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ri.:.a.otin ng dJepk~rreW years~'t:nanyintererting:mjneThls have been rep6tted',fr01l1:the

'N.W.F!!'. - )J()f{hese ,' tbe cbromiutn~beaiing 'mi rieral s "":"" em erald , mices.epinal ElM

tOlmnBiine .....:.... 'merit 'epeciel attention 'because of 1:hc t con omic .and/or academic
importa nce. Gem quality emerald from Swat and Mohmand Agency-is sold at :high
price and has attracted a lot of peopl e during the past few years. All o f. the chromo

tum-bearing minerals.are closely.essoelered with ultramafic rocks fr om ~hich chrcm­

}~tD was ,d~.rivcd ~Y various mechanisms . . . ,.' " 1 . . , - _ , . ' ~:_ c. i

. : . •In ~is 'Pftper"the iwriter bas triedt~ gath er 'all the -publisbed dat a available
Jon -theee -eccurrences, and 'bas added 'some 'new informat ions.' . ' " c_ ' _ .

~~_eral,t. .' . _.
. S wat: Emerald occurs in carb onate-ta lc rock and.in Quartz veins ncar Mlngora,

Swat (Davies, 1962). The mineral. when enclosed in quartz, isinvariabJy ' broke~ 'by

latter fracturing and is of no commercial value ; th e better crystals are found in th e
soft carbonate-talc rock. According to Davies, the rock is largely composed of

carbonate , quartz and talc, with minor proportion of chromiuin'-mica (fuchsite an d
chlorite), are, and (1) cnrcmium-andradite . Jan (1968) has alsoreporred.clinoeoisite
4D -'&Ome 'tlfthese reeks. ',' ''-'

1 " " -' ,

Th e emeral d is very weak green p leochroic an d has 'impurit ies of dark dust),
material , some along 'ihe fractures, and may also -conta in vacuoles. lt i ~ uniaxial with

~~fr8ctive indices of 1:587 and L596 (both ± 'O,OO'3), and b ~ 0 .009. 'However.

Davies (1962) ha s also report ed some to be biaxial with avery ,maJl2V. · He write s,
"!' these observationsindicate tbatrhis beryl bas -a biaxial (ort horhom bic] cbarecter ,

the p seodoh"tJUlgonaPforRl being due -rotwinnin g oforthorhombic units as in arag o-
tl:ite(WincheJl,lp.464)". .:-.' ' . : . .. . .

Mohmand Agency: Emerald from Mohman d Agency 'was . fisrt reported by

IWabotUudin-Ahmad '(l966)!near Nawe 'I'ana , '. ' Recently. the mineral has-al so been

fmmdiin t;"Of8lJ'igga, Kuda !Kobel, Tsaperi•.end Dand K and ao (Prang Ghar) of the

same Agencyl(Js:n, 1968;fB&)'Ilt,in lpress).""i[ occurs .ioessocietion with quartz veins

in:celcsreoa s ~.oW<, 'quartz-mlea '$Cb.i~t:1l; .cbtorite-end .talc-carbona te -schists .·-Ma~t

I . •. "-, ~ . . '--.



of the quartz veins run parallel to the foliation ofthe schists but some are accorss to it,
varying:in thi ckness and length from a few inches to several feet . In Tsapari, epidote

is associated with the emerald. v-" : .~., . ~I-' · ' i. ... :~ . ~ , . ':!l.·· ..... ".L·) Y~J, .\" ;.'

T!le rmer~ld,~? t~~e r?,*~-;_~ . ,~n9r~ly f:anspar~pt, .;.v9~· ' :~~~ .pleochroic,
devoid of fractures and con~i~. 9~~~-fe'fj~71~~q~~: Th'e 'mmeral isuniaxjal ne­

gative which refractive indices of e -= 1.5S6 and .. - 1.594 (both ::l: 0.003), and

6=0.008. In most cases, the grains showwell-developed hexagonal prisms and basal

pinacc ids fHayat, in.press). -The elIlerald ~l!'nges.Ir~J;I1 .B: few J.IWl tO~<l?iD9~ :iP J,~Dgth

and good crystals are sold at high price. , l,1nfortu antely,}he localpeople ~.ve -beea

using old technique of exploration wP-i:c~ has resulted nctcnlyin .spoiling..the gem,
but also some deposits have beenIost. v. , " ",-: i , .,; ; ;;," ! ;. '';: ' ,'.,: ; fr!~.; ,:" '; 01 .,; I ' '; ' :-

C hrceie-Splael. . , . ': r. : "I' j : ~' ,1 ; 1 , " '. : ' :':J' ' j ' .' : J1 . : •. " ~ ':' : l ' -1: ( Lr.:. t,

'r Chrome-spinel of octahedral fOrID ,"Up'to 2mm acccrss, is di ssemina ted in '--a~ wsoft,

fine-grained , dark-green amphibolite fromwazlristan. The spinelIs feebl j'magnew

tic and has a Cr2 OJ content of 19% (Jan. in press). Bes ide the la rger octabedra, the
rock also con ta ins minor quantities of ~hedra16pinel . and tra~s .{l.r.an unidentified

white birefringent mineral. The amphibole in thin section is colourless t o green

pleochroic with low bi refringence. nearly straight extinction. and bas a feS\{.' d~Sty
, .. .. ... . '.. , . ..' .. ' . " ; ~. ',. , . '.., :.-

inclus ions. Th e rock is probably a mctemorpbosed 'per idotite 10 'which 'sPinel ha s
, ','" '." ,' , . . • ",. ' . ,I. . . • . • , . :

survived metamo rphism, or possibly been recrystallised in 'larger' eubedral crystals,

A similar sample; with lar ger crystals, has' been rep orted from 'Sh's h '-Db~'ii"' area in
Swat by Jan (in press). " ' ., -c..' . . ; .' . ' , '~: " . i"J' ,'. . ,

" .',;. ' : ', l -; l ' , " ' ~ f . : ' ;' ; t.. , . , . ... -:p . '": ' : ,' (,W ' 0<,

Chrome-To urmaline. , . ' ' I. . J · " I ! ' · ,"l lH ;' ·, 1'. io ; ,'.' " .1.] , , ' "

Chrome-tourmaline, in calcareous rocks, has been rep orted Irom Al pur@.i . SW~H

(Long. 72 ° 35' E ; Lat. 35° 54' ,N) by Jan , K empe and Symes (in preparati on)• . The: '. , . ., .. ,.. , , '.' A ·., ' . ,.. . . . . • :
Jocks are composed of calci te and quartz with minot qu antities offucbsite: biotite.
~hl~ri te' an d .ore. They ate intr~ded by a : ~e n tic~ !a~ ~brpe~t1~itt 'b~a)(tQVC; 8'mil~ ~. . . . . ~, . ' , " ~ " '.'" , " , " ~ ., ' . -', ' . '" .~ .
long ) and q uartz veins. Tourmaline occurs ' in traces Dear the former. .
. _ ': ; • •, 1, , . .. .' . • " , , ~, ' , . " , " ' , .';, .. , . : " ." ,

The mineral in thin section is in .distinct :grains but some is pr6ent · betwen

calcite, or around it in the form .of girdles-of minute granules adjacent 'to tach

other. It is net completely surrounded by q uartz anywhere ,and is either -contained

in calcite or betwee n calcite and quartz .. . ,- '-; " '- '·i· : '·r ·, 1 :~ ,. " •. " . ~ .

The rninera! is in anhedral to subhedral grains some 'o f which reach 2mm in
length . Ins free of impurities and has 'a few .Ir actures. -: I ts refractive :Indices
(€= 1.627. green yeilow; .=1.660, d eep green ; both:!:{).OO3) are the 'same -es th06C

ofa chrome-tourmaline (dravite) given in Deer er QI••(1962). ' The latter-has a chrome

content of10.86%. Electron microprobe analysis of the mineral (Jan, Kempe and
. .~ ,



.Symes) shows a Ci:I: 0 3coetent'of.Z..3%and Vi O~=O·2J01o f; Th e -mineral Conte nt 'is
th ought to have been introduced by sljlca-ricb .hydrothermel solutions 'Which passed

. !~pu~hJ~r ,c1~se ,t~_~b~ :l;Il~~~c.s. ~.d, ~r~~i~.w.~eg .~l,?,n~ with ,qqat;t~ i~.t~.i~ Y.ein,~ in
calcareous rocks. A similar process' mayhave prodlfc~~..~l~,~ Swat and
Mohmand Agency." Jan et 01., citing the 'occurrenee:' of the chro~e-tourmalines
' -', .' , . " •. ,~ , . , ',_ , ..:. -, .. ' ,'," -..,.r "." ", nr '.: l " ' ,· r, ...; . _" - f ' i ' "
'J;eportecr ,1;?{ v"arious peopl¢:',think tha,rl'he~~t COD1J!lOD ~~~0':1ations for c'hrO'me_
tbu~f iri~iu de sei-peritimtds'-('~~ ' other: J~l{rJbJ~~ :r6ck~) tand1'41rbonates (in­
cluding dolomites). Also. thatthey ohin"cohfain :at\a~i u~.a nd tc:u~'iD ~ssociation

h. . " "' - - ' , " .'with luChlite. :'j',_ ~ ,; ,. .; ! ~l : ; ' {' ;: ' . :'-I ~ : ' : : :1(110r, - ,," .1' 1 .(. . :. ~ ri I:..' ~ , -~ .. _. ."
, ' , ,' , . " .. "

·. ,_·I j , . " . • .. o j f' -- :: ' 0 ' ;- 1 V ' Ol q ". ;" " " ,{' /1.> -, .
Fuchsite. .... . ' , ', " ,: .. .~ . .I ' . , . J ~ ; " i . ~ .". , : .'._"'c ".", '.," . '

-:)1 '<)J:~Site is 16'caJ IY"~re'se nt" ln ' ciJ drgou§ :aDd ~th'ti rodc~ b~~rHdg~lose .to the
ultramafics in Swat, Dar gai, and various piirts'of K£ohmin'd· ()Agenty. '~ '~The fuchshe-. . ,.
!b.earing rocks are greenish in most cases except at Mohmand Agency where th ey are
brown with a touch of green, somet imes in Jayers. The y co ntain sid erite and/or

calcite, Iucbshc , qu artz, and minor quan'liiics of phlcgop ite . . Some of the rocks

also contain talc, chlorite and clinozoisite. The carbonate minerals are present in

large euhedral to subhedral grains which, due to alt era tion, arc brown in parts on
edges and along cleavages iri'fuos{cases'. .'Most ofth~ rocH 'in Moh;narid'Ag~ncy.

apperently, h~Y,e, . a, higl1 'propor~ion ~~ si~crit~o with ,brown.i s~.~;d colour .
0 " . ) 01 • ' , .._ -' .., I l _. ' " " ..\ I. , ' ...J ~ ,J(. , .1 1 • .'"

Fuchsite is prescnfln largc,subhedral,'tabu1a{tTabti ;"lfis pale green, ple ochroic

and has a high second order birefringence due, 'probably, to chromium content.
• ; " . ' , - ' ,- ' ": • . ' · .. ',' t " j , . ' 1",• • ' I I , • ,

Theproport ion of Juchsite varlesIrom a few per cent to a s m ucf a 5"'40 ~~ " " .
:,,; :" ' ,, '." . .:. :n "' ,'/: v , J':J: .. '- ' ; ,, ' . ". ' 'O '

',. , I n the D argai ultramafic complex nearH~ri~~; q~~ f!.~nkjsh~~[lt;ral alo ng

6rac:~ures in t,he ultramafic rock s, .Tb c D?i~ o.ralp"s ~t , been jJl~estigale9 bY.~be

presentwritervhowever..Dr. ;B~8I'aIn! (pe rsonal -t;9~iC3tjqn):~k~ it 19 'be a
chrome-chlorite (kamm erlrite). It appears th at the mineral is p rodu ced along

fractu res 'by:.I teralion, " SimilarJplnkish; flbtcfus 'mineral ' is :also' Seen '~n ' .8 : rock
'composed of tal c, carbonat e, quarteand.Sp01Iy; grl!cn (1) nlckle compound near Babo
lVillag.e,about '6 mites nortbeastof Sbabqadar in.M obmand Agetloy"· The r ock occurs
-in patches .and is closC-ly ,assOciRl ed ~with -tlltrllmalics;;:, ':"1:.1<':(7" I . ' j l ", I ' ". o .

._. >.' " l,'! ' , ".l ~ ' ; '" ' . •,: n ...!, : : , , ; : ~ : ,:..,; . l; ; l'i , . __ . r": '!. ~ , ' . , -:
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CHROMITE OCCURRENCES IN UTM ANKHEL AR EA OF

iMOHMANIJ> ",,"ENCY, N,W,oF. P.

Th e Utmankhel area lies adjacent to Ch arsadda Tehsil of Pe shawar district and

its boundary star ts abo ut seven miles north ofTangi. A few samples of chrom itc

w ere eent to-theDc:partrnent't>f-Geology,tby the'losels,f or ide nti ficatio n 'in th e'fall of

::1969, !:.ater on , 'On 'the request 'Of 'the tri~81 maliks, 'the autho r had a chan ce 'to

conduct a eeconnelssauce 1iU!'VeY'to essess'the Tfotentitl.I 'of' thc ·mineralized area .

In the area under .invostigat ion .the Peshawar Iplain skirts ahe hi lls 'where -the

el evation culmlnates.Ircm .J.~0·to SS20 feet. :rb.e ultremefic.ou tcrops Iorm e-lirear

bel t from ·t WO L O -6ve .milee wide .en d -extendfor over 2S 'miles. The ,im pmrtnnt

locali ties in the Urmankhel areafromwberethechromite has bun reported ere .in the
vicini ty of Babu , Bucha, Pren ggbar, Daghai and Balola villages.

During th is su rvey, the au thor investigated only two .local ities close -to Bucha
and Babu. In Buche area the country rocks consist of slate, phy llite, var ious types

o f schis t and q uartzite, intruded by the ultram afic rocks. Th ere ar e .seven pits,

located about one and a hal f mile to tbe so uthwest of Bucha , 'from where cbro mite

bas-been 'mirfed 'by the1lot'Ak.%e·dimerniions 'df the-smallest and tb e'Jargest pm
Were about 4 x l x 2 and 12 x Sx 2 feet respectively. '



ias.

Tbe..cowitry.roo.k:.sin the.Babu.area.are aJ$P;S]att:•.~hyHite• .sehists ;and,qu,.rtzite

al lgned to east-west. .Tbe slates-ere dati::~gre)'. ~whiltt.the ·phyllitc.&.are 3I"eY to green­

isb-grey. The quertzite .isHgbt-b rcwn and haA' a-mirror- qu.an.tity .of: sencite; '.;lbe
schists are~ey.8feenisb~greyand yellowish..mawn; Thlo-ch1Orite..&chist. very much

Weathered ' and-friable on the sUrface. ,is most exteIiriw:ly dmelopcd . Further-north
in Babu area, light-grey to greenish-grey rock s are expcscd.in which Jarge flakce..of
muscovite are surficially found at places. Epidote and chlorite aTC in abundan.:e in

these rocks while min or muscovite, end-traces orbiritite and some"ore 'mi nerah, are

al so-detected. -An un identified turbid-looking mi iiefat 'With high etlieHs al so seen in
the form of minute grains. ., . . ". ".' " • '..

There is a white talc, with numerous pinkish patches and small surficial green
spott y material, associated witb ,the ,chromiteiD',scvorN pits . The pinkish material
migh t be chromium-chlorite while.the greenish material is. p robably.. a compound of
nickle. The rock also contains .some magnesite and, .et.places, blg .crystats of dolo­

mile. .Quartz has a lso .been found in the pits .

From ' these workings, it -appea rs .that.minerelizatlon-is sporedIe and lenticular.
Th roughout the area , rounded to subrounded' pebbles and cobbles of chromhe,

brought from the adjacent mountains, art sceuered -in the -streams. Cbromlte,

extra cted from the pits, is iron-bl ack, while the colour of a few band-picsedeemples

is brown-black. It is in compact massive form .

The ultramafic rocks are quite extensively.developed in tbe: area and therefore
chances are favourable to find workable cbromi te-depcsl ts. It is recommended rbat

detailed investigation of the area fOhoWd .be uDAkrtal.erl to prepare a.Jarge scale:

geological map of the ultramafic outcrops, foUow~.by prospecting to prove the sub­
surface behavior of mineralization .

...
Oeol. Bu/l. Univ, Peshoj;,'or, vs. 5, 1970. pp. 13'5-1'38

WEATHERING PRODUCT OF BJ',SALT AT TUCSON . ARIZONA. USA.

INTRODUCTION
'Early literature review shows: that . the: min.r:rAloBical composition of basaltic

soils veries frcmplace to placedueto diffeTcctemiroJtJDeQtalconditione. Washington

(ol912}6tUdic:dilbl:.basalts ofDecall) (lndia):and foutld:tbat most oftbese are:nmark:~

ably similar. They are mainly dense, non-porphyritic.rocks with not more-tban teo



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

per-cent ofglass.;,'10 th e'majoritycfcases, olivine is entirely.absent and th ere is"small

excess ,of l iHca.· ::Augl,t.e·u'nd ;labradori te 'make'up'a bout 90%of the rocks. :S naJ(e
River basalts of Oregon (USAJ:art v:erj' sim ilar-to tbe'Deccen "traps". " Minerals in
the 'sells 'a re formed when cIiiDate;ibiotic:iuld topographic factors operate on parent
materials witbrime. ' -TIle transroi.mati~n~begiIUi and ends mainly with ,polymineralic
claYSbf~antl~.:r?cics and sciis.: :)!{; ~ J.'>": J ~" ~ ' :"': ".,~ ',. , _. -,
ni ~"' : ' d ..!',( '~ ' " , :, -l- .1 ' ;' : i.' · '," " ,~. .' ,) .' • ' J " i' " . " . " ,,:, ~ " . : ' . : " " : - . I

:~: : " ~jl-Sa~t.i~te,n;~~Ap.l\!izop;t ~1!:~~)l i~..made llR,of~U~.ik,c rock outcr;ops ,¥Xed~th
stony, .fine- o! , _~dium~texplr,:;d . shallow-soil .materials .over basalt. ~e,obje~ive
, , ' . • " . , .. ~ ' _ 1 __' " , . _' _ . " _ ' .... ' .

of this stu~~t'is to investlgateand iden tify th.e weath ering pr.o~L!~ts of basalt.r eck ,ilt

Tucson. , .
:l;:,,"~ ':" ! " ~; ~ 1 " - ~h h ::" : , ~ T.J ' , ., : ; ~; ; ' , '. , .,r 'r. ' .· ' T : . • •; , ' ~', , ' : ,

f r; ; : ~ .•" r , l J i - : ( . ~' f ~" , , ~ lMA'J)ERI!\L 'AND 'METHODS ' . . ., ' "" ,

"! i.: A basll 1t ic'soii '~iiri-II,le ; ac'v~JopSlf 6n:tbc loP'6f·bo.salt rockin Tucson '~o'ii~ t~ j~s .
fOc.1ted a"fNE· 'i /4 'Sc·c .~1i ' R'9 NE 16'(Arizona;'USA), \1i'an aken/for study. ~ 'The
climate of the area und er the present ~tudy' is s~mi:3rjd . 'Tempera ture or'the ari;;a

varies Ircm season to seasoe j.being highe st in .tbe month of Ju ly -(mean-86.2° F)

end .Jowt-stjin Jp.nuary (mean-49.,?- F) .' L'Tbe annual mean precipitation, pctentiet
evepotrenspleatiou end .ectual evapora tion are 13.39, 4J .:86 and 13.39 inches -respec-

tively 4Jloul, J964). ·. .•. •., v• . . . . . ': ':.•"c ;C. ' " .', • • , . ,

, • r :.,'f '

Separation of Clay Fraction.
. After pa ssing t he soil samp le ·througb 'z.m msievc, it was washed with di stilled

water three times tbrcugh'eentrifuge. ' The 'soil sample wesbeated -with sodium

aeere te solution (p H 5.0)iU'80·'C forovemight and th en washed with sodiu m -acctate

solution. -. "Later , it wag: treated -v"j th '30 % hydrogen peroxide so th at 1h~ 'orga n ic

matter was dest royed (Jackso n, K ittri ck and Hope, '1963). "Ihcsam plewes put on c e

again at SO- C.in water bath until th e reaction was subsid ed. It was decan ted and
- ' . '

then added ci t rate buffer (pH 7.0). After stirring, the sample was put in a water bath

and added one spoon of sod ium dithionate 50 that free iron oxide was removed .

Rinsed with 1.0 Nmagnesiurn ace tate at pH 7.0 and then washed twice with saturated

10 N magnesium chloride solution: it was finaUy washed with de-i onized water with
.-. , " , ' .' \ , -- . ;, ,, ,

th e help o f centrifuge until nc more chloride ion was detected . In the last two washing

supper ee~tlj[~f ' 'f,a,s .4~<,: .t11e ;5PfC? (I .~ .,,:h}ch w~ s kep t at 1-800 rpm -for twen ty
minutes.

·_ ' ; ) ~ ·Tbe cle y-trecrion was dl spersed wirb Bc-ionizcd wa ter in th e ccntrhugerfor 5~3

minutes, the speed of which was -adjusted with tachometer at 150 rpm. , ·Th e COm ­

pletely froze n cloy sample was put in polytb ene .beaker in lyophilization 'a ppara t u s
and allowed for ccmpletedryness. r.t-. -.: , ,~,, ; : ., ' -:. .r-: '--;' , \'



~ , .

mcuuncauca 01 Lla} lHlDe-rals b) Powder X-ray Diffraction Metbod.

, A small quantity or tbe clay ..P.Q:w.Q.ctiW&>.-intr(l~c~d in, capillary tube (preN. r ~

.flO.J.1lith~!Jm borate called ·,IJ.jIlfl~n" ~~); ; :,l'h~ tube wasfixed in the 11,4.6 ~

~~~ra P;Q~,e,z.:lY "f.iLQ th e-help pf w~. ::Jihep, it.W.~f>,.p.pose~',w.-~-ray " for suita~
.e&Mm~, tIIP~. iY~g .Cu ,K~ ,~'99 F e;" K ... raq,@oD:,aJong.wJ.ti),.JUckle fi.lter. Afl~

,d,:vet,9.~i ng,:fix.iIlg~!W,~I}.i, Ahe p'qot,9~jlP~ ,,;a~ ~JlC!)¥e~(o ~,ry. '.and ~h~ dis~

between lines on the film was measured . ~is!ances ~r t~e lines from tqe punch tl~

on the film were measured on both,t.h~ ~jq~1; . : ~~en the individual reading from~

left cent re reading were calculated and cO~vene(f in mm aud ~ spacing. Fin~ r ' .)

COI1~W(ed was the "Fink" index to the powder diffra ction,,'l963, ASTM: . : ,
. :.. .. ! .' l ,' .,t ~'1 , h "" "", , : J,' , .'; \,1,, '

' " " ,mSCU~SI<?": ,N'P "RE~u,qs '; , _',.. , '.;
In the begining, Cu Ka. rube '.":~.liCl~cted along witb nickle filter for d itrraclic r

1b ~ ,.fi 1p1 in th e,cam era w~s exposed I?r (our bpucs,~¥~ t~~ p~ot?graph was not clea r

Then th e time of exposure was increased frcmslx toeight hours and subsequently ~ ;­

10twelve hours. With twelve ho urs exposure, Ii clear ph otograph' was obtained bioi '. ' ' .. , , , . "

with a dark background. The dark background was due toi ron conte nt in the s-o ,
sample. I ron in the samole emitted X-ray fiouresCeoci' upon irradi at ion by the

Ko:copper lines r.esultingio fogging oflbcdilm, ' ·/toQthe.r,target was selected and (Roc­
film was exposed t o X-ray for twenty three ho urs, but again the photograph was eo ­

c1.e¥ ' . lhpnhelium gas was t~~_~';1~ !p~. S~pos':'-,r.;. time w.a~ ~gain~cp~ (OJ lWec(,)
three hours and t h us a clear photograph was obtaine d as compared to othe rs, Tbe, . . ' . , .
ou tcome of the two photographs was selected, ODe when copper tube was usee
as a'target , another when iron tube was used a s a traget along with helium ~.iI .

Illi te, chlorite, mu scovite , anatase, tridymlte a nd megneti te were found to be major
constituents, and paragcnite.isodtum-calcium onhosilicate, iron-titanium oxide
bioti te and hydra ted sodium- carbonate, W.cre found to be minor constituen ts, Other
minor con stituents were also detected but requ ired fu rhter confi rma tion .

The com olcx pattern of these ph otographs shows that the basalric soil is ver:­
complex mixture of variou s clBymineUlJ$. !'Many o'fflle,arcs<lve'Nap tach other and

most of th e lines on the film are diffused bands, The diffused bands and absence or

sharp Iincs- ~n "'the Phot6g~apb could 'be ;xDlained 'int"he foliowlrig ",ay ~

The inte nsity of pa cking of clay~wder .:w~s ' nol dense and so II few plan ev h. \ c

cont ributed towards difftacrion ." :Po{pa rric1~' Jess than abOUI 0,22 micron in di. ·
:rrietcr :lhe d rffractioo-maxima becomebroad arid diffused. ::', " ,,- , . " ~ . ' - - ---:. , '....' , . ." , ,'" ., . .. ' . ',.,' .. ' " , ' , .

;, dLis obvioiJ~ from~sc mi~~~lsU;a ~ '~h~ oare t)~'m~ter,ipJ '~f '(h·e soilis ofQuater-

Qat)' Origin (Jackson, 1965)" ;., I ., . .. :' , .' ~, " • / , • ti , ' : " , , -: t ;, :, : .' " " "

, '.' " - .' ; : . , ',' .
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"
VOLCANIC ROCKS FROM KALAM, UPPER SWAT

INTRODUCTION

Green and pink mottl ed volcanic rocks occur about three miles northwest of

Kalam. A detailed investigation of these rock s has DOl been carried out so far, and

the purpose of this paper is to give a prelimina ry report on the petrographyof some of

them . Kalam (35°2 3' N, ,7r ·30' E) is a small town in Swat Kohistao, about 60 1
miles northwest of Mingora, with which it is connected by a metalled road which may

be d osed for traffic in winter for some time because of hea..y SDOW falls.



The volcanic rocks have been shown by Bakr and I acksof':<i.964) to COVer an area

at least 23 miles in lengtb and 7 miles in width, with a general NE trend. ,Th e
a rea has not been previously mapped and it is not clear how far they extend laterally,

Some specimens were collected by Mr . M . Qasim Jan from a locality about four iniJes

northwest of -Kalam. A few of these samples are distinctly banded and pink in
colour ; others a re mottled green and pink, and may .be composed of pyroclastic

m at erial cemen ted together by lava . The pyro clastic material in many of these rocks

consists ofsmall fragments (generally <...i em) but some may be large. The following
report is based on the study of three thin section s cut from rocks apparently different
in hand specimen ; ODe of these is a banded dacite, and two a re pyroclastic dacite.

PETROGRAPHY
HaDded Declte.

Th is is fine-gra ined and porphyritic, and is composed of bands of microcrystalline

material va rying sl ightly in granularity; the individual band s are about one milli­
metre thi ck. The phenocrysts a re mostly of plagioclase (<.... I rom, eubed ral to

sub hedral) an d minor quartz. The former forms about ten per cent of the rock and is
oligoclase. with a high 2Vz (85- to 90 -) an d a refractive index sligh tly higher than

balsam . Mo st of the grains have albite twinning while some have Carlsbad ttlinning

in addition . In some oligoclase phenocrysts there are a few inclusions ofmagoetite.
and chlorite which may be secondary. Many of the phenocrysts have sharp bounda­

d es with the mat rix while a few have apparently reacted with the magma end have

co rroded bou ndaries. A few phenocrysts of ferromagnesian minerals, altered to

chlorite a nd epidote. also occur.

The groundma ss is microcrystalline al ong certain bands and cryptocrystalline

alo ng others. The microcrystalline bands ar e composed of abundant feldspa .'

(1 ol igoclase) and quartz, with minor ore. The cryptocrystalline bands epoear to be
co mposed of felsic mine rals (feldspar and quartz), brownish and greeni sh ferromag­

nesia n mi neral s (epidot e and ch lori te), and iron ore du st . Oblique to the banding are

Chin veins of felsic mineral s; more distin ct of these is a fine-grained quartz vein
running perpendicular to bands.

Some plagioclase microlites ar e dist inct in a still fine r grained groundmess and

have some degree of para llel alignment. In some cases they sho w much stronger

flow structure ar o und the phenocrysts . The microcrystalline bands might represen t

lat er crysta llization of the norm al cryptocrystalline material.

Pyroclastic Dacite.

Of th e tw o th in sec tions of pyroclast ic rocks. one bas an aggl omerate pyroclastic

textu re, but along so me lines a coarse tnicrogranitic texture is al so t o be seen, The:



. ' .,.. .-' 1'1 " , ; : ".",. ~ ;. " .; _~.:.: r :", ~
v. •....~ . " ', "". .... .... . . ~: : . : ,' -'.y ' <: '~ t':" .

. "" ,' ~ . '1
OJ. According to D avies (1956), the P~Djal volcanic rocks DC the-upper Lidar

ValIey of Kashmir are of Upper Carboniferous and Permian ai~~ "The~cb arc: rich
in iron oxides and ere basic pyroclastic, and tnsic andacid la vas. -Ce ttain acid

"magmatic rocks, owing to derormati on~ are i~clined to reSemble acid agglomemtlc ·
. pyroclastics; many of them may be sheared porphyritic lavas. SO~ cocb an:
banded ; others are ashy, which have been somewhat deformed and rec:rymliliztd.
Fragments of ilmenite a re altered to leuxccxene, r ounded and angul."T"phen~su

of al bite-oligoclase and qu artz arepresent. Chlorite. epidote, and iron ore arc S«~

along the cracks of quartz and feldsapa r grains. The grcundmass is compo~ed of.
granular aggregate of quartz, decomposed feldspar. chlorite. an d epidote. Hence it
isprobable thattbe volcanic rocks of the upper Lidar Valley can be correlated with
the volcanic rocks of Kalam.

CO NCLU SION

The cbaracters of the Lidar Valley volcanics and oth er volcanic rocks of Pa nja!
are so similar to those of the Kalam volcanics that there appears l ittle doubt that the

two sets ca n be correlated . The writer therefore considers that th e Kalam volcanics

are a part of the Pa njal Volcanics of Upper Carbon iferous age. Bake and Jackson

(1964) gave these rocks a broad Palaeozoic-Mesozoic age.
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