Geologlcal Condltlons at the proposed
Mallr dam $|1;e

Dam Site : v s i i

GM.01 It is proposed to build an' eartheén dam about 75-feet
high from the river bed and with lts crest’ hne at R. L. 360-feet;

across the Malir river, at a point near the: Junctlon of the Jorando
river with . the' Malir,' about "a "mile’ upstream of the Dumlottee
Gorge. . After crossing’ the Malir and Jorando, the''dam hne runs
due west till it touches ' the ' Hairow 'ridgé, cdppéd: by cénglomerate
which converges from north upon the Malir river to’ form the
Dumlottee Gorge. This point is less than a mile north of the
Gorge. From there the dam line fuh§ on” top ofthe’ rldge till the
Sehwan road is.reached.. From there turding morth] east, it extemds
further for nearly.two miles on the same;ridge.! On the left bank;

it touches appthen isglated, hill again capped by conglomerate. After
running on top of this; hilly;. it turns!: east across a:gap. bottom of
which is 318-feet above;sea: level : ‘ S
across another hill. for. about,‘a mlle and. a half:, Thus; the whole
strugture runs for more. than 6 .miles., Jt..covers about half the
perimeter of the reservoir thus formed,; and. encloses it where it is
broadest. : The dam .is designed to. hold thei entire flow in the
normal yqars of a total rainfall of a,bqu,t /1 inches.; (Flﬂ GM. II) |

GM.02 Topographlcally, the whole alea appears quxte flat and
plain with only a few low remdqal rldges qnd hills bemg themselves
remnants of ap older plam, owmg their exmtence to the recent
uphft of land “and 'thé re;uvenatmn of cycle of erosion, Streams
héve' éxcaVated 1hex; vaﬁeyw further down and xemams qf the older
plain’ qmte flat ‘on top and carrymg even smi cover and vegetdfiﬁﬁ'
foinﬂdg theé rldges ‘and” h]l[s are observable. On the i ht bank,
the 'fidge is" almost” contmuous 'but on' ‘the Teft there is g.no ‘such
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face gradually sloping down southward1 t;)
the Sukkan valley. Only a few isolated hills are seen on thcb;vz
bank of the Malir. Further, these ridges and hills seldom rise al
R.L.300. These conditions have necessitated building such a long
embankment. e i et g e 9
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ridge, the entire land su

Malir River el .
GM.03 The Malir ‘river is' formed by the confluence of the
Mol and the Khadeji streams. The Mol river flows in a synclinal
valley all its way, but near Dumlottee area it has been g1adua]ly
shifting to the east occupying the north-south running valleys on
weaker strata and now flows along the western side of an anticline,
formed of more resistant limestones. The Khadeji, river before its
confluence with the Mol 27 miles east of Karachi, crosses this
anticline by cutting a gorge nearly 400-feet deep probably facilitated
by a fracture line, runping; oblique .to the anticlinal axis. From
this pomt of conﬂuencc ‘the Malir river flows obliquely. across thc
synclinal valley 7 )

General Geology of Karaclu Basm . ', gt i ’ , ‘ b

GM.04 /i . The Karachi ‘basin - comprises: ‘the dramage ‘basins of
the Malir' and thé Lyari rivers. -It is clearly defined by High scarps
of 'Gaj formations ‘on‘'the east and:north ‘west. - On' ‘the south, the
‘coastline ‘forms the base of this" tnangular basin, while the -apex is
formed' by the’ northerd extiemity Tof ‘the Mol plateau from where
the Mol river starfs:''In the north these scarps rise' abruptly about
1,000-feet above ' thie 'surrounding plains of upper Nari'formations.
But 'southwaid, they lose in. 'height and' ultiniately degeﬁerate into
bquen ‘ridges’ and hills ‘as* they approach Karachi. = This- basin”is'
essentially’ a. synclinal - basin: ‘with lexposures "of - the'' uppeimost
Tertiary rocks, i.c. the Gaj and [the Manchar formations ranging
from Miocéne to' Pllocenc in'age. The ﬂoor of the basin has been
mildly folded into a ser1es ,of asymmetrlcal folds—anticlines bein
gentler,, on the west and stcepcr on' the' east—and running no ﬂf
south ﬁrst ‘and then turmng Westwards on the E o
N s el i ot btre i e
er broad s ncl
the Lyari and the Mahr nvers and T Occupwd by
‘ s'31’1“3-““'1 by Drlgh Road

et Codid
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anticline. Opn the _ east, this basin is flanked by a much more
uplifted and somcwhat more intensely | folded broad tract of Sind
Kohistan where much older, rocks of Kirthar and Lakki formations
of Eocene age have been raised upto 2,000-3,000—fect above sea level.
Cretaceous rocks are exposed in the core of Laki Range. On the
west, lies the great Pab Range where also. much older rocks upto
Cretaceous age are exposed.

GM.05 The Karachi drainage basin is hemmed in between the
two powerful drainage systems. Indus tributaries, the Baran and
others ‘on the east and the Hab river on the west are chief. Both
these drainage systems are encroachmg upon the Karachi basin from
either directions. '‘They are constantly undercutting the Gaj scarps,
surro‘unding this ‘basin which are responding to this process by
slowly and ,gradually receding inwards. Many spectacular changes
have occurred *in the form 'of river capture. The Khadeji and the
Lyari, owing o their being on the outer margins have lost much
‘of their “northern drainage ‘areas through this process. The Mol
nver valley, lying” m the middle still extends far to the north.

GM.05 Some moré morphological changes have occurred during
the Glacial period and afterwards. During the glaciation, when the
sea level became low, streams were rejuvenated; their down cutting
action was renewed and accelerated; deep valleys were excavated.
Later, during the Post-Glacial phase of transgression; the streams
became aggrading: and the valleys were filled with bolders, gravels
and sands.  The-deep gravel-fill of the Malir river, which has been
yielding sweet-water | for. Karachi . citizens 8o, generously, owes its
existence to.such a processtand may  perhaps be a headache to the
dam makers.;. In still Jater period, there has been vertical uplift of
land relative:to the sea level and as a consequence, the streams are
again degrading their: channels;' In almost all the streams, we can
notice the valley-in-valley conditidns; and nicks or breaks in stream
profiles which are working ‘upstream in the form of minor falls of

rapids and may- prove dangerous to a dam upstream, if not taken
care of.

Conditions at the .Dain ,Site
GM.07 - As alrcady stated, the area where dam is 10,55 built is
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is a plain area, mostly covered by alluvium. Even residual
hills and ridges ‘above ' described are fossil plains. Conse-
quently, the rock exposures are few and far apart. They are s_een
only in the cliffs of these hills and ridges, facing the Malir river
and other streams. Other slopes of these hills are covered by
detritus. On the geological map-of the Geological Survey of India,
of 1 inch to a mile scale, the whole area east of the junction of
the Bazar river with Malir has been shown as accupied by the
Miocene Gaj formations. From the exposures in these hills and the
area further north it appears that this section is a continuation of
the same syncline which is occupied by the Mol river further up-
stream the confluence. The axis of the syncline runs roughly south-
south-west close to the Dumlottee Gorge with a probable slight
pitch in this direction. The dam line between points A and B runs
i;anqverse to the synclinal trough which is a favourable conditipn.
The Strata in the ridge west, of the Jorando pallah and north of the
$ehwau Road show south easterly dips, while in the low ridges east
of Yorando they dip in a westerly direction at an angle 1-2°. In
the hill on the left bank about a mile upstream of the Dumlottee
Gorge, the strata dip west by north at about 2°.

)

Stratigrapby and Texture of Roc

Surface Exposures

)

GM.08 Sections of Gaj formations in the vicinity have been
examined and described by Blanford in his ‘““Memoir on the Geology
of Western Sind”. The total thickness of this formation was
estimated at 800-feet at Sawaji a few miles north of Khadeji and
500-feet is exposed at the Gorge of Rahuja stream further north.
'At Khar in the Hab valley, 500-fecet of it, was seem all composed
of light coloured .’ limestones. In the Khadeji' Gorge about
400-feet white and pale coloured limestones have been cut without
reaching 'the base. These limestones form the lower part of the
Gaj formation. The upper part comsists of alternating bands of
sandstone and clay with occasional thin bands of limestone In
this area, from the Dumlottee Gorge to a little east of Goth R;idh

only the cl.ays and sandstones and one “band of hard limest i
445 foet thick forming the ‘apper part. of Gaj formation were sc‘:-ge
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‘PFurther cast, the lower limestancs forming an antiglinal dolg e
exposed,

(i) Cliffs at Dumlottee Gorgo :

GM.09 The cliffs on cither side of the Dumlottec Gorge are
composed of sub-recent conglomerates from top,to base. This, conglo-
merate is composed of pebbles of Gaj limestones only partly
rounded. The matrix is gravel and sand again of.Gaj limestone.
The cementing material, where present, alsoappears 10 be calcareous.
This conglomerate is rather, compact near the base. But, vpwards,
it is rather weak and large; -rounded pebbles are , fewer. ‘The mass
of it 'is .of coarse river ,gravel , and not very.compact. iBedding
planes are open and verncal Jjoints are ,also developcd the .conglo-
merate falling out in cubojdal blocks. An the, eastern.,scarps, of .the
‘northern ridge.of . ihe; Dumlottee Go};ge, a thick; bed, ‘of coarse .grey
"Timestone is cxposed The . sandstone Js;.soft and,jeinted. ThlS
ndge continues norlhwards for a. mile and turns, north-west till. the
“Sehwan.Road is reached In the later half it runs..in the, du:eqtlon
of ‘the “djp of ‘the strata. wFrom Sehwan, Road it lur.ns "north-north—
‘€ast and’ becomes a stnkc ndge th-roughout capped by sub-recent
conglomerate, and the older strata iare mostly sandstqnes outcropp-
ing in the eastern underscarps, In ‘the western scarps still older
rocks.clays, -limestones and (sandsfones qare .exposed. They .dip
»south.east. B i ‘ ;

¢

’(jj) f.Hius-»‘xiear.;the,;jnnction:-;of «thevdorando and:the :MMalir rivers :

“GM:10 "On this point, 'the na,l}row rldoe_pn the north is .agaln
“‘éomposed of sub—recent conglomeratcs. _On_the, western .sIQpe -grey
Sandstone was /observed ‘but, on the eastum 1he cliffs. cut by the
!Jorardo, c]ay s cxposed which extends to, 1he cast, of J’orando
nallah to, the, basc of another ndge east oﬂ,Jorando. In lhe sou}hcrn
Hill" a 'bed of hard hmestone 2~feet thick. was seen neamthe base.
It is'the same 'bed which “is seen in the ridge crossed by Sehwan
‘Road at mile 26th. Tt breaks into blocks about 3-feet by 2-feet by
2-feet. Downwards, it gives way.ito' ‘broken dimpure slimestone.  jIt

«is sueceeded; upwards, by, a,thick bed: of ipale, grey.goarse sandstone,
jointed and porous. These beds show a westerly dip of about 2°,
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Further downstream of the Malir bank, {his sandstone is seen over-
dying a brown clay unconfirmably. The sandstone bed contfamsla
lenticular band of coarser sandstone hard and full of marine fossiis
The whole pale grey sandstone bed may probably represent the
base of the Manchar group, All these three strata arc then covered
unconfirmably by the sub-recent conglomerate.

Evidence from Borings:

() The Ridges:
~GM.11 The boreholes have been sunk to investigate ir
sub-surface conditions in the area. Three of them are located on
* the northern ridge of the Dunilottee Gorge and three at the junction
: of Jorando and Malir, one each on the hills on either side and one
in the bed near the junction. Borehole No. 1 near the Dumlottee
Gorge passed through 42-feet of conglomerate and 30-feet of
* sandstonie before striking 31-feet of thick clay bed at R. L. 245.5.
“In hole No. ‘2 ‘further north 90-feet of conglomerate and
sandstone was penetrated before touching a clay bed at R. L.
©226.3. ' Only' 5-feet of clay was pierced. For the last 20-feet of
“sandstone no core was obtained.  The borehole No. b, the 3rd on
the ridge also got a silty clay about 91-feet below surface. Thls
borehole is located at R. L. 335,

to the

‘GM.12 . At the junction of Jorando and Malir, the borehole
No. 3 on the northern hill penetrated 51-feet of conglomerate and
sandstone before reaching 24-feet hard clay bed at R. L. 275.96.
This clay was succeeded by 10-feet of hard sandstone, 5-feet of clay
a.nd 6-fect of sandstone before reaching another 19-fiet of clay bed
) “at R. L. 230.96. Boreholé No. 4 on lhe southern hill passed
“through 9-feet of upper conglomerate, 31-feet of sandstone and 17_
fecl of thm beds of limestone, sandstone and clay, until a 27-feet
of sandy’ ¢lay bed, for which no core was obtained. It was reached
“at R. L, 264, Then after a 6-féet of sandstone band, another
landy clay, bed of 10-feet was met at'R. L, 231 but again no core
w:u oblalned

(1i) Conditlonl in the Malir bed L ' Jes :
“GM.13"" * ~Borehole No. Swasf‘put down in ‘the bed near

< /
' i
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the confluence. of the Jorando' and the Malir. Tt passed through
| 62-fect of river gravel - and sand then 13-feet of sandstone and a
. clay bed 26-feet thick at R. L. 221, Below this again, sand full of
| Water way met at R. L. 195. ; i :
K. R. Bhide, Special Engineer, Karachi Municipal
aphical surveys and investigations
in the Malir valley and the results are given in the note No. 4 of
7th April 1939, 25 borcholes were put down in the Malir bed
from the confluence of the. Mol and Khadeji to the Dumlottee
" Gorge at regular intervals of 1,000-feet. The boreholes were
“located in the middle of the channel to determine the depth of the
water bearing river gravel, sapd and bolders in the river channel

upto the bed rock.

GM.14
Corporation carried out hydrogr

" GM.15 It was found that the depth of this water bearing
" material from the Dumlottee Gorge 1o a distance of about 2 miles
- upstream ranged from 60 .to 90-feet. -At one point 8,000—feet up-
stream of the Gorge, the depth was 120-feet. At another point
6,000-feet from the Gorge (very close to the proposed dam site)
bed rock was struck at a shallow 'depth of only 17-feet. This
« proba- ly struck some buried rocky' island in the channel. At this
< point, a borehole was taken downi to a depth of 225-feet below
the river bed in 1937 and the section has been given in D.A.
Howell’s report of September 1937. wi)

5%

" Section of Tibewell No, 2—18,000-feet downstream
of the confluence of Mol and Khadeji

293 R.L, —_— . Bed of the.river, 3 b e G
283 Gravel 10 feet 193 Blue clay 44 feet
" 271.Clay, gravel and 12 Teet  '173.Sandstone - . 20 feet
‘ stones g : , i )

260 Sandstone = '11 feet 123 Soft Sandstone 50 feet

256 'Gravel, clay and ' 4 feet | 118 Black Sticky Clay . 5 feet

stones, xe

252 Hard Mooram 4 fest 93 Soft Saydsiome . 325 feet
A3 Bluc clay 9 feet 4 90 Hard Rock o+ 3 feet
. %37 White.clay - . 6 feet , 68 Soft Sandstope . ' 22-feet -
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GM.16 THis Tubt well efids in a Sriéky‘HIackI-ﬂiiy.‘ ’-Fb‘r. 190—
foet below the sutfabe, the botclidle Was lingd \lw‘i‘th713 "mchbs
dianicter pipe and tHe lower pait ‘was dhlified. In ‘this‘boiehole’a
band of 44-feet blue clay is succeeded 'dowhwards at R. L. 193 ‘by
two thick beds of sandstone 70-feet thick. Also in the borchole
‘No. 5. rectiitly ‘drilled Th ‘{he ‘Héll, satidstone, chdrged wilh water
\wis mdt dt ‘nédrly iht same Tével 'BeloW a 27_féet clay Bed. ‘From
the sectioh pivén above, it 'is ‘cledr it ‘ilie “dltefndting bands of
“clay ‘niid ‘pérmeable sandétdhies continide 'to 'a tﬁtiﬂside‘x"é\ﬁlé depth
béliw the gravel il in the ehanddl, The dips Hete being Westerly,
thése strafa must'be croppingBut under iie’praveldnd ‘also alliviim
Farther to the ‘east'and ‘to the ndrth. ‘ '

GM.17 Another important point to be noted 'is that the {per-
meable beds below the river gravels and sands were found charged
"With ‘water under prestifte of greatér 1634 'of ‘Watér than allutfurm,
“and the whter 16Vel  Fose tipstredtn as 'ihié Boring progressed ‘down-
Wards. At that time, 'water table 'vias 33-féet below the river bed
"rose with'‘the progressive’ depths of botéholes, as’ follows : g

HD’e‘pth ofiboresi: i Level of water ':Depth’of bore-  -Levelof water

hole -~ surface below ‘hole - “surface - Below
‘the bed of the 3 “the ' bed ‘of the
. . river o | river
33 feet 33 feet - - 130 feet 21-1/6 feet
56 feet 29} feet 134 feet 50-5/12 feet
101 feet 254 feet 179 feet ~18-1/3 feet
120 feet 22-1]3 feet . ~203 feet . 17-1/3 feet

(ifi) Gaps between the Hills ¥d "Ridges :

'GM.18 A big ‘gdp is Situated on ‘the south of the Malir Fiver
‘éast "of the point B. Tis 16West point ‘is at R. L. 318, while ‘the
_lgye(ll_; of borehole 5 in the bad is 296.  This gap is filled with
‘?}j‘ufgum, o’ solid " rock olftcropping' ‘anywhere. It is,” at’places
‘thickly covered by Babul 'gfowth and cultivation “is ‘also’ going bn.
It appears to be an old channel of the Malir Tiver now silted up.
!v‘yThe‘alIuvna.l' and grivel ‘A1l hiére must be quite deép and thoroiighly
Cpermeable.  An uiflef ‘trent<of frésh Water southward from Malir
aireddy exists; ‘ad'is” e¥itiendéd frém’ the well sitidted in ihe Fap



KARACHI DRAINAGE BASIN

GAJ-SCRAP DEMARCATING THE BASIN :



GEOLOGICAL FORMATIONS
AT & NEAR THE PROPOSED MALIR DAM SITE

Scalet | Mile,

ALLUYIUM OF TUE LOWER MALIA VALLEV .
$U9- RLCEMT CONGLOMIRATES & CONSOLIDATED
RIVER GRAVELS COVERING THE FLAT NILLS .

MAHCHAR FORMATIONS
LREA OF GAJ FORMATIONS PARTLY COVEREO BY AltevieM . (1
ARTICUM AL AKIS B
sINCLIME | - "
STHIKEY AND O/P8 OF THE STRATA « . A
cLav, (2]
LIME-STONE . (v )
CLAY UNDERLVING , =

Darm nve
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and fitted with number of engines.. Water is continuously ﬁumpeq
into an open ¢hannel which brings' surface flow of Malir throug}:
this gap to Deh Datsano, where a considerable tract of land is
under irrigation. After the completion 'of the diaphragm under the
Dumlottee Gorge in 1939, the water level rose upstream of it dand
wells south of the Malir river got the benefit due to greater seep-
ages through this gap and others to that snie.

GM.19 Another .broad valley paraLIel with 'the Jorando and
west of it,,joins; the Malir close to the Dumlottee Gorge. It is very
green with . considerable | cultivation and apparently good ‘sub-soil
water conditions. ; The «alluvium jn this valley must also obviously
be decp. It appears.to be the old channel of the Mol river. It is at
present drained by an insignificant stream. In this valley a' little
north of Malir; an.attempt was made ta-dig a well by:local zamindars,
but it was abandoned due to the coming. in of: thé coarse gravel and
sand. From this dry well, it is evident that this coarse and thorougly
pcrmcable gravel and sand is qiuete deep ;

Faultmg in the Reservmr Aren

)

GM.20 ' The fracture. hnc mentmned in connection with the
Khadeji© Gorge appears toitbe. trending’ in 'the direction of the
Dumlottee’ Gorge:'/:The distutbanceinthe strata is' noticeable upto
Goth Radkho. Beyond. this'the whole area is covered by alluvium
and no trace of it is' to be found, but the semi-artesian head in the
Tertiary strata below; indicatesthiat there are no open fissures lu:lder

the bed. Further 1nvcst|gatious are nccessary -8
RREN | 10} Sl

Conclusmns 1T T A ‘;¢ S ot 1 oy

.21 The dam’ lide between points A'and B runs transverse

o 2 synclinal structure, strata dipping inward at a'low angle. Ttus
is a favourable condition for the dam.- (Fig. G\M.'1II)

(2. 22 The ridges and hills on either side of the river, upon
which the dam will be raised to a fairly good height, with their
upper conglomerates and underlying grey sandstone, cannot be relied
upon for their resistance against permeability, and considerable
percolation is likely to take place through them. The conglomerates
with limestone pebbles and calcarcous matrix and cement, and
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also with their beddings and joint planes, will prove partjcularly
weak. With the passage. of time, the pores and passages will be
enlarged by solution and abstraction. They can bc‘made_',imptcrmcr
able by givirg a lining of impermeable material on their inner side
upto some suitable clay bed underneath.

(3).23 The depth of the gravel and sand in the river bgd was
62-feet in bore No. 5'and below this again a 13-feet bed of sand-
stone was'met. \Therefoke, the ‘impervious ‘core will have to be
taken down at, least:{to 75-feet' bélow ‘the river bed to check the
leakages 'under the dam. Even, beyond 'the Malir river Bed, the
dam.cannot ‘be built just on-the 'surfuce. In the valley between the
ridge, north; of the Dumlottee Gorge and the Jorando river, the
gravel - deposits are quite deep. "Similarly thé 3/4 mile broad gap
on the left ‘ba1 k. sstill .more serious, ‘but hevertheless, within the
ingenuity of the. Engineers. ! R '

4).24 The Tertiary strata below the river gravels consists of
alternating beds of clays and sandstones. Some of these permeable
sandstones must be exposed upstream ‘in‘the reservoir area’ Percolas
tion losses, through these sandstongs -conild -be-possible. But due 0
the semi artesiap cenditions in. the /strata-as proved in Tubewell
No. 2, we can expect that the.downward percolation losses may mnot
be very great. ! y

(5) 25 Building materials are locally available. Limestone for
pitching is available within the reservoir area and also outside
within a short distance. Clays for coring are extensively exposed
in the area on the surface as well as in the scarps of the hills.
But withip the reservoir area, the removal of the clays should not
be carried oyt indiscriminately, otherwise the exposure of the porous
sandstone beds on the surface will increase the percolation lgsses.



