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36 Records o/ t/ze Geological Surz,ey of lndin [lv'ct,. xxV.

Subrecent and Recent Deposits of t / te aal leT ptains of Quetta, Pishin and
the Dasht-i-Bedaolat; uz'th appendices on the Chamans of Qtetta; artd

the Artesian water supply of Quetta and Pishin: by R. D. OLoHeu,
A.R.S.NI.,  F.G.S., Superintendent, Geologrcal Surztel of India

(w i th  one P la te ) .

Occupying a posit ion intermediate between the highly disturbed tert iary and
pre-tert iary rocks of the surrounding hi l ls and the rndisturbed recent deposits of
the val ley plains of Quetta, Pishin and the Dasht- i-Bedaolat, come the beds rvhich
rvere described as gdj by Mr. Griesbach,l  and subsequently classed as siwalik by
Dr. Blanford

Sirvalik they may be as regards their age, using the term silvalik for all upper

tert iary beds ranging in age from miocene up to the latest pl iocene, but they must
not be confounded rvith the true, or rvhat may be cal led marginal,  sir i 'al iks of the

outer hi l ls. Tlv contrast is especial ly str iking o\ving to the close proximity of the

tlvo types ; in t l -e area intervening between the Boldn and Harnai routes to Quetta
the hi l ls are fc med of sis'al ik beds, which extend continuously to rvithin a few miles

of the Quetta plain, and, throughout this area, thel '  maintain a verv constant struc-
ture. At the ; lase there is often a small  thickness of clean grey or greenish sand-

stones, 'with a ferv str ings of pebbles or thin L.ands of conglomerate, but, with this
exception, they shorv everyrvhere that increase in average coarseness of texture from

base to summit, rvhich is one of the most constant features of the true sirval i l is.
Near the base of the section the series is essential ly an argi l laceous one. the prevai l-

ing rock being a red or brorvn earthy clav; above this the beds gradually get more

sandy, t i l l  sandstone is the prevai l ing rock and in this pebbles appear and gradually

increase in abundance and size, t i l l  the uppermost beds ale almost entirely coarse

conglomerates.
The sirval iks of the val ley plains dif fer radical ly in structure from these. \ \ 'here

exposed on the northern telminations of the Chehil tan and l \{ashdlak ranges, the bot-

tom beds are composed cf angular or sub-angular debris of the same cretaceous and

lorver tert iary rocks as form the summits of these ranges ; they are in fact identical in

structure, appearance, and doubtless in origin, with the talr:s andfan deposits. lvhich

are at the present dav being formed along the margins of these ranges, These beds

are succeeded, rvi thout the inteLvention of an-v well-de6ned zone of medium grained

deposits, such as sandstone, by f ine grained cla'r 's and sandv beds. \ \rhere they have

been disturbed and elevated, these have been cut into a network of lorv hi l ls. abso-
lutely bare of vegetation. and shorving most conspicuously' the bright colouration of
the material they are composed of. Elservhere, howerer, these beds tai l  off  to a

horizontal dip and cover a large area in the val ley plains, extending continuously

across the val ley at Bal61i, and abult ing against the foot of the r idge pierced by the
l\ Iurghi pass, where the relat ion of the high dipping cretaceous l imestone to the hori-

zontal red clays is evidentlv one of oriejnal contact. This, taken rvith the nature
of the bottom beCs in the Cheh j l tan and nlash{lak ranges, mal;es i t  clear that these

I  N {em. ,  Geo l .  Su rv . ,  I r r d .  XV I I I ,  r 8 .
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cl:r1s have been deposited since the elevation of the mountains bounding the val ley

plains of Quetta and Pishin.

The siwaliks of the hi l ls, on the other hand, are as clearly shorvn to be older than

the elevation of these hi l ls, not only by their forming an integral part of them and

their highest peaks, but by the paral lel ism of strat i f icat ion betrveen the lorvest beds

of the sirval iks, and of the beds on rvhich they immediately rest in unconformable

contact. f 'here is certainly a considerable l i thoiogical resemblance betrveen the

cla.r of the val ley sirval iks and the clay zone at the base of the sirval iks of the hi l ls,

and i t  might be held that these were original ly continuous and had since been sepa-

rated by the elevation of the hi l ls. On this supposit ion the junction of the val ley

sirval iks with the cretaceous l imestone near Bal6l i  rvould be a great faulted boundary,

the fault ing being concealed by a small  thickness of subsequent deposits atand near

the surface; such a supposit ion is just barely possible werethere notweightyreasons

for reject ing i t .  The most important of these is the impossibi l i ty of accounting for

rhe absence of the great thickness of sandstone and conglomerate, forming the upper

port ion of the siwaliks of the hi l ls, which must formerl,v have ertended over the area

occupied by the val ley plains, and rvhose complete removal is inexpl icable i f  the r

strat igraphical posit ion were that of conformable superposit ion on the clays of the

vrr l le.v siwaliks. On the other hand, their thickness, ciose up to the l imits of the

ral le.vs, shorvs that, in their original extension, these conglomerates and sandstones

rnust have spread far beyond the present l imits, determined bi '  disturbance and

cienudation, over the area now occupied by the ral ley Siwaliks, and, as these latter

cannot be older. the onl1'alternative is that they aie newer than the sirval iks of the

h i l l s .

The conclusion is strengt 'nened by a feature in the structure of the sirval iksof the

l, i l ls. Instead of form:ng a single con[ormable s.vstem, they folm trvo unconform-

ab le  d iv is ions ,  o f  rv l r i ch  the  o lder , - tha t  wh ich  is  le fe r red  to  in  the  preced ing

passxges,-was formed before the elevation of the hi l ls and the great disturbance

of the underlying beds I the other or newer, rvhich is almost entirel ' '  composed of

conglomerate, dating from a period rvhen the older rocks had not only undergone

nearly the whole of the disturbance thev have been subjected to, but had been

carved into deep val leys, and the present drainaqe s] 'stem to a large extent al-
ready defined. The nerver conglomerates rest with a marl ied unconformity on
the eroded edges of the highly disturbed tert iar.r and cretaceous beds, as rvel l  as of the
older group of the sirval iks. They can be seen in t lre Gandali  or Saral ihr i la val ley,
rvhere their presence has been recorded bi '  Dr. l l lanford. The,v form part of the
hi l ls, east of Khrinai,  and an outl ier of the same conglonerates forms the cap of a
verv conspicuous hi l l  which r ises above the rai l lvay l ine between Fuller 's camp and
the Bostdn val ley.

To the rvest of Khdnai, the northern extension of the Bostdn val ley is bounded by
a r idge rvhose surface is covered by a shingle ol l imestone and chert pebbles, evi-
dently derived from the weathering of conglomerate beds. Orving to weathering of the
beds and the absence of deep-cut stream gorges, no good exposures of rock in si lu
are seen in the conglomerate zone, l>ut the contour of the hi l ls, no less than the
structure of the higher parts, shows that the ci ip of the beds is north-westerl ,v, and

r  lV l em .  Geo l .  Su rv . ,  I nd .  XX ,  p .  I 85 .
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that thesc conglorneratc beds graduate ups'ards, rvi th a more gradual tr lnsit ion than

in  the  l lashr i l l l i  r i rnge,  in to  the  c lay  beds  o f  the  P is i r in  v l l le_v  s i r ra l i l i s .  Non '  i t
s o e r r l i  n . l r r r r l  e n o r r - h  t o  r e f t r r ( l  t h e s c  c o n , ' l o r r r c r l t c  I ' c r l s  3 s  c l o s c l u  r c l J t e , l  l o  t l r o s c

rvhich unconfornrably cap the t- l isturbed beds of the hi i ls, east oi l ihdnai antl ,  as

these are lounqest beds of the sirval i l is of the hi l ls and the former thc olt icst beds

of the sirval i l is of the val le,r 's, the relat ion between the trvo is evident.

I t  $' i l l  bc sccn, fro:n r i 'hat fol lou's, t l rr t  thcse sirr ' l l i l is of the vrl lcls gri l ( i ,rxtc up-

rvards into the recent cleposits of the val lel 's ancl t lnt,  in spite of locl i  unconformi-

t ies ,  the  process  o f  fo rmat ion  has  been cont inuous l . r  go ing  on  in  one par t  o r  o t l )c r

o f  the  aree  under  descr ip t ion ,  We have,  consequent l \ ' ,  xno t l le r  i l l ns t ra t ion  o f  thc

trvo truths thxt xre constantl .v being borne in on the geologrst r i 'ho s-ot l is lrmong

the upper tcrt iar l '  beds of ertra peninsular India, -( r  )  that there is no real dist inct ion

or consttnt horizon of r lemarclt ion bctrveen the deposits of uppcrmost tert ixr) '  xnd

of  recent  lge ,  and (z )  thx t  in  beds  t l cpos i ted  subae- r ie l l , r ' i n  a  reg ion  th r t  has  been

undergo ing  d is tu rbance anc l  upheava l  dur ing  the  per iod  o f  the i r  accumul . r t ion ,  the

str l t igraphical value ancl signif icat ion of an unconformity is very dif ferent frorn rvhat

i t  has rvhen found among beds of marine origin.

The sirval iks of the val leys grr.duate into the next t) 'pe of deposit to be considelecl.

In the Pishin val iel ' the gently incl ined sis'al i l is, rvhich form the lorv range of hi l ls
l f ing between the head-qualters of the distr ict and the broad Pishin plain, hlve a lorv
\\ 'esterlv dip, rvhich gladually f lattens off to horizontal,  and pass, ivi th perfect transi-
t ion, underneath a series of f ine grained, dist inct ly strat i f ied, alternating beds, mostly
thin, and varl ing from f ine clay to f ine grained sand. \ 'er l  good sections of these
beds are exposed in the vert ical sides of the numerous nul lahs s'hich ramifv through
thern, and especial ly in the high cl i f fs ivhich border the bed of thc Lorah, rnd their
dist inct l l '  strat i f ied natule proclaims then.r to have been formed bv aqucous acrion,
rvh i le  the  absence o f  au th ing  tha t  cou lc lbe  ca l l cd  acor rse  gra ined depos i t ,  anc l the
lat i ty of even sl ight traces of false bedding, shorv thirt  the.r musthar.e been cleposited
in st i l i  rvater. In these featttres the beds bear considerable resemblance to a lal ie
clepos.t,  ancl,  so far as their appearance is concerned, the.i .mrght *.el l  be of such an
origin. l t  is, horvever, r 'ery improbable that, rvi th so small  a catchment arca, a large
ial ie could be formed in the dry cl imate rvhich appears to have characterizecl BalLi-
chistr in throughout the recent period of geolog)' ,  nor afe there any beach terreces,
such as  one s 'ou ld  expec t  to  f ind  had the  P ish in  va l le l ,  s lq l  been occup ied  b ; -a  la l ie .
But, though i t  is improbable that a permanent accumulation of rvater occupiecl any
port ion of the Pishin lal le1' during the recent period of geolog,r ' ,  i t  is mor.e thxn pjo-
beb le  tha t ,  te io le  the  ou t le t  \ ras  deepenec i  by  e ros ion  anc l  so  a l lo t .ed the  s t r .enmsto
cut deep channels through the plain, large areas of i t  l 'ere subject to temporarv
f lootl ing er 'rcr ever1, heavy fal i  of rain on the surrounding hi l ls, The rvater, as i t
Ieft  the hi i ls, rvould calr.r '  rvi th i t  debris of ever) '  r legrce of coarscness, bgt as soon as
rrs leiocity l .as checked, al l  the larger part icles l 'ould be deposited, ancl the depres-
sion rvould be 6l led l ' i th rvater, bearing onir f ine part icles of mud ancl sancl in sus-
pension. These, after a irhi le, rvould sr-rbside, and the n.ater s-ould clry uo. bv the
combined effect of evaporation and percolat ion, but the nert f loocl g'ouidU.ins.,to., , ,n
a  f resh  supp iv  o f  m l tc l i l l  to  be  depos i tcc l  in  a  th in  levcr  on  rhe  top  o f  i v ln t  1aJ
qone be for l .
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The process here described can be seen at rvork on many of the valley plains of
the BalLjchist{n hil ls and, as the lorvest-lying parts are most often flooded and con-

sequently receive the largest addition of sediment, one of its most conspicuous
effects is a diminution of the surface gradients, t i l l  they cease to be perceptible to
the eye. Norv, in the Pishin plain, there is a ver1, conspicuous difference in the
surface gradients of the area occupied by these stratif ied deposits and that occupied
L.y the unstlatif ied loess rvhich wil l be described further on.

From the foot of the hills to the east of the plain,-if rve except a narrorv zone

in the immediate neighbourhood of the hil ls,-there is no perceptible gradient over

the rvhole area occupied by the stratif ied deposits, but, from their l imit, the loess
rises very perceptibly to the north and west, to the foot of the talus slopes of gravel.
This loess slope marks that portion of the plain 'rvhich lay too high to be flooded,
while the rest is the lorver-lying portion subject to more or less frequent inundation, in
rvhich the gradient of the surface would be less, orving to that more rapid deposition
in the lower levels which has been referred to above. It might, of coutse, be urged
that the present extent of the loess marks the encroachments made by the dry land on
toa pre-existing lake before it rvas finally drained, but, as far as the Pishin plain is
concerned, the sections in the tributaries from the north, which join the Pishin-Lorah

near Alizai, conclusively disprove this hypotbesis. Instead of the ioess being
found overl.ving stratified deposits, we find that there is a horizontal transition
from one to the other. The exact l imit of each is not very definite and, to a
certain extent, they are found to intercalate with each other, a distance of a
quarter of a mile at places even of a couple of hundred yards, being sufficient for the
complete replacement of stratified by unstratified deposits, thus shorving that,
during a period of t ime represented by the gradual accumulation of over 3o feet of
deposit, tire horizontal limit between the area lvhich rvas Iiable to flooding, and that
rvhich was not, remained much the same. "

In the foregoing description I have only mentioned the stratif ied deposits in the
Pishin plain, but it must not be supposed that they are confined to it. It has been
a matter of convenience to take Pishin as the t) 'pical area, because there good
sections have been exposed by the streams, and there, owing to the red colour im-
parted to them by the river rvash from the sirvaliks, they are more easily recognized.
In-the closed drainageareas of the Dasht-i-Bedaolat and Gu'ende Dasht similar ac-
cumulations are being formed, but as they are composed principally of rain rvash
from the loess, and consequently more uniform in texture, the stratif ication is
nrore obscure, while the absence of good sections, and more especially the identity of
colour, renders it more diff icult to separate them from the true loess.l

As seen in the Quetta and Pishin plains the loess is usually of a pale grey or
yellorv colour, f ine grained in texture, f irm enough to allorv itto stand in perpendicular
cliff of 5o feet or nrore in height, porous and readily absorbing tvater and very slightly
permeable orving to the minute size of the pores. tr\'hen broken down with \yater
the loess forms an impalpable slimy clay which, in drying, retains the shape im-

I  The term loess is  here used, in the sense which i t  has acquired,  to designate a f ine
grained deposi t  not  st rat i6ed,  or  only obscurely so,  of  Aol ian or ig in,  the sense in fact  in which
i t  is  used by the Baron Von Richthofen in h is work on China,  and wi thout  reference to any
considerat ion as to whether i t  is  or  is  not  the same in age or  or ig in as tbe typical  loess of  the
Rhine val ley.
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p res-sed on  i t  rvhen mOis t ,  end is  use t l  fo r  the  naur r f r .c tu re  o f  b r ic ' l i s  o f  f .L i r  qua l i t v .
In  t l re  compos i t ion  o f  the  loess  there  is  a lw i r rs  a  cons ider " rb le  p ropor t ion  o f  carbon-
a te  o f  l ime,  so  the t  i t  e f fe rvesces  f rcc l . r '  r r i th  ac id ,  a r i t l  th is  i s  d is r r ibu tcd  e len l t
th rough t i re  n r tqs  in  the  s l r rpe  o f  n r inu t , - ,  g r r . ins ,  s  l r i ch  a rc  ( lou l j t l css  dus t  t . le r i r  e t i
f ron t  the  sur rour rd ing  l imestone h i l l s .  The o thcr  ingred ien ts  a rc  equ: r l l i  m inu te
gr . inu lcs  o f  q r r r r tz  enr l  o i  a rg i i l , r ccor rs  m3t te r ,  the  l rs t  cn . rb l ing  i t  to  be  used as  a
br ick  ear th  rvh i le  the  le rse  propnr t ion  o f  l ime renders  i t  ver ' , ' easv  to  overburn  t l re
br ic l rs .  Srna l l  ce lcareous  concre t io i ' t s ,  o r  / :u t t lu r  nodu les ,  occur ,  bu t  t l re l  appear  to
be ra rer  than in  the  loess  o f  Ch inr r ,  and I  have no t  been ab le  to  c le tec t  the  nunre  rous
vc l t j c r r l  tube lc ts  rvh ich  are  descr ibed br ' \ -on  R ich tho fen .  In  a i l  o ther respcc ts ,  bo th
o i  tes t r l rc .  compos i t ion .  s t ruc tu re .  rn r l  in  the  contour  o i  i t s  suL f  .ce ,  i t  agrecs  per f ;c r l ) '
r v i th  the  descr ip t ions  o f  th r r t  obse lvcr .

There  c : rn  be  no  t lou l , t  th r t  th is  i lpe  o f  depos i t  i s  re l l l - v  o f  , rEo l ian  or ie in ;no t
on l . r '  i s  the  occr t r rence o f  f ine lv  cor lm inn ter l  l imestone,  most  unusr ra l ,  i f  no t  a imost
imposs ib le ,  in  beds  fo rmcd b ] :  \ r i l te r  bu t  the  absence o f  s t la t i6c r t io r )  po in ts  to  the
same conc lus ion .  l lo reov . : r ,  i f  dcpos i ted  bv  rva ter ,  i t  n rus t  e i t l r , : r  l , rve  bcen fo rmer l
at the botto:n of a deep lal ie or in an al iuvir l  plain. The sl irrpe of the surfece
rvou ld  no t  be  incons is ten t  rv i th  the  fo rner  mode o f  o r ig in ,  bu t  thc re  a re  no  t races  o f
those shore l ine terrrces r i 'hich could not but have been foLrnd h:rd such a lal<e

ex is ted .  Were  the  loess ,  on  theothcr  h rnd ,  a  sub ld l ia l  a l iuv ie l  depos i t ,  rve  r ioLr l t j
f ind a plain sloping gently in the direct ion of the strearn, but nearly hol izontal in a
d i rec t ion  t r r .nsvcrse  to  thx t ,  o r  even h ig r rc r  in  the  ccn t le  th . ' . r r  a t  t l r c  s i , les ;  such,

horvever ,  i s  no t  the  shape o f  tne  sec t io r l  ac ross  the  Quet ta  o r  D. ish t - i -Bcc l lo i ; r t  p la in ,

rvhere the lorvest poir-rt  is alrvir l 's in the centre, :rnd the grcund slopes uprv,rrcls on

e i ther  s ide  to \yx rds  the  h i l l s .  The nos t  conc lus ive  ev idence,  however ,  i s  to  be
found in  the  rv idespread d is t r ibu t ion ,  in  h t ' i sh t ,  o f  s im i la r  depos i t ,  anc l  i i s  occur -

rence,  in  smal l  px tches ,  on  the  tops  o f  h i l l s  and o ther  p l r rces  rvhere  an  a l luv ia l
o r ig in  i s  qu i te  ou t  c f  the  ques t ion .

In  nor )e  o i  these beds  haue I  found an_v  foss i l s ;  the  s i rv :1 iks  and s t ra t i f ied  beds

of Pisl ' r in h:rve not been very closely searchetl ,  but I  heve spent some t ime tr. \ ' ing to

f ind remains of shel ls in the loess. So f:rr,  al l  thet hes been founcl are soine
fresh-rvater shel ls, of t l ;e same species as tre nolv l iv ing, in rnud clug frcrn some of the

swamps in the vl l ley. l  rvas aiso shorvn a specinten of black cl l_\ 'el  nr.: t ter containing
frrgments of shel ls in a rvhitenecl and e\tremely fr iable condit ion said to have

come f lom a t lepth of 6c feet in the artesianr boring put dotn in the Resi-

denc l  compound.  The she l l s  had been too  much bLoken up  b .v  the  bor ing  too l

to be determined s' i th certaint) ' ,  but thcre is no reason for cloubting thrt they
s'ere fresh-rvater shel ls of exist ing species. TI-re matrix rr-as undubitably a srvamp

clr:posit ,  and al,parentlv quite local in i ts e.\ tent, for i t  does not rppexr to have been
met rvith in a.nv of t le othel L'orings put r lown close b1'.

Of true f ine grained al luvial deposits fornred bv overf lorv of strearns, as 0p-
posed to those formed in tempolary'  stxgnlnt accumnlation of f lood \ i 'aters, there is

i i t t le  to  be  seen in  the  a lea  under  cons idera t ion .  The s t reams a l l  f lo l ' i n  nar ro ry

chtnnels, cut belorv the generrr l  surfrce of the plain, and in the bottorn of these

I  T h e  s p c c i m e n  l v a s  n o t  s e e n  b , v  m e  t i l l  a f t e r  t h e  b o r i n g  h a d  b e e n  c o m p l e t e d ;  n o  p r o p e r

record  o f  th is  we l l  rvas  kept ,  i rnd  the  de terminat ion  o f  the  depth  f rom rvh ich  the  spec imen

c a m - -  d - p e r r d s  m e r e l v  o n  t h e  m e m o r y  o f  t h e  d r i l l e r  i n  c h e r g , ' .
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rhcre are occasional stretches of al luvial land, but belond this nothing' Coarse'

s ra ined grave l  depos i ts  a re  hor iever  abundant  and consp icuous  in  the  broad ta lus

i,rns, rvhich splead out from the mouth of every val lev, as i t  leaves the hi l ls.

1'hey are the often-described " fans" or " Cones dt dljeclion," formed of rvater-borne

debris of various degrees of coarseness, the actual slope of the surface depending

on a variety of circumstances, the principal of rvhich are the volume of water rvhich

pours dorvn in f lood t ime and the average size of the debris carr ied; i t  varies f lom

,bo"t 3o, feet to 600 feet per mile, slopes higher than this being found, but, I  bel ieve,

in every case these are due to disturbance subsequent to formation. In the actuai

channels usually fol lorved by the streams the gravei . is tolerably clean and easi lv

permeable, but over the greater area of the fan, 'where its surface is not norv washed

tr the streams, the stones are miied rvith a varying proPort ion of wind-borne dust,

s'hich may even completely obscure the underl.ving gravel and form a surface of pure

locss. Sometimes, as on the north-east of the Quetta plain, the smooth glacis slope

of the fan is separated from the hi l ls by a region t 'here the slope is steeper and

rvhere the Bravels have been cut into an nndulat ing surface intersected by val leys.
' I 'he dist inct ion of surface is ' r 'ery marked, and is dif fcult  to account for unless

$e suppose that part of the fan has undergone disturbance, b.v rvhich i ts surface has

becn throrvn into a steeper slope than that at rvhich tbe gravel is natural lv deposited,

and, in consequence, the water f lorving off has been able to cut i t  into hi l l  and
va l  e .

Besides the gravels of the glacis slope or " Dhdman," the streams push long
tongues of gravel over the loess area and, as the streams from t ime to t ime have
altered their courses over the fans, the direct ion of these tongues has varied accord-
ingly and they have been successi lel l  covered up by the gradual accumulation of
loess. One of these underground tongues of gravel formed by the Hanna stream
can be t iaced near Sherdi l ,  trvo miles f lom the edge of the gravel fan, rvhere an
area of some acres of ground is r iddled rvith kardz shafts, some of rvhich, lying
along a rvel l-defined l ine, have strnck gravel, whi le others have found nothing but
loess .

These stream deposits have been onlv cursori ly described as they present no
important features of interest or novelty so far as their structure or mode of occur-
rence is concerned. Economical l ,v, horvever, they are most important, for i t  is to the
tongues of gralel that lve must look for a supply of artesian \yater, while in the fans
themselves . is a source of water-supply which, rvhen tapped by the karez, is a
most important element in the agricultural economl of these val leys and of al l  the
drier parts of Central Asia.

A digression regarding lhe l/teory of tlre karez.-As the theorl of the karez is a
matter on $'hrch much misconception is prevalent, i t  wi l l  be rvel l  to treat of i t  br ief ly.
The ordinary explanation is that an " t tnderground spring" having been discovered,
a series of shafts connected by tunnels is made, by rvhich the water is brought out to
the surface. This idea of an underground spring is extremely prevalent and
orves i ts origin to the descript ion of the natives rtho have frequently told me that
the water entered their karezes fLom springs. I  have scrambled through the un-
derground passages of some of these karezes to investigate the matter and have
found, as might be expected, that the descript ion is a natural but misleading one. In
a few cases the karez does appear to derive its suppiy from what may rvithout great
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impropr ic t ;  bc  ca l l c t l  an  un t lc rg rount l  s1 , r ing .  Such arc  thc  k l rczcs  bc t rvccn  I iuch ldk
and I lal6l i  rvhich are drivcn through impervious sir i 'al i l i  c la.r 's up to the foot of a
l imestone r i t lge ; i t  i s  no t  f rom t i re  s iu 'a l i k  c la l ' s  tha t  they  coLr lc l  deL ive  any  supp ly
of \ \ .r ter, so i t  is probable that there are here springs issuing from the sol id rock,
A st i l l  more str iking instance is a short karez at l(arini driven, not into either of the
fans s'hich l ie to the north rnd south of the vi l lage but torvards the hi l l  rvhere there
is no stream val ley of an)'  size, ; 'et this is not onl.y the shortest but one of the most
abunclant karezes I have seen : here, too, i t  seems probable that the rvater is suppiled
by a spring issuing from the sol id roch. Such cases are, ho\yever, ver)t exceptional,

and, as a rule, the explanation, both of the real facts and of the origin of the miscon-

ception regarding the action of the karezes, is vert dif ferent.
As the karezes are never l ined in any \yay, i t  is impossible to drive them through

incoherent material charged rvith rvater; i t  rvould moreover be unnecessary to do so
as, i f  an incoherent bed of sand or gravel charged rvith l 'ater were once struck, the
supplv rvould anrply satisfy the desires of the karez-diggers. The karezes,
then, after they enter ground charged rvith rvater, can onlv be driven through stuff
ivhich is rendered coherent by a greater or less admixture of cementing material.

3ut this cementing material not only renders the ground f irm enough to form the
sides and roof of the tunnel, but lessens the permeabil i ty of the ground and, rvhat
we are more concerned rvith, makes i t  i rregularly permeable, When the tarez is
t lrrren through such a deposit,  the rvater wi l l  f i rst of al l  drain away at those spots,
rvhere i t  is most permeable, very probably rvashing out the f ine-grained matrix and
forming a small  channel penetrat ing to a greater or less distance from the sides of
the tunnel. Into this channel rvater rvi l l  percolate and, instead of oozing fronr the
sidcs, enter the karez principal ly at certain defined spots, giving r ise to rvhat are
cal led springs. The origin of the commonly held idea is thus natural and easi ly
exp la ined,  bu t  to  ca l l  these "underground spr ings"  i s  a  misnomer  and as  mis -
lelding as i t  s 'ould be to appl l '  the same name to an ordinarl '  suLface rvel l .

Fig.  r . -Diagram to i l lustrate the theory of  the karez.

Having stated what is not, i t  is norv necessary to describe rvhat is, the correct
exphnation of a karez. In f ig. r a diagrammatic section of one of the gravel slopes
is represented; the dotted l ine p.p. represents the l imit of permanent saturation,
that is the l imit belorv vhich the gravels are al l 'avs charged s' i th rvater even in th€
driest season. Such a l imit exists everyrvhere, but the form of i ts contour depends
on a variety of condit ions, such as the rainfal l ,  discharge of streams at the head of the
fan, permeabil i ty of the grlvels, etc.,  which need not here be considered in detai l .
Norv, i f  the karez 4.,t .  is drivcn into this slope, that port ion of i t  rvhich l ies below the
line p,p, will drain the sub-soil 0f its \yater and discharge this at the outlet.
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It wi l l  be secn from this that in i ts nature and mode of act ion thc karez is only

r sub-soi l  drain; in both cases the object is to bring rvaler rvhich l ies underground

to the surface, the only dif ference being that in the one case i t  is desired to obtain

the use, and in the other to get r ic1, of the rvater '

From the nature of the case these karezes are affected by the rainfal l  in a

markecl manner,-a single dr1' seasgn, and st i l l  more a successign of years of defi-

cient rainfal l ,  causes a diminution in the discharge of the karez. Last year (r89o)

the fal l ing off of water-supply rvas very rvidespread and, so far as the diminished

discharge rvas only due to the dr; 'ness of the season, lYas not altogether an unmixed

evi l ,  for i t  led to an energetic cleaning out and in some cases lengthening of the

karez rvhich rvi l l  improve i ts ult imate capacity. In a nerv katez, however, the

fai lure may be due to another cause, rvhich is more serious, as i t  permanently affects

the supply of water, and may make this fal l  so low as to lead to the abandonment

of the karez.
\\ 'hen the k*rez k.k. in f ig. r is f i rst made, water rvi l l  f lorv freely into i t  from the

surrounding gravels in al l  that port ion lvhich l ies rvithin the originai l imit of perma-

nent saturation. But, after i t  is completed, a nerv outlet is provided for the sub-soi l

rvater, the l imit of permanent saturation rvi l l  adapt i tself  to the nerv condit ions, and

ultimately settle dorvn rvith a profile rvhich may be represented by the line !. p' . p.

1he subsequent histor) 'of the karez rvi l l  norv depend on the relat ive importance of the

causes rvhich led to the sub-soi l  rvater original ly maintaining i ts level zlong p.p.p.

If  the gravels were tolerably permeable and a considerable supply of rvater was

constantly percolat ingthrough them, the karez rvi l l  sett le dolvn to a fair or abundant

discharge. I f ,  on the other hand, the amount of water percolat ing was ver) '  small  and

the level of permanent satulat ion kept up by the impermeabil i ty of the gravels, the

ult imate condit ions of the karez rvi i l  be one of very small  discharge.

I do not knorv to what extent this cause of fai l ing suppli '  of rvater has acted, or
is act ing, but there can be no doubt that, except in the case of old-establ ished

karezes, i t  must to a greater or less extent be at n'ork. I  made many attempts to
col lect information rvhich rould bear on this point, but rvas baff ied by ignorance,
reluctance to impart the information, or an inabi l i ty,real or pretended,to understand
the points regarding rvhich information was desired. I  was unable even to arr ive at
a trustrvorthy conclusion as to whether the reputed diminution of supply was as
common, or as extensive, as was complained of, and this, l 'hen lve consider horv
many reasons the proprietors have for complaining of a fai lure of water-supply and
the absence of any inducement to acknorvledge an increased discharge, is not to be
rvondered at.

As might be expected in a country where lvater is so valuable and apparently
so my-steriously capricious in i ts occurrence, a class of men has arisen rvhich pretends
to a speciai knorvledge of the underground distribution of rvater and to them the
plarlning of new karezes appears to be principal lr  entrusted. I  have not met any
of these men, but so far as I can gather they seem in some cases to possess a
certain amount of knorvledge, partly inherited, partly the result of observation, of the
subject they profess. This is doubtless mixed up with a good deal of superst i t ion,
but as their di lect ions are received rvith the same implici t  bel ief as their rulers grant
to the dictum of any self-styled "expert," the shaft,  sunk on the spot indicated, is
carried down till it reaches tyater, lyhereby the reality of his knorvledge is proved.
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J Ic rnu 'h i le  he  t i r l i cs  cx rc  to  coucc l l  the  hnor r lcdge- i f  he  posscsscs  i t - th . r t  thc re
ras  no  spec  e l  v i r tuc  in  thc  spot  sc lcc tc i l ,  and  tha t  thc rc  a re  men l  o thc l  p lace5
lhere  a  sh l f t  lo r i lL l  i re  ec lu r r l l l  ce l ta in  to  s t r i l i e  u r r t t - r ,  i f  g i l cn  thc  s r rmc ch lncs .
Shou i r l  \ \ ' i l t c r  no t  bc  found,  l t i s  g r r i ]161p1 i ;  p ro l ;ab l l  iu io rncr l - fo r  t l r c re  i s  a  c losc
rcscml ' i : ince  Lc tn 'cen  the  v r r r ious  spcc ies  o I  thc  genus e \ i re r t - th : i t  he  d id  no t  96
r lccyr  cnor r_qh.  o r  th i r t  thouqh \ \ ' r te r  \ r l s  no t  found jL rs t  there  "  the  in t l i c l t ions  a ;c
' ,e r l  i l tour lb le . "  

'hc  
i s  tecont t lende i l  to  t rv  so l ie  o ther  p l i l ce  ne l r  b r ' ,  and ,  i f  h is

l  : ! l i u l t cc  o r  c lp i t r r l  be  eshar :s tcd  bc io rc  \ r : r t c r  i s  o i , ta ine , i ,  t l r c  e  x1 ,e I t ,  fo l lo rv ing  the
cranr1 , lc  o f  h is  l i ;n t l ,  r r r l i cs  h i t -nsc i f  o iT  to  l t ro t l rc r  count r l  l -hc re  h is  i :norance has
nc t  bccn  e . . :posc i l ,  thc rc  to  f in r . l  lL r r t  rc l i l l  c t  c t i cncc  l .h ich  mrrnk in t l  i s  p lone to
l ie l t l  t c  a  p l rus ib le  xsscr t ion  o f  l ;no l ' l c t ige  and,  rv i th  bc t te r  lL rc i i ,  repa i r  h is  damaged
rcp  u t l t  io r l .

' l  
he  amoul . r t  o f  l , r l ro r . r r  spcnt  on  sonrc  o [  l ] rcsc  l ia :ezes ,  and the  depth  o f  the i r

numefons  shr r i t s ,  i s  xs tounr l in : ; thc ' t '  a rc  f rcquent lv  mi les  in  length  and the  shaf ts
nc : t l  thc i r  hceds  r rc  sa i r l  to  be  in  some crscs  r ;c  iec t  deep.  l ' h is  i s  doubt less  an
e\ t rcnre  c lse ,bu t .  s 'hcn  cx lmin iug  the  Quet t r r .  p l l r . in ,  i  foLrn t i  the t  in  rn ln . r ' cases  the
sir ir f ts at the he:rd of tho-.e s'hich dr-ain from the hi lLs, cast of the vl l lev, could not be
p lnmbcd s ' i th  the  7c- fee t  l ine  I  c : r r r ied  r i ' i th  me.  Thc ,se  nrLrs t  have ta l ;en  manv
1 'c l r fs  and cos t  l l rgc  su l rs  to  e \cavate .  b t i t  i t  i s  p robab le  tha t  the  nho le  rvas  no t
mac le  i t  once,  andth l r t  thc l ' l ' c re  g rac lua l l r '  l eng thcncd l t  t l re i r  uppr . r  ends ,  rvhere

ther are deepest out of the pLoli ts derivedfronr the s' t tcr rrhich thc oLiginal shorter

channel l ic lcled.

The Chamans or Artesiatt  Sprit t ,gs of Quetta.

Among the most rcmarhable features of the Quetta plt in are the numcrlus
clatnan.r or clzintt t ts. J 'he f irst of thcse s'ords ntelnrng ir  grsss.t sirot,  the seconci a
spr in t ,  the i r  n : r tu re  i s  a t  once ind ica tc r l .  l ( id ine  across  the  na l iec l  p le in ,  t ,a re  o l
vcgc t r r ion  shc le  i t  i s  l v ing  I r l lo r i ' o r  a [ te r  rhe  c rops  ] reve  been reeped,  o r .c
srir ' l t1enlv corDes on a green spot xnd \\ ' r1ter. Sometimes these are mele marshv

s l ,o ts ,  f rom s 'h ich  a  smai l  d r ib le t  o f  water  ma l  t r i ck le  a rver ' ,  bu t  n io re  commonl r '
thele is a pool, ancl not inf lequentl ,v a strong spring of clcar water issues from thc

so i l .
There is a ver. l 'conspicuous instance of this to be seen on the \restern banl i  of

rhe  Lor rh  jus t  nhe re  i t  i sc rossed bv  the  mi l iu r r l  roar l  f rom Quet ts  to  the  Gh{z i r i l :an . i
pass. Here a st: :ong spring of clear rvl ter r i ' i th a discbarge of several thousanrl
g r l lons  per  hour  i ss r ics  f ro tn  the  scerpc t l  f . rce  o f  locss ,  rs  i f  l ronr  e  roc l i .  So  ton ,
about t l 'o miles frorn Quetta on the roacl to Sari ib, in one of these springs a short
rval '  rvest of the road, the \\ 'ater can be scen issuing rvith some force from the
bottorn of the pool. To the s'est of QLretta there is a series of these sprinrs,
d r l in in3  0ne in to  the  orher  anJ  t lna l l v  fo rnr in l  a  cons i , le r . r l , le  hoJ l  o f  ta te r ' ,  rvh ic l r

has  cn t  fo r  i t se l f  a  va l iey  o f  some zo  fee t  r l cp th  in  thc  ioe-qs .  The gre i r t  bu l l i  o f  th is
rvater issues from the lorvest of the springs, a pool of zo feet cl iameter s' i th a level
bottom about 2 feet frorn the surface : this bottom is not, horvevcr, sol id, but e lerl

mobile quicl isand l iept in constant motion and surging to and fro b; '  the action of a

stream of rvater rvhich is constantl ' r ' forcing i ts rvav ups'ards from belorr. In rSSS
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r piummet was sunk into this, b1'1\Ir.  P. Duncan, Executive Engineer, North-Westeln

Railrvay, to a depth of over roo feet before i t  was stopped, most probabl) '  by the

fr ict ion of the sand on the sounding-l ine. From this i t  rvas evident that the rvater

came from a considerable depth through a well-defined channel, and the nature

ofthe spring stood confessed as a natural artesian rvel l .

These springs vary considerably in size ; f lom some there is a copious discharge

of rvater, others again balely moisten a small  patch of a few feet across, while 1'et

anorher category is formed by those rvhich, though they norv have but a small

4ischarge, show, by the sand heaped up over their ori f ices, that the rvater once issued

rvith sufficient force to carr'' it up from belorv, the florv having since been

checked by the fal l ing in of the sides of the channel through rvhich i t  f lowed, by the

heaping up of sand on the surface, or by both causes combined.

The most extensive of those belonging to the last category that I  am acquainted

rvith l ies west of Quetta and covers alout a couple of acres of marshy ground. Yet

this is not a marsh of the t1'pe rvhich is usually seen in the low-lf  ing parts of

r.al leys, rvhere the level of permanent saturation r ises to the surface, but i t  is dis-

t inct ly raised above the level of the surrounding country, and on al i  sides water

drains arvay in small  driblets into the lower level of the loess plain. Betrveen this

and Quetta there is a ver)' perfect little chaman, a lorv conical mound of about

zo yards in diameter, and r ising some 4 or 5 feet above the leveJ of the piain. at i ts

apex, is a small  pool of clear water and the rvhole recal ls, on a very small  scale,

the descript ion of the Hawaian volcanoes. Nor is the resemblance merel/  one of

Iorm, for there can be no doubt that just as these volcanoes have been bui l t  up of

material poured out from the crater, so this has been bui l t  up of material brought

from'belo$'by the u-ater, which for some reason no longer issues with the force i t

used to.
Whatever may be the underground structure of the Quetta plain, the existence

of rvater under pressure has be€n amply proved by the numerous successful artesian

weils that have been sunk, but i t  st i l l  remains to be seen how the defined channels

through the overl i ' ing depos:ts could bave been formed before the "chamans"
have been accounted for. In the case of those from t 'hich there is a copious
discharge of water, i t  is conceivable that the channel might be kept open during the

gradual accumulation of the loess, as anv dust sett l ing oler the spring could be
washed alvay as fast as i t  was deposited. In those far more numerous cases where

there is l i t t le or no discharge such an explanation is not admissibie, as there is no
flow suff icient to keep the channel open against tbe continuous raising of the surface
of the plain, and, in course of t ime, al l  these are certainly doomed to extinct ion; i t
might be urged that this is so, that these chamans which have so small  a discharge
were once copious springs, rvhose f low has been gradually reduced as the level of
the surface rvas raised by the deposit of loess,and that the cbamans, once much more
abundant than they now are, have steadi ly diminished in number, as one after the
other became obl i terated by the same cause. The f irst objection to this is that,
taking into consideration the great proport ion of these springs s'hose condit ion is
such that they rvould be obl i terated by a very small  increment to the thick-
ness of the loess, small ,  that is to sa)' ,  in proport ion to the totai thicknessthat has
been depositcd, and supposing that their destruction \vent on at the same rate
throughout, rhe original nunber of the springs rvould have to be inccncci lablr gleat.
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The most serious objection, horvever, is that the h,rpothesis is not a re:r l  explanation
of the dif l icult ,v; as long as the * 'ater-bearing stratum formed the surface of the
ground ar tes ixn  cond i t io i rs  cou ld  no t  a r ise ,  and i t  i s  on l ,v  a f te r  i t  had  become
coverecl up by a considerable thickness of fresh deposits that rvater coulcl accumu.
late under pressure. Let us assume that only iralf  the present cover \r 'as suff icient
to  p roduce ar tes ian  cond i l ions ,  i t  i s  a lmost  as  d i l f i cu l t  to  unders tand horv  rve l l
defined lert ical channels could have been m.rcle thlough 5o feet, of so necessari ly
homogeneous a deposit as the loess, as through roo feet, and so l 'e are landed oncq
more in the same perplexity as befcre. \ \ 'ele i t  possible to suppose thtt  these
chamans marked the sites of olcl  rock springs, rvhose f lorv hrd preserved an open
channel through the gratlual ly accurnulat ing deposit in the val lel ' ,  a natural explana-
t ion s'ould be avai iable, but the numerous borings put dorvn at Quetta leave no
cloubt tbat such is not the case, thnt wxter under pressure exists belorv an extensive
area, but that only local ly and along defined channels does i t  obtain access to the
surface.

The problem then is this, l 'e have a permeable bed or beds containing rvater
ttnder sufhcient pressure to malie i t  f lorv at the surface as soon as i t  is afforded an
outlet;  rve have overl l . ing this a thicl iness of roo feet or more of deposit homoge-
neous and practical lv inrpervious, except for ceftein defined channels reeching
dorvn to the l 'ater-bearing bed rvhich can only have been formed after a considerable
port ion,i f  not to al l  intents and purposes the rvhole, of thedepositthev penerrate had
been accumulated. To account for these channels by natural causes seems impos-
sible and the only resource l ies in the h.r 'pothesis that they are the rvork of man,
that the chamans in fact are in their origin art i f ic ial not natural artesian wells.

The idea, sta(l ing as i t  is, is not so absurd as i t  seems at f i rst sight, the experience
of the last two ) 'exrs has shorvn that the simplest and rudest appl iances rvould suff ice
to put dorvn a bole-hole through the f ine-gr;r ined loess, and there are not wanling
indications that the Quetta val ley rr.as once occupied by a rrce more civi l ised and
energetic than the present indolent and apathetic inhabitants.

Scrttered over the QLretta and adjoining plains there are a number of art i f ic ial
mounds, u".,r : ing in size, of rvhich the largest and most conspicuous is the [I i r i ,  or
citadel of Quetta. Orving to the exrth from these being valued as a manure,
some of them have been deeply dug into and they can be seen to be entirel,v of
art i f ic ial origin and gradual growlh ; they are composed of innumerable Ja.rers of
ashes and rubbish, mixed rvith earth, and have grol 'n in size part ly by the addit ion
of material rvi th del iberate intention of raising their height, but principal ly by the
unintentional, stead.r '  raising of the level rvhich goes on in every thicl l ly popu-
lated local i ty through the constant bringing in of fresh materials for repairs to exist-
ing and the erection of nerv bui ldings. Originai ly lhey rvere probably the refuge
forts for a race to rvhom the use of metals rvas unknon'n, but in their later stages
they rvere occupied by a race rvhich rvas not onl) 'possessed of the art of potter1,, but
made and used rvel l- formed and well-baked brichs of a large size. Besi i les this,
during the excavations made in the Quetta mouncl, Greek coins and a statue of
Hercules were discovered, ivhich shorv that the people rvho orvned this fort z,ooo
years ago had intercourse rvith the Western rvorld. There is no great difficulty in
supposing that this people possessed the art of boring for rvater, the dif f iculty is to

uuclerstand horv the art became lost, but an explanation nray be found in the long
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period of anarchy and internecine rvarfare rvhich the country is knorvn to have gone

through'
The explanation mooted here has at least the advantage of accounting for the

facts; it accounts for the existence of well-defined channels through the otherrvise

homogeneously impervious loess, and it also accounts for the differences in dis-

charge from the different chamans. I have said that to bore dorvn through the
loess to the gravel beds is a task rvhich can be accomplished rvith the simplest of

appliances, but once the gravel is struck, to carry the borehole further would require

appliances rvhich we cannot suppose $ere at the disposal of these ancient inhabit-

ants of the Quetta plain. Consequently the discharge from a borehole rvould
depend on the nature of the first gravel bed struck. If the gravel rvere so mixed up
rvith loess as to be quite or almost impervious, there rvould be no discharge, the rvell
would soon fall in and become obliterated ; if, on the other hand, the stuff struck
immediately below the loess rvere freely permeable, the rvater would issue in large
volumes carrying with it quantit ies of sand, as actually happened in the case of
some of these chamans. Betrveen each of these extremes every gradation might
occur, as the greater or less degree of permeabil ity of lhe rvater-bearing beds where
struck, and the hydrostatic pressure of the rvater contained in it, admitted of larger
or smaller discharge into and from the borehole.

Examples of both extremes of discharge can be found among the artesian bor-
ings put dorvn during the last t\yo years in Quetta, Trvo of these, put dorvn by
hand-polver rvithout any casing and carried only as far as the water-bearing bed,
were sunk in the Residency Surgeon's compound; the first of these yielded a
moderate florv of lvater, quite sufficient to keep the borehole clear, the second
struck the gravel where it rvas less pervious and failed to give an1' discharge. The
iristory of the pioneer rvell, that at the Railway station' is different. This rvas put
dorvn by steam-power rvith all the appliances rvhich modern ingenuity has perfect-

ed. \lhen the gravels rvere struck there rvas only a moderate discharge, but the rvell
rvas carried on ti l l , at a depth of r4o feet, a freely permeable bed rvas struck, from
lvhich rhe water commenced to florv, bringing with it large quantit ies of sand, t i l l
ult imately the well attained a discbarge of zo,oco gallons per hour. Had this freely
permeable band immediately underlaid the loess, the water, rvhen first struck, rvould
have issued with force, carrying up rvith it sand and loess rvashed from the sides of
its channel, and doubtless ultimately have settled dou'n to a copious spring of water
similar to those referred to above.

Such is rvhat appears to me the only feasible explanation of the chamans of
the Quetta plain. That there are diff iculties in the rvay I do not deny. It is hard to
believe that the present race of inhabitants ever possessed the art of sinking artesian
rvells and we must look to their predecessors, a people rvho must have differed
in character and may have been the same as those who built the " ghorbastas " of
Sararv6n, those extensive and carefully planned masonry rvorks which have attract-

ed the attention of mole than one traveller, 'which also, l ike the altesian wells of

Quetta, rvere intended to increase the agricultural capabilities of the land.

The restriction of these artesian springs to the Quetta plain, lvith the possible

exception of one near Bostdn, and their absence .ovel the Pishin plain and Dasht-i-

Bedaolat agrees vely closely with the probable limitation of the area in rvhich

artesian l.ater exists a a depth at which it would be accessible. At Bost6n easily
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acccss ib le  a r tes ian  n ' l1c r  i s  l inosn to  ex is t ,  bu t  the  area  o le r  sh ich  i t  i s  l i l i e l l '  to  be

f  gund is  ' ,e r l  snra l l  xn( l  t l re  p lcssure  in  t l re  so l i t r r '1 '  bor in '1  pu t  t los  n  sas  bare l ,y

su l f ie ieu t  to : I : l i c  i t  i1 { lw  11 t  t l re  su : facc .  Ln t le r  t l r csc  c i rc t tn ts te t tces  i t  n ra l  be  th r : t

o , te  Or  t \ ro  f ; r i lu rcs  d iscour : . rged fu r thcr  e t te I11J) t -s ,  c .L  i t  n l l l  be  tha t  the  pressure  nu1

l lo11.o f  \ \ ' . ! t c r  \ ras  -qo  snr l l l  tb r r t  bo le l io les ,  r i l ; i ch  oncc  er is ted .  l ta rc  s ince  fa l len  in .

I t  u rus t  r l so  be  renrer rbe ied  th : r t  thc  s in l ; ing . , f  these bore-ho lcs  rv i th  thc  p r in r i t i r s

app i  i rnccs  ar ' . r i lab lc  loLr l t l  be  a  l 'o r l i  o f  t i l r t c ;  t l te  a f t  n ta r  have or i r ina tec l  o r  l - 'e r :n

nros t  energet ica l l l  c r , r r ied  on  in  the  Qt re t ta  p l : r in  and,  be fo le  the  fu l l  capab i l i r ies

o f  t l te  o t le r  ve1)c - r 'p i rL ins  wL ' rc  c lcve lo l re ' -1 '  an  i l r r t l r t ion  o i  bar l 'a r ie t ts  des t ro le t l  a t

once the  c iv i l i sa t ion  and rhe  s l i i l l  nh ich  hr rc l  g iven  b i r th  to  these unc le r tak ings .

Th is  i s ,  o f  coursc ,  a  t r i l t te r  o f  con jec tu le  i rnposs iL , ie  to  subs txn t ix te ,  rvha t  i s

ccr ta in  i s  thar  the  ch : r r l : tns  o f  rhe  Q-uet ta  ph i l r  a te  essent l l r l l , t  a r tes i ln  l ' e l l s ,  tha t

t l te rrrrtcr r ises bi '  rvel l-drl f ined cl lanneis thlough a honloqeneous and impervious

cL)ver  f . ro l l t  an  un t le l l l i ng  perv ions  ber l ,  in  rv l r i ch  i t  ex is ts  t l t t i l e r  p ressure ,  and th r t

rhc  bu lk ,  i f  no t  the  rvho ic ,  o f  t l r i s  covc l  n rns t  have been dcpos i tec i  be fore  the  passagq5

ri ere opened bet\recn thc \-rt ter l)elr)\r  an{,1 the aiI  obt)\ 'e. Tl lese p:rssates nlal '

h : rve  bcen opcner l  b , t , r ' r t t t ra l  ca t lscs ,  bu t  tLe  n los t  p robab le  esp lanr r t io r l ,  tak ing  a i l

t h i n g s  i n t o  c o n s i , l : r ' r t i o r t ,  i s  t l , i t  t l r : y  n c l , l  n r a ' l e ,  r r i t h  t h e  J e i r b e r r t e  i n l e n t i o n ,  b 1  e

r:rce the ver) '  mel])or,\ '  of r ihonl l tas t lorv been forgotten'

O2 t/ t .e mode oJf occurrei lce attt l  proboL/a r i istt  ibuti0lx 0,f  artLsian zLater in

the ra/ ley 11/ains of Quetta, Pislt i t t ,  aud the DtsLt ' t-Bedtto/at.

In an attempt r0 decide rvhether artesian r i 'ater exists under an)'  palt icular spot,

the f irst thing is to arl ive at a clef inite conclusion as to the structure of the ground,

ancl the cause of the pressure r i 'hich malies the l ' l tcr r ise to the surface tvhen tai,-

per l  by  a  boreho le .  The ord inan ' tex t -boo l<  exp ianat ion  o f  an  ar tes ian  \ \e l i  be ing

inedcqglte and alrogcther inapplicable to the Quetl l  plrr in, i t  si l l  be necessary, in

the  f iLs t  p lace ,  to  cons ider  th is  ques t ion  and tLen proceed to  the  app l ica t ion  o f  the

conc lus ion  ar r l ved  a t .

In the cas,: of the Quetta l ' . I is the ordinarl '  popt. lrr  e\f  i ;r"nltron is that the prcs-

s r r fe  cornes  f rom the  sur rounc l ing  h i l l s ,  bu t  a  ver , r  s l igh t  cons idera t ion  w i l l  shor i ,

tha t  t l te re  can be  no  ccn t inLr i t ) '  be t r ieen the  I r igh l l ' -d is tu rLed anc ien t  a r .d  indura tcd

roc l i s  o f  the  h i l l s ,  and the  so f t ,  ncar ly  l ro r izon ta l  depos i ts  o f  the  p la in  s ,h ich  are  s t l l l

i n  p rocess  o f  lo rmet ion ,  an . l  c r )nsequent l l  i t  i s  i rnposs ib le  in  a  genera l  rva l  tha t  the

pressure  o f  the  sub le r laneous n 'a te r  in  the  la t te r  cen  be  due to  the  grca ter  ver t i ca l

e leva t ion  o f  the  fo rn- re r .  The le  i s ,  hose le r ,  a  f r r t i cu la r  c i rcuns tance o I  s t ruc tu re

in  I 'h ich  the  pressure  o f  the  ar tcs t ln  r l . l te r  migh t  come f io t r t  t l re  sunounc l ing  h i l l s .

l f  rve  suppose r  s r rb te r r lneous  spr ing  to  i ssue in  l  p r tch  o f  cor rse-gn ine t l  per rn r r l  le

de 'pos i ts ,  / ,  / .  in  p la te  r ,  f ig .  r ,  such  as  one o f  the  u t inor  ta l t rs  l l r t s ,  anc l  th is  l rL tc l r  o f

pern . reab le  depos i ts  to  be  subsequrn t l_ r ' covered up  xnd s t l l , :d  bv  the  c1 . . 'pos i t  o i  f l l e -

g ra ined in rper r i reeb le  bec ls ,  Z .  Z .  o f  the  same f igure ,  ther . ' s 'o r . r l t l  be  a  sna l l  a t 'ee  in

r rh iuh  a  bor in3  l 'oLr ld  be  : rL Ic  to  ob t r iu  r i t cs i r .n  rv r te r ,  shose f rcSrnrc  rvor r l , l  r ' ' ; r l ' y

be  d i rec t i r  c lne  to  the  \ \ ,a te r  rvh ich  soakec l  in to  thc  su l round ing  h i l l -q  r t  a  l i i : l e r

leve l ,  Such c ;n t l i t ions  a le  p r 'ob i rb l , r '  vc r , r  c rce l ) t iL )n : t l ,  bLr t  the  pcss ib i l i t l  o f  the i r
occu l rence nr i : s t  bc  borne i l  u in t l .
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A more rat ional explanation of the pressure is that i l lustrated bv the diagram

section, f ig. 2. This f igure is analogous to the ordinar) '  text-bool i  explanation of an

artesian rvel l ,  on rvhat may be cal led the basin theorl,  and in the case of the Quetta

ol l in, such condit ions do indubitably exist to a large extent. The rock basins in

irhich the recent deposits of the Quetta and neighbouring plarns have been formed

are due to " earth rvarping," as i t  has been cal led, that is, to an elevation of the out-

let of the drainage at. a rate greater than the stream lvas able to cut dorvnwalds,
ghence the velocity of the current was checked and deposits accumulated over a

large part of the basin so formed ; the f irst deposits being coarse-grained permeable

stream g:ravels and sands which were afterrva|ds covered up br ' f ine-grained de-

posits. The exact proport ion of the val ley so underlaid bv a f loor of permeable

grained deposits rvould depend on the rate of elevation of the outlet,  and

the original contour of the ground, none of which are norv determinable rvith accu-

racy; broadly speaking, the ffoor of coarse-grained stream deposits rvi l l  be conti-

nuous over the original mrin and tr ibutary val levs, while the f ine-grained deposits.

rvi l l  be to some indeterminable extent in direct contact with the underl.ving rock on

rvhat were originally the spurs'

But though there is doubtless such a continuous f loor of gravels, and though i t  is

to this onl.v that we can look for artesian rvater in the central parts of the valle.v

plains, i t  b,r '  no means fol lows that this is theisource of the artesian vater that has so

far been obtained, and a study of the records of the wells put dorvn, as )et leads to

a dif ferent conclusion.
The f irst artesian weil  in Quetta lvas put down in the sunrmer of t689. The

next well  in order of t ime to be sunk rvas that in the compound of the Poli t ical
Agent, Quetta and Pishin, which also struck water and rvas fol lowed b,r 'a number of
others, part iculars of rvhich. so far as they are avai lable, are given in the appendix.
I f  al l  these wells have been sunk to a laver of porous deposit,  rvhich l ies direct l .y on
the rocky f loor of the val ley and is overlaid by the f iner deposits, rve rvould hardly

e.xpect to f ind great dif ferences in the depth at lvhich they strucl< water, as the upper
surface of the co:rrse deposits rvould be smoothed ofi  to a fair l , t '  uniform slope by
the action of the streams, But i f  rve remember the tongues of stream deposits rvhich

are thrust forrvard from the main body of the fans over t t)e surface of the f ine grained
loess, rve can arr ive at a simple and intel l igible explanation. On this h1'pothesis the
deep rvel ls rvoult l  penetrate the older tongues l 'hich, rvhen the stretm broke arvay
from its course, became covered up by f ine-grained deposits, t i l l ,  at a later period, the
stream again took a course approximating to i ts older one and formed the tongue
from which the shal lorver wells derive their water. The condit ions here indicated
are graphical lv explained in the diagram section. f ig. 3, rvhich indicates a condit ion
as favourable for the production of artesian rvel ls as th.rt  in f ig. z, and is more in ac-
corJance rvith the facts at present knorvn,

The only alternative hypothesis is the improbable, though not impossible, one
that these rvel ls have al l  been sunk on to l ines of talus debris, and derive their rvater
from a subterraneous spring, as is represented in f ig. r.  Besides i1s inherent impro-
babil i ty, the nature of the gravel and sand brought up from the borings, so far as I
slv i t ,  does not favour this hypothesis, 1'he pebbles rvere al l  more or less rouncled
and, especial ly the f ine gravels, shorved such signs of the action of running rvater
that i t  is dif f icult  to bel ieve that they were not depositcd b.t a running stream ;
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a supposition strengthened by the alternation of coarse and fine-grained meterial exhi-
b i ted b1 ' thebor ingput  dorvn in  the compound of  the of f ice of  the SLrper intendingEn-
ginecr, Sind-Pishin Railrvay. 'Ihe question rvould soon be settled by a single boring
carried dorvn through the shallow water belt to the solid rock, or to the fine-
grained impervious beds rvhich should be found, if the explanation I regerd as the
more probable is the true one.

It ivould be too much to expect private enterprise to go to this expense, but see-
ing that nearli 'al l the wells sunk, or being sunk, are Government lvells, it does not
seen too much to ask that one shouid so be driven on, even after rvater has beeq
obtained, and if trvo or three others were sunk in properly selected spots in
neighbourhood of Quetta and driven as deep as possible, unless previously stopped
by rock, a satisfactorv conclusion regarding the true condit ions o[ these vel ls wi l l
be arr ived at. Nor rvould this be of merely theoretical interest-that bug-bear of the
so-cal led "practical mrn"-but the knorvledge so obteined, by enabling us to pre-
dict rvi th some apprcach to certainty the probable result of boring for rvater at any
spot, rvould result in a more economical expenditure and a prevention of the waste
of n.roney rvhich rvi l l  be inevirable i f  the principle fol lorved is that of putt ing dorvn
boring rvherever i t  is thought that rvater rvould be desirable, irrespective of any con-
siderations of the possibil i ty of success.

rn the meanrvhi le, i t  is impossible to determine rvith certainty the exict condi-
t ions under rvhich the artesian lvater of the Quetta plain occurs, but the eviden
available is so far in favour of the h,vpothesis I have suggested, i l lustrated by fig.
that I shrll adopt this as the best rvorking hypothesis available, and in the portion
of this report rvhich is devoted to a determination of the areas over rvhich artesian
water probablv exists, shall base my conclusions principally upon it.

The Grvende Dasht and Dasht- i-Bedaolat have been least ful ly examined of any
of these plains, They are both areas of closed drainage, both are remarkably level
and charecterized by an absence of large fans on their margins, the f ine-grained
deposits of the plains often extending r ight up to the foot of t l re hi l ls. This absence
of f :rns is due to the absence of any large streams draining on to the plains. and
such small  streams as do issue from the hi l ls cannot ertend far over the plain
orving to the f latness of the surface. The recent deposits of both these plains seem,
as far as could be judged rvhen merelv travel l ing along the road, to consist entirely

of rvind-blos'n loess, rvhich htrs in many places a dist inct ly Leddish t inge rvhen \vet.

The lorvest parts of these plains are, horvever, regularl .v l looded aftel heavy rain,

and i t  is probable that there f ine1y strat i f ied deposits are formed, though, from the

nature of the case, no sections can be observed.

The condit ions here are altogether adverse to the occurrence of artesian water.

The thicl iness of the loess is pLobably very grert,  and the coarse-grained beds

rvhich underl ie i t ,  have been cut off  by i ts ertension from any but a very small

accession of surfrrce-rvater at the mergin of the plein. The very gentle surface

gradients prevent the formation of long tongues of gravel extending into the plain,

and the condit ions of deposit to rvhich the lorv surface gradients are due, have pro-

bably continued through the accumulation of some hundreds of feet of loess. The .

onlu oart rvhere there is anv promise of success is in the e\treme north-west corner

of the Dasht- i-Beclaolat, rvhere a larger stream than usual enters the vai ley, and ;
there is a rvell-marked, though not ver)' large, fan; a boring sunk a couple of miles

a
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from the edge of this might f ind rvater, but I cannot regard the prospect as pro'

mising.
I ' ie watershed separating the Dasht-i 'Bedaolat from the Qtretta plain is formed

hv sreat fan-shaped accumulation of loess and gravel' This does not appear to me

io U". uttog.tter a slope of deposit, but largely due to a rvarping of the surface in

aonr.qu.nl. of differential movements Of elevation. Horvever this may be, on

.rorrlng. the watershed rve enter a valley plain, which differs most markedly from

ifr. O"Jfrt in the abundance of well-defined and extensive gravel fans, and in the

distinctly noticeable slope of the surJace torvards the centre of the plain. The

,atteys bt the streams within the hills are in many cases larger than those rvhich

aruin on to the Dasht, and this, combined rvith the surface slope, enables them to

send long tongues of gravelout into the plain. To this circumstance appears to be

d'e the preualence of artesian conditions in the centle portion of the Quetta plain,

as evidenced not only b)'the successful artesian rvells rvhich have been sunk' but

also by the numerous ".Chamans," or attesian springs, rvhich are Sqatteled over an

,r." of seven miles from north to South, and three miles frOm east to west' in the

central part of the valley. Oler all this area, which includes the rvhole of the civii

station and the western half of the cintonment of Quetta, water mav be bored for

rvith a probabil ity of success; {ailure is, of course, possible in the sense that at any

one paiticular spot the boring may miss the gravel tongues, and faii to find rvater

at a depth l 'hich vould make it lvorth lvhile boring for'

To the north, alorg a sinuous l ine n'ith a general east and west trend, about a

mile south of Baldli, the red siwalik clays crop out at the surface and form a plain,

rising slightly above the4evel of the loess, from rihich some lorv hil ls rise to heights
u".yi-rg ip io aUoot 40 feet. North of Bal6li-these sirvaliks range right acloss the
valiey and abut against the hil ls on the east. Orving to the structure of these beds,
artesian rvater probably exists under all this area, but at so gleat a depth as to make

its extraction unProfitable.
About l(uchi6k a strip of loess separates the sirvaliks from the l imestone hil ls to

the east. and at its southern end is the fan at the mouth of the }lurghi pass. Near

this artesian rvater might be obtained, but it is doubtfu), as the stream and fan both
appear to be too small to produce the necesslrl '  condjtions, A'l-orehole vas put
dorvn at Kuchlik vil lage in r89o, but lvithout successl failure, horvever, rvas only
$'hat should have been looked for here, as it is too far north to be supplied by the
I\Iurghi pass stream, and there is no other strexm capable .of producing the neces-
sary conditions.

To the north of Ituchldk the sirvaliks again extend across the valley and pro-

bably abut against the hil is, though, at the surface, they are covered by talus. East
of Bosti{n there is a large fan, rvhose southern margin runs on to the sirvaliks,
doubtless overli ing them, and in this direction the chance of f inding rvater is very
problematical. On the northern slopes of the fan the conditions are different ; here
it tails off into loess, in which the presence of artesian water has been proved by
the successful well sunk near the raihvay station. The area over rvhich artesi:tn
water may be expected to occur, l ies northwards from the vii lage of I(asim Kh{n
and east of the l ine of railway, but to the rvest of a l ine drarvn from the vil lage of
Kasim Khd,n to the raihvay station, success is problematical, while north of the l ine
of railway it appears to be impossible.



i

I

53 Records of t l te Geologtcnl .Surz,ey of l tdia. [vor. xxv.

The P ish in  p la in  i s  more  ex tens ive  than an1 '  o f  the  o thers  and has  no t  as  ) 'e t
beer . r  fL r l l y  e rp lo red .  A l l  the  eas tern  per t  o f  i t  i s  composed o f  f ine l ,v  s t ra t i f ied
deposits, and over this arel i f  artesi ln n'ater exists at al l ,  i t  is probably onl,r at such
a c lcp th  tha t  i t  l ' ou ld  no t  pny  to  bore  fo r  i t .  A long the  nor [hcrn  end eas tern
malg ins  o f  the  p la in ,  uns t ra t i f ied  loess  l i l i e  the t  o f  the  Quet ta  va l le_r 'comes in ,  and
thcre are scvcral large fans of gravel. The resernbl:rnce in thesc respects suggests

the  poss ib i l i t l '  o f  a  s imi la r  occur rence o f  a r tes ian  cond i t ions ,  and I  s 'ou ld  suggest
tha t  espcr imenta l  bor ings  shou ld  be  pu t  dorvn  a t  about  th ree  nr i les  f rom the  edge

of the Gulist, iu f ln, in a south-eastcrl ,r '  direct ion from the vi l l rge. rnt l  at a sirni lar

d is tencc  south  o f  the  edgc  o f  the  gr lve l  f rn  a t  A I jze i  on  the  nor th  o f  the  p l ; r in ,

I t  rvi l i  be scen fronr the foregoing that the rrea o\:er rvhich rvater mav be bored
or  rv i th  f t  p ro .pcc t  o f  success  is  much sml l le r  than the  e : ipec ta t ions  o f  those rvhose

hopcs lreve bcen reised by the successes at Quetta rvould leacl them to st lppose. I t
must  o f  course  be  borne in  mind  tha t  the  conc lus ions  h lve  been besec l  en t i re ly  on
an h lpo thes is  rvh ich  is  no t  the  on ly  poss ib le ,  though the  most  p robxb le  one.  But
this is of the lcss importance as we xre concernecl principal lv rvi th those areas over
rvhich r i 'ater can be obtained at a moderate clepih, clc 'ep borings being inadmissible
from their e\pense rvhere the rvater is required for agricultural purposes and only
just i f iable rvhere special circumstances necessitate the procuring of a supply of
\\ . ! ter at s'hatever price i t  may cost. The area over rvhich water can be obtained
bv bol ings of moderate depth rvould not be increased, but rather diminished from
thLrt clescl ibed in this report,  were any other hvpothesis adopted than that on rvhich
I  h lvc  Lased mi '  conc lus ions .

sEc ' r ' roNs oF BoRE r {oLEs AT eUETTA eNo sosr . {x .
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PArrT  L ] Tr i -month ly  Notes.

6. Artesian wel l  at  Bostdn,  as deter ,n ined f rom spccimens preserved-
ro-eo feet  pale yel low rrnctuous c lay containtng f ine grains of

ef fernescing f reely wi th acids.  Loess.
zo-3o feet  the same, but  not  so f ine grained.

3o-4o feet  6ner than Io-2o feet .

4o -6o feet very like zo-3o feet.
6o-8o feet  the same wi th some pieces of  calcareous rock,  (kunkur) .

8o-9o feet  same as 10-60 feet .
!oo feet  i r regular  smal l  pebbles of  pale grey l imestone,
r8o feet  st i l l  in  gravel ,  d ischarge of  water z,5oo gal lons per hour.
z3o feet or thereabouts, entered as siwalik clays.

GEOLOGICAL SURVEY OF INDIA DEPARTIVIENT.

TRI-N, IONTHLY NOTES.

No.  ro. -EworNc 3rsr  J lnuenv 1892.

Dlrector's Oftce, Calcutla, 3rst january 18gz,

The staff of the Survey is distributed as follows :-

Lozler Burma.-' l ttEo. W. Hucxrs, A.R.s,M., Superintendent,
P. N. Bosr, B.sc., 2nd grade Deputy Superintendent.

Upper Buma.-C. L. Gntrsnacu, c.I.E., Superintendent.
Fnrrz Nortr.rNG, pH.D,, Palzeontologist.
P. N. D,rrr.r, B.sc., Assistant Superintendent.

Punjab.-T, D. LaToucrrB, 8.A., 2nd Grade Deputy Superintendent.
C. S, I l lrnorttrrrss, 8.A., znd Grade Deputy Superintendent.
W, B. Derr,rs EDwARDS, A.R.c.s,, Assistant Superintendent.

Sub-Assistant Hira Lal.
Sub-Assistant I{ishen Sing.

l l4a tl ras.-T. H. Hor-r-eun, A.R.c.s., Assistant Superintendent,
Eead. Quarlers, Calculla.-Th.e Director; and R. D. Ornrert, A,R.s,rI., Super-

l n t enden t .

1\Ir. Hughes and his party continue at the tin exploration in Tenasserim : [Ir.
Griesbach accompanied the north-east Burma Column, and afterwards joined the
Irrarvadi.Column in quest of reported ruby occurrences. Dr. Noetling is attached
tc the Northern Column in the Amber and Jade country. IVIr. Datta is engaged in
snlveying the country south o[ Yenangl'oung. Mr, LaTouche, rvith Sub-Assist-
ant I i ishen Sing, has taken up the survey of the south-east Takht-i-Suleiman
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