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THE INDUS AND KANDIA RIVERS
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This paper presents a petrographic account of the comm on rocks of the

previously unmapped area of Indus Kobistan and soutbwestcm Gilg t Agency,

The stud)' is based on field observations and thin sections of 55 rock s

selected from O IW 200 samples quirk ly cotleacd along t!l" lndvs Vallt )' R oad

and Kandia River,

Tilt major rock s of tbe area OTe amphibolites (gne issosc mctaignccus ;

some banded ! metasedimentary ) and names-diorites (the f orma otso having

'! c1;nopyro~ene), and m inor (?) alpine peridoti tes , granitic rocks, pegmat ttes,

and 10"' grade regionally metamorphosed schists in Ihe Kandia VOllf)'. The

norites-diorites are abun dan t in I!I(' north, the amphibolitcs in ,I:e south ,

Tentative ages have bu n assign ed 10 the rocks ; t ill.' various igneous rock s

are considered 10 he rd a f('d 10 the H imalayan orogeny and emplaced between

JliJdle,'LAfe Creta ceous and £or/y Tertiary,

Comparison a/ the rock s/rom various pons ofthe northern U'('S ' Pol.' is/lin

shows Ihut th~ Homble ndic Group ofMorrin et Dl. ( J962) ex tendsfrom Cbttas

in Gi/gi~ Agency to tn least western Dir - a distance over 160 milt's, There

is a probohfil}' tha t the group may be ex tending in fh~ adj acent eastern

Af gl!oni.tf on "'Mch is covered by the Hin dukush Range. Nortl i 10 south, I(;t',
troup may occupy a territory a~ wide as 60 miles.

IN.TRODUCTION

In the geol ogica l mar of (Pakistan. compile d by Bah and Jackson (I9~)• an

.~a oyer 7,000 square miles in Kobistan of Hazara, Swat and 'Dir, an d tbe 'southern
- . ; . , I : • :: . :-

pari of,Chitral and .G ilgit is shown unmapped .: The Department of Geology.

l.!lliversitj ' of Pesh ewa~. started "!- project in 'l968to investigate ibis art a .J?~lni);ai~~i
the Indus and Swat Rive rs which are easy of access because of roads. Results of tbe
first phase, covering th e souther n par t of Indus K ohistan , Swat,-bave:iil read)' bCe_

. . . . . , . I.:' : : ~
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oubllshed (Jan and Tahirkheli, 1969). It was mainly a continuat ion of the work of

Martin , Sid diqui and K ing (1962) in th e Lower Swat. later on, when the WOIl. was

exte nded to the north, the area was found to be geol ogically very complex and needed

a more careful and thorough inve stigation before produci ng a n accountofits geology.
In th e meanwhile, it was though t appropriate to give some infor matic n en the petro

graehy of the rocks sampled . '

This caper is ba sed on field observations and thin sectio n stud)' o f th e common

rocks quickly sampled along the Kend le River and the Indus Valley Road between

Tbor (Gilgit Agency) and Kayal (Indus Kobi stan , Swat) nal as. Over 200 samples

Were collect ed an d 55 of the se were select ed for thin section study. An other 50 were

crushed a nd studied in oil under the microscope for quicker com position de tel rni

nati on . Since norite s are abundant, fresh, and previously undescribed , many of the

secti on s were cu t from these in orde r to get mo re inform at ion s o n th eir min eral

composit ion .

Most of the a rea under d iscussion is covered by amphibofites (metaigne ou s and

minor? metasedimentary ) and norites-diorites which have been int ruded by ultra

mafic, granitic an d pegmat itlc rocks. Similar rocks, occu rring along the Swat River.

have been call ed th e Up per Swat Hom blendic Group by Mart in et 01. (1962) . Low

grade schists, en tirel y different form th ese, also occu r along the east -west trend of the

Kand ia River. The age: rela tionship of these to th e meta sedime ntar y amp hibil ites is

no t clear .

The Upper S ",at H ornbl cndic Gro up.

Martin et of. (1962) gave thi !'> name t o the horn blende-rich rock s occupying a

wide bel t of country in the Upper Swat. The group was considered to be thr ust over

the yo unge r (S ilur o-Devo nian) rocks of the l owe r Swet-Buner Sch istose Group

Which occu r to th e sout h. Bakr and Jacks on (1964) have tentati vely p laced such

rock s, exposed so uth of Kalam along the Swat River , in the Pre cambrian , Re cent

work sho ws that the group extends from C hilas in th e Gilg il Agency to weste rn Di r

and it is ju st po ssib le th at it may be extendi ng fur ther west into Aff.hani ~lan ·-' a

-U these rocks tJltend in eastere ArghanisUln, which i. covered by the Hinduk ush·k.arakorurn
S)'slem, then they pose a serious structural problem o n regional basis 100 . Thro ughou t the I ncus
V,IIe )', the Shah Dheri-Kabal area (Rehman and loeb, Ibid.) a nd in Ti mlJrp u , Dir ( Ian, Kempe
and To.hirk.hc:li , 1969), the Hornblendic Group bas a genc: ral east-west or northeast-south .....ctt trend.
This is in proximity to the general (rend of ~c Hind.kush Range in the adjacen t regioN.. On tbe
other hand, the H imalayas. in the Kohistan have been shown to extend, at leas t, ' up to the Indus
River (Wadia , 1961; Gansser, 1%4 ). Hayden (191S)considered the belt of igneous a nd rnenamorphic
rocks of tbe outer mountain s of Dir llnd Swat to be a conn nusuoe of that found in Hazara. Tbe
Hazaran arca is eeocnlly agreed upon 10 be Himalayan. .

.. It may also be menlioned here that Pasco bad po inted OUI the similarity bereeec th e bornblende'
gneisses near Timurgara an d the I a.adalal ruby mlaes , 130 miles WSW in A{ghadistan , in 1950.
Interesting eno ugh, by 1968, purplish ruby-corundum " as found to occur also ncar TltnUfsara .
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·...- o.d istaIlCt wen over 160 mi1e~ ... South t o north. the ·group extends for, about 60 mil~s

i a. th e SwatRiver Valley before th e pipk and green mauled volcan ic rocks arc: en-

ccentered north of Kalam. .. .

Aceordini to Martin ~1 al.; the Hom blendic Group ra nges· in composition from

borab!ende-~ariDi schists'and gneisses to d iorites, and quartz diorites and gra nites.

ia 'addition, the group ab o con tains more basic rocks suchas nori tes and peridotites.

Da\ie s (1964) also rep oned the p resence or syenites, and considered the rocks to be

plutonic in character. Jan an d Tahirkheli (1969) di stinguished the garnet -r ich

amphibolites from the rest of the rocks of the group in' In dus Kohistan, Swal. So
far.however,.none ofth ese wo rkers mapped separately the vari ous reck units in th e

.,0\19. .' i

" The rocks of th e Tirnurgara, Dir , area are a comi nuation of the Hcr nblendic

G re-up and have been cl assified ini o four separately mapped un its, namely : Banded

G neisses. Dicritic Rocks, Ultramafic Rocks, and G ranitic Rod s (Jan. Kcmr-e and

Tah ir1:h tl i. 1969) . A similar mapping pattern was followed b)' Rebman and Zc. b

( Ibid.) in the Shah Dheri -Kabal area of the Upper Swat a nd the group was calsslficd

int o Amphibclires and Banded Amphibole G neisses, Dic riric Reek s, Ulmmrfic

Rocks.a nd Qua rtz D iori tes. In the presen t work . it was found that such II sub-division

an be extended through most of th e area covered by the H om blendic G roup . provi

ded the map used is at least 1"=1 mile or even lar ger.

Th e banded ( ? m etased imentary) empbibclite s, pink feldspar norire s, peri dotit es

and granitic rocks, easily distingu ishable in the field, can be mapped, However, o ne

faces a great difficult)" in telling apa rt the " igneous looking" amphibolite, from

diorites and rron-pinkish norites nor onl y in hand specimens but also under the

microscope some times. On an inch 10 fou r miles map (used by the auth o r).

kparale mapping of most of the rock s, par ticularly the amphlbclites and diorites

eorues. is impossible." In some places, this may be the case: even on a large scale map
because the amphibol ites a nd diorites-nantes are intimatdy associated , II is possible

tha t the " igneous-looking" amphibolites may in fact be diorite-nortre intrus ions now
meta morphosed (see p. 40). If t his is true, dra ..... ing a line between the amphibolire s

and diorites-norires will be d ifficult because of alltypes of gradational rocks. For

th is reason also, the author is unable to produ ce a geological map at th is stage ...
Concerning the age of tbe Horublc ndic Gr oup. it is tho ught here tbar tbe group

is not entirely e Precam brian or Pal aeozoic mass. Th ere might be some ju stification

to consider the banded amphibolites ( '] metarcdime nu) so old, b ut the rest of the

- The ma ps ~ enlarged to 2 JDChes = I mile bul on .~ OtIC eae Dol accuTJle1y locate
h imsd{ becal.'St the presc nt road is DOt sh own 00 the orilinal topocr.tPbil: au.p$.
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rocks arc younger in age and might be .connecred with the Himalayan orogeny.
Misch (1949. p . 216) writes : "Another group of rocks in the Nanga Parbat .area

consists o f very extensive ma sses of nori te a nd hypersthene diorite with local d unite.

These rocks border the gneiss massif both on th e ~ast and northwest . The eastern. ' .
norite ,area is on the south in contact with the predominantly basic lavas of.) he
Cretaceous-Eocene volcanic formation . The norite is contemporaneous with or
slight ly you nger tha n the lavas. T hat both are genet ically related has .already been

pointed ell! by D . N . Wad ia (193,2),"

" Most of t he noritic rocks", according to Misch, "have been m OTC or less meta

morphosed. Th ere are all passages to statically recrystallized metan orites and meta
diorites with crystallobtastic hornblende. ep idote, etc. As the borders of the gneiss

massif are approached, sta tic recrystallization gradually gives way to kinematic
metamorphism, and mesozc nal amphlbclires are formed . . • . Both rock units, e.g.
the no rite bodies and the gneiss massif, have here par ticipated in the same process of
tectonic deforma tion and of crystalliza tion .. .. This p rocess of s)'nkim mal ic meta

morphism took place d uring t he Ea rly Tertiary main .Himalayan orogen)', not a

very long time after the original nor ite bodies had formed." The western neritic ou t

crop of the Nanga Parbat region has been shown by Misch (p . 212) 10 extend towards
Cbilas. I II a la ter section, th e present author has considered that the nor ites occurring

abo ut 10 miles to the east of Chilas are petrographically similar to th ose of the
Kohistan a rea. The alpine peridotit es of the Himalayas, according to Krishnan

(1956, p . 79), are Midd le to Late Cretaceous. It is considered here that such
peirdot itcs a rc intru sive in t he ncrlte-dicritc rocks of the area and are thu s younger
than the lat ter.

•
On these gro unds, it is tema tlvely thought here tha t the noritic-dic ritic rod s may

ha ve been emp laced du ring the earliest phases of th e Himalayan orogeny (Middle to

Late Cre taceous), followed by the alpine peridot ites and the .grani ric rocks in the
Late Cretaceous to Ea rly Tertiary period. There, however, is no positive evidence
to suppor t th is, and detailed field and geochronological work is needed to cla rify

the Whole problem.

T HE KAN DI A SC HISTS

For most of it s east-west course between Tut i and Riche. the Kandia River
flov.-:-s in-'ow grade-regionally metamorphosed rocks of grey, brown, pinkish and - _
green colours. The rocks a re well-jointed and often make vertica l cliffs along the

northern bank of the river and at other places. Th e major outcrop appears to be
wider (over 5 miles) in th e eas t, graduall y thinning outin the west 8.nd becoming tess
significant to th e west. of Richa. . .The rocks ,a rc..distinctly schistose, some tend to
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. . ' -fJc"peissose• and stri ke: parallel t o the general east-westtrcud of the Hombleedic

;;;';r....Qroul' 'Which, apparently, surrounds the schists'on-all -sides. At man y places, th e

" ~..:tIornbleodic-.GrouP crop~ out within the 'schists, indicating 'the intrusive .nature of

;... ".• .-(ormer. . ' Also, there arc a few minor outc rops of the schists within the Horn
~ ;~ ' blendic Group north of Riche .

"" :: ~ ~ . ' I t may be mention ed t hat a sharp contact could not be observed between the
""f ...., . . .

"; . 6;0: tbe contact rocks appear to be of mixed character . They aTC composed of
<~.)~ feldspa r a nd micaceous minerals and 'mid-way between gneisses and schist s .

>, ...~ tex ture. Such a difficulty was also encountered on the co ntact of the Hornhlendic

~ud the Lower Swat-Buner Schi stose Groups by M artin et al. (1962) and Rehm an

ADd 'leb (Ibid.). Possible expl anations for thi s may be th~t the schists have bUD

rel(1'spathised on the COnt act by the Homblendlc G roup ; or that the latt er has under

lOne weathering due to th e availa bility of wa ter from the schists , chl or ite having been ,

ar least, partially produced after hornblende . One of such rocks (map no , 3) is

composed of abundant pl agioclase and ('?) actinolite with lesser biotite, chlcrire. end
minor epidote , quartz. o re and sphene. The plagioclase is all epid otizcd (some cfi t

bas lower relief than quartz and may be secondary albite) and it s boundaries are ill

defined . Chlorite is fibr ou s. and sorne.ointirnately Intermixed with act inolit e Slid

biot ite. may be secondary. Sphene is also secondary after ore. Actinolite in some

cases appears 10 be p.eudomorphing some pre-existing mineral (1 hornblende or

pyroxene). Th e actinolit e , biotite. and chlorite float around larger p lagioclase grai ns.

Th e rock may originally have been a d iorite or norite alt ered on Cont8CI with schists

and modified la s indicated by the parallel a rrangement o f minerals) by later met a
morphism.

Some of the Kandia Schist s are banded - an inherent sedi mentary structure tha t
has survived metam orphism. In many, the bands va ry from dark grey to ligh t grey

or even white. A few are stained brown by weathered iron oxide. The bands may

be co arse or megascopically very fine and a t many places sbow minor disto rti on and

tll·jstin,g . Some are rnicrofol ded into zig zag and o ther patterns . In Kanwai nala,

vCI)' distin ct chl orite- rich bands (one to two inches thick) a lterna te with felsic ban ds.

Th in qua rt z veins, from a few inches to a few fee- in len gth , ar e associated whb some

or th e ban ds. More rarel y, they arc more abundant and a lte rna te with the sch ists.
The former, being m ore re sistant to weath ering, rna)' st and ou t disti nctly.

The rods are made up of various combinations of q uartz, mu scovite. biotite,

carbonate mine ral (s), sod ic plagiclase, minor ore and, in some, amphibole. Rock

no. I Is composed of epidote, ( 1) hornblende, plagioclase (1 albltej.sericitic mu scovite

(floating around p orphyroblasts of the first -three), chlorite, minor ' carbonate 'and
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ere, and traces, if any, of quartz. Rock no , 2 is formed of quartz (40 %), sericite
muscovite (IS %), biotite (10 %),calcite and eipidote (10·1~% each), ore(<.5%) and
minor ( 7) albite. In both, quartz and.plagioclase have uadulose extinctlon. -Jn the

latter section, some muscovite is in large grains incorporating other m ineral gra ins,
and calcite may be in streaks. ." : .

Rock DO. 4 is very interesting texturally,a nd looks differen t from the rest of the
schists. It bas clots o f larger grain s of amphibole (1 actinolite), quartz, ore (partly
altered to sphene)" and chlorite in a finer grained ma teria. composed of abundan t

feldspar and minor epidote, muscovite, biotite and (?) quartz . Quartz is undulose
and . in rare cases. clearly surrounds cor roded amphibole. The finer grained material

may be a feldspar that has been intensely alte red . H owever, th e possibility can not be
ruled o ut that it may have been a felsic groun dma ss of some volcanic rock metamor

phosed .

So far as grade of metamorphism a nd the types of ro cks a rc concerned , the
Kandra River schists are fairly similar to those of the Lowe r Swat-Bu ne r Schistose

Group . Jan and Kempe (Ibid .) have shown that man y of the regi onally metamor

phosed rocks of the north ern Hazara and Lower Swct-Buner ar ea have been con
sidered Siluro-Devonian by various authors . Thus, there is a possibility that the

Kand ta Schists may al so be of this age ,

/ TH E AMPH IBOLITES

Amp hibolitcs occur through o ut the area; t hey are part icula rly more

common to the south of Sea village. They ca n be d ivided int o two types :
a) generally medium-grained. gncissose, igneou s-looki ng and at p laces banded,

b) distinctly ba nded, fine-t o medium -grained ( 1) meta sedimcnta ry. In general,

the latte r arc rather rare north orSeo. although, even to the sou th they lire dominated

by the o ther type. It is possible thai . besides regional metamorphi sm in main. the

amphibolites ha ve also undergone some deg ree of contact metam orphism by diorite

norite intrusions , Some of the rocks arc "c ry defo rmed, folded (some ptygmatically),
tongued and at p laces have the appearance of migmatites. Veins of feldspar, epidote

(±garnet) are common. T he rocks are generally gneissosc, bu t some a re schis tose .

Table J shows the mineral com positio n of some of these. "

The banded amph ibcli tes a re composed of ho rnblend e a nd plagio clase with

minor qu antities o f eipdi ote. o re (sulphides, i lmenite/m agn etite) and , in some,
q uartz. garn et and rutile. A few, especially thos e near gr an ites, also carry biot ite and !

or muscovi te, the former being in dist inct leyers or patches at pla ces. In some , chlo

ri te occurs along (-1) sheaf planes and piicrofractures and may be aft er hornblende .

Ga rnet is concen trated more along cer tain bands and patches and it may be in
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,,"," .~,~bla5tS ' ~uii ' t~ .8..n inch a.cros~ . . ~pidote is Iairly ~bundant along certa in
'~7 :~ &nd joints, and in th ese, chlorite IS a common associate of hornblende. The

,~· .' :~aaJ baads in some rocks are Very sharp and.m.ay co nti nue for a considerable

.~ . ;.&tenor: without much change in thi ckness. They -are defined by the abundance or
~ ~~y ofhorbnlende and plagi oclase mainly. A clear picture of thi s is represented

-..; , -~.mon Do-,,6(Fig. 2).Along some of {he bands, m ore: ra rely, hornblende -is nearly

.... • aile 0011 constituent. South of the las t gra nite outrop (to the south of -Kamila),

:".;~.ii about a three road-mile sequence of such metasediments with a min or qu antity

..c.otbct rocks . '.' . ~. "

TABLE I
.,. .- .

,.,

.,-, ' . Modo! composition ofamphibolite! based011 ."isuat estimates

Others

"6A

6B

7

8

9

10

llA

liB

..
..

ApTr

ApT~

BiJCh Tr

Scapolite 2
1 Ap Tr

Sphene J

··No. 6 Banded Amp hibolite A : dark bands, B : light ba nds.

-Mineral symbo ls used in tables I , I I, III are : Hb (hornblende), Pg (p lagiocl ase),

Ep (epidote), 'G t (garnet), Qz (qua rtz) , Rt (rutile), Ap (apat ite), Ch(chloritc ),

Bi (biotit e) and Am (amphibole). Tr staods for traces.

One of the most unique a mphibclites (no. J2), some miles to tb e south of Kamila,

contain s distinct but irregular streaks and rounded patches, generally < J{2 inch

across, of garnet a nd feldspar with mino r epi dote (Fig. 1). Th e streaks may Dot

be parallel to the sch isto sity. The ro ck is com po sed of garn et (loaded with inclusions

offeldsapr, quartz, ep idote. ore, et c.) , hornblende, plagioelese, epid ote.quartz.ere end

part1). chl oritlzed biotite . Other m inerals may twist around garnet pcrpbyroblasts



and pa tches. v erysimilar rock s.have been described frO?l Timurgara , Dir , by Jan

.~ t: aTJI:~6~) ,~":~lO ,~ i)~ i id .:r. ~!lat the ,tw.o ,may rep resent the same.~eolo.gi.al horizon .

.The con-banded a mphlbofites look igneous in appearance and field relation but
arc w.:11 foliat ed. Streaks and patches of hornblend e, very.common in some, appear

at places to be segregations and schlieren (straight , well-defined and less disturbed)
.but in otbers they look to bi: xenolithic. The rocks are essentially composed .c f

aMphib ole. plagioclase and epidote: with varying proportions of garnet , Ore, qua rtz,

and, in some, rutile, sphene, ( 1) apa tite, biotite and scepolite . The amphibole: appears
to be hornbl ende, altho ugh other types might also be present . Ja n et it1. (1969) ha ve

shown thai the corund um-bearing amphibolite of the Timurgara a rea ha s tremolite,
and Siddiqui(l969. person al cornmunicarionuhinks that the amphibole in the mag
n : t i t4dm .:n j { e-b.:a~i ng rocks no rth of Shah Dheri .is edeni t;c in co mpcsirion .

I:he amphibole is distinctly pleoctr roicend, in many cases, ha s a blui sh green

colour. I i oft ~ n ca rrie s i~c l ll sions of other mine-rals and, in rar e cases, is selvcd . II
may be micro'rracL uied and aliered along these, cleavage planes a nd ma rgins to chlo 

rite: "Plagioclase (andesine) may be fresh o r.ah ered : some i ~ complete ly masked by

clayeyand/o r sau~su r it i c maile r. In o ne case. o ~ IY the cores a re altered . Section

no . 5 has t\\:t) I YP~S' orplagioclase , The la rger gra ins a re very cl oud y a nd have

seco ndary epidoic: th~ smalle r grains are Fresh and twinned . and may be seco nda ry

( ? me tamorphic) themselves. In some of the rocks. the plagioclase is d istinct ly

und ulase. ' L: ss c~mmon lY. it may be in streaks 01' patches.

Colo urless to neutra l ep idote (in <I few ycl l owi ~h ) ha s ind ulo it'll l< of va rio us

minera ls and in one case the included qua rtz grows ill "graphic" manner. Mo re

ra rely, it lias cracks and along Ih: ~: slight ah.:ra !ioll h 'l ~ taken plucc. In I Wo cases,

it g rows up to 2 mm in length. enclosing fi ner grain s (If other mi neral s. In no . 5, it
is in the form of rims around ho rnbl ende. both b.:illg set in larger plagioclase grai ns.

Ore is mostly magncthe/ ilmcmlc but in some it is sul ph ide or both . Sulphide may

'a lter al o'ng-m 'irglns 'iiid Iracuires to opaq ue oxide.whe reas the former may be oxidized

or hydrcxidizcd reddi sh. Gurn.t . in some pink ish, is gC::J ':la ll)' poik ilobla stic wih
a bund,a ni inclusions and generall y less tha n half an inch across . It is rarely su rrou nd 

ed by while mal er i1tJ., It ~ar hll \'C a ra ndom dis tribu tion or be con cent ra ted along
certain "bands". More rarely. the larger gruir» may be a rranged in trai ns. Al one

place, about a mile eas t of Kara ng. Its po rphyrobla sts att ain a max imum size of 3~

inches acorss. Quanz is always anhedra l. and undul osc in exti ncti on:
,'. " ' .'

Associated with the amphibolites ere nearly pure hornblende rocks that mt"rit
special attention . Some of these rocks are med ium- to fine-granined a nd may

be'mataigneou s or metasedimentary in origin but some a re characteri st ically coa rse,
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Fig. 1 Amphibolih wIth str.aks and patth.. {stipp'odl of

( ga rn.l and fo ldspar l~ nalural Sill),

Fig. 2 .

.,
~

Amphibolit. wltll dark "and

mairlly by til. abundanto or

a nd f.ldspa r (nalural siul

light bands dtfiniCl

stars lly of amphibolo, .<. .

..
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(hornblende up to 1/2") and are, probably, hornblendites originally. It is not clear

whether th e latter had differentiated in p lace or int ruded as bomblendites. ODe of

such met ahornblendltes (no. 8) is med ium-grained in which bornblend.c: has abund ant

ore inclusions in th e middle part s which arc surrounded by opticelty continucus inclu
sion-free rims tha t may. in some cases, be thicker than the inner parys.- 'lhe rims may

be primary or p roduced by metam orphism . T he grains~ well-twin ned an d have

fractures alo ng which brown Ir on o xide-arid ~inor cll1ori"te "a re seen . . Some grains

are very corroded. Ore (a t pla ces oxidized brown, some Ieuccxenized), interstitial

epidote, plagioclase and biotite/chlorite (appearing after hornblende as retrograde

products) are the i eit of the co nstituents and account for only four per Cent of the

rock.

Those of the meta igneous emphibcli tes Which are not very rich in hornblende are

very difficult to be identified in hand specimens from diorite-norite rocks. Under the

microscope, however, the a uthor has no ted a few characters which are of some help

in distinguishing the two. The hornblende -in the amphibolites is generally more

bluish-green than in diorites and may be seivcd . The amphlbolites may have a small

qua ntity of garnet (in a few abun dant) which is generally absent from the diorites.
Plagioclase in many of the amphibolit es is poo rly twinned than in diorites; it appears

that stresses were a hiudrence in the development of twinning. :It may, however, be
mentioned that, in some cases, these cha rac ters are not st rong enough to tell apa rt

one from the other.

/
Nc rite-dicrite rocks occur throughout the area, however, they are parti cularly

abundant along the east-west course of th e Indus River. A qu ick comparison of the
boulders and pebbles brough t by the local streamsfflowlng westwards end northwards

from the nearb y mountains and discha rging into the In dus) with the nerit ic rocks

along the Indus Valley Road suggests tha t such rocks are more frequen t than others.
Similarly, some rock samples collected along the Swat River between Khweze Khele

and Kelarn, and t hose around Chiles and some miles beyond are a lso similar 10 these

in mineralogy (see Table Il}. Jan et oJ. ( 1969, p. 86) have already pointed out the

similarity between the Kobistan norit es an d the dior itic rocks ar ound Timurgnre,

Di r. Th is leaves little doubt to believe th at the Hornblendic Gr oup of Martin et at.
(1962) extends from Chilas to western Dlr and tha t the norites-diori tes make a major
proporti on of the group.

., ~ '. ,
The rocks can megascopically be divided into two types: a) thosein which some

or all of the feldspar has a pinkish 'appea rance and, b) those in which feldspa r is
white . The first type, when studied in thin sections, is always noriuc, whereas the

second type may be neritic or dioriti c. AD in teresting fact is that, apa rt from the
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TABLE II .
Modal composition ofnortttc rocks based 0" Yisual estimates

Ten miles from Chil es towards G ilgit along road Side
" One mile form Mcdyen bridge towards Mingora

" - Two hundred yards north of Bahrain bridge along Swat River
....Tangi Dara Kbwar, Tim urgare, Die

Map Pyroxene
No. Name Pg Ortho Cl ino Hb 0" Qz Bi Ap Others

.n '1 Ncr ite 60 30 8 2 .
AU serpen-

tinized
-,

7 3 J Tr14 Norite 65 ~I
5 ,
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231 • ------.
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~hene Tr

2' " 65 I
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d icri ric rocks some of which mig ht be pyroxene-fr ee .gJbbro s,a l.l th e mafic rocks

contain two pyroxenes and mlnc rnlogi cnlly neritic, i.e::true gabbros' have 110t been

reco~d ed . · · 'In general , t here is no convinci ng eV~dence of magmatic diffe rentiat io n .

In some places (n ear Gabrachur nela), howe ver, ho rnblende appears to be concentrat

ed al ong certain bands, giving the rocks a layeredapp ear ance. It is "thu s p robable

that instead o f a single o r a few large i n t rusion5 ; ,thc~e rods have in tr uded repeat.

ed ly i n the form of small in trusio ns. This is eviden t-in 11 .few plac es Wher e a rode of

norhic composition ha s been in truded by a min eral ogical ly similar rock o f slightly

differe nt text ure. II is a lso possible that the magma ts ) ma y h ave bee n quite viscous

Bt the time of int rusion and crystal frac tiona tio n by gravity ~nd/or conve ction

currents could not be very effc:c til'e . A more careful study. however . is req uired to
prove these ideas. . .

In li t le]';l two th in sec tio ns (nos .tc and 25)~omeo f the pyro xene a ppeMs to have

cha nged to hornblende and minor qua rtz (in the form of ln tergrow th }, indi cati ng tha t

ad vancemcnt o f met am or ph ism ( 7 ret rograde} mig ht have compktcly changed th e

rocks to am phibolitc s. In no. 19. hornblende ma y su rround a fine-grai ned fibrous

marer .al with high bir efringence (7 ta lc') bu t in 8 Iewcases relic t granules of pyroxene

arc a lso Seen in it . T he plagi oclase of the rock is panly twisted. Irac tu n d a nd

undu lose. In no . 25. SOOle of the pyroxene grai ns lir e: int imately imergrown with

qua rtz (m ino r) and hornblende with a " seive texmrev .Simlla rly . hor nb lende st ringe rs

and gran ules extend th rough pyroxene (Fig. 3). III rare CLl ~' S, a thin ore rim a ro und

pyroxene sepa ra tes it from hornblende. It is in terest ing If' mention that the pyroxene

altering W hornblende h most ly diopsidic (1 dia tlage ly pe). BUlh of tbcse rocks
ha ....c II highe r prop ortion of hornblende an d quart z end In .... pyroxene U~ com pared 10

ether norlt es .

It is th oug ht here t h1l 1 in no. 2 ~ . the metamorphism of clinonyroxc ne to horn

blende lind quart z mig ht ha ve ta ken place a ccording to one of th e follo wing reactions :

4 ea ( Mg. Fe) 5:2°6..1 ClI A'~ S:20 8 +H20 ...;.
diopsidc anonhin

C::2 (Mg . Fd 4 AI: 51, On (OH b .j 3 Si02+ 3CaO
hornblende quartz

in which CliO flns hccn removed as a sol uhlc base (It" ca rh on :ll\;'
Or

~[Ca SiO) . (Mg:, F~h S i~ 0 6)]. AbO) -t-2Hl O........
au!!" e t

Ca l (Mg, FC}4 AI: S :? Ol2 (OH)l ': 2 SiO~ ~ 2(F<.O) ea (OH )2
hornblende q ua rtz (removed )

Fe °may be representi ng hema tite or magnet ite b ut th ey do n ot occu r in associ
at ion with h ornblen de an d q ua rtz. Therefore , the first reacti on seems more
probable.
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.F ig. 3. Metanor-itf. ... Plag ioclase, hype rsthene , hcr nblend ejand

;i:fjatlage. '{bottom} changed on ma rgins to an int erp r owth

of hor nbtende and quartz . Diam. 5 mm .

Fi g. 4. t'erid otile . Olivine (c1earl,diopside Ibot lomandletl J; m i

nor hornbl end e (with graphic gre. en sp inet in tht

middle 01 s ome I, hypersthene (slippled) and ore. To

the right is a vein of hernbl ehde. bo rdered by byper- :

jJJ!~~s. th en• . Diam. 5 mm..~.,...,.....

F ig . 5. Alterod dior lt c, Plagioclase (tw inned and st lppt ed },
"a mphibol e.. biot ite, Ilmen ite (with biotite. ta me tta e l,

"and .e.pidDt e ~a dia ll y grown around ilmeni ~ e . Dia.1t2mm.

~i9 · 6. No-tte . Symplectic intergr owth of radial biot it, quarz
and I?) or lho clas e. ls lippled l, a nd plagioc.lase . Nole myr
mckiti c and ,graphic intergrowths. Cia . ,2mm. _. . - -,I

.'. ' . ' , ,



· ,
, Thus. it would nol be Illogical to think. as pointed.out ,by'Siddiqui (personal

communication), that many of the amphibclites of the Hcmbleudic Group :Arc a pre

d uct of.mstamorhism of n:>rite~"(and diorites). This ~ay mea~-that the intrusiveec ti

vlty was ~'pread ove;- a long ~P~D of.rime, geologically speaking;the , e~~lier .i:nt~sion,
baving been ' tot~UY metam orphosed andtbe last onesfdiorites-aorites of jbis paper)

'o nly sligh,tIY" ~ ··Conver~IY;it.l~ al~o 'probable th~t th e ~etam6q;hi~ i~k.D:ii.ty :~gbt
have been varym& from p1a~ to 'place and some rocks meybave undergOne'little
or no metamorphism, or th at themetamorphism of norites, in some, produced no
sig nificant mineralogical changes. The au th or ha sin a pre vious section stated ~at the

ncrhes-diorltes are probably Cretaceous, whereas, the main 'Himalayan orogeny
(and t be accompanying regional metamorphism) js EeneraJly considered to Qe ~rlY
Tertiary. Therefore, there is llule chance that the norites could h ave escaped meta
morphi sm. In light of this, the last probability seems to be more logical. -

, ' .; ' . , .. ' : .' ."' .

The separation of diorites and gabbros is a matter of opinion and different
criteria h~ve been used by variousauthors in telling apart the two. For most people.
however, the gabbro s havea colour index more than 40; the plagioclase is moreclad e
than andesine and the m ain mafic mineral is pyroxene. The dioritea.cn the other
hand, have a lesser proportion of mafic minerals, dominated by hornblende, and the
plagioslcase is andesine or oiigciclase. Williams (1954, p. 106) has pointed out tha t
"no single criterion is really all-sufficient . .. ..•. , .. " The present author has
used the type of mafic mineral as the basis ordistinction between the two. Thecolour
index could not be applied because in most of the non tes-diorites the mafic ' miDera l ~

are less than 40 %. However, if t he epidote content of the diorites is considered after
plagioclase(and thus added insalic minerals), the norites then.generally, bave a higher
colour index than diorites on the average. The anorthite content of the plagioclase
could not be Used either because most of the diorites are very altered and only some
plagioclases rendered themselves for composition determination. h may 'bepointed
out that some of the so-called porites have calcic andesine and may actually be

hyperstbene diorites. Jan et al. (1969) were also raced with such a situation at
Timurgara and they considered that there the plu tonic rocks arc' a border-line case
between true diorites. and norltes and gabbros. It may also be ~e~lioned that the
neritic rocks generally UTe fresh, a nd the pyroxene-free di~rit~s 'generally altered.

The rocks are generally medium-grained but some are finer and rarely sugary.
With fewer exceptions, they are mostly gneissose, a rev.: very stro ngly, suggesting the
influence of metamorphism unless the magma was viscous and partly crystalline at
the time of int rusion. Amphibolite xenoliths are sparsely.present but between Tuti
and Gayal they are more abundant . Two miles west of Thor nata, ( 1)silicic inclus
ions are also seen. Veins cf'feldspar, hornblende, and, rarely, epidote (a fewalso carry

.....



. garnet) arc comm on in some p laces. Some of them ha ve spo ngy appearance d ue' 'to

the 'wcathe~ing olJess resistant feldspar ; th~ cavit ies may be stai ned reddish. Some

vei~s or parts are c~mpletely weathered. The h ornblende in some ' veins 'may

actually r epresent schlieren some of which are parallel to foliation.I~ a' few, the

dark minerals tend t o be st reaked or clustered . Chloritic a1t~ra'tion has rendered
abme of the rock s-green. . ' ..

, ( .
. On the average.. tbe nontes ar c composed 'o f 62.6%plagioclase, 26.6 %pyroxene.. -

(orthopyr oxene being more .abundant), 5.2 %horo blende, 3.2%ore, 1 %each o:quartz

end biotite, tra ces of apatite, and minor quan tities of other minerals such as garnet,

scapolite, ep idot e, (1) sphene, and ( 1) orthocla se in some. The plagioclase is mostly

labradori te bu t in some it is on the vi,rge ofandesine and labrad orite . It has a minor

degree of zoni ng and di splays all three-albite, pericline and Carlsbad -c-twinnlngs

on e of whicb may be supressed in some rocks. In 00.20, even the a lbite twinning

is ehher poor o r absent. Und ulose extincti on and mlcrofra ctures, prod uced by

stresses, are not uncommon. In some, the grains may be eve n bent. Less often, th e
fra ctures are filled by secondary clay or chlorite. I nclusions, mostly of ore a nd

pyroxene, ar e few. In so me of the rocks, it is par tially altered to clayey, m icaceous

or , more rarely, saussuritic ma ter ial. I n no. 13, all of it is completely masked by a
cloudy clayey material. .

The or thop yroxene is stro ngly pleochroic (pink to green) hypersthene ." In some

il appears 10 ha ve simultaneou sly crystall ized with the clinopyroxene bu t in o thers

it Jocks earlier. It has commonl y included ore but some plagioclase a nd minor

clinopyroxene may al so occur as such. Besides, redd ish iron ore and clinopy roxene

ar e also present as exsolved lamellae. Man)' of the hypersthene grain s have fractures

along which minor a ltera tion may result in iron oxide, serpent ine/ ta lc or, more

ra rely, chlorite, which may also occur along grain boundaries. In no. 24, there is a
com plex alteration rim of laic on the hype rsthene side and serpentine (o r chlorite)

on t he outer side. Th e clino pyroxene of the nor ites is green to light green a nd, in

most cases, weakly pleochroic. -It appe ars in dicpside-augite range, witb exsolved

reddish ore a nd ( '!) ortho pyroxene along with disoriented inclusions of these minerals

and plagi oclase . In a few cases, the pyroxene is scbillerized and may be diallagic

diopside. Al ong fra ctures an d border s, the grains show alteration like the hyp er

sth ene. In sect ion no. 13, all of the pyr oxene is altered to ta lc with only a few relict

granules. Fresh hornblend e may sur round the talc.

H ornblende appears to have crystallized later than the plagioclase and pyroxene

and is therefore in anhedral to subhedrel grain s that may, in some cases, surround tbe

• Tbc ortho pyro,;ene or the eorhl c rocks of Timurpra, Dir. is collsidered to be brccaite by
Jao., Kempe and Tahirkheli (1969).
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latte r. In no, J6, some ofit is in poiki litic grains. .l t maY be ~sso~ia tcd with ore
' . • " . ' ' ,J ' . ' . . . ' " . . . .

apd/-9r b(Out.:';·with .thc l:ittcr and,quartz•.morerarely.ft Js In ~t7rg(a:~ths . . .Ore is
8\:n.era~ i;' m9:g!leti t~/il~erii te that .~aY,: j n ~~e'~'b;~al te(ed . o,~c,ddi sh o,Xiqe .o;,hYd,r~~

~i,fe-.~ ,.~ n, r~.~( ' ~se.~ , . t,h~ r:~ck,s . ni~~ also ,bar~.:pyiit~, .~.hich is, .~han~ed .tc .?pa.que

~~.id.e .~I?~¥J~clur~s~n~~a~gins . . ,The o~e~ appear :to ~RV~ c.rystal~.l;ZCd, tb~,OA&~O!Jt
the'cooling ; thus, some are in inclusions while others occuPY~e .spa~ pe.I V!c:e~l~he

early formed minerals. Q uart z always occurs in the inteno!ices or intergrowths and
some-of'It ·bas undulcse extinction. "-Ina few cases, -it may t>e .. by-pr oduct of the

pyroxene t ransformed to h ornblende. ...Biot ite has str'onll: pleochroism fro m pale
to dark reddish-brown but in a fewit is partially chtoritized green . 10 some, it con
rain s abundant a rc' dust. In a few rotks, ii is in' symplectic lntergrowth with quart z,
hornb lende, etc. The best of suchintergrowths is k en in section no. 23, in which'it
looks toradia te from a" nucleus" (Fig. 6). In this rock, qu" rtz forms graphic and
myrmakhic intergrowths' .with (1) potash feldspar and palgioclase, relopectivdy.
Tb e latter.In tcrgrcwth may-form a 'part of t he symplecti c inte rgrowtf or be inde

penden t.

'. :B.e side~ larg~ fract ~ res , the rocks also have .minor fractures along which eerpen
ti ne, chlori te (rarely tate) , iron oxide a nd, in one, carbonate a re seen. . The nea rby
p lagioclase may be kaolin ized as in no. 16. Section 20 wns cut along the COntact of a

vein anI norite. The fe rmer is composed of abu ndant er idote and Chlori te, plagol,
clasc (? secondary) and minor iron oxide. Epidote is mort' common away from the

rock , ch lorite and ore towards the r ock . 'T hese: minerals. however, give way La the
normal rock with out a sharp contact. As one approaches the r~ck , it is seen tha t th e

pyroxene near t he contact is ahered to serpe nt ine and tnlc, and the plagioclase to
epidote. both ultimately grad ing into fresh rock. 'Hornhlende, on the other hand
has skipped alteration even into the vein for some distan ce. The vein a lso has some
gamet in the' middle part. 'I t appea rs thaI many. or all, or these minerals have been
producco from norire by the action of penumetojyrlc sohl do ns.

,The diori tes are composed of plagioclase, hornblende, quartz and minor quan ti
liesor biotite, ore, epidote, etc. The plagioclase is nearly always altered to i.aUSsurit c,
sericite. or c tay-lik turbid material; in some, ~he a lterat iofl has virtually mB4ked the
t winning completely. In rare cases, when tbe -plagioclasc is sur rounded by horn 

blende. the altering solut ions, pro bably, co uld DOl penctretc deep enough and the
plagioclase is fresh. with excellent twinning. Th e anorth ite content could bede ter
mined in only a few cases and (be plagioclase is either andesine or oli80~lase . T he

amp1t ibol~ of the rocks '1; occasiona lly-twinned 1tornb1cnde -but in many it is
al tered toa fibro us,pale grcenplccchroicf 1) actinolite. :-\Iong margins and fracture s
itlmly ,also aher.tc, some tj~s fibrous, cblc rh e. -ln.no. a3.chlorite is,l O%'"B.od may

.' ' " ' . , ' I' • "' !'
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. representCompletely altered :a~Phr6~l e . l io~~l.e iide ma'y'~o~laiil.int lusions in ;ome;

mOTt rarely; it grows in ptnb'-itic patches. ' ' . ,
" - " . " ...

.". . Quartz. is nearly al ways in small grains that.are often st ra ined and have undulose

extinction. Ra rely, the adja~nt quartz grains have inter-penetrating bo rders .In

some. it may be concentrated in clots and small patches. Deep brown to' colourless
biotite m'y be partially greendue to chlcritic alteration. Iron ore is mostly ilmenite
that has completely altered. or 'only alont margi ns end f ra ctu res, to sphene or Ieu-

• coxeee. SOI'1le of the ore is reddisbbemadtic in.retlected'Jightand may De afier .
magnetite. In no . 30. it bas thiD"Jamc:l1ar"bl otite i n associationand 100ks as if the:

tatter is replacing it (Fig. S). . D etailed mineralogical com po sition: of some of the

diorites is sho wn .in Table III. The percentages may be highly exaggerated in some

because of th e Intense alteration .

Common. although minor associat es of the rocks of the H ornblendlc Group
are pegmatiuc rocks made up of hor nblende, p lagioclase ± garncl. A few also tarry

q uartz, mica , and sulph ides of iron and (1) copper. : In one place, abou t 20 miles

nort h or Kamila, t he pegmatite is very coarse-grained, co ntaining euhedral crysta ls
of hornblende that may grow o ver a foot "long and 3! inches across. In' this and

some otbers, the. hornbl ende grows at "90" to t he wall s.

TABLE III

.
Map NO.

1
27·

28

29

30

31

32

33

M odal cDmpos;t;on of diOTitic TDCk s based on visual est imetes

':---'---+---~- '-



" ',' A very un ique associate (no. 26) ofthe noritic-dicritic rocks is agreyisb Ieucocra
tic rock that was identified in the field as 'minor, epidot e-bearing syenite intrusion'.

Under the microscope, the rock is seen to be composed almost wholly of plagioclase
which is entirely altered to sericite and epidote with the exception ora few fresh parts.

These parts have a maximum symmetrical extinction angle of 1:4". 'The optic sign
could Dot be determined; some grains seem positive, tithers negative. However.drs
refractiveindex on rare fresh margins in contact.with th e balsam is very close to that of
the Jetter. Tbe rock was crushed i or refrac tive ind ex determinati on on (001) and
(010) cleavages but, again, th e alteratioa prchlbited any satisfact ory determination.
The extinction angle and low relief, bowever, suggest that i t may be ( 1)albite in
comp osition and the rock may be called albitite. It is possible that the albite is
seconda ry after a more calcic plagioclase and the rock may originally have been
anort hositic (1 a local differentiate). The epidote (green in sample), .only 8 few per
cent along with t races of ore, is in clo ts and patches and has been probably introduced
by later solutions.

ULTRAMAFIC ROCKS

Small bodies of ultramafic rocks a re spo rad ically present in the a rea. Th ey are
mostly frac tured (one looks cetaclastic), weath ered and look fairly distinctive in band

specimens. In view of the general lack of a positive evidence of magma tic differentia
tion in diorltes-uorites.rhe periodotites are considered to be alpine type and Middle t o

Late Cretaceous equivalents of other alp ine peri oditites of the Himalayas (Krishnan ,
1956. p. 19), That the clinopyroxe ne oTthese perid otites may n et be: genetically re
lated to that of the ncrites is also supported by th e difference in the colour of the
two. In norh es it is always greenish, in perid ot ities it is colourless, Such intrusions

have also been recorded in Timurgara (Jan et 01., 1969, p. 86), Shah Dh eri-Kebal

area (Rehman and Zeb, Ibid.) and near Jijal along the Indus River to the south (Ja n
and Tahirkh eli, 1969).

The rocks range iscompositio n from dunit es to peridotites and pyrcxenites. Sec
tion no. 37, cut from a boulder in Chilasy nate (so me miles 10 the sout h of the major
bend in the Indus ; not shown on the original toposbeet) is a dunire composed of oli
vine and minor (<"'5~~) primary ore. 'The olivine has a 2V=90" (1 forsterite) and is.

altered to serpentine. iron ore, and traces of car bona te along abunda nt fract ures,
Section no.35(peridotite) is composed ofclinopyroxene (1diopside) and minor olivine

( 1()"15%) along with ophit lc orthopyroxene (1 bron zite) tha t cont ains a few exsolved
lamellae of ore and another pyroxene. Th e orthopyroxene has a low birefringence
and a high 2V of 90"; alteration has produced abundant ore, mostly in rods, which has
rendered it dark. Fractures are common in di opside and , particularly, in olivine,
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along which abundant secondary Iron ore and serpentine occur . .The 10c1al50

bas about 2% pyrite. !
. ' . " , , . . . ."

J . ' Sec'ti~n no. 34~' is!prl·~cipalJy ~mposed 'of clinopyroxene . (? diopsid~) that"has
been partially a lte red to serpentine, greenish chlorite,and less abunda nt 'ta lc and ore.

.,.•.. " BrowDh ocnblcnde:(lS%. anhedral and tending to be ophitic),tracesofbiotite,primary

"~'::" ore, and rutile also .occur i n it. B esides these, anomalous birefringent .granules
ofep idote set in a coloudy material, and a tew .granules of quartz arc also seen. The", '

presence of these mine rals is rather strange in a pyroxenite and it is .probable that ,
tbey have been either modified by metamorphism or by extraneous (1) hydrothermal
solutions. ' ,r. · .

Sect ion 36, cut from a boulder found in Chilasy nala, is mainly composed of
olivine and (1) diopside containing exsclved are (in some grains ab unda nt and along
with hornblende "l amellae"). The rock also has minor pr oportions of hornblende.
orthopyroxene (pale pleochroic bronzite or hypersthene), ores and trace s of carbo

nate. Ores include a green type, opa que oxide. and minor sulphide . The green
spinel is quite often included in the middle par t of hornblende gra ins in the form of
graphi c inte rgrowth (Fig . 4) . Some of the hornblende grains also ha ve lamellae of
opaque oxide . T he rock is cut by abundant veins (black in specimens), generally
stra ight, which are composed of hornblende, and minor talc and opaque ore. The

outer margins of these veins a re flanked by fine granules of pinkish orthopyroxene.

The minerals along the veins are of secondary origin and , if so, at feasl some of the
hornblende and orthopyroxene occurring away from these veins may also be secon

dary. It would be easy to explain this phenomenon if a liquid magma is considered
to be th e scurcecf' tbe perido tite but.as said previously, stro ng evidences of magmat ic
different ia tion have not been found . It may be mentioned tha i Jan and Tahirkh eli
(J969) had also noted hypersthene a nd minor garnet in some of rbe peridotites near
Jijal, which , apparently, are alpine in nature. They considered that th e hypersthene
-garnet -dicpside assemblage may ~ a prod uct or the metamorphism of the
pyrcxenites.

-,

THE KAMI LA GRA NITES

Abundan t in tru sions of granit ic rocks, generally smell ana concordan t (0 the
regional trend of the Hcmblendic Group, occur around Kamila. More rarely, they
are also see n in other pans of the a rea. Some of th em are in veins and smal l in trusions
of a few yards thickne ss but some are fairly large. The largest of all , occurring about
five miles to the south of Ka mila, is Over Ii miles thick and extends toward s Jalkot

to the east.and Kayal stream in the west in Whi ch granite b oulders are quite common.
~ Along the Kandta River, ODe finds a lot of simila r granite bould ers at a distance nf
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about 'six mlles to :the south of Gabrial , where t he traverse was abondoned. It is
therefore expected tha t sizeable granite bodies occur in th e upper reaches of the
Kaadi a River. Some of the gra nite boulders.however, a TC slight ly .d ifferent from
those or' Kamila due. probably, to the:great er'proportion' orcbiorite;~tc.

, . . ' . . I ' . . ' . '.

Some of tbe granitesare leucocra ric but some are comparatively darker, e specially

those near Kamila. The dark colour is mainly due to biotite butsome also have other
dark minerals. Sample 1\0. 38• .ahhcugb contain i.ng about 10 %m uscovite and 2 to

~3%garnet, looks pure white in hand specimen. . The rocks ere genera lly medium

-greined and gneissose hut some are noogneissose. They are Irregularly fractured

and conta in abundant quartz veins and thin pegma tite veins and pockets. A Iew of
the granites are porphyritic, the feldspar phenocrysts attaining a length of 0.4" in
them. Amphibolite senolitbs are common . Some of the granites are in the
form of repeated injections in amphibolites and mica schists. The main granite
body (mentioned abo ve} is st rongly gnelssose near the contact and contains hombl
ende and chlorite. At places, the body has the appearan ce of augen gneiss.
Rarely, th e dark minerals, mainly chlorite, may be more abund ant along distinct
bands. Thin layers of incorporated schistose amphi bolites and mica schists are
specially abundant near its cont acts. Some of the amphibolite xenoliths a lso occur
as big blocks. Th e body bas muscovite and/or biotite, the latter being. more common

in the middle part. Some part s also con tain garnet. Ore is both sulph ide end
oxide and appears in distinct cubic grains at places.

Under tbe microscope, the reeks are composed mainly of feld spar, qua rtz and
mica with minor proportions of epidote, Barnet , ch lori te, a re, apatite and, in some,
hornble nde and rutile. The feldspar is both plagioclase and p ota sh variety one
of wbich may be suppressed in some. The former is in t he range of al bite or oli

goclase/andesine. Section nos. 40 and 42, haVe abundant plagioclase with anorthite

conten t mon: Ihan 20% and the rod , a re grenodiorit ic in co mposi tion. The

K ~ feldspar is either orthoclase or microcline. Perth ite hu not bee n found and the
rocks, probably, art subsolvus type. Slight alterat ion to sericite, kaolinite, and
saussuri te in some plagioclase h common, particularly a long Fracture s and grain
margins. In some cases. the plagloctese looks zoned. Q uart z, making well over
20 % in all the rocks, i\ mostly inrersitlal. nearly always undulosc in extinction and,
in some, fractured .

H ornblende is generally in traces except in some . In no. 42. it makes about
8 %. Mica. is represented by one or both of biotite and muscovite. The former is
pleochroic from deep brown to pale but some has alte red to chlori te and has greenish ,
more rarely khaki, colour. Muscovite is bent and twisted in a few. In some cases.
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in no .AO,i t i s palebro wnisb pleocbroic.ln no. 39,..3. litt le of.it is yellowp leochroic.and

is characteristically of higber birefringence.than theunejorJcolcurlessf.type. Some
oeit isset.in,theplagioclase and &ome,partia~y &\Jr!opnd~ .theccloc rless v~ri~ty and

IJl~Y' be a .~ligbtlY~ai.t~~.ci .~ariant ~r. the ~~~er. .}l~r.~e.i',; i ~ ~o~~ pin~ish! hascommon
i~cJusions .and m ay be altered to chlorite along (~a.ct~res. .It is generally in small
quantity'but in a'rew it is up to 8 %. 'Ore,- never more t~an a'·p·brjent, .is sulphide
and magnetit e/ilmenite that may be altered t~ Jeuccxene in 'some. Rock no. 38

has thin pinkish veins.whicb,io the micro scope , are composed of feldspar, quartz and

epidote.

The small pegmatites associated with these rod s are quartz and feldspar-bearing

with biotite, muscovite (at placesin patches) and traces of garnet in some. " Some
miles to theeast ofthe major bend in the Indusarc thin veins of .pegmatites in which
quartz and Ielsdpar are .spread all over but 'beauf'iful' white mica (up to one inch)
is concentra ted in the centre of the vein. . 'fhc;,,:eins also have a few garnet grains.

Associated with the granite s on 'the contact are minor bodies of hard, pinkish
to greenish mixed rocks that app ear to be contact 'metamorphic reeks or granites
altered on margins. Section 43A of these rocks is composed of plagioclase, epidote,
quartz, garnet. chlorite, muscovite and sulphide in decreaslrrg..order. Section no.
43B (20 feet to the n orth of 43A) h also made o f the .same minerals, with com

parat lvely lesser quartz and more chlorite. It'also has bluish green hornb·le nd" and
tra ces of rutile. Th e -plagioclase is completely epidotizcd and sericitlzcd, and garnet
is partly altered to chlorite and contains quartz and sulphide inclusions. Chlorite
and muscovite may be twisted around larger grains and epidote is seivcd with quartz
and feldspar.
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