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if 6 has a greater value than 2217 (Fig. 3).
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Vertical Section through epicemrg and nearest point of
boundary fault.

For, observations as well as theory of frae-
tures” produced by loading always indicate

[ —

that they lie along @ curve suech as OB,
The depth of the faults helow the observed
epicentral tract  will theretore  he  about
20 k., and if an clongated rock of dinen.
sions 1H0 km - 100 ko and thiekness 16 ko,
(rectangular, elliptieal ov ofher shapey wos
Iving across the fanlt af thix depth and was
strained, it roukd by fracture give the cneray
required forthe production of the envthgihe,
The two subgidiary epicentral (racts near
Khatmando and Moughye were  probably
induced by a major cvack of this kind,

The carthguake oceurred on o new ooy
dayv, and on suech o day we gel o body tide
due to the elastie yiehding of the sobid maternd
of the earth, sueh that the height of the
oceans, as measured by the reise aod ol
of the sea, relative to the bnud ds reduesd
to about # of (he frae equilibrivn heighd
(if the rigidity of carth be assunwed to be the
same as thatl of steel). On that  day ol
an - almospherie  disturbance  was  pursing
over Northern Indin and Darwin has shown
that il the dilference of bharometrie pressupne
between congecutive regions ol hidelt 7 and
“low ™ pressures he Hoemn of mereary o
it the centres of “high™ and “low ™ he
1,500 miles apart, then as o consequeners of
the yielding of the ground, it will be 9 e,
higher under the barometrie depression than
under the elevation,  These cuauses caoulbd,
therefore, coneeivably have served to produce
a kind of {rigger action.

Some Recent Advances in Indian Geology.*

By . W. D. West,
Geological Swrvey of [ndia.

5. The Geology of Salt Range.

THIS comparatively small range of moun-

tains in the northern Punjab has Tong
been regarded as the show locality of Indian
geology. Its fairly complete geological re-
cord, its abundant fossils and its complicated
structure have combined to make it a place
of great attraction to geologists. Bound up
with the correct interpretation of its struc.
ture is the question of the age of the Saline
serles, concerning which almost every geo-
logist who has visited the Salt Range seems
to have propounded a theory. The problem
1t will be recollected, lies in the fact that

7 Banerji, Bulletin Cal. Math. Soc., 1921, 12, 93.

* Published with the permissi £ SaotAp
Geological Survey of Inlzlia, ssion of the D1‘1ecboz,

while in the Salt Runge the Saline series
undlerlies rocks of Cambrian  (or peoasibly
pre-Cambrian) age, in {he Kohat  distriet,
ouly 17 milex away, it underlios rock. of
Upper  Nummulitic (Middle  Koeener  awe
And sinee in the Tatter place it was eon
sidered by Do N. Wadia and L. M, Dasies
to be of lower Kocene aget oo view  snbe-
quently corroborated by 1. . Gee, ifs
stratigraphieal position in the Salt Runge
was difficult to understand.

There is no need to summarise the early
stages of this contFoversy. “Rullice it to say
that Six Rdwin Pascoe, as a vesall of Dis

Y Drans. Min. Geol. [ nsl. Ind., 1024, 24, 202,

? Leec. Geol, Swrv. [nd., 1031 2073 ¢ e
Sci., 1984, 2, 461. ’ . 65, 20 and Cure.



studios of the oil-hearing strata of north-
wostern Indig, suggested a Tertiary age for
{he salt deposits of both the Salt Range and
{he Kohat area.  This view necessitated the
introduction of an overthrust between the
Saline series of  the Salt Range and the
overlying Cambrian beds. The ehiel objec-
tion 1o this view was (hal no Salt Marl had
been Tound in the Tertiary rocks ol the
higher parts ol the Salte Range, Slll{m;~
quently o S0 Pox, as o eesult of a0 visit
to parts of the range, gave  reasons for
reverting to the Cambrian age of the  salt)!
4 view  which also reeeived some support
from the faet that sadt deposits were found
in Persia associnted with Canbrinn rockas,
Maore recently, Gode o Cotter, after tirst
aceepling a Cambrian ave as probable on
the balanee of evidenee” has now supported
the view that the Saline series s ol Ranikot
age, sugeesting that its plaee ol originat
deposition was in the Soan seasvneline o
the north of the Nalt Ranee, and that durine
folding movements assoectated with the final
uplift of the ranee and of the Kala Chitta
hills some of the salt ol was indroded
southwards into its present position beneath
the Cambrian beds. It his to he admitted,
however, that owine to the thick covering
of upper Tertinry roeks in the Soan geo
syneline of the Potwar, the Saline servies s
nowhere seen in sttt in its supposed original
position beneath the Laki beds.

In the midst of o mueh speenlation it i
refreshing to know that during the  pust
Sixoovears ocareful re survey ol the Nalt
Range has been earricd out by 16, R,
Gee whose mmpping has been o continued
westwards  aeross the Indus to liok
up o with the tranes Indus ranges and with
fhe  Kohat  sall region to o the north,
A summary of the conclusions that e
resulfed from this survey has, i so faroas
the Saline series s coneerned, alrendy bheen
published in Carrent Seienee. i this Gee
maintains that the Saline sevies of the Salt
Range area ds essentially in site, and that
the deposit is homotaxial with that of the
Kohat sall region and with the Nunonulitie
lmestone  and - shale deposits of - Lower

oMem. Geal, Swerl Tad,, 1920, 40, 258571,
BeeoGeol, Sure, Tudd,, 1008, 61, 117,
T he Stewelure of Asia, 1924, 3,

Mem. Geol s Sure, Tud., 14933, 85, 149-150,
8 Curre, Sei,, 1031, 2, 160163,
Jq

Prov. Fight centh Tmd, Sei, Copgr., 1931, RAINTEE
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Kocene aze which cover wide areas in north-
western India.
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To make clear the latest views on the
stratigraphy of the Salt Range, a diagramma-
tic section showing the general geological
sequence is given, for the construction of
which I am much indebted to Mr. Gee.
In this simplified section, taken roughly
along the length of the range, the lateral
variations in the sequence are indicated.
Two marked unconformities are shown.
One separates the Lower Palwozoic from the
Upper. Along this line the Talchir boulder
bed (Upper Carhoniferous) overlaps succes-
sively westwards across the Salt  Pseudo-
morph beds, the Magnesian Sandstone and
the Neobolns Shales on to the Purple Sand-
stone strata, and finally, as a result of
overthrusting, comes to rest directly on the
Saline series of the western part of the range.
This unconformity with overlap has been
discussed by R. D. Oldham and C. S.
Middlemiss.” That the overlap is less regu-
lar than was previously sapposed has recently
been pointed out by Gee, local exposures of
the fossiliferous Cambrian beds cropping up
around Chhidru in the western half of the
range.'

The second large unconformity, first recog-
nised by A. B. Wynne, occurs beneath the
Eocene nummulitic rocks. It is marked by
a thin irregular bed of ferruginous shale,
often pisolitie, which evidently represents
an old land-surface. In the extreme east
this ferruginous pisolite rests on Talchir
shales, in the middle portion of the range
it overlies the Productus Limestone, while
in the western half it lies on varions horizons
of the Mesozoic rocks. The nummulitic
rocks above the unconformity were, nntil
recently, regarded by most observers to be
Laki in age. It has now been discovered
that at least the lower portion of the sequence
is Ranikot in age.!

A third unconformity, less marked in he
field than those above-mentioned, but none
the less importans, is represented by the
junction of the Murree Kamlial beds with
the underlying Nummulitic Limestone.*
This unconformity was thought by earlier
workers to represent the whole of the
Oligocene ; recent work by Pilgrim, Cotter

8 Reec. Geol. Swre, Ind...
op. cit., 1891, 24, 21-24.

10 Op. cit., 1234, 68, 115-120.

11 Director's Annual Report for 1931 (in the
press). .

12 Mem. Geol, Surv. Ind., 1933, 55, 101-104.

1886, 19, 127-131 5 and

amd Labirt has enabled ifs Iimits to be more
clearly defined. ™

Regarding the exact age and corvelation
of the various rock groups, mueh palvonto-
logical work still remains to be done. Recent
fieldwork by Gee, however, has shown the
close relationship in age between the Neo-

“bolus Shales, the Muagnesian Sandstone and

the Salt Pseudomorph beds, all of which are
probably Cambrian.™  Ax regareds the under-
lying Purple  Sandstones, Fox  has stated
tnat. they are conformably overlain by the
Neobolus Shales, and he places boll in the

Middle Cambrian.®™  (ee has found in plices
that the Neoholus Shales rest with o thin
basal conglomerate on  the Purple Sand.

stones, and he regards {he latter ax Cambriun

or pre-Cambrian.  No fossils  have so far
been found in them.

Coming now to the Upper Palvozoie
rocks, plant remains  of lower Gondwians
type have been found by Gee o in shales

overlying the Talehir boulder hed,'™ whilst
higher in the sequence, in similar earbona
ceous shales among the lower hall of the
Productus Limestone, Cotter had previonsiy
digeovered Gangamopt ¢ris and Glossopteris,
The  Warcha  seetion  of  the  Productus
Limestone has been  deseribed by Cowper
Reed, Cotter and Lahiri.'™  In the Juressic
beds, which incelude a thick sequenes in the
western part of the Salt. Range and which
are also well represented in the frans Induos
anges, an Upper Gondwana torin has ve
cently been found by Gee.'

It will be remembered thad the Nunnnulitie
series (of  which only the lower half s
represented in the Salt, Range) ineludes the
Salt Range coal seam in {he castern half ot
the vange, where the seam occurs not far
above the ferruginons pisolite.  Traced west.
wards, however, thick nodular foraminifer)
limestones come in below {he coal, while
the Tatter passes into o carbonneeons shule,
as originally deseriboedd by Wynne. In the
western part of the Saoli Range, howeyver,
near Daud  Khel, exposures showiie (e
lateral passage of the upper limestone (above

¢ Ree. Geol. Swrv. Ind., 1910, 40, 1S5 and
op. cit., 1933,43, 261, and roference 12 abave,

'+ Op. cit., 1934, 68, 115.

15 Ree. Geol. Surv., Ind.. 1928, 61, 117.

18 Op. cit., 1938, 67, 22.

1T Op. cit., 1930, 62, 443,

18 Reference 16, 412-44:3.

19 Op. cil., 1929, 62, 1623,
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the coal-shale stage) into massive gyvpsum
have rvecently  been  discovered by Gee,
together with evidence indicating the passaoe
of the underlving coal shale stave into salt
bearing marl.™  Both the gyvpsum and the
nuarl l‘)t*lnn}_: fo the Saline series. I is con
cluded, therefore, that the Saline seres of
the Salt Range (and of Kohat) represent
local saliferous facies of Lower Nunonulitic
(Lower Bocene) sedimentation,  This eritical
secetion, which appears to have heen over
[ooked by previous observers, apparently
provides  decisive  evidenee  recardinge  {he
age ol the Saline series,

Above the Numumulitio veries of the Salt
Range the middle and upper Tertiary fresh
water strata cover wide areas vorthwards
across the Potwar platean and the Kohat
area. and to the west. These sodiments, {he
vertehrate Fauna of which has heen studied
by Go I8 Pilerim, have recenthy heen etadied
i defail by R.ovan Vo Anderson and by
Cotter and Lahir,

Regarding the stracture of the Salt Ranee,
opposing  views  have  heen put forward,
Some geologists have interpreted  the oh
served relations of the roeks as heine due to
overthrusting.”™ (% S0 Fox. on the other
hand, has endeavoured to explain theae
struetures without the assistance of dynamie
forees, atfributing them to isostatic moye
ments which have resulted from a relatively
plastic salt marl havine uuderlain the higher
strata ol the Salt Ranee' Gee, however,
appears to he convineed (hat at least the
larger folds, overfolds and thrasts are does
finitely  of tectonic origin. 1o order o
explain. the presence of the Saline  series
beneath the Lower Palivozoic rocks of {he
range, he o postulates s inmense preoular
thrust adong which the rocks have oy ed
towards the south in (he Salf Ranwe and
towards the cast in the fans Indus FNLes
i post-Nummulitie and pre Siwabik times
(Few Tate Bocene and Oligocene), involving a

B Qurr. Sei., 1934, 2, 460 161,

*Inoa paper read by Messes, 1, 1ov nued Moy,
Majeed, of the Burma Ol Cag, Lid., af the recent
meeting of {he Indian Seijenee Comgereas, Turllep
evidence, hased on e examination o heayy
mineral vesidues, was hrought forward in suppor!
ol the Tertiary age of the Saline series of Lhe Salt
Rangoe.

CEV Bl tleal. Soe. Awer., 14928, 38, 6633 and
Mem. Gieol. Sure. Ind., 1923, 58, 4,

2 Mem, teol, Surv. Tnd., 120, 40, 308371,

3 Reforence 15.

 Reference S,

~

v

CURRENT SOITENCE

415

movement ol not less than 20 miles. The
nappe involved in this primary thrast in-
cluded the Nammutitic and underlying rocks
of the Potwar, Kohat and Bannu areas, and
continued further afield to link up steadi-
Lraphically with the roeks of what are now
Che Thimalaya and  Sukiman ranges.  Tle
Fhinks that a second period of wente teetonice
movement commenced in the Tate Tertiary
and continued into sub-Leeent times, the
forces coming from (he same northerly and
westerly divections. Owing o the faet 1 had
hee Salt Range and ans-Indos rocks hadd
alreidy, ab the time of s second period of
carth-movement, approaehoed closely to the
Arehiwan  wassif (o the sottth, of  which
retmantys are now exposed in the Kirana
hills, Turther movenment towards the south
was impeded, wd (he Torees were gpent in
causing the acute folding and duplication by
overfolding and shearing ol the Salt Range
strata. Darving (his second period of earth-
movement the Saline seriey was Iving  be-
neath the heds of the primary nappe and
was therefere folded and sheared along with
the datter ax thongle it were g portion of a
normal stratigraphical sequenes, 11 iy in
thiy that he explaing the  intimate
refationship of the Saline series and  the
Palwozoie  rocks of  the Sl Range, A
Faller account of these conclusions regarding
the age of the Saline sevies hos already

Wiy

Sivppeared in Current Seienee Tor June, 10341,

6. KEpilogue.

In bringing to o close Lhiy series of short.
articles outlining {he main lines dong which
recent work in Indian geology  has heen
developing, T may  refer very  hriefly” 1,
coertain researches which for vivious reasonsy
I have omitied

fodiseuss  Chiel among
fhese s the recent work  whiel has been

carvied oul on the geology of the Gondwang
aystent. This has been done in the main
by Co8 o and 11 Crookshank, who have
adeded  considerably o our knowwdege of
this important period of  Indian geology.
For a general acconnt of {he geology  of
these roeks the reader s referred (o oy
recent memoir on the Gondwana, Nystem,*
whieh forms o part of this great work on the
coallickls of Tudia:  while the Gondwana
rocks of part of the Sabpura hills in the
Central Provinees have been doserihed hy
Crookshank in a memoir which is now in
the press Perhaps the most interesting

SooMem. Geol. Sure, Tad., 1931, 63.
26 Op. cil., 66, Part. 2 (in the press).

I
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discovery in Gondwana geology has heen the
find by K. P. Sinor near Umaria in Central
India of a marine fauna in rocks which had
hitherto been regarded as wholly continental
in’origin.*™  These rocks were subsequently
mapped by 1. R. Gee,* and the fossils Tound
in them deseribed by 1. R. Cowper Reed.*
Reference shonld also be made to Siv Thomas
Holland’s presidential address to the Geolo-
gical Society of Lendon in 1933, wherein
he discusses comprehensively the evidenee
hearing on the age of the glacial phase al the
beginning of the Gondwana period.™ Finally
a general digeussion from the palwontological
standpoint of the question of land bridges
in" Gondwana times has been given by
C. Schuchert® ; while A. I du Toity, a
supporter of the hypothesis of continental
drift, hag discussed the classification of the
sediments of Gondwana times and  the
question of the boundary between  the
Carboniferous and the Permian.™

I have in these articles made little vefer-
ence to recent work on the general struceture
of India, except indivectly in the seetiony
dealing with the Himalaya. Atfention,
however, may be drawn to two papers
which are of importance. The lirst contains
a discussion by Dr. L. T.. Fermor on the origin
of the Aravalli range.” In this it is con-
cluded that there was an original fold-range
in pre-Vindhyan times which was largely
eroded before the deposition of the Vindhyang
(* Cambrian), and that this range wiws
subsequently rejuvenated as a horst hounded
by faults in post-Vindhyan times. Thus
Mc Geol. Surv. Ind., 1922, 54, 14, Bull No. 2,
Wreol. Depl., Rewuh Slate, ‘Rewah State Coalliclds’
1923, 1-22.

8 Rec. (Feol. Surv. Ind., 1928, 60, 399.

29 Op. cit., 367.

80 Quurt. Journ. Geol. Soc., 1933, 89, G,

SU Bull. (feol. Soc. Amer., 1932, 43, 875,
ﬁg%ﬁept. XVI Intern. (eol. Congr. Washington,

193:
33 Rec. Geol. Surv. Ind., 1930, 62, 391.

ity present aspect as o mountain ranse 1y
regarded by Deo Fermor as vouneer than had
hitherto  been  thought and  not direetly
conneeted  with the originag Toldies The
second paper is by oA Glennie, amd deads
with the data provided by the uweodetic
investientions  of  the Survey  of Todia, !
This is an ilaetinating paper, Tor i onershig
the gecdetie evidenee inosueh aoway as (o
throw dight Trom o new ancle on neny
problens ol Indian geoloey.  And thonuh
i seems that there fn s a long way to wo
belore the observed faets ol ecoloey and the
egeodetic evidenee can be satistaetoridy corve
lated, the paper is one which shound be
read by evervone  taking  an o intellisent
interest in the hroader aspeets of oadian
geology and in general problems of carth
history.

In conelusion, it can, T think, he eliimed
that the advances which have been mgude
in ouwr knowledge of the geology of Tudie

during  the  past deeade, whieh | have
alttempted  to owline in the precedine
articles, have been very  considerable, I

any geneval concelusion can he drawn Trom
a survey ol this work, it is perhiaps that
recent. work has for the most part demon
strated  the soundness ol the foundations
which were laid 60 and 70 years ava by the

pionecrs  of  Indian geology,  chiel tmong
whom were 110 B Medlicott anmd W, T,
Blanford.  Mueh of this early work had o
significance  which  extemded  bevond  the

houndaries of Tndin,  Whether the sanwe can
be sadd for the more recent work time alone
an Lell,

Finally, Texpress my thanks to Dy, Fermor
for readine through the whole of thew
articles, and for offering o number of vahuble
suggestions,

“The man who makes wo misinkes does nol
wswally make anything.” - Wowann J. Paepes,

oSnevey of Indin, Professional Paper No. 27,
1032,

Obituary.

E regret to announce the sudden death of

Dr. Ganes Prasad, M.A., v.8¢., Tardingo
Professor of Higher Mathematics, Caleutta
University, on the 9th inst. Dr. Pragad was

Yo o e s e

well-known
fonders of

a prominent  edueationist,
wathematician and one of the
the Agra University.



