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In this pallel' an auempt has been made to evaluate t he grade of the Mud-sized mater ial in the I nd us
alluvium between Kalabagh and Skardu. The most widely used atatfat dcal devices of quar tile measures were
applied to describe the sediment s. Some of the results obt ained are comparable with those of similar work
carried out by t he a uthors in ot her part !! of t he worl d.

INT RODUCTION
T h... Ri ver In dus originat efl at an elevation of

1700 feet 0 11 the nor the rn flank of Kailash mou ntains
in Tibet , an d before i t joins the Indian Ocean near
Karachi in West Pak istan, it flows for about. 2000
miles, partly in the mount a inous terrain of the Hima­
laya s and partly over th e plains of Sind and the
Punjab . This inv esfiga bicn rela tes to 8. st udy of t.he
alluvia l de posits in the upper reaches of the river ,
along a st recb of about 500 miles bet ween Bkurdu in
the Grea t Hi mal ayas end K eln begh i ll t he Outer
H jm~a:ya !l .

From Ka la bagh to Amb, for a distance of about
165 miles , th e river is easi ly reached . MO!lt of this
sector is serviced by met alled and fairw ea th er roads .
The sam ple sit es at. Kal abagh, Khushnlgerh and
At t ock are a lso accessible by ra il way. Upstream from
Amb, right up t o Skardu, t he In dus is ap proachable
on ly by m ule-t rack and foot -path running in a zig-zag
fas hio n a long t he steep slopes of the va lley . The
conet ru cu on of an all wea ther road, intended ultima­
tely , t o connect Gilgit and Skardu with the area
investiga t ed is a lready in progress. Gilgit and Skardu
Me also linked hy ai r with R awal pindi.

The Indus alluvium has been inv estiga ted by t he
previous worke rs includi ng the au thor and most of the
published works descri be the mineral ogy and econo­
mics of t he I ndus sa nds, No studies on the size
analysis of t he Indus allu vium have so fa r been
published .

PHY~IOGltAPHY

The region under inveeti ga t dc n lies between Icn gt­
tndes 75°38 ' nu cl 71c35' , and between lati t u de 3~018 '

a nd 32 055 ' K. T he sou thern limit of the area is t hus
about 10° no rt h of the tropic of t he Cancel' . The
mount a ins gradually rise fro m around 3000 feet in
alti t ude a t t he southern limit of the area. to over
20 ,000 feet in the n orth . These mountain ranges haee
been classified on t he basis of a ltitud e as Great
Himalay as with au el evation of over 20,000 feet ,
Lesser Himalayas between 12,000 and 15 ,000 fee t end
ill the Outer Himala y as t he elevat ion varies between
:WOO to 4000 feet. All t hese moun ta in systems have
distinct, topographical features depending on the rock
formations and t hei r a ttitude t o the scul pt uring agents.

In t he u pper reach es , where the river I ndus traver­
ses the Grea t and L esser Him al aya s , it fi {JW 8 through
valley gorges wh ich are attributed t o antecdent d rain­
age. Ab ov e the presen t valley floor s teep walls ri se
abruptly for two t o three thousa nd feet. Near t he
confluence with tr-ibutaries the vall ey t ends to widen
und lake typ e features are d isplayed, Many of the
t r fbuter ies are h angin g valley s With cirques di spl ayed
in th eir npper reaches .

T he gradient of the In d us valle)' in t he Great H ima­
layas, bet ween Sk ardu and Ohillaa is 29 feet per mile.
Lower down t he course is less ste ep and between
Chillas and P at-ta n the v alley floor drop s a t the rate
of 17.1 feet per mile . B etween Amb and Attock the
valley is old an d the ri ver has changed eouraea many



t imt"s. The grlldient is tow a nd the-re is little corro ­
ston. Tbe "a lley ill brea d at place." more than two
mile-s in width , nnd a huge loa.d of gravels and sands
is deposited, covering the Bood-p le tn to it s r im. The
va lley floor between Arub and At t ock descend s at th e
rate of 6 feet per mile . Dow nllt('eem from Attock,
dur ing its course throu gh t he Outer Himalay as , th e
Indus again flows through a. na rrow gorge with p re ­
eipitcu s wall l< ris ing for 1,000 · 1.500 feet. Between
Attock and Kulobegb , the va lley floor ha.s a. grad ient
of 2.7 feet per mile.

DESCRIPTIO" (IF ALLUVIALS

The all uvial deposits of the sector of river Indus
stud ied in this inrestigat ion are e-8senti a.ll~· sands and
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grevele. On the bas il! of compositi on and mode of
occurrence, two mai n cetegortee can be dletlngulshed.
One of t hese is 0. dom inan tl y sa ndy de posi t which
occupies extensive p atches mantling t he valley floor
and the h igh flood ma rks. The other is an assor tment
of closely-packed pebbles, cobbles and boulders with
sand in the interaticee. The first sedi men t is referred
t o as mantle sand e nd the second us gravel deposit.
Mantl e sand is widespread downst ream from Attock .
At K hu8halgll. rh, most of t he alluvials of the - alley
floor are of homogenous nature , with only a few
erratic thin pa tches of closely pac ked gravel deposit.
Upstream of Attock rather less than one third of t he
et tuvlel s art' sa nd deposits.

•

MAP SHOWING LOCAT ION OF SAMPLES
I- l OCATION OF Sl Ml'lI:l



PROCEDURgS

•
T he samples from sand and gravel depoeite were

trea ted separately Th e sample retained in the pan
below 200 mesh screen was taken as silt , and no

For s ize analysis t he sa mples were collected from
the freehly deposite d al luv ium in t he valley Boor up to
one foot depth. Between K alaha.gh a nd Kabulgram ,
sa mple>! were selected fro m siy localities, including
bot h the above s ites. Samples from H unza , Gilgi th
end .Sbiger tributaries and from t.he I ndus alluvium at
Skardu were also st udied.

JIedillm to rery fine sand usual ly predominates in
the mantle depcet e, with a ngular to subangular grains
common in th e finer fracti Ons (less than 0.25 mm), t he
gra ins over this size being commonly sub-rou nded
to rou nded . w tnd winnowin g may give rise to
patches with a da rk grey ti nge, enriched in black
micas. Streaks of heavy mineral concent rates are
conspicuous . tbough usually of no great size.

The grad" of the meteria'l treaterl to size analysi s
ra nges between 2 m m an d .065 mm. T he maximum
accu mulation of t he mate ria l fa lb. in t hre e classes
be tween 0 .5 mm and 0, 125 m m. which acco m modate
over three fourt h of the material in the bulk. T he
remaining por t ion is divided among 0 .065 mm , 1 m m
and 2 moo cla-sses , as arranged according t o their ord er
of abundance The samples from man tl e d ep osi t
yielded only four classes bet ween 1 mm an d 0.665 mm,
whereas t h ose from t he grevel deposit are coarser in
slze an d cont ai n n varying amoun t of mater ial in p . .
2 mm <'inslI (T l\hle 1).

) Id is the median parameter or a measure of the
a\"erage size ; 40 pe rcent of the meterial is lager an d 50
percent amallcr t han the median . Q3 an d Ql are the
quar t iles . that is, the si ze value associst ed with the
intersection of 25 and 75 percent lines with th e cumla­
t ive cu rve s. P90 And P I0 are the 90 a nd 10 perceulee,
i.e , ; t he size associated with the percent values
reepec nvelj-, T he lint qu artile , by convention, re fers
to t he diameter valu e which has 75 percent of t he
larger and 25 percent small er. T he third q uart.ile
di ameter has 25 percent coarser an d 75 percent fine r
grad e .

R ESULTI'

Un imodal diet ribut ion is recorded in almos t all t b
samples from the ma ntle deposit, whe reas grave
d ep osit yielded both unim odal and bimod a l d latribu.
fion , In the 16 sam ples from mantl e deposit s (Table
1,) 11 ee .m plee beve their chief mode s in 0.25 mm
class . S in 0.065 mm and 1 each in 0.1
0.125 mm claeeea. As shown in Table
mod es in 7 sa mp les eontain over 50
material , in 6 eercplee over 40 peecene and in t he
rem aining S samp les between 30 en d 39 percen t .

The most widely need s ta ti sti cal devices for comp a­
ring and describing sediments are quartile measures ,
me dian sor ting coefficient, quartile skewness . a nd
quartile k ur t-osis . These measures are ob t ained fr om
median, 1st a nd 2nd quartiles, and 90 an d 10 percen ­
tiles, de rived frOID a cumu lat ive cur ve. A short
description of t hese is given belcwi--,

Size distr ibution

fur ther d ivision wa s n. t tewpted to evaluate t he clay
fraction , which forms an insignificant part in the
samples. The amoun t of mater ial retain ed on each
sieve W&8 weighed , and proport.ional parts of t he whole
samp le d etermi oed . From the weight percentage of
t he frnct.lona, cumula tive percen tages were calculated ;
a nd with these du tn cumulative curves were const ruc­
te d (Table. 2)
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The anal)'sis were restr ict ed to sa nd-sized mat erial
be tween 2 rum a nd. 06.'\ mm grad e, In the laboratory
the test sa mp les were obtained from the field aamples
by cone-and . quar tering. Nearl)' equal a mou n ts of
teat samples were taken in each case and sieved by
man ua l shaking. T he sieve analysis Was don e wit h
test sieve screen fitt ed with mesh of Brit ish Standard
sys tem 410 , made by E udcloth (Filter ) L td. , London .
Five sieve screens of 16, SO , GO. 120, and 200 mesh
were used eceordlng to Wen tworth' s grede scale these
represent t he follo wing intervals .

Th e gravel deposit s ucrm elly contain less t han on e­
third of sand an d the remainder of course clastics .
Peb ble-counts reveal that 65-75% of the gravels derive
fro m acid igneous rocks, 15·25% from intermediate­
basic igneous rocks and 5. 10% from metamorphic
ro cks. The first group includes grandoiorite, gre nttte,
granite gneiss, pegma ti te and aplite e nd the second
diorite, dolerite, gabbro and basalt. Vein qu artz,
limeston e and ~chillt Me most common among the
metamorph ic compo nents.
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In t ill' granl deposit , out of :~2 samples (Table
1) ouly 9 yielded bimodal distvlbution . T he chief
modes in 20 samples lie in the 0.5 mm class, 7 in O.l!5
mm , 4 in 0.125 mm, and 1 in 1 mm class. Out of 9
sam ples , 6 have a secondary mode in 0.065 mm clean
and 3 in 2 mm class, The mater ial ret ained in t he
chief modes is over 50 percen t in 8 samples, 40 to 50
percen t in 9 samples and 25 to 40 percent in 15
sa mples. The scondary modes retain a lesser- amount
of material , vl\fy ing between 8 and 15 percent ; II. la rge
accumlat ion is in t hose secon dary modes which lie jill
0.065 mm class. In the bimodal dist ribut ion , the
maximum values are 2 elaasea apart in 6 samples and
1 class apart in 3 sa mples.

Al'era ge size.

The average size of t he sancho is wor-ked out by
measur ing the med ian dlnuieters from va rious oumu la ­
t ive curves . The median dia meter of over 60 percent
of the sa mples from the mantle deposits fallg between
0.22 mm and 0.3 5 mm range, 25 percent between 0,,4
mm an d 0.6 rom an d 15 percent between 0.12 mm and
0.22 rom. In t he gravel deposit t he media n diameter
in nearly 65 percent of the samples lie in 0.35 rom an d
0.5 5 mm range; and the rest bet ween 0.55 mm and
0.9 mm . These data reveal a coueplcnoue coarser
average size for the mater ial collected from t ile ~rav,e l

t han mantl e deposit (Ta.ble 2) .

So far as the t hree major tributaries of the I ndue
namely the Gilgit , H unza , and Shigar are concerned.
the sa nds of the latter t wo are of n relat ively higher
average s ize (0. 63 mm and 0 .8 mm respectively) . th v'll
the former one . The average size of the material of
the Gilgit t ributary is 0 .4 40 row , which is lower tbe.n
the sample collec ted fr om I ndu s a t Skarda (O,58), The
t ransport a ti on and depositional environment of t he
sands of the afore mentioned ri vers is identical in th is
part of t he area . The alluvium of the Shigar and
H unza. tributa ries are of coarser grad e, because they
fi re smaller streams t han the GiJgit, and their mate ri al
has not undergone the process of long transp ortation
which gives textura l matt1fi~y to the alluvium of t he
rivers Gilgit and Indus . -

The average slze of mat erial from the gravel deposits
at Skard u and Kabulgra m is 0.58 mill and 0.54 mm
respect ively . In other word s, t here is a fall of
0.04 tum in a stretch of abo ut 100 miles. In t his part
t he Ind us flows t hrough u steep and narrow valley
and the all uvium if! t ranspor te d un der alpine condi­
nous. The in flux of t he materia l from the side
t ributaries is also high. Down st ream between Ka la,­
bagh and KabuJgram in a distance of a bout 200 mile's
t he difference i n grain size wide ns, with a net ' faU of
1.7 moo . The avera ge grain size in the samples from
gra vel deposits bet ween the two extr eme eempftng­
sites, i.e ., Skardu and K ala bagh , a str etch of ab ou t
500 m iles , is 2.1 m ill.

The average gra ln size of ma ntle depostr be t ween
Kala bagh and K ll.bulgmm IInR al so been st ud ied .
Betw een Kabulgre m und Am" , a ' d istance of abo ut
35 miles , t he average size decreases from 3.3 mm t o
2.8 rom Le, a net fall of 4.5 mm. But be tween Amb
and At to ck there is a progressive inc rease in the
average grain size of t he sa mp les, b oth from mn.ntle
and gravel deposita. In t his region the ri ver Indu s
de bauchee on to a valle y pla in , and t he ealley grndi·
ent if; nea rly levelled . This . change i n gradien t hal'>
retarded the velocity of the cnrrent., w it h the result
tha t most of th e loa d is d eposited on the valley floor.
The increase ill average s ize, of the alluv ial material ,
here may be attributed to t he sl uggis h beha viou r of
t he st ream, which is cepeble of rem oving t he filler
sedi ments onl y, reeul flng in t he do mi nance of coars er
grade ma te rinl .

Downst ream front Att ock se lective sor ting an d eelec­
ti ve t ransport a t ion again play a gree te r role and enuse
abrupt change s in t he grain size of the alluvials , lind
thus formed mainly of snndsized mater ial . 'I'his ha s
resulted in II. steep fa ll in grain s ize, and in a dietauce
of ab out 1 5~ miles between At tock and K alabagh a
net decrea se of . 16 rum in t he samples fro m gra vel
and mant le deposits a re recorded respecti vely,
Bebween K alabagh and K abulgram t he difference in
average size is milch the same in flampl es of mantle
sa ud as it is in those of grave l deposita.

Sorting

The geomet rica l quarti le measure of sorting a dopted
hy the author W llf; first propo sed by Trask (I) a nd
eli mina tes the size foetor and t he unit of mea suremene.
According to 'I'rn sk if the coeffi cien t of so r t ing is les s
th an 2.5 the sample is we ll sor ted , if it is greate r t ha n
4.5 the «ample is poor ly so rted a nd if it is about 3 .0
the sedimen t has normal sor tin g. These values a re
based on the ana lyses of 190 sam ples of recen t ma ri ne
sediments, and according to some writ ers t hey appear
to be too high. K rumbei n a nd Trisdal (2) experi men ,
ted on the size a.na lyses of cryst a lli ne rocks disinte­
grated in situ. ae d found that these have coefficients
of sorting whieh place them within t he range of
Trask 's well-sorted sedime nts. Hough and Stet son
(3), quoted by Hough (4) conducted size :,:mal;ysis
of several mari ne sediments of sand grade and ha ve
rep or- ted sor t ing coeffic ien t of b et ween 1 a nd 2. stetson
gives 1.45 as the average (Table 2).

In the samples under exemiuaticn t he coe ff icient of
sor-ting varies bet ween .85 a nd 2.8; tho average of 17
end 32 sa mples from ma ntle and gravel deposits is 1.4
and 1.5 respecti vel y. T her e is appar en t ly no mark ed
down-current increase or decrease in the sor f.ing value!'.
The sor t ing values ill t he mantle dep osi t s a re lower I
t han those for gravel deposit , indicat ing tha t t he I
degree of sort ing is rela t ively higher in most of t he I

mantl e eeude . The overall result ob tain ed from the I
I
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mal-8loin! places the coeffic ient of !iol·t ing .ctcse . t.o 111 e
a ver age v alue of- lAS obtctned -by .Ste tson. ' .. ... . ~ . .. . . _.
S ize-sorting relationship, .

Hough (5) studied the beach and nee e-ebcre sa nds of
Cape Coo Bay and concluded , " silt and clay with
d iameter under 0.1 mm are leu well sor ted . T he
sediments with dtemerer neer 0.2 mm are best sorted
an d those both coarser and fine r showed less perfect
scrttng." Similar observat ion were repo rted by Krum ­
bein and Aberdeen (6) i ll the aed imenta of B ataria.
EaJ .

fJ;. 2 .mm•.two l ell s ~ th4n J).·2 lU ln nud. tb6 . relit ov.el'.:04
min . -Lt- i~' " I?parent . fr~lb: t he; above. data that .t h e
sa mples under:eXUt.mlOat lon are not ' well sorted, and
with t he depertere of average size fro m the expected
n orm (median 0 .2 ) of well sorted san d s, the sorting
becomes prcgreeetvely poorer.

Symmetry

The coefficient of geomet rica l qua rtile sk ewness
indicates the de gree of sy mmetry of th e size distribu ­
t ion with respec t to the median. II t he skewness is
unity the mode coincides with the median diameter an d
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CHART SHOWING CUMULATIVE C URVES OF ' SAMPLES
, F ROM DIF.F <,RENT LOCALITIES ,

. '
Inm an (7) , workin g on the size.sor ti ng relationship,

has concluded " the genera l relationsh ip of ecr tt ng
coefficient to median diameters appears to be simil ar
for all weter-wcm environme n ts , the difference being
mainly in the degree of sor t ing. Sedimen ts with
median dlatn etere n ear the grade of fine eend are t he
best sor ted . sediments coarser and finer ere more
poorly aorted", These observations of Inman and
earli er worke rs were further confirmed by the studies
made by Griffit h (8), who exa mined -the grain size­
sorting relethlcnehlp.i n over 1200 Tertia.ry sedimen ts
and attempted to express tbia rela t ionship in matheme­
tical te rms .

The slee-ecru ng relatioDl bip of t he eende ha s been
studied under the light of ebove ment ioned observe­
u oae.med e by the previo us workere. In« samp les
studied, t hree yielded. their median diamter close to

; . ':
t he distribution is aymmetric6.I. If the skewness ..is
greate r t han u ni ty the maximum sor ti ng of the sedt­
men ta lies on the . fine side of the PIedian, And t h e
distribut ion Ie.ekewed swards the coarser grade size;:if
it is less th an unity the distribution is skewed
towards the fine grade s it e.

T he ekewneee value determined for the sands under
exa miDation reveal that nee rly .11 SAmples with value s
between 0.98 and 1.1 ha ve skewneee close to unity .
Six of these sampl es a re fr om "gravel and five from
mantle depOsit s. All t he rest have aBsymmet r ical si ze
distr ibu tion. ekewed either toward s t h e fine o r
towards th e coars er grade siua:

I
Only three samples ha ve their ske wness VAlues more '

tba)l . unity (1. 17. to 1.<4. ). The maxim um sorting of
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th,el& tiel ca the ,line side of~ me.d iAn or in o$:·h.er
woidi t he dbtributlo.n is skewed towarda ~he eoareer
grade Biles. Two of the three samples are from
mantl e lands and one from fL gravel deposit .

The rest of the 30 samples studied ha ve th eir skew.
nesa values lese than unity, ra.nging between 0.32 and
0 .07. Thi s suggests t hat the dis tribution is ske wed
to ward s the finer geede size , the median parameter
being finer tha.n the mode. Fro m these 30 eemptee,
nine are from mantle deposit , and t heir skewness
values range from 0.71 to 0.88. The remaining 21 are
from-gra\'el depos it and their skewness va-lues range
from 0 .32 to 0 .97 .

Out of 17 samples frcur mantl e deposita, six ban
rela t ively symmetrical distribution, two ere skewed
towards the coarser and nine a re skewed toward finer
grade size. I n the gravel deposits, out of 32 samples,
six have relatively symmet rical dist ri but ion, one is
skewed toward coarser l ites, a.nd the remaining 26 ere
skewed t oward finer grade ~i7e8 .

S ize-$bwnes$ relationships

The correla tion between size and skewness ha s been
investigated by Borne previous workers. P lumb y (9),
on tbe size lUlalysis of the material of BI&Clt Hille
terrace gravell, reported t hat ske wness te t he functi on
of mean size . He plotted median against skewness in
a scatter diagra.m and found that the samples having
the largest mean site 80110 bare highly skewed distri bu­
tion. T hat fine grained sedimentos have a different
relati on between Ib:e and skeweeee was pointed ou t
by Hough, who observed that t he finer f.he sedimen t
the more skewed it is . I nman hee also observed the
relati onship between size and skewness and hu shown
th at the finest eedimenta should normally be highly
skewed to wards the fine Ir uct ion .

In the case of the ma.teria,l under exami nation, the
etee-ekewaeee relati on is not very clear. There is no
mark ed dowucurrent increase or decrease in skewness.

. In the following table, A and B are the figures for the
u 0 8l11eet and la.rgest average size shown agaiost their
. kewnelll reproduced from table comparing t he size­
ekewneee rela tionship. .

A B

Median Ske WllfU Median Skewness
I. .13 1.08 .96 . .08

1.01 ',81 " -.2. .18 .,-,. .1" 1.4 .81. .j,
-.,t .2" .88 .81 . .rs
5. .2' 1.0<5 .t s .8.
.6. I '. .' 8 .7l' .73 .7"
'. . ' .03 . .;7 .06 '. I.1 ..

Of the a;e r~D &&mple.s under A. showing the smaU63t
median diameters, three h ave symmet rical distribution
two are ske wed toward th e fioer and one tcwarda t h;
coarser grade size. Under B , the largest median
diameters , all the samples except one (00. 7) are skewed
to ward the finer grade size . T he skewness in these
samples varies from medium to higb . One sample
with a ske wneee of 1. 1 has relatively symmetri("aJ
d ietributlon . These results do not Bugges t any sy m.
pathetic relationship between size a nd skewneas in
the ~amp!ea under e~am ination . To es ta blish &ny
relet tcnahlp between Slze an d ekewnees in the Indus
alluvium the author is busy in collect ing more data on
close spaced sa mples.

••Kurtosis"

The importance of the kurtollis measure (or sediments
is not t horou ghly understood , and it has not been
extensirely invest igated . According to Tieken (lO) in
normal cu rves ku rtosis wi th a nu merical value of 0.263
or less is quite common , A kurtosis g rea ter than 0.26.1
!ignifiell a steep curv e. T he kurtosis determ ined in
this way is independent of the COII.rSene8S of t he
samples and tne unit of measure men t used . I n certain
precn cee the stan da rd va lues for the kurtoais is 3.0
eo that diatr~but~on ?urv.es less than 8 a re fla t- top ped
or broa d whi le dietrfbutdon cu rves greeter t ha.n 3.0 a rt'
sha rply peaked or narrow.

The kurtosis values calcul ated for the I nd us een de
are comparable to Tieken 's observation: kurtosis
values of 3.0 eppee r t o be t-oo high and al~ uneom­
mall . Out of 49 samples st udied, on ly on e y ielded A

kurt osis value of 3.0 .

In 31 out of 49 eemples the kurtosis value is Over
6.2, and in the oth er 13 sa mples it is be tween 1.1 an d
1.0. In the mantle deposit ou t of 17 eemplee 12 ha.ve
a ku r tosis va.lue over 0.2. mostly between 0.23 and
0.27. I n the gravel deposits, out of 33 sllmples 19
gave 8 kurtosis value of ove r 0 .2.

Prom the above d.ta it ill apparent t bAt steep and
sharply peeked curves are fa irly com mon in t he
diagrammat ic representat ions of t be I nd us Sands,
Tbe eemplee from mantle deposits ha.vegiven:a greater
num~rof ~n.ch eur vea than th~ grave-l d eposits . :
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'I'AB LJ<: I. :-;I t::E A ;..l A I .Yf'E~ OF xr.r.rvrxr.s

Sieve analS lSe8. with c lllUulat ive percentages sh.ow n in brackets , chief and
seconda ry modes shown In bold letters .

"' LOCALITIES
".
~

(G. gravel sand.
+ 16 mesh - 16 - 30 -60 -120 - 200 mesh g M.

+ 30 mesh + 60 mesh + 120 mesh +200 mesh mantle sand)

8.8 (0.8) 45.1 (45.9 35.1 (81.0) 7.5 (88.5) n .s (100) • Kalabagh (G )

3.5 ( 3.5) 44.6 (48.1) 33 .1 (81.2) 18.8 (1001 " .. (M)

0.3 (0.31 0.9 ( 1.2) 21.3 (22.5) 33.9 (56.4) 43 .6 (100) " Khu sbalgarh pI)

0.2 (0.2) 4.4 ( 4.6) 41.6 (46. 2) 36 .2 (8H ) 17.6 (100) • .. ('I)

1.2 ( 1.2) 59.9 (61. 1) 22 .2 (83.3) 16 .7 (100) t: .. I 'll
0.4 (0. 4 ) 10.2 (10.6) 71.9 (82.3 ) 14.9 (97.0 ) 3.0 (100) c Attock ("I
1.3 11 81 26.2 (21.0) 59. 6 (87.6) 10.2 (97.81 2.2 (100) h (} l )

8.1 ( 8. 11 66 .6 (74 .7 ) 20.1 (9 ' .81 5.2 (l 00l a ("I
1.6 ( 1.1';) 5.7 (i .3) SO.9 (68.2) 27.1 (95. 3) 3 .0 (98.31 '1.7 (1001 ,I (GI
0 . 3 (O.S) 6.6 (6.8) 54.4 (61.2) 31.4 (92 6) 5.6 (98.21 1.8 (100) • (G )

0. 8 10 8) 14.3 (18.1) 31.0 (49. 11 22.4 (7 1 5) 15.3 (86. 8) 13.2 (100) I (G)

0.3 (O.S) 3.9 ( 4.2) 36.9 (.a.1. 1) 47.0 (88. 1) 6.2 (94.3) 5.7 {lOO) • (G)

1.3 ( 1.£) 2.7 ( 4.0) 8.5 (12 .5 ) 37. 8 (50.3) 49.7 (100) I, U Utldar 1M)
1.8 ( 1.8) 23 .7 (25.3) 46.8 (72.3) 17.8 (90.1) 10.9 (1001 ,I (G )

3.4 (3.4 ) 11 .6 (15 .0) 62.4 (77.41 16.7 (94 1) 5.1 (99.2) 0.8 (1001 • IG)
5.0 (5.0) 13.1 (18.1 1 55 .0 (73.1) 23.0 (96. 1) 2 .3 (68.4 ) 1.6 (100) ~ (G)

1.7 (1.7) 5.9 ( 7.6) 38.5 (46.1) 37.6 (76.1) 12.2 (88.3) 4.0 (100) I (G)
2. 1 (2. 11 10.1 (12.21 35 .9 ('8.1) 26.3 (74.4) 12.3 (86.7) 13.3 (100) • (G)

3.2 ( 3.2) 25 .1 (28.3) 39.9 (68 2) 20.4 (88.6) 14.4 (100) • ( } I)

3.2 ( 3.2 1 63.9 (67.11 27.9 eSl5 0) 4. 1 (99.1) 1.9 (100) e (MI
4.1 ( 4 .1) 10.1 (1'.2) 74.0 (6 1. 2j :10.6 (91.8) 8.2 (100 ' a Ant" (M )

1.2 ( 1.2) 2.7 ( 3.9) 24.5 (28 .4 ) 32.7 (61.3 ) 38 .7 (10('1 " { ~I J

1.3 ( 1.:1) 3.5 ( U) 40 .2 (45 .0 ) 3~ .4 IR3. -i) 16.0 (100) ,. PO
0.2 (0.2) 4.9 ( 5. 11 34.1 (39.2) 32.0 (7 1.2) l4-.f1 rsu. 1) 13.9 (1110 ) f (GI
1.8 (1.8) 7.3 ( 9.1) 44 .0 (53.1) 28.2 (8 1.3) 7 .9 '89.2) '0 .8 (100, , ( (G)
6 .7 (6 .7 ) 6.9 (l M I 39 .8 (53.4) 27 .7 tS1.3) 9 .8 (91.1) 10.1 (1001 • (G)
1.5 (1.51 ' .9 ( 6.4) 14.8 (11.2) 27 .1} (49.1) 30 .0 (79. 1) 20.9 (100) h K ahulgrl\1ll ('I I
0 .9 (0.9) 2.2 ( 3.1) 3.7 ( 6.81 62.2 (69.01 21.2 (90.2) 9.8 (100) • (M)
i .i (1.1) 3.3 ( 4.4) 30.0 (34.41 54 .8 (89.2) 8.3 (97.5) 2.5 (100) c (MI
3 .1 (3.11 3.0 ( 6.11 20 .0 (26. 11 41.4 (67.51 20 .0 (87.5) 12.5 (100) " (GI
4.8 (4.8) 3.3 ( 8.1) 34.4 (42.5) 29.3 (71.8) 17.1 (88.9) 10.9 (100) • (0)

7.1 (7.11 5.1 (12.2) 38 .0 (50.21 21.9 (72. 11 22.1 (94.2) 5.8 (100) f (GI
8.6 (8.6) 9.6 (13. 21 52 .7 (70.9) 21.7 (92.6) 4 .8 (97.4' 2.6 (100) g (G)
6 .1 (6.1) 22. 1 (28.2) 43 .4 (71.6) 17.0 (88. 6) 4.8 )93.4) 6.6 (100) • Sknrdu (GI

1.8 (1.81 5.7 ( 8.61 74.0 (82.51 15.6 (9S.1) 1.9 (100) b
6.4 (6.41 21.7 (t8.11 46.0 (74. 1) 15.9 (90.0) 0.7 (97.0) 3.0 (100) • H1I1l'l':a Trlbutery (G)
3.5 (3.6) 18.1 (21.6) 29.6 (51.2) 20.6 (71.8) 15.• (S7.5) 12.6 (100) b (G)
1.9 (1.9) 11.2 (13.1) 40.9 (52.11 30.8 (82.9) 5.0 (87.9) 12.1 (100) , (G)

0.s ( 0.61 23.5 (24.l) 67.2 (91.3) 6.3 (96.6) 3.' (100) • Gilgit Tl'ibutN~' (G,
1.1 (Ll I 13.1 (14 .21 26 .2 (40.41 34 .0 (74 .4) 16.4 (89.S) 10.2 (100' h (G )

.9 ( .9) 10.8 (ll .7) 28 .8 (40.0) 30.4 (70,4) 14.6 (85.0) 15.0 (1001 c (G)
8.1 (8. 1) 38 .2 (46.3) 3 1.8 (78.1) 10.7 (8S.8) 9.3 (98.1) 1.9 (1001 c Rhillnr Tributary (G)
1.9 (1.9) 18.1 (20.0) 40 .0 (60.0) 23.7 (83.7) 9 .7 (93.4) 7.6 (1001 ,\ (G)
4.1 (4. 1) 28.0 (32.1) 47.9 (70.01 18.7 (88.7) 6.4 (95.1) 4.9 (1001 • (G)
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TABLE 2. SIGNIFICANT VALUES DE RIVED ~'ROM CUMULATIVE CURVES.

Median Third First 90 - 10 - "Sort- «Sym metry " Peakedness '
(Md) Quartile Quart. ile Percen- Percen- ing" QlQ J Q,-Ql Type of sa mple

Lccellty Q, QI til e t ile Q, 8K- - =-- G (gravel saud)

P90 PIO

80 _ _
(Md )l 2(P90 - PIO)

M (m aut .le san d )
QI

Kalabagh 0.38 0.62 0.27 D.b7 0.12 i .s l.l 0.23 G
.19 0.34- o.is 0.44 0.095 1.3 1.4 0.27 "Khushalgarh 0.23 0.34- 0.16 0.43 0.11 H 1.04 0.3 "0 . ) 8 0.23 O.OB 0.37 0.08 1.7 l.08 0 .26 "0.31 0.4 0.19 0.46 0.11 1.1 D.s 0 .0 ~I

Attock 0.35 0. 42 0.24 0.45 0.15 1. 32 O .~5 0 .3 M
0.48 0 .51 0.04 0.63 0.23 1.18 O.b7 0.13 M
o.u 0.43 0.31 0.52 0.18 I.2 0 .79 0 .17 M
0.60 0.75 0 .45 0." 0.35 1.2 0.92 0 .29 G
0.59 0.73 0.33 0.93 0.29 1.3 0.9 1 0.28 G
0.48 0 .89 0.21 0 9' 0.10 1.1 0.80 0 .38 G
0.49 0.55 0.38 0.75 0.21 1.2 0.87 0 . 15 G

Guddar 0.37 0.52 0.21 0.82 0.12 1.3 0.79 0.22 . M
0.13 0.19 0.09 0.31 0.071 1.4 1.01 0 .20 "0.62 0.8 1 0.46 0.93 0 .34 1.3 1.2 0 .29 ~[

(I.48 0.49 0.23 0.00 0.12 1.4 0.68 0. 19 G
0.81 0 .93 0.51 0.25 0.3 1.4 0 .72 0.22 G
0.48 0 .81 0.28 0.92 0.12 1.7 0 .98 0.33 G
0.60 0.80 0.50 0 .0.1 0 .37 1. K!'i 1. 10 0 .13 G
0. 49 0.83 0.23 0.01 0. 10 1.9 0 .79 0 .3 G

Amb 0.37 0 .S6 0.13 0.87 0.08 2.3 O.M 0.3 1 ' G
Amb 0.37 0.6 0.17 0.87 0.09 1.8 0.73 0.26 G

0.46 0.66 0.32 1.2 0. ]6 1.4 0.93 0.19 G
0.41 0.67 0.15 0.39 0.09 2.1 0 .58 O.aO G
0. 52 0.78 0.31 1.3 0. 12 1.6 0.80 0.19 G
0.28 0.37 0. 15 0.45 0.095 I." 0.71 0 .30 M
0.34 0,43 0.2:l 0.51 0 .15 IA 0.85 0.27 M
0.24 0.34 0.15 0.44 0.095 3.5 0 .8S 0 ')" 'I...

Kabulgram 0.34 0041 0 .37 0 .41 0 .12 1.06 1.3 0 .26 M
0.24 0.44 0. 14 0.87 0.90 I.7 1.06 0.16 ~I

0.46 0.56 0. 37 0.85 0.23 1.l 0.98 0.15 M
0.30 0.39 0.18 0.42 0.097 1.47 0 .77 0 .3 1 M
0.37 0.48 0.21 0.81 0. 11 I. " 0.72 0 .19 G
0.43 0.63 0.22 G.3H 0.12 1.7 0." 0 .25 G
0.50 0.82 0.34 1.1 o.ie 1.5 1.1 0 .25 G
0.37 0.88 0.45 1.4 , 0 .2!'! 1.3 0 .74 0 .19 G
0.5.5 OA9 0.2 0 .74 0 .10 1.66 0 .32 0.19 G
0.50 0.75 0.39 0,4 7 0.11 1. 38 1. 17 0 .6+ G

Skardu 0.81 LOS 0.45 1.6 0.19 1.5 0 .74 0 .22 G
0.35 004 1 0.28 0.46 0.19 1.2 0.93 0 .26 G

Hunza Tribu tar,Y 0.76 1.08 . 0.4 8 1.8 0. 15 1. 5 lU I9 0 . l 8 G
0.75 0.93 0 .23 2.5 0~09 2.0 0 .6H 0.14 G ·

H unza. Tributary 0. 56 0 .86 0.43 1.5 0.15 1.4- 1.1 0 .19- o: .. .
Gilgit 0.45 0 .49 0.39 0.63 0 .18 1.1 0.94 0.11 G

0,43 0.75 0.24 1.37 . 0.09 1.7 a .Hi 0 .19 G
0.43 0.73 0. 21 1.25 0. 07 U~ 0.83 0 .22 G

Shigar 0.96 1.32 0 .56 1.9 O.2~ 1.5 O.RO 0 .23 ('

0.63 0.93 1.6 O .~2
' .

0 .85 I. ' 0.16 0.25 G ..
0.81 0. 12 0.43 1.6 0.23 1.6 0.7 3 0 .74 u ·
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