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Praiigr arg =5 FEF &g IEF g3l aved P the
- A - = o, — = oo e - F } [ P S~ F3 . M % -
southern amphizoeiite belt oF Narth afiztan. A dedtziled

petragraphy and geochemisitry o7 gFes iz presanted.
Rocks ¥ the a arg Jdisztinguissed inte amnphiboliiiss;
horanblendites, nornblendes—peguatiitss, disrites, wmetagasbbros,
metapyroxenites, and gusriézo— Felspathic veins ard dykers.
Amphiboalites are the most sbupdant roecks of the

i aolase amphibo—
Fse—grained, and
cersist of hoernb&lende. plagioc spidoete, Clinagpyrosxens,

arthopvroxene, sphene, quartz, are, rutiie, and ohlorite.

Hornbisndites ar

0

vwsuslly porcsmineralic, but have a variable
grain size. They are mainly caowposed of  horwnbiende, cloudy
pizgiocissse, epidote., chlorite, guartz, rutile and ors.
Hornblende—pegmatites are Coaarse grained; containing
hornblende arnd plagiocliaze as dowminant mirnerals, epidode,
guartz, sphewe, rutile and opagus miwnerals aF accesseriss.

Diorites are wmedium to coarse grained homoagenesus rocks.

Hetagabbros are homogeneous rocks, coentaining honrblende,

clingpyroxeneg, plagioclsse and epidote. Hetapvroxenites are
medium to cearse grained, inegquigranular in texture. composed
of clinogpyroxene and hoernblende as dominant constituernts ard

chlorite, =phene; epidote, ard ppague minerals as

e on S,
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INTROBUCTION

nE first geplogical map of Fakistan was publi
oy thea eclagical Survey of Fakistan in 1964, This LT
cortains about Eg 0ol kmd of geclogically uJnmapped araa
iocated in  the northern part of the courntry {(Tahirkheli.

1973} . The Fohistan Island arc (HIA) is delinsated Dy the
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AEFmsam Thrust (MET) in ths nerth and Main Mantls
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the uth, initizlliv differentiated by Desio

{19464) as & tectonic zone of the F

U]

rakoram, is located in tho
nor et part of Pakistan. It iz & 400 KEm long segment wilh

a manimum width of 170 Emn, along *the Yasin—-Fattan profile

(Fig. 2 i iw generally btruncatsd o its eastern and

western sxtensions after crossing into Ladakh and Afghan-

istan,

It

speciively. This sequence of rocks covers an  are:

of about A&, 000 Km® and is considered to represent thea

crust  and mantls of & fossil arc, obducted over the Indian

plate during the Himalayn orogeny (Tahirkheli and Jan, 197%).
The gensral rock sequence firom north  south  as

establishsd  in Fohistan is (&) Chalt ophiplitic Melanus

o

i) Yasin group, iy Rakaposhi volcanic comples, (d) Ghizar
mol asse = lLadakh intrusives, {(F3 Dir QI GiUp 4

{g) FKalam group, (hi} Beshai‘dinrites,ti)the Ehilas Comples,
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1i1The southsErn amohibolite beli, (I Barnet granuliites,
(1) the Jijsl complex and imd the FMelange zone rocks  (Blus
schisty &liong the MMT { Jan, 17%F: Cowsrd =t al, 19835,
These various rock seguesnces of the EIA have generally  an

E-W sxtention and ooowr in the northern parts of Swat, Hazara
Bir, Gilpoit and Chilss as well as the sowuthern parts  of
Humza and Chitral. Thess rock ssguenoes asre principally
Cretaceous to Eoocene in sge., sre dominantly plotonic and

vlcanic.and vrange in composition from ulirabssic Tt acidic
tdan, 1979:. SBeveral workers have studiec the southsro amphi-
nmiihe Delit (BARY., The preliminary account  was iven Dy
- 9 1y . P -
FMartin =t al. (19521 . Davies (19855} suwoossted that the SAB
rocks are possibly of metamovrphic origin rather than plutondc
igneous ones. tThe 588 is 5 5 — 15 Em thick ssgusnce which
extends from Hanga Farbat in sast through Habusar, Indus

valley, Swat, Dir.HBajaur to Afghanistan in the west. Im Dir,

foi
iy

where the Chilas Complex terminates, the amphibolites become
thicksr and sxitend westward across the border into Afghani-
stan {(Shams, 1¥F75; Ahmad and Chaudhry, 197&7.

The SAB rocks have besn described by Jan (197%) as
medium Lo coarsss grainéﬁ, dark grey to black and foliated.

eties of

=1

On the basis of textwre and structures threese  var!
amphibolites asre differentizted: (a) massive and homnogeERhous

amphibolites, i} panded and shearsd amphibolites,

W
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and {c bedded amphibolite. &1l of these wvaristies are

considersed to be the products of prograde setamorphism

of basic to intsrmediste plutonic and volcanic rocks
withh associated ooeanic sediments and tuffs. The mazsive
amphibolite has been described a5 rich in nornkilends

and derived from gabbros and diorites of both tholeiiiic

angd calc—aslkaline charactsr. The banded walriehy shows
alternate lavers dues to variations i1n the proportions o
amphibole and plagiociass + guaritzs and derived from

igneous materisl, mainly tufizs and some flows. Shearing and

folding of these twn varietiss of anphibolites are
observed, mainly at Dir along the Panikora river aboot
twelve bm downstresm of Timurgarha, and upstream of

Fattan aiong  the Harakoram Highway (Fig. 2). The bedded
varisty is nolt as common as the other two. This now appears
as micaceous schist,hornblende schist, aﬁd light colored fine
to medium tesxtured amphiboplites. Some of these amphibolites
contain 34 cm large garnet porphyroblasts (Jan, 1979).
Detailed petrographic and geochemical accounts
of the SAR rocks are scarce. The onlvy such stuwdies
are thosse of the Allai EKohistan amphibolites, Hazara
district, performed by Bhab (19847 s where amphibmlitea
Tt 1 as the predominent rock tvpe. On the basis of
mineralogy., Shah (1984} differentiated two varigties of

amphibolite epidote—amphibolites ard garnet



=l dabta—-anpin Sz b ~onal de o the amphibolites
4z AV lerive from & basic OECE parent of
thol =i 4 ~havrachker developed i arm  Island arc tyoe
= P S T T Y

e pressen st uwct =
detailed aealogiszl  map C  and
georhenical investigation of the S5AE rocks from the Mahobk and
surrounding areas, with the aim of onderstanding the
patrogenetic history of thess rocks locally, anac Ly
comparision with the pravious work or simlilar rocks,and  the
petrogenstiic history of the SAR rocks in general.

The area under investipation lies ire the
vicinity of Mahak angd Taghma villages and covers an area

] ° ’
of about 25 km* {(topsheet HNO: 42 Ef43; latitudes Z4 . 52E
) 7 o ’ o /

too 34 J.54E, longitudes 72 . 16N to 72 . 20MN). Abour 200
samples wers obtained from the major exposures in the area.
More thar 100 representive samples were selected for
petrographic amnd geochemical studiess.

The investigated area mainly comprises

amphibolites,

hornblendites, diorites,

hornblende—-pegnatites,

metagabbro and metapyroxenite. The amphibolites and
hornblendites are locally cut by guartzo felspathic veins and
dykas. The amphibolites are generally homogensous and
foliated, whils banded types are also present locally. The
hornblendites and hornblende-pagmatites are predominantly

massive,



2.1 REZS] EETTING:

The Kohistan region constitutes an area ot more
Lhan 34,6 KmZ on the norihwestern tip of the Himslayan

:

=ynitanis. It bas an 2ast-west actension and incorporates the
northern parts of Swat znd Hazars, Diry, Gilgit and Chilas,
ard  the saouthern of Hunza and Chitral. It forms 2
chain of mighty and topograshically wvery high, rugged, and
geologically complen mountains.

A3 described previouszly {(Chapter 1), the FIA is a
tectonically distin~t zone of magmatic, matamorphic,
metascedimentary and some recent sedimentary rocks,
consideted to represent a sequence from mantle (south)  to
crustal {northdy rocks. Martin et al. (19462 assigned the
Kohistan rocks to be of Pre Cambrian age and thrust faulted
over  the Falaeczoic bowesr Swat-Buner Schistose group of the
upper Himalavas . The northern and southern limits of the
Fohistan region are formed by two branches of the Indus
Suture  Zone, which marks the cpllisional line of India and
Eurasia in Fakistan {(Desio, 19543. The northsrn bounbary,

the Hipni-Chalt-Yasin-Drosh fault, is called the Northern
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The Farakoram FEs « Just north oi the =T 4 =
o g e S ey ] — L metanarohosed nelitis el mears =l e oy =
Compr Lased [ METAMNN Shiddsad el 1l Tid SEFLANSN S . SnWiL g =1
5 - g — R, - e - E o K N S R Wy, ) > s 7 - S g
ircreaze  in grade of metanorphiss norkibward from ohlocite
[ . 2 = b £ i ST o i o RGO, . g L. = TR st e
through biotite, garnet anc staurciite Lo sitilimanite

TOonEs ufd he Barroviar type i{Winkler, 19&87). The nather
rock uniks of Lthe area include biagtite—garnst—gneisses, calo-
silicate roacks, amphibolites, graphitic schists,marbles and
thinly bedded grits. The unit grades further north into the
Harakoram bathclith (Tahirkheli, 197%).

The Indian plate, in the nesr wvicinity of the

MMT, is compased of metasediments introded by various

plutors. The metasedimentary segquence comnprlisgs pelitic
rockse, guartzites and calcarsous rocks. The grade ot

matamorghism increases from south Lo north towardds the MMT

R

from almost unmetamorphosed rocks south of Abottabad to

millimanite—kyanite—-amphibolite facies rocks to the north  of
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bbyottabad (Calkins et a1.. 1975). Further north granites and

-

granodiorites oScour a3 the maior acid igneous bDodies, But

=mall to large sills and dykes of gabbro, dolesrite and dior-

ite also oocowur (Tahirkheli, 1979 On the =ast, the Fohistian
region is flanked by the acid ifgneous pluton of  the Ladakh
Isiagnd arc  {Elootwiik st a1, 1579, and both arcs  ars now

generally the FHohistan-Ladakh

T
)
pu
it}
et
ch
]
B
il
[
0
i
ik
n
e
]
Wl
frnd
i
iy
5
r
“

Island arc (ELIAY, the Hanoga Farbat Harmosh Massi+d (MNHM:. On
he west the HIA is terminated by the Chaman transform fault.

c subdivisions of the Ladakh isiand arc

[*N

The major litholog
been recognised from norith to south by SBharma and  Fuamar
11978y as {3 Tegargranite and metamorphic Faleozoic host

rocks, (d Shyok volocanics and volocano-sediments, (o) Ladakh

granite snd gabbroic intrusives, (d) Indus mollase, (e} Indus

flysch and volcanics, () Ophiolite melanges and deep sea
sediments, {g} Indus volcanics ang associated sediments, thl
Morthern crystalliines, (i} Tethvan sediment=s angd (i) Southern
crystallines. Klootwiik et al. (1979} proposed that the
Ladakh Isiand arc collided with the Indo-Fak plate in  the
late Faleocene—Early Eocene.
Az describsd esariier {(Chapter 1)}, the Iithologic
sspects of the Kohistan region have been codified in terms of
a 30-40 km thick pile of metamorphosed plutonic, wolcanic and

sedimentary vocks by BHard st al {1780} . These authors
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describke the Hohistan seguence in detail, and divided the
seguence  into esight m@msin units from north to south a5

fmliowss
2.1A The upper detrital ssguence 3

The upoDer detrital ssguence contains shales,
warkes, caicareous beds and volcanics, having about 150 @
thickness,forming the northern part of the Fohistan arc  and
lving along the MET.It lies conformably over +the  Uthror

volcanics, and contains enic conglomsrates  and

1
]
fl
=
i
i
i~
]
frenl
-
Wl

nebbles of the Uthror wvolcanics.Oretacepus fossils are

reported from this ssgusnces .o

Z.18 The Calc—alksline wnits
The calc—alkaline unit is composed of schistose
meta—andesitic asgolomarates o lavas, meta daclites and

rhvodacites. It is a &8 km thick unit, which is intruded by
syrii— to post—-kinematic tonalitic, granodioritic and dioritic
plutons Maiid et al., 17F80).

2.1C The Voloano—Sedimentary Unit  (Halam groupl:

The wolcano-sedimentary wunit is B-10  km thick,

mainly composed of green or black shales,; metagrevwacks,

basaltic metatuffs, and fine grained metacherts. It has a

conformable contact with the undesvlving amphibolites. The ‘
black - grey chert is present within grevwacks which also %
contain somse marble. Metamorphism has transformed these

rocks into guartzite, mica-schist and calc-silicate gneisses

and skarns {Bard, 1783%).
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fomst

2.10 The NHorthern Smohibolite belt:
The Morthern fmphibolite el Focks =T =

predominantly composed of amphibolites with some metagabbros

zre honogensous to banded

and metabasalis. These amphibolites
arnd stripped., and overlie the Chilas Complex. This it

grades into southern amphibolites to the NE of Timwrgars,
where the rocks of the Chilas comnplex seem to be pinched put.
The belt is intruded by various types of diorites.

2.1 The Chilas Complex:

The Chilas complex: extends over 250 km, from  the
Fanikora wallevy of Dir in the wesst to the Manga Parbat

£

massif in the esast, with a mavioum thickness of more than 15
Eim. The complex is mainly composed of basic rocks  with
subordinate ultramafic bodies and lenses i(see Jdan, 1979,
Hamidullsh & Jan, 158&). The plutonic rocks of the complex
have a calc— alkaline chemistry, with an island arc affinity,
which is in line with the idesa that the Chilas complexr forms
the lowsr crust of the FEohistan Island arc .
2. 1F The Southern Amphibolite belit (GAB)} rocks:

The 5B rocks are described in detail in
Chapter 1. These are mainly compossd of massive or banded
amphibolites, having 1-10 om thick alternating bands of
varipus felsic rocks and fine — grained amphibolites. The
grade of metamorphism generally increasss from this belt

towards the centre of the Kohistan ssguence in the north.
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tains ultramsfic bodies, which are maeinly compossd of Diop—

2. 1B Jiiaml-Comnple:s:
The garnet granulites of the Jijal-complex cover an
. . . N
arza of 150 Em® in the W Himalavs.The complex consists of

1

1

high—F granulites with a 4 Hm thick slab of ultramafic rock
on their south siong the MMT. The most abundant paragenssis
consist of garnet, plagioclase. clinopyroxens, guaritz  and

rrtile. The granulites are derived from a sgries of Early

&

Jewd

Isds

Oretacsous gabbros,troctclites, anorthositic rocks .,

pyrodenites and guartz diorites that mayvy regresent the lower

v

Tet

pe

wan  corust or maogmatic cumulates at the bottom of  the
Fohistan arc. The wltramatic rocks consists of diopsidite,
dunite, harzbwgite, websterite and podiform chromatite
representing a diapir o tectonic siab of the uppsr mantle

The Jijal complex has beesn considered o have wunder—
pone twe phases of deformation and progressive melamorphi sm.
An  early metamorphism produced two pyroxens granulites st ™
750 [, &4-8 Kb {(Jan, unpublished data!.This was followesd by
garnet — granulite facies metamorphism (BOO-200 C, 12-14 Kb
Jan  and Howie, 1982:; Bard, 1983). Duwing uplift, the rocks
were retrogressed, with overprints of amphibolite- and gresn—

schist facies. Some  hornblande, espidote, kvanite, and

il e e e

TR i el At
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paragonite weres produced dwing uplift Blavcophanic amphibole
has bheen also found in a sscondary vein in pyrigarnitite
(M. Fhan, pers.comn. .
2.iH The Shangla Blusschist:

The SBhangla blusschist meElange is composed of  large

and ohyllites with

(8]
i}

dismenbered massses of melavolocan
smaller lensoid masses of serpentinite, metagabbro, metadol-
erite, metagraywacke, metaschert and marble; some rocks
contain pismontite {(Jan  and Svmes, 1977). Hazmer et al.
{1785 have fepmrted fossils of Jwassic to Middle Cretacsous
age from & limestones Block.

The petrography of these rocks has been described by
Shams {1773}, Jan.{197%. HAmong the tvpical minerals sug
gesting high-F and low-T metamorphism, jadeitic pyrosens has
been reported From SBhangla (Buiraud et al., in prep.) and
aragonite from Mingora ., phengite is common but lawsonite has
not been found. Bluese amphibole occurs in blusschists, metag—
raywackes, and rarely in meilacherits and pwe calcite rocks.
Jan =2t al. {19681} suggested that the blueschists were meta—
morphossd at about 7 Kk and 380 C, with a possible higher-T

overprinting as indicated by the garnet-bearing veins.
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fthe tectonic setﬁiﬁﬁ of thes kKohistan region has b=en
interpreted by variocus workers., Tahirkbheli, 1979, Jan and
Fempe,i973; Flootwiiilk et al, 127%: Hamidulliah % Jan., 17B5).
These wwkers have suggested that the igneocus rocks of  the
Fohistan seguence are generally calcalkalines in character,
tvpical of orogenic belts and island arcs. Tahirkheli et al
{1979 suggested that the entire dHohistan rock sggusnoe
represents & 2 comlex remnant of the ocrust and mantle of a
fossil island arc. Jan {(1980) sstablished that the Hohistan
sequence is as an obducted island arc sandwiched betwaen
the Burasian and Indo—-Paslk continents.

According to Powell {(197%), convergence of Indis
and Ewrasia persisted, though at a reduced rate, even afther
the initial collision of India and Eurasiakabmut 55 Ma a0G.
It caused under—thrusting of &600 to 700 Em of the Indo-Fak
siab benesth BEurasia Molnar and Tapponnisr, 177%)  resulting
in the wvertical uplift of the Himalvas and associated
regions. The thrusting is believed to  have migrated
progressively  from the Indus Sutuwre Zone towards the south,
roughly parallel to the Main boundary  thrust  (MBTY, From
Eocense to Recent. This thrust and swuture ‘progradation”
{ Sillitoe, 1%7%) gave rise to under—thrusting of continental
crust, First at the Indus suture zone and PMT., and later
along the MBET, both sites being on the leading edge of the

Indian plate.
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T actonic history of Morbpern FPakistan  begins
o the times of Goandwanalard. ihis buge conbtirarih coaprised
Swcht recani as South America, Australia, Frica,
kb arohl the sumiantin=nt of Irndo-Fak, andg
™ a wr afF Gondwanaeland startesd aboot 1H§0-200 8 Ma Gy
The arccesz of breshap resulited in oncth—ward dritiing of the
- a-

g—Fak sub—continent, the progressive closure of the Tethys

DCEan arn subductian of ooceantic crust under  th2 EBurasian
plate. The EIA was producead in fromi of the Indian plate due
o its subducilion.

Feeping in view the recently determined radiometric
ag=s and somz of the structural tumplexitie& of the
Indo-Eurasian sutwe zome,pointed owt by different  authors
{Cowardd et al., 1982; Andrews— Speed and Brookfield, 19B2:,
Jann and f=if (1983) presented a tectonic model of Northero
Fakistan (Fig. Z) as follows:

Tad Early—-Mid Cretaceouws: N—facing subdouction of the

nes—Tethyan oceanic crust to produce volcanic and pluetonic
rocks  {(the Dras, Chalit—-Shyoke;and KEohistan amphibalites:.

trresulting in the formation of the Kohistan—Ladakh Island arc.

(b)) Middle-lates Dretaceous: Intrusion of the Ehilas, diaal,

and Fargil mafic compleres, and develoﬁment oF the
blueschists.

{c} Faleocens-Early Eocene: Collision of the Island arc

with India {(Powell, 1%79}): obduction of ophiolites and
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LOCAL SEQLORY

Tin the hasis of field teatures acd petrographico

ohxservations, the followino rock tvpes can be distinguished at
Fahat and the surrouanding areas, iwst north of the MMT.

Z.1 Amchioolites,

ia Epidote-amphiholiites

Fell Flagioclass—amphibholites

Fom 2 Aorrblendites
Ba5 Hornblende~-Fagmati tes
Z.4 Diorites
S Meaoabbros
.4 Metapyroxenites
R Buartzo felspathic veins and dykes.
Z.1 Aaphibolites

The amphibolites are the most voluminous rochs
develaoped in the area. These are mostly NOMOgEREOUS &

~

well—foliated and, at places, banded (Flate 3.1-2). The

general trend of the foliation is E-W and NE-SW. with

moderate northward dips, similar to those of the Indus valley

amphibolites. The hnomogeneous amphibolites are generally
meadiam—ta  coarse-grained. in some of the rocks Fine and

coarse material ism irregulariw intermixed. Banded






Flate 2.2 Amphibpliite showing fracturing and banding Trom
main stresam, near Maranipours villsgs.
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ampginihoiites are slisa pressnt in the area, but are of CHCE R
extant. Randing is generally due o preffered orisntatio F
E-#,Ji MNoLsrae Ay f—flCE} :H:E. SS56E2 - dAuslrtE (‘_.3 t"' :l.'n : L Ti‘ ese
bande range Ffrom bhin stresks Lo bands oan centimsiers 1

thiceasss. The contacts of the amphibolites with associatsd
rocks  ar2  mostly graditional. In the contact zones the
ampihiboiites intermixed with hornblendltes.

Bhah (178&) distinguished two types of amphibolites
i the Shergarh Sar area of Allai Hohistans ey
=pidote—amphibolites (b} garnet—acphibolites. At Mahak those
anghibkpoliteEs whilch arg dominantly cowmpuosed of epidote and
ampiiilbole are named epidmt&—amphibulites, while thosse wiiich
are dominantly composed of plagioclase and amphibole are
namz=d plagioclass—amphibolites.io distinct outor o of
garnet—amphibolite is present in the investigated area,
although patches of garnet within the plagioclase amphibolites
are noticed at certalin lacalities (Plate 3.75.

The epidote—amphibolites are mostly exposed st the
gast, soutih- esast and southern parts of Mahak willage.
These are medium—- to coarse—grained rocks recognisible in the
Field by their dark green epidote, with white plagiociase and
prismatic black amphibole. These amphibolites are gensrally
fractured and shesared {(Flate 3.4). Bluartzo felspathic
{Plate 2.5 and hornilendite dyvkes and veins are common i

these rocks. The hornblendite dykes are fine grained, homo—



e

garnet.

o7



=g

acturing

sing fr

523
E

™3
i

3
HH

=
=

amphib

te—
115«

i
¥

oiddo

E

sh

3
E

(=21







27

GEReluE 1 B2k = CEMess OF 20 Cd & =4 = JCSLIeles
s R s o o R i e e e gk 4 . 3 g
A Ly 17 1= 9 SClFEgle StHALN™EASTTLRATTOE e Vi H &% A
o T i Vi s P i ik e N Bt g
merer g Vit L ekl e ayee 5 nan

izl cobe—snnhiboli te.
Th2 plagioclase—-amphibolites ame euposed to the
narieh,  north— east and north—west of

rocks are recognisible in the fisld by white plagicclase and

black prismatic amphibole.Thz relative procor Cichs of
plagiocliase and amphibole, as well o5  wheir sizas
{(fire to coarsesl, are2 highly varisbliz in these raocks. Thes=
plagiociase—amphibolites ars highly weathsired, fractured

{Plate Z.8), and Jjointed and have also besn oross cub by

guartzo felspathic dykes and veins {(Flate Z.7).

& Bur jal Fandao arid Maran i Fora, the
plagioclase—amphibolites are nbtrudsd by diorites &g
metagabbros whereas at Taghma, Mohammad B2eo. Tarkani  and
Chavthar wvillages, thess rocks a&re  intcaded Dy coarae

pegmnatites, containing large orystalis of hornklende =nd

feldspar. The contacts of the plagigolisse— anphibhociites with
the pgegmatites, diorites and metacabbra are graditional.
R Hornblendites

Hornblendites are the sscond moast  imoortart rochs
of the investigated area. f# large hornblendits Dody
{(Zui.3 km) occurs at Mahak villags. whereas four other smali

aval shaped bodies generally trending MW-3E occcur to the S
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Gimsnst o o

o
-
T

tn

@ hornblendites are pradominaniiy
coar ga—grained, contalning hornblende crystals from 1-8 cm In

length. Medium to Fine—grained wvarieties as well as

peonatitic varieties containing up to Z0 cm long crystals of

firnhlende are also pressnt locally. A single outcocrop showing
& gradatlion through finey; medium to cosrse—grained hornblen—
dite is nresent (Flate Z.8). In the main stream, jiust east
oF Mahak willage, crystals reaching up to 180 cm in length are
noted i hornblendite. These crystals are locally oriented
in & NE — 8SW direction, but generally no preffered orystal
orientation is observed in hornblendites. All the varieties
ot rornblendites are fractured and jointed, and

sty veins ars developed along  the

quartzo— +elspathic and =oid

fractures. The horoblendite is deviod of any lay=ring orF

banding, and iz generally massive in naturs. it wontains
relicsSuenoliths of amphibolites. The nhornblendites ars

mlaa cult by numerous guartzo- felspathic dykes and veins.
All of thesse dykes and veins have sharp contacts wiith  the
hornblendites. In the largs stream west of Narani Fora,
narnblendites seemingly replace amphibolites (Plate Z.9-19).
Benerally the contacts of the hornblenditss with the

amphibolites are graditicnal.
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Flate 3Z.7 &mphibolite transforming intos hornblendes. The
gusr=zo  felspathic material sssms to hawve
mobhilized during this phenomenon.
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The hornbiende—pegmatites ocour as separate bodies

crending NE

W]
s

ites at Taghma, Mohammad Bes

Tarkani and These bodies are of variawvle
zizes, with lencth ranging From 1000 m to I km and widbhs

rangimg From  100m  to S00m. In the Ffis=ld the hornblende
peEgmatites can bs recoanisad by large prismatic crystals of

hornblende, pilagicclase, guarts. and dark green gpidote. The

i

nornolende orwstals range in size from 1L ocm to 10 om. The

norrblende pegmatites are intruded iy
guarteo—- Felepathic dykes and wveins of wvariable sizes.

The contacts of the hornblende pegmetites with the enclesing
amphibolites are graditional.

.4 Dioriites

Lt 1

FTwo dicriftic intrasions occur  within amphibkaolites

L

at Burjal Kandao and Narani Fora village (Fig. 13. The cores

of these dioritic bodies are fresh and egquigranular, while at

the margins gneissosity and weathering ars reflected.
Flapioclase and other ferromagnesiam mingrals Can be
identified in hand specimens of Lthess diarites. The

diorites have sharp contacts with the amphibolites.
Z.0 HMetagabbros

Two outcrops of metagabbro are sxposed within
amphibolites at Burjal ﬂandadg just north of HMahak wvillage

{Fig. 1). It is hard to distinguish betwessn metagabbro and
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xmpninolite in the eld, but gsnerally i RE o Ery
compact ard 4 T mehibelite in its vaic nite.
Weatharing s nouwever noticed in the metasgsboros  Loc. The
netagabbros contain quartzofel spathic veins and dykes., and
amaii watohas of norablande near  contacts with amphihbolites.

he conbtacts of metagabbro with amphibolites and horeblen-

gites are snearad and ars aol very sharg.
-r a B B un —— . s g o o
Sedx FETATOYP ORENnLI e
Orly  ane smal l Hpasure of  mete pyrodanite is

[
e
%
i
W

Feonand Eiag dust sast of Mahak viliage (Fig. 1.
fine to mediunm grained, hard ant compact rock having a sharp
contack with tie hornblendites and a soderately sheared and
deformed contact with the amphibolites.

—

3.7 Hnarizo—felspabthic veilins and dykas.

Buartzo—Ffelspathic veins and dylkrs intruding

amphibolites and other rocks are fairly common in the

investigated area. These dykes and veins are hard and compact

in  hand specimen, fine— to medium—grained in texture, and
whitish in colour. In the field white plagiocclase, bLlack
amphibole and dark green epidote can be easily distinguished.
These wveins and dykes also show deformation. and at  certain
places folding, Faulting, and complex networks can be
observed. The thickness and length of these dykes and wveins

varies from place to place {(thickness 1-2 m: length 10-50 m).
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CHAEFTER 4
i
FETROBRAFPHY :
On the basis of petrography . the amphibolite bpelt ’
rocks of Mahak snd ths swrownding sress  represent  the {
foliowing varieties:
.1 Amphiboiites ?W
Amnhibolites ars  the most sbundant  rocks of  ths o
A
ares. D the kasis of mineralogy and texiturs the Following
tvpes of anphibolites have besn locally distinouished.
{(8) Epidote—amphiboiites
foe . Csa il
(B! Flagicclase-amphibolites 5
4
(0 Epidote—plagioclass—amphibolites {)
{#Y Epidotz—amphiboiites. '
Megascopic Features: The splidots—asphibolites are dark green :
to light goreen, mediuve— Lo coarss—grained, compact rocks, !
s - ) . . ) «
with a well develooesd fabric. The dominant constitusnt |
t
minsrals are hornblende, epidote, and plagioclase, which ars
gasily recognisable in hand specimen. The hornblends grains !

are black in colc

o

usuaily less than & mm in size, and have
& well-defined fabric.Epidote occws as =slongasted medium— fto

coarse grained ocrystals {lmm to Smm longd.easily recognisable

in hand sSpECcimEn.
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colours. The elaongatsed

P - - pa— | i o v w0
LT TLAF 1§y CELEOEE ashlillil st
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zoning has Deaen in ths slongated suld snicots

cores displaving an  anamoculious Dilalsh

margins showing gressnish or Feddishn

cores of slongastsd orystals of epidote {(Plate 4030, Ths
ooourrencs of spidote as cores to hornblende crystsis R =—tu)

elongated cryvstalis of spidote. In soms =pid
plagioclasse has been completely replaced by

Hornblends ooocurs as subhedral to

varying from 21 fto 1.2 » 2.8 mm in size. The small grains




il
]
1
e

micro
t= i
is v

]

showing
ocistion

slongated
with

Sabhisdral
hornbiende



4o

3 ;
T Ax o
_.»,\:\‘\

s

Filate. 4.7 Fhotomicrograph showeing zoning of  spidots in ‘
epidot—amphibolite {Nicols crossed). ’
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hornblends displevys only & faint pleochroism from  lioht

greEen tc green, progably due to a high MosFe rakio

(Jan, 1977).

The development of hornblende and epidote st the
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npense of ciinopyrodens and plsgioclase
ation and intergrowing relationship of epidote and horrblende
with =ach othar,zll indicate that epidote—amphibolite facies

condition prevailed Ffor s considerable time.if the reli

]

clinopyroxens and plagioclasse sre considersd as the original
azsamblage 4  then the garent Tor epidots-asphibolite was
presumably of gabbroic to dioritic composition {Shah, 19863
rnbeliende orains also display
zoning with kBiulisn cfores and greenish plua marogins
{Flate 4.3.In socme ocihs, nDornblende surcounds G 15
surrounded by epidote {(Plats 4.4) . Blebs and small incliusion
of hornblende within izrge hornbelende coryvstals are aleo
commonly phserved PFlate &£.60 Flagiogoclass oCCurs in
substantial amounts in most of thess rocks. It is=s gensrally
cloudy ,but in & few rocks, well developed.frssh and twinnad

plagicoclase is alsc Tound . omgosition of plagiocia:

o
i
It

E‘E
a2z determined by the mathed of maximum Symmetrical estinction

angle fall in the albite range.
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‘hotomicrograpnh showing zonin
. |

.;
gpidote—- amphiboliite {(Micols




*hotomicrograph sh
¥ hornblends wi
Micols crossedl.
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Sohene iz a common accessory minsral of ali
anrpnibolit=s,. It is ganeral iy devol sp=d alohg th
fractures,cleavaces and grain boundariss Gi harnblends.
Bluish tabul sr chiorite occurs in association with

hornblends.

Upague minerals generally ccocur in the cores and &t

El

bl
K

5.1t

#]
{i
]

rain boundaries of the hornblende crysia % most pro
Lleg that these may be representing primary magnetite o  1is
metamorphlc sguivalents,as spidote—asmphibolites are cosidera-
biv rich in normative magnetiteises &Shah,1984%%.The rutile
noticed in most of the epidote — amphibolites sEBMS to e
the metamorphic product,mcst  probably devocloped at the
supeEnse of Tic® released by magnetite. The interpretation is
supported by ths close association of rutile with the apague
minerals. The evolutiornary pattern estaklished on the basis
of the study of mineral assambiages in the epidote—- amphibo-

lite shows localised retrogressive metamorphic

conditions. This interpretation is supported by the =zoning

reflected both in the plieochroic and interferencs coloars

of hornblende and epidote (see Mivasiro,1973,F.254).

[ N T R



47

Table 1
Model Composition of Epidote—-Amphibolites.

Sample Fercent of Component Mineral

No.
Pg. Hb. Epi. Cpx. Opx. Sph. Gtz. Ore FRutile Chl.

M2 15 0 a0 7 3 5 - - - T
M5 10 50 0 5 T 2 - 1 - 2
Mé 15 35 40 - - 5 - 2 T 3
MS 20 25 45 T - = - 2 T 5
MS 20 2 A0 - - 3 - T T 5

&y
M10 15 35 35 5 5 3 - 2 T -
M1z 17 40 30 3 ) 5 - 3 1 -
M22 25 20 32 T p 8 5 3 2 5
M2 10 35 40 s 3 - - 3 2 2
MZO 15 z2 43 T T 6 -, 2 T 2




Table 1 Continued.
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Table 1 Condtinued.

Model Composition of Epidote—-Amphibolites.
Sample : Percent of Component Mineral
No.
Fg. Hb. Epi. Cpx. Opx. Sph. @Gtz. Ore Rutile Chl.

M74 15 40 30 - - 5 - 3 2 5
ME2 15 50 20 - - 5 - 5 3 2
M9 4 15 45 o~ 25 T - 5 - 3 2 5
M104 10 30 45 - - 5 - 5 3 .2
N1 10 S0 15 5 5 5 - 3 2 5
N3 15 45 20 5 3 3 - 3 2 4
Ni4 15 30 40 2 - 5 - 3 2 5
Al 10 50 28 T - S 2 3 2 -

. -



(2 Pilagioclase—amphibniites.

T = ey R S

el L Fealul e

Tha E boiites are gensrally madiuam
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i ouUF=Ee gralne FEE N, NAarftc. hasslive ang Comact fn | B
containing white plagioclase and cdarx hornblende. locally  on
wasthared suwwfsces.,the rocks are grey o vellowisn  gray.

‘lagioclase  and hornbelende can be masilily distinouished in

Irr . thin section, the plagioclase-amphibaolites
arz sediom to coarse grained, porphyroblastic to wenoblastic
Focikswith an ineguigranular texturs. They contain plagioclase
{YI0-50%) and hornbklendes (304 as the dominant constitusnis.
Epidote, chlorite, sphens, quartzg rutile, and opague

minerals ocour as acceEssories.

Fiagioclase, the most dominanrt mineral ., is

1L

generally cioudy (Flate 4.7), but +Fresh plagicclase with
cccasionally wzakly devoloped zoning 1s  also present
(Plate 4.8). The composition of fresh and unzoned plagin~
clase, as determinsd by the asthed ofmavimum symmetricsl
extinction anglie, is in the oligoclase—andesine FEngeE.
Hornblende is homogenowus plecchroic from green to brownish
green, and has a porphyroblastic textwes . On the basis of
microscopic characters, it seems to be generally similar  fo
the hornblende of the epidote—amphibolites.

Hornblendg contains inclusions and biebs of cloudy
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cloudy
lase — amphiboliite.

crograph showing

-
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plagioTlass,gusriz, and ozague minerals as well 2s hornbler

A
e
it

of i esrlier gensration. In a few rocks trese lnclusions
= %

e

have a vermicular teazture.

Epidote, occurs as subhediral crystals in granvlar

T

and coluwmnar zgaregates. It contains small Iinclusions of
cloudy plagicclase, sphene and hornblende ,end occassionzalily

i wvery tiny. The grains of gpidote occur  in the

interstices of plagioclases. and inclusicns o epidote in
hornblenda are aleno noticed. In certairn casss interstisial

gepidote occurs as rims or margins to the cloudy plagiocliase

grains. This epidote appears to be develioped at the euspensa

of cioudy plagicclssesand in certain cases at the supenss

H

of both plagioclase and hornblende.

hlorite occuring as anhedral flakes is gensrally

5

associated with hornblande, and occasionally with
gpidote. Guwartz occurs as small inclustons in hornblende and
plagioclase, or as microveins cross— cutting the rock. Its
proportion varies #rom trace to 3 percent.

Rutile and ore minerals {magnetitesiilmenited occur
in wariable amounts as small inclusions in hornblende, and
along frachures, cleavages and grain boundariess iy

hornblende. Independent grains of these accessories are also

nok uncommon.



able

8]

Sample
No.

4
[}
2

X
o
a

T -

Mé&S

¢ M70

MB4

M24

M7

]
a

N
t

35

94

Model Composition of Plagiopclase—-Amphibolites

Hb.

N
th

(o
o]

th
a

40

1%
th

12
4]

Fercent of Component Mineral

4}

10

20

n

17

Cpx.

4]

Opx.

o

Sph. |

7]

wm

10

4]

4]

m

4]

Gtz.

]

€]

Ore

3

W

4]

R

8]

“l

‘Rutile

2
-~

2

L8]

[ 8]

(A

Chil.

S

o

2]

w

[ ]

wm

o

4]



amphibolites are medium grained

major components of the rock ¢ hornblende, plagioclase, and

epidote) can bhe sasily recoanised in hand specimen.

I thin section,the spidote-plagioclase—amphibolites
are medium to coarse—grained, hypidioblastic. inesguigranular

to subeguigranular in texture. In additien to hornblerde

{“S—-  &0%) ,epidote, and plagioclase (both T1S-30WN) 5
sphene, chlorite,guartz,; rutile and opacue minerals ooocurs

a5 acCesSsSories.

Hormblende, the most sbundent mineral of thess
rocks, iz plecchroic from light green to dark green. It has
intergrown with epidote and plagioclass, and contains
inclusions of sphene, chlorite, guartz and opague minerals.

Epidote is colourless and has high relief. The
grains are mostly subhedral and cleaved, and occcwr in the
form of granular aggregstes. In & few rocks, discontinous
microveins of epidote cross— cutting the rock are noticed.

Flagicclass is generally cloudy, probably dus

to kaolinization oF sauvssuritization. In certain cases
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epidote and hoenbklendebut inclusions of noenblende, rutils
ard sphene arz also present in gplagioclase.

Sxhens ooCUrs as small itncluszions with a
vermizdlar etructure in epidote, whereas chiorite genafaliy
oocurs in the form of small flakes within hornblende.

Huasrtes im wvariazle in amount, and occurs as  tiny

gizs and inclusion=s in hornblends and epidote.

-
ot

Futile and opsque minerals (Y0, 1-2%) generally
sococwr 1n association along clesvages, dractures, and grain

boundries of hornbklende and epidote.



Vable 3
Mgl Cuomposition of Epidote-Plagioclase-Amphibolites.
Sample Fercent of Caomponent Mineral

No.

Pejw Hba o Epi« UOpx. Opx. Sph. @Qtz. Ore Rutile Chl.
M20 25 20 38 T - 7 3 3 2 S
M34 20 50 25 T - 2 T T - 3
M35 12 &0 18 - - T 2 3 2 5
M38 15 50 20 - - 5 2 2 1 5
M39 20 40 30 - - bt - 3 2 2
M4S 15 o5 20 T - 3 ] 2 - -
M72 20 S50 20 T - 2 T 2 1 S
rM78 15 5=} 20 T T & - 3 2 2



Viegastoplic Featuras:
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compact snd messEive rocks, which are moderately weathered,

fractuered and jointed.
crismatic horablends orystals ars smeoth  and shiry when
fresh, but duil and rusty when weather=zd. Hornblendites ere

gensrally monbmineralic with hornblende > 95X, Howsver ,

plaglioclase—horablendits and epidote~ hornblendite &rsg also

present. Plagloclase—hornblendites display a dark and
white cormbination of colours, while epidote-harnblenditas

are greenish-black in color.
(A7 Monamineralic Hornblendites.

The monomineralic nornklendites contain hornbhlende
= 95% taogether with plagioclass. epidote, chlorite, sphere,

guartz, rutile and opsgue minsrals, all varving between

i-3%.

bnder the microscope, monominsralic hornblendites
arg generally medium to cparse—grained, with euhesdral ,
subheadral and anhedral grains and thus reftlect &t

hypavtomorphic—granular texture.

The hormblende grains are strongly pleoschroic  from
light to brownish green or dark green. Hornblende appeares to
be of two generatians: (&) brownish green and (B dark green
varietigs. The brownish green wvariety display zoning as wall

a5  twinning. The dark green varisgty of hornblende is
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Table 4
&y
. Model Composition of Monomineralic Hornblendites.
Sample Percent of Component Mineral /
No.
Pg. Hb . Epi. Sph. Rtz Ore Rutile Chl.
M1 3 G 2 - T T T -
M21 2 95 3 T - T T T
M23 T 98 2 T - T T T
M24 T 95 1 2 - 2 1 T
M27 1 94 T 2 - 1 - 2
M28 3 75 2 T . T T T
M40 T 2a T 1 : - i T T
M43 - 92 3 1 - 1 1 ‘2

b
{
(®]
N
-

N12 - Q2 -
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“mnoatrare tehe mecoaes i oh e e P IR
HETICGL aneE LRE OrCwni eh L een Veli o B
=

whadc “frad 2re gresn normGlende is devalopsd  later

Tha S %Y GoRen hornblende. Inclusion of dark  greer
vairrl 2hy in rownish  green veriety is alsg guite common.

Fleginclase is wostly cloudy, but fresh plagioclase

witl =1 ‘nirg can also be absorved. It is generaelily

Epidote oCcuars as granular  aggregatss in the=
inte ices oF  hornblende crvstals. Chiorite, sphene,

guartz, rutile and opague minersls have develoged along the
intarstices, Cleavages and fractures of hornblende.
() Flagicclase-hornblendites.

the plagloclase—hornblendites are similar to the

moncinineral ic  hornblendites ewcept For the high

proportic  of plagioclase (“15-30% }, fine- grained texture,
and the absence of pleocchwism and multiple twinning in

horplende.Flagioslase is very cloudy, and shows alteration
to epidota.
(€)Y Epilidote - hornblendites.

O the basis of petrography, the epidoites—-horrblen-
dites also closely corrospond to the monomineralic hornblen-—
dites ewxcept Ffor the high proportionr of epidote and
relatively fine—grained texture.

Flagioclase is also present in the interstices of
hornblende and has altered to epidote, which occurs as
granular aggregate. Microveins of epidote also cross cut the

hornblende crystals.




Table 9

Model
Sample

ND.

g. Hb.
M7 3 75
M1l 1 a0
14 1 Q0
Mig 2 85
M76 - 88
mM77 T 85

M0 - a5 -

-

6!

Composition of Epidote-Hornblendites

Percent of Component Mineral
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Table &
Model Composition of Plaginclase—Hornblendites
Sample Fercent of Component Mineral
No.
g. Hb. Epi. Sph. Gtz Ore Rutile
M4 g 88 Co- 2 - 1 1
&3° -
M15 S 90 T 2 T 2 1
M16 5 92 3 T - T T
M19 8 90 1 - ‘ - 2 -
M73 5 {0 2 2 - T T

mMa7 7 a7 2 i - 1 T

Chil.

]
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Mecastopic Featura:

14

nara
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In hand specimen, the hornblende-geamnatit
and conpact rocks. The large crystals of hornblende (1-10 oo
¥ i-3 cm across! and plagioclase {i1-dcm = i—-2cm &cross)  can
be ciearly reccgnised.

Microscaopic Features:

The hornblende-pegmatites are coarse grained,
poikiloblastic, ineguigranular rock containing hornblendes
(~85%) and plagicclase {{ 134) as the dominant constitusnts.
Epidote, quartz, sphene, muscoviie, rutile and opague miner-
als ocowr as accessories.

Haornblende coCcurs a2 Tang, prismatic
crystals.strongly pleochrolic from vellowish gresn to  dark
hiuvish—green, and contains guartz,. muscovite, ratile and
opagque wminerals along fractures,cleavages and grain  bound-
aries.

Flagioclase is generally clouwdy, contains small
inclusions of epidote anﬁ hornblende, and shows altsration to
kapline and epidote.Fresh plagioclase {(ocligoclase-—andesinad
is also present.

Epidote is generally colourisess and gcocurs in
association with plagioclase. Their textural relationship

shows that epidote represents alteration of the plagioclase.

Huartz opoccurs as small inclusions in hornblende and

£~

plagioclase.
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Spivene occwrs as pale vellow to Drowniceh euhedral
graing, mostly within hornblende crystals,

Chlorite, rutils and opague minsrals generalivy
pccur along cleavages and grain bourndaries of hornblende.
.4 Dicrite=s.

Mega

1

ri

coic Fmatures:

The diorites are generally medium—to ooarse-grained
and homogeneous rvrocks. The dioritic intrusions. howsaver,
alsoc reflect genaissosity along the fine grained margins.
In hand specimen. black prismatic hornblende and patches of
plagioclase can be easily recognised. Cn weathered
surfaces, the diorites show dark spots of hoarnblende and
reddish iron o«ide.

Microscopic Features:

The diorites are medium— to coarse—grained rocks

with an inequigranular senomorphic testure. They contains
plagicclase, hornblende and epldotse as the dominant

constituents, with minor proportions of opague minerals,
sphens, rutile and quariz.

Flagioclase (™35-35%) opccocuwrs as both clowdy and
fresh; subhedral to anhedral grains. Albite tTwinninmg is
shown by fresh subhedral grains, whereas partial alteration
ty epidote and kapline is noticed along the boundaries and
fractures of the altered plaginclase. In certain cases, this

alteration sffects up to 304 of the total plagicclass.
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Hornzlande (“Y30GK) ., oic trom light greer _
ok presn, ocours  as subhedrasl to anhedral grains, ard
twining is moroasionally absorved . Iror oxide ccocurs  along
the fratitures in hornblende crystals. In asscsoiation with

opagus ALn@rais, hernblende and epidote display & =sieve
texsture.

Epidote (™ZT3%) i=s colowlss arnd shows anomalaous
ingtrference colors. It is associated with piagioziase and
horrilende orystals. HMicroveins of spildote cross— cotting
the rcocx are alsc present.

Buartz 2 8% ococws as minute anhedral grains at
the interstices of hornblende and plagioclase phenocrysts.

Sphene {2 5%) occurs as sSmall dinclusions within
gpidots and plagioclase grains.

Chloritey rutile and opague minerals occurs as

minute grains in trace amounts within epidote, plagioclase

and hornblende grains, as well as within the ground mass.
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aoahb
homogenacus

medium—to C
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centre of

-oAar

tfi

=
tntrusion

margins

=traongly developed
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hoceniklendl te:

foliation
contacts
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amphibalites
spRcimen, fresh rocks  are

massive and compact.

Microscopic Feativress

Uncier

GEr

the microscope
coarse—grained,

hypidioblastic

rediuu—to
to

subequigranular ,containing hornolende
ene 1™

= &
(v

{ 15-34%),

Foliation

afid
plagioclass

I

El g

I0-&2L) ,clinopyron—
i~ 5 - and epidote.
cneissasity are strongly  developed
cases at the margins of the itntrusion, where the

crystals shows a preferred orientarion.

hornbiendes
Hornblende is pleochroic +rom light green T
brownish gresn, and commonly contains clinopyvrolens
Some of +the hornblende grains are

relics.
fractured,
inciusions of opague minerals

and contain

{megnetite).
Clinopyroxene is colowless, and non-—
It is commonly replaced by harnblende.
Orthopyroxensa

in abundance,

pleochroic.

alsp ocows and ranges from
i=s

e

S-15%
piecochrolic from pink to gresn,  and
surrounded by secondary hornblendes.

1m

—g ' 2L ned -
o weakiy developed gneissoasity at
anc

the

at

aiso

fard.
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Moet  of the plagiocisse grains are cloudy and show
altaration fto epildote and kaoline, both of =hich fora =

matris around the plaglociase crystals. Fresh plagicclsze is

i
st
e
ot
M

however , slz=n present,; and on the Lkasis of

[}
l'l
I
j11]
o
]
o
i
ot
wl
s

laminations, hnas a composition in the aligoclias
FAnGE.

Sphene. chlorite, guartz, ruatile ard cpague minerals
DaT el sz  brace amounts in the groundmass, fractures,

rleavages and at grain boundaries of hornblends.



The meta-pyrovenites are hard, compact and messive
medium— to coarse-grained rocks having a light greenish- Ty
to dark-grey colow in hand spEcimen.

Microscopic Features:

Under *the microscops, the meta—- pyrossnitss are

madiuvn— we coarssE—grainsd, hypidiobla &nd ineguigrsnular

in texture. They are composed predoninantly af clinopyronzne
. g s e e A e o B s B e

with subordinate amounts of hornblenda. Tha AL CEESN

minerals are chlorite, sphene, epidote, and opnagus minsrcalis.

(v EI-E0YEY im colorless. mastlv

Clinopyrosens
subkhadiral  dnc Form, and'uccura in glioze asscciation with
hornblande with the later partizally repiacing the Former.

Hornbhlende {4 20U dis pleochrolc Ffrom lioht green to
brownish gresn, geneally developed along Ffracturas and

cleavages of clinopyrodeng.

Sphens (up to SY%) ocows generally in  clinopyrasens

o

and rarely  in hornblendes in the forms of small aggregates.
Chlorite, epidote and apague minerals oocows as traces within

hornblende and ciinopyroxens orystals.
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analysed for major and trace elements. Fowdered wholes-rock

tered sampl

el
U'l

sampliss of the lzast a

Unicam Sp 191 Atomic Absorption, ¥-Ray floursscence Spectrom—

t chemicsl method, wers

Sintgen of samples, analvsed by wet

duplicated by X-Ray flouresence spectrometsr, VWW-310 Shimsdzu

£

1]
=
!

Consi

Ld

using STHML, B-2; DHNCZi. BROC-1 as internal standards
ency within the ozide waluss calculstsd throuoh =-—-ray fluore—
zence  and wet chemical methods wverifiss the szperimental
certainty of the concentration shundances
Total iron was determined as Felll in XRF analvyses

The weight percent Fel has besn determinsd in each sambple by
the ammonium— meta — vanadate (AMYY method (KHilson, 1955,
i7&60).Ionition  loss was determined by hsating ths rock
powder to 1000 C for two howrs. CIPW norms along with
Miggli‘s and other useful values have bsen calculated using

a computer p%ugramme set by Dr. 8. Hamidullah, the Assistant

Frofessor of the MCE in Geology . University of Peshawar.
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gensrally incicate an igneous parantsge for the amphibolites
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certain amphiboilites {Table 3, snslvess 1, T =and 7)) plot in

figlds For ths high alumina and mildly alkaline ssriscs.

i
-
e

O an AFM diagram {Fig.5.3), the datsa Follow the general

trend of the tholsiitic series. Such charactesrs indicats the

origin of ths Mahak amphibolites from a magms of tholelitic
affinities.
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MnO
MgO
Cab
Maz2t)
K20
P205
H20+
H20—

TOTAL

al—-alk

mg

Mt
I1

Ap

100.6%

28.0

Q- oD
0-Do
17.09

JI0.61

2.49
.42

Q- 00

MAJOR ELEMENTS
9 fe . I

. 12
N6 TS Az A3
47.81 47.1 S0.8 51.8

4.7 9.9 2.3 9.12
0.2 Q.09 0.20 0;16
7.8B 9.58 4.48  5.05
12.0 ' 12.14 Q.77 8.28
2.1%5 1.12 1.97 1.460
0.38 0.21 Q.76 .86

1.70 1.40 2.460 2.73

.58 0.27 0.18 0.10
97.22 100.Q7

MIGGLI'S VALUES

29.0 28.0 27.0 29.0
14.73 17.28 13.27 13.42
0,464 .43 0,50 0.446
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Table—8 Continued.

M3
5i02  52.50
TioZ 1.20
A1203  16.25
Fer03 4.2

FeD 8.72
MrO Q.15
MgD 4,62
Ca0 5.48
MazD 3.74
20 000
P205 Q.00
H20+ 2.80
H20- 0.18

Q00
Q.90

0,22

TOTAL 99.84 100.04

8.1. 21.99
c 28.0
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mg 0,446
E] 5.4%
Or o]

Ab 31.65
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TABLE 8 COMYINUED.
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MAHAK AMPHIBOLITES

| :
| STRONGLY ALKALINE MILDLY ALKALINE ‘
SERIES SERIES -
8
HIGH ALUMINA -
,t BASALT SERIES
o -
< SUB ALKALINE ROCKS
+ —
Oy
o™~ o
o THOLENTIC SERIES
z o}
- ‘ - 5 -
o o
B 2° P, FIELDS AFTER -
D 8o SCHAWRZER & ROGER (1974)
0 | 1 L
40 50 60 , 70
Si0; ——=
Fig. 5.2 Alkali wva. silica pint fir amphibolites  from  Ehe  Mahak
Area. e ivisinn 13 i ar e Aafle Srrhwarzer and

Foger (17748 .

Symbols O = Mahak amphibolites
' 0= Greenland amphibolites
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MAHAK AMPHIBOLITES

Alk MgO

>

Fig.m. %0 A plot for amphibolites of the Mahal area. The boundary
Vines are alfter (rvin & Baragar (17271),

Mahak amphibolites
Greenland amphibolites

Symbols o
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pyrodens  at fis particular stagse o tailizaticn. The
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The presence of both ortho- and  clinopyroxens, the

pliving, Dpyrodens, hornbklends sitc. The infigsion in ths

variation Efrend at 5.I. 45 — 55 is probably relsted to the
change from dominant clinopwrosens fracitionstion in the sariv

stages antg @magnetite or  hornblends  and/or  clinopyrozens

fractionation in the2 lattesr stages.

The gensrally negative trends of the amphibolites on
Feslyx, Fel, and MO vs 8.I. plots at 5.1. » 30 indicate
iron snvrichment in the liguid in’the garly and middlie stages
of crystallization. which reflects limited amounts of
crystaliization of an iron—bearing minsral at this stage.
The positive correlations of these selements on the sams ploks

at 8.1. < IO refiect the crystallization of an iron-rich

phase such as magnetitey in the latter stages. Cal shows =
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miid  poszitive corvelation at S5.I1.r 30 reflecting that
gensrally remained constant in the residusi ligeid, which
inturn to the crystallizatlion of clinopyroxsns. Howsv-—
er at 5.1 S0 o=
to sonsidesrable
ohasss.

The Tifla W

<

But  an overall negative correlation can be chssrved, which
supports  the view of iren envvichasent until & sonsiderabliy

iater stags of crystalliizstion.

The Alslz wws. 5.51. plob shows considerable  scattse
with & generally negative trend indicsting that placiociases
never  remnained a dominant fractionating phass. Flob  soints
of rock betusesn 5.1 30 - 50 show a opissr  stesesp positive
coryrelation which can be related to a hich degres of plagio—
clase fractionation at this particular stage. The maioriby
of the rocks &t B.I. 306 - S0 asre espidots-—asphibolites

f+

(%]

Both

correiation,

ally concentrated

tion.It aliso

plagioclase never

he high proportion

indicating that these zlsmeEnts were

shows

of epidote which 1is ocryvstal-

& pressnt in these rocks.

i

o~
Bor

+ FE-s0 vs S.1I. plots show & negative

aisn  gERSr—

iy the residual liguids during fractiona—

that biotite, orthociase and sodic

remained as dominant fractionating phase.



82

CHMAS plots.

e N | 2 R T A 2o silean e - e S LS = Vg i CIT LN
plotted ol = CHAs LELFanedral projsction OF i Hara (127&8)
U g BT ——g=

(Fig-S.S.,a—C!.

The maioriity of the anslvses pich parallel to the

S . - P e o ny p— e, ] - T = -

CoEa—LCMEA join, closs ito the CAS, end, but with a clea
e e e

PREY e e, 3 T oy - R L A — ¥ Eancd z A .  FE D g d o
CHEE gnd. In & projection from M2 into  the UAS-NME-THMES
2 ! 2
plans, ths zsnalvses plot on 3 tresnd lving betwesn  the MS
ienstatite; and CAS. {plagicoliassd points. This trend siso
e

shive affinities towards the CMS; (diopsided) position. S513
thess festures indicate & dominant ortho and clinopyrodens
fractionatiocn in the sariy stages followsd by & dosinant
plagioclase fractionation in the latter steges. The two
feldspathic amphibolites do not plot within the triangle, and
fall above the CAS, end, indicative of towsrds Cal envich-
nese  interpretations are consistent with thoss
ohhitained From  the oxide vs 5.1. plots. Clinopyroxens
ractionation folliowsd by plagioclase fracitionation is also

indicated by the dats plot occuring pérallei to  CAGL~CMB-

fd

join in a projection from 5 into the CAS,—MSL,-CHMBn plane,
cross—cutting the My5-CMS: Jdoin with high atfinities towards
the CAS; position in & ﬁrujectimn'fvum CAEE into TMS,-MoE-8
planes.

it ig clear from all these diagrams that

the amphibolites of the Mahak and surrounding area follow an
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CMS2

PROJECTION FROM
CAS,

Fig. 5.5(a-C). CMAS plots for the amphibolites from Mahak area.
C—M-A-5 end members have been calculated from oxide
wt.% following the method of O'Hara (1976).
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D2 HORNBLENDITES

Fitieen sanmplies of hornblendites from Mahak and  the
sy ounding . arss were analvssd for malor zismanis and  the
data iz presented in Table 8. The @majority oF ths
harnbisndite analvsss plot within the fisld, or  Just belows
the +isid, for Earroo dolerites on a niggli al-alk vs. o
plot {(Fig. S.&88). indicating s probasbly  igonsous =
However the hornblendites show reilatively less al-aik  as
cixmaparead to ths anphibolites. On a o ws. mo oiok (Fig. S.&D0

the horablendites show & continuous variation trend, and

foliow the trends of the Earrop dolerites asnd the HMabak

= hornbiendites also shiow Continuous

i

variation itrends on the majority of oxide vs.

et

-i. pio

=

P
sa

iFig. 5.7, indicating crystallization differentiation and a

lgneous  parentage being responsible for the development

]
e

-

these rocks. —ucept  for  generally higher Feqliz and low

Bl~0=- in hornblendite, these rocks Follow the trends of  th

R, —te

i

Mahak amphibolites. The correspondence of the two groups o
the basis of major slems=nt chemistry is indicative of their
romagmatic origin. It also shows that the primary
crystallization processss were generally the ssme in both

these groups of rocks. The relatively higher Fegl in

Lol

horpplendites may point to the higher oxidation state during
the transformation of amphibolites into hornblendites.

The oversll correspondence .of the hornblendites
with the amphibolites is more prominent on an AFM plot

{(Fig. 5.8 ,where the majority of the analyses of the former
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Fig. 5.4(a-h). Flots of niggli al-alk vs.c and c vVS. mg
for the hornblendites +from Mahak area. Various
fields are after Evans and Leake (1968).
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FeO*

MAHAK HORNBLENDITES

FIELDS AFTER
IRVINE & BARAGAR (1971)

A4
Alk MgO

Fig. 5..8.. AFM plot for the hornblendites from Mahak area . The
boundary lines are after Irvin & Baragar (1971).



tyoe ocour wWithin the field o the latter tvpe. angd reflzch
o — L g 2 afe o m T, ain g e oo - i Py oy T i o - 2oy -
the tholeiitic charactesr of their Pay=14 =nt HIE= L L P

thess groups shown in ous  proiscitions of  the OMAB
tehrahsdron ot 0O Hara {1975 (Fig.5.%;a—s!). Clinopyrodens
andsor  orihooyroxens fracticonstion followsd by plagiaﬂiamﬂ‘
fracticonation in the general crystsllization ssousnce of  the
hornblendites is refiectsd by theilr trend lving paralisi  to
the CAS--CHM-3,; doin in a projection from 5 onto DASS-ME,-CHS-
olane iFig.5.9 a-2). The highesr affinities o f thes
hornblendites towards the DRSS position, then the

ampiribolites is probably related to the greaster control  of
oplivine fractionation in the sarly stagess of crvstallization.
Similarities of hornblendites with anphibolites, &l

es towards olivine in  the earls

et

relatively gresater affinit
stages of fractionation in hornblendites are aslso reflected
in thes correspondence of their data plots in ssveral other
projections of the CHMAS systemy i.e., the projection from RS
ik the CASo-M-5-CMSo plang, the proisction Fyom
MoE ontoc  the &S-CAS,-CME; plane, proisction from CHS~
onto the 8-Mo5-CAS,; plane and proiection from CAS—

~

onto the CHS;-M-;5-5 plane.
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&L CG52

PROJECTION FROM s

. MS; CMS,

Fig. S5.9.(a~e). CHMAS plots for the hornblendites from Mahak area.
C-M-A-5 end members have been calculated from oxide
wt. 4 following the method of O0'Hara (1974).
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DISCUSSION AND CONCLUSIONS

iy ths rasiz of the psbtrography &yt
azspacts,.the amphisolite belt rocks of  Hahasb &nd tha
SUF raurding sres amphibalites, hornblendites.
narnzl e ; diorites, metagabbros and
metapyironeni tes.

Apphibolites @re  the most abundant  rocks of  the
investijgated area, &ht are gensrally honogensous and folisted
althouch banded types asre also present locallyv. The rocks

generally show uniformity in composition, with mineralogical
differences arisimg tdue to ths presence o absencs of
plagioclase and epidote. Thres LTypes of amphibolites.
including spidote—amphibolites, plegioclase—amphibolites and

epidotz—pi

m
)]

gincias=z amphibolites, are distinguished. Hll
thres types generally grade into one another.

Thee petrograpghy shows that the asphibolites have
evolved through a major stage of epidote-amphibolite facies
metanorphlsm, represented b the devel opment of
hornblendesepidote aftter orthosclinopyrosrens and plagiociase
{Table 1. sections M2, MIO, PMIZ), and probably a very minor
stage of retrogression repreaentﬁﬁ by the development of somne
chiorite after hornblende {Table 1, sections, M5, Ma, M3,

MZ)., Garnet is absent, which can be attributed sither to a

. 2 -
low pressure environment or low Faet</tg ratio of the rocks




¢ Miysshiro, 1973, p.25%9). Thess features discriminate the
Mahal: amphizolites fram those of  81lzsi Kohistan raported by
Bheh (1928), wherz a major ztage of epidote—amphibolite and
gartet-eplidote-asphibolite facies metanorphism was  followsd

By & considerable retrogressive stage of greenschist facie

st U i e R B ey wa o= 3 : - LA
mEranol i s representad by a high proportion of chliorite i

S

]

i

(e

(=4

mn

actation with another generation of spidotel Shabh, 1986 .

These featui-es

temperatures did not fall considers

er

Bly in the Mashal arsa during relrogression, mrohably dus  ho

the inbrusion of granites.

I the basis of field data, petrography ani
gecthent stiry, the amphibolites and hornblendites are
zonsi der ed to e thie priduct of crystalliization

ditterontiation of a tholeiitic magms with olivine, pyroxens
and plagioclase playing a major role in  the fractionation
history of these rocks. The field relationship and the
petrography also show that amphibolites have transformed into
haornblendites locally at Mmarny places. Contacts of
amphibolites with hornblendites are both graditipoinal  and
sharp. MHornblendites are genesrally deueinped in amphibolites
where quartzofelspathic veins/dvkes are common. Hornblendite
chemistry 1is more vreflective of the olivine and pyrodwene
fractiomation. Gmphibolites differ from hornblendites onlvy on
the basis of high Fesls and low Als0z content. This featwre

has been attributed to metasomatic phenomenon of amphibolits-—
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termtiondite o g = e D 4 TR . -
pLfiisiantbotEs WP ErEvormation duering which 81203 hzas bosn
Pa—— - AT R = - . 1 !
e by FellT or the rocks wsre probably  low ‘.
AT i e Yirck Toamrmpe el e + g X O 2 i
Faalds o vaR LSt poare gus to thelr richrness in olivipns  oF :
Aartle S I T B Tde T o e . — o ; L
or o/ Sl I NONVIORENE . It ailso shaws that the asmphibolite to ‘
Lo g = o T e ol s b + oy e e - . ~ .
fornoLeEnol s Lranstormation was of sslactive type o the :
pasls  of rocn canposition. Basic and wltrsbasic rocks  wers :
- e el s T cad e e g - [ o . 3 — s
Srane 25 this metasomatic transformation in ths  srses. fhis

The amphibolite to horabiendite transformstion is -

generally  praminant where guartzofelspathic veins/dykss are
Comacrn.  These  veinsSdykes  arse the off shouts ©of  larger
graf: e bodies within anphibolites, like those pressnt  at
Shali Dhert awd Taghwms aress. The Bhah Dheri Chinae cliav
deposita are an alteration product of the granitic intrusions :f
in the area. Anphibolites to huornblendites transformation is 3
more praminent in the vicinity of these granitic bodies only
if  the amphibolites are cowss grained {(Hamidollah pers.
comin. . Therefore the material utiiised‘in the metasomatic
transformation of amphibolites to hornblendites comes most
probably  donated by the guartzofelspathic veins associated

with amphibolites arnd hornblendites in the area. In many

places the hornblendites are themselves crosscut by deformed
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+telspathic wveins. Thesse features shows  that the

tial stages of

="

transformation probably occured during the

]
3y

=

guartzofelspakhic wveinz which by tselfd continusd after

ol
I

transformation. The high FegD: in hornblendites  shows  that
orobsbly only onvgen plaved a maior rule and it might be  ths
VEFY Barly stage volatile rich front advancing along the weak
zones and Cousing transformation.

The guartzofelspathic wveins generally associated
wikth hornblendites are altered to kaeocliniite /Chins clay
deposits of Shah Dheri, which is 5 km NW of Mahak. Therefors
the ocowance of huornbiendite can be considersd a3 an
indicator oF taplinite deposits within the southern
amphibolite belt rocks.

The uniform cosrse grainsed texturs, the scarcity of
banding., the relic ortho and clinopyroxens in the
amphibolites indicate thess to be of plutonic nature. However
pillow structure have been noticed near Taghma village
and lavas have been found associated with amphibolites in the
belt {(Bhah. 1938} The amﬁhibalite belt is & wide
horizon of rocks developed in arc  type environment and
therefore plutonic, wvolcaenic and sedimentagry rocks are
not  unexpected to be present. Sedimentary featwes have
not been noticed in  thes studied area. Data on the ages
of amphibolites has reflected at least ?6‘H a age, which is

considered a metamorphic age. Thersfore the intrusion/
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coitlision along
i35 M al. This festure shows thet indian continent was at &
considerable distances from the locaslity of arc in ths ocsan
mng  continental sediments might have nobt asssociated wiith
thess lavas in  ths back arc  tvpes of snwironesnit.  The

foat
it

amphibolite bslit rocks are therefore considsred o e main
of plutonic parentage.

The amphiboiite fbhelt rocks have been attributed to

Iow-k tholeiits (M.A. Ehan pers. comm. ). Considering the
mmphibolits beit as representing an independent SrC s

consisted of the Chilasz Comples {(Hamidullah and Jan, 1587:.

fond

The structural data shows that amphibolites are older  than
the LChilas Complex {(Coward, 1982). The Chilas Complex hss

n=h

fest
.

considerad at st 102 M s old {(Coward et al, 19583,

f

Hamidullah and Onsiot in prep.d. Thersfore the amphibolite
belt rocks can be considered older than 102 M a considering
the interpreted age (> 102 M &) and the position of
amphibolite belt in the Kphistan island are prowvided that EZ0
has not besn relsassed during metamovphism and metasomatiss

and considering as low—k tholeiites.

é
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CONCLUSION

o

e ivelents.

Seigctive frarnsformetion occwured duaring the  inhrusi

fts

oranit

1

amphibolites were converted to hornikisndites in the

[
B
b
st
i

of  guar

o rocks in the aresa and coarse  grained

pathic wveins. The amphibolite to hornbhls

transfornation occursd due to the addition of FeZ

subtrasction of ALZ202 in the hornblendits=.

The kaolinitelchina clay deposits in  thes area
product of aiteration of suartzofelspathic  and
materials in the amphibolite belt.

Deformation continued sven after the intrusion

guartzofelspathic veins.

granitic

Hornblendites can be used aszs a tracer for chin

deposits in the southern amphibolite belt rocks.

|
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