmath ¢ Py on eme.

The state of coidation increases during fractionation in

2

most of the magmatic pyrodenes. At Hoga Fe armd Mg decreases and
R

F IO B RBEE withytha fractionation of pyroxene from the early
to  late stage drbruded rocks. However, some pyrodensg  show &
Y trerd lafa.y with +the inocrease  of intensity cof

24
fenitization by the carbonatites Mg and Fe increases with
T -

respect to Fe o . Again some of the rocks show  little variation
but reverse tharn that of magmatic pyrodene (Fig.4.3).

Fig.4.4, shows two different trends. One is for magmatic
pyrogene  and  the other is for fenstic pyroxene. The magmatic
pyroxene data is in accordance with the data of magmatic pyrovene
of  south Borog alkaline rocks represernted by Stephernson  (1972).
While, the fenetic pyroxene gives reverse trend and moves toward
Fe-Mg rich boundary omn Nat+k-Fe-Mg diagram (Fig.4.4).

Fig.d.%a, shows  the magmatic fractiomnation trend o f

MNa-pyr oxerne in kKoga syenites and nepheline syenites. Thes

composi tion  of omagmatic pyroxene shows an increase  in the

D6



actmitic  component with increasing fractionation in mest of the
rocks particularly from the marginal rocks of Koga. The pyroxens
i coarse-grained  syenites  ands nepheline  syenites from  the
middlie of the complex @ although show little wvariation from
dippsidic to acmitic comporent but the same as that of magmatic

pyrosens,  However, the fenitic pyroxenes in  sample K-14,K-18,

R, B34, =318 show a reverse trend from acnitic to diopsidic
comporent i both fenitized syenites and granitic il w Tl 24
(Fig.4.%a). The fenitic pyrodenes show two different trend one in

samples k-18  and k-3218 in which diopsidic component increases
with little increase in hedenbergitic component while, in  sample
b-34 both diopsidic and hedernbergitic compornents increases almost
egrqual ly.  These trends are interpretted as the result of  the
variation in  Na/k ratio of the fenitizing fluids, low in  the
first trend and high for second trend. The trend similar to  the
second trend is alse reported by Kresten and Morogan (192856) for
the pyrosens  from tﬁe Fern Complex. The authors suggested the
ijolite-type magma for the fenetization of these rocks.

The magmatic and femnitic pyroxenes from Eogs a&are compeared
with the published data of other magmatic pyrosernes., Fig.4.5b,
shows & similar trend from dicpsidic to acmitic compornent  for
magmatic pyrodens. The opposite and reverse trend for fenitic
pyrodens s shown in which diopsidic component  increasing with
increase of fenitization by the alkaline fluids emanating from

the carbonatites. The reverse trends given by Erestern and Morogan



PEPEAY are also presented.

The Ma-amphybole like Na-pyrosene dis a  common mineral
present  in alkalime igneous rocks particularly in granites  and
sventtes. The magmatic Na-amphibole mostly ocowr  din the
marginal  nmepheline syenites is taramite. These amphiboles are
unzoned and show  Litble vardatiorn din chemistry and optical
et es,

In granites and syvenites which are intruded by carbornatites,
fernitic  Ma-amphibole is common when the carbornatitic fermetizing
fluid ds high o in Mask ratio. The fenetic amphibole have been
studied in detail in gwamitmm anc syenites which are intruded by
carbometites  and ddelites  (Sutherland, 19693 Vartisinen and

Woolley, 1976y Vartiainen, 19803 Hogarth and Lapointe, 1984; Mian

arnd e Bas, 198&).
Representative anal yses of  original amphiboles and

amphibeoles  form as & result of fenitization in granitice and
syeEnitic rocks are given in table.4.2. The Na—-amphiboles from the
marginal  mediuwn-grained rocks are teramite. These show  little
variation in optical properties and chemistry and show no sign of
metasomatism, Therefore, these amphibeles sre  interpretted as
formed by magmatic processes. However, Nea-amphiboles present in
& CMIVE coarse-grained syenites and fenitized granites show

variation in optical properties and chemical composition. Mg

2 ‘
increased with respect to Fe while Na+k remasin constant with
thie increase  of intensity of fenitization (Fig.4.6). The



interpretation of fenitized Na-amphibole is  supported by the

rnewly formed amphibeles in greanitic wenoliths in syenites in
which Mg reaches to masod mam.

The increasing oxidation trend shown by the fenetic
amphiboles contrast with th@ magmatic trend for the Na-amphibole

(Fig.4.7). Strormg and Taylor (1984) show that wi th the

PO Ensl ve cryvstallization o peralkalineg Magmas, the

Ma-amphiboles progress  from barrosite thrmugh richterite to
ﬁwfraﬂémmita, whereas  in the highly fenetized rocks at  Koga
Ne—-amphiboles show a revers trend from magnesio-arfvedsonite to
richterite, which is a reverse htrend as compared to magmatic
subsol idue trend.

Hogerth  and  Lapointe (1984) gave two separate evolution
trends for amphiboles from fenites at Cantley, Buebec, Magnesio-
arfvedsonite from bicotite gneiss; and  magresio-ricbeckite from
pyrodene gneiss (MA and MR respectively, Fig.4.8). They suggested
that magnesio-arfvedsonite and riebeckite make sclid-solution
saries with winchite as shown by dotted limnes (Fig.4.8)., Mian and
L Ras (1986 gave solid solution trend from magnesio-arfvedso-
rmite to magresico-riebeckite (solid line, Fig.4.8). While at Koga
fenititc amphiboles show an increase in monovalent cations (Na+k)
from magmatic to fernetic amphiboles as a result of which the
vacancies dn A site increases with the increasing intensity of
.$@nitizatimﬁ.

The variaticn in (Na+k) conternt from magmatic amphibole to

59




fenetic amphibole irn Koga granite and syenites show a smooth rise
as Mgy ratio increasses (Fig.4.93 low in unfenitized syenites and
high in fenitized syenites and granites). Similar trend is  given
by Miam and e Bas (19846 for the Na-amphiboles of lLLog Shilman.
Smphd boles from loe Shilman and Koga, both show an increase in Mg
ratin with the incwaaﬁingzdagrem of intensity of fenitization.

The  wlope of  the straight line given by plotting +the
Mo-ratio against Mgl for fenetic Na-amphiboles from Koga is
steepper than that for magmatic Na-amphiboles (Fig.4.10). Data for
magmatic amphiboles are  takern from Deer et al., (19463) and
ol dwell %yﬁﬁihe& igneous complex in Ontario, Canada (Mitchell
arnd  Flatt, 1962, This type of kinking between unfenetized and
fenetized MNa-amphiboles was first reported by Vartiainen  and
Wonlley (1976) from Sokli, Finlands., According to Mian and Le Bas
(1986)  this kinking at about 20 Mg ratio between magmatic and
fenetic - amphiboles is a product of differing Hidation wstates,
with that in the metasomatic rocks Bming the high. Therefore, the
kimking in the slope imn amphiboles from FEoga is a&lso interpretted
as the result mf difference in the state of orxidation in magmatic
and fenetic amphibmlas.
DISCUSSION

The hehaviaor  of pyrodxene  and  amphibole is  not werl 1
undserstond  during the fenitization by carbonatite. However , it
is suggested that there are two types of fenetic pyroxenes:

(1) when pyroxdene is not present in the protolith before feniti-

O




zation as in shale/slates and phyllites at Lo Shilman, then the
newly formed pyrosene may ot shaow mach variation i bthe chemis—
try  and  optical properties in the less  and  highly fenitized
rocks., This is cdue bto the newly formed nuélii in egquilibrium with
the carboratitic feretizing fluids. This equilibrium may be
presaent in contact with carbomatite or within carbonatite. Such
type of pyrosenes are present in the granitic x2enclith (K-318) in
which pyrosenes grow radially and are formed at the expanse  of
guartz during the emanation of fenitizing fluids by the carborna-
tite. In thies case very Little change in composition is  present
ecause there was originally no pyroxens 2) whiern  pyrodene 16
present in the protolith, then the overgrowing pyrovene does nob
require  any nucleous for their orystallization. Im this case
fenetic RYFOsenE grows arround the original or already present
pevroxens, Dwing the overgrowth the original pyrmmané {magmatic
o metamorphic) is slece atbtacked by the fenitizing fluids and &
charge occwrs in the composition and optical properﬁies of the
original relict pyrovene. The original pyroxene of the protolith
is preserved (K-18, as yellowish green see chapter 3. The
secand possibility ds favowrd for the fenitic pyrostene &t Koga
because the pyroxens is already present in nepbeline syenite.

The pyrodene compositional trends for the alkaline rocks are
shown i Fig.4.30. Which represernt the cooling bhistory of the
alkaline rocks. In this figure all the trends move towards acmite

@end  member. The reverse trend (i.e. from acmite to diopside) is
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met reported dwing fractional crvstallization of the alkaline
MG TR W Thie R B S8 trends  which are observed i the
irndividual  grain of pyroxene from Koga syenites, suggest the
fermitizeation of pyroxene by the carbonatite. The two reverss
trends, one {514, E~18) from acmitic to diopsidic end and  the
b (k-34) from acmitic ho hedenbwrgitic end, are interpretbted
as bhe resalt of variation in Na/k ratio by different carbonatite
intrusions. The carbomatite which fenitized the R34, 1% nore
Mzg-rich  than the carbonatite fenitizing E-14 and H-18. In other
mewrds bhie Nararnii BEandaw carbonatite is nmore potassic. This is
supported by the whole rocks chemistry {(see chapter &). The
Breshiavior  of the second carbonatite (i.e. having hiogh Na/k  ratio
is  almost same as that of the amphibole carbonatite abt  Silald
Fratt i (P, &y personal commundcation). Different types of
carbonatite have not been identified in the field. However, it is
sugested on the basis of petrography and pyrodene analyses  that
there might be at least two different intrusions of carbonatite.
Amongest these two carbonatites one is exdposed at Naranii  Kandau,
irm which the Ma/K ratio was low and the other in which Ma/t ratio
was high is not edposed. The third possibility of Na—fenitization
ry  the ijolite can not be idgnored as ijolite does only
Ma-—-fermitization. But the author favours +the possibility that
there may be another carbonatite which emanated alkaline fluids
high in Ma/F ratio. This is because there are & few thin dikes of

ijolite but a lot of carbonatite exposures, although small, are



present irm the western part of Koga syernites and nepheline
syenites Na-fenitization by the carbonatite instead of ijolite is
favoured also because the capacity of fenitization by the
cartronatite  ds more intense and more widespread due to the free
alhkalis  present in the carbonatite magma while, in ijolites the
alkalis are present in more stable minerals.

In contrast  to  the magmatic  and fenitic PYIr N Enes ,
Ma-—amphibole does mot suggest btwe possible carbonatite intrusions
with  different Na/k ratios. It is also not possible to suggest
whether the fenlitic amphiboles are formed by Ma-fenitizing Fluids
emariat il g from  carbonatite o djolites. This is hecauses
Ma-amphiboles  were not seen in the carbonatite or in the Righly
famitized  rocks near Naranjii Eandaw Carbonatite plug. However 4
Fwer i fferent trencds suggesting of two carbornatites, different in

Nea sk rations, can be seen in the whole rock chemnistry.

CONCLUSION

Thie stucdy of pyroboles from Koga syenites sugyests:
1) fenitization of the rocks by the fluids emanating from
rarbonatite intrusions.
2 The fenetic pyrosene shows the trend of evolution from
acmitic Lo diopsidic component which is reverse to the trend of
wvodlutd on For magmatioc pyrodens.
) The composition of pyroxene further suggests that the RKoga

rocks  have been intruded by at least two carbonatite intrusions



Faving differaent Na/K ratios.
4y The fenitic Ma-amphibole shows btrend from magnesio-a-fvedsond te

bo richterite which is also opposite to the magmatic subscolidus

trend.

sition shows &n increase in Mgl ratio  with

Y The aophibole compo

incressing  intensity of fenitization and orystallizetion of
Famerdobdo amphibole  under  strong odidation state. However ,

Fla-amphibole oococurs only in the Na-fenitized svernites.
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100Mg/(Mg, Fe, Mn)

R T Mo A (Mg +Fe Mrd) vee (Na+k) for magoetic and fenitic
pyrosenes.  The fenitic pyrodense shows a decrease in
(Mat+k) and increase in Mg ratio with the increass of
fenitization.  While magmatic pyrodene shows reverse
trend,  Symbols &nd trend as for Fig.d.1.

tés
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s a3+
Fima.d,® Flor of Koga pyrodene in terms of Fe - P -
) & % g

24 T

which shiows Mg and Fe increases with respect to Fe
in fenitic pyroxenss while, reverse in the case of
magmatic pyrodenes.Svynbols and tremds as for Fig.d.1.



Na+ K 50

Fig.4,4 Plot of Koga pyrodene in terms of (Ma+k) ~FeT-Mg  showing
that magmatic pyrosenes of Koga and South Gorog  soves
tonmards FeT-Mg rich side while fenitic pyrodernss composi—
tion moves opposite. Symbols and trends as for Fig.d. 1.
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Figa.d.é& Flot o ampibd ksl From  Rogs syvenites in T er ms
D-FeT-Mg showing  that Mg increasses with  respect
whid Le (Mask) remalns constant with the increass of
fenitization. &= magmatic amphibole (K-~1),
v FErdt (-3, U= mediuam orade fenite
Fyyoand e= {(H18Y high grade fenites .
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Table 4.1. Analyses of pyroxene from Koga syenites.
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CHAPTER S
FELDSPAR CHEMISTRY

ABSTRACT
At least two carbonatite intrmsimna,having differemt Na/k ratios,
have fernitized the Koga syenites.The carbonatite with high Na/k
Fatio has produced Na-fernites while, the other formed E-fenites.

XRD study of Jlow alhite indicates that charnges occur il the
structural state of albite with increasing grade of fenitization.
The Na-feldspar in the unfenitized rocks is low albite while, in
the fernitized rocks dis armomalous low albite.k The degree of
orderness INCreases with the increas of intensity of
ferni tization. |

Thie Hw#@ldémar is maximam microcline in both the fenitized
antl wurternitized rocks. The tie lines between the co-existing Na-—
and E-feldspars deviate from the generally agreed magmatic trend.
INTODUCTION N

Feldspar are the most important minerals in
igrneous, metamorphic and metasomatic rocks. In metasomatic rocks
fenitic Sfeldspars are formed as a result of K and Na fenitizing
fluids emanating from the carbonatites and / or ijolites. A lot
of worl has  been done on the chemistry and structure of  the
magmatic feldspars but very little work is available on the
metasomatic felduspars; especially on their structural state.

Bilemiat Kowska and Martin (1975) have suggested that the

fenitic a&lhite din  the Mississagi gquartzite, Sudbury S ER,
Ontario, iz well  ordered and has ZELT1) 260013 values

g
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W K radiaticon), close td the values proposed for ordered pure
albite by Martin (1969). While albite inm the lLoe Shilman is
artcimal ously low albite, (Mian and e Bas, 1988). The authors al so
ubserved that the co-edisting Na-—-and waeldspérﬁ showsd some
devi ation from normal tielines present in the coexisting igneous
feldspars given by Wright (1967) and others {e.g Mian  arnd
Le Bazm, 1988). Theze workers demostrated that the k-feldspars and

ancmal cusly low albite comstitute reverse zonationin contrast to
the  temprature gradient. The reverse zonation  at Loe  Shilman
fenites has been interpreted as  the result of Superimﬁased
fenitization bry later arnkeritic carbonatite (P an &
e Bas, 19688),

The Foga syenites were intruded by sporadic  dmtrusions  of
carbonatite and minor  ijolites.  Two ﬁypaﬁ of fenites are
dominanted in the ares: one is potassium fenite and the other is
soodl wm Fénitau There are some rocks in which both  types of
fenitization CAmn be ohserved: these results from
the k- and Na-fenitization of syenites and nepheline syenites at
koga. The most dominant minerals are alkali-feldspars which ocour
as  perthite, albitEMrimEd around perthite, and veins of albite
arnd microcline both within the whole-rock and in perthite of the
protolithic syenites and nepheline syenites.

GEOLOGICAL SETTING
The Foga syenites éccupy the eastern part of the Ambella

gramnitic complex of the alkaline igneous province, NW Pakistan
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wich is located at the border of Swat and Mardan District rnear
Eoge village at a distance of about 35 miles northeast of Mardan.
The syemnitic rocks constitute an onval-shaped body (about 40 sq.
kme)  and are  eoplaced in Chinglsi greisses to  the east  and
granites amnd syenites in the north and west (Fig.1). The rock
uites of Kogs are alkali-syenites, nepheline-syenites, ijolites,
carbornatites and their fenites.

The Fogs syenites and carbonatites are first reported by
Siddigui et a&l., (1967). Chaudhry et al., (1981) described the
peerk b ey petfmlmgy and chemistry of these rocks and suggest
the emplacement of magma along a weak zone developed south  of
Mair  Mantle Thrust in the sequence as  Rabaji  Soda granite,
pulaskite, nephelinitic syenites, foyaite, sodalite syenite, and
cartionati tes  and  their fenites. Raftig (1987) =uggested the
generation  of magma by partial melting of the lowewr crust,
contiminated during  later phases by +the influx from  the
activated upper mantle and progressive desilicification of the
magmsa  which led to the formation of the guartz: syenite, syenite
and  feldspathoidal syenites. Le Bas et al., (1986) give the
preliminsry petrography of the Rabaji Syenites and Koga syenites
and suggested an age of Z15+15 Ma for Habaji Byenites and 297-+4
Ma for Koga syenites on the basis of Rb-Sr isotopic ratios.
PETROGRAPHY

Alkali  feldspars in the Koga syenites are élbite {(scdium

feldspar) anrnd madimum microcline (pota5h4 feldspar). Albite
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(A% to ALY rims perthite, and occurs in veins which cut the

perthite, (s chapter 2. The albite in the rims are mostly
fine-grained and  untwinned jthey form aggregates arrourd

Ferthite, Yein albite is also fine-grained and is commonly
assoclated with calcite, [y ot ene (acmite) and ore.
The  composition of &lbite is essentially constant,with only Fe
showing  sigrificant variation (Table 5.72). &RD determinations
ghiw that this albit is low slbite (20 value = 27.90).

F-feldspar is  maximum microcline is indicated by the loo
intensity peak 260 value 27.45. The triclinicity of maximum
microcling o albite cam not be determined by the Goldsmith  and
Laves method (19%4) ¢ =12.5 (d131-d1I3D) due to the 20 value of
(131 plame of albite overlaping with the 200131 plane of
maximun  microcline,  However, this overlap of (131)  of maximum
migcroclineg  and  albite in the area of maximum triclinicity
sugaests  that these feldspars are well Dfdered and E-feldspar
ﬁlmtﬁ as maximum microcline whilst albite plots as anomalusly low
albite. Wave dispersive microprobe results show that barium
reaches peak cocentrations in the maximum microcline around
Maranji Kandau fenitized rocks (Mian personal communication).
X—RAY POWDER DIFFRACTION DATA OF FELDSPARS

About one hundred samples were used for X-ray differaction
study of feldspar. Selective X-ray diffraction data is given
{table 9.2). Feldspar was separated from the other minerals and

then analysed.There are problems distinguishing between low
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albite and aomite beceause the (331 and (3309 planes of acmite
have 20 value 42.6 may interfere with the 20 value of (060) of
the low albite. The peak position was measured at the estimated
centre  line of the top 1/3 of the peak. Fure CaF? was used as &
stamdard  for the XRD work. Three X-ray powdered patterns for
(204 and (060) were run for each sample using Cu radiation &t
/min  for one run and 174 per min for  two runs. The error
cal culated is based on the minimum and masximam  of  the three
diffraction patterns (see table 5.2).

26 ovalues for (204) and (0&0) planes of alkali-feldspars are
plertted (Wright ,19468) . The plot  (Fig.1) shows albite im
unfenitized rocks  has a 26 (060 value of 42.4 and in the low
orade fenites the value ranges from 42.4 to 42.5. In medium-grade
fernites these values range between 42.9% to 42.5% while in  the
high grade fermites these range between 42.35 to 42.8. This
increase  from 42.4 to 42.8 shows that the albite of high grade
fenites, (especially in the sodium fenites), is more ordered as
covmpared  to the albite of low grade fenite, (particularly from
albite in unfenitized rocks). This suggests that the albite in
the highly fenitized rocks formed at & temperature lower than the
albite present im the unfenitized rocks. In contrary to (0560)
ittle variation is present in (204) values which range between
S0. 1 and 50,16,

The F-feldspar which is maximum microcline plots mostly

within the field suggested for maximum microcline. The tiglines
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carn bhe drawn between the coesisting Na~ and F-feldspars but these
tielines deviate from the generally agreed magmatic trend

(Wright, 19467). This type of deviation from the magmatic tielines
tremd  dis  also cbheerved by Mian and Le Bas  (1988) between the
coesisting E-feldespars and anomanously low albite in lLoe 8hilman
fenites,

DISCUSSION

The XRD study of low albite in the Hogas syenites indicates
that  changes occwr  in the stroctural  state of  albite  with
increasing grade of fenitization. Magmatic slbite or unfenitized
albite (k-4) $rom Koga svernites plots a&as normal  low albite
Fig.f. 1) having & 20 valueg for (060) plane of 42.4, whilst
albite from fenites of Koga plots as anomalous low albite. The 20
value for (D60) ds 42.%5 in the low grade femnites and reaches upto
42.8 in the high grade fenites.

The degree of orderness also increases with the increasing
grade of fenitization. - The magmatic albite and albite from
low grade fenites are less ordered whilst, high grade fenites are
Felatively highly orderd (e.g Cape rocks of the Naranji Kandau
tarbonatite, which indicate a low temperature gradiant near the
intrusion). Generally the highest temperatures within a fenite
gnvironment  are prodimal bo the sowrce of  fenitization.At  Koga
the low temperature albite proximal tnismurue ofis obtained.
This is due to the fact that the albite was initially present as

magmatic albite in  the Koga syenites, forming at higher
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pampEratin e of @oo S 1ano 6 0 Mran personal commurication).  The
ppmper &t e nf the carbonatites at Poga, Shilman and 5ilai Fatti
e -

i determinert by Foan cand Lo Pas (in prep.) as AS50-500 o, i s

snguests  that  the albate  which was  provimal  the source of
fenitizatron has bheon most affected by the low  tempertature
eso-S00) fendbicang S houdes The ordornees of albite decreases as
the temperabture  and intensity of fenitization decreases. OAs  a

result  the  low nrade derntes and unfenitized rocks preserved

orignal Teas crdered (magmetic Y low albite (Fig.B.1).

CONCLUSION

The sty i deldepar from  koga syenites, nepheline
gyeriites, ancd fenttes nageste thats
1 the magimatie albaly Adeldepars an the Foga syenites are  low
albite and  macimoun microcline whilst fenitic Na-feldspar iws
anomalows low albite.
2 The degree of orderness also increases with the increasing
grade of {;err.i tization.
3 In the low grade fenites albite has retained its original
structure  whilst, in the high grade fenites it has become mnore
wr e e,

PThe tie lines betwesn the co-existing Na- and K-feldspar deviat

from the generally agreed magmatic trend.
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Table 5.1 XRD data of K-feldspar frome koga syenites.

LATR PR TN 1 w ! £ ]
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¥RD data of Na—feldspar from Koga syenites.
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ot w? e b

flhaldfeldepar from wnfenitiesed rocky; analvees No.l.
Alkali-feldspar from low grade fenitesianalvess No.2,5, 4.
Al kali~feldspar from mediam grade fernites:analyses No.3-21.

Alkali-feldspar from high grade fenitesjanalyses No.22-84.
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Table 5.2 Analvses of Na—feldspar
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Table 5.3 Apalvses of K—feldspar from FHoga syenites.
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CHAPTER &
GEOCHEMISTRY
INTRODUCTION
carboratites are characteristically surrounded by an aureocle
of metasomatic country rocks. This type of metasomatism is  known
ag  fenitization.  The country rocks in which carbonatites are

imtruded  @re  commonly granite and syenite which  show  various

degress  of metasomatism by  the development of metasomatic
mireral s and loss of original texture. The intensity of
fenitization din  these coasrse—-grained country rocks, doss not

correlate with distance from the carbonatite contact. This is
becaise  the feritizing fluide penetrate through  Joints  and
Fractures and ‘4enitizm the adjacent rock to varying degrees.
Extensive work has been dong on the fenitization of granites e.g
(Mokie, 19603 Curri and Ferg uson, 19713 Ferguson et al., 1978;
e Bam, 19773 Vartiainen, 1980; Vartiainen and Woolley, 1976;
Rubie and Gurter, 1982%; Fkresten and Morogan,1986), but in
Fakistan wvery little wmfk has been done on the fenitization of
gramite and syenite and no work is available on the fenites of
the kKoga Syenites, Ambella granitic complex.

Koga Syenites occupy the west central part of the Ambella
granitic complex -of the‘alkaline igneous province. These &are

empl aced withirm the chinglai gneisses to the east, ard

metasedi merts to the north and west. It constitutes anmn oval

shaped body f{about 40 sgq km) and consists of alkali granites,

alkali syenites, nephelene syenites, ijolites, carbonatites and
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associated  fernites.  The carbonatite rocks are exposed in the
western part of the syenitic body and occur in the form of a main
plug at Maranji Fandao and as lenses, pockets and  veins, which
vary from & few centimeters to a few meters. Small bodies of
idolite crop owtare near Shpala, Bagosh Sar, and Nawe Killi.

Foga syenites show two types of fenitization (see chapter-—-3I)
- amd Ma-fernitization:  the combined effects of these two have
been  observed.,  These fernites were formed due to the fluids
emarating from carbonatites and/or ijolite.

The propose of thig‘chapter is to describe the geochemistry
ef fenitized and uwnfenitized rocks, and established the various

processes/paraneters which cause and influence fenitization.
MAJOR ELEMENT GEOCHEMISTRY

Seventy three samples were analyesed for both major and
trace elements by Lthe X-ray JFlouresence spectroscopy usinng
pressed  powder samples.Whole rock major element geochemistry of
the kKoga syenite and fenites are given in Table.bé.1. Fig.b.l is
a plot of Si, K, Al and Mg against Na, using the value for 100
anionic cell for unfenitized rocks and K and Na fenites.

S5i shows a slight increase in the high grade fenites of two
distinct fenitic groups, produced by the K- and Na—fenitizing
fluids (Fig.é.1). This increase in Si is due to the formation of
feldspar at the expense of nepheline in the fenitized nepheline

syenites. Si may be taken from Babaji granite, the patches of the
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urtenitized  granites which are found within FKoga syenites. The
alight increase o decrease of Si in the medium and high grade
fenites is due to the variation in the proportion of albite and
F—fmldspars as well as the total amount of the these feldspars. K
LNCr BasEs with  respect to Na from less to more strongly
Fe-fenitized rocks but remains constant or slightly decreases in
the case of Ma-fenitized rocks (Fig.é.2).

A&l remains  approximately  constant between 12-13  in the
F-fenites except En-29.1In the Na-fenites Al ranges from 11.8 to
12.8 (Fig.éb.Mwith exception of Krn-32 and kKn-Zé6: these show a
relatively migh AL content which is due to cumulus nepheline. The
variation in Al content of the two groups corelates with the
variatiorn in  the proportion and modal  aboundance of biotite,
pyrovens and feldspars.

In the Koga syenite it is difficult to find an unfenitized
sample, especially in the traverses followed by the author. Only
samples K-4 and KE-32 of nepheline syenite near Mian Kandau appear
to be urnfenitized, (petrographic evidence) it is likely that the
orignal rocks were syenite or nepheline syenite: fenitization may
have changed the rocks to syenites.

I¥ one consider guartz syenites and granites as to be the
protolith rocks on Qz-Nep-ks diagram (Fig.b.4a)‘the path Ia will
be followed hy E-fenites and Ib will be followed by Na-fenites.
Or the other hand if nepheline syenite is the protolith rock then

the K-fenitization will move the copposition of rock along the
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path Ila and Na-fenitization will move the composition along path
Iib. Im this case emrichment of alkalis and 85i02 take place. The

dotted line show the superimposition of hoth the type of fluids.

TRACE AND REE ELEMENT GEOCHEMISTRY

Trace wlement data of the Foga fenites and carbonatites are
givern in the Table 4.9 and plotted as nmormalized multi-element
variation diazgrams (Fig.6.5).Fig.6.%a and &6.5b are the plots of
F- and Na-ferites respectively. Both the type of fenites show
great. differences in their Ba, S, Ni and Th contents, which are
the best distinguishing elements between the K- and Na—fenites.
I figuéofa, K-fenites show an increase in  their Ba and Sr
content and decrease in Nb and Th. Which reflects a high content
of K oand low Na because Ba can easily replace K. The K-fenites
Fave a similar trace element pattern to that ‘Df the average
Naranji Kandau Carbonatite (Fig.6.%a). This sugests that the
souwrce for K-fenitizatiorm is the Maranji Kandau carbonatite.

IN fig.4.5b Na-fenites show a decrease in Ba and increase in
Mo &rnd Th which reflects high Na content. the Na can be replaced
by Nb that is why Nb is high in Na-fenites. Ce concentrations are
slightly higher in the Na~fenites._The trace element pattern of
NMa-fernites is completely different to that of K-fenites and
the MNarinji Kandauw carbonatite.This suggests that another source

is responsible for the fenitization. Both fenites have similar
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trace slement compogitions for most of the remaining elements.Zr
concentrations are higher in both fenites relative to the
cartionatitersthe original 2r is egual to the carbonatite.

The chondrite normalized plot of REE of Koga rocks has  been

plotted (Fig.é.&). All samples are LREE enriched and have an even

alope from the LREE to the HREE. The carbomatite is particularly
i ched with & concenrntration of 100uchondrite and Lu

I N
cocerntration  of B0xchondrite. The fenites have lower absolute
corcentration of REE but pattern is similar to the REE pattern of

carbonatite.K-fernites have a positive Ce  anamoly,which sugests

1 v O34 B ) fugasity conditions {(Moller, Marteani, and
Brhilley,1980 .0s compared to the unfenitized rocks (K-4) the

F-fenites e depleted in the REE and the La/Yb ratio is 17.2.

The La/Yh ratio of M44enitﬁ iz 17.2. The Na-fenites show
errichment  of REE as compared to  the uwnfenitized nepheline
sverites (K-4), The La/Yb ratio of Na-fenites is 25.4. They do
ot shows any En anmmaly._ljmlite gives & negative Eu anomaly and
La/Yb ratio (8%.98) which iﬁdicates that the REE pattern of
ijolite is quite different than the Na-fenites. Therefore, the

pressibility of ijolite as a source of fernitization for Na—-fenites

is ruled out.
DISCUSSION

Fepitization is a process of alkali-metasomatism that ocours
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around intrusions of ijolite, rnepheline, syenites, carbonatite
ari related  type rocks (Meinrich, 19863 Le Bas, 19775 .
The process characteristically involves a loss or replacement of
quartz, growth of sodic pyrosene and/or sodic amphibole, biotite
ancd growth or recrystallization of alkali-~feldspar. The addition
of  alkalis dis  dimportant, and one of the main variable of
fernitization is  the Ma K ratio of the metasomatic assemblage
(Rubie and Cuhtar, 1983 . No difficuwlty arises when completely
new minerals are formed which were not present in the protelith.
But  in the case of mineral which were present in  the protolith
change in  their chemistry as a result of metasomatic fluids,
difficulty somebtimes arises to distinguish between the original
anr metasomatic minerélﬁ and to interpret the effect of
fenitization by the alkaline fluids. Similarly, in such rocks
where more than one carbonatite or carbonatite and ijolite both
intrudes, the kind of metasomatism can be difficult to distin-
ghuri mh,

All the type of rocks after passing through the processes of
fenitization, eventually changes to syenites, orthoclasites or
albitites, depending upon the intensity and nature of fenitizing
fluids. Therefore, if the protolith rocks are syenites then im
many cases it becomes difficult to show the fenitization on  the
basis of geochemistry only because if a fenitizing source has the
same Na/k ratio as that of syenite then the whole rock major

wlement geochemistry behavior will be the same as that of the
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unfenitized rock but there will be difference in thin sections.
The unfenitized rock will show magmatic teswture while the
fernitized rock will show replacement testure.

The whole rock chemistry of Koga fenites show variation in
Ky MNa, 8i, Al, and trace elements study indicates two ‘type of
femnitization (1) kE-fenitization which is due to carbonatite
mainly by Naranjii kandau carbonatite which is the main exposed
itntrusicon  in the area. (2) Na-fenetization which may be due to
arn other intrusion of carbonatite, which is not exposed or due to
ijolite. the F-fenmite shows increase in b while in
MNa-fernites K remains constant or slightly decreases. 81 shows
slight increase in both the cases. Al iz more or less constant in
hoth the type of fenites.

A Few rocks (En—-23%, KEn-247, En-251, En-272, Kn-278) which
petrographically represent both the types of fenitization and
their chemistry is also intermediate between the two types of
fenites. These rock représent superimposition of both the type of
fenites. T+ is difficult to distinguish that which type of
feritization is earlier and which one is latter. Because both the
mineral pyroxene and biotite are present in the protolith and it
requires a more detail wor k-

The +trace elements Ba and S show an  increase in  the
k-fenites while Nb and Th shows increase in the Na—fenites. This
difference in the trace element data clearly suggests different

sources for  the ‘fenitizatiun of these two type of fenites
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(Fig.6.%5)., The pattern of k~fernite is similar to that of sovite
while, the Na-fenites oiffers.

The mobility of the REE in the granites and guartzite during
metasonatism by the alkaline fluids has been discussed in detail
By Mineyew (19463), Martin et al., 1978 and Viladkar et al.
(198643, REE content of fenites depend upon the composition of the
host rock and composition of the invaded liquid. LREE enrichment
Wam  noted in the fenitized gquartzite in the Borran 1an complex,
Seotland (Martin et al., 1978). In contrast, little difference in
REE  content betweern fenitired and unfenitized country rocks
Becurs  around a lymprophyric dike at Seabrook Lake (Cullers and
Madavis, 1977). There, the fenitized parts are depleted in HREE
compared  to the unfenitized sample. One extremely fenitized
sample at  an other locatiorn at seabrook Lake is very much
depleted in  HREE as compared to unaltered country rocks. The
total REE of Sillai Patti granite gneisses decrease and its Eu
anomaly is also diminished as Cbmpared to Malakand granite (Mian,
137846,

However, in Koga fenites the REE content is dependent on the
REE in the fenitizing sources. The K-fenites are depleted in REE
while Na—fenites are enriched which indicate two different
mmurcés for the femitization of Kpga rocks. One source is
carbonatite which is exposed at Naranji Kandau while the other
one may be carbonatite or ijolite. But the REE pattern of ijolite

ig guite different Ffrom that of Na—-fenite (Fig.é.6). Therefore,
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it s dinterpreted that there is an other carbonatite intrusion in
the area, emanated fluid rich in Na/k ratio which is not exposed
at. the surface and has fenitized the country rocks.
CONCLUSION

The study of geochemistry of the Koga syenites gives the
following results.
1) The kFoga syenites are intruded by carbonatites as plugs and
veing which have produced two types of fenites:

Lo E—fenites

2. Na—-fenites
2 The superimposition of the k- over Na-fenites or vice versa
i difficult to establish because of the cross-—-cutting relation
cof the fenitic veins.
3 The original rocks were sither alkali granites or nepheline
syenites which have been altered to syenites by the fenitization.
4) 8i has beern slightly increased in both the types of fenites.
=) K ois increased in KE-fernites and remains somewhate constant in
MNa-—fenites.
&Y Al is almost constent in all the fenites.
7) Both the types of fenites show great differences in their Ba,
8, Nb and Th contants. K-fenites show an increase in Ba and Sr
conterts and decrease in Nb and Th , Which reflect a high content
of K oand low Na.
=h REE pattern shows that k-fenites are depleted as compared to

the unfenitized rocks. The positive Ce anomaly qf k—-fenites 1in
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the trace element pattermns swggest that the k-fenites are formed
urder the environments of low state of oxidation.

9y MNa-fenites show enrichment of REE and the REE pattern  of
Na-fernites is guite different from the REE pattern of ijolites
which suggests that Na-fenites are fmfmed by the éffect of fluids
gmanating  from  another carbonatite (Fich in Na)  which -is not

exposed arround Koga.
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Figed.2 Flot of Na ve Bi for Kogae syenites.
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Figeb.,Sa Frimodial Mantle-normalized trace elenment spectra for
efamites {open circles) and mean of five carbonatites
(losed circle) at Koga., R-fendites shows similarity with |
-t

Naraniji Handsuw Carbomatite. ]
Fig.é. 5 Primodial  Mantle -npormalized trace slement spectra for
Ma-fernites . Ma~fenites do not show any similarity

with Nararmii Fandaw carbonatites.
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TABLE 6.1. XRF analyses of unfenitized rocks of Koga

| syenites.

f Analyges No. ] 2
Sample Ho, K-4 ¥n-32
S0, Bh, 30 57.15
TiQ, 00.15 0.18
al, o, 24 .27 25.71
Fe, O , 2.00 0.72
Fe( N.00 0.00
Mo 0.00 0.63
Mg 0.05 0.00
lan Q.80 1.08
Na. 0 11.80 11.05

1 K, O 4,55 4,71

| P, 0. n.02 0.06
Total 100. 04 100.29

¢.T.P.W. NORMS

Q= 0.00 0.00
o 0.00 0.00
01 26.72 39.52
Ah 30.68 18.36
An 0.00 0.83
L 0.00 0.00
Me 37.36 40.63
Ac 0.00 0.00
Wo - 01.16 1.05
Di 00.96 1.74
0l 0.00 0.00
Mt 2.55 0.69
Il 0.30 0.30
Ap 0.00 0.00
ohz 27 .01 25.86
] MNe 56.96 51.34
Ke 16.02 22.80
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TARLE 6.2. XRF analyses of K-fenitized rocks of Xoga
syenites.
Analyses No, 1 2 3 4 5
15 Samp le No. En-27 Kn-237A Kn-277A Kn-265 Kun-51
s5ic, 62.19 63.97 64.09 63.53 66.45
Ti0, 0.29 0.25 0.32 D.16 0.21
Al, 0, ' 20.18 18.49 17.91 17.5 5.60
Fe, D , 4,18 0.82 0.51 1.32 4.89
Fel 0.00 0.00 0.00 0.00 0.00
Mno 0.15 0.00 0.02 0.01 0.06
HMgO n.10 0.46 0.47 ¢.00 0.25
(‘a0 1.1m 1.84 1.096 1.08 2.15
MMa, 7.31 6.36 6.22 8.74 3.84
e 3.99 4,91 5.51 4,94 5.68
P. Q. 0.07 0.10 0.08 0.12 0.40
Total ‘ 99,62 97.21 96.23 97.40 99.53
C.I.P.W NORMS
Qz 0.00 4,11 4.43 0.00 17.55
o 0,00 0.00 0.14 0.00 0.00
or 47.32 28.95 32.29 34.51 33.40
Ab 34.22 54,02 52.45 57.56 32.52
An 0.00 7.23 4.64 0.28 7.79
L 0.00 0.00 0.00 0.00 0.00
He 13.57 0.00 0.00 4.33 0.00
A 2.77 0.00 0.00 0.00 0.00
Wo 1.28 0.00 0.00 1.51 0.00
Di 2.48 0.77 0.00 1.58 0.00
0l 0,00 0.00 0.00 0.00 0.00
Mt 2.78 0.46 0.00 0.69 3.01
Tl 0.61 0.31 0.61 0.15 0.46
AD 0.00 0.00 0.31 0.00 0.93
otz 45.75 47.50 47 .56 42.82 56.15
Nea 38.85 33.61 31.87 36.84 21.11
Ks 15.40 18.89 20.58 20.34 22.74
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TABLE 6.2.

Aalyses No.

Sample No.

Si0,
TiO,
AL, O .
Fe, O,
Fe
MNO
Mgo
a0
Na, 0
E, 0
B0
Total

Qz
(‘o
or
Ab
An
Lo
He
Ac
Wo
Di
ol
Mt
Il
Ap
otz

Ne
Ks

CONTINUED.
G
K~24
59,00
0.47
18.60
2.77
0.00
0.100
0.33

2.25
8.22
7.38
0.00

99.12

0.00

0.00
43.42
25.35
Nn.0o0
0.00
5.82
4.62
2.29
3.97
0.00
0.00
0.91
0.31

35.90
34,93
29,19

8

Kn-24 Kn-239A
63.53 63.51
0.28 0D.11
17,50 19.18
3.22 0.99
0.00 0.00
0.06 0.02
0.00 0.20
0.537 1.20
7.71¢0 7.76
7.610 5.83
0.00 0.00
100.45 98.8

C.I.P.W NORMS

0.00 0.00
0.00 0.00
45,09 34.51
39.14 57.56
0.00 0.28
0.00 0.00
4.65 4,33
5.54 0.00
0.00 1.51
2.48 1.58
0.31 0.00
0.00 0.69
0.61 0.15
0.00 0.00
42.08 42.82
29.09 36.84
83 20.34

28.
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{ TABLE 6.2. CONTINUED

p

{ Analyses NO. 10 11 12 13
sample HMNo. K-25 Kn-56 Kn-94A Kn-98
310, 61.50 £2.08 63.54 62.28
Ti0, 0.400 0.71 . 0.40 0.43
Al, O, 19.01 18.75 18.15 17.98
Fe, 0D , 3.84 3.33 2.84 5.69
Ted 0.00 0.00 0.00 0.00
- Mno 0.09 0.08 0.00 0.20
MgO 0.08 0.00 0.47 0.68
can 0.95 0.90 1.33 2.71
Ha. O _ 7.52 7.47 5.77 3.47
E, 0 6.59 6.94 65.96 7.30
P, O . - 0.06 0.12 -
Total 99.98 100.26 99.58 100.74

¢.I.P.W NCORMS

Qz 0.00 0.00 0.44 0.00
Co 0.00 0.00 0.00 0.00
or 38.97 41.20 41.20 13 .42
Ab 42.35 39.34 48.78 29.37
An 0.00 0.00 3.06 11.69
Lc 0.00 0.00 0.00 0.00
Ne 10.02 9.94 0.00 ‘ 0.00
Ac 2.31 5.08 0.00 0.00
Wo 0.71 0.81 0.00 0.00
Bi 2.67 2.23 2.17 1.40
0l 0.00 0.00 0.00 0.00
Mt 1.85 0.23 2.08 3.70
Il 0.76 1.37 0.76 0.76
Ap 0.00 0.00 0.31 0.00
Qtz 39.67 39.58 44,88 48.65
Ne 36.08 34.54 29.23 20.13
Ks 24.24 25.87 25.89 31.22
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TABLE 6.2.

Analyses No.

sample No.

sio,
Ti0O,
AL, O,
Fe, O ,
FeO
Mno
MgO
can
Ha, O

K O

P, Q
Total

0z
Co
or
Ab
An
Lc
Ne
Ac
Wo
Di
0l
Mt
I1

Ap

Qtz
Ne
Ks

CONTINUED.

14

K-25

W ks
w W

OO0 OO QC

.01
.20
.00
.50
.00
.11
.36
.50
.30
.33

.00
.00
.42
.30
.00
.00
.00
.01
.00
.42
.00
.00
.46
.00

.18
.40
.42

15

Kn-29

61.28

13.89
.90
.00
.20
.37
.57
.02
.69

N O OO

100.16
C.I.P.W

.00
.00
.65
.32
.00
.00
.00
.08
.95
.38
.00
.01
.46
.00

N 4>

OO0OWORWUHROOOWUOO

[Em

45.61
20.22
34.18
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NORMS

16
Kn-26

62.64
0.16
19.73
2.75
0.00
n.08
0.00
0.58
6.89
7.85
9

.97

.00
.00

W

0

0

6

7
0.00
0.00
9.13
3.23
0.00
2.48
0.10
0.69
0
0

.30

.00

40.01
31.76
28.22

70

17

Kn-1

()]
w

: =
Ol OB OOONNO

D

w Ut

OOHOOOOOOU‘#\-—‘OO

04

.96
.25
.96
.18
.00
.50
.33
.50
.10
.60

.38

.00
.00
.22
.62
.01
.00
.00
.00
.00
.53
.00
.62
.46
.62

.70
.89
.42



TABLE 6.2.

Analyses No.

Sample No.

510,
TiQ,
Al, O .
Fe, O ,
FeO
MO
MgoD
can
Na., O
K, O

P, 0

Total

Qz
Co
or
Ab
An
Lc
Ne
Ac
Wo
Di
0l
Mt
Il
Ap

Qtz
Ne
Ks

CONTINUED.
18
Kn-95

65.54
0.11
12.25
0.00
0.00
0.00
0.30
1.07
3.57
9.21
0.00
98.05

.61
.00
.56
.42
.29
.00
.00
.00
.00
.00
.00
.00
.15
.00

W

O 00000 CCOGIT RO

48.16
17.99
33.85

Kn-100

61
0
17

oW

OO0 O0OONOOQWOMOW

47
13

38.

VNN OOoOOo T
1

19

.61
.28
.61
.25
.00
.03
.08
.43
.44
.54

LLLPUW.

.61
.00
.23
.45
.18
.00
.00
.00
.63
.43
.00
.00
.61
.31
.71

.47
83

NORMS

20

K-18B

61.87
.19
.34
.04
.00
.02
.07
.53
.44
.60

|
DUV OO0~ WO

99.10

.00
.00
.78
.80
.00
.00
.94
.00
.90
43
.00
.69
.30
.00

N W

QOO OMNMNODVLVOOTITOO

39.41
26.45
34.13

Low grade K-fenites} Analyses No.1,2,3.
Medium grade K~fenites; Analyses No.4-7.

High grade K-fenites;

138

Analyses No.8-12.

21
K-18C

65.82

0.01
18.47
0.48
0.00
0.00
0.00
0.00
2.34
3.84

0.22
0.00
8134
.83
.00
.00
.00
.92
.00
.00
.00
.00
.00
.31

-
~3

OO O COCOOCOOOO0

46.55
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TABLE 6.3.

Analyses No.
Sample No.

sio,
Tio,
Al O
Fe, O,
e
Mno
MygD
Cao
Na, O
K, O

P, O .
Total:

Qz
cCo
0or
Ab
An
Lc
Ne
Ac
Wo
Di
0L
Mt
Il

Ap

Qtz
Ne
Ks

Kn-30

62.
AT
.03
.49
.00

18

5

0
0
0

99

05

"

.11
.21
.89
ey
0.

07

.84

.02
.00
.05
.50
.00
.00
.00
.85
.00
.40
.00
.00
.91
.00

.69
.42
.87

K~22

.01
.07
.01
.75
.00
.08
.26
.40
.20
.80

e
[N Il v o RN e Y

nmw oo

.00
.00
.51
.58
.00
.00
.02
.77
.00
.87
11
.00
.15
.31

o W

OOO!—‘OONNOOD\#OO

43.85
35.09
21.06
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K-26 K-7

63.50 62.29
0.25 0.29
18.70 18.75
2.74 3.29
0.00 0.00

0.11 0.19

0.24 0.2:

1.12 1.14

8.78 7.76

4.34 6.41
- 0.02
99.78 100.35

C.I.P.W NORMS
0.00 0.00
0.00 0.00
25.61 37.85
59.46 42.22
0.00 0.00
0.00 0.00
6.71 10.09
2.31 4.16
0.00 0.12
3.95 4.56
0.03 0.00
0.93 0.69
0.46 0.61
0.31 0.00
41.74 39.59
42.41 36.55
15.85 23.86

¥RF ANALYSES OF NA-FENITIZED ROCKS OF KOGA
SYENITES

K-263B

[e7]
w

—
o~ O0

OO W OO

w0

) =

OOHOLHOONOP—‘CD\IOO

11

.20
.51
.90
.24
.00
.12
.82
.85
.63
.01
.00
.28

.00
.00
.81
.31
.39
.00
.49
.00
.58
.08
.00
.62
.91
.00

.01
4.
.42

57




TABLE 6.3. CONTINUED.

] Analyses No. 6 7 8 9
Sample No, K-12 Kn-33 K-11 Kn-261
5i0, 58.50 64.36 61.90 63.52
Ti0, 0.70 .10 0.16 0.47
Al, O, 19.00 19.97 19.00 18.29
Fe, O . 5.80 0.00 3.08 3.61
FeO 0.00 0.00 0.00 0.00
Mno 0.190 0.04 0.07 0.10
Mg 0.20 0.12 0.10 0.44
can 1.20 0.87 0.50 1.75
Na, 08.70 8.81 8.90 9.16
K 0 5.60 6.09 6.00 3.12
P, D . - 0.00 - -
Tota 99.80 100.36 99.71 100.46

¢.I.P.W NORMS

—"

0z 0.00 0.00 0.00 0.00
Co 0.00 0.00 0.00 0.00
or 32.84 36.18 35.63 18.37
Ab 35.64 51.01 42,61 66.74
An 0.00 0.00 0.00 . 0.00
Lc 0.00 0.00 0.00 0.00
Ne 16.80 9.59 11.58 5.33
Ac 6.01 0.00 5.08 0.92
Wo 0.00 1.51 0.00 1.39
Di 5.06 0.65 2.20 4.37
ol 0.09 0.00 0.79 0.00
Mt 1.62 0.00 0.00 2.08
Il ' 1.37 0.15 0.30 0.91
Ap 0.00 0.00 0.00 0.00
Qtz 35.78 - 40.30 38.87 42.59
Ne 42 .33 .~ 38.46 38.59 45,87
Ks 21.89 21.25 22.54 11.54
140




TABLFR.6.3. CONTINUED.

Analyses No. 10 11 12 13

sample Wo. Kn-~44 KEn-253A Kn-263A Kn-36
ai0, 55.25 56,99 64.02 60.11
Ti0, 0.05 0.12 0.10 0.13
Al, O 19.37 23.35 18.80 22.10
Fe, 0, 0,49 2.14 0.37 0.00
Fel 0.00 0.090 0.00 0.00
MO 0,06 0.03 0.00 0.05
M0 0.2% 0.00 0.43 0.00
a0 2.41 4.93 1.32 0.91
Na, na., 21l .40 9.63 10.31
v, O 8.0 3.47 3.75 ‘ 6.45
P, O 0.03 0.00 0.0 0.00
Total a6 .02 100.43 98.42 00.06

¢.I.P.W NORMS

A 0.00 0.00 0.00 0.00
co .00 0.00 0.00 0.00
or 52.33 20.60 22.217 37.85
Ab 66.95 38.02 63.86 34.62
An 0.00 11.13 0.00 0.00
Lc 0.00 0.00 0.00 0.00
Ne 23.51 22.59 6.32 23.50
Ac 0.92 0.00 0.46 0.00.
Wo 4.07 5.11 1.39 1.86
Di 1.80 0.99 2.63 0.00
ol 0.00 0.00 0.00 0.00
Mt 0.15 1.62 0.00 0.00
Il 0.00 0.30 0.15 0.30
Ap 0.00 0.00 0.00 0.00
otz 31.14 32.41 42.06 33.53
Ne 32.95 53.18 44 .26 44.70
Ks 35.92 14.41 13.69 22.30

Medium grade Na-fenites; Analyses No.1-3.
“High grade Na-fenites; Analyses No.4-13.
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PABLE 6.3. XRF analyses of Na-K~fenitized rocks of Koga
‘ syenites

Analyses No. 1 2 3 4 5
Sample No. Kn-276 Kn~-272 Kn-251 Kn-23 Kn-247
S10, 63.46 62.48 60.88 65.05 60.36
Ti0, 00,45 0.63 0.84 0.26 1.36
AL, O . 17.31 17.11 18.87 19.09 18.72
Fe, O , 4.17 - 3.96 4.17 0.32 4.19
Fel 0.00 0.00 0.00 0.00 0.00
MNO 0.15 0.14 0.15 0.00 0.08
Mg 0.37 0.60 0.55 0.47 0.00
a0 1.45 1.80 1.75 1.53 1.97
Ma, O 7.75 6.93 5.91 7.81 1 6.23

% ¥, O 4,37 4,97 5.84 G.13 6.17

« P, O . 0.11 0.12 0.16 0.10 0.16

v Total 99.59 98.74 99.12 98.20 99.2
C.I.P.W. NORMS

Qz 0.00 0.00 0.00 0.00 0.00
co 0.00 0.00 0.03 0.00 0.00
or 25.61 29.50 34.51 36.18 6.74
Ab 63.77 58,26 49,83 55.46 46.85
An 0.00 0.83 7.70 0.56 4,73
Lc 0.00 0.00 0.00 0.00 0.00
Ne 0.69 0.26 0.00 5.75 3.31
Ac 0.46 0.00 0,00 0.00 0.00
Wo 0.43 0.43 0.00 0.00 1.70
Di 4.43 4,99 0.00 0.00 0.00
0l 0.00 0.00 0.53 0.00 0.00
Mt 2.78 2.78 3.01 0.00 2.32
11 0.91 1.21 1.67 0.91 2.58
Ap 0.31 0.31 0.31 0.31 0.31
Qtz 44.72 44.72 44 .74 42 .14 43.23
Ne 39.12 39.12 32.00 36.75 32.86
Ks 16.16 16.16 23.25 21.11 23.91

142




Table 6.4. Analyses of unfenitized Nephiline Synite
recast in Cations per 100 oxygens anions

Proad . beee v

it )

41 1&. &l

0.5 £203, 28

Fgi 00, O 8, OO

Fir 00y, o 00, 2R

Mia 00, 1O O, 00

e £y, QO &7

REN ELLR i &l

(LS
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Table &4.53. Analyses of K-—fenites recast in cations per 100

oxRygen anlions.

Pavad Mool @ ) 4 5,

Bampas b e Mo, ko227

- 8341

.y e
i a7

Ti 0. 12 Oy, O34 O, 1A OO, O&T O, 097

(£} H1.0% 33 b BEO PR HEB 12,040

O .79 00, J45 00, 2O 00, BE2 Q2. 254

iy D0, 07 0D, 00 00, Uas OO, (G 00, 051

Fley 0, 00 (ISR R OO0, 418 30, OO0 S0, JR2E
G D0, HEd L A A D, bl OO, &HAS Ol.410

B 07 .81 07,068 06, FTO DY, 410 04, 5ER

. (RERICY! O, &O3 04 L 044 2%, EHOD 04,456

-
PR

L cprade R-ferndtesy 1,4

Mediuam grade E-fenitesid,S,6,7.

High oprace BEe-fenit

sy B,
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Table 6.5 Continued.

TR TS I T

I

Hample Mo, 24

b
B

s

B B

00, 0T

13, B

L A

LRI i

00, 289

01418

09, 154

R T )

~

fp 24

B 1 R4

O0,.1164

1EL S

LR Y}

D0, 028

3, D00

OO, 18

O8.1EE

05, RhHE

o259 0

S EET

DRI L

§ oy p e
Lo, &E

0. 4 b

Q0 ONg

0., 1&7

OU, F1d

08 405

Q4. 154

145

g
i1 4

., b4 ]
00, R6T

g e Sy
1. &25

D1 444

0, OEY

00, 295

01,840

09, 03]

Sh. 144
Q0. 168
13228
Ol.éHlé
00, 0473
00, O&7
QO GAHY
O, 192

04, 700

11

F =154

Q0. 297

12282

0l. 592

O, OFE

) . B

0. 048

O, G20
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Table 6.5 Continued.

1

YD I B [ B R e L ¥

Oy, OO

0y, 400

o0, 814

O, Q70

00, 184

12,07

O, 43

00, 057

OO, ETE

34

[ R

waLud

00, OR&

1E. 18

01 .5

00, O

PRI

O, 1731

O e

sd moeld £

146

1

B 29

w £

D0. 106

.......

05,743

16

ri-2é&

15, 90
1. LEO
O,

0. 000

07 . 426

0% . 568

17
Forr=1 04

Ae.

TEE
00, 108
12. 157
D0, 9457

OO0, D24

OO, 2Es

D0,
O, Fbnd

Oé, B0



Table 6.5 Continued

Pavel . Mo 18 1A

2k

Sampd e Moo B oy 1 OO L =3 R R A

v B0

27 405

I UHDY, £4F Oy, 1!

00, D04

3 Vi EE L A0 PTEELS 12,3578

L0300 o0, L 1s 00, 454 00, 205
It CHD L OO0 0, O gt CHY L, D10 250, 00
M) Q0 200 00, Q71 Oﬁnﬂﬁi 00, OO0
(Fen 0 BET B ) OO, FE0 Q) OO0
P O A8 0OF. 827 D& L LA 02, E57Y

I D, 738 07274 07, 101 10O
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Table 6.6 Analysis of Na-fenites recast in cations per 100

RYOQEn anpins.

B TR A L TN 1 W

Savnpa e Mo B

Ti 08, 207 O, O3

N 1O EEEE 1

O, 4528 £

SEb

0 OO, 107

o CNEE VE 490

. 7 1. 168

Fhre OO, 124 00, OFE O, 053

Filu Q05 6 00

o i) O, 2O

i O, THO 00, 2 D0, HEG

RF 0, 968 05

W 100G QD 47

b [ R 04, 193 OX. 13

Medium grade Ma-fenite
High orade Ma-fenitess

Both type fernites: 14,1

5 R Y8
Mo 302,

=16, 17, 18,

148

AL 9RT
00, 117
1@, 544
04 Bed
00, OAHT
00, 1 6B
D0. &7
08, 36

L I T

L

H

Fr-Zain
Fh. 128
DO, 214
12,060
OO0, &4

00,054

00, 655

Ol 1s

0%, G4

02,198

i

)
[

B, QRY
00, BOéd
105 DE0
02,540
00, 044
00,173
O T R
02,815

0d, 157



Table 4.6 Continued.

et . Mo

Hamp e Mo k-

Iy
My
{“a

)“-‘ &

. 207
Oy, DA
R
00y, OO0
0y, 1R
0, 10
o0y, Sl
3 GO

L BT

£y, bR

18,847

01 AL

Oy, O

00, ORG

(STAI A

€259, 00

ST A

pory--léb l

L TNV

O, 19

0 L HEAY
O
05, e

(RN

149

16

i 4

OO, Q20

14, 004

(RIN TP

0, Rl
00, RRE

Wi et 40

01,504

i

1Oy T

daty

Oéa, Péad)

11

Fori-R2EEA

RIEINYN)

O0.L 0]

g e
LR 7 7 e

OO, PEE
OO, OLE
00, OO0
DR, Q7

10, 445

02, ST

gy

&,

fry -2
B LEO
O, 042
12 EON
D0 . D00
Q0. 262
T
10, EHE

04, 140 3 |

-




lable 4.6 Lontinued.

Filieed o Bl LA 1 1y 1e 17 P

b —235 =27

Bampl e Mo, e

445 Y Bty AELD6A FE . 046 3h. 428 24,871
1i O, O O, 193 00, 275 00, 3454 0. 198 OO, 591

£ Lh, 860 11,616 11,610 12, 806 13,041 13, 750

0, (00 01, 786 0l.71é 01,106 00. 08O 0.8z

My 00, 024 D6, T 00, 048 00, 07 00,029, Q0. 039
My 00, OO0 00,514 0,515 00, 472 00, 000 00. 000
{a 00, H42 O, 884 01,140 01.079 0. 487 O, 21
M 10, DR OFL, 07.736b 06 . 596 08, 496 L. TR

b 04, S7E 0%, 474 O, A50 04, 2RE 04,3483 Q. S48
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ity -

ELEMENTS (ppm)

4 5
K~18B K-22
156 101
7983 297
- 23
79694 48149
57 47
56 33
92 66
4144 139
31 22
133 239
779 420
19 14

K-fenitized rocks

of

Representative analyses of Na-fenitized rocks of

TABLE. 6.7. REPRESENTATIVE TRACE
IN THE ROCKS OF KOGS SYENITES.

Analyses No. 1 2 3

Sample No. K-24 K-14 K~-25

Rb 134 104 122

Ba 2047 2387 1906

Th 5 6 7

K 61265 53129 60850

Nb 74 88 63

La 33 56 19

Ce 62 97 32

S 1695 2590 1289

Nd 21 32 13

AN 206 238 277

Ti 2818 3597 1199

14 20 24 19
1,2,3,4= Represetative analyses of

Koga.
5,6,7,8=
Koga.
9= Unfenetized nepheline syenite of Koga.
10= Mean of eight sovites of Koga.
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TABLE 6.7.

Analyses No.

sample No.
sovite

Rb
13.4

‘Ba

1527
Th
1.1
K
Wb
9.4
La
342
Ce
615
Sr
14542
Md
204
Y

Ti

77 .4

CONTINUED.

6 7 8 9 10

36028
44
56

101

39
301
1499

20

1147

739

57

152

49809

54

29

47

331

15

37772

35

58

213

15

274

899

16



TARLE 6.8. REE (ppm) ANALYSES OF ROCKS FROM KOGA
SYFENITES

Analyama No, ] 2 3 4 3
Sample NoO. [i~4 K-26 K-18R Ijolite Sovite
L.a 29.0 7.7 12.232 164.,4 332
(e 45 .6 8.5 28.704 326 744
Py 1.2 7.7 2.498 25.76 -
“m 1.5 5.4 1.273 21.5 37.4
R .52 L.62 0.288 6.77 11.5
(ar} L.22- 4,01 1.004 18.47 30.4
Ny 0.96 2.72 0,711 12.04 19.7
Hoy h, 35 .81 0.127 2.31 -
F 0.74 1.56 0.458 6.98 -
¥h n.44 0.9/ 0.36 3.71 5.8
T 0.08 0.15 0.559 0.568 0.8
'@/ Yh 65.90 39.27 33.98 44,31 57.0
La/Lu 262.5 251.3 21.88 283.4 415

1= Unfenitized nepheline syenite from Koga.
2= Na-fenitized rock of Koga.

<

3= K-fenitized Cape rock of Naranji Kadou carbonatite.

4= Mean of four ijolites from Koga.
h= Mean of three sovites from Koga, NW Pakistan.
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CHAFTER 7
SUMMARY OF CONCLUSION
The  main mineralogical and petrological conclusions  which

are chrawn from bhe work oe

ibed i this thesis are. as Tollows:

Lo The petrographic study of FKoga svenites suguests that the
roeke A the etudied ares are a@llali-granite, alkali-syernites,

nepheline syenites, ijolites, carboratites and ferites.

o Feroi bes are of  two bypes i . potassium—Ffenites,

LA O 5 0f these two types are also present.

A wmocliumeTe

A Thves magmat i Py e e shows normeal trend of
crystal lization from diopsidic to acmitic component while fenitic
pryrostene shows a reverse trend which is from acmitic to diopsidic

aricl/or hedenbergitic  compornernt.  The composition of pyroxene

ste Lhat the Fogs rocks have been intruded by  at

Tur e s

least two oo

4. The fenitic amphibole shows a trend  from maghnesio-—

aite  to rilchterite which is opposite to  the magmatic

arfyve
subeolidus trend, The amphibole composition shows an increasse  in
MO ratio with increasing intensity of fermitization and crystal-

izaticon of fernitic amphibkole under strong oxidation state.

e The magmatic alkali-feldspars in the kKoga syenites are
1€

low  &lbite amd maximum microcling while fermitic Na-fTeldspar is

arnmalowsly  low albite. The degree of orderness o low  albite
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ancreanea with tlhee ineres

Bing grade of fenitiration. The magmatic

albites ve Tormed abt abouwt 8O0 —1000 © while, the temperature For

the  fonmation  of  low  albite is  about ARO-500

1ak, the

beanpreer ko e ool feavitizing Fluids.

(oo The gshwdy of pyvrobole

. feldspars and geochemistry of the

Foge  syenites suagoges that the rocks have been intruded b &t
least two carbonatite intrusions which have different Na/k

ratics.  One carbonatite  dintrusion having  low Ma/k  ratic  is

exposed  at Maranii Fandaw while, the other intrusionm which has

Frigih Masle rabio ds mob expo oo /o omot observed by the author.

ilsd

Vo The o Tity  of Ma-fernitizaticon by the fluids

gnanating Trom the djolite intrusions has been raled out on the
bacsis of study of pyriboles, and geochemistry of the whole rocks

papecially trace elements and REE.

L A ]
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