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Some Recent Advances in Indian Geology.*

By W. D. West,
Geological Survey of India,

INTROINUCTION.

HE Editor of Current Science has asked
me to contribute an article on recent
advances in Indian geology. The following
notes, dealing with certain aspects of the
subject with which I am more familiar,
have been put together in the hope {hat
they may prove to be of interest not only to
students of geology in India, but also to
geologists outside India who have not the
time to keep in touch with developments in
this country.

Perhaps the most disturbing feature of
modern Scientific work is the immense oat-
put of literature which is continually
appearing in every braunch of science. B0
great is this becoming that it is a matter of
difficulty for any worker to keep in touch
with the progress that is being made, even
in his own subject. This difficulty applies
with particular force to geology. Modern
geology has become so comprehensive, and
its various aspects have become so specialised,
that 1t has been said that there are no longer
any geologists but only specialists in varions
branches; while specialists have been
defined as those who know more and more
about less and less. India is a large place,
with a very varied geology and the consider-
able number of papers on Indian geology
that are continually appearing, overburdened
a8 they often are with the details of their
subject, make it difficult for anyone not
directly interested in them to appreciate
fully the progress that is being made. In
writing these notes, therefore, I have tried
a8 far as possible to draw attention to the
main lines along which our understanding
of the geology of India is developing, rather
than to summarise every paper that has
recently appeared, which would in any case
be impossible within the limits of & Series
of short articles.

I have divided this account into five
sections: (1) The Archaan Rocks of Penin-
gular India, (2) Deccan Trap volcanic acki.
vity, (3) The geology of the Himalaya, (4)
The geology of Burma, () The geology
of the Salt Range. A gection dealing with
recent advances in palzontology by Mr.

~ * Pyblished with the permigsion of the
Director, Gieological Survey of India,

D. N, Wadia hag already appeared in Current
Science (December, 19333, The section on
the geology of Burma 18 being contributed
by my colleague Mr. V. P. Sondhi, to whom
I am much 1ndebted.

THE ARCHAEAN ROCKS OF PENINSULAR
INDIA.

The Archean rocks of India oceupy &
greater area than auny other formation,
They are important economically In con-
taining rich deposits of gold, iron, manga-
nese and mica. [t is unnecessary to stress
the importance of pure scientific research 1n
the bearings which it may have on economic
development; and a detailed study of the
Archean roecks in India, such as is being
carried ob 1p certain areas, needs no further
justification, The problems associated with
Indian Archsean geclogy are s0 many, and
their proper diseussion would be so labo-
rious, that in the following notes only a
very general account can be given of the
maln trend of recent work. It is unfortu-
nate that most of this work 18 yet un-
published, and some indication of the lines
along whieh 1t is developing may therefore
prove to be of value.

The peculiar difficulties that beget the
geologist who i8 ecndeavouring {o interpret
the geological history of Areliean times
are well known, The metamorphisin which
these rocks have undergone has in some
cagsey made originally dissimilar rocks
appear similar, while in other cases the same
rocks have been made to appear profoundly
different In different places where they have
suffered varying degrees of metamorphism,
A furtherdifficulty in the way of correlating
these very old rocks is that many of their
outerops have become isolated from one
another, either by the denudation of inter-
vening tracts or by the superposition of
later rocks; and it is difficult sometimes to
ba certain whether a dilference observed in
the rocks of two noighbouring but separated
tracts i8 due to actual difference in the age
of the rocks, or to lithological variution, or
to the effects of varying metamorplisn.

Before referring to the recent advances
made in this branch of Indian geology a
word may be givey about the classitication
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of these old rocks. 7This question of nomen-
clature is a thorny one, and perhaps the
less said the better., But two points call for
comment. It 18 becoming increasingly clear,
more especially as the result of Dr. A. M.
Heron's researches in Rajputana, that the
old metamorphosed rocks of India of undoubt-
ed sedimentary origin have to be subdivided
into two or thiree systeins, separated from
each other by big unconformities, The term
Archean was first introduced by Dana in
1872 to include all rocks older than the
Cambrian.” But it is the eustom in many
eountries to restrict its use to the more
highly metamorphosed rocks older than the
Cambrian, and to designate the less
metamorphosed roeks as Pre-Cambrian or
some such term. As regards India, m 1906
Sir Thomas Holland divided all rocks older
than the Cambrian as follows ;2

Purana Caddapah to Vindhyan.
Dharwarian 1
Eruptive gneisses and granites
Archsan . 1 Schistose gneisses
Oldest gneisses,

Such a classification, while it may have
served a2 useful putpose nearly 30 years ago,
18 clearly inadequate at the present day. It
18 not proposed here to suggest any alterna-
tive. But the work that is gradually being
completed in the several Archwean tracts in
India, which is referred to in the following
notes, should, after the effects of varying
metamorphism and of changing lithology
have been disentangled, lead in the end to

a natural classification based on fuller dats |

than are at present available.

The otlier point which must be referred to
here concerns the use of the word ¢ Dharwar'.
Until quite recently this name has been
nsed to embrace all the bedded schists of
Archzxan age, including both metamorphosed
sediments and contemporaneous lava flows.?
But the recent work® in Rajputana and Bihar
and Orissa has indicated the presence of two
or more series within the Archaean, separat-
ed from one another by unconformities.
The use of the term Dharwar in its original
comprehensive sense can thus no longer be
maintained. To avoid misunderstanding it
will therefore be better in future to refer to

1 Amer, Jour. Sci., 3rd series, 1872, 3, 233,
2 Trans. Min. Geol, Inst. Ind., 1906, 1, 47.

3 F.g., 1. L. Fermor, Mem. Geol. Surv., Ind.,
1909, 37, 1120; and J. A. Dunn, op. e¢if., 1929,
o, 154.

t Rec, Geol. Surv, Ind., 1886, 19, 98,

the Archaan rocks of each tract by their
local names, the term Dharwar being restrict-
ed to the rocks of the Dharwar district and
adjacent tracts in Mysore. In this way no
implication of correlation will be introduced
into the nomenclature which is not justified
by the known facts.

In the following account attention will be
confined to the four tracts in which detailed
work has recently been done,

RAJPUTANA.

In Rajputana Dr. A. M. Heron, who com-
menced work there in 1908, has now complet-
ed the mapping of the crystalline rocks, and
the publication of the details of his work is
being eagerly awaited. As a result of this
work two points are clearly brought out
which are of particular interest.  First, the
necessitty ot dividing the crystalline rocks of
this area 1nto four distinet groups or systems,
separated from each other by marked uncon-
formities freguently accompanied by ecan-
glomerates. Second, the remarkable way in
whicl some of the oldest rocks in India are
in certain places still in the condition of
almost unaltered shales and slates,

As regards the former point, the crystalline
rocks of Rajputana have ta be divided into
the following groups, given in order:

Delhl system

unconformity with conglomerate
Raialo series

— unconformity with conglomerate
Aravalli system '
— unconformity with conglomerate
Banded Gneissic

Complex

Of these the Raialo series, which inciudes
the well-known Makrana marble. s the
smallest and least 1mportant, and is often
missing.” The Banded, Guneissic Complex, to
be distinguished from the injection gneisses
formed by the intrusion of acid magma into
the Aravallis and Delhis at a much later
date, 15 thought to be the equivalent of the
Bundelkhand gneiss of Eastern Rajputana,
though the two are never geen In actual
contact. They are mainly of igneous origin,
hut there do occur amongst them biotite- and
chlorite-schists and granulites which wmay
represent metamorphosed sediments greatly
Injected by both basic and acid rocks.® They
are the oldest rocks in Rajputana.

Perhaps the feature of greatest interest
which has been brought to light by Heron’s

5 Op. cil., 1929, 62, 172.
6 Op. c¢it., 1930, 63, 143.
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work is the way in which the Aravallis are
in places still in the condition of practically
unaltered shales and slates. We have, In
fact, in Rajputana one of the largest areas
in the world of Archesean rocks which have
suffered little or no metamorphism, perhaps
only to be parallelled by the little altered
Archean rocks of IFinland. The way in
which such rocks have escaped metamorphism
during Archzan and later tines is one of
the most interesting problems of Indian
Archezan geology. When traced along the
strike to fthe south these Aravalli rocks
become injected with acid magma on an
iminense scale, and the rock becomes &
banded gpeiss.” Further south still the
injection dies out, and slates are found once
more. These composite guneisses are de-
scribed by Heron as being exactly similar to
the injection gneisses in Sutherlandshire,
Scotland, recently described by H., H. Read.
In Eastern Rajputana the Aravalli rocks
rest nnconformably on the eroded surface of
the DBundelkhand gneissose granite, and
there seems to be no doubt now a3 to the
relative ages of these rocks.

The Delii system provides a problem of
correlation which wmakes the geology of
Rajputana of such intriguing interest. Jor
the rocks of this system, although belonging
t0 a late period of Archwan geology, are
considerably folded and highly metamor-
phosed. They are in fact in many parts of
Rajputana more highly metamorphosed than
the older Aravallt rocks. To understand
how this has come about it 18 necessary (o
state that structurally Rajpuatana 18 domi-
nated by the great Delllt syunclinorium,
which runs in a N.E-S.W_ direction in
north-east Rajputana, swinging round to a
N.-8. direction in southern Rajputana and
Bombay. HHeron deseribes 1t as having
roughly the shape of an hour glass, being
narrowest in the centre and splaying out m
the north-east and in the south. Thisis due
to the fact that in the centre the syneline 18
a simple fold, but to the north-cast and to
the south 1t becomes complicated by the
appearance of many secondary folds, and
the outerop becomes much wider, The fact
that the Delhi rocks in the centre of the
synclinorium are more highly metamorphosed
than the older Aravalli rocks, i8 thought by
Heron to be due to the fact that they were
more deeply buried and more grestly
intruded by igneous rocks than the undaer.

iy

T Op. cit., 1929, 62, 171-172.

- inversion and overfolding are general.

——

lving Aravalli rocks which are only seen in
the outer parts of the gynclinorium.” This
anomaly of metamorphic grade leads C. S.
Middlemiss to adopt a reversed order of
superposition for the Aravallis and Delhis
in [dar State, at the south-west end of the
synclinorinm.? But Middlemiss, In investii-
gating only a small area, was handicappedin
being confined in his work to a comparatively
short distance along the strike; and more.
over the Delhi- Aravalli unconformity is not
recognisable as such within Idar, wiile
The
later work of Heron, carried on over %
greater area, and including the tracing of
the Delhi-Aravalli unconformity for $ome-
thing like 500 miles, and the mapping of the
lower unconformity of the Aravallis upon
the Buudelkhand gneiss and the banded
gneisses, bas settled definitely the age
relations between the major rock groups of
Rajpntana,

In post-Delhi times the south-western side
of the synclinorium was swamped with
great intrusions of granite at two diflerens
periods. These igneous rocks, together with
four different sets of basic intrusions and
extrusions, have been deseribed in detail by
A. L. Coulson in his accouat of the geology of
Sirohi State.’  The first acid phase includes
the Erinpura granite and its assoclated
aplites and pegmatites, intrusive into both
Aravalli and Delhi rocks. No wvolcania
rocks are found associated with this phase.
The second phase of acid intrusion is known
as the Malani system. Tt imcludes the lLdar
oranite as the plutonie phase, a variety of
quartz-porphyries, felspar-porphyries, grano-
phyres and similar rocks as the hypabyssal
phase, and rhyolites and dellenites a3 the
voleanie phase, including the well-known
Malani rhyolites. Of consuderable petro-
graphical interest 18 the 8uite of igneous
rocks intruded nto the Erinpura granite
pear the village of Mundwara, on the
western border of the State.  These inelude
picrites, gabbros and dofterites, basalts and

pyroxenites, sodalite-sycnites, and agglo-
merates. The memoir i3 accompanied by &

large number of chemical analyses, which
add to the interest of the petrographical
descriptions.

On the eastern side of the Delhi synelino.-
rium, B. C. Gupta has described the goology
8 Op. cil., 1031, 85, 143-144,
® Mem, (Jeol, Surv. Ind., 1021, ¢4, Db ¥,
¢ Op, cif., 1934, 63, pt., 1,
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of Central Mewar in a memoir which is now
in the press,”' The paper is of value In
giving a detailed description of the Banded
Gneissic Complex and of the Bundelkhand
gneiss. Although the two are everywhere
separated by a belt of Aravalli rocks, and
although where seen on either side of the
belt they are markedly different, Gupta
agrees with IHeron in regarding them as
roughly the same. He looks upon the
Bundelkhand gneiss as having crystallised
ander very deep-seated conditions, while

the gneissic complex with its heterogeneous |

structure is thought to have been formed
in & higher zone of the earth’s crust, where
there was more opportunity for the inci-
dence of directed pressure, as well as a
fairly high temperature. The Aravallis rest
on both with an erosion unconformity,
sometfimes accompanied by conglomerates.

CENTRAL PROVINCES.

In the Cenfral Provinces, what 1s un-
doubtedly the most detailed mapping that
has so far been attempted in Indian
Arch®an geology has been carried out by
Dr. L. L. Fermor and his co-workers in the
Nagpur, Chhindwara and Bhandara districts.
It is a matter for regret that the full details
of this work are unlikely to be published for
some time to come, though summaries are to
be found in the Director's annual reports.*?

This series of Archean rocks, named the
Sausar series, are economically important for
the rich deposits of manganese ore that they
contain. They have been divided up into a
number of stages which have a remarkable
constancy over the area in which they have
850 far been mapped. These stages are so
distinet, and their order now so well estab-
lished, that it 1s worth while giving them in
detail here, for comparison with other areas.
ITornblende-schists.

Pure facies: white dolomitic
marbles, with serpentine,
tremolite. and diopside.

Impure facies: diopsidites,
actinolite schists, and schists
with wollastonite, grossula-
rite. tremolite, and antho-
phyllite,

Muscovite-biotite-schists with
autoclastic conglomerates.

Chorbaoli stage Quartzites and muscovite-
(? =Ramtek stage) quartz-schists.

11 Op, cit., 1034, 65, pt. 2.

12 See especially, Rec. (reol. Surv. Ind., 1931, 59,
143-44 and op. c¢it., 1931, 65, 100-101.

Sitapar stage
Bichua stage

Junewanbi stage..

Muscovite-biotite - sillimanite-
schists, with lenticular beds
of manganese ore.

Pink calcitic marbles and calci-
i phyres,

Utekata stage .. Banded cale-granulites,
Kadbikhera stage Megnetite-biotite-granulites,

The Ramtek stage was originally given

Mansar stage

Lohang stage

| a separate position, but it is probably identi-

cal with the Chorbaoli stage. All these
stages with the exception of the Sitapar
stage, the hornblende-schists of which prob-
ably represent metamorphosed lava fows,
are now regarded as of sedimentary origin.

In the Sansar tahsil and in the northern
part of the Ramtek tahsil these rocks display
n very high grade of metamorphism, the
¢haracteristic pelitic rock being a garnet-
sillimanite - biotite-schist, while in the
dolomitic rocks the mineral wollastonite
occurs. But traced to the south and to the
east the grade of metamorphism decreases,
so0 that while in the northern and western
parts of the area the manganese ore occurs
in a muscovite-biotite-gillimanite-schist, with
or without garnet, in the southern part of
the area, around the manganese mines of
Kandri apd Mansar, the country rock is
a muscovite-phyllite or schist, in which
biotite 18 very subordinate. In both cases
the stage is the same, being overlain and
underlain by the same rocks in both areas.
Accompanying the increasing metamorphism
in the north there is a great abundance
of pegmatite intrusions.

The complexity of the folding in these
rocks is very great, and W. D. West has
brought forward evidence for the existence
of & ‘nappe’ In the vieinity of Deolapar, 1n
the Ramtek tahsil, whereby slighitly different
lithological facies of the Sausar series,
originally deposited far apart, have been
brought Into juxtaposition with one
another,*’

In addition to these metamorphosed sedi-
mentary rocks, there are a variety ol por.
phyritic and fine grained granites, pegma-
tites and ortho-gneisses which are younger
than the Sausar series. There is also a
enciss which has gone by the general name
of ‘streaky gueiss’. In places this occu-
pies as great an area as the Sausar series.
It has been shown by West that much of
this rock 1s really a composite or injection
oneiss, [ormed by the intimate penetration
of an igheous granulite of granodioritic

13 Ree, Geol. Surv. Ind., 1931, 65, 102-104.
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composition by abundant veins of aplite.'*
Similar injeetion has affected the more
schistose membe%é of the Sausar series,
especially the ansar stage. All these
gneisses are definitely younger than the Sau-
sar series, and there seems to be nothing in
this area ecomparable t0 the banded gneissic
complex of Rajputana, upon which the
Sausar series might have been laid down.

To the south and south-east of this tract
of the Sausar geries there occurs an area of
very much less metamorphosed rocks, known
a8 the Sakoli series. These have heen
studied by D. 3. Bhattacharji and S. K.
Chatterjee, who have shown them to con-
sist of phyllites and slates, haematite-seri-
cite-quartzites, chlorite-schists and jaspi-
lites.’® They are mostly separated from
the Sausar Series by aliluvium; but where
the two series are seen adjavcent {o one
another the evidence suggests that the
Sakoli series are but the upward continua-
tion of the Sausar series. The much lower
grade of metamorphism is due, aceording to
Chatterjee, to their bhaving suffered retro-
grade metamorphism., They will be referred
to again below.

Bruar AnND ORISSA.

Turning now to the third area in northern
India where detailed work has been done,
Bihar and Orissa, we find that, exeluding
yvounger pre-Cambrian rocks which are
perhaps of Cuddapall age, there are three
distinet lithological series of Archean age,
as follows:

Tron-ore series, with Dalma wvolcanic flows
and tuffs at the top.

- ——— — Tt — T L

Gangpur series, limestones and schists with
manganese ore,

I e — L . ]

Older Metamorphic seres.

The oldest, composed mainly of horn-
blende-schists and quartzites, resemble litho-
logically the Dharwars of South India.
The Gangpur series, recently mapped by
M. S. Krishnan, show a considerable resems-
blance to the Sausar series.’® Dr. IFermor
has always maintained that the manganese
ores of India very probably occupy a single
horizon within the Archaan, and in Gang-
pur State the presence of manganese ore
and of hoth caleitic and dolomitic lime-
stones suggosts a correlation with the Sausar

14 Op. cif., 1933, 67, 304.

15 Op. cit., 1928, 62, 132-133 and op, cif., 65.

1¢ Op. c¢it., 1033, 67, 63-85,

3

gerie8. [These rocks are geparated from the
Iron-ore series by a belt of crushing, so
that the relation between the two 13 ob-
scure. They bear, however, no lithological
resemblance to one angther, although found
in adjacent tracts, The Iron-ore scries are
found restipg with a strong unconformity
upon the Older Metamorphic rocks, as
first shown by H. C. Jones.’™ They are too
well known o need description, bnt J. A,
Dunn's recent memoir brings ont well the
way 1n which a single series of rocks may
show very different grades of metamorphism
in different places.’™  In South Singhbhum
thie Iron-ore series is little metamorplosed.
or disturbed; but northwards both tha
metamorphism and the folding increase,
until m North Singhbhum the rocks are
highly metamorphosed and severely folded.
Previjously the Iron-ore series, partly on
account of its little metamorphism in South
Singhbhum and partly on account of the fact
that 1t rests anconformably on older meta-
morphie rocks, had been regarded by Jones
as hikely to be of Cuddapah age, the under-
lying metamorphic rocks being referred to
as Dharwar. Both these series are now
included by Dunn within the Dharwar
system, using the fterm Dharwar ag synony-
mous with melamorphosed Archaean sedi-
ments and including all the schists below
the ILIiparchwxan unconformity. The chief
reasou he puts {orward for suppesing them
to be older than C'uddapah age is that they
are intruded by gneissic granites which are
themselves imntinded by dolerites (i places
metamorphosed to epidiorites),  And since
no mtrusions of dolerites have been kuown
10 Penmsular India between Cuddapah and
Rajymahal (Jnrassie) times, it is deduoced
that the Iron-ore series, the granites. the
dolerites, and the folding and metamor-
phism are all older than Cuddapah, and
therefore Archaan in age.

The Cliota Nagpur granite-gneiss, and
the Singhbhum and other granites, have
been studied in detail by Dunn and by
L. A, X, Iyer." They are intruded into the
Iron-ore serieg, but are all regarded as
Archean in age. The reaction between
these granites and the country rocks, which
has given rise to hybrid rocks and synantetic
minerals, I8 diseussed hy Iyer, who has also

1T Op. cit., 1022, 54, 41,

18 Mem. Gleul. Surv, 'nd,, 1920, 54,

10 Jbid., chaps, X and X1 and Hee. (feol. Surv,

| Ind., 1932, 85, $10,
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furnished a number of chemical analyses of
the various granites.

SOUTH INDIA.

In 1886 R. Bruce Foote mapped the rocks
around Bellary and Dharwar, south of the
great Deccan Trap outerop.*® The belts of
schistose rocks which overlie the main
gneissic foundation, consisting of hornblende
schists, chlorite-schists, quartzites, banded
hematite-quartzites, limestones and conglo-
merates, were named by him the Dharwar
system, and were thought to overlie the
gneisses unconformably, which were therefore
regarded as the older. Subsecquent work,
however, has shown that these gneisses
frequently show intrusive relations towards
the Dharwars, and they are now regarded
as vounger. AS regards the nature of the
Dharwars, it was formerly assumed that,
apart from the hornblende schists and
epidiorites, the majority were metamorphos-
ed sediments. OfF late, however, the Mysore
Geological Departnient have concluded that
nearly ail the rocks of the Dharwar system
are of igneous origin, while the conglo-
merates are regarded as autoclastic. This
point of view is summarised by W, T
Smeeth in *An Outline of the Geologieal
History of Mysore’, in DBulletin No. 6.
Department of Mines and Geology, Mysore
State. With refereuce to this change of
view, C. S. Middlemiss in 1919 wrote as
follows:*

‘So far I think I am right in saying
that no  graphic representation of
these extraordinary wholesale transforma-
tions of granites, quartz-porphyries and
other igneous rock types, infto schists,
conglomerates, limestones and quartzites,
has as yet appeared from the pencil of any
of those responsible for the statements.’

So far as [ am aware this detailed informa-
tion is still not fortheoming, though it may
probably safely be assumed that some af
any rate of the rocks formerly regarded as
sedimentary are of igneous origin, and that
some of the conglomerafes are autoclastic.
It appears, however, that not all the
geologists of the Mysore Geological Depart-
ment are 1o agreement over the origin of
these rocks, B. Ruama Rao in particular
suggesting that some of the erysballine
schists may be metamorphosed sediments.??

29 Ree, Geol, Surv. Ind., 1886, 19, 98.

21 Proc. As. Soc. Beng., 1917, 13, cxcviil.

2¢ Rec. Mysore Geol. Dep., 1922, 21, 186 ; op, cif.,
1924’ 23, 128 ; ﬂ-ﬂd OP‘ cit“ 19251 24' 11:4'1471
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In the above-mentioned paper Smeeth
describes the Dharwars as being broadly
divisible into an upper group consisting
mainly of chlorite-schists, and a lower group
consisting mainly o0f hornblende-schists,
The granites and gpelsses, now regarded as
vounger than the Dharwars, cover by far
the greater part of the area. They include
various types, of which the more important
are the Champion gneiss, the peninsular
gneiss, the Charnockite geries, and the
Closepet granite, in order of age. An
acconnt ot these is given by Sampat Iyengar
in 1is presidential address before the Indian
Science Congregs.®®

Compared with the Arch®an rocks of
other parts of India, the ftruae Dharwars
of the Dharwar district are lithologically
similar to the Champaner series in Bombay,
which have now been shown by Heron
to be idenfical with the Aravalli system
of Rajputana.?* It is possible that the
Arvavallt rocks are continued southwards
beneath the Deccan Trap to emerge in
Dharwar and Mysore as Dharwar rocks.
Recently considerableattention has been paid
to some manganiferous marbles, spessartite-
rocks and taruriles (veined hornblende-
schists with secondary pyroxene) which oceur
near a place called Sakarsanhalli, in the
Kolar distriet of Mysore State. Dr. Fermor
considered these 1rocks similar to the
manganiferous rocks in the Sausar series.?’
They were thought by B. Jayaram of the
Mysore Geological Departmeut to belong to
a low horizon in the Dharwars, or even to an
older series.”” later they were examined
and mapped by P. Sampat Iyengar, who
copcluded that these varied rocks are not
metamorphosed sediments or in any way
comparable to the gondite series of the
Central Provinees, but are altered phases
of the hornblendic rocks, the alterations being
brought about by the contact metamorphism
of acudic intrusions and subsequent meta-
somatic or meteoriec changes.*™ As, however,
he applied a similar origin to the calc-granu-
lites of the Sausar series which he saw at
Utekata, about the sedimentary origin of
which there is now not the slightest doubft,
his conclusions regarding the rocks at
Sakarsanhalli may be questioned. However,

23 Proc. Seventh Ind, Sci. Congr., 1921, exv.

% Ree, Gieol. Surv. Ind., 1934, 68, .pp. 24-25.

25 Op. cil., 1928, 59, 92.

“8 Rec. Mysore Geol. Dep., 1923, 22, pt. 2, 35,

a7 Qp. cit., 1931, 30, 14-18.
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in a very recent paper by M. B, Rama-
chandra Rao and K. Sripada Rao on the
origin and correlation of these rocks, the same
conclusion is reached that they are altered
phases of the hornblende-schists of the lower
division of the Dharwars and not meta-
morphosed sediments.?® For the time being,
then, the origin of these rocks must remain
uncertain, though it is evident that they are
very similar lithologically to parts of the
Sausar series.
CORRELATION,

A condensed statement of the Archman
rocks in different parts of India has been
given by J. A. Dunn.*® This is of value in
drawing attention to the difficulties of the
problem, but his final table of correlation
probably requires modification. For reasons
given at the beginning of this article, it i
impossible at present to correlate the
Archazan rocks of the various tracts in India.
But certain lines along which this may

ultimately be accomplished are becoming

clearer, and may be referred to briefly here.
Dr. Fermor has advanced the view that
the manganese ores in the Arch®an roeks of
India are likely to be all of one age, and he
hag accordingly suggested that all Archzan
rocks which econtain syngenetic manganese
should be taken to be of the same age,
especially if they are associated with crystal-
line marbles, as in the Central Provinces.”®
The correlation of the SDausar series in the
Central Provinces with the Gangpur series in
Bihar and Orissa is a natural consequence ot
this hypothesis. Further, he has suggested
that the Iron-ore series of Bihar and Orissa
may be the same as the Sakoli series in
the Central Provinces, both containing
ha&matite rocks, and both being devoid of
marbles.?* At any rate it seems safe to
suggest that the Bausar series and Sakoli
geries are together equivalent to the Gangpur
series aud Iron-ore series.

As regards the other Archmxan tracts in
India, it has already been indicated that the
Aravallis of Rajputana and the Champaners
of Bombay are lithologically similar to the
Dharwars of South India, and it 18 possibie
that the two are continuous bencath the
Dececan Trap of the Bombay Presidency.
Thus, viewed broadly, we seem to have two
belts of Archzan sedimentary rocks in

bl

28 Byll. Mysore ({eol, Dep., 1834, No, 14.
29 qust. Assn. Adv, Seci., 19206, 18, 201,
80 Rec¢. Geol, Surv. Ind., 1926,59, 80,

8t Op. cit., 1933, 67, 66,
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India, withio each of which the rocks can
be roughly correlated ; the Aravalli-Champa-
ner-Dharwar belt, with a meridional exten-
sion, and the Central Provinces-Bihar and
Orissa belt, with ap equatorial extension.
The difficnlty arises when we try to find
some common factor between these two
belts which may be of correlative value. If
we try to corrclate the Sausar series of the
Central Provinces with one of the three
metamorphosed sedimentary systems in
Rajputana on lithological grounds, il seems
clear that they bear most resemblance to
the Dellit system, with its calc-gneisses,
miea-schists and quarfzites. But the fact
that manganese oceurs in the Champaner
geries, which is the same as the Aravalll
system, suggests, as Dr. Fermor has pointed
out, a correlation of the Sausar series with
the Aravallis, though the two are not parti-
cularly alike lithologically.” This separa-
tion of the Arehxan tracts into two belbs
on structural and lithological grounds should
not be allowed o obscure the probability of
the Aravalli strike in south-cast Rajputana
curving round so as to join up with the
E.-W, strike of the Central Provinces. The
completed mapping of the older rotks of
Rajputana shows that in the south the
strike splays out to the south and to south-
east before it plunges beneath the later
Deccan Trap, as a glance at the new
geological map of India will show. And it
is quite possible that the sonth-eastern wing
continunes on bencath the Deccan Trap
towards the Archaxan rocks of the Central
Provinees. It is ftrue that some of the
manganese in the Champaners may nof be
of syngenetic origin; but the occurrcuce of
manganesc ore of true gonditiec atlinities in
Aravalli phyllites in Jhabun State coertainly
suggests an affinity between the Sausar
series and the Aravaili system, The only
alternative is the possibility that there are

i tw0 horizons of manganese in the Archéesn

rocks of India, which Dr. Fermor thinks un-
likely. As a possible means of correlation
between the Central Provinees and South
India, the manganiferous rocks at Sakarsan-
halli, in Mysore State, have alroady been
referred to. DBut the present uncertainty as
to their origin makes their value for
purposes of correlation rather doeubtful,
The only other similarity that one can point
to between tho rocks of the two belts is the
lithological resemblance between the Older

83 Op, cil,, 194, 68, 20,
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Metamorphic series of Bihar and Orissa and
the Dharwars of South India. This correia-
tion. however, introduces several difficulties.

Finally, considering broadly the ancient
metamorphic rocks of Rajputana, it will be
found that they differ from those in other
parts of India in two main respects. (1)
They include a basal gneissic complex, upon
which the metamorphosed sedimentary
rocks rest unconformably, in contrast o
other Archaan tracts in India where the
ortho-gneisses have in every case been
proved to be younger than the sedimentary
schists. (2) They include three or four
distinet systems of rocks separated by
marked unconformities. This fact has led
Heron to believe that the Delhi system is a
post-Arch@an formation.*® The high degree
of metamorphism and folding to which the
Delhi rocks have been subjected is regarded
a3 & phenomenon which was peculiar to
Rajputana at so late a stage in pre-Cambrian
times. On this assumption there are two
alternatives.

(1) That the Delhis were roughly con-
temporaneous with the Cuddapahs, and
that, as Heron has put it:

‘ They owe their folding and the related
intrusion of granite batholiths to a
special local upheaval in Rajputana which
did not affect the rest of India, or to local
pergistence of disturbance in Rajputana
after it had almost died out elsewhere.’
(2) That the Delhis are older than the

Cuddapahs, but have no equivalents in
other parts of India.

This is probably about as far as one ean
gafely go at present with regard to correla-

33 Mem. Geol. Surv. Ind., 1917, 45, pt. 1, pp.

110-116.
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tion. But the advances which have bheen
made in our knowledge of the Archaan
rocks of India during the past ten or twelve
years have been so considerable, that one
may be fairly hopeful as to the eventual
solution of many of the problems which to-
day seem 8o puzzling. Dr. Fermor is
belicved to be reviewing the Archean rocks
of India in & comprehensive manner. The
publication of his eonclusions, based as they
are upon an exceptional experience of the
Archean rocks of most parts of India, will
be looked forward to with great interest.
In the accompanying table, summarising
the classification of the older rocks in the
four chief tracts in India that have so far
been studied in detail, no correlation is
intended between one area and another.

Rajputana ’ Central Provinces

Delhi system

Ortho-gneisses

Raialo series Sakoll series

Aravalli system Sausar series

Bundelkhand gneiss and
Gneissic complex

m

Bihar and Orisza South India

(G ranitic rocks Cuddapah system

Iron-ore series Ortho-gneisses
Gangpur series Dharwar system

Older metamorphics

Technological Researches at the University of the Punjab.

IN recognition of the valuable researches of

basie importance to the Petroleum
Industry conducted by Dr. 8. S. Bhatnagar,
Director, Punjab University Chemical Labo-
ratories, Messrs. Steel Brothers Company
Ltd., Agents, Indo-Burma and the Attock
Qil Company, Ltd., have placed at the
disposal of Prof. Bhatnagar, a sum of 1%
lakhs of rupees for research work on
Petrolenm and Allied subjects which will be
paid in equal instalments over a period of
five years. Messrs. Millar and Ward, Agents
of Messrs. Steel Brothers, made a lumpsum
grant to Prof. Bhatnagar as a personal
gift, but the Professor offered to place the

money at the disposal of the Punjab Univer-

~sity. an offer which was thankfully acceps-

ed, with a view to Iinaugurating a depart-
ment of Petroleum Research under his
guidance.

One of the features of the scheme 18 that
all results of a patentable nature will be
exploited jointly by DMessrs, Steel” Brothners
and Prof. Bhatnagar and/or his chemists
and the profits will be shared equally be-
tween the Company and the parties concern-
ed. Dr. Bhatpagar proposes to give the
University a large share of his profits for the
furtherance of scientific, industrial and
medical research in the University.



