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GEOLOGY AND CLASSIFICATION OF ACID MINOR BODIES OF
MANSEHRA AND BATGRAM AREA, HAZARA DIVISION, PAKISTAN

BY
MOHAMMAD ASHRAF
Glass and Ceramic Division P.C.5.1LR. Laboratorizs, Lahora
AND
M. NAWAY CHAUDHRY
Department of Geology, University of the Punjab, Lahore

Abstract: Seven fypes of acid minor bodics have been identified in the Mansehra and Batgram region af Hazara
division on the basis of their mineralogical composition and strictures.  The acid minor bodies classified are (1)
albitites, (2) aplites, (3) simple pegmatites, (4) complex pegmatites, (5) albitized or replacement hadies, (6)
composite bodies and (7) quartz veins.  Subclasses of these minor bodics are made possible by detailed field and
microscopic studies.  They are distributed in the area in such a way that each type has a direct bearing on the
site where it has crystallized. Three zones have been recognized (i) Interivr-lateral zone (1750-5500
feet above sca level, containing albitites, albite-aplites'pegmatites, albite-(microcline)-aplites jpegmarites),
(if) interior-marginal zone 5000 to 9000 feer above sea level containing albite-microcline-aplires pegmatites,
microcling-albite-aplites!pegmatites and some complex pegmatites) and (i) marginal exterior zone (over
Q000 feer abave sea level; containing mainly complex pegmatites). The acid miner bodics vary in thickness from
less than a centimetre to over 20 metres and in length frem one 1o 100 merres and occur as lensoid, lenticular
branching, pinch and swell, patch, pod, prygmaric, tabular bodies with regular and sharp boundaries and
irregular to diffused contacis in a few cases. Internal structure of the bodies varics from one 1ype to another.
Zonation is perfect in some pegmatites. In other types the texiural variation is marked from wall inwards.

INTRODUCTION The area studied for the acid minor bodies

lies between longitude 72° 56" to 737 23" E and
between latitude 34° 15" to 34" 45 N.  The area
is characterized by ils contrasting topography
{1750 to 10349 feet above sea level).

Earlier workers described in detail the geology,
structure and petrogenesis of the igneous and meta-
morphic complexes of the Mansehra and Batgram

area. The present work gives a detailed account of
the acid minor bodies. This is a part of the work car-
ried out as a suppliment to studies on geochemistry
and petrogenesis of the acid minor bodies. For
the problem under consideration every nook and
corner of the said area was covered to identify
different acid minor rock types keeping in view
their distribution, localization,size, shape, form, ex-
ternal structure, relationship with the host rocks
and internal structure.

Steep ridges
form an arcuate structure and enclose large alluv-
ium filled intermontane basins (Pakhli and Chhatar
Plains).

Geologically, the area (Fig. 1) is a small portion
of the northwest Himalayan mountain chain, and
is composed of semi-pelitic to psammitic schists
and quartzites which are associated with a plutonic
complex of granitic rocks of varying types and of



2

dilferent ages. The granitic rocks have been
grouped into the Hazara Granitic Complex (Shams,
1967). The various facies of the granites recognized
by Shams (1957, 1969) and Ashral (unpublished
work)are (i) the Susalgali granite gneiss. a thoroughly
gneissic variety covering about 859 of the granitic
complex, (i) the Mansehra granite—a p{:rph)-ril'iu
granitoid facies of the complex. (iii) the Hakle tour-
maline granite —a later non-porphyritic granitoid
with tourmaline as an essential mineral and (iv) the
Chailsar microgranite which is perhaps later facies
than the Hakle tourmaline granite and is more sodic.

The metamorphics of the arca have suffered Barro-
vian type regional metamorphism upto the kyanite

grade (Shams, 1967).

Structurally, thearea constitutes hard crystalline
core of a m.jor syntaxial loop of the north west
Himalayas (Wadia, 1931). The general strike of
this structure swings in an arcuate fashion (Shams,
1969). The Jhelum-Balakot syntaxial loop is

clozse by to the east of this area. Further west, is
located the Indus re-entrent. The strata show

inwards dip at different inclinations in the area.

Previously no detailed account on the occurrence
of acid minor boides has been given from the
Mansehra and Batgram area. Anyhow, a lili e-
information about a few their
mineralogy and chemistry have been given by Ali
et al. (1964), Khan (1964), Officld et al. (1966),
Rehman (1966), Sabri et al. (1967), Shams (1967,
1969), Farugi et al. (1968) and Calkins et al. (1968).
Recently Ashraf and Chaudhry (1974a, 1974b) have
given a detailed account of the occurrence of

pegmatites near Dadar, and quartz, quartz-ilmenite
and quartz-kyanite veins from the Manschra and

Batgram area.

OCCUrrences,

GEOLOGY OF THE ACID MINOR BODIES

The term minor bodies includes those rocks
ﬁrhiu:h_were formed from the alkalic and volatile
rich “melts and ~hydrothermal solutions derived

ASHRAF AND CHAUDHRY

after the formation of the granitic complex. The
acid minor bodies have been  classified and
differentiated on the basis of mineral composition,
form, size, relationship with the enclosing rocks,
internal and external structures. In the light of
the above facts the acid minor bodics will be

discussed under the following headings :

1. Typesof the acid minor bodies

2. Distribution and localization

3. Size. shape, form, external structure and
relationship with the enclosing rocks

4. Internal structure
1. Types of Acid Miror Bodies.

In the area under investigation, the major rock
types were determined on the basis of their mineral
composition.  This classification is based on
megascopic studies in the field, supplemented by the
microscopic identification for the finer-grained
minerals. All those rocks which are less than
1 to 2 mm in size are classified as finc-grained rocks
{aphtes and some albitites), 2 to 3 mm in size
medium-grained bodies (albililes and aplites) and
more than 3 to 4 mm in size as coarse grained bodies
(peegmatitic-albitites or pegmatites).  Classificalion
of the seven major types of acid minor bodies is
as follows :

1. Albitites

2. Aplites

3. Simple pegmatites
4. Complex pegmatites

h

Albitised or Replacement bodies
6. Composite bodies
7. Quartz bodies

These rock types are, in turn, further subdivided

as follow: : :
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1. ALBITITES
(i) Pegmatitic albitites (associated with the
granites).
(i) Medium grained-albitites (associated with
graniles).
(ifi) Fine grained-albitites (associated with the
metamorphics).
2. APLITES
A. Uazoned simple aplites ;
(i) Albite-aplites
{Albite-quartz-muscoviiz)
(i) Albite-(microcline)-aplites
{Albite-{ microcline)-quartz-muscovire).
(iii ) Albite-microcline-aplites
{ Albite-microcline-guarlz-muscovite)
{iv) Microcline-albite-aplites
(Microcline-albite-quartz-muscovite).
(B} Zoned complex aplite :

(i) Intermediate zone=Microcline-quartz
albite-(green mica).

= Microcline-quariz-
green mica-(albite-beryl).
(Hill).

{if) Core

3. SIMPLE PEGMATITES

A Unzoned :
(i) Albite-pegmatites
(Albile-quartz-muscovite).

(ii) Albite-(microcline)-pegmatites
(Albite-(microcline)-quartz-muscovite-
tourmaline-garnet).

(i) Albite-microcline-pegmatites
(Albite-microcline-quartz-muscovite-
tourmaline).

{(iv) Microcline-albite-pegmatites
(Microcline-albite-guartz-tourmaline-

garnet).

(i} 1. Outer intermediate zone =Graphic

{(iv) 1. Intermediate zonc

ASHRAF AND CHAUDHEY

B Zoned.

granite
1. Inner  intermediate zone — Muscovite-quartz.

IlI. Corc = Quartz

(Batgram).

(ii) 1. Outer intermediate zone—Albite-muscovite-
tourmaline-guartz.
II. Inner intermediate zone —Albite-muscovite-
quartz.
= Quariz-(alhite).
{Bagarian)

III. Core

(i} 1. Quter intermediate zone = Albite-muscovite-

quarlz.

1. Innerintermediate zone =Microcline

perthite-muscovite-
tourmaline-quariz.

=uartz
{Lassan East).

1I. Core

= Albile-quartz
muscovite-(biotite-
microcling-
chessboard albite).

I1. Core =Albite-quariz-
muscovite-tourmaline-
microcline).

(Lassan L ast).

(v) 1. Wall zone =0ligoclase-quartz-
muscovite-(garnet-

biotite)

II. Outer intermediate zone=Albite-quartz-
muscovite-microcline-
biotite),

I11. Tnner intermediate zone—Albite-quarte-
{microcline-muscovite-
garnet).

V. Core =uartz-{muscovite-

microcline).

{Baleja South).
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(iv) 1. Intermediate zone - Microcline-albite- I1. Core =Quariz,
quastzlonrmalise. Prneumatalytic =Cleavelandite-
1. Core = Tourmaline-quartz. siage muscovite-beryl-
(Batgram Northeast), tourmaline.
4. COMPLEX PEGMATITES Hydrothermal =K aolinite-sericite.
stage
A. Unzoned :
Dadar).
(£) Microcline perthite-albite-quartz-muscovite ( )
ine-beryl).
(tourmaline-beryl) (Baleja, Chailsar) (iii) Pegmatitic stage :

1. Border+wall —Alhite-guartz-
B. Zoned Symmetrical :

zZone (tourmaline-
(i) Pegmatitic stage : muscovite).
I. Bordertwall —Albite-micro- II.  Intermediate  =Microcline per-
zone cline-quartz-mus- zone thite-(muscovite).
covite-(tourmaline). 1L Core itz

II. Outer inter-

: . : Preumatolyiic stage =RBeryl
mediate zone = Microcline perthite-

muscovite-quartz. H_'.'dmrharma! sfage =RKaolinite-zericite.
111. Innerinter- : :
- : : Rajdhawari).
mediate zone  =Microcline perthite- (R ri}
quartz-(muscovite-
garnet). C. Partially Zoned Symmetrical ;
V. Core :Quar??_-{garrli-‘l- (i) Pegmatitic stage :
muscovite).
et I. Border+wall =Albite-quariz-
Replacement =M usc_n:u ie-beryl- zone (muscovite-tourmali-
stage tourmaline. o
othermal == Kaolinite. » :
Hds Intermediate zone  =Microcline per-
stage :
& (Baleja). thite-quartz-(mus-
covite).
(i) Pegmatitic stage : - _ '
) III. Core =Microcline  per-
1. Border+wall = Albite-quartz- thite-guartz,
zone muscovite-(tour-
maline}. Pneumatolytic stage = Bervl-cleavelandite
tourmaline.
1. Intermediate =Microcline per- B -
: : Hidrothermal stage = Kaolinite-sericite,
Zone thite-muscovite-tour-

maline-granet. (Chailsar).
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{(if} Pegmatitic stage : line-microcline per-
. . . thite.
l. Border-+wall =Albite-microcline L
zone (western) perthite-muscovite- Hodrothermal stage  —Kaolinite-sericite
i biotite). { Baparian).
1I. Intermediate =Microcline per- (i) Pegmatitic stage :
P 2
FOME thite-albite-quartz- .
; q_ 2 1. Border + wall =Albite-quartz-
imuscovitc-biotite), e (muscovite)
1. Core = Microcline perthi- 1 o e
te-smoky guartz- At perthite.
(albite).
111, Inner interme- — Microcline
Pneum tolvtic stage —=WBeryl-cleavelandite- diate zone perthite-quartz
_Quariz-
tourmaline. (muscovite)
Hydrothermal stage =Kaolinite-sericite. IV Cote —Quartz
(Chailsar). Preumatolytic stage - Bervl-blibinite-tour-

D. Zoned Asymmetrical : maline-garnet-muys-

covite,
(i) Exgmatitic slage:: Hydrathermal stage  —Kaolinite-sericite
I.  Border+wall - Albite-quariz- { Rajdhawari)s
Zone tourmalinge muscovite.
Cacitern) 5. ALBITIZED OR REPLACENENT BODIES

iI.  Outerintermediate (i) Oligoclase- quartz-muscovite-biotite),

Zone =Microcline perthite- (Oghi South).
(muscovite). : :
(i) Albite-quartz-(muscovite).
1. Inner intermediate )
zone =Microcline perthite- (Jalgali).
(muscovite-quariz). (fii) Albite-quariz-{(muscovite-tourmaline)
V. Core = Quartz, (Jalgali),
V. Inner Interme- —Albite-quartz- (fv) Albitc-guartz-(bistite-sphene-apatite).
diate zone (muscovite). (Susalgali)
salgali),
V1. Outerinterme- —Graphic granite, (v) Albite-{quartz-muscovite-chlorite--apatite)
diate zone i Susaleali).

Vil. Border—wall =0lizcclase-

H 6. COMPOSITE BODIES
Zone {gastern) muscovite.

(i) Pegmatitic-albite, albite-aplite, albite-

Preumatalytic stage  —Bervl-columbite- i i : :
microcline-aplite pegmatite.

samarskite-muscovite-
garnei-tonrma- (Lassan).
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(if) Fine to medium grained-albitite, layered-

albitite, layered-aplite, albite-pegmatite.
(Batrasi R.I1.).

(iif) Pegmatitic-albitite, medium-grained-

albitite.
i Batras,
Mansehra).
(iv) Pegmatitic-albitite, medium  grained-
albitite, albite-aplite.
i Mansehra).
(v) Pegmatitic-albitite, medium  grained-

albitite, albite-aplite, albite-{microcling)-

aplite. (Seri).

(vi) Pegmatitic-albitite, —medium  grained-
albinite, albite-{microcline)-aplite.

{Jaba).

(rif) Albite-(microcling)-pegmatite /aplite. fine
grained and pegmatitic-albitite (xeno-

liths).
(Phulra).

7. QUARTZ BODIES
(i) Quartz
(Chitta Batta).
{ii) Quartz-ilmenite
(Giddarpur).

(i) Quartz-kyanite-{muscovite-

chlorite-hintite).

{Shahidpani).

2, DISTRIBUTION AND LOCALIZATION

Late magmatic acid minor bodies have intruded
the Hazara granitic complex and the metamorphics.
They are distributed in the area (Fig. 1) in such a
way that they have direct bearing on the place

where they have gotl crystallized. Heinrich (1963)

recognized three distinel zones for the formation of
pecmatites : they are interior. marginal and exterior.
Tn the area under investigation three zones have
heen recognired by the present workers according
to the height above sea level as (1) interjor-lateral
zone between 1750 to 3300 feet above sea level (i)
interior-marginal zone between 3000 w 9000 feet
above sea level and (iii) marginal-exterior zone over
GO0 feet above sea level. Albitites, albite-aplites/
pegmalites,  alhite-{microcline)-aplites pegmatites
are characteristic bodies of interior-lateral zone.
Albite-microcling,  microcline-albite-aplites  and
peegmatites  are  dominantly present in  the
interior-marginal zone where simple and complex
pegmatites both unzoned and zoned are also present.
But in the marginal exterior zone domimantly
complex pegmatites have been observed. There-
fore, the distribution and localization of these
bodies

acid minor are  discussed here under

accordingly.

(i} Alhitite; :
albitites are present in the granites while the fine-

All medium to coarse-grained

grained varieties of albitites are met within the
metamorphics in the interjor-lateral zone mostly
along the foliation plane and rarely along the

joints.  The albitites are mainly present within the
Mansehra granite and the associated metamorphics
while there are scanty bodies associated with the
Susalgali granitc geneiss  around AhlGiddarpur
(South), Jalgali and Susalgali. Some of the albi-
tiles oocur as comopsite bodies, they are pegmatitic-
albiiite, medium-grained-albitite and albite-aplite
(Seri, Manschra), and also as composite bodics

with albite aplite, albite-microcline-aplite
and pegmatites (Lassan). The albitite bodies
associated with Mansehra granite and the

metamorphics are concentrated near the following
localities :© Seri, Batrasi, Jaba, Chitta Batta (INE),
Maira, 1. Ali, Mansehra, Lassan and Manglour.

(#) Aplite, : They occur as independent and
composite bodies which may be massive, sheared,
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lavered and ptvematic, mostly associated with the
Their occurrence in the metamorphics
is rare, thin and poorly developed bodies are
generally present near the contact. The albite-
aplites are present only in the southern most portion
of the area in the lower interior-lateral zone where
microcline bearing aplites are rare. The albite-
aplites occur near Seri, Batrasi, Jaba, Mansehra
and Shaikhabad. The minor microcline bearing
aplites occur in interior-lateral zone near Seri,
Jaba and Suthangali. The microcline rich aplites
occur in the same zone near Jalgali, Baparian,
Phulra and Lassan. Only one complex zoned aplite
was found in the interior-marginal zone near Hill

granites.

in the metamorphics.

(i) 5inple pegmaritzs:  They are most exien-
sively developed all over the area from a stringer
o over 0 feet thick bodies. Unzoned simple

pegmatites are abundantly present but zoncd

simple pezmatites are also not uncommon in the
granites as well as in  the metamorphics. The

albite (microcline)-and  albite-microcline-

albite,
pegmatiles are very commaon in the Susalgali granite
gneiss in the interior-lateral to marginal-exterior

zone. In Manschra granite (interior-lateral zone}
the pegmatites are less common it rather has
dominant albite-pegmatite and sometimes  albite-
(microcling)- pegmatite types. The amatites
associated with Susalgali granite gneiss occur near
Baleja, Batgram, Rajdhawari, Bagarian, Jalgali,
Ahl, Oghi(ME)., Oghi (South), Dadar, Batial-
Batgram Road, Phulra and Susalgali ctc. The
pegmatites associated with Manselira granite occur

near Seri, Batrasi, Mansehra, Lassan, ete.

Simple small pod like bodies (Fig. 17) are
widely developed in Susalgali granite gneiss in the
area northwest of Batgram. The same type of bodies
are met near Oghi in the Susalgali granite gneiss
amnid a few occur in metamorphics near Rajdhwari.

ASHRAF AND CHAUDHRY

(iv) Complex pegmari;es : They are not zo
extensively developed as the simple pegmatites.
They are emplaced in both Susalgali granite gneiss
and the associated metamorphics as interior-mar-
ginal and marginal-exterior bodies, The pegmatites
of Bagarian (Fig. 13). Rajdhawan (Fig. 4), Hawagali
and Dadar (Fig. 12} are interior-marginal while
those occurring near Baleja. Chailsar and Shahid-
pani are marginal exterior.  Most of these
pegmatites are completely zoned both symmetri-
cally and asymmetrically. The unzoned varieties
are also found in the same localities.

(v) Replacement bodies @ They ccour usually
inthe § salgali granite gneiss as irregular to pseudo-
piygmatic bodies (Fig. 4.). It is seen that the
replacement is volume by volume and the original
structure of the granite still persists.  Apart from
relict structure of the rock and dominant change in
mineralogy biotite persists as golden to dark col-
oured flakes. Mostly there is sodium metasomatism
of the granite gneiss but at places boron metasoma-
tism also occurred as another phase to give rise to
tourmaline. The replacement bodies are domi-
nantly present in the area around Qghi (South)
Jalgali, Bagarian and Susalgali at a height around
4000 to 6000 feet in the upper interior-lateral zone
to lower interior marginal zone,

(vi) Compuosite bodies = They occur mostly in the
Mansehra granite and the associated metamorphics
in the interior-lateral zone. The pegmatitic-albitite,
medium grained-albitite and aplite tvpe composite
bodies (Fig. 15, 16) occur near Sen, Jaba, Mansehra
and Batrasi. The pegmatitic-albitite, albite-aplite,
and albite-microcline-aplite pegmatite type bodies
occur south of Lassanon a new road cui. The
layered-albitite, layered-aplite. and albite-pegmalite
type bodies (Fig. 21) occur just south of Batrasi rest
house (R.H.).
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Figs. 1-11.

i Unzoned simple lenticular pegmatite with xenoliths of albitite in the lower bleb like portion (length of
the body is 40 metres). 2, 3-thick (1 metre) aed thin (10 cm.) ptygmatic bodies near Jalgali. 4-Replacement
body 15 to 20 ¢cm in width and 3 to 5 metres in length. 3, 6,7, 8, 9-Tabular and lensoid albitite and aplite
bodies, their sizes vary from stringer to quite sizeable bodies (upto 20 metres thick) having sharp and
concordant behaviour. 10-Zoned tabular pegmatite with distinct core of tourmaline and quartz (size
10 cm » 100 metres). 11-Simple unzoned lenticular pegmatite (50 cm to | metres wide and 2to 3
metres long).
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(vif) Quariz veins : They are very widespread
in the area both in the granites and the metamor-
phics. They occur as stringer like veins, in 1ension
gashes, in joints and along the foliation plane mostly
in the interior-lateral zone. One of the most
important quartz veins occur, near Chitta Batta.
This vein is quite extensive and is present in  the
Manschra granite, upto 10.5 metres thick body on

plygmatic, tabular ete., bodies usually with regular
and sharp boundaries but in a few cases irregular to

diffused contacts. The acid minor bodies and the

related rocks. could be reviewed in the light of
classification suggested by Ginsburg (1928), Jahns
(1955) and Edelman (1968). In the light of their
classification the acid minor bodies are discussed
separately as under :

the road cut, which after about half a kilomerre
enters into the metamorphics where it thins out
and branches off into two wveins almost parallel
1o cach other. Other quarts wveins occur ncar
Giddarpur. Jaba, Battal, Dadar and Mansehra.

(i) Almost all types ol albirite and aplite bodies
tabular and lensoid
(Fizs. 3,6,7,9) as they are formed along the foliaton

present in the area are

plane of the granites and the metamorphics. The
foliation plane of the major bodies is less than 25°
to B0° and even exactly %0° in some cases,
of the bodics are dyvke hke.

The ilmenite bearing quartz veins are present
in the metamorphics near Giddarpur and Oghi (NE).

Some
The stringer types

. s z - f e ¢ in the granitic ks whi -
The quartz-kyanite pegmatitic veins (Fig. 19) are quite common in the granitie rocks while streak

; S types occur in the metamorphics particularly
occur in the metamorphics generally along the folia- ¥pe phics § Iy in the

quartzites. The stringers are seen to occur along as

tion planes near Shahidpani, Giddarpur (West) ete. ; "l
well as across the joints.

The streaks are also seen
almost parallel o the foliation of

quartzite. The usual sizes of albitite and aplite

ornented
3. SIZF, SHAPE, FORM, EXTERNAL

STRUCTURE AND RELATIONSHIP WITH

THE ENCLOSING ROCKS bodies are gencrally between 1.5 to 10 metres wide

and at places, are exposed for some five to sevenly
meiers in length but full length of the bodies is not
exposed In many cases due to cover of alluviom.
Most of the bodies emplaced in the granites are

The acid minor bodics vary in thickness from
less than a centimetre to over 20 melres as lensoid,
lenticular branching, pinch and swell, patches, pods,

Figs. 12-22,

12-Dadar complex zoned pegmatite, about 6 metres long (wall-| border zone on the left, outer inter-
mediate zone with relicts of microcline, inner intermediate zone of microcline and core of quartz).
13-Bagarian asymmetric complex zoned pegmatite about 75 metres long with thin wall 4+ border zone,
outer intermediate zones, inner intermediate zones, quartz core and C- columbite, S=samarskite
B=beryl, | =muscovite. 14-Rajdhawari complex asymmetric zoned pegmatite about 80 metres long with
ouler intermediate. inner intermediate zone and quartz core. 15,16-Composite pegmatitic-albitite, medium-
oarained-albitite, or albite-aplite (sizes of the bodies vary from 12 to 20 metres by 8to 10 metres). 17-Simple
I-md pegmatite near Batgram (size 10 mm. to 13cm). 18-Composite pegmatitic-albitite, albite-aplite, albite-
microcline-aplite pegmatite. 19-1 ensoid quartz-kyanite body about | x3 metres in size. 20-Lensoid to
lenticular simple zoned pegmatite near Batgram, with outer, inner intermediate zones and quartz core
ahout 5% 25 metres in size. 21-Composite layered albitized-layered-aplite and albite-pegmatite body near
Batrasi R.H., its size is 60 x 100 metres. 22-Tabular zoned simple pegmatite near Baigram showing
different zones, its outer intermediate zone is sheared and the body is faulted.
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concordant and their contact is very sharp as shown
by fairly large number of albititic and aplitic bodies.
Slight chilling is also observed at places in the
albitites. The finc-graincd
emplaced in the metamorphics show gradational
contact as seen in the bodies near Manglour, Lassan,

albitites  which  are

Batrasi and Giddarpur. At some places like Jaba
and Seri due to much shearing and crushing around
the contacts of albitite and granite a sort of grada-
tion into cach other is seen.  On the whole albiutes
occur  as compact, layered,
shearcd (Fig. 21), and welljointed bodies.
albitites and aplites
associated, showing either a gradation or a sharp
seen near Seri, Jaba and Manschra.

handed,
Buoth
closely

MAsSIYE,
are  somelimes

contact as
Those albitite bodies which have sharp contact
with the host rocks show fairly uniform composi-
tion right from the contact towards centre because
there is hardly any exchange of material across the
contact. The irregular shape of albilites in the
metamorphics is due to sodium metasomatism of
the host rock just around them and diminishes away.
The sheared contacts of some albitites and aplites
particularly in granitcs show that the intrusion
was forceful and the exchange of material was
negligible, The contacts in composite pegmatitic-
albitite, medium-grained-albitite and albite-aphte
are usually very sharp (Fig. 168) as the grain size
suddenly changes from coarse to medium e.g.,
Seri, Jaba, Batrasi and Manschra.

(if) The simple and complex pepmarites occur
along the foliation planes of the host rocks and the
joints, These pegmatites show a spectacular variety
of forms such as tabular Figs. 10,22), lensoid,
lenticular (Fig. 20), branching, pod (Fig. 17), pinch
and swell and plygmatic (Fig. 3) etc. They occur as
individual strinpers and swarms, particularly the
simple pegmaliles occur as swarnms ranging in size
from siringer to sizable bodies. They commonly
occur as concordant and discordant bodies. Some
bodies may be concordant at one end and discordant
at the other.

ASHRAF AND CHAUDHRY

I'he simple pegmantes are both unzoned (Figs,
I, 11) and rzoned (Figs. 12, 22). The latter type
is quite abundant in the northern area. The tabular,
lensoid and lenticular bodies occur mostly mn the
larger sizes, but the pod, pinch and swell and
ptygmatic types are usually of small sizes. The
pod pegmatites particularly cccur as round to oval
shaped bodies from less than 10 mm to around 10 1o
15 em. The prvgmatic hodies oceer as small as
5 mm thick and very occasionally thicken upto 2
metres. The pinch and swell bodies have lengths
of 10 to 20 metres. The tabular, lensoid, lenti-
cularand branching type bodies are 0.4 1o 1.5 metres
thick but 1.5 to 3 metres thick bodies are usually
common, cven the thicker bodies 16 to 20 metres
are not uncommon. Their length as recorded
varies from tens to more than 100 to 130 metres.
Most of these pecmatites show internal foliation.
The simple peemarites on Baffa-Battal road and Ahl
are mostly massive or slightly foliawd bodies which
are sometimes crushed. The simple pegmatites
around Mansehra are mostly bimineralic as seen in
the handspecimens.  These are usually associated
with aplite or albitite. The zoned simple pegmatites
occur from 4 cm to 3 metres thick bodies usually
developing two to three zones with a length
ranging from % to more than 50 metres.

(iii) The complex pegmarites  occur mostly as
zoned (Figs. 12, 13, 14) bodies with a few unzoned
and partially zoned bodies. At most places the
complex bodies occur in groups of one to three and
swarms are only met in the Chailsar area where
more than fifteen bodics have been recorded in
aboul one square kilometre. Generally the complex
pegmatites are 1.5 to 30 metres wide, but those oc-
curring in Chailsar are from a siringer to mostly
| to 5 metres wide and about 17 to 80 metres long.
The Chailsar pegmaltitcs are usually tabular and
lensoid bodies. Their contact with the host rocks
is usually sharp. The two asymmetric complex
zoned pegmatites near Bagarian and Rajdhawari
are the largest so far recorded in the area as their
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dimensions are 30x 75 metres and 20 x 80 meires
respectively. The Bagarian pegmaltite (Fig. 13)
shaped body. The
Rajdhawari pegmatite is a lenticular body and
branches into stringers (Fig. 14). The Dadar
pegmatites are zoned. as shown in Fig. 12, and have

15 doubly convex lens

sharp contact with the surrounding metamorphics.
Some of them are tabular and pipe-shaped. The
unzoned pegmatites are generally 7 to 11 x 90 metres
in size with the same tvpe of shape and form as
found in the other pegmatites.

(iv) The replacement badies are pseudopiyg-
matic, irregular (Fig. 4) and tabular with sharp
to diffused owlines. The replacement of the
granile is usually irregular and the contacls are
therefore, diffused. The pseudoptygmatic appea-
rance of some bodics is due to contemporancous
ptygmatic folding of the surrounding rocks and the
the ptygmatic bodies. These ptygmatic bodies
are 2 (o 5 mm lo over 2 metres thick and may be
upto 20 metres long in some cases. Particularly
interesting replacement bodies have tabular shape
which are usually 1.5 to 6 metres into 10 to 20 metres
in size.

(v) The composite badies are the combinations
of tabular to lensoid bodies. The Lassan compaosite
body is 15 to 20 em thick as pegmatites and aplites,
tabular and sheet like and 1.15 metres thick as
lensoid albitite (Fig. 18). The Batrasi composite
body Fig. 21) is tabular layered and branching
type. It is 60 x 100 metres in size near the top and
is not fully exposed all along its length due to being
covered by alluvium and debris.

(vi) The quariz veins occur either as simple
guartz bodies or as quartz-ilmenite and quartz-
kyanite-muscovite-chlorite They are
present as veins and lenses in the granites and
in the metamorphics. They have always very
sharp contact with the host rocks.  Usually the
quartz veins and lenses are from stringer to 2 metres
thick. But the Chitta Batta body is quite sizeable

bodies.

10.5 metres wide near this village and about one
kilometre long and branches into two bodies while
entering the metamorphics.
muscovite-chlorite bodies

The guartz-kyanite-
are discontinuous to
1.5 metres wide and some 2.5 to 7 metres in length
lensoid bodies (Fig. 19). The quartz-ilmenite bodies
occur as lensoud to tabular veins and lenses, about
1.5 to 2 metres wide and about 3 to 7 metres in
length.

4. INTERNAL STRUCTURE

The internal structure of the acid minor bodies
varies from one type lo another. Zonation is
perfectly developed in the pegmatites where minera-
logical changes from one zone Lo another are pro-
nounced. In some other type of bodies the
textural variation is marked while zonation is well
developed to poor. Most of the apparently unzoned
bodics are texturglly different from the walls inward.

{i) Albitites : Most of the albitite bodies are
unzoned where the mineral composition and texture
from wall unchanged except
minor secondary variations. In the albitite bodies
which are emplaced in the metamorphics, an
irregular border ~wall zone is formed due to sodium
metasomatism and a uniform zone is present inside.
These albitite bodies are present near Maira J.
Ali. Giddarpur, Jaba, Manglour, etc. 'The border +
wall zone {about 10 to 35 cm thick) in these bodies
is very fine-grained with some coarser grains of the
metamorphics while the main body is usually
1.75 to 7 metres thick and is fine to extremely fine-
grained. The albitites do show zonation (Figs.
15, 16) in those bodics which are emplaced in the
granites. In the bodies of Seri, Mansehra and
Batrasi a zone of coarse-grained (pegmatitic)
albitite is developed from the wall inward and be-
comes medium-grained having sharp contact with
the former (Fig 13).
to lensoid in some cases and concentric o irregular
in others. These bodies are symmeirical as well

inward remains

This sort of zonation is tabular
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as asvmmetrical and sometimes composite with
aplite (Fig. 16) or with aplitc and pegmatite. The
thickness of the different zones is from 1.5 to 3
metres. There 13 no evidence of internal replace-
ment of minerals except the development of
chlonite along the sheared portions.

(ii) Aplites in the area are completely unzoned
and have uniform composition everywhere in the
body. They have minor albititic lenses or pods
at places. Sometimes
the pegmalilic pods having mineral compostion
albite, quartz and muscovite.

the aplites also enclose

(iii) Simple pegmatites are both unzoned and
zoned (Fig. 9). The simple unzoned pegmatites
occurring in the interior-lateral zone are mostly
compact, massive and are non-sheared. But
many larger unzoned pegmatites are sheared and
foliated (Fig. 22) and occur in the upper interior-
lateral zone to interior-marginal zone. They do
show a fine-grained border and wall zone texturally
quite different from the main pegmatites. The
main pegmatite bodies are usually sheared and
foliated in the form of bands forming a sort of uni-
form texture possibly due to the readjustment which
took place amongst the minerals during the shearing
thus feldspar, quariz and tourmaline are evenly dis-
tributed in most bodies. The fabric of these rocks is
coarse lo very coarse-grained, where the coarsest
minerals have been rounded off and in most cases
fine to mediom-grained materials have been filled
in between. The shape of these bands is usually
lenticular or tabular and their thickness varies
This tvpe of pepmatite
Batgram

from 3 to 20 cm or maore,
occur dominantly near Oghi, Jalgali,
and Phulra.

The simple zoned pegmatiles have wo Lo
four well developed zones. The grain size in
different zones of these pesmatites varies widely.
In these pegmatites if the wall and border zones
arc present they are fine to medium-grained and

ASHRAF AND CHAUDHRY

foliated as the mica flakes align themselves parallel
lo the contact. The border-| wall zones are usually
less than | to 3 mm in thickness and are disconti-
nuous, In the border and wall zones thc minerals
arc usually quartz, feldspars and muscovite. In
the succeeding »ones the grain sizc becomes coarse
lo very coarse. In thin zoned pegmatites like
those of Lassan (NE) and Balgja (South) the grain
size varies between 2 to 15mm and may increase
locallv. The Batgram and Bagarian pegmatites
have very coarse-grained intermediate zones. In
one of the Batgram pegmatites (Fig. 20) the indivi-
dual erystal size may reach 10 to 36 cm or more in
the intermediate zone. The zones in relation to one
another have sometimes sharp to slightly irregular
and sometimes quite undulatory contacts. The
shape of the zones is tabular. lensoid and branch-
ing type. In the pod pegmatites of Batgram
(Fig. 17) the tourmaline and quartz concentrate in
the cenire like some thin pegmalites of Lassan (NE).
Replacement is not very common in these pegma-
tites, only tourmalinization of certain zones takes
place.

(iv) Mineralogically complex pegmatites are the
most well developed and thick zoned bodies (Figs.
12, 13, 14). In all the pegmatites the zones are quite
distinct and measurcable in metres. These zoned
pegmatités occur as asymmelric and svmmetric,
partially to fully zoned bodies.  Almost all of them
show pneumatolytic to hydrothermal modification
of the zones. WNearly three to six zones have been
recognized in these bodies, e.g. Bagarian pegmatite
has six zones (Fig. 13) : Rajdhawari (Fig. 14),
Hawagali and Chailsar have three and Baleja and
Dadar (Fig. 12) have four zones. Their complete
details are given in the prezeding pages.

(v) The replacement bodies as mentioned-
previously are present in the Susalgali granite
gneiss only. There is relict gneissic
textural arrangement in them.

internal
They arc mostly
bodies as
compared to their crenulated boundaries which

of uniform composition within the
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have definitely the mineral composition approaching
the gneiss.

(vi) Composiie bodies The internal structure of
the albititic composite bodics has been mentioned
under albitites, whereas the internal structure of
the composite albitite-aplite and pegmartites near
Lassan is worth mentioning here. The albinie
of this body on its border is albite-aplitic and be-
comes pegmatitic inward which laterally changes
into tourmaline bearing albite-aplite (Fig, 18, a) and
then in a further lateral extension 1t becomes a zoned
pegmatite in the centre of aplite (Fig. 18, am) and
aunzoned pegmatite on the upper and lower margins.

The texture of these bodies is very contrasting as
observed in the field.

(vii) Cwartz veins occur as uniform bodics
throughout their width and breadth. The quartz-
ilmenite veins are similar to quartz
with non-uniform distribution of ilmenite in the
quartz bodics.
chlorite bodics-there is partial development of the
zones. In the outer zone there are quartz-kyanite-
muscovite and chlorite relatively more than  the

Veins

In the quartz-kyanite-muscovite-

inner zone where quartz is much more abundant
(Fig. 19).
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Abstract : A geological map of a part of the Malakand Agency and of Southern Dir District covered by the

toposheet No. 38 N/14 is presented.

Succession of rocks of the area has been worked out.

Detgiled petro-

graphy of all the major units of the area isdescribed.  Six modal analyses of the pelitic rocks, fifteen modal
analyses of the caleareous rocks including marbles, six modal analyses of the amphibalites, thirteen modal
analvses of the Malakand granite gneiss and twenty seven modal analyses af the Malakand granite are

presented.

is presented.

INTRODUCTION

The area studied is covered by toposheet No.
38N/14. The area lies in the Malakand Agency
and the Southern Dir District. Malakand is the

headquarter of the agency. The area is traversed
by a metalled road and a number of unmetalled

roads. A small part of the area was mapped earlier
by Chaudhry et al. (1974). The present work
involved a total field work of over four months

followed by laboratory studies and subsequent
field checking of about three weeks.

Presivus Work : Tipper (1906) described the
rocks penetrated by the Malakand tunnel, as mica

Twelve chemical analyses of the granites were done. Petrogenesis of the rocks of the area

cchists on either side of the tunnel and a uniform
Hyden (1915) described the
rocks between Dargai and Malakand as chiefly
the hornblendic schists. much foliated, crushed and
full of quartz veins. According to him, these rocks

granite in the middle.

are replaced by granite on road to Chakdara,
According to Gulzar (1964) the Malakand granite
is surrounded by schistose rocks which include
garnet mica schist with bands of pure coarse-
grained-limestone and hornblendite to the east and
mica gneiss in the southwest and north. The
intrusive body contains xenoliths and inclusions of
mica calcareous schists.
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Saleemullah  and  Rizvi (1964) of Punjab
University after geophysical survey found a sharp
anomaly near Laliband which lead them to conclude
the emplacement of granite as being laccolithic.

A part of the Malakand Agency was mapped
and studied by Chaudhiry et al. (1974).

REGIONAL GEOLOGY

Following regional geological set up of the area
can be formed from the avaiiable informations.

The area falls in the southern part of Attock-
Hazara Area of Pakistan folded arc.
most probably a part of the external flank of the
Himalayan meganticlinorium. It is composed of
Attock Slates of Precambrian age, with a few
limestone and sandstone intercalations at places.
The area is cul by a number of intrusions (Wadia,
1935 : Sokolov and Shah 1966). Bakr and
Jackson (1964) in their geological map of Pakistan
have marked the area occupied by the Arnock
Slates as eatending from far bevond east of
Malakand upte Landi Kotal towards west.
Ahmed (1969) believes that the slates extend far
into Afghanistan. 1f the above authors are correct
then the Malakand metamorphics are high grade

The arca 15

metamorphic facies of the Attock Slates.

Towards the north is the amphibolite and basic
complex {Chaudhry et al. 1974b) and towards south
extend metamorphics  (chlorite-biotite-muscovite
schists, quartzites and parnct-mica schists) and
uliramafic complex of Harichand (Uppal 1972),
The complex is composed of large bodies of
harzburgite with small outcrops of dunite rock.
These bodies are partially surrounded by peridotite
rocks.

To the north lie ortho amphibolites and para
amphibolites (Chaudhry et al., 1974) and 1o north
east is the hornblendic group (Martin et al.. 1962).
They are intruded by intermediate and basic complex
{(Chaudhry et al., 1974 b). Further norih occur

CHAUDHRY et al

Cretaceous and Eocene metasedimentary rocks

(pelitic, caleareous, marly and quartzitic) which are

intruded by later granites, granodiorites and
diorites. MNear the Lowari pass occur granite
gneiss and quartzitic and pelitic rocks. In the

follwoing 15 presented a generalised sequence of
rocks according to their relative ages.

(6) Amphibolites (Metas)

Main ortho amphibolites and some dikes
of ortho amphibolites..

(5) Granites (Igneous)

(@) Malakand
and aplites.
(#) Malakand granite gneiss
(4) Amphiholites (Metas).
Para-amphibolites and some ortho-amphi-
bolite dikes.

granite, with pegmatites

(3) Calearcous Rocks (Mctas),
Calcareous schists and marhles,

(2) Aremaceoys Rocks (Metas).

(1) Pelitic Racks (Metas).
Garnet-mica schists, with minor calcareous
beds and bands,
Biotite-chlorite schists

REGIONALLY METAMORPHOSED ROCKS
Pelitic Rocks

The regional metamorphism of pelitic rocks
ranges from biotite to garnet grade. Pelitic rocks
include biotite chlorite-muscovite schist and sarnet-
mica schists,

Biotite chlarite muscovite schists. These are
extensively developed in souithern part of the area.
The southern side is in contact with alluvium but
in the north these rocks are in contact with the

garnet-mica schists.



=3

( pL $¢ 123yg) Turipen) puee|e jo depy [edidoodny [ ‘Fig

N
LSIHOS v¥aIm
E-73 ciweno w suizievno [aresane 3umvas owvavivn [ 7]
5 318HYM ONY
11108IHdNY ~N ﬂ = _
V//// ST SSIIND FLMYEO WONYIYN [+ -
= L

15IH3S 3Li018 S Siline: ou g
FLIA0ISNA° ILINOIHD YAYAXES(E

LSnmu] ——y—— IAMiS * 410 11: 3LiZLEvYND

LINY 3 cmm MAIANTIY

=]
B15IMIS ﬂ

[ L1 T R —
JNiIMAYSd= 2141734

LSIHIS ¥JINW LINHYD

anN3931

ELITALS UL T T i ! ! T | ] AT ] e
R Tprddem 530 ¥ t [ o 2 v 8 w sonbisng

| o]z
of £ - "
e FL .7 717 7 A
. e
LA LA AT

a5 svlt
= _ " 1 o5 LY . -ehn

S e A e U O e B = L

e

X
ONVYEMNIN

+
113

™

X

AW,

LRGN

IR

LN |
NN NN

ey

LN TN

NN

-nl\ .
1y

b zlfo».#

S g =

5

ii&
il

gl//
ﬁl
b=
S

..__.Hanz«o & - \ ey i
S | [ Y
S ' — = -
- . \no.. . = Lr__ M,\ I J.\||b
Lol YIOONVYVE 19NV LY [ liz L|—|_|_-|_|¢u|l —
1| ER . il I L= T I P e
—1 = 1y — p— =,




‘GEOLOGY AND PETROLOGY OF MALAKAND AREA 19

The schists are of various colours, but  the
Localized
changes in colour are also observed. The grey

grass green colour is most common,

and black colours are due to the prescnce of graphite
while the brown and reddish brown colours are due
to iron staining. Milky coloured quartz wveins,
folded in an intricate manner arc quitc common
in the schist.  The guarnz veins aiso show pinch and
The rocks are well-bedded and

well-jointed. Quartz and micas are the only

swell structures.

recognizable minerals in the ficld,
schists grade into black colured graphitic schists,

Under biotite. muscovite,
-quartz, graphite, chlorite and chloritoid (in a few
beds) with accessories like magnetite, sphene and
limonite are recognized.

At places these

the microscope,

Biotite occurs as numerous minute  scales
forming small continuous bands and marks the
schistosity. It is normally yellowish brown in
colour. It ranges from 8 153%.°*. Chloritoid
occurs only at a few places. It occurs as prismalic
graphite, sphene
accessories,

crystals. Limonile, haematite,
and spessartine

Spessartine garnet is not an ubigquitous accessory.

2Arncl  oocur  as

Graphite Schists: These are grevish black to
.black coloured schists which occur as bands and
beds within the chlorite biotite schists of the area,

Mincralogy of the graphitic schist is the same
as that of the ordinary chlorite biotite sehisis except
the higher percentage of graphite and
Graphite forms lavers, streaks and films along the
schistosity planes. It also occurs as disseminated
grains. Qluartz ranges from 20 - 45%], muscovite
from 25—45%, biotite from 6172, and graphite
from 3—I17%. At many places economically
valuable graphite bands and beds occur.

mica.

Garnet-Mica Schists: The garnet mica-schist
varies in colour from green to greyish brown to
bhrown. Reddish brown almandine garnet crystals of

almost uniform size can be easily identified. The
schistosity is well developed. Tt is not a vniform
unit. It contains intercalated calcareous schists
marhle bands and minor amphibolite bodies.

£l

Under the microscope. quarlz, muscovite,
biotite, and K-feldspar are identified as the
minerals  while tourmaline, limoniie,
magnetite and graphite are the accessories, The
garnet is reddish brown almandine, which forms
subhedral to anhedral crvstals which thrust apart
schistosity planes. Garnet crystals conlain quartz
melusions. Garnet is 3—8°%. It tends to form
sharply bounded porphyroblasts and encloses
spiral grains of quartz and mica which  indicare
rotation of the garnet during growth, Muscovite
as slender scales forming continuous bands marks

casential

the schistosity along with biotite. Muscovite
makes from 20--40% of the rock,
Biotite is yellowish brown and strongly

pleochroic. It constitutes from about 6—12%

=-Ja

of the rock. Small anhedra of orthoclase cons-
titute from about 0,5 2.5 % of the rock.

Quartz occurs as small lenses, streaks and bands.
It forms from about 25—40%0f the rock.

Graphite oceurs as small patches, veinlets and
varies from 0.3 %7 to a maximum of 59,

Tourmaline occurs a5 small anhedra.  Limonite
and magnetite are the other accessories.

Calcareous schist bands also occur in this unit.
They are composed chiefly of calcite with some
quartz. mica, graphite and magnetite. At places
actinolite also develops.

Calcareons Rocks

Calcareous rocks are extensively developed in
northern and western part of the area. The main
body in northern area is compact, massive and
non-foliated. In the cast these rocks are in contact
with the granite gneiss.

number of samples.

"*These percentages and those in the proceeding pages are hased onthe eatimates. of a large
But in the tables only selected modal analyvsis are given.
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TABLE 1
Modal Analyses of Pelitic Rocks

#1538 238 220 245 202 239
Quartz 53.70 46.19 41.69 27.78 23.58 16.81
Muscovite 34.91 27.54 27.46 33.52 28.90
Biotite 0.71 511 7.61 5.5
Chlorie 12.11 4.99 57.75
Garnet i 5.02 7.02 22.31
Orthoclase 2.04 0.87 5.50
Plagioclase 5.42 5.03
Andalusite 1 16.49
Zoisite 258 1.69 A
Sphene '-35 2.04
Graphite 3.21 3.15 2.38 5.76
Ore 5.43 5.26 0.92 3.30 11.49 2.13

*This and othe similar numbers refer to the catalouge of specimens in the collection of Department

of Geology, University of the Punjab, Lahore.
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Calcareous rocks are mostly grey brown and
brick coloured. At places these rocks give rusty
appearance due to weathering. In hand-specimen
calcite, quartz and garnet crystals can be identificd.
Al places within the calcareous unil, pure marbles
are also developed. These marbles are black to
almost white in colour and well crystallised.
Al places in the northwestern part of the area 3-20
feet thick beds of graphitic schists occur.  These
beds are economically important. Microfolding is
commonly encountered within 1his unit. Amphi-
bolite rocks are present within the unit. Calcareous
rocks can be classified into the following types.

1. Banded and Faliated : Due to the segrepa-
tion of quartzitic and calcite material, bands of
calcite and quarte are formed. These bands alternate
with cach other.

2. Massive ; The rock is mostly massive and
compact (especially at its conlacts with the granile

gneiss).

Contact in the eastern side of the calcareous
rocks with granite goeiss is not sharp. These two
rocks alternate with each other over a distance of
about 1500 feet. Garnet is extensively developed
in the calcareous rocks. There is no chilling
effect at the contact. Development of axinite
skarns has taken place at some places. At
places amphibolites have developed at the contact.
Contact of the calcareous rocks with the granite

=0Ime

gneiss on the northern side along Dir road in very
sharp.

Microscopic study of calcareous rocks shows
caleite, quartz and mica a5 the essential minerals
whereas garnet, sphene, magnetite, limonite, epidote,
apatite and tourmaline are present as accessories.
At some places garnel assumes the status of an
essential mineral. Calecite anhedra are dominant
in these rocks. It makes up 90—959; in the pure

CHAUDHRY et al.

marbles and 55—77% in the other calcareous rocks.
In black wvaricties graphite is enclosed by calcite
grains.

Quartz grains arc subhedral to anhedral. It
makes up 8 239, of the rocks.

Small flakes of muscovite are
randomly in the rock.
the rock.

distributed
It constitutes upto 259, of
Magnetite may make upto 4%, of the
rock. Garnet, orthoclase, plagioclase and biotite
are the other accessories. These rocks contain
white, black and banded black and white marbles,
which can be used for building stones, tiles and chips

making of which the reserves are very large.

Fsammitic Rocks

Quartzites and guariz mica schists have been
mapped as a single unit in the field, but duc to great
deal of structural and textural differences they
need separate consideration.

Quarizites: Quartzites are mostly confined near
the Malakand police station and in the east of
Malakand at bifurcation point of Dherai Jolagram
road. They are also present to the wesl of village
Mekhband.

These are massive compact, thickly bedded and
almost unfoliated rocks, which display a great
deal of variation in colour. Colour ranges from
brown, reddish brown, rusty grev to dirty white.
The weathered surfaces are brown to reddish brown
due to iron staining. Quartz and micas are the
only minerals which can be recognized in the field.

Texturally the rocks are granoblastic to poorly
schistose. Quarlz, potash feldspar, muscovite
and plagioclase are the essential minerals and
biotite, chlorite and epidote are the accessories.

Quartz ranges from 60-—80%. It occurs
from subhedral to elongate grains which may often
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show sutured boundries. Potash feldspars form
6—39, of the rock. It occurs as anhedral crystals.
Muscovite ranges from 6—20%, of the rock.
In some cases well crystallized muscovite flakes
are irregularly distributed whereas in others they
are arranged in preferred orientations marking
schistosity. Biotite ranges from 0.2—29%,, epidote
from 0.3—22 and limonite from 0.5—1.5%.

schist is

Quariaz Miea Schisi. Quartz-mica

found in the south-castern part of the area
alongwith the pranile contact. The contact is
sharp, conformable and concordant.  The general
trend is east west and the beds dip south at
angles of 45°—65°. With increase in the amount
of muscovite the quartizites grade imto guariz
mica schist. It differs from gquarizites, in having
well developed schistosity and microfolding.
Petrographic study shows the rock to be
composed chiefly of quartz, muscovite and feldspar.
Biotite, garnetl, epidote, sphene, graphite, magnetite
and limonite cccur as accessories. Scme fluorite
grains occur in the schist near the granite contact,

Quartz occurs as rounded and elongated
grains. Muscovite marks the schistosity of the rock
and its aggregates often show microfolding.
Quartzites and quartz mica schists are often inter-
bedded.
AMPHIBOLITIES

The main amphibolite body is developed about
itwo miles north of the Dir road near the
village Kuz Chikhu (G.R, 982791). It extends
towards north while the other three sides are
The general trend of the
towards north

in dip and strike are

bounded by alluvium.
rock 15 north 2ast and dip 15
west. Local variations
common. The amphibolites weather to brown
and reddish brown colour due to oxidation. They
are well foliated and jointed. They show ptygmatic
and layered structures. Piygmatic folding is the
result of shortening within the competent layers.
Layering is developed due to the segregation of

dark and light minerals in layers in alternate posi-

tions with cach other. The rock is cut by quartz,
quartz-o-feldspathic and aplitic veins and dykes,
Intermediate pegmatites are present in the amphi-
halites. A quartz porphyry band 50 feet
thick is present in the amphibolite and runs almost
east west over a fairly long distance. Quartz and
Feldspar are the main constituents of the porphyry
bodies. Its colour index is very low. It isalo
kaolinised. Itcan be useful as a pottery stone.
Amphibolites are medium to coarse grained. They
are mostly porphyroblastic and poikiloblastic,

Homblende is anhedral to subhedral. The
crystals are bladed and prismatic in outline. It
makes 40-60% of the rock. 1ts colour is yellowish
ereen to dark green.  Hornblende uvsvally alters to
epidote and chlorite.

{(Juartz 15 subhedral to anhedral and fine 1o
coarse-grained. If ranges from 35—18% of the
rock. It also occurs as inclusions in hornblende
and epidote.

Epidote occurs as enmorphic to anhedral grains.
It makes upto 205 of the rock. Tis crystals arc

medium o coarse-grained.  The  interference

colours are usually anomalous (zoisite).

Chleorite is a secondary mineral and forms
mainly at the expense of hornblende, It is colour-
less to green in thin scetion. Tt ranges from 2—10 %,

Orthoclase, plagioclase, muscovite, sphene,
magnetite, limonite and garnet are the main acces-
s0Tics,

Amphibolities within the Calearcous Rocks. These
amphibolites are developed within the calcareous
rocks at different places especially near the contact
with the granite gneiss. These are of dark green
colour and weather to blackish green colour.

Microscopically these rocks are medium to
coarse-grained and are composed mainly of epidote,
chlonte and muscovite, Magnoetite and garnet

occur in subordinate amounts.
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TABLE 3

Modal Analyses of Amphibolites

Hornblende
Ortheclase
CQuarez
Zoisite
Epidote (clinozaisite)
Muscovite
Chlorite
Plagioclase
Kaolin

Qre

Sphene

Garnet

CHAUDHRY et al.

126 225 120 47 24 22
6l.14 60.07 34.19 51.54 47.97 42.35
2.4 4.13 10.00 2.60
17.50 13.58 3.80 13.95
16.20 16.68 5.67
0.94 8.0 16.949 22,38 7.54
2.52
11.33 10.77 9.232
1.48 21
0.14 18.73
4.22 10,90 .35 1.65 373 3.83
0.60 i 3.93
12.23 3.28 12,94
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Amphibole is green coloured mineral which
shows pleochroism from dark green to light green.

It ranges from 5—602,.

Epidote is subhedral to anhedral.
upto 22% of the rock.

It makes
It 15 a zoisite which s easily
distinguished from other minerals by 115 anomalous
blue and vellowish green colours.

IGNEOUS ROCKS
The Malakand Granite Gneiss

It crops out at two places. One of the outcrops
lies in the south of the River Swat where it comes
in contact with the Malakand granite and the
associated metamorphics. The second exposure
of the granite gneiss is in the northern part of the
arca. Here 1t comes in contact mainly with the
metamorphic calcarcous rocks,

The general trend of the gneiss (Fig, 1) is along
northeast-southwest and the dip is towards north-
west in the northern part and towards south-east
in the southern area.

The Malakand egranite gneiss is medium Lo
rock. Oneissic structure
is well developed due to parallel alignment of the
minerals. The colour is white to greyish white
and the weathering colour is grey to dirty brownish.

coarse grained foliated

Quartz, guartzo-feldspathic veins and meta-
morphic screens are commenly present in the
granite gneiss. Metamorphic screens are  baked

The amount of mica is higher
in the screens than in the gneiss.

and granitized.

Contact Refarions : The contact beétween granite
gneiss and the calcarcous rocks is described in the

following.

1. Contact of granite gneiss and calcareous
rocks in the western side of the gneiss is not sharp.
Bands of gneiss and calcareous rocks alternate
with each other over a distance of about 1300 feet.

2. Intrusion of granitic magma has caused

hornfelsing of the country rock showing bhaking
at the contact of the calcareous rocks.

3. Recrystallization of different rocks has
taken place at the contact. Extensive development
of zarnet has also taken place near the contact.

4. The contact of the granite gneiss with the
calcareous rocks in the northern part of the gneiss
is sharp

5. A sheared zone is developed at some places
in this area.

6. Apophyses of granite gneiss are present
in the calcareous rocks.

7. Thecontact of granite gneiss inthe eastern
side with the metamorphics is very sharp,

Contact of granite gneiss with the Malakand
granite is described below ;

I. The contact is irregular and apophyses of
Malakand granite are often seen cutling the granite
gneiss.

2. Garnet is developed in abundant guantity
than usual.

3. Screens of granite gneiss are present in
the Malakand granite.

4. The contacts are sharp and discordant,

The granite gneiss is hypidiomarphic granular,
with gneissic structure. Shearing and segrepa-
tion of individual minerals is seen.

Plagioclase forms subhedral to anhedral grains
of medium to coarse size. The smaller grains are
free of inclusions. The composition of plagioclase
varies from albite to oligoclase. At places specially

where the has assimilated calcareous

granite
material the composition goes upto andesine.
The porphyroblasts contain inclusions of sericite
and epidote. Slight to moderate alteration of

plagioclase to clay minerals is common.
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Microcline grains are subhedral to anhedral
and commonly constitute 10—43% (Table 4) of the
rock. Microcline occurs both as megacrysis as well
as smaller grains. Megacrysts are sometimes found
with inclusions of quariz and sericite.
is developed at places.

Myrmekite

Quartz occurs as subhedral to anhedral grains.
It shows wavy extinction. Drop quartz is also

Tound.

Muscovite occurs in the form of small flakes
dispersed throughout the rock,

Biotite occurs as brown coloured, pleachroic
flakes.

Epidote, zarnet, sphene  and
the minor and accessory minerals,

magnetile arc

The Malakand Granite

This granite is well exposed near Malakand,
It is about 3 by 5 km in size and is roughly oval
shaped. It trends northeast-southwest,

Malakand granite shows perfect spheroidal
weathering. The weathered surfaces are brown
to brownish black in colour. The Malakand
gramite is compact unfoliated to poorly foliated
and leucocratic. 1t is predominantly fine-grained and
non-porphyritic. are  developed
at places mostly due to local faulting where the
granite {in these zones) is foliated,

Sheared zones

A mixed zone is developed in the northwestern
arca with the metamorphics. The rocks are homn-
felsed and potash porphyroblasts  are
developed due to potash metasomatism in the mixed
zone. Xenoliths of country rocks are commonly
present and are usually confined to the marginzl
zones.  The xenoliths  are baked.
granitized or hornfelsed.  Abundance of pagmatitic
and aplitic veins is the dominant feature of the
Malakand granite. Pegmatite veins vary greatly
in size. Aplite and quartz veins in metamorphic

feldspar

stromgly

screens are folded and show boudinage structure,
The granite is often moderately to
reconstituted in stronger aplitized and pegmatized
SONEs.

strongly

The contact between the
Malakand granite and the metamorphics is sharp.
Al some places a narrow contact zone is developad
where numerous granitic injections are culling across
the bedding of the metamorphics.

Conrart Phenomena :

A sheer zone is developed at granite-met-
amorphics contact in the north eastern part
of thearea. Near Malakand proper, a big apophysis
of granite cuts across the bedding of the metamor-
phics. Here the granite has caused hornfelsing
of the country rocks and contact schists are strongly

baked.

The contact of the Malakand granite with the
Malakand granite gneiss s irregular. Apophyses
of granite are often seen in the granite gneiss,
Garnet is extensively developed at the contact
The contact is sharp and irregular.

The granite shows hypidiomorphic
texture. It is fine to medium-grained rock. which
iz porphyritic at some places.

muostly

Mineralogically the rock consists of albite,
microcline, quartz and muscovite.

Plagioclase cccurs as evhedral to  anhedral

grains. In most cases its composition is in the
range of Ang to Ang but at a few places the
plagioclase compostion is [rom An;; to Ang,.
Plagioclaze is being replaced by microcline and it
does replace quartz grains partly to fully. Some-
times sieve like texture is presented by megacrvsis
of plagioclase  enclosing  quartz  droplets,
whereas small laths of plagioclase having irregular
outlines arc enclosed in microcline. Muscovite
grains along margins
The megacrystic plagi-
subhedral and full of

also replaces plagioclase
and along the cleavage.
oclase arc  usuvally
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Microchine?
Perthite

Myrmekite

Perthite Lamelia

Fig, 2 Myrmekitic Replacement of Microcline Perthite of Granite Gneiss,

Fig. 3
Albite.

imnclusions. The inclusions are of

quariz,
muscovite and also primary albite (Fig. 3). Tt shows
that the megacrysis have developed in sold
medium. Quartz, muscovile and cpidote are also
enclosed in of plagioclase.
Flagicclase alteration to

kaolinite on a small scale.

these megacrysts
shows sericite  and

It makes about 20 to

Albite

A Megacrys!
of Albite

Albite
Albite

Mica

Quartz

Development of Plagioclase Megacrysis showing inclusions of Quartz, Mica and Primary

47 % of the rock (Table—3).

Microcline is usually present as 1wo generations,
The smaller grains are of the first generation while
the second gencration forms big anhedra (Fig. 4).
The latter enclose small crystals of albite and quariz,
In some rocks the grain size is highly variable.

Microcline is usually perthitic. The megacrysis
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of microcline have irregular and ragged outline.
Sometimes these megacrysts contain substantial
amounts of inclusions of quartz, plagioclase,
epidote, sphene, and muscovite, which show that
megiacrysts have formed as a result of replacement
of an earlier aplitic groundmass. The microcling

megacrysts are much more abundant than the albite

megacrysts.

Micracline Perthite Megacrysts
Enclosing Albite Sphene & Muscaovite,
Fig. 4. Anhedra of microcline containing

inclusions.

Myrmekitic growth generally oceurs in coarse-
grained granite. It has two modes of occurrences
i.e. at the contact beiween plagioclase and micro-
cline when the microcline is sirongly perthitic. The
perthitic lamellae continue across the myrmekitic
growths undisturbed.  In the second case, myr-
mekite occurs at the margin of microchine and
may grow inward but albite at the contact is not

present.

Quartz oceurs as anhedral to subhedral and
small to medium sized grains. Coarser grains show
strong strain extinction. Small sized grains occur as
inclusions in albite, microcline and garnet.

Very little calcite occurs as interstitial plates
along grains boundaries and replacing albite and K-
feldspar.

Muscovite occurs as distinct laths and as gre-
isenization or replacement product of plagioclase
and microcline,

Biotite, epidote,
COMMON ACCessories,

sphene and apatite are the

Pepmatites and Aplites

Malakand granite, granite gneiss and meta-
morphic rocks are cut by light coloured pegmatites
and aplites. These show extensive cross-cutting.
These pegmatites are filling the joints in the rocks,
Patchy, irregular & replacement pegmatites are also

seen. The pegmatites range in size from a few

cm to about 3 metres in thickness and about
0.3 1o |15 meires in length,
Pegmatites/Aplites  are  divided into  the

following types.

1. Albite-microcline-quartz pegmatites aplites.

to

Microcline-albite-muscovite -quartz pegma-
tites/aplites.

3. Tourmaline-fluorite-microcline-alhite
pecmatites/aplites.

4. Zoned peematites,
3. Composite aplites and pegmatites.
The first type of pegmatites occur in the form

of patches. indefinite in
their outline and show evidence of replacement.

These pezmatites are

Small amount of muscovite and epidote is also
present alongwith quartz, microcline and albite,

The second type of pegmatites ‘aplites are
muostly tabular bodies filling joints and fractures
of Malakand granite, granite gneiss and metamor-
phic rocks. Composition is microcline, albite
muscovite, and guartz.

Tourmaline-fluorite  bearing pegmatites were
found only in one locality i.e. near the Malakand
Rest Housze. In addition to quartz, microcline

and plagioclase these contain tourmaline, fluorite
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and sphene. The zoned pegmatites have essentially
two zones, the intermediate zone and the core.
Their mineralogy is same as in types (i), (if) and
(iii) but the core does contain more quartz. The
composite aplites and pegmalites are commonly
present in the Malakand granite and the associated
schistose rocks having composition of type (i) and
(ii).

CHEMISTRY OF THE GRANITIC ROCKS

Twelve rocks of the pgranitic complex were
analysed taking representatives of all varieties of
rocks identified in the field and studied micro-

GRAMNITE GMEISS
APLITIC MALAKAND GRANITE

MEDIUM - DRAINED MAL AKAND
GRANITE

COARSE - GRAINED
MALAKAND GRANITE

100
Qix

CHAUDHRY et al.

scopically. Four samples of the gneissic granite
have been analysed taking three normal gneissic
samples and one aplitic gneiss. Three samples
of the Malakand granite gneiss were analyscd,
They represent relatively pure and earlier formed
phases. The variation within the gneiss can not
be shown without further data. Petrographic study
however that from K,0
rich phases the gneiss becomes progressively richer
in Na,0, The wvariation diagrams for the Mala-

indicates starting

kand granite are piven in Fig. 6. On this diagram
four analyses of the Malakand granile gneiss are
also ploted.

(41

Fig. 5.
Recalculated to 1009,

100

Normative Albite, Ortheclase and Quartz Disg-am of the Analysed Granitic Rocks
The Plots lie Within and close to Petrogeny Residua,
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Following observations were made by plotting
these analyses :

(i) The normative plots (Fig. 5) of plagioclase,
orthoclase and quartz (recalculated to 1002,) fall
very close to the petrogeny residua, showing that
both granites are products of crystallization from
a melt.

(ii) Fig. 6 shows variation diagram plotted
between 5i0: and various other oxides present in
the rocks, namely Al20,, TiOs, total iron, MgO,
Ca0, MNa,O and K.,0. The variations ohserved

CHAUDHRY et al.
in this diagram show that with increase in 5i0a.
(a) Al20; decreases.
{&) Total iron remains almost unchanged,

(¢) TiO: increases possibly due to crystalli-
zation of sphene.

{d) Mz0O and Ca0 decrease.

(€) Naz0 decreases but not sharply which
might be due 1o the growth of megacrys-
tic plapgioclase,

L] GRANITE GNEISS
6 -E. o MALAKAND GRANITE °
® ]
5 |—
o e
HH ﬂ' @
L
]
€
3 —-—
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2 | | 1
1 2 3 & 5 6
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Fig. 7.

Variation Diagram between Naz20 and K ;0.
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() K4O increases and shows scattering due to
reconstitution of the Malakand granite.

{z) The migmatized granite gneiss shows
abnormal plotting in the Fig. 5.
Fig. 7. shows the plotting of Na,O vs K.0.

This diagram shows the following facts :

(a) The older granitic gneiss does not show
appreciable change in the amount of K50 with the
increase in Na;O. The only exception is due to
samples of biotitic migmatized gneiss.

(k) Inverse correlationship occurs between
Naz0 and K,O in the case of Malakand granite i.e.,
with increase in K,0O. the amount of NaO

decreases and vise versa.

PETROGENESIS

1. Pelitic Rocks

The pelitic rocks fall in the biotite and garnet
grades of regional metamorphism. They have been
formed by low to medium grade regional metamor-
phism of the argillaceous sediments rich in the
carbonaceous material gave rise to the
graphitic schists. At places the graphitic matter is
present in sufficient amounts 1o give rise to graphite
deposits of economic importance.

which

Chlorito’d has been formed at places in the
pelitic rocks. It has formed due to the reaction
between mica and iron beanng solutions in the
presence of carbonaceous matter according to the
following reaction :

2H,KAl, 5i: 0)2-+ 3Fe (OH)y = 3H,FeAlz 510,

+2K0OH+35i02 +H,0

(Tilley, 1925-26)

Biotite formed due to the reaction between mus-

covile, chlorite, iron ore and possibly rutile.

Garnet formed first direcily from chlorite and
subsequently according to the following reaction :

KFe;Si,AlO),{OH 2 + KA138i,04, (OH)z + 38i0,=

2K A15i,0; + Fe,A1,51,04, - 2H,0.

At least in part the garnet zone in the south

In the northern area
In calcareous

appears to be piezothermal.
garnet is extensively developed.

beds it
molecule.

must contain  appreciable  grossularite

2. Psammitic Rocks

They have formed as a result of regional
metamorphism of sandstones and argillaceous

sandstones.,
3. Calcareous Rocks and Marbles

They have formed as a result of low to medium
grade metamorphism of limestones, clayey lime-
stonesand marls. Pure limestone beds recrystallized
to form medium to good quality marbles. The
argillaccous  limestones and  marls  developed
muscovite, biotite and garnet. At places amph-
ibole also develops. Some bands of appropriate
composition have been locally converted to
amphibolites and amphibole Biotite
in these rocks develops as a result of reaction
between
develops from reaction amongst chlorite, clay and
carbonate. At places the effects of superimposed
contact metamorphism can also be seen. Here
axinite bearing skarns, amphibole bearing contact
rocks and rocks enriched in garnet develop. This
unit contains interbedded carbonaceous argillite
hands which have been converted to graphile schists.

EMCISscs.

muscovile  and chlorite. Garnel

Many of these are economic graphile deposils.
One such occurrence is in the western part of the
area near Hardial Kandao.

Amphibolites

There are two types of amphibolites in the
The first type occurs as discordant to concor-
dant intrusions. Their contacts with the metase-
dimentary country rocks are sharp.  They
intruded as basic dykes which underwent regional
mectlamorphism to give rise to the amphibolite
bodies. The second type which occurs in the
northern part of the area mapped is a part of the
southern Dir amphibolite complex. Itis an ortho

area.
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amphibolite. Its origin has been discussed in
detail by Chaudhry et al. (1974 b).

Origin of the Granitic Rocks

Before discussing the origin of the Malakand
granite gneiss and the Malakand granite important
field petrographic and chemical evidences will be
briefly summed up. The Malakand granite gneiss
is a body of batholithic dimensions whereas the
Malakand granite is a minor pluton (Rastall, 1945).
Field and geophysical
Malakand granite to be a shallow laccolithic body
(Saleemullah and Rizvi, 1964). The granite gneiss
is baszically potash granite whereas the Malakand

evidences suppest  the

granite is basically a soda granite.

The contact of the granite gneiss with the
metamorphic rocks is sharp. Baking and contact
hornfelsing is often observed. Minor discordance
and apophyses of the granite gneiss in  the metasedi-
menls are oflen seen. The contacts of the Malakand
granite with the country rocks are oflen very sharp.
Chilling at the contact is observed at many places.
At the contact baking and the hornfelsing of the
metasediments are also seen.  The contact between
the Malakand granite gneiss and the Malakand
granite is not so sharp. Dykes, streaks and apoph-
yses of the Malakand granite in the Malakand
granite gneiss are common. Al the conlact there
is considerable intermixing.

Bath the granites show reactions at the contact
with the metasediments. These reactions are in
keeping with contact metamorphism, metasomatism
and assimilation.  Biotite horafelses
at contacts with the pelitic rocks. At these contacts
both the granites are enriched in biotite, Here the

granites may also contain garnet.

develop

Malakand granite and specially the Malakand
granite assimilated considerable
argillaceous material at a few places. This has
resulted in the formation of the mixed zones. At
some places the contact between the granite gneiss

gneiss  has

CHAUDHRY etal.

and the calcareous metasediments is marked by
the development of axinite—garnet and amphibole-

garnet skarns, This is due to the introduction of
silica, iron, horon, water and fluorine, into the
calcarcous metasediments from the granite gneiss.

Both the Malakand granite gaeiss and the
Malakand granite show hypidiomorphic, graphic,
myrmekitic  and saccharoidal textures, The
normative Ab-+-Or-{ qz—100 when plotted on the
petrogeny residua fall in or very close to the low
temperature trough (Fig. 3y

All the above evidences clearly show  that
these granites are products of crysiallization (rom
a hot at least partially molten and mobile mass.
On this assumption in what follows the
petrogenetic evolution of these granites will  he
discussed.

The experimental work in the granite system
has been done by Tuttle and Howen (1938).
Luth et al. (1964), continued their work in greater
detail. They studied the system (NaAlSi,0,—
KAI51,0485i02—H,0) at 3 to 4 Kbs and 35 to
10 Kbs respectively. Bowen (1937) emphasized
that the progressive crystallization in the magmas
will yield liquids falling in the petrogeny residua,
According to Luth et al. Progressive increase in
P(H:0) will shift the position of the isobaric
quaternary minimum downwards in terms of
lemperature and towards NaAlSi,Og and 1H,0.
Orville (1960), Burnham and Jahns (1962), Norion
et al. (1962), Jahns and Tuttle (1963) and Booth
(1967) have studied the composition trend from
normal granitic rocks to the later differentiates.
This has been done in relation to variation in
P{H20). Shams and Rehman (1966) and
Ashraf (1974 a. 1974b) have also siudied the
Mansehra granites and considered the effect of
increase of P(H,0). With increase in P(11,0) soda
rich members starl coming. Hall (1972a. 1972b,
1973) has also studied in detail the soda enrichment
with increase in P(H,0).

Keevil's (1952) studies alsa showed F{H,0)
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increases with falling temperature.  Within water
albite system, with cooling, (Goranson, 1928 and
Burnham and Jahns, 1962) the water content
increascs to 16.8%. For albite melt this is
maximum H.O that can be held. According to
Tuttle and Bowen (1958) further rise in vapour
pressure can bring about crystallisation. With
this a second boiling point (Turner and Verhoogen
1960) comes about with precipitation of albite and
enrichment of the liquid with other components.
The vapour pressurc after reaching a maximum
starts decreasing.  After a certain point 5i0;, K,0
and volatiles can be enriched. In the case of pres-
sure gquenching soda rich fraction can be guickly
deposited and the residues may be enriched in K0
and 5i0.. Malakand granite gneiss and the
Malakand granits will be discussed in the following
in the light of the above.

The Malakand granite gneiss was intruded as
a mobile mass. The crystallisation started with

predominant microcline and subordinate albite/

plagioclase.  With progressive crystallisation the
amount of microcling started decreasing and
that of albite started increasing. On the whole
Table—6 shows that the eneiss is rich in K;0.
During ervstallisation there was a progressive
increase in P(H,0). At a certain stage a soda
rich fraction started developing. This fraction
was later emplaced as an oval shaped body
called the Malakand granite. Ficld and petro-
praphic evidence suggests that this INtrusion  was
accompanied or closely followed by pressurc
release. This resulted in the formation of aplitic
to semi- aplitic Malakand granite. First few
modal analysis of Table—5 represent such phases
while the others have been subsequently meta-
somatised moderately to heavily. This granite 1s
soda rich. 1t probably represents pressure quench-
ing. This gave rise to a rest phase [due to
a rapid fall in P(H,0)] rich in K,O. Si02, H,0
and F. It attacked the solidified or semi solidificd

a7

Malakand granite. During this phase microcline
porphyroblasts, mica flakes, books and pools, and
guartz grains and its pools erratically replaced the

Malakand granite.

It caused preat mineralogical and  textural
variations in the Malakand granite. These reac-
tions are irrepular and erratic as can be seen from
{Table %) modal analyses of the Malakand granite.
Such phenomena have also been reported from
Meldon. Devenshire, England by Chaudhry (1967).

Myrmekites

Various theories of myrmekite formation
have been put forth. Becke (1908) considered the
formation of myrmekite due to the internal
chemical activity of solutions causing replacement
of potash in feldspar by soda and lime and
releasing frec quartz. According to Sarma and Raja
(1959) portions of plagioclase break down under
stress and release quartz which form the myrmekite
growths. Shams (1967) has suggested the follow-

ing reaction.

KA1Si,0,+Na—0 - Si(OH); = NaA 18i;0, + S0, +
H.0-+KOH

His applications of this reaction lo the
Mansehra arca rocks and the time and conditions
of reaction are outside the scope of present work.
But the mechanism (reactions) suggested is
convincing. In the Malakand granite myrmekites
are extensively developed. They are developed at
the interfaces between potash feldspar and soda
feldspar. So the myrmekites developed due to the
replacement of potash feldspar by sodic matter at
interfaces between the two feldspars. Or simply
due to the replacement of potash feldspars by the
sodic solutions.

THE AGE OF THE ROCKS

The metasediments of the arca consist of two

main groups namely a pelitic group and a calcareous
group. The former group consists predominantly
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of pelitic rocks with subordinate arenaceous and and some minor beds of graphitic schists. In many
calcareous bands and beds. This unit compares respects this sequence compares with the lower
well with the Atrock Slates and represents higher Palcozoics elsewhere such as the Abbaorttabad
grade mectamorphic facies of the same.  Its age is Group. This is regarded as lower Paleozoic,
therefore the same as that of the Attock Slates. The metasediments of the area are therefore re-
The age of the Autock Slates is also not known  garded as from Precambrian 1o lower Paleozaic.
definitely but has been regarded as Pre-cambrian. Mo radioactive dating has been done on the granites.
The Malakand pelitic metamerphics are regarded It is therefore not possible ta assign any definite

as Precambrian. The overlving sequence consists age Lo them. But they are regarded as carly to
of thick marbles. calcareousschists and guartizites middle Mesozoic.
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JURASSIC BAUXITE AND KAOLINITE DEPOSITS OF CHHOI AREA,
KALA CHITTA RANGE, PUNJAB, PAKISTAN.
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Abstract : Sedimentary reworked bauxite and kaolinite deposits have been found in the Kola Chitta area for the
first time. These depasits are of Jurassic age and they occur on an erosional unconformiiy at the top of Triussic
Rocks. Due to reworking of bauxite and kaolinite from the same Source area the physical appearance of
these deposits is almeost identical. The bawxitic zones are occasionally more compact than the kaolinite zoenes.
The hasal bed always consisis of kaolinite. The alrernations of bauxire and kaolinite continue upwerd.  This
cyvelic depoasition is conceived due to aliernate deposition of kaolinite and bauxite. Mareaver, the vecurrence of
bauxitic nodules in the kaolinite zone at places show that the whole deposit is of reworked nature and cyclic.
These bauxite and kaolinite zones have been evaluated in detail by chemical, X-ray and D.T.A. methods.

INTRODUCTTON

In Pakisian about 300 million tons low iron
bearing hauxite, clay and laterite deposits have

heen reported in the recent years by Ali et al

(1964), Stauffer (1968), Nizamuddin (1970),
Khan (1971), Farugi (1964, 1966, 1972),
Malik and VYaliullah (1971, 1972), Ashraf

et al, (1972a. 1972b) and Hussain and Nagvi
(1972), particularly in the Punjab, North Western
Frontier Province and Azad Out of
thesc the most important deposits occur in the
Central Salt Range and Kala Chitta Range of
the Punjab. The Central Salt
occur along an  erosional

K.ashmir.

deposits
unconformity of post
Permian age and are overlain by beds of Paleocens/
Focene age (Ashraf, 1972b). The Kala Chitta
Range deposits (Fig. 1) occur within the Datia
Formation of Jurassic age (Hussain et al., 1967).

Range

Since Hussain et al. mapped this area, the deposits
due 1o their non-pisolitic and shale like appear-
known as

ance were clay deposits. Similar

deposits occur in the Datta Formation in the
vicinity  of Musakhel, Salt Range Area which
according to Faruqi (1966) consists of bochmite
and kaolinite. Whereas the deposits in the Chhoi
area are mainly formed of diaspore and kaolinite.

Mining for bauxite and clay is in operation
in the Salt Range and Kala Chitta arca. At present
this material is being used for making refractories
in Pakistan. Experiments are also being carried
out for the extraction of alumina from bauxites
having high Alz0y and low 5i02 contents by the
PCSIR Taboratories.

In the past, samples from the same outcrops
were studied geologically and  chemically by
Hussain et al. (1967) and Hussain and Khan
(1967) who on the basis of surface samples
classified these deposits as fireclays with chemical
composition averaging 30 to 489, Al20,, 40 1o 449
Si02 ete. In 1972 Hussain and Naqvi determined
physical properties of different clays and
bauxites from the Punjab including the project

SOme
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ared.

The ohjective of the present studies was Lo
determine the chemical and mineralogical variations
in some of the deposits.  For this purpose channeled
samples were collected from lithologically and
physically different zones of a profile and were
studied by chemical, differental thermal (DTA)
and X-ray diffraction methods.

GEOLOGY

The Kala Chitta Range consists
of sedimentary rocks. These rocks range in age
from Triassic to Pliestocene  (Siwaliks). The
oldest rocks in the area are represented by the
Mianwali Formation (Triassic) which is exposed at
two places of the faulted anticline {Hussain et al.,
1967) dimension. Overlying is the

Kingriali Formation of the Triassic age, formed of
The Jurassic

General :

of small

limestone and dolomitic limestone.

ASHRAF et al.

{Datta Formation) is represented by Chadkdalla
iron and clay beds of light, grey cream to purple
coloured (bauxite and kaolinite deposits), overlying
are red clays and argillaceous limestone of grey
to dark grey colours. Basal part is made up of
marl of greyish white colour with abundant
ammonites, pectondes and corals (Fatmi, 1972).
Overlying Datta Formation is Samana Suk Forma-
tion (Jurassic) consisting of grey to brownish grey
limestone, the lower part of which is fragmentary.
After a small unconformity there oceurs Chichali
Formation of the Upper Jurassic consisting of shales
and belemnites. Above this lower Cretaceous
grey sandy limestone; clavey limestone, marl and
glauconitic sandstone occur. The Paleocene and
Eocene rocks consists of limestone, shale and marl.
The youngest rocks are those of Oligocene and

{Pliestocene) of sandstone

Siwaliks consisting

and shale.

STRATIGRAPHIC COLUMN

Oligocene-Pliestocenc (Siwaliks)

Paleocenc-Eocene

Late Jurassic to Cretaceous

Farly & Middle Jurassic

Larly Jurassic

Triassic
Bauxite and Kaelinite Depoasits ©  The bauxite
and kaolinite deposits crop out in an cast-west trend-

ing zone along the Kala Chitta Range. The area
is highly folded and faulted, therefore, the outcrops

were ohserved at more than one place in the Datta
Formation. The strata dip 70° o 79° and
occasionally with a dip angle of about 45° either
to the south or north with strike about east-west

Argillaceous and ferruginous sandstone and shale.

Argillaceous limestone, calcarcous shales ; mas-
sive nodular limestone with marl.

Chichali Formation : Glauconitic shale & sand-

stome with balemnites and ammonites.

Sarmana Suk Fermation : Grey to brownish grey

limestone.

Daita Formarion ; Cream to light grey coloured
bauxites and clays with occasional patches of
pink, brown, red lo dull red lateritic material.

Linconformity B e o R B L B e

Kingriali  Formation Dolomitic-limestone.
to N72¢W. The aluminous rocks were studied
in detail from four profiles in the area near Chhoi
rest house. The kaolinite occupies a zone above
bauxite. In the area wide range of variations
have been observed in the sense that in one profile
(Fig 2, 5R-2) there is dominantly Kaolinite with a
lens of bauxite 30 to 50 cm thick and irregular
patches of aluminous laterite (ferruginous bauxite).
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Whereas at other places different lithologic layers
were observed consisting of major kaolinite, bauxite,
kaolinite with minor bauxite, bauxite with minor
kaolinite and patches of ferruginous materjal. The
bauxite and Kaolinite occur as thin to thick bedded
massive splintary, fissile and flaggy layers with
patchy to irrceular distribution of ferruginous
In most cases the bauxite rich zones occur
as lenses and layers with rare development of bauxitic

Mass,

nodules of 2 to 25 cm in size in the kaolinite rich

METERS PROFILE 5

G.—

L] T

PROFILE 5K - 2

20 - LT,

ASHRAF et al.

zones of some outcrops. The kaolinite is light
greenish grey to creamish coloured splintary non-
oolitic and non-pisolitic. The amount of pisolites is

not usually very large, about 5 to 10 % in kaolinitic
rocks. The bauxite rich zones are almost of same
colours as kaolinite but compartively compact and
hard and with little micro-oolites and rarely pisol-
ites. Most of the kaolinite rich zones form the basal
part of the deposits in those profiles where the
major deposits are of bauxite but may alternate as

= 0-m a, JUPPER MAQLINITE ZONE GREY FISSILE WITH
X | COLITES AND PISOLITES { 5K - 5],
4f UFFER - MIDOLE SREY BRITTLE

BAUXITE FOME [SK=-4].

MIODLE GREY AND CREAMISH BAUXITE =
KAOLINITE ZONE, QUITE HARD AOCK [SK-2)

%] LOWER - MIDDLE GREY TO FINK GREY
BAUXITE ZONE, OCCASIONAL OOLITIC
WiTH PATCHES OF LATERITIC
MATERIAL [SK=2].

. SASAL KADLIMITE ZONE FISSILE AND
ol FLAGGY WITH LATERITE PATCHES (SK-4).

UPPER GREY KADLINITE-BAUXITE
ZONE, FISSIWE RARELY OGLITIC B
FISOLITIC WITH LATERITE PATCHES (5K -2/3)

UPPFER -MIDDLE GREEMISH GREY BAUXITE -
KACGLIMITE ZOME OCCASIONALLY QOLITH
AMD PISOLITIC [SK = 2/4).

LOWER - MIDOLE CREAMISH WHITE
BAUKITE TOME, JOINTS EMCRUSTED
(S —242 SK-2/3)

BASAL GHEENISH GREY KAOLIMTE
THINLY GEDDED ZOME (SK-2714)

Fig. 2, Lithologic Variations through Profiles SK and SK—2.
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a few cm to 2 meters thick zones. On the weathered
surfaces the rocks become yellowish white, reddish
and light in weight. The fresh outcrops are of
light grey and grey to cream coloured. In the
quarries irregular disiribution of cherty red to dull,
red laterite has been observed in  bauxite
kaolinite deposits.

and
In places the joints of both
bauxite and kaolinite layers are encrusted with
reddish and pinkish material,

At various quarried places different tvpe of
lithologic variations of the vertical sequence were

PROFILE JK

ME TERS
ey

oLt

METERS FROFILE R
Cl -y g CIRA

18

‘|UPFER & UPPER -MIDDLE
JGHEY KAOLIMITE ZOMES,UPPER
| ZONE FISSILE (R -1)

ohserved. They are illustrated separately in Fig. 2
eiving briel details.

Profile SK : This occurs in the eastérn part
of the Chhoi Area. There is a deep quarry which
exposed five distinet zones from base upward :
namely basal kaolinite zone, bauxite zone, kaolinite-
bauxite zone, bauxite zone and upper clay zone

(Fig. 2, Profile SK).

o iy

Profile SK-2 : This is exposed about half
a kilometer west of profile SK in the same out-

UPPER DIRTT RED TO RED LATERiTIC
ZOME WITH OCCASIONAL CREAMISH
GREY INTERCALATIONS OF RAOLINITE

UPPER - MIDDLE GREENISH GREY
A KAQLINITE ZONE WITH HauxiTE
“YHODULES ( JK =1, JK
LOWER WMIDDLE B MIDDLE CHEAMISH
1 CREY BaUXITE ZONES OCCASIONALLY
((JE -2 a8 -3,

N ).

I pasalL LIGHT GREENISH GREY
Ul kaQUINITE ZONE ,FPSEUDONOOULAR,
-3 JOINTS ENCRUSTED [ JKB)

CREAMISH

J _OWER-MIDDLE CREAMISH GREY HARD
BAUXITE ZOMNE [(H=2).

BASAL LATERITE ZO0ME W:TH GREYISH
KAQLIMITE PATCHES

[R-3A R-3w)

Fig. 2 Lithologic Variations through Profiles JK and R.
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crop. There are again repeated zones of kaolinite,
hauxite-kaolinite, kaolinite-bauxite, kaolinite and
irregular

patches of laterites quite thick and

at places.

Profile JK : It occurs in the southern limb of
the folded Daua Formation about 400 meters south
of quarry SK. The bed consists of four distinet
zones and is fully exposed for its entire width of

about 12 meters.

Profile R : This profile occurs on the west
of Chhoi-Basal road. The different zones are well
exposed over there. There are three quarry places.
In this profile older zone is lateritic. The bauxitic
zone is thinly deposited in this locality.

CHEMICAL COMPOSITION

The chemical composition of different zones
of the four profiles is very variable as is given in
Table 1. From this, it is evident that the basal
zones in almost all the cases is rich in Al Q, (around
4] to 442.), and SiQ: (about 36 1o 407%7). On the
hasis of mineral calculation from chemical analyses
{Table 2) it becomes clear that kaolinite contents in
the basal zones are 77 to €172, and diaspore is about
10 to 152, Only in one case basal zone has been
found to consist of kaolinite and hematite (R-3R)
as chemically this zone has Al20,=32.007, §5i0,—
37.6%, and FeaOy=12.002.

In the succeeding zones in different profiles a
bauxitic zone has definitely been recognized having
composition in the range of 68 o 767, Al20,
and 2.5 1o 11.6%; 5102, The important mineral
contenis of this zone are kaolinite 4 to 23%, and
diaspore from 63.8% to 87.9%.
zones either the composition is highly aluminous
This is quite evident from the
Even

In the other

or kaolinitic.
chemical analyses of the different zones.
al places in kaolinite rich zome high aluminous
nodules (sample JK-1N) have been found. This
shows the formation of the zones due to eyclic
deposition of the material.

" ASHRAF et al.

Other oxides like Fey0,, TiO,, CaO, MgO,
$i02 Naz0, K.0O and P20s are more or less
uniformly distributed in almost all the zones.
The only contrasting variation found is due to
high concentration of lateritic lenses at places in
the profiles studied.

MINERALOGY

Due to extreme fine grained nature of the
rock grains their identification is not possible with
ordinary microscope. Therefore, X-ray, differential
thermal (D.T.A.) technigues were emploved io
identily the bauxite and kaolinite minerals.

Determinaiion by X-ray Method
analyses were carried out on three selected samples.
Twa of the three samples are rich in alumina and
the third one is rich in silica (as found out by
chemical analyses of the rocks). Out of three
samples two are from profile-SK. Sample S5K-3
shows major amount of kaolinite as shown by “d’
values 7.16 (100), 3.37(90), 4.47(30), 4.35 (50),
and 4.13 (50) (Table-3). On the other hand sample
SK-2 is mainly diaspore having 'd” spacings 4.04
(100), 2.34 (75), 2.15 (65). 2.10 (83). 1.65 (65),
and 1.62 (20), with minor amount of kaolinite as
is evident from the ‘d" values 7.02, 3.36 and 1.47.
Similarly sample JK-3 from profile JK is also rich
in diaspore (Table-3).

XN-ray

Determination by Differential Thermal Analysis
(DTA) Methad : As already noted by Ashraf
et al. (1972), that the most common wminerals
in bauxite and kaolinite deposits are of the
type which are suitable for investigation by DTA
methods. The minerals present can be indentified
by thier endothermic and exothermic reactions

(Mackenzie, 1957 ;: Bradiey and Grim, 1951)
and some information about their relative

abundance can be obtained from the intensities of
the reactions.

In l:i.g. 3 DTA results of profile-SK have been
presented although most of the sample were run
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on DTA apparatus for their identification. Sample TABLE 3

SK-1 sh-:rIW.s major endothermic reaction at about X-ray Diffraction Data
590°C with a small trough at 510°C and an I
exothermic reaction at about 930%C which shows ———————
major amount of kaolinite and some diaspore, the
presence of diaspore in other samples has been
confirmed in these rocks by X-ray. Similarly in

a sample from zone SK-2 the major endothermic 7.02 10 7.16 10D 4.7 5
reaction at 535°C is duc to diaspore mineral and 4.80 20 4.74 10 3.9 100
minor exothermic kink at about 920°C possibly 4.04 100 447 50 318 i0
shows the presence of minor amounts of kaloinite.
Sample SK-3 from middle zone shows a well marked 3.56 20 4.33 50 2.32 30
endothermic peaks at 540°C and 590°C which are  3.24 10 4.15 30 2.12 70
due 1o presence of diaspore and kaolinite in appre- 3i8g 50 3.98 30 2.05 0
ciable amounts in the rock. The exothermic
reaction at 950°C is also well elaborated. Sample 2.34 73 3.83 30 .62 60
$K-4 is diaspore rich from an upper middle zone. 215 )5 3.74 10 1.59 50
This is evident as the early endothermic rsaction 210055 357 () 1.36 5
is a 640° C and no other endothermic or exothermic : £ y
1.91 10 3.51 30 1.47 30
peak has been observed. In the top mosl zone
{SK-5) the kaolinite is the major constituent with 1.83 10 3.37 10 1.39 30
minor amounts of diaspore as endothérmic reac- 1.73 20 2.56 50 1.37 50
tions have been obtained at 520°C for diaspore .65 63 ) 53 10 1.33 30
1.62 20 2,49 50 1.32 30
1.47 10 2.34 o 1.29 3
2.33 30 1.28 20
& 2,29 30 1.25 20
= 2430 2 1.24 20
E 2.07 10 1.21 5
- i 1.99 20 1.195 20
2 1.98 20 1.17 40
= 80 10
z 1.79 10
n 1.67 20
= 1.66 20
1.63 20
1.62 10
1.49 50

TEMPFERATURE IN DEGREE CEMTIGRADE
Fig. 3 Differential Thermal Analysis Curves of
Bauxiie from Profiles SK.
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and sharp endothermic and exothermic peaks for
kaolinite at 605 and 970°C respectively. The
results obtained above are comparable with chemical
analyses and the X-ray analyses of the kaolinite
and diaspore rich samples.

GENESIS

It has been emphasized by Gee (1944) and
many present day workers that in the Salt Range
and adjoining arcas in Jurassic times there was
definite evidence or subareal conditions due to the
occurrence of ferruginous and light coloured bauxite,
But it was found in the field and has been investi-
gated in the laboratory that there are distinct
zones of bauxite, kaolinite and patches of
ferruginous material of contrasting composition
which possibly cannot happen in areal conditions
and is a product of repeated deposition. The
bauxite and kaolinite deposits of the Chhoi arca
are the result of cyelic sedimentation in the
epicontinental environments stable shelf regimes
characterized by comparatively slow deposition,
and with sandstones generally subordinale o
argillaceous material (in the similar way Duff
et al., 1967, found out).

The deposition of bauxite and kaolinite
occurred in definite and distinct zones. In  this
area under study the basal (brown limestone)
was uneven at the time of deposition and on this
kaolinite material was deposited in variable thick-
ness (even the succeeding bauxitic or Kaolinite
zones have variable thickness, which shows that
with each deposition either there was a minor
unconformity of short duration or the supply of the
material was not uniform). It is conceivable from
the kaolinite deposition that in the source area
as soon as kaolinization was complete the material
was transported to the present place. But as the
next zone is of bauxitc it is thought that in the
source area bauxitization process must has been

ASHRAF et al.

favourable, ie. the remaining alumino-silicates
were dissolved by weathering to form aluminium
hydroxide and jron hydroxide in the tropical w
After the
formation of bauxite in the source area and its

subtropical humid environments.
removal and deposition in the present place, the
weathering condition must have been subordinately
persisting. This means there occurred a quick
change from dry to tropical and humid conditions,
which muddled up and formed a sort of mixture
of kaolinite and bauxite. This is evident from
the deposition of the above material in the area
of profile SK as S5K- bed. The deposition of 45
cm material (SK-4) in the same profile shows that
the bauxitization conditions were again favourable
for the formation of high purity bauxite. The de-
position of mostly kaolinite rich top zone through-
out the profiles studied show that the final environ-
ments in the source area were not favourable to
procced further to form bauxite. The conditions
were only favourable to form kaolinite. In the
profile JK in the top kaolinite zone nodules of
bauxite have baeen observed. These nodules are
round. oval and oblong which shows that the
bauxite material must have heen trapped and
carried away alongwith kaolinite. This sort of
trapping is only possible in cyclic deposition.
Muorcover, as the nodules are rounded off so they
must have travelled appreciable distance and are
not from local sources. This could also be due to
thin residual formation of bauxite and then condi-
tions changed over to kaolinite formation which
when removed violently carricd away as solid
material alongwith kaolinite suspension and got
deposited disoriented finally in a slurry of kaolinite,
The above statement shows the definite evidence of

the formation of bauxite and kaolinite at the same

place in the source area but in different environ-
mental conditions whichever were favourable in

their formation,

The occurrence of irregular and patches of
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ferruginous material shows that the Fformation
of laterite was not regular in all the zones, because
the source rocks must have been rich in aluminium
than ijron and might be locally rich in iron.
This lateritic material is not alwavs rich in iron
(Profile, R, about 12%; Fea04), whereas the rest of
the chemical constituents appear to be nearly fixing
in kaolinite structure (in normative compaosition).
The oceurrence of latentic thin films in the grey or
grey creamish material along their joints and around
the grains of bauxite and kaolinite is due to percola-
tion of iron solutions,

The weathered
different composition
(Table-1) as compared to the fresh outcrops—a
phenomina already observed by Ashraf et al
(1972 a). It is also observed in the preceding papes
that the composition of bauxite zone is not soley

surfaces  have altogather

chemico-mineralogical

diaspore rather il is a mixiure of diaspore and
kaolinite. Therefore the weathered surfaces of
aufcrops of bauxite are conceived to be enriched

in kaolinite (in dry environments) possibly due
to leaching ouwt major amount of aluminium
hvdroxide and minor amount of clay from the
mixture by a reaction with acid solutions formed
from percolating rain water and pyrite (a process
contrary to the process of bauxitization) :

2A10OH),s - 3H:504 = Al{50,), + 6H,0.

The paragenesis of diasporc in contrast to
boehmite found at the same stratigraphic horizon
in the Salt Range by Farugi (1966) could be
explained. The Salt Range boehmite occurs in
structurally mildly folded and faulted area whereas
in the present area the bauxite zone occurs in
strongly faulted and folded environments. This
sort of structural disturbance has caused a minor
dynamic metamorphism  which  has
boehmite to diaspore, the most stable form of
aluminous hydroxide mineral (Deer, Howie and
Zussman, 1962).

changed
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TARBLE 1

Chemical Analyses of Chromites from Serpentinite Belt, North of Muslimbagh.

Cra0y
ALO,
Fea(),
Vi
Fe(
MgO
MnO
CaD
NiD
TiOy,
510,

Total

Cr/Fe

RO/R.0O,

MeQ/RO
Fe:0,/R,0,
MgO/MgO 4+ FeO
Cry0,/Cra 044 AlO,

Sample No.
54
56

58

59
60
&l.
67.

54+ 36 58 59 6l ol 67
58.89 58.25 49.95 54.63 55.34 50,66 53.95
9.60 10.32 20.31 13.39 12.86 18.86 13.29
.5l 4.01 1.14 2.50 1.88 2.34 J.68
iraces iraces 0.07 Nil traces Mil Nil
Q.41 11.33 15.04 17.34 18.95 12.26 16.30
15.98 15.03 12.96 11.31 10.50 15.26 11.60
0.11 0.35 .36 0.20 0.26 0.22 0.22
0.04 0.04 0.06 0.035 0.04 0.01 0.04
Nil traces 0.04 traces Nil il traces
0.28 0.26 0.09 0.13 0.09 0.16 0.17
0.16 0.32 Nil Nil 0.24 0.27 0.25
99 .95 99.91 100.02 100,03 100,16 100,04 100.C0
3.6l 3.43 2.70 2.45 2.35 3.10 2.36
1.01 1.02 1.00 1.02 1.03 1.01 1.01
0.75 0.69 0.60 0.53 0.49 0.68 0.54
0.07 0.05 0.01 0.03 0.02 0.03 0.05
0.63 0.57 0.46 0.39 0.36 0.55 0.41
0. 86 .85 0.71 0.80 0.51 0.73 0,30
Description

Dark brown massive chromile

Reddish brown chromites with sérpentine in the interstices replaced by
carbonate minerals.

Light brown massive chromite with carbonate mineral occupying theinter-
stices.

Hrown massive chromite with interstices filled by carbonate mineral.
Light brown massive chromite with interstices filled by carbonate mineral.
Dark brown massive chromite with interstices filled by carbonate minerals.

Light brown massive chromite.

* Numbers of samples correspond to numbers given in Ph.D, thesis.



‘patpmis aidwes ayuwroay ) jo uoneoo] sumoys depy  *| 81
i -+
06 ol 08 st SY19
T T I ™ T | T T | | | I
\
! 13HN NVS
L
MVONVYW
?'Elouxs |
[}
VNIZVHN ® [JOHD NSVN
t.os ¥V ZNO VW HAYHS
ONNHO¥NS \
TVMYVN
S5 Sl —,56
a2 0¢
L ]
N
VONVYN HVQVN
oL - '] 1 | = el e ] | | ot
59 ! L9 0L 59
— 1vo S
S3ANNZT i 7 8 SONOIHN 4
| fe= 1 | | e L | | | | ] )| l
06 59 0s] L9 ‘ 08 SL




GEOCHEMISTRY OF N. ZHOB CHROMITES

Cr

Unit Cell Contents on bhasis of 32 (Q)

TABLE 2

Al fed4 Fe2 4 Mg Compaosition
54 12.01 2.92 1.07 1.97 6.03 CrqeAljsMgy
56 12.03  3.18 0.79 2.39 5.61 CrysAl2sMe7,
50 11.25 4.26 0.49 3.69 4.31 CropAlasMeyg
&0 11.59 4.02 0.39 4.08 3.92 CrAlasMegy
6l 10.01 5.5 0.44 2.51 5.49 CryzAlyMeg
61 11.17  4.10 0.73 3.63 4.37 Crys AlagMass
End Member ercentages
Formula percentage
54 56 38 59 (il1] al 67
Spincl 18.24 19.87 37.25 26.66 25,10 d.72 25,64
Magnesiochromite 57.19 50.24 23.55 27.26 23.93 33.95 29.02
Ferrochromite 17.88 24.96 37.8% 43.03 48.52 28.59 4081
Magnetite 6.69 4.93 1.33 3.05 2.45 2.74 4.53
Wright Percentages
Spinel 13:52 14.71 28.46 19.54 18.24 26.71 15.80
Magnesinchromite 57.48 50.29 24 .23 27.08 23.47 35.29 28.72
Ferrochromite 20.90 29.08 45,64 49.71 55.42 34.62 47.07
Magnetite 8.10 5.92 1.67 3.67 2.87 3.38 5.41
TABLE 3
Physical Praperties of Chromires
- =73 54 36 58 59 60 61 67
Specific gravity 4.455 4.485 4.418 4.547 4390 4.383 4.549
Microhardness 1249 1225 1283 1211 1204 1299 1211
Cell edge dimension. 5.302 8.258 £.268
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iMg Fe) OCr, Uy

{Mg Fel OAL O, FeOFe,0,
ATOMS OF ALJUNIT CELL

Fig, 2. Triangular Diagram showing Composition of Analysed
Chromites North of Muslimbagh.
(Sample Nos. 1-7 correspond to 34-67 given in table-1).

ATOMS OF (Cr + Al) UNIT CELL

1
9

fp—

16.0 0.0

ATOMS OF Mg/ UNIT CEL
ATOMS OF Fe'JUNIT CELL

0.0 16,0

-

3
ATOMS OF Fe /UNIT CELL

Fig. 3. Rectangular Diagram with Zone of Tsomorphism, Composition
of Analysed Chromites shown by Dots.



GEOCHEMISTRY OF N. ZHOB CHROMITES

0555
Y )
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3.61{CrfFe]
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0.70 0«75 0.80 0.ES 0,80
Fig. 4. Relation between Crz O5/Crz O, FARO, and MgO/ Mg+ FeQ in

Chromites from north of Muslimbagh, (Cr/Fe Ratio given in brackets)

ratio varics from 2.35 to 3.61. Plot of Cr/Fe
ratio in the map showing location of studied samples,
show that Cr/Fe ratic decreases towards north,
The contents of Crz O, decreases from 53.899,
(5. No 54) to 49.95%, (S. No. 58) whereas Alz O,
increases from 9.60% (S. No. ) tw 20.31%
{5. MNo. 58).

The chemical analyses ol purificd chromite
samples given in table-1, show that chromites from
MNorth Muslimbagh have a compositional variation
of Crga_z5 Aljzy7 Mgsgg 75

The formula percentages of spinel varies from
18.249, to 37.23%;. Maonesio chromiie
from 23.55%, 1o 57.19%.
from 17.88"%, o 48,329,
1.33%, to 6.69%.

varies
Ferrochromite varies
Magnetite varies from

The chemical composition of chromites
plotted in spinel triangle (Fig. 2) show that all these
chromites are aluminian chromite. A plot of the
analysed chromiles in rectangular diagram (Fig. 3)
show, all the chromites lic in the zone of
isomorphism. Fig. (4), a plot of the ratios CryO,f



&0

Cry0,+ALO, and MgO/MzO-LFeO  show
two set of curves. Chromite samples with Cr/Fe
ratio less than 3:1, show a decrease in the ratio
MgOQ/MegOQ +FeQ with increase in Cry O,/Cra Oy
Al,O;. The chromite samples having ratios higher
than 3:1 show an increase in MgO /MgO +-Fe() with
in  Crz0,/Crz0,4-Al.0,. However to
establish this fact detail work is in progress and
will be published later. The table-l, also shows
that chromite samples with light brown colour in
thin section are having CrfFe ratio less than 3:1
while chromite samples with reddish brown or
dark brown colour have Cr/Fe ratio higher than
3:1. The physical properties given in table 3,

increase

SHAFEEQ AHMAD

show that sepecific gravity varies from 4.383 to
4.590. Microhardness varies from 1204 to 1299
V.H.N. chromite samples having higher Alz O0,%
have higher values of microhardness. Cell edge
dimension of three samples, determined show a
variation of §.258 to 8.302 A",

CONCLUSIONS

Chemical analyses of chromites from North
of Muslimbagh show a peneral fall in the Cr/Fe
ratio, as we move towards North.  All the chromite
samples selected from west have suffered a good
deal of alteration, which marks the subject of a
detail sutdy, and will be published later on,
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INVESTIGATION OF NONOPAQUE HEAVY MINERALS FROM SANDSTONES OF
PAB AND LOWER RANIKOT FORMATIONS IN SIND PROVINCE

BY
3. M. SHUAIB
0Oil and Gas Development Corporation, Karachi.

Abstract :  Investigation of heavy fractions grearer than 2.8 specific gravity of selected surface samples of
sandstone from Pab Range and selected core sandstone samples of Lower Ranikot Formation from wells drilled
in Thano Bulla Khan area of Sind Province indicate the presence of nonopague heavy minercls such as tour-
maline. amphibole (mainly hornblende), zircon, pyrosene (mainly augite), biorite, garnet, epidote and stgurolite.
Opagiie heavy minerals are pyrite. magnetite and ilmenite.  The percentage of heavy minerals vary from one
sandstane bed to another in the sanie formation though varicty and type of heavy minerals remuain the same.

Sundstones of Pab Formarion of Upper Cretaceous age and Lower Ranikor Formation of Lower
Paleovene age may be differentinted on the basis of nonapaque heavy minerals such as tonrme line and epidote.
Tourmaline and epidote are negligible (o absent in Pab Sandstone where as they are commonly present in
Lower Ranikol Sindstone. Tourmaline is miore in abundance than epidote in Lower Ranikot ranstone and is
easier to recognize. So tourmaline may be considered asthe dicgnostic nonopaque heavy mineral to
differentiate the two sandstones namely Pab and Lower Ranikot. Comparative study of the iwe sandsiones
isgiven in table-1 and theirnenepagque fwavy mineral proportions and frequencies in tablzs-2 & 3,

INTRODUCTION highly calcareous. Terrigenous grains are angular

Heavy minerals were investigated from surface to rounded, mostly poorly sorted, of very fine to
sandstone samples from Pab Formation of Upper
Cretaceous age, which were collected by special
party from Pab Range. Selected core sandstone
samples from Lower Ranikot Formation of Lower
Paleocene age were collected for heavy minerals

coarsg sandy sizes and mainly quariz Larger
quartz grains are often cracked. Other constituents
are feldspars, and rock fragments in argillaceous-
calcareous matrix which forms up to 40%. Lower
Ranikot Sandstones arc variegated dirty white
and black, moderately soft to soft, generally friable,
micaceous (mostly muscovite), highly pyritic, most-
ly nondolomitic and noncalcarcous to slightly calea-
reous with residue of lignitic materials in different
proportions and frequently lenses of arenaceous
shale of different sizes. Clastic grains are fairly
sorted, angular to subrounded but mainly

subangular, very fine to medium sandy sizes and
Pab Sandstones are generally dirty light yellow  mainly quartz. A few coarse sandy grains are also

to light grey. compact, hard. pyritic and slightly to present, which are often cracked. Other clastic

investigation from corc—2 of Hundi—1 well at
depths between 1156 to 1159 metres, cores 28 to 37
of Hundi—2 well at depths between 1327 to
1445 meires, cores 28 to 31 of Gadularo-1 well at
depths between 1634  to 1859 metres and cores
9 to 19 Khothar—I well at depths between 1332 1o
1810 metres. These wells are located near Thano
Bulla Khan area in Dadu district of Sind Province.



62

constituents are mainly feldspars (mostly basic
plagioclase), mica (muscovite) and rock fragments
in carbonaceous-argillaceous matris  which con-
siitutes between 10 to 30 3.

The above two sandstones namely Pab and
Lower Ranikot are thickly bedded sandstones
intercalated  with shales and  are  generally
fozsiliferous.  Preliminary investigations of heavy
mincrals are made at the suggestion of Chicl
Dr. M.H. Khan

characters  and

of Taboratories in order 1o

determine the  diagnostic
differentiate Pab Sandstone [rom Lower Rambkot
Sandstone. An atiempt is made in this direction
and further detailed heavy mineral investigations
are (o he made in order to divide each farmation
into zones and sub zones.

METHOD

Each sample of about 30 grams is crushed
with morter to liberale the heavy mineral grains,
It is then passed through 43 sieve (0.35 mm) and is
retained on 200 sieve (0.075 mm). This procedure
removes coarse sand as well as silt
Thus sample having grains between 0.35 mm and
greater than (.75 mm is obtained, which is boiled in
diluted hydrochloric acid of about 209, sirength
in a porcelain dish for about fifteen minules 1o
Diluted acid
ordinary

and clay.

dissolve carbonates and iron oxides.
is then decanted and washed out with
water Lill acid traces are removed. Completeremaoval
of acid is confirmed by litmus paper, which remains
unchanged in cuse no acid trace is present. The
sample is then dried at temperature between 100°—
150°C inan oven and is ready for separation of
heavy fraction.

Twenty to twenty five grams from the dried
sample is taken out and pul inte a separating glass
funnel, the stem of which is auwached with a piece
of rubber tuhe closed by a pinch clamp and having
about 100 cc boromoform of specific gravity of zbout
2,8, [Ttis stirred at intervals so that heavy minerals

SHUAIB

do not stick to the walls of the glass and are seitled
into the stem of the funnel. The pinch clamp is
then opened in order to let the heavy fraction come
out, which is retained on a filter paper placed on a
second glass funnel. The second glass funnel is
kept below the stem of the separating funncl
for this purpose. The flter paper containing the
heavy fraction is then washed with acetcoe till
boromoform traces are removed.

is dried in an oven at about 30°C.

Heavy fraciion

It is weighed
and the percentage of heavy fraction is calculated.
Now heavy fraction is ready for microscopic
cxamination. Minerals are examined bhoth in
heavy liquids and in slides mounted with Canada
balzam. Relative percentages of heavy minerals
are determined by counting the number of grains
of different minerals present in the slide. Two or
more slides are examined from each fraction in order
to get the relative percentages of heavy minerals
which are represénted by proportions and frequency
numbers as shown below —

Approximate %} Proportion Frequency
Greater than 60 Very abundant &
30—60 Abundant 7
15—30 IFairly abundant ]
715 Yery common 5
47 Common 4
24 Fairly common 3
1—2 Scarce 2
Less than | Rare i
DISCUSSION

Comparative petrographic investigations of

sandstones from Pab and Lower Ranikot formations



HEAVY MINERALS FROM PAB & RANIKOT FORMATIONS

TABLE 1

Comparative Petrographic Study of Pab and Lower Ranikot Sandstones

LOWER RANIKOT SANDSTONE

PAB SANDSTONE

{1} Lower Rantkot Sandstone is of lower Paleocene

age.

{2) Lower Ranikot Sandstone 15 maostly variepated
dirty white and black. moderately soft. generally
{riable, micaceous, highly pyritic. mostly non-
calcarcous to slightly calcareous, unfossiliferous
with residue of lignitic materials in dilferent
proportions & frequency of lenses of arepaceous
shale of different sizes.

Terrigenous grains of sundstone  are Fairly
sorted. angular to subrounded but mainly
subangular. generally very fine to medium sandy
sizes and mostly quartz.  Other detrital con-

stituents are feldspars, mica (mainly muscovite)

3

fragments.

Matrix of sandstone is mataly carbonaceaus
and argillaceous and varies from 10 to 30 3.

)
(5) Molasse like sandstone i.e., mainly subgrawacke
to protoguartzite.

Heavvy mincrals are mainly tourmaline. horn-
IJIend'c, pyroxene, biotite, parnet.
epidote. pyrite, ilmenite and magnetite.

(6)

zircon,
Heavy minerals are mainly angular to sub-
rounded and so scem Lo have been derived mainly
from igneous and metamorphic rocks,

(n

Among nonogague heavy minerals, pleochroic
minerals such as tourmaline hornblende. biotite

(8)

and epidote are nearly egual to nonpleochroic
minerals such as zircon, pyroxene and garnet.

(%) Tourmaline and epidote are commonly present
in heavy fraction. Tourmaline is always more
in abundance than epidote and is easy to
recoznize and so may be considered as the
diagnostic  heavy mineral for Lower Ranikot
sandstone to differentiate from Pab Sandstone.

i1} Pab Sandstone is of Upper Cretaceous age.

{2) Pab Sandstone is light yellowish to grey. com-
pact, hard, pyritic, slightly to highly calcareous
and mostly unfossiliferous,

(3} Terrigenous srains of sandstone arc angular to
mostly poorly sorted, very fine 10
Other

constituents are feldspars, and rock fragments.

rounded,
coarse sandy sizes and mainly guariz.

{4) Mairix of sandstone is mainly argillaccous and
calcareous and forms up to 4057,

{3) Flysch like sandstone ie, mainly grawacke
Iype.

() Heavy minerals are mainly hornblende, zircon,
pyroxene, biolite, parnet. pyrite, ilmenite and
magnetite.

i7) Heavy minerals are angular to rounded and so

seem 1o have bheen derived from all the three
groups of rocks mainly
metamorphic and sedimentary.

main 1Zneous,

(%) Among nonopaque heavy minerals, pleochroic
minerals are always less than nonpleochroic
minerals and generally less than 359,.

%) Tourmaline and epidote are rare or absenL.
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Nonopaque Heavy Minerals, their Important Properties, Proportions and Frequency Number in

Pib and Loscr Ranikot Sandstoncs.

Minerals Colour & Pleochroism Diapnostic characters Lower Ranikot Pab Sandstone
Sandstone
Tourmaline (1) Pinkish to dark. Absorption w>se P I P 3
Uniaxial () £ =i
(i7) Yellowish green to
dark. C 4 R l
Hornblende (7} Bluish green to dark, Ahsorption Z>Y =X FA (] A T
Biaxial (—) :
(i) Yellowish to dark. 2 sets of cleavages at
56° & 124" but are
ovcassionally observed.
(fii) Dark brown to red.
Zircon Colourless to dirty. Uniaxial () : dirty VC 3 VO 5
becausze of minute
inclusions
Aupite Colourless to neurral Two sets of cleavage A Fi A 7
at about 90° : Bia-
xial {—).
Biotite Dark brown with occas-  Isotropic  or  nearly VO 5 C 4
ional greenish at edges. isotropic because af
basal planc : Symme-
trical uniaxial inter-
ference fgure (—).
Ciarnet Colourless to Pinkish. Isotropic with FC 3 vC 5
conchoidal fracture.
Epidote Colourless to yellowish Biaxial [ —) FC 3 R I
green (not uniformly
distributed).
Staurolite Golden yellow Absorption £>Y>=X: R 1 R i
{Inclusions commion). Hackly to subconchoidal
fracture ; Biaxial (—).
Approximate % &l IN—a0 15—30 1—15 4—7 2— -2 1
Praportion (F) Very abun- Abundant  Fairly Very Common Fairly Scarce Rare
dant (VA) (A) abundant common (C) Common (C) {R)
{FA) (VC) {FC)
Frequency 8 7 o 5 . 3 2 1

numbers (F)
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are given in table 1. Nonopague heavy minerals
mainly homblende, zircon, pyroxene, biotite and
garnet are recognized in Pab Fandstone where as
in  Lower Ranikot Sandstone the identified
nonopaque heavy minerals are mainly tourmaline,
hornblende, @@rcon, pyroxene, biotile, garnet and
epidote. These nonopaque heavy mincrals vary in
percentage from one bed to another in the same
formation. though variety and tvpe remain the same.
$o representations are made by proportions and
frequency numbers as shown in tables 2 and 3.
It is evident from tables that the two sandstones

belonging to Pab and Lower Ranikot formations
may be differentiated on the basis of the presence
of tourmaline and cpidote. Tourmaline and
epidote are raic or absent in Pab Sandstone whereas
they are commenly present in Lower Ranikot
Sandstone. Tourmaline is comparatively more
in abundance than epidote in Lower Ranikot Sand-
stone and is also easier lo recognize and so
tourmaline may be considered as the diagnostic
heavy mincal to differentiate the two sandstones
namely Pab and Lower Ranikot.

TABLE 3
E"‘ m RARE OR ABSENT
25
& o
=
62
o
-
w
=
o
=
o
o
&=
=3
u
o
=1
3 E
o
R RN NN
TOURMALINE [HORNSLENDE| ZIRCON | PYROXENE | BIOTITE GARMET EPIDOTE |STAURGLITE

Table. 3 Histoprams showing Nonopaque heavy Mineral’s Frequencies in Pab and Lower Ranikot
Sandstones,

(Manuscript received December, 1973),



GEOLOGY OF BABUSAR AREA, DIAMIR DISTRICT, GILGIT, PAKISTAN
BY
ZULFIQAR AHMED
AND
M. NAWAZ CHAUDHRY
Department of Geology, University of the Punjab, Lahore,

Abstract : A gealogical map of 67.4 sq. km. area near Babusar, Gilgit Agency, Pokistan, has been prepared
onascaleof 11 63,300, Detailed petragraphy of varions rack ynitswith 20 sefecied modal analyses is given.
Ten chemical analyses are reported.  Regional metamorphites of both orthe-and para-type occur in the
Bahusar area in addition (o a small peridotite body.

Pelitic. carbonaceous and calcareous schists af upto almandine grade belonging to the Precambrian
Sallkchala Series lie in the south. Beiween these and the Thak Valley Igneous Complex 1o the north are
concordantly present metaigneous rocks of chlorite 1o almandine grade and a higher grade banded amphibolite.
Minor dykes und sills intruding these metasedimentary and meraigneans rocks. were subjected 1o amphibalite
facies regional metamorphism. A Tertiary alpine peridotite was intruded into the banded amphibolite as a
curved L—shaped lensoid body.

INTRODUCTION {Fig. 1) shows a clear difference even in the names

i = a T atlern of the rock units mapped,
The Babusar arca is situated in the northern nd outcrop pattern; of the ppe

Pakistan, West of the Nanga Parbat rr_muntums GENFRAL GEOLOGY
in Gilgit Agency. The present geological investiga-

tions are related to 67.4 square kilometers area The rock types exposed in the Babusar arca

lying between the longitudes 74°0" and 74°5° east mav be considered as belonging to three  broad

and latitudes 353787307 and 35°13'307 north. I groups :
includes the 4115 meires high Rabusar Pass, an
important road route conneeting the Kaghan
Vallev to its south with the Indus Valley to i3
north. The area possesses very high relief, and
altitude ranges from 3048 metres to 4725 meires.

{a) Metasedimentary Rocks 1 These are the
oldest rocks of the area  bhelonging 1o the
Salkhala  Senes of Precambnan age (Wadia,
1933). They are exposed in the southern part of
the arca, including the Babusar top, and also

‘The unly literature available prior to the present occur beyond the southern boundary of the area.
study describing in significant detail the geology They are perfectly schistose and intensely folded
of the area s a paper by Wadia (1933) on the and erenulated. However, the contacts between
Nanga Parbal region. However, our results are various lithotypes are more or less parallel to one
very much different from his paper. A compari- another in un cast-wesl direction, which is their
son of our geological map (Fig. 2) and that by Wadia cencral  sirike direction. Petrographically, they
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Fig. 1. Geological Map of Babusar Arca. (Wadia, 1%33).

may be divided into chlorite schist, graphitic
mica schist, calcarcous schist, garnet mica schist
and quartzitic schist. The last two are not shown
on the map, as they occur as interheds in the gra-

phitic mica schists and calearcous schists.

(h) Metaignecus Rocks - This group includes
rocks of gneissic naturc and is only gently folded
excepl the chlorite schists. Their foliation shows
an approximale constant
genile to moderate northerly dips.
between different rock units run almost parallel to
This group

east-west strike  with
The contacts

one another in east-west direction,

includes the following six units encountered
fram south towards north : handed amphibaolite,
garnetiferous banded amphibolite, biotite-chlorite.
gneiss, chlorite gneiss. chlorite schist.  The banded
amphibolite also shows small outcrops inside

chiorite gneiss and chlorite schist.

In addition, there are dvkes, sills and veins of
dark coloured amphibolite that oceur in both the
metaigneous (chlorite schist and gneiss) and meta-
sedimentary rock outcrops.

(c) Peridorite = 1t 1sasmall curved “L” shaped
banded
carnetiferous banded am-
phibolite as shown in the geological map (Fig. 2).
It pinches out gradually at both ends. Apparen-
tly, it lacks a contact metamorphic aureole. lis

contacts are Conspicuous,

lens ol peridotite intrusive into  the

amphibolite and the

FPETROGRAPHY

() Merasedimentary Hocks :
of the Salkhala Series cover the
fourth part of the mapped area.

The outcrops
southern  one
These are per-
fectly schistose rocks with a general east-west
strike of their foliation. Very often they are
complexly folded and crenulated. In the geolo-
mical map they are shown as three rock units, ie.,
the chlorite schists. the graphitic mica schists
and interbedded cale-pelitic schists. The last two
outcrops  contain interbeds of the

garnet mica schists and quartzitic schists. Thus

abundant

the cale-pelitic schists are composed of calcareous
schists, pelitic mica-and garpet mica-schists.
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Fig. 2 Geological Map of the Babusar area, Gilpit Apency.
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The chlorite schist represents the lowest meta-
morphic grade rocks lying towards the north of the
Salkhala Series. With a thin transitional zone it
passes northward to metaigneous banded amphi-
bolite. In the schist, microfolding is prominent
everywhere., Among its mineral constituents, green
pleachroic chlorite is the most abundant: others
being cpidote, quartz, sphene and
Quartz is minor, interstitially present as strained

magnetite.

grains.

The graphitic mica schists are the mostextensive
outcrop of the Salkhala Series. They lie south
of the chlorite schists. They are of black colour
which turns lighter and greyish gradually towards
south (near Babusar top) where it weathers to a
rusty yellow rock. Black coloured gamet mica
schist is interbedded at many places, and quartzitic
schist at a few places. All these rocks are strongly
schistose and intensely folded. Veins and lenses
of pure, coarse quartz are common. Many of these
are prefolding and run parallel with the fold limbs.

Graphite occurs as specks inside mica and
chlorite crystals. Among micas muscovite 15 most
abundant (25-60%). It is colourless to neutral
brown and forms bent and folded flakes charged
with many graphitic specks.
to medium brown and rarely exceeds
the mode. Chlorite (6—19%) is light
pleochroic, contains graphite, shows anomalous
blue interference colours and occurs side by side
with muscovite. Quartz (20—40%; of the rock)
forms strained anhedra, sometimes siretched along

Biotite is straw yellow
1024 in

green,

foliation. It may be concentrated in veins or bands
parallel to foliation.

The quartzitic schist forms thin laminations
in graphitic schists and was not scparately mapable.

The garnet mica schist, although abundant as
interbeds, was not separately mapable because of
strong structural disturbances of the area and black
colour of the rock resembling the graphitic mica
schist. The dark reddish brown gammet crystals
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are conmspicuous in hand specimens. At many
places, the garnet is developed near the contact
of dark amphibolitic dykes and sills. In thin section,
garnet forms fractured, light brown porphyroblasts
and poikiloblasts with quartz inclusions.

The calcarcous schisi with a few thin marble
bands, occurs as inches thick interbeds
concentrated in a horizon in the middle of graphi-
tic mica schists. Their main constituent is a well-
twinned, recrystallized calcite (35—6094), They
may also contain rounded quartz grains (13—25%)
occurring near or inside calcite ; muscovite flakes
(3—99.) often bent ; non-pleochroic light green
chlorite (2—3%): pale to yellowish green tourmaline
(0—1.5%), somelimes enclosing calcite inclusions ;
magnetite (3—4 %) and limonite (1—2%).

a few

(k) Metaigneous Rocks :

The chlorite schis: outcrops in the north.
Stratigraphically it lies under the foliated diorites
ol the Thak Valley Ignecus Complex to its north.
It is a typically schistose rock, abundantly micro
folded and rich in green chlorite. Posimetamor-
phic quartz veins, upto 3 feet thick, are present
at  many banded ortho-
amphibolite occurs inside the chlorite schist as
Certain patches and pods of this
banded amphibolite show pegmatitic grain size,
with hornblende crystals exceeding 3 cm. across,

places. Sometimes

small outcrops.

The chlorite gneiss outcrops immediately
south of the chlorite schist from which it is easily
distinguishable by its more whitish colour and
gncissic structure. The rock is often banded. White
guarlzitic bands alternate with green chloritic
bands. The latter may also contain epidole,
muscovite and fine grained quartz. Green chlorite
occurs  as  flaky  porphyroblasts, sometimes
clustered. It is pleochroic and showsanomalous
“tobacco brown™ Albite-
twinned, poikilitic and much altered plagioclase
forms 8 to 109 of the rock. Sometimes, small
epidote grains cluster near plagioclase. Accessory

mterference colours,
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of anhedral
magnelile are présant.

amounts sphene and  subhedral

At places the rock turns less gneissic, poorer
in chlorite, and richer in quartz and looks like a
semi-gneissic  granite. It contains
quartz (50 to 609.). Other mincrals include
clinozoisite, scricite and some chlorite.

abundant

Quartzofeldspathic  lenses and veins are
commonly present in the chlorite gneiss.  In addi-
tion, simple pegmatites are present in which books
of coarse primary muscovite usually exceed 1 cm.
in thickness. Quartz is strongly sheared, and
plagioclase is sericitized. Twinned albite forms
big crystals. Sometimes garnet and calcite are seen

in these pegmatites,

The biotite chlorite gneiss  lies south of
chlorile gneiss where biotite appears, in addibion
to chlorite which persists in fairly high amounts.
Its texture is orthogneissic. Biotite forms small
brown flakes which are shightly greenish near contact
with chlorite gneiss. Quartz and

consisiently gbundant, but hornblende varies in

epidote are

amount. Epidote occurs as coarse crystals, need-
les and fine irregular grains. Untwinned feldspar
is often crowded with fine inclusions, albite twinned
feldspar is much lesser.  Chlorite shows anomalous
brown interference colours. Sphene occurs in
irregular aggregates of dense brown colour.
Sometimes quartzofeldspathic lenses are found.

The garnetiferons banded amphibolire lies to the
south of biotite-chlonte It terminales
gradually in the eastern part, whereas all other
metamorphics run across the area and conlinue
beyond its eastern as well as western limits. The
rock shows strong lineation due Lo nematoblastic

hornmblende. Metamerphic banding is widespread.

gneiss.

The mineral components show a wide variation
in relative amounts in different samples. Garnet
is pink, often euhedral and transluscent. It is now
uniformly distributed and may disappear for some

distance and reappear. Sometimes garnetiferous
bands altermate with those without garnet. Garnet
is often porphyroblastic, fractured and possesses
quartz inclusions. Along fractures, chlorite is seen
showing anomalous blue as well as brown inter-
ference colours, some biotite may be associated with
it. Rest of the chlorite is green, flaky, shows brown
interference colours and occurs associated with
hormnblende. Hornblende is strongly
from light green to bluish green. It forms well
developed sobhedral to ecuhedral cystals, Its
extinction angle (c/ Z) ranges from 10 to 187,
Clinozoisile occurs as small grains dispersed as well
as aggregated. Quartz is usually abundant and
occurs as strained anhedra, their ageregates, or as
inclusions in hornblende. Feldspar is usually
altered and untwinned, rarely fresh and twinned.
Albite twins show a composition of An 5—79.
Anhedral
mounts.

pleochroic

magnelile and sphene are in minor

The banded amphibalite is well foliated gneissic
rock that occurs south of the garnetiferous banded
amphibolite and north of the Salkhala Series.
The exposure narrows in the eastern part. This
amphibaolite also shows small inside
chlorite schist and chlorite gneiss in the north, both
of which may occur as bands or intercalations
inside these small outerops.

Qutcrops

The composition and texture of banded
amphibolite is highly variable. This is caused by
(i) increase or decrease in the relative proportion of
dark and light coloured minerals (i) variation in
grain size from medium grained to  pegmatitic
sized crystals. (ifi) metamorphic segregation inlo
alternate light and dark coloured bands.

Overall, the rock shows nematoblastic and
gneissic texture. Bands rich in dark green to black
needle like amphibole alternating with those richer
in quartz,cpidote and feldspar are common, although
foliated amphibolite without
banding is not uncommon, At many places, both

segregational
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TABLE 1
Moedal Composition of Babusar Rocks
1 2 3 4 : 6 7 3 5 10
Sample No. 11968 11962 11964 11967 11951 11937 11953 11507 1ISOSA 11909

Hornhlende
Amphibole

(non-pleochroic)

Epidote

Chaaris &
untwinned

Feldspar
Plagioclase

(twinned)
Chlorite
Biotite
Muscovite
Graphile
Calcite
Garnel
Magnetite
Limonite
Tourmaline

Description
Anal. No

I

2.

3.

B
(]
£ R

42,
15:2 27.2
4.0 13.0
2.8 b1
0.2
5.5 72
of samples :

Girid Reference
030384
020396
031388

0371384
047420
025420
040420
015421
0135421
015421

22.5 - 13.5

}.2 ik = 38.7 33: 19.4

w

0647 ¢« 52010 aRis asion 59
A 1 38.7 L 3.0 0.6
19.1 - 6.0 6.5 8.0 5.1
1.8 : : 0.9 6.2
24.0 5.9 7.2
1.6 ais
59:9 HiE
2.0 o 2.6 :
e 3:9 & 2.9 0.5 2.4
0.7 1.7 m -+ 0.4
0.9 =5 A
0.6l 0.5 205
Description

Microfolded chlorite scnist, Salkhala Serfes.

Biotite chlorite schist, Salkhala Series

22.3 2.8
24.1 18.60
(clinozaisite)
42,7  54.4
2.0 2.8
4.1 13.7
0.9
1.5 4.2
1.9 2.0
0.3
15 0.3

Typical garnet mica schist from near basic amphibolite dvke in

Salkhala Series,

Calcareous schist, Salkhala series.

Chlorite gneiss, guartz-rich semi-gneissic part
Biatite chlorite gneiss

Biotite chlorite gneiss.

Non banded sample from garnetiferous banded amphibolite

Gineissic variety of garnetiferous banded amphibolite

White band in garnetiferous banded amphibolite.
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TABLE I —{(Continued)
Modal Composition of Babusar Rocks
= ¥ 12 T L s il T
T gampleNos. 11976 11905 11911 11916A 11916B 11939 11942 11918 11973 11966
Hornblende 0.3 36.0 3.0 1.6 37.0 SL.T 6.4 49.1
Amphibole
{non-pleochroic) oo 35.6 al s i . o : 5
Epidote 15.9 23.2 8.3 2.2 33.2 33.5 27.1 .2 : 1:5
{_ciinnmisitm {zoisite) (elinozoisite)
Quartz &
Untwinned
Feldspar 452 12.2 2T 23.8 45,7 15.4 7.8 45,9+ 50.5%¢ 0.7
Plagioclase
{twinned) 9.7 o ¢ 2.9 by 14.8 33.3
Chloriic 3.4 1.4 15.0 9.9 7.0 0.3 3.3
1.6
Biotite 0.4 1.2 0.6 i 1.1
Muscovite 2 ' . 6.3 -
Garnet 18.4 3 . - h i 0.3 0.9
Magneﬂm 1.6 3.5 0.9 4.5 2.7 3.4 3.8 .3 3i.3
Limonite i o Fr 0.1 0.4 0.7 e . 5 0.5
Sphene 3.4 1.6 0.2 6.0 0.9 i 14.6
#*Mainly feldspar.
Anal.  Grid Reference Description of samples
Na.
1. 003421 Garnetiferous banded amphibolite.
12. 015421 Garnetiferious banded amphibaolite.
i3 011419 Banded amphibolite with coarsc amphibole crystals. Also contams
0.9 Scalcite.
14. 018399 Gireen hand from banded amphibolite
15. 015399 White band from banded amphibolite
16. 025413 Banded amphibolite
iz 023461 Coarse pegmatitic facies of banded amphibolite.
18 015399 Banded amphibolite with coarse hornblende crystals.
19. 195433 Pegmatite found inside chlorite schist of Salkhala Series and contain-
ing coarse alkali feldspar and 0.4% calcite,
20, 030387 Basic amphibolite dyke, 30 metres thick. inside garnet mica schist

of the Salkhala Series.



74

the banded and non-banded types occur nearby.
At a few places massive diorite occurs as boulder
size lenses in foliated rock. Many quartz veins
run through the rock. They are irrepular and
ptygmatically folded, and 1 to 30 cm. thick.
Much thicker quartz veins, upto 7 metres accross
are seen at the contact of dark amphibolitic sills.
Also, there are quartzofeldspathic lenses upto
30 cm. wide.

Hornblende is the main mafic constituent. Tt
It is often strongly
pleochroic from light brownish green to bluish
green. Extinction angle (¢ A Z) is 17° to 18",
Colourless epidote is found as dispersed grains and
streaks. Quariz aggregates of
anhedra, inclusions in hornblende or as porphy-
roblasts. Plagioclase i=  often untwinned and
resembles quartz. Green pleochroic chlorite and
anhedral sphene and magnetite are seen in minor

may form porphyroblasis.

may OCCur As

amounts.

Certain patches and layers in the rock contain
cuhedral pink garnet, especially in hornblende rich
bands.

Dark coloured facies of the rock form patches

and inclusions. They are richer in homblende and
iron oxides and poorer in quartz and feldspar,

The compact granoblastic parts of this rock
contain in colourless to light brown amphibole as
lts extinction angle (c A7) varies
It is often intergrown or replaced
by =zoisite. Zoisite may also form
independant crystals. Anhedral quariz  and
plagioclase occur together.

coarse crystals.
from 8% to 12°,
small

The banded rock is made of white bands richer
in finely granular clinozoisite, anhedral quartz and
rouch altered sodic feldspar. The green bands
are richer in hornblende and chlorite. Hornblande
forms stout prisms pleochroic from light green
Chlorite is pleochroic  from
colourless to light green and shows anomalous
brown interference colours. Clinozoisite, strained

to bluish green.
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quarlz and smaller

limonite are

sodic feldspar are seen in
Magnetite, biotite and
ubiquitous minor minerals,

amounts.
In some quartz-poor
samples, the banded structure is weakly developed.

The coarse grained varictics of this rock are
coloured greenish black with white streaks., They
are gneissic in texture, and contain much hornblende
and epidote alongwith smaller amount of quariz,
plagiociase, sphene, magnetite. hemalite, biotite
and chlorite. Hornblende is strongly plecchroic
and forms needles or fibres.  Epidote forms discon-
tinuous streaks made of small grains. Quariz is
coarse and anhedral.  Both twinned and untwinned
Small wedges of
sphene occur associated with magnetite.  Chlarite
also occurs. Some parts show big homblende
crystals, and white veins and patches are found

feldspars occur, grains and

in some.

Basic Amphibaiities cceur as dvkes, sills and
veins uplo 13 metres thick lying inside the Salkhala
Series as well as metaigneous chlorite gneiss.  They
may be folded, parallel to the folds in the enclosing
rock or faulted. Sometimes they enclose lenses
of the host chlorite gneiss and may be concordant
with pure quariz bands developed along their

contacls.

They are semi-schistose rocks made of quartz,
epidote, hornblende, chlorite, sphene. biotite, iron
oxides and sometimes garnel
form granoblastic dykes of more than 30 metres
width. They may contain brown o medium green
pleochroic hornblende (30 - 609 ) with ¢ /A Z = 15%;
anhedral, colourless garnet (0 - 2 %) : anhedral
quarlz plus twinned plagioclase making upto 309, of
mode. Sphene (10-14Y%;) is of light brown colour
and is cleaved : epidote, 4-87, : chlorite, 3-49;
brown biotote, 1-29, : =42, : and
limonite, 0-14;.

Some of these

magnelite,

A few similar granoblastic but strongly sheured
rocks are presenl in chlorite schists. They have
faulted contact, and many layers of coarse quarz.
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Fig. 3. Contour Diagram of Foliation Readings of Babusar Rocks
Plotted on the lower Hemishare of Schmidt Nei,

They contain abundant clinozoisite and quartz
but very liitle hornblende. Clinozoisite Forms
small dispersed non-pleochroic grains of light green
colour. Quarlz is coarsely crystalline in veinlets
parallel to foliation, even when the rock is micro-
folded. At such places, quartz tends 1o con-
centrate at fold crests.  Biotite is pale 1o brown
green, often associated with chlorite, both displaying
bent flakes.

Such amphibolites also occur in the garneti-
ferous banded amphibolite as a
melanocratic rock with following composition !

Mmassive

green, weakly  pleochroic  homnblende, 45-559%;
nonpleochroic light green cpidote, 35-359,; dis-
dispersed  quarte, 5-89;; altered plagioclase, 3%,

and a little limonite,

{e) Peridotive = It is greyish black, compact
and coarse graincd rock. It is composed of
serpentine. augite, olivine, magnesite and magnetile
in order of abundance. Serpentine forms radial
agoregates and small heaps of flakes, being produced
hy alteration of olivine and augite. Augite is
colourless o faint brown, nonpleochroic, and forms
subhedral

to euhedral crystals, Magnesite s
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Fig. 4. Plots of Weight percent 50, against other Oxides of Amphi-

bolitic Rocks from Babusar Area.

present in small veinltes whereas magnetite forms
both the subhedral scattered grains and the minute
specks arranged in straight parallel rows. A litlle
part of magnetite weathers to limonite. Average
modal composition may be expressed as follows :
serpentine,  439;: 109,
magnesite, 8% magnetite, 5%, and limonite, 0.1%,.

augite, 30% : olivine,

CHEMISTRY

Chemical analyvses of ten samples of the area
arc given in table 2.
fanal. 2—9) show variation in $i0; content from
42 .46 to 66.18 percent. This shows the parent
igneous rocks were of acid to basic composition,
The plots of weight percentages of Ti0D2, FeO+
Fez0y, CaO and Ma.0+K:0 against §5i0, are
shown in Fig. 4. TiQ; and Ca0O display a decreae

The metaipneous rocks

Total iron first decreases
rapidly then the curve flattens our.

with increase in silica.

CONCLUSIONS

Major events in the geological history of the
area may be summarized as follows : (1) De-
position of pelitic, carbonaceous and silicecus
sediments  in the southern part of the area
during Precambrian times. (i) Low grade regional
metamorphism of these sediments. (#if) Intrusion
of intermediate to basic rocks and some simple
in the northern part of the area.
(i) Intrusion of basic dykes and sills, mainly in the
south.

pegmatites

{+) Second episode of regional metamor-
phism. () Intrusion of a peridotite body. (vif)
Intrusion of ultramafic. basic and intermediate rocks
belonging to Thak Valley Igneous Complex just
north of the area. (vii) Injection of some simple

pegmatites,

As shown by the plot of foliations in the
metamorphics. the main stress. during  regional
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TABLE 2:-~--

Chemical Composition of Babusar Rucks

11965 11951 11953 11909 11976 11916A 119168 11942 11918 11973

$i0, 4760 6432 46.72  60.70 66.18° 4922 ST.60 42.46 45.44 67.56
TiO, 2660 U106 124, 124 1,59 1.42 354 532 4.43 0.88
AL, 2100 2026 23.26 1918 12.67  25.54 14.01 15.39 14.53 18.46
Fea0, 900 AL U1 308 BT 5LIE A 1054 3 2020
FeO 0.16 0.6l 203 1.80 2.06° 2.5 218  4.02 3.00 0.5
MnO 0.30  0.22 0.30 0.52 0.60 0.30 0.60 0.60 028 0.37
CaD 10,88 4.94 Q.22 6.20 6.04 7.44 11.38 11.a6 12.60 0.9¢6
MO 7.24 0.41 2:17 2.21 (.95 3.581 1.34 608 6.95 0.33
Nas0 343 300 525 340 300 221 280 200 260 5.20
K20 0.35 0.50 1.45 020 0.35 023 0.50 030 0.25 2.10
B0 B 020 0.4 ©0.22 034 0.5 020 022 0.9 029 0.8
1204 145 008 1.68 1.10 1.03 1.8 1.21 1.5 1.68 0.8
H.O— 031 0.11 023  0.16 0.26 0.15 023 026 0.13 0.09
Total 99.84 99.76 99.8% 100,13 98.20 100.02 1C0.24 100.01 100.11 99.86

The sample numbers correspond to those in table 1. Analyst. M. Nawaz Ch.
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metamorphism was acting in the north-south

direction.

The oldest rocks of the area are the Salkhala
Series of Precambrian age (Wadia, 1933) represented
by the low grade regionally metamorphosed deriva-
tives of mainly pelitic and carbonaceous nature and
to a lesser degree, of calcareous and siliceous type.

In the metaigneous as well as metasedimentary
suites the general increase of grade of metamorphism
is towards south. The metaigneous origin of the
amphibolitic rocks of the area is indicated by their
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sharp contacts with the adjoining pelitic and
calcareous metasediments. There are no calcareous
or pelitic bands inside the amphibolites, The
amphibolites generally have a uniform texture. The
banding of the amphikaolites may either be original
or partly 2s a result of metamorphic differentiation.
The mineralogy of these amphibolites
uniform. Sphene is ubiquitous. The chemical
composition of the amphibolitic rocks is fairly close
to that of basic igneous rocks, and the titanium

is fairly

content is invariably high.
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7271 feet, Local relief commonly exceeds 3000 feet,
Generally the relief in the northern part is higher
as compared with the relief in the southern part.

The drainage is dense. dendritic, and almaost
There are two main rivers, the
The former-is also

liomogeneous.
Nilum and the Thelum river.
known as the Kishan Ganga river.  The two mect
at Domel about 14 miles south  of Muzatfarabad,
River Nilum flows throughout the area and many
tributaries join it. Most of the streams make *V’

shaped valleys.

Steep slopes are characteristic of the whole
area. The slope angle ranges between 35° to 653°
degrees. Generally the slopes in the northern
part arc steeper as compared with the slopes in the

south.

Thick alluvial terraces are present along Nilum
river and some other major streams.  These terraces
are relatively flat and are composed chielly of
boulders. gravel, sand and These
terraces are cultivated. The noteworthy
terraces include those of Dhanin. Manjhottar,
Bardi Mir Samdani, and Tithwal.

some  sili.

maosl

Thick forests like Pir Sahaba forest, Beari
forest. - Chogali forest, Gratnar forest, and
Banjwala forest are present. Elevations above
000 feet are generally forested.

The area can be said to be passing from the
youthful stage toward the stage of maturity.

GENERAL GEOLOGY.

Geologically the Muraffarabad Nauseri area
is very interesting. Lithologically a wide variety
of rock types are exposed. Structurally the area

is highly disturbed, faulted. and folded.

-Most of the rocks exposed in the area are
either sedimentary or metamorphic in origin. How-
ever. a few doleritic sills of igneous origin were
alsp observed intruding the metamorphics.

SHAKOOR

The various rock tvpes that have been differen-
tiated and separated on the accompanying geolo-

. gical map are:

["Alluvial Deposits ~ Recent
Murree Formation Miocene
Sedimentary -
I Nodular Limesione  Focene

|

| Muzaffarabad Permocar-

| Limestone boniferous

{ hinu_scri Granite | Late .

| Gneiss Cambrian
Tithwal Garneti- Cambrian

Mctamorphic< erous Schists
|' Hazara Slates Cambrian

II Salkhala Series Pre Cambrian
A briel description of these rocks is given  bellow.
Except Hazara Slates which outcrop west and south
of Muzaffarabad all other metamorphicrocks are
confined to the northern part of the area, i.e. be-
yond Nauseri. Between Muzaffarabad and Nauseri
For the
description the stratigraphic scyuence is ignored
and the formations are described more or less in
the order of their occurrence as one moves frome
Muzaffarabad to Tithwal Via Nauseri.

only the sedimentary rocks outerop.

SEDIMENTARY ROCKS.

The sedimentary rocksin the mapped area arc
the most dominating. They cover over 65.0% of
the toral area mapped. They are much younger as
comparzd with the metamorphics.

Murree Formation. This rock unit is very
extensively developed around Muzaffarabad. Tt
starts from Muzaffarabad and continues right
upto Nauseri on both sides of the river except in the
Chahla — Batmang area where limestone outcrops
within this formation. Because of faulted contacts
and tight folding the actual thickness is not known.
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Near Muzaffarabad the Murrees which are sedi-
mentary in origin and Miocene in age are in
faulted contact with Hazara slates which are
metamorphic and Cambrian in age. This is a
long fault which in the south extends beyonil
Kohala all along the Jhelum river. Calkins and
Matin (1968) have named it as Jhelum  Fault
and the same name is used here. In the north
near Nauseri Murrees have been thrusted against
the oldest rocks of the area, viz, Salkhalas. This is
the largest thrust of Kashmir region. Similarly
the contact of Murrees with Muzaffarabad Lime-
stonc along Katha Shawai is fauited and this fault
i< known as Muzaffarabad Fault (Calkins and
Matin). The contact with MNodular Limestone
is normal but transitional. In the trapsition zone
limestone beds alternate with green, grey, and red
<hales. The transition zone is about 60 feet thick.

The Murree Formation in this area consists of
red, thinly laminated siltstone and shale, thick-
bedded to massive clays, and subordinate amounts
of fine to medium grained, pale green to grey, and
some marocon coloured calcareous sandstone of
greywacke nature. The beds of sandstone and the
clavs and shales alternate with each other. Some-
times the sandstone beds are lens shaped and in a
few places heds of conglomerate are interclated
with the sandstone. Streaks and veins of calcite
are quite common in sandstone and are placed
generally at right angles to the bedding.

Petrographically sandstone is fine to medium
grained, equigranular, with quartz 389, calcite
303, rock fragments 105 and iron ore 2%
while the shales and clays are composed mainly
of clay minerals 55%;, heamatite 20%,, calcite
102 and guartz 1537,

The Murrees in Muzaffarabad-Nauseri area
are highly folded and well jointed. Local faulting
and shearing is quite common. Sirikeand dip
are highly variable.

They represent the weakest formation of the

area as far as their engineering properties are
concerned. The slopes in Murrees arc highly
unstable and very vulnerable to sliding. They
provide very weak foundations for bridges.

Muzaflarabad Limestone : The grey coloured,
unfossilliferous limestone that lies within Murrees
close to Muzafiarabad and occupies the core of
Muzaffarabad anticline is named as Muzaffarabad
Limestone. It is similar to the “Great Limestone™
of Wadia and the “Jummu Limestone” of Gansar
(1964). Calkins and Matin (1968) have described
it as Abbottabad Formation.

MuzafTarabad Limestone is well exposed in
Katha Shawai, Chahla and Batmang arcas.
Because of faulted contacts and tight folding
its exact thickness is not known. Approximately
it is more than 2060 feet.

Muzafiarabad Limestone is in faulted contact
with Murrces along Katha Shawi (Muzaffarabad
Fault)and the upper contact with Modular Line-
stone of Eocene age is unconformable.

It is thinly bedded, compact, dirty white and
dark grey to black, fine grained, unfossilliferous,
magnesian limestone which is often cherty. Lower
and middle parts are dolomitized while the upper
part is characterised by the presence of black
siliceous clays and abundance of chert nodules
and layers. The chert stands out on weathered
surfaces.

Calcite, which oecurs both in amorphous and
crystallized form, constitutes 953 of the rock.
Much of it has been dolomitized. Quartz forms 2 9

and very fine clayv is 3 %,

The trend is highly variable because of folding
and faulting. Broad as well as tight folding can be
seen. The limestone is well jointed and breccialed.
Three sets, 1.e.,, NW, NE and the one parallel to
bedding are common. The joints are commonly
filled with calcite veins.
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Froman engineering point of view the lime-
stone is generally hard and dense but extensive
jointingand shearing has rendered it quite weak.
Creep and rock fall are not uncommon.

Nodular Limestone : It has been named as No-
dular Limestone because of the very well developed
nodular structure. It outrcops between Dhanin
and Batmang and occupies a continuous belt of
varying width. Where it crosses the Nilum river it
is about 1300 feet thick.

The Nodular Limestone is conformahle and
transitional with the overlving Murree Formation
and rests unconformably on the Muzaffarabad
Limestone. This lower contact is faulted at some
places.

Where the Nodular Limestoneis found in beds.
it is thinly bedded to massive, grey nummulitic
limestone and grey to black carbonaceous shales
with subordinate thickness of greenish grey
calcareous shales and sandstones. In Batmang
area the limestone is marly and highly nodular.
The nodules range in size from 5% to 18%.  The
black shally lavers curve around the nodules. The
graphitic and coaly malerial is present in high
concentrations.

The limestone is generally bioclastic containing
abundance of skeletal especially
The fossils  present have heen
identificd as Operculina, Miscellanea. Lockhartia

remains.

Foraminifera.

Alveolina and Assilina,

Modular limestone is composed of almost
100%; caleite. Small scale local folding and
faulting has been observed.  Slopes in thislimestone
are generally unstable.

Alluvial Deposits:  These are mostly confined
to the river and a few of the main streams.
They are mainly compuosed of boulders and gravel
cmbedded loosely in a matrix of sand and silt.
Some of these deposites form very big and very
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high terraces. The Dhanin terrace on which
village Dhanin is located is about 500 feet thick.

METAMORPHIC ROCKS

Hozara Slates : These are fine grained, grey
to black coloured, schistose rocks west and south
of Muzaffarabad. The name was given by Wadia
in 1931. The Dogra Slates, Attock Slates, and
Simla Slates are similar to these. They are also
referred to as Hazara Slate Formation and Hazara
Formation. They are well exposed on Muzaffar-
abad—Abbottabad road and Muzaffarabad—

Kohala road. They represent a very wide spread
unit.

Only the northern contact with Murrees lies in
the area mapped. As mentioned ecarlier this is a
faulted contact which represents a major thrust
Known as Jhelum Fault.

Hazara Slates in the investigated area are
dark grey to black in colour with some patches of
gypsum. They are rusty brown or drark green on
weathered surfaces. Lenticular quartz veins are
common and quartz partings are present at a few
places. The formation also contains some phyllites
and graphitic layers. Close to their contact with
Murrees the Hazara Slates become highly calcareous
in nature. Here they may even be called shaly
limestones.

Microscopically they show cryptocrystalline
texture. The fissility planes show undulations
and microfolding. Quartz (55%), micas and
chlorite (40 %) and pyrite (3 %) are the main con-
stituent minerals.

Bedding in slates is well developed and so is
planer structure. They show a perfect oblique
cleavage because of which the rock hreaksinto flat
pieces.

Tight folding. at places overturned (Fig. 1) is
present in slates due to which strike varies over
short distances.
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Fig. 1. Tight overturned folding in Hazara Slates.
Shearing in the arial zone is guite clear.

From the engincering poinl of view Hazara
Slates represent ielatively weaker rock because of
they hreak along planes of
they are much sheared the

the ease with which
weakness.  Where
slopes are unstable and shding oceurs.
big slide about 2 miles south of Muzaffarabad on
Muzaffarabad - Abbottabad observed
in this rock formation.

A very

road was

Salkhala Series : This name was applied by
Wadia (1931) ro a series of alternating rocks
which are generally schistose to phylhitic thin
quartzites, calcarcous schists, soapstone, ete. In
the area under consideration this formation is well
exposed near Nauvseri. Along the Nauseri-Tithwal
road they extend for about two miles starting
from Wauseri bridee. The exact thickness of
this formation cannot be determined here because
of mnz folded nature and because its southern
contaetl is faulted and the northern contact is

gradational.

Salkhalas which are Precambrian inage arein
a faulted contact with Murrces of Miocene age.
This contact marks the biggest thrust in Kashmir
region along which Salkhalas have been brought up
for thousands of feet. This thrust is shown on the

map as Nausaeri Fault. The northern contact

with granite gneiss is exposed opposite to Thanda
Katha.
the actual gneiss starts there is a transilion zone
in which both gneiss and schists, which represent
Salkhalas, are present. The Salkhalas in the
transition zonc show the development of coarser
quartz and feldspar. The contact is marked by
cliffs at some places.

This is a pradational contact and before

Salkkala series is well bedded. the bedding
heing medium to thick. Olive green colowr is scen
on wheahered surfaces due to abundance of chlorite
and epidote. The varions types of rocks which
comprise Salkhala series in this area are :

1. Fine grained, grey coloured. gquartizitic
schists in which the schistosity is not

very prominant.
2. Fine grained greenish looking schists
which are chloritic phyllites. Schistosity

is poorly developed.

3. Graphitic schists which are dark grey in
colour and hreak into fine picees.

4. Green stone. Greenish looking schists
with a lot of chlorite and epidote.

5. Dark coloured, greenish brown amphibo-
lites which are composed of aluminous
hornblende (65%). plagioclase (1257),
chlorite (1054). and sphene (3%;).

. Epidosite which is coarse grained peg-
matitic and contains 65%, cpidote.
Quartz forms 2034, cholorite 3% and
hornblende 79%;.

7. White coloured. soft, banded marble or
baked limestone. The above rock types
indicate a low to medium grade of
metamorphism.

The age is Pre-Cambrian because the series
underlies the Hazara Slates everywhere.

The Salkhalas are well bedded. The strike
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as well as the dip is much variable because of fold-
ing and local faulting. Tight zig zagfoldingis the
most characteristic feature of this series (Fig. 2).
Jointing is quite common.

Salkhalas are hard and dense. Slopes are
generally stable but where the rock is much jointed
and the slopes are covered with loose overburden

rock falls also occur.

Tithwal Garnetiferous Schists : This rock
unit is best developed in the Chilhana, Reali, and
Tithwal area. The name has been derived from
the town of Tithwal which falls in the Indian
territory on the other side of the river.  This is

a very thick unit.

The contact of schists with granite gneiss

is gradational. As one moves from schists
toward their contact with the granite gneiss
one observes that the amount of biotite, feldspars,
and gquartz increases considerably.  With the
increase in the amount of these minerals the grain
siz¢ also increases and the rock-starts changing
from schists to gneiss. The guartz and feldspar
grains develop parallel to the planes of shistosity
and the feldspar grains are eye shaped near the
contact. This gneissic texture becomes more and
more pronounced until the rock becomes truly
gneissic. The foliation of gneiss is parallel to the

foliation planes of schists.

The various types of schists that comprise
this rock unit can be best studied on the road section
from Chilhana to Jargi. Quartz mica schists,
chlorite schists, and garnet mica schists alternate
with each other. On the whole the schistosity
is. poorly to well developed. Garnet is present in
all varieties but its amount as well as size varies
widely. A very important characteristic of these
schists is the abundance of quartz veins and scgre-
gations which frequently show pinching and
swelling and at some places are even folded. The

schists themselves are well folded and well jointed.

SHAKOOR

Fig. 2. Tight zig-zag folding in Salkhalas.
Chlorite schists. These are fine grained
greenish looking schists in which schistosity is
moderately well developed. They are mainly com-
posed of quarte (55%), muscovite (259}, chlorite
(1594), garnet (39,), andiron ore (294).
is haematite and pyrite.
give a spotied appearance to these schists at places.
Lineation in not present.

Iron ore
Larger flakes of chlorite

Quartz Mica Schistx : More
developed beyond Tithwal. They are light
colourcd arenaceous schists consisting chiefly of

prominenily

quartz(75%) and muscovite (13%,). Other minerals
arc biotite (39), chlorite (294}, zarnet {1 %), and
magpetite and pyrite (4%7). Schistosity is poor
to moderate. Bands of poorly developed
quartziles are also present.

Gaornet Mica Schists © They are silver grey in
colour and in them the schistsity and the lineation
are well developed.
quartz (50 %), muscovite (309%),
garnet (3 9%4) and iron ore {7 %4). Both magnetite and
pyrite are present. Garnet, though small in size,
is abundantly developed. Folding is common and
quartz veins are very abundant. The distinguishing
feature in the field is that the garnet can be seen
with the naked cye.

Important constiluents are
biotite (52

Jfod
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Tithwal Schists are stronger as compared with
Hazara Slates. The slopes are generally steeper
and landsliding is relatively uncommon. Minor

rock Falls occur where schists are badly sheared.

Nauseri Gronite Greiss : This rock deserves
special attcntion becapse it has not been mapped
and  described before. Faroogi of the
Pakistan [Industrial Development Corporation
included it in Nauseri Formation and named it
as a syenite porphyry.

The granite gneiss outcrops two miles from
MNauseri bridge on Nauseri—Tithwal road where
it is in gradational contact with Salkhalas. Because
of the Indian border marked by the river at this
place the outcrop of the granite gneisscould only be
How-
ever, it is very extensively developed and some of
the highsst peaks like Chunj and 7229 are made
of this gneiss.

traced on the right hand side of the river.

The southern contact of the gneiss is with
Salkhalas and the northern with Tithwal schists.
RBoth the contacts are gradational with transition
zones. Both Salkhalas and schists near their con-
tacts with the gaciss show gradually increasing
development of feldspars, quartz, and biotite. Also
in the trapsition zonc the bands of country
rock and the gneiss alternate.
and feldspar are quite common in transition zone.

The loliation of the gneiss is parallel to the original
hedding that can be seen clearly in this rock as well

as to the bedding planes of Salkhalas and Tithwal
This shows the conformable nature of the

Veins of quariz

gchists.
contacts.

MNauseri granite gneiss is a light grev coloured,
porphyritic and foliated rock (Fig. 3) that
consists chiefly of quartz, feldspars, and micas. Tt
is thickly bedded (Fig. 4) to massive and very hard.
The phenocrysts of feldspar can be seen even from
a distance. The maximum size of the phenocrysis

observed is 37 and the gencral range is from 2°—47.

Fiz. 3 The size and abundance of phencecrysts
in granite gneiss, the foliation and the joint-

ing.

Fig. 4 Well developed bedding and jointing in
granite gneiss between Nauseri and Tithwal.

Some of the phenocrysts are perfectly euhedral
and even show carlsbad twinning. Where they
are not euhedral they are eye shaped giving rise
to a well developed augen structure.

characteristic feature of the
gneiss is the abundance of quartz and feldspar
veins which show microfolding, microfaulting and
pinching and swelling (Fig. 5)

Another wvery

Microscopically quartz amounts 309, which
forms small anhderal grains or pocket like segrega-
tions. Potash feldspar constitutes 25% and occurs
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mostly in the form of phenocryst of orthoclase,
microcline, and perthite. Alteration of feldspars
to muscovite and sericite is common. Euhedral
Lo subhedral grains of plagiolase are 5% in propor-
tion and oligoclase in composition. Muscovite
makesup 125 and biotite 595, Accessoriesinclude
cuhedral sphene ( 294) and caleite (1 92).

Fig. 3. Abundance of quartz veins and Segresa-
tions showing Pinching and swilling and micro-
folding at the centact between Granile Gneiss

and Tithwal Schists,

Structurally the gneiss is well jointed and shows
micro folding (Fiz. 6)

As far as the origin of the granite goeiss is con-
cerned it is a para gneiss. It is a granitized granite.
The gradational and conformable nature of the
contacts (Fig.7), the bedded nature, the para-
llelism of the foliation and the bedding, very high
percentage of quartz, the presence of calciie. the
development of microfolding (Photo 6), the absence

of chilling at the contacts and the absence of
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Fig. 6. Microfolding in Granile Gneiss,

Fig. 7. The conformable contact between the
Granite Gneiss (below) and the Tithwal Schists
(above) on Nauseri Tithwal road.
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xenoliths and dykes and veins intruding the country
rock indicate clearly that the gnciss is not a
product of magmatic crystallization. It has
resulted from the granitization of Salkhalas and
Tithwal Schists. Whether the source of granitization
is some igneous body nearby or whether itis due 1o
very high temperature and pressure, is yet to be
confirmed. Mapping of adjacent areas is needed
for this purpose.

It is the strongest rock of the area which forms
steep slopes @nd in which no landsliding was
observed.

STRUCTURE

Structurally Muzaffarabad— Nauseri area s
characterised by severe lectonics. It is  highiy
folded, faulted, and jointed. This is because the
area of study lies in the axial zonc of the syntaxial
bend of the Hymalayas. The structural pattern of
the mapped area is a part of the larger structures
of the bend itself and is a result of the same tectonic
forces which produced the syntaxis. The structure

of the arca can be described in two parts :

1. Majorstructure
2. Minor struclures.

Major Structure :

Among the major structural features are in-
cluded faults, folds, and joints.

Faulti ; The area is highly faulted but the
largest faults are those whichalso mark the contacts
between different  formations.  They
Jhelum fault, Muzaffarabad fault and Nuauserl
fault.  All are reverse faults and all dip cast ward.

include

Jhelum Fault - 1t marks the contact between
Hazara Slates and Murree Formation and runs
west of Muzaffarabad. 1t is a very big fault which
in the northwestern direction extends upto Kunhar
river and in the south continues along Jhelum

river.

In Muzaffarabad area the fault dips east-
wards al steep angles ranging between 60 to 50
degrees. i is a combination of reverse and strike
slip faulting. Along this fault plane Murrees have
moved south west as well as north-west as com-
pared with the slates.  The affect on the surround-
ing rocks is manifested by tight folding. crumbling,
and change of strike and dip of the strata.

Muzaffarabad  Faulr @ This  fault  has
occurred on the southern limb of
Muzaffarabad anticline. The names Muzaifarabad
fauli and Muzaffarabad anticline were first given
by Calkins and Matin (1968).
Muzaffarabad Limestone from the Murrees. It

dips at moderate angles towards cast withan average

overturned

This fault separates

of 40 degrees.

Along the fault plane the Muzaffarabad Lime-
stone has moved southwest over Murrces.
of this Fault almost whole of southern limb of
MuzaTarabad anticline has gone down.

Because

Nauseri Fault = This marks the largest thrust of
the Kashmir region. It extends in the northern
direction for many miles beyond the mapped arca
and continues south of Nauseri and then southeast
for hundreds of miles.  Like other major faults of
the area it dips castwards at moderate to steep
angles with an average of 30 degrees, The Nauseri
fault separates the oldest rocks (Sulkhalas) from
the youngest rocks (Murrees). Along the fault
planc the Salkhalas have moved northwards for
thousands of feet and also westwards. The rocks
on both sides of this fault are tightly folded and

sheared.

In addition to these major faults the uncon-
formable contact between Muzaffarabad Limestone
and nodular limestone has also been reported
faulted at many places (Calkins 1968). Similarly
many intraformational faults of small throw and
extenl were observed in the field.
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Folds :

Almost all formations of the area have been
folded. Folds are nearly of every known tvpe.
Broad as well as tight folding is present. The most
intensively folded Formations include the Hazara
Slates, Muzaffarabad Limestone. Murrees and
Salkhalas.

Muzaffarabad Anvicline :  East of Jehelum
fault the Muzaffarabad Limestone, the Nodular
Limestone and the Murrees are folded into a large
anticline which trends northwest and its wesiern
MuzafTarabad Limestone

The overturned

limb is overturned.
forms the core of this anticline.
southern limb of this anticline has been faulted
{Muzaffarabad Fault), therefore only a part of this
limb is present. The Nodular Limestone which is
over 1000 feet thick in the northeastern limb is
almost completely missing from the overturned
limb because of faulting.

Superimposed on the Muzaffarabad anticline
is another series of subsidiary folds trending north
2451,

Folds of tight nature, many of them overturned,
are present in slates and Salkhalas.  Shearipe
along the axial planes of these folds is & common
feature.

Joints :

Most of the rocks of the area are well jointed
and there are more than one directions of jointing.
Most of the joints are closed and smooth surfaced.
Many of them are filled with secondary mineraliza-
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tion.
and shear forces.

Most of the joints are produced by tensile

Mlinor Structures :

Thesze include microfolding. foliation, cleavage,
lineation and cross beddine. Microfolding is very
common in Hazara Slates, Salkhalas and granite
gneiss and to a lesser extent in schists. Thin veins
also follow the trend of this folding. Axial planes
of microfolds are parallel and they show a com-
hination of shear and drag.

Foliation is best developed in gramite gneiss
while the lincation is present on the schistosity
planes of garnet mica schisis. Cross bedding is
displayed by the Murree sandstones.

Tectonic Forces :

The present sturcture of the area is the result
of deformation during the Hymalavan orogeny
which began in late Cretaceous. According to
Calkins and Matin.in the area under consideration
the rocks west of Jhelum fault. i.e. Hazara Slates
moved southwards resulting in stresses directed
southwest-wards which caused other favlls. To
counteract these forces stresses were generated in
the westward and south westward directions. This
resulted in the westward overturning of major folds
like Muzaffarabad anticline and also castern sides
were upthrown as compared with the western
sides along the fault planes. The refolding of
Muzaffarabad anticline 15 also a result of the
westwarnid lorces,
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Abstract : Chemical analyses of three purified chramire s mples from Harichand warea Malakand agency are

preseated and compared with chromites from Muslimbagh.

A ntimber of diagrams have been drawn 1o present

the chemical data.  The analysed Harichand chromiites are aluminian chramite with tendeticy towards chromian

spinel due 1o high alumina.

M icrofiardness and specific gravities of all the specimens are presented whereas

vell edge dimension and refractive indices of nwo samples are given.

INTRODUCTION

Ultramafic bodies, many of which are chromite
bearing, are exposed from Malakand agency in the
north to the Chapai district in the south,  Chromite
was discovered in Muslimbagh by Yeredenburg in
1902 (Hayden, 1917) and is being mined since then,
Workers such as Ahmad, (1972} and
(1963, 68) have worked in detail on the chemistry
of purificd chromites from Muslimbagh and Font
Sandeman, bui no detailed work has been done on

Rilgrami,

the chemistry of purified Harichand chromites.
EXPERIMENTAL

Chromite samples concentrated by magnetic
separator and purified by heavy liquids, were analys-
ed following the analytical scheme of Ahmad, (1969).
Specific gravitics of the purified chromite samples
were measured by pycnometer method and a mean
of three determinations is given. Microhardness
of polished chromite samples was determined
in terms of Vickers Hardness Number (V.H.N.)
using a3 G.K.N. microhardness tester at a load of
200 grams. The values piven are mean of ten
determinations made on each sample. Refractive
indices were determincd by immersion method and
cell edge dimension, using a powder camera with
190 mm diameter and Mo Kz radiation.

RESULTS AND DISCUSSION

The chemical analyses of the three purified
chromite samples are given in Table 1. Umt eell
contents on the basis of 32 {O) and end member
percentages are given in Table 2. Physical properties
i.e. specific gravity, microhardness,  cell edge
dimension and refractive indices are given in Table
3. The chemical data given in tables is presented

in the form of five illustralions.

Table 1, shows that these chromites contain high
alumina with a maximum value of 28.24°/, and low
Cra0; with a lowest Cra0Qy value of 39.06% as
compared to chromites from Muslimbagh, which
have.a highest value of Al;0; 2031% and a
lowest value of Crz203. (49.95%) Ahmad, (1972).
As compared o Muslimbagh chromitles, these
chromites are low grade with a Cr/Fe ratio varying
from 2.06 to 2.47. RO/R20; show a variation of 0.96
to 098, Table 4 shows that these chromites have
a composition variation as Crgs gs Alse g0 Meeg o).
Table 2 show. the formula percentages, spinel
varics from 35.01 1o 49.20%,. Magnesio-chromite
from 13.74 to 21.83", Ferro-chromite from 23.89 to
41.78% and Magnetite varies from 2.01 1o 4987,
This table shows that with the increase in spinel,



SHAFEEQ AHMAD

(Mg Fe) OCr, D,
16 0

16

16 8 0
(Mg Fel DAL, 0, FeD Fe, 0,

Fig. ). Triangular Diagram Showing Composition of Analysed
Chromites from Harichand.
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Fiz. 2 Rectangular Diagram with Zone of Ison erphism, Compo-
sition of Analysed Chromites Shown by Numkers.



CHROMITES FROM MALAKAND %3

TABLE 1 TABLE 2
Chemical Analysis of Harichand Chromties Fnd Member Percentages
1 2 3 IR T 5 o
Cry0y 39.06 350.66 42.05 Formula Pereente ge
AlyOy 28.24 18.86 26.29 Spinel 49.30  35.01 46.57
Fea0, 4.48 1.70 3.07 Magnesio-chromite 21.83 21.20 13. M4
Va0, 0.04 Nil  Traces Ferro-chromite 23,89 41.78 36.22
FeO 11.99 16.49 15.19 Magnetite 4.98 2.01 3.47
MgO 15.52 11.84 12.83 Weight Percentage
MnO 025 0.17 0.26 Spinel 3959 2638 36.45
Cal) 0.04 0. 06 0.09 Magnesio-chromite 2370 21.60  14.5]
NiQ 0.06 Traces Traces Ferro=chromile 30.21  49.57 44.64
TiO, 0.14  0.18 0.18 Magnetite 6.49 245 4.40
S5i0z 0.23 0.06 il » = —
s —— TABLE 3

100-035 100,02 93 Physical Properties of Chromites

Crle 221 247 2.06 i Ood : A 3
RO/R20; 0.98 09  0.95 = == e e
MzO/RO 0.7 0.56 0.60 Specific gravity 4.245  4.470 4340
Fe20:/R20; 0.035 0.02 004 Microhardness 1321 1287 1314
MgO/MgO + FeD 0.58 0.42 046 Cell edge dimension 8.231 5.241
Cr,0;/Al,0, 0.38 0.73 0.6l Refractive index 1.955 1.963

Sample No. Description
magnetite  increases, whereas  ferro-chromite

Brownish yellow chromite with . 5

! y decreases. Same is the case with end member
interstitial serpentine percentages given in terms of weight percentages.

2 Massive brown chromite

The chemical compositions of chromites ploited
3 Massive brownish vellow chromite in spinel triangle Fig. 1, shows that two chromites
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Fig. 3. Relation between Weight Percentages,

Alz0; and CriQ., Fe, 0,5, MgO, FeQ in
Harichand Chromites.

with numbers 2, 3 lie in the recion of aluminian
chromite, whereas one sample number 1 lies in
chromian spinel. Sample number 3 is very close to
the margin of chromian spinel. This shows that
these chromite, due to high Al:0: contents have a
tendency towards chromian spinel. To confirm
this more detail chemical study of more chromite
samples will be required. When compared with
Muslimbagh chromites, these chromites lie outside
the area occupied by Muslimbagh chromites,

The area occupied by Muslimbagh chromites
is also plotted for comparison. Fig. 2, is a plot of
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RO in Harichand Chromites.

these chromites in the rectangular diagrams showing

zone of isomorphism. This figure shows that these

chromites lie in the zone of isomorphism and in the
area covered by Muslimbagh chromites. The
curve shows that with the increase in (Cr-=Al), the

contents of Mg decreases.

Fig. 3, which is a plot of weight percentaces
of Al;O; aganist weight percentages of Cr:0;,
Fe,0,, MgO & FeO, shows that with the increase
in AlO;, the contents of Fe(Q, Cr, 0, decreases,

whereas Mg0 & Fea0,, increases,
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12.06)

{z2,47)

1
0.5% ¢.60

| i i
0.65 0.70
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Fig. 5. Relation between Cry; O;/Cr; 0,+ALO; and MgO/MgO+4-FeO
in Harichand Chromites (Cr/Fe Ratio given in brackets)

Fig. 4, is a plot of MgO/RO against Fe,0;/
R,0; for Harichand chromites and comparison
with Muslimbagh chromites. This figure shows
that increase in MgO RO ratio, causes an increases
in the ratio Fes03;/R,0,. Moreover these chro-
mites lic in the area occupied by Muslimbagh

chromites,

Fig. 5, a plot of MpO/MgO+FeO against
Crs04/Cr20: 4+ Alz20; show that with the increase
of Mg0/MgO -4 FeO, the ratio Cr203/Crz0;+ Al:0,
decreases.

The physical properties given 'in Table-3 shows
a variation in specific eravity from 4.245 1o 4.470.
Microhardness varics from 1287 to 1321, The
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Unit Cell Contents of Harichand Chromites
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TABLE 4
on basis of 32 (1)
Sample No. Cr Al Fe3-
1 7.31 7.89 0.80
2 10.08 5.60 0.32
3 1.99 7.45 0.56

cell edge dimension and refractive indices of the two
sample detrmined, given in Table-3, show variations
of 8.231 to 8.241A° and 1.955 to 1.963 respectively.

The Harichand chromites have a higher value
of microhardness and lower value of cell edge
dimension and refractive indices as compared o
Muslimbagh chromiles (Ahmad, 1972y This is
possibly due to a high Al:0; and low Cra0,
contents, since out of the three chromite samples,
the chromite samples with higher Al;O; content
has high value of microhardness and lower values
of cell edge dimensions and refractive index.

Fe2+ Mg Composition
231 5.69 CTJE!SILI_‘QME_—.:
35“ 4,50 Cr,,.ﬁlﬁh'fgﬁ
3.18 4.82 Cre, Al Mg,

CONCLUSIONS :

The discussion given above and the chemical
composition of chromites presented in Tables 1—2.
show that two chromites lie in the region of
aluminian chromite and one in the chromian
spinel.  Moreover, the plots show that these
chromites have a tendency towards chromian spinel
and this

reguires a much more detail chemical

work on more purified chromite samples.
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STIRATIGRAPHIC COLUMN OF THE AREA

ERA Period Lithostratigraphic Unit Equivalent Facies Tectonic classifications
Recent Alluyium — Freshwater
Miocene Murree Formation = Fore-deep Unfillings
.......... Disconformity..........
U Palacocene  Patala Formation — =
= (With) Kotal Member)
§ Palacocene  Lokhart Formation — —
E Palacocene  Hangu Formation Huangu Formation (Arenaceous)
.......... Disconformity marked by laterite. .. ... .. _.
Cretaceous  Kawagarh Formation — —_
.......... Minor Disconformity..........
Cretaceous  Lumshiwal Formation, - —
% Jurassic Chichali Formation Zarghun Khel Formation
q .......... Disconformity..........
% Jurassic Samana Sukh Formation

(Base not exposed)

thin bedded (beds less than one inch in thickness
Lower and upper parts are dolomitic.

The Zarghum Khel formation is a facies

variation of the Chichali Formation. Tt is. hawever, al places).

much thinner as compared with Chichali and has a
thickness of about a fow feet to twenty two fest
in the area investipated.

L.umshiwal Formation

Hard. compact. quartzose, glauconitic and
ferruginous sandstones. Greenish grey to brownish
oreen, at places olive green. May weather to
yellowish brown. Lower contact with Chichali
Formation is transitional. In the investigated
area Lhe formation is poor in megafossils.

Kawagarh Formation

Generally medium 1o thick bedded. light to
medium grey, fine grained himestones.  Weathers
into dirty grey and yellowish grey. Occasionally

The lower contaci with Lumshiwal Formation
represents minor local disconformity marked by
dolomitic beds containing pehbles of Lumshiwal

glauconitic sandstone.

The thicker dolomitic portions of this limestone
frequently wheather in chopboard style.

Hangu Formation

In the Kotal sheet (see below) the formation
consists of patchy pissolitic laterite representing a
disconformity at the base followed by reddish or
brownish sandstone followed by vellowish brown
and reddish brown ferruginous shales. At places
there are intercalations of marl.
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between 41° F to 104°F. The maximum average
temperature for any single month is 106.3° F in the
month of June. Average annual rainfall is 21.99

inches. Most of it falls in summer.

Darra Adam Khel is a mountainous area with
moderate relief.  Within the surveyed part the
MNorth West Frontier Road more or less follows the
main stream Leo Khawr which, starting from
Sara Mela, markes a U-shapped valley and then
moves north, A number of major streams drain
into it from the western side. Those draining into
it from the eastern side are comparatively smaller
excepl for the one i.e. Penderi Algada. The major
streams are flanked by narrow terraces with across
These
alluvial terraces are low with one or two levels.
The terrace systems of the major streams Leo
Khawr and Wuch Khawr merge into the larger
expanse of alluvium as we move north out of the
mountainous arca on the Peshawar side.

the channel width of a guarter to one mile,

Drainage is well integrated, dendritic.  All
streams are intermittent.

Where the rock conditions, relicf, and
structure permit full development of slope profile
one can distinguish an upper convex segment and

a lower concave segment.

Predominent lithology being well bedded and
well jointed limestones one can distinguish two
major modes of weathering, root wedging and
solution,

The area is in a mature stage of development.

Vegetation is restrited, generally patchy or
open, and reflects the semi-arid conditions. Among
the trees are Gorgora, Phluza, Mcinmoona and
Ber. The shrubs include Garati, Pustocuoona,
Sarazghey, Khapianga and Baaza. Terraces are
cultivated for wheat, sugar cane, foodder, ete.

STRATIGRAPHY

Stratigraphically the area resembles the nearby

GARDEZI et al.

Kala Chitta and Hazara areas. The construction
of stratigraphic column of the area, however,
presented a great deal of confusion because of the
great structural complexity and significant facies
changes over very small distance. It was only
after the facies changes had been realized and the

structure understood that it became possible 1o
construct the given stratigraphic column, relate the

different rock formations to their counterparts in
Kala Chitta and Hazara and prepare an accurate
geological map. (Fig. 1),

A brief description of the stratigraphic units
which can be related to the adjacent areas of Kala
Chitta and Hazara and a relatively detailed
description of the lithostratigraphic facies peculiar
to the area follows bellow.

Samana Sukh Formation

Well bedded limestone with occasional marly
bands. Medium to dark grey. Yellowish t!n!ﬂmi-,
tic patches, occasional dolomite bands. Oalitic
at places. Effects of solution weathering, e.g.
Karren structure, are pronounced on surface.

Chichali Formation

Black greenish grey or yellowish grey siliy
shales. Weather into lighter tones and dark on
fresh surface. At places intercalated with marl
bands and at places iron nodules are present.
dolomitic beds with
ferrugionous encrustations. Fossiliferous
Containing belemnites. ammonoids and crinoid
spicules.

Base marked by sandy

FLarghun Khel Formation

Yellowish dolomites with bedded chert. Chert
is shaded grey on fresh surfaces and rusty brown
on the weathered surfaces. At grid reference
55355270 the stratigraphic detail is as follows ;

Bedded chert sequence
Yellow dolomitic limestone
Fossiliferous band

Bedded dolomite
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GEOLOGY OF DARRA ADAM KEHEL AREA, DISTRICT KOHAT,
NORTHWEST FRONTIER PROVINCE, WITH OBSERVATIONS
ON THE FACIES CHANGES AND THEIR TECTONIC IMPLICATIONS

AKHTAR HUSSAIN GARDEZI
MUNIR GHAZANFAR,

AXD

ABDUL SHAKOOR

Department of Geology, University of the Punjab, Lahore

Abstract : Poineer work has been carried out in the geologically unknown tribal territory of Darra Adam
Khel, Stratigraphic colunm has been established.  Facies changes of great structural significance have been

discovered.
outer Hymalayas.

INTRODUCTION

The Eocality : Darra Adam Khel is a longest
strip of tribal territory with Peshawar on the
north and Kohat on the south. Geological
investigations, however, were carried out only few
miles on both sides (east and west) of the North-
West Frontier Road, within longitudes 71° 26* 206°
to 71 34 35°E and latitudes 33° 36° 40° to 332 45'0°N
covered by toposheets 38 Q/6and 38 Q/10 of the
Survey of Pakistan.

Working condition and Previous Work : In-
vestigations in the area were first carried out
by the writers when a party of six students began
mapping the area under their supervision in
November 1974, These six M.Sc. students were
Messrs Zahid Karim, ljaz Ahmad, Sajjad Masood.
Najam-ul-Huda Tariq, Abdul Waheed and Riaz
Ahmad. The students spent nearly three months
inthe area. The writers superyised them altogether
for about three weeks.  In addition to the observa-
tions made and given below by the writers the
students have carried out petrographical studics,

Complicated local structure has been unraveled with important bearings on the tectonics of the

fossil identification and detailed stratigraphic
observations which are given in their comprehensive
M.Sc. theses lying in the library of the Geology
Department of the Punjab University. These
theses contain explanatory photographs, diagrams,

and maps.

No previous work has been done on the geology
and structure of this tribal belt.

The tribal area, except for the MNorth West
Frontier Road, is not covered by the laws of the
Pakistan Government. The Government, how-
ever. has a liaison with the tribal administration
through a political tehsildar who sits in Kohat.
Within the area itself more than one tribal jurisdic-
tions exist. For the purpose of the survey the
political tehsildar made available an escort of
K hassadars (local Militia).

Physiography : The temperature and rainfall
data recorded by the meteorological department at
the Kohat Pakistan Air Force Station for the year
1973 is as follows :

The average annual range of temperature is
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In the Zarghun Khel sheet (see below) the
pissolitic lateritc and shale are absent. Here the
formation is mainly arenaceous consisting chicfly
of dark reddish brown coarse grained ferruginous
guartzose sandstonc.

Lokhart Formalion

Medium to thick bedded, medium to dark grey
on fresh surfaces and dirty light grey on weathered
surfaces. Foetid smell on freshly broken surfaces.
Modularity is characteristic. Occasionally massive.
Foraminiferal microfossils.

Patala Formalion

Greenish grey. dominantly khaki, at places
shades of purple, splintery shales with subordinate
marl and limestone intercalations. Intercalations
lower

of nodular limestone towards the part.

Occasionally sandy and carbonaceous.

Patala shales near Kotal Frontier Constabulary
Post in this area have developed a peculiar lithology
which has not been quoted from any other area ever
bafore. The Kotal member consists of purplish,
reddish brown and reddish grey coarze sandstone.
grit, and microconglomerates. The grit occurs
in medium to thick bedsand is compact and hard.
Some bads are medium grained and dominantly
of grezaish grey colour. Size of the conglomerates
varies considerably. Big sized conglomerates
are observed near Kotal post.

Murree Formation

Reddish, purple. greenish grey shales, sand-
stone, clays, with intraformational conglomerates
and pseudoconglomerates. Sandstone shows sedi-
meatary structures like cross-bedding.

Alluvial Deposits

The terraces are composed of a wide variety
of graine size. In addition to silt and finer grades
there is coarse sand, cobbles and pebbles. The

material is very poorly sorted, is subangular and,
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at places, occurs in alternating layers of coarse and
finc.

Facics Changes

A look at the geological map shows that the
stratigraphic position of the Chichali Formation
{arenaceous shales) 1s occupied at other places
by Zarghum Khel Formation (cherty dolomite).
The two formations are so radically different that

they confused the stratigraphy for quite some time.
Kotal member of Patala Shales too contnibuted to
this confusion. Some facies change has also been
described under the Hangu Formation. Facies
variation is also present in Kawagarh Formation at
differcnt places. The existence of lithofacies along
with associated wvariations in thicknesses suppest
more than onc isopic zones of deposition for the
same stratigraphic horizon. Moereover the facies
belonging to these different isopic zones occur
side by side in the area. This observation helped
to understand the complex structure and map the
area accurately.

STRUCIURE

The Jurassic to Palacocene sequence of Darra
Adam Khel is flanked on both south and northi.e.,
Kohat and Peshawar sides hy extensive Murree
deposits of Miocene age. The older formations
in the middle have Faulled contacts in the form of
low angle thrusts with Murrees on both sides. This
situation could be explained in two ways :

{(i] One explanation would be that the area
has suffered block faulting with the central
massif having moved upwards exposing
older rocks. Tt was then followed by

gravity gliding on both sides frem top
of the uplifted block. Thisin turn led
to the bending of the otherwise vertical
fault planes in the form of low angle
thrusts.

(ii) The second explanation could be that
when the uplift of the miogeosvnclinal
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sediments began because of the northward
movement of the Indian plate the sedi-
meats on the south facing side of the rising
Yymalavas became loose and slided down-
After having undergone long

translational they

wards.

distance
landed up on top of the fore-deep infill-
ings of the Murree Formation. This was
repeated again with another slice from
higher up the rising Hymalays, detaching
long distance translational

moyement

and after
movemenlt coming to rest on top of the
The two allochthonous slices
belong to two different isopic zones and
hence the [lacics changes.

first slice.

Now the existence of radically different facies
side by side along with the difference in thickness
cannot be explained by the first hypothesis of block

faulting. This could be explained only by long

Tectonic Characieristics ™ame of the Sheet

Allochthonous Zarghun Khel nappe

{ Miogeosynchinal)

Allochthonous
{Miogeosynchinal)

Autochthonous

(Foredeep infillings) Murree deposits.
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distancé translational movement and the existence
of nappes. Again, this alone could explain the total
absence of Murree Formation from the superimpos-
ed nappes. Thirdly even the mode of deformalion
between the various sheets is different. The lower,
Kotal nappe is more intensively deformed (faulting
main structural element) than the upper Zarghun
K hel nappe (folding main structural element).

The structure of the area was thus worked
out as consisting of two allochthonous nappes
resting upon the autochthonous
The thrust separating the lower pappe
from the Murree sediments is termed the “Kotmela
thrust™” after the village Kotmela in Akhurwal.
The upper nappe is separated from the lower nappe
by a sccond major thrust called the “Qasim Khel
thrust” after the village Qasim Khel in the Zarghun
Khel arca. The upper nappe has been called the
Zarghunkhel nappe and the lower as the Kotal
ﬁ.'.ipp'\'.".-

Murree  scdi-
ments.

Isopic Characteristics

Contains Zarghun Khel

Formation facies.

Formations have lesser thicknesses.
Hangu is the youngest formation.

Contains Chichali Formation facies.
Formations have greater thickness.

Patala Shales with Kotal member is the youngest
formation.
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The structure given above is further confirmed
by a large fenester northeast of village Qasim Khel
in the Zarghun Khel area (about the middle of the
mapped area). Here the Kotal nappe with Kotmela
thust at'its base is seen through an eroded portion
of the Zarghun Khel nappe.

The detachement of the two nappes appeiars
to have taken place on the “decollement™ style.
The decollement requires the presence of a soap
layer or plastic horizon which provides mobility
for the overriding mass. In this case the Shinwari

GARDEZ] et al.

Formation (which occurs below Jurassic Samana
Sukh in other areas) must have acted as the soap
layer for the Kotal nappe. The Shinwari Formation
consists of limestones and marl in the lower half
and red shales and ¢lays with intercalated marl
in the upper half. It is Lower Jurassic in-age.

Forthe second detachment i e.. for the Za rghun
Khel nappe both Shinwari
Hangu Formation seem to

Formation and the
have acted as the
decollement horizon.
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ORIGIN OF MYRMEKITE OF THE ACID MINOR BODIES OF MANSEHRA AND
BATGRAM AREA, HAZARA DIVISION

INTRODUCTION

The acid minor bodies occur as rocks in
the form of albitites, aplites, pegmatites and albiti-
zed rocks (Ashraf, 1974). They are in the form
of lensoid, lenticular and tabular bodies emplaced
in the fissures along the foliation of granitic and
metasedimentary rocks.  The granitic rocks have
been stodied by Shams (1969),

Myrmekite was amongst the last phase to
formin the granitic rocks (Shams, 1967). Ttshowed
a continued activity of soda towards the later stages
of the plotonic evolution of the granitic bodies.
This activity of soda is also thooght to be respon-
sible for the development of some soda aplites and
albitites.

THE MYRMEKITE

The myrmekites occur in the granites abun-
dantly, and particularly in the older granites and
gneisses. A detailed account of its occurrence in
these rocks has been given by Shams (1967). In
the case of acid minor bodies myrmekite occurs
in the unzoned pegmatites having mineral composi-
tion mainly microcline-alhite or albite-microcline-
pegmatites of the interior marginal zone. It also
occurs rarely in some¢ equivalent aplites. The
important character of the myrmekite is the vermi-
cular habit of it guariz and association with K-
feldspar in a plug-like form Fiz. 1. Tt is sometimes
not associated with K-feldspar there myrmekite
might had completely replaced the K-feldspar.)
Myrmekite is most common in the sheared rocks.

Various theories have been put forward by Becke
(1908) who thinks that internal chemical activity
of solution causes replacement of potash in feldspar

by soda lime and releasing free quartz, Sarma
and Raja (1959) arrived at the conclusion that un-
stable portions of plagioclase break down under
stress and release quartz which goes to form myr-
mekile intergrowth.  Shelley  (1964)  thinks
that exsolved albite from orthoclase incorporates
recrystallization with quartz of the sheared ground-
mass.  According to Shams (1967) the textural
relations show that the growth of myremkite is
essesntially a post magmatic and post shearing
phenomenon.  He thinks that hydration of Si0. is

Fig. |. Vermicules of Quartz in Microcline
showing Myrmekite Hahit.
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possible to give rise to Si (OH)y which may absorb
some sodium forming an unstable NaOSi(OH),
complex reacts with potassium feldspar of the rock
and gives ris¢ to the following reaction :

KAI18i,0; ' Na-0-5i(0H); =NaAlSi;0;+ 5102+
H:0+KOH

this shows that the complex will allow easy in-
corporation of potassium into the solution phase
and will produce a release of silica which in the
form of quartz will be intergrown with albite to

mive rise to myrmekite.

Anyhow, whatever is the theory of the formation
of myrmekite, the replacement of microcline by
some sodic phase is responsible in the formation of
myrmekite, as in almost all the cases the replace-
ment is on the boundaries of microcline or along
the cracks of the [ractured grains of mic-
rocline, Shams (1967) considers that myrmekitiza-
tion is post shearing but in the casc of pegmatites
shearing is later than the myrmekite development as
seen in some thin sections (Fig. 2) that the myrmekite

developed as older or contemporaneous with shear- Fig. 2. Development of Myrmekite as older or

ingas it has been much effected along shearing zones. Contemporaneous with shearing,

In other cases vermicular quartz move out of the

albite grains partially and emplaced around the MOHAMMAD ASHRAF

grain and the albite becomes well twinned.  These Glass: & Ceramic. Division

albite grains are anhedral to subhedral usually. PCSIE. Laboratories. Lahore.
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A BRIEF NOTE ON THE METAMORFPHISM AND PRE-EXISTING STRUCTURES OF
THE SECTION BETWEEN THAKOT AND SHATIAL BRIDGE.

The traverses across Haramosh, Nanga Parbat
and Swat-Hazara Kohistan (Fig. 1,) have provided
a good grasp of variation of metamorphism 1n
the area. It has been observed in general that
metamorphism on the whole gradually decreases
away from the central line connecting the above

mentioned ranges (Fig. 2). It indicates that the
meiamorphism is mosily, as also in other parts of

Pakistan, related to teclonics of the area.

It is further obzerved that these ranges forma
mega-antichnorium the core of which is more
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Fig. 1.

Showing the location of the area,
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Fig. 4. Diagramatic Section showing the Flexures in Section Examined.



Part Time Lecturers :

Mr. Khalid Javed o .. .. Geohydrology
Dr. Shamim Akhtar Arif, = i .. Mathematics
Demaonstraiars :
Mr. Humayon Igbal, B.Sc. = % .. Palaecontology .. Ociober, 1975. =
Syed Mahmood Ali Shah, B.Sc. .. & .. Mineralogy .. October, 1975.
Mr. Moinul Islam, B.Sc. < i .. General .. October, 1975.
Mr. Shahid Hameed. B.5c. .- - .« Structure .. October, 1975,
Technical Staff :
Mr. M. Aslam, Chief Technician .. s o = . June, 1964.
Mr. Mahmud Ahmad, Geological Hlustrator o = .. January, 1967,
Mr. Ahmed Saeced Awan, Draftsman T g rs ... May, 1976.
Mr. A. Raufl Rana, Head Laboratory Assistant v i .. April, 1955,

Ministerfal and Auxiliary Staff :

Mr. Khurshid Aﬁmad, Librarian .. e o s .. June, 1959,

Mr. A, Latif, Office Assistant o ~ = 1} . February, 1949

Mr. Mohammad Riaz, Stenographer o o, 4 .. February, 1985 :
Mr. Ghulam Mohyuddin, Store-Keeper-cum-Senior Clerk (Accounts) Nl =

Other Staff & 3 = = S} |

I. On leave without pay to Attock Qil Co. Since November, 1975.
2. On leave without pay to Zambia since November, 1973,
3. On leave without pay to Algeria since Apnil, 1975,
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STAFF LIST OF THE DEPARTMENT OF G

FOLOGY UNIVERSITY OF THE PUNJAB,
NEW CAMPUS LAHORE PAKISTAN AS IN OCTORER 1976.

Name and Qualifications

Chairman :

Mr. Munir Ghazanfar, M.Sc. M.A. (Pb.). M.Sc. (Sheffield) ..

Professor ©

Dr. F. A. Shams, M.A. (Cantab). M.Sc. Ph.ID. (Pb.).

Associate Professors ;

Dr. M.A. Latif, M.Sec. (Pb.), F.P.T.C. (Vienna), ..

M Sec.. Ph.D.. D.LC, (London)

Mr. A. H. Gardezi. M.Sc. (Pb.), D.M. {E.M.1) (Romel),

M.Sc., D..C. (London)! o

Dr. S.F.A. Siddiqui, M.Sc. (Pb.), Ph.D. (London)?

Assistant Professors

Dr. Aftab A. Batt, MiSc. (Pb.) Pa.D. {Utrecht)?

Mr. M. H. Malick, M.5c. (Pb.), M.Sc,, D.1.C. (London)

Mr. A. Shakoor, M.5Sc. (Pb.), M.Sc. (Leeds).

Mr. Zulfigar Ahmed, M.Sc. (Pb.)

Dr. M. Nawaz Chaudhry. M. Se. (Pb.). Ph.D. (Landon)

L ecturers :

Mr. Hamid Masood, M.Sc. (Ph.

Mr. Aftab Mahmood, M.Sc. (Ph.)
sr. Birkhez Aslam Shami, M.Sc. (Pb.)

Mr. Zahid Karim Khan, M.Se. (Pb.)
Mr. Riaz Ahmad Shaikh, M.Sc. (Pb.)

Mr. Umar Faroog, M.Sec. (Pb.)
Mr. Muhammad Javed, M.5c. (Ph.)

Research Officer :

Dr. Shafeeq Ahmad, M.5¢., Ph.D. (Pb.)

Subfect Appointed

Gemorphology, January, 1963
Photogeology,

Remote-Sensing

X-Ray Crystallography November, 1956,
Petrology, Mineralogy

Stratigraphy, July, 1957.
Regional Geology,
Micropalagontology

Structure, March, 1962,

Petroleum Geology
Ore Microscopy
Petrology

July, 1960

Micropalacontology June, 1939,
Palacontology

Engineering Geology March, 1965.
Engineering Geology May, 1965.
Mineralogy Petrology August, 1967.
Mineralogy Petrology January, 1965,
Geochemistry

Stratigraphy April, 1974,
Palaeontology

Mineralogy Petrology  April, 1974.
Palacontology, Field  October, 1975
Geology

Engineering Geology October, 1975
Struciure, Petroleum  November, 1975

Geology

Geophysics November, 1975
Geophysics Movember, 1975
Petrochemistry January, 1967,
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