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Report 0?z the Geology of Thal Chotidli and part o/ the Mari country', /7
R.  D.  OlnuAM, A.R.S.NL,  F.G.S. ,  Deputy Super intendeut ,  Geologi -
ca! Suraey of India. (With a map and 5 plates.)

The area to be described in the foliowing paper l ies to the east of that treated

Areatobedescr ibed.  
; :J f f :J : ' ;  

i ts  l imi ts  can be seen by reference to the map

Apart from the ver,v brief mention of the gorge at Tung bi' Dr. Blanford,l and
, some papers regarding the petroleum at l(hattan which have

been referred to in my previous report,e there is no l itera-
ture regarding the area under description.

The structure presents the same features as $'ere noticed before, in the almost

Structure, complete absence of any of those great reversed faults and
Absenceof greatfaults. thrust planes rvhiCh are so common in mOuntain regiOnS.

The only exception is in the south-east corner, $'here, according to Sub-Assistant
H i ra  La l ,  the  upper  nummul i t i c  beds  and c re taceous beds  are  fau l ted  in lo  d i rec t
contact rvi th each other. But, though not exhibited on a large scale, there are many
very pretty instances of faults on a small  scale, trvo of s,hich are shorvn in Plates I
and I i .

A very remarkable occurrence of horizontal beds over a considerable area in the

Horizontal  beds.
Bdji  val ley x'as quite unexpected in a region usually so
highly disturbed. The horizontal i ty is made very conspi-

cuorrs in the field, and easily recognizable on the map, by the capping of hard Spin-
tangi l imestones crorvning the hil lsof Ghdzij shales and exhibit ing those Iong hori-
zontal l ines of clif i  and talus slopes, rvith an irregular outl ine cut by numerous re-
entering angles,lvhich form the scenery characteristic of a deeply eroded series of
horizontal beds of unequal hardness.

The oldest rock exposed is the same grey l imestone as was seen in the nlirdb

Stratigraphy. Tangi,3 but it rvas much better seen this 1'ear in the hil ls rvest

Oldest rock seen : of the Thal Chotiali plain, rvhich are traversed by the Sdmbar
massive l imestone. - pass. The beds are throrvn into an anticlinal fold, rvhose
core, composed of tbese hard grey l imestones, stands up as a high hil l , traversed
by the deep gorge of the S€mbar pass.

This gorge is not of the ordinary type of rvater-rvorn ravine, exhibit ing on either
side a section of the beds through rvhich it is cut, but has been formed along a deep
apd sharply-folded synciinal f lexture, rvhich obliquely traverses the main anticlinal.
The stream has taken advantage of the narrorv strip of soft beds, thich rvas thus
Drade to traverse the hard l imestone core, and has deprived us of the deep cut sec-
tion rr'hich this pass should otherwise have exhibited.

About 3 miles to the rvest, holever, there is a gorge cut through a lo*'er part of
the hil l  rvhich exposes a section of a portion of the l imestone, and exhibits it as very
< i r r r i l r r  i n  f r ' n a  l n  t h o.- ...- cretaceous grey l imestones oi the Quetta hil ls, rvith rvhich I
have iitt le doubt that it is identical.

r  l \ I em . ,  Geo l .  Su rv . ,  I nd . ,  XX ,  p .  r 97 .
3  Rec , ,  Geo l .  Su rv , ,  1nd . ,  XX I I ,  p .  93 .
I  Rec .  Geo l .  Su rv .  I nd . ,  XX I I ,  p .  93 ;  t he  r vo rd  ' numnru l i t i c t  i n  t he  marg ina l  r e fe rence  i s
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r lnr  r . ] OLountt : Geology of Thal Chotidli.

This l imestone clops out in the centre of the Dunghan mountain, of the anti-
clinals of Samach, of the l l ir i  hil l , and of MazdrDrik in the
Bdji valley. Though not mapped as occurring in the Rasta'

r1nihil l , eastof 1\'Idmand, it appears to occur there, so far as can be judged from the

iccount of Sub-Assistant Hira Lal.

From none of these last named localit ies were any fossils obtained, but in the

Fossi ls .
Sdmbar pass the uppermost beds yielded some fossils, among
which a Rhltnconella was most abundant. A fragment of arl

ammonite was also found, and Belemnites, which appeared to belong to the same

,pecies as occurred in the next succeeding group, but they had been shattered by

the disturbance the beds had undergone, and could only be extracted in a fragmentary

condition which precludes any specific determination.
The massive cretaceous limestones are overlaid with perfect conformity by a

, series of beds which, in the S6nibar pass, attains a thickness
Belemnite beds' 

of at least r,ooo feet, but is usually much thinner, the differ-
ence being apparently due principally to a squeezing out of the lorver shaly beds by
compression. In the Sdmbar pass the lorver half of the group is composed of black
thales with some sandy and calcareous beds and, near their base, the shales contain
tn admixture of volcanic ash. The upper half of the group consists of distinctly
bedded green and purple indurated marls and limestones,capped by about z5o feet
of compact rvhite l imestone.

These upper beds resemble so closely, in l i thological character, those variegated
beds seen in the Chappar rift, which rvere formerly r referred

Equivalent to chap' to by me as the Chappar shales, that I have no hesitation inorr shales,' identifying the t.lvo. They agree, moreover, in stratigraphical
position, as wil l be seen further on, and the occurrence of an admixture of volcanic
ssh with the sedimentary material of the lorver beds in the Tarai Tangiz is another
fact pointing to the same conclusion; moreover, there are frequent exposures of
precisely similar beds occupying the same position relative to the other rock groups
in the ground intervening betrveen the Sembar pass and the Chappar rift.

Having established the identity of the group in the trvo separate localit ies, it ap-
pears inconvenient that it should retain a name derived from a locality rvhere it is
verry imperfectly exposed, neither the thick white l imestoale at the top, nor the sti l l
thicker black shales at the base being represented, except in a most imperfect
manner, and I shall in future refer to the group as the 'belemnite beds.'

These belemnite beds are, in many places, abundantly fossil i ferous, but the
fossils found are almost entirely confined to several speciesFossi ls, belemnites,

emmoniJs. of Belemniles, mostlybelonging to the section Dilatat i , the
only exceptions being a ferv fragmentary casts of. Amnontles

found 3 miles west of the Sembar Dass.
The upp:rmost rvhite l imestone was not observed to be fossi l i ferous within the

arca of the map, except for a few belemnites near i ts base, but I  have seen i t ,  on

N ummu l i t es .
the road from Harnai to Loralai, containing both Nummaltna
and Alaeolina. At the time I was not aware of the true

rtratigraphical relations of the rock, and, being inclined to class it with the overlying
I  Rec. ,  Geol .  Surv. ,  Ind. ,  XXl l I ,  93 (r89o).
t loc. cit., p, gq.
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Dunghan limestone, then regarded as nummulit ic, did not attach the importance to

the observation rvhich it has since proved to possess' and, unforlunately, did not

carry ofi any specimens. There can, hou'ever, be no doubt as tO the accuracy of the

observation.
The d is t r ibut ion of  the belemni te beds is  wider  than that  of  the under l f ing

Distribution. 
massive l imestone. Besides forming an oval round all the

exposures of the latter, it is the lorvest rock exposed in

the Sondri anticlinal and in trvo others in the south-east corner of the map; to the

north of I-at. 3oo it is the lorvest rock seen in the cores of the anticlinals I and is

knr-rgn to be largely' exposed to the north of the map in the direction of the Bdri valley.

The distribution of fossils in this group appears, at f irst sight, to be capricious, for

they have only been found in the Sdnrbar, Samach, I\Iaz:ir Drik, Dunghan and l\ ' I ir i

anticl inals, and not in those to the north-rvest or south-east of these. This is, how-
ever, probabl.y due to the fact that, in those exposures where no fossils have been
found, onl,v the uppermost beds are exposed, and these are everyrvhere very spar-.
ingl.v fossil i ferous, if fossil i ferous at all. Further to the north, along the Btiri-
i\I6khtar road, belemnites are common enough in the beds of this group.

The belemnite beds form the uppermost nrember o[ a conformeble system,

u n co n f ormab r e br eak ;:":l: :;T,:t, :'il:: : Ji :ti:,l:' r:ji:[:,,:il:i';;T ill:
near | \ Iazdr Drik in the B6ji  val ley, rvhere the beds immediately overlying the white

l imestone contain numerous fragments of i t ;  in the i \ Iazdr Drik anticl inal the whjte

I imestone is worn into an undrrlat ing surface, on which the lorvest beci of the next

succeed ing  svs tem is  depos i ted ,  and in  the  upper  Bd j i  va l le l ' there  is  a  mar ine  con-

glomerate bed contr ining fragments of rvhite and grey l imcstoner the latter being

apparently derived fronr the massive cretaceous l imestone. This unconformity is

also incl icated by tbe lemarkable variat ions in the thickness of the rvhite l imestone,

variat ions rvhich are equally noticeable outside the I inr i ts of the area under descrip-

t ion. As has already been rentarked, i t  has a thickness of about z5o feet in the

S6mbar pass, but on north side of the trIazdr Drik anticl inal this is recluced to only

zo  ro  3o iee t ,  So ,  too ,  on  the  road f rom Harna i  to  Lora la i  there  is  no  d is t inc t  band

of rvhite l imestone seen in the f irst anticl inal crossed bv the 1\I irdb'Tangi, betrveen

Harnai and Tarrve Khrn, but, at Di lkr ine, only 5 miies further on, Lhe rvhite l ime-

stone is rvel l  developed, though the thickness wes not esl imated'

Another fact, point ing to an unconformit l '  betrveen the belemnite beds and those

overlying them, is the occurrence of pebbles of white numnrul i ferous l imestone,

evidently derived from the uppermost white l imestone of the belemnite beds, in a

conglomerate rvhich occurs near the top of the Ghizi j  group both near Shahrig and

to thc south-east of Quetta.
But ,  a l though th is  unconformi t .y  i sd is t inc t  and unmis takeab le ,  there  is  no t ,  so far

Unaccompanied bY
di ' turbance'

as I have vet seen, any recognizable divergence from a per-
fect paral lel isnr of dip betrveen the beds above and belorv
it .  l t  rvas not, consequentl l ' ,  preceded by anv marked dis-

turbxnce of the beds already formed, and need not represent verv great lapse of
t irne. On the other hand, i f  the identi f icat ion of the pebbles of grev l imestone in
the lcrver beds of the next succeeding svstem rvith the massive cretaceous grey l ime-
Stone. is cofrect, there must have l-;een a very extensive denudirt ion, meaning a
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P A R T  I . ] OroHRr.t :  Geology of Thal Chot idl i .

considerable lapse of t ime, and the absence of any o[ the Belemnitas, so abundant

immediltely belorv the unconformity, in the overlf ing beds points to the same con-

clusion. For the present, horvever, and unti l the results of more extended survey

are available, it is impossible to determine the exact stratigraphical value of this

unconformitY'
The group rvbich is met with immediately above this unconformity is, iq many

D u n gha n gro u p ;:;';'1,' i::iil::T;j':1 "::'l JIK[1"1"];11 i: ";"'i;:
northern part of the area surveyed during the past season it presents the same

clraracter as it has in the Harnai district, that is to say, it is essentially a l imestone
group of great thickness. To the south a remarkable change

change ot tacres' comes in by the development of argil laceous beds in the

base of the group, which encroach more and more on the l imestone ti l l , in the south-

csst, only a few of the uppermost beds remain as l imestone, the rest of the group

being mainly argil laceous with some subsidiary beds of sandstone and impure

lirnesrone. The limit of the change between the two facies is tolerably well defined,

coincicline approximately rvith the road from Spintangi to Thal Chotidli; and its

abruptness is notervorthy. Thus, in the Dunghan mountain, the group is composed

of l imestones, some e,ooo feet in thickness, but within t5 miles to the east, in the

Itlazdr Drik anticlinal and to the south-east in Sondri, there is not more than two or

tlrree hundred feet of l imestone at the top of a thick series of shales.

It is naiural to ask whether such a sudden change of facies does not indicate a

distinction between the trvo; such at f irst was the interpretation I was inciined to put

upon it, and in the field maps the distinction was preserved to the last. A gradually

increasing intimacy with their mOde of occurrence, and a careful review of the evi-

dcnce, lras, however, convinced me that they are identicai, in spite of their litho-
logical dissimilarity.

A very good exposure of the argillaceous facies of this group is seen in the Dds
valley near Khattan. In the lower portion of this tributary
valley the Ghrizij shales are seen, which continue till a sheer

rloping face is met with, composed of the pseudo conglomerate or tme limestone

breccia,r associated with flaggy limestone as at Khattan, the total thickness being
abogl loo to r5o feet. This i\ underlaid by 6oo to 7oo feet of grey shales, belorv
which comes a group of beds which forms a well marked and easily recognizable
horizon in all the sections of this district. The up.permost bed is a l imestone, com-
posed almost entirely of oysters (E*ogyra /), but also containing a ferv other fossils.
ln the section it is very dark coloured and impregnated with letroleum, which oozes
from the exposed surface. This is underlaid by sandy beds, one band of which is
red throughout' and the others frequentll' stained red with iron' Belorv the sand-
rtones,in the Dds valley, comes a great thickness,probablyover t,ooofeet,of shales,
many beds of which are so abundantly fossil i ferous as to become'impure l imestones.
At the head of the valley, where the dip flattens down horizontal, they form cliffs
turroundingan amphitheatre, and are conformably underlaid by unfossil iferous grey,
green, and purplish shales. The limit between the profusely fossil i ferous beds and
tbosc in which no fossils can be found is abrupt, but perfectly conformable, and

!  Rec, ,  Geol .  Surv. ,  Ind.  XXII I ,  pp.  94,  95.
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though no fossi ls are as a rule to be found in the shales, vet, in the 1\Iazdr Drik
anticl inal,  I  foun,l ,  lo* '  dotvn in this port ion of the group, a band of Nunmuli les,
apparently identical rvi th some of the forms found higher up.

The band of sandstones, stained rvith iron, and overlying oyster bed, can be
recognized in al l  the sections in the southern part of the area included in the map
and is important in the identi f icat ion of this shl l ,v group rvit tr  the Dunghan l ime-
stone, for, in the IIazdr Drih anticl inal,  the r l 'hole thickness of the beds above i t
consists of l imestones, rvhich there is no di lhculty in recognizing as the same as the
unmistakeable I)unghan l imestone close br ' .  But the identi f icat ion of the shaly group
rvith the Dunghan depencls mainly on the similari t l '  of strat igraphical posit ion of the
two and the constant presence of the pseudo conglomerate, or l imestone breccia, at
the top of the group marking division from the overl i ' ing Ghdzi j  shales.

This bed forms rvel l-marked and easi l) ' recognizable horizon throughout the area
surveyed ; i t  is ahnost invariably visible, where the Dunghan group is shaly in com-
posit ion rvith only a small  thickness of l imestone at the top, and is frequently
visible in the northern peft of the area, rvhere the group is composed of I i rnestone
throughout. Horv far i ts local absence may be due to imperfecl act ion of the
causes which led to the concretionary structure being developed, and horv far to
imperfect exposures of the bed, i t  is not altogether possible to say, but i t  is note-
rvorthy that, in the northern port ion of the arer under descript ion, the concretionary
structure is less rvel l-develop:d, and here the observed occurrences are least fre-
quent, rvhi le in the south and east, l 'here there is bardly a contact section in
rvhich i t  cannot be detected, the concretionarl structure is so well  developed that
i t  is frequently alrnost irnpossible to bel ieve that i t  is not a true conglomerate. I
have, holever, no reason for depart ing from the conclusion come to last year re-
garding the nature of this structure, and, in spite of the very str iking appearance pre-
sented by individual erposures, there are several features in i ts mode of occurrence
rvhich are incompatible rvith the supposit ion that i t  is a true conglomerd,te ;  rhese
are, the absence of anf important vari : l t ions in thickness, i ts interstrat i f icat ion rvith
f ine grained f laggy l imestones, t l re absence of any coarse grained deposits associatet l
rvi th i t ,  and, above a)1, the absence ol any rock, of olt ler d,rte, similrrr to that of
rvhich t lre " pebbles " -are formed,

The presence of this pecul iar and easi ly recognizable rock at a definite horizon
has been a most impoltant aid to the geological mapping-o[ the country, as i t  en-
abled the boundary betg'een 1l"re Dunqhan and Ghdzi j  groups to be deternrined rvith
accuracy, rvhen this rvoult i ,  iu irs absence, h&ve proved almost impossible of ac-
compl ishment .

Concurrently with the change of facies of the Dunghan group i t  becomes abun-

Foss i l s ,  
dant ly  foss i l i fe rous ,and a  la rge  number  o f  spec in rens  t le re
obtained from the shaly beds. When thefauna of this group

comes to  be  examined in  de ta i l ,  Ian t ic ipa te  i t  rv i l l  l ead  to  resu l ts  as  s t r i k ing i r r  the i r
way as the remarl iable change Nhich, rvi thin trventy miles, converts a group of
marine l imestones, z,ooo feet in th,ckness, into an almost entirely argi l laceous group,
Unt i l  the  foss i l s  co l lec ted  have been examined by  a  competent  pa leonto log is t  i t
rvould be presumptuous to hazard an opinion as to the pl leontological aff ini ty of
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P r \ R T  r . ] Olnplau : Geology of Thal Chotidli.

Among the Ceplzalopoda collected rvere fragments of trvo species of Amntonilcs,
Crioceras, and besides these I have been shorn Ceratitet and Baculiles, which rvere

found by l l r .  R.  A.  Torvnsendin the Dds val ley;  amongthe echinodermata fu l ly
half the specimens found belong 1o the order Eclttlnocontde, and an oyster very like
O. carinala is not uncommon. These would ordinarily be held sufficient to stamp
the fauna as cretaceous, or at any rate uppe? secondary, yet this fauna not only
occurs above the white l imestone of the belemnite beds, in rvhich Nutnmulina occur,
but is accompanied in the same group by an abundance of specimens of Nummulina
belonging to three or four species. I am alare that the genas Numnzulina has been
found in beds of carboniferous and of secondary age, but it is uncommon and, as
yet, it has always been accepted that any beds in rvhich the genus is abundantly
represented are of tertiarY age.

Under these circumstances it must remain an open question whether \ye are to
regard the Dunghan group as oldest tertiary, or newest secondary, in age. Dr.
Blanford in his memoir I regarded the Dunghan limestone, near Harnai, as lolyer
nummulit ic,. and very naturally so, for the almost only recognizable fossils it con-
tains are foraminifera, mostly Nummulina, but in the Suleiman hil ls he took rhe
" Iimestone breccia t ' to mark the base of the tertiary s)'stem. As may be seen
from what I said above, there is a contradiction here and, as matters stand, it is im-
possible to say which of the two views is corect. If the top of the Dunghan group
represents the lo'wer limit of the tertiaries, we have to acknorvledge an extreme
abundance of the genus Nummulina in beds of cretaceous age; if the bottom, then
the Ammonoided are represented, in beds of tertiary age, by several genera and
species. A third interpretation is open, and probably it wil l prove the true one,
that the Dunghan group represents the gap between the Secondary and Tertiary
period in Europe.

The distribution of the Dunghan group is a large one, and is best explained by

Distr ibut ion.
a teference to the map. In the north-western portion of the
area, vhere i t  consistsmainly of l imestone, i t  forms high hi l is

and mountains ; to the south-east, where it is shaly, this is much less noticeable as,
in most cases, the thin shell of l imestone has been broken through by denudation,
and the easily rgmoved shales exposed.

The Dunghan group is conformably overlaid by the Ghdzij group which pre-
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GhCzi j  group,
sents the same character as \ras described in my previous
paper and wil l not require lenghy notice here. To the north

of the Thai chotidli plain some coal seams occur in this group, and near Khattan a
thin band of impure coal is found near the top of it, but throughout the rest of the
large area it occupies no coal was seen. Fossils are not very abundant excepr near
the.top of the group.

The Ghdzij group is overlaid by the Spintangi beds, not only rvith most perfect

Spintangi eroup. conlormity, but with an absolute obliteration of any definite
boundary. In the neighbourhood of Khattan several thin

beds of rvhite l imestone, of the Spintangi type, occur among the Ghdzij shales, and
green shales are found interbedded with beds which appear to be the equivalents of
the Spintangi group at Spintangi. It has become evident that the l ithological dis-
crimination of the two g.oup, is impossible, and, ontpaleontological grounds, it wil l
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junction of the Bareli, there is a hil l  of Ghdzij shnle, capped by sub-recent river

gravels.
In the Thal Chotidli plain, separatingthe main area fromthe Kardhi plain, there

rha, chotid,i ;f"Tilil:l''+lJ,:*":illil;'"1i";."::l.TiH",*:
before its gradient was checksd, and have since been disfurbed. They lvil l  be again

referred to vhen treating of the Thal Chotidli plain.

The most remarkable instance of disturbance of these sub-recent river 
'gravels

p_i s tu rba n c e of gr a v e r s t.'#J:J ii J il: ff i ;i i:#il : -"".1',9 (:fi "": t,ii' ffil;
at Panus' 

Drik anticlinal there is a great thickness of gravels, through
which the stream has cut its way. At their northern l imit these are in direct contact
rvith Ghdzij shales, and have been bent up vertical and in places as much as

3oo beyond the vertical, so as to acquire an apparent dip to N. at 6o0 (Plate III).
The dip is very local ; within 3oo yards to ihe south it has almost disappeared, and,
throughout the area occupied by these gravels, no signs of disturbance were seen,
except in the immediate vicinity of its northern margin.

Gravels of recent date are abundant in all the stream vallel's. They bave not
been considered of sufficient importance to be mapped

,Recent gravels and in detail. Besides the numerous smaller deposits in the
alluvium' 

stream valleys there is a large area in the Quat Nlandai

valley, covered principally by gravels, but in part also by fine-grained alluvial

deposits.
Among recent deposits mustbe classed landslips, which are more common than

Landslips. 
would be expected in so dry a climate' There is a very large

and conspicuous landslip at Kuriik Tangi, 8 miles east of

Spintangi, vhich extends for nearly 3 miles across the valley, having come fromlhe-

hil ls to the south. This landslip must have blocked the drainage for a time, as the
Tangi is cut through its substance, between its source of origin and termination.

Smaller landslips are common where the Ghrizij shales are exposed on a hil lside,

being induced by the manner in rvhich these shales weather into slimy mud which
will move over very small gradients, A very striking instance cccurs south of Sondri,
rvhere, on the watershed between the drainage of the Chdkar and B6ji valleys, the
w"tiole outcropof the Ghdzij shales is completely concealedbyathick layer of huge
angular masses of Dunghan limestone. It is, at f irst sight, almost impossible to sup-
pose that the l imestone is not la si/u here, but, on either side of the ridge, these
blocks are seen to overlie the edges of nearly vertical beds of the Dunghan and
Spintangi groups.

The most interesting and important of the recent deposits are, however, the
numerous valley plains of f ine-grained loess or alluvium.

n*ll:.tt" 
ancl loess These vary in size from the numerous small " Thals " on the

hil lsides, too small to be distinguished on the map, to the
great plain of Thal Chotiali, and the sti l l  greater plain of the Sibi "Pat."

The Thals are small hollows, perched about the hil lsides and on the hil l  tops,
some due to solution of the underlying l imestone, others to small landslips, in which
accumulations of dust and rain wash, from the surrounding hillsides, form a very

Sentl)' sloping floor. They are mostly cultivated by the Maris, rvho have not )'et been
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able to get over the objection, born in old predatory days, to cultivating the
valleys, rvhere the crops are visible to every passer-by, and n'ould probably have been
reaped by some other person than the man who sorved them.

The larger plains, those of }Idmand, Samach, and Pdr, as rvell as some of the
smaller ones, evidently orve their origin to differential movements, or warping, of
the surface, by which the drainage was checked, and the accumulation of f ine grained
deposi ts  rendered possib le.

The plains of Pdr and Nldmand are both situated in synclinal hollorvs of the

Mimand .
underlying rock; in the latter case the old escape of the
drainage can be traced on the south side of the plain, and

the old r iver gravels, deposited in former t imes when the streams f lorved across the
area now covered by the plains, extend over a low divide and slope gently north,
wards under the loess. The deposit which f i l ls the hol low that was formed is f ine
and uniform in grain, of a pale grey colour, and very calcareous; thevery ferv and
shallolr '  sections exposed shorv no signs of strat i f icat ion, and there seems no reason to
doubt that i t  is, in the main, wind biorvn leess, derived from the dust blown off the
surrounding hi l ls, supplemented to some extent, near the margins of the plains, by
nratter brought in by the streams. The history of the plain is evidently as fol lorvs :
At f i rst there rvere r iver val leys of the ordinary sort draining to the south. After
these had been well  excavated, the compression to which these hi l ls have been sub-
jected caused the stream bed south of the Nldmand plain to r i-se at a greater rate
than the stream could cut down its channel. The f irst result of this rvas to form a
deposit of gravel f i l l ing up the hol lorv, but the r ise of the barrierwenton atagreater
rate than the deposit and a hol lorv rvas fonned rvhich the materials brought down
b.y the stream could not f i l l  and from rvhich the dust that accumulated could not be
washed away ; so the loess gradually formed and by degrees spread overthe gravels,
hiding them and obl i terat ing al l  minor inequali t ies of the ground to form a nearly
level plain, now cr: l t ivated over almost the whole of i ts area. The rvhole of this pro-
cess, from the original carving out of the v: l ieys to the formation and f i l l ing up of
the basin, every stage of rvhich must have been very' slorv and gradual in its progress,
has taken place since the deposit ion of the sub-recent gravels mentioned above,
and,-rvhen i t  is remembered that these are among the latest rnembers of the tert iary
period, i f  indeed theyare tert iary at al l ,  i t  gives a most str iking indication of the in-
comprehensibly vast periods of t ime which the geological record must necessari ly
cover.

The Samach plain dif ters from that of Nl: imand in being formed on the crest of

Samach,
an anticl inal,  but i ts origin is none the less evidently due to

dif ferential movements of the surface. I ts history has been

as fol lorvs : In the f irst instance an anticl inal hi l l  of Dunghan l imestone rvas formed,

rvhose crest rvas brol i .en through by denudation, exposing the easi ly denuded shales

of the lolver part of that group and the Belemnite beds, and a tolerably deep val ley

lvas consequently formed, but the drainage of this val leyhadto cross theaxis of the

anticl inal,  and, in consequence of further compression, the ground along the axis rose

and checked the drainage, after rvhich the subsequent history was much the same

as that of the l \ [6mand plain.
The fine grained deposits of Samach difier somervhat from those of Nlir,mand in

appexrance. Whether thev are calcareous or not I  forgot to note, but their colour is
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a reddish brou'n, and they are much more loamy in appearance and texture. The
dil lerence is doubtless due to the amount of f ine grained argil laceous matter washed
down into this plain, whereas at l\Limand the bulk of the debris brought down by
the streams ras l imestone gravel, which came to rest close to the edge of the
hills.

In tbe Samach plain we can see the beginning of the end, for the barrier has
been partly cut through and the stream has cut back into the plain, converting
its eastern end into a maze of perpendiculay-sided ridges and channels, while
lbc rest of the plain still preserves its original smoorh surface.

Tlc other plains of loess present very much the same character and history as
Thal Choti{l i . these and do not require further notiee here, but the great Thal

Chotil l i  plain,45 miles in length and rz in breadth, presents
to Eeny features of interest that it cannot be passed over without some mention.

The western half of the plain is a barren treeless expanse of pale grey loess, at
6rst sight level throughout, but having in fact slight gradients to the west and south,
wbere water collects after heavy rain. In the eastern end the soil is of a reddish
colour and is less of a dead level, some slight rises being perceptible, especially
near Gumbaz; and along the banks of the stream, which flows past Gumu"z 

"ndChotidli, there is a park-l ike strip in rvhich tamarisk and poplar trees shade the
Stream and are dotted about with green sward under their shade, forming a view
not unPicturesque in itself, and positively beautiful by contrast with the barrenness
of th,e surroundingcountry. The tcailtr i plain, too, is in springa mass of verdure.
In l l larch last its centre rvas occupied by an expanse of rvaier in which numberless
wa,terfowl and waders were disporting themselves, and on the stretch of ground
lurrounding it countless herds of sheep, cattle, g'oats, and donkeys rrere grazing.

Tbe fine grained deposits of the prain are oitrvo distinct types. one of these is
pale grey in colour, highly calcareous and very obscurery stratif ied. It corresponds
to the loess deposits of the euetta plain. The orher is of a reddish brorvn colour,
impcrfectl l '  but distinctly stratif ied, rvhich appears to correspond to the undisturbed
cguivalents of those beds which, in ttre Queita district, have been classed as Siwalik.
. . The. drainage of the plain presents feitures of interest. on the north two con-aiderable streams enter ihe uairey. one of tbese drains the sinjdwi valrey and flowspast Ddki' The ordinarv florv oi this stream is entirely absorbed by cultivation andtnc llobd rvaters spread out over the plain, partry soaking into ir, partly accumulatingin the hollows, whence they gradually Jir"ip.", by percolation and evaporation.The other is the Hanamb,ir streal, o'nlcl rs yoinld near chotidri by rhe Nar6chillowing from the east, and the combined rvaters flow out through the hiils at Tang,or' 8s it ig more commonry called, the Ghdti bridge, being theri and for the rest oftlrcir course to Babar Ka"i, known 

", 
tfr. fe;i-ri".r.

This, the oniy outret for the drainage or i 'he rnal chotidri prain, is not the oriEi-
r-^Prcrent drainoge out. 

nal course of the drainage, and is, moreover, of uary ,"aa'ntlor. date. The hil ls on eiiher side of it are lorv, and slope
gently to the stream,i rvhich does not f low in any deep curt.tgeorsteep-sided vailey.marking the rong action of denudation. There are nolracer ofrivergravers, ard in the prain abov! the hii ls the stream flows.in a narrow
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channel of zo to 3o feet deep, from rvhich trvo nullahs are cutl ingbackoneither side
into the loess deposits along the foot of the hil ls. Everything marks the outlet as
geologically of very recent origin. The stream bed, after entering the hil ls, is
formed bydeep, stagnant reaches, separated by small waterfalls or rapids, wherethe
water florvs over a steep slope of angular debris. The deepening of this channel
must proceed slorvly, for it can onlv take place through the porver of the floods to
tear angular masses of rock out of its bed, the waters having been deprived of all
solid matter, too coarse to l;e carried in suspension, long before they cross the plain.
This absence of pebbles borne along by the water has deprived the stream of much
of its abrading po\\er and the outl ines of the stream bed, and of the loose
fragments in it, are everyrrhere almost angular. Occasionall.v, however, they exhibit
indistinctly the same sort ofsculpturing as is seen on rocks exposed to the action
of wind blown sand,t rvhich is in this case caused by the fragments of sand carried
along in suspension by the water.

After a course of a couple of miles, down what has all the appearance of the
valley of a smali tr ibutary stream, as in fact it originally was,
there is a broad open valley leading up to tbe west, and
immediately beds of river shingle appear. Following up

this siCe valley, it can easily be recognized as the old outlet of the river, which once
gathered all the drainage of Thal Chotidli. It is broad and open, and the Ghrizi;
shales, which are the rock in st' lu, are very l itt le seen, owing to a cover of river
gravels cut into by numerous small stream beds, The surface of t lr is gravel deposit
gradually rises to the west and ultimately forms a broad and almost imperceptible
ridge at the eastern end of the Kardhi plain. The same gravels are seen in the
ldge of low hil ls, which runs east and west, north of the Iiardhi plain, where they
are disturbed, forming in places the whole of the ridge, but, in orhers, only a skin
over a central core of older rocks.

lVe have here the old course in which the Bdji river flowed ; its flow was checked
by a rise of its bed along the anticlinal which runs south of the Kardhi plain, and
finally closed by the rise of the ground at its eastern end. The formation of the low
hil ls, separating this from the main area of the Thal Chotidli plain, was of later dare,
and it isnoteworthy tbat these hil ls l ie along the continuation of adistinct anticlinal.

The evidence that the compression and folding ol the strata did not take place

H istory of th e p,ain. ;iJ:;, Tr:::,i?::l_T^. ::::"ffi.;,il,_lf 
,,;:T:nT;

the river valleys, is peculiarly abundant in the Thal Chotidli district, and it would
be most interesting to work out the details with greater thoroughness than I was
able to do on my somewhathurried visit. We have first a certain amount of dis-
turbance, the formation of a large drainage basin and extensive denudation.
Then rve have earth movements by which an area of ciosed drainage was formed
and deposits accumulated ; at a subsequent date a further movement caused the
elevation of the low hil ls betrveen Ismail Khan and the Kardhi plain, and, at a
still iater date, some of the fine grained loess deposits along the margin of the
hil ls rnest of the Gh6ti bridge bave been localty elevated and deeply cut into
by the resulting erosion. Meanwhile the surface of the plain had gradually risen,

r  See Records,  Vol  XXI,  page t59.

Old course of the
B6 j i .

iiq
il,iii
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cxtending up a small tr ibutary valley which originally f lorved northrvards past rvhere

the Ghdti bridge now stands, t i l l  i ts level reached that of the divide. Some of the

tlood vaters then flowed over this and, washing arvay the weathered and easily

removable rock at the surface, established a defned channel, along which much

of the drainage Dow escapes. Such are the main points in the history of the Thal

Chotidli Plain.

Economc geo,ogv. 
",lTJ;:il,ff i:'ll"::ii;1ffi?:;l;:ffilH: i::l
interesting.

Traces of petroleum are widespread, and were found in the l imestones of the

Petroleum.
Dunghan groupat several spots throughout the area surveyed.
It is most concentrated along the Khattan anticlinal. Old

florvs can be found in the DCs valley,-and, in a corresponding valley, which drains

tbe south side of the anticlinal. The shorvs are most abundant about the horizon of

the red sandstone mentioned in the description of the Dunghan group. It is worthy

of note that where this group is most profusely fossiliferous, most conspicuous

eigns of petroleum are found, and it is impossible not to hazard a guess that the

coincidence is not accidental. As this petroleum has already been noticed in a pre-
vious paper I and been made the subject of a speciai report, I shall not enter further
i r r to  the mat ter .

Coal was found near Duki in several places, but the thickest seam seen only

Coal. measured 14 inches, so it is not l ikely everto be of import-
. ance. The distance from any centre of demand would very

much detract from its value even if good seams existed.
Gypsum was observed in great abundance and thick beds, one measuring 5o feet,

Gypsum. near Mdmand and in the Khattan valley; it \ i l i l l  be long
before it is worked for profit, though it is of excellent

guelity, and, if i t could be easily got out, could be used for ornamental purposes.

Petrological Notes oa the Boulder-bed d the Salt Range, Panjdb, by C. S.
Mtoolelttss, 8.A., Geological Suraey of India.

'  INTRoDUcT toN .

The rock-formation known as the Boulder-Led of the Salt Range is one that has
Ittracted much attention of late. as previous papers in the Records by lVarth, Old-
hrm, Blanford, lVaagen, Nledlicott, and myself during the last few years can testify.
It is unnecessary here to do more than shortly re-state 1vln1 has norv been definirely
cstablished as regards irs age and mode of formation. Instead of therebeing several
crystall ine boulder-beds at different horizons in the range, it has been abundantly
proved that there is but one bed forming a bottom Iayer to the Speckled Sandstone
$ege and its eastern representative, and resting unconformably on the older paleo-

t  Rec., Gaol. Surv, lnd., XXIII ,  page ro4 (r89o).
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