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1. GENERAL.

The National Institute of Sciences of India was founded on the 7th of
January, 1935 during the last session of the Indian Science Congress, at a meet-
ing held in the Senate House of Calcutta University under the chairmanship
of Dr. J. H. Hutton, President of the Indian Science Congress. His Excellency
Sir John Anderson, Governor of Bengal, honoured us with his presence,
delivered an address, and inaugurated the Institute. As your first President
it fell to my lot, after His Excellency had spoken, to deliver an Inaugural
Address.

[Published January 4th, 1936.
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We have now met for the purpose of holding the first annual meeting
of our National Institute. In choosing Indore as the venne for this meeting,
we have been guided by the fact that the Indian Science Congress Association,
under whose mgis we were founded, must be regarded as the immediate
parent of the National Institute; and, as the Association undertakes the
organisation of an annual meeting or Congress attended by scientists from
all parts of India, it seems logical that the National Institute should hold
its annual meeting during the session of the Indian Science Congress, thereby
affording to the maximum number of Fellows an opportunity of attending,
as well as recognising the debt of parentage. This choice adds, of course,
to the total amount of business to be conducted during the Science Congress
week, and to a certain extent must indent upon the time available. It is
not proposed, however, that the annual meeting of the National Institute
should be a prolonged one, making any serious call upon the time available.

The General Secretaries of the Indian Science Congress have kindly
allowed us one afternoon, during which no business is proposed for the Congress
as such, so that we are enabled to invite all those attending the Congress to
be present at our annual meeting if they so wish. It gives me great pleasure,
therefore, as President of the National Institute of Sciences of India, to welcome
all our visitors today, especially as we hope in the future, from year to year,
to be able to invite many of you to become Fellows of the National Institute.
“In particular I wish to extend the thanks of the National Institute of Sciences
to His Highness the Maharaja of Indore, through whose generosity the Indian
Science Congress, and consequently the National Institute, has been enabled
to meet in Indore.

Last January my Inaugural Address was necessarily devoted to a discus-
sion of the organisation of scientific research in India in order to indicate the
position that the National Institute should occupy in relation to other scientific
bodies of India.

_ It was not to be expected, of course, that this Institute would realise,

in the first year of its existence, all its objectives. As was intended from
the beginning, we have not set out to compete with the activities of the
co-operating Academies, nor of the specialist societies, and consequently
we have not felt called upon to hold monthly meetings for the purpose of
reading papers. Since our inaugural meeting last January, we have, in fact,
held only one general meeting, namely the monsoon meeting in Calcutta, which
was mainly devoted to a symposium upon Problems of the Ionosphere, organised
by Dr. 8. K. Mitra. We have, however, held during the year monthly Council
meetings, at which business of interest and impertance to scientists in India
has been transacted. Our Council, as you will see, is widely distributed on
a geographical basis, but the majority of our meetings have necessarily taken
place in Calcutta, except that one meeting was held in June in Simla, for the
purpose of enabling Fellows in Northern India to attend personally, whilst
we have had a meeting this morning in Indore. Members of Council
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throughout India have, however, been kept fully informed of the doings of
the Council by the despatch to each of a copy of the minutes.

During the first year, two publications have been commenced, namely
the Proceedings of the National Institute of Sciences of India, for the record
of the business of the Institute, and for the publication of short papers, and
the Transactions for the publication of longer papers and memoirs. In the
Introductory Note to our Proceedings we have stated, however, that in addition
to these two publications it is proposed to issue a consolidated Comples rendus
of abstracts of papers read before the National Institute and the co-
operating Academies, and later of all papers published by scientific bodies
and organisations in India. We have decided to call this publication Indian
Science Abstracts, and an Editorial Committee has been appointed, with
editors for the various branches of science, and Dr. Baini Prashad as the
General Editor. We have been promised much co-operation from all parts of
India, and the first issue of this new publication is now in the press. It will,
we hope, be of use and benefit throughout India, besides providing to
scientists abroad a conspectus of scientific research in India. As a fourth
publication we have proposed an Annual Record of the Progress of Science
in India. The organisation of this must necessarily await the issue of Indian
Science Abstracts, which will provide the raw material upon which to base such
an Annual Record.

Financial problems have also exercised our Council. At present, owing
to our limited membership and the relatively small subscription, the Institute
is not self-supporting ; but we have been helped during the year by several
generous donations, amounting in all to Rs. 28,404, and have hopes of grants
from other sources, which. will enable the finances of the Institute to be placed
upon a sound footing. A list of donations and grants is given in the report
of the Council, but we must specially express our gratitude to the Burmah
Oil Company and the Central Provinces Manganese Ore Company for very
handsome donations.

We have also been helped by the Asiatic Society of Bengal, who have
kindly placed at our disposal for use as an office a room in their graceful
building ; further, one of our Fellows, Mr. D. N. Wadia, has generously pre-
sented us with Rs. 1,000 to enable us to furnish the office suitably.

Early in the year we suffered a very severe loss by the death of Prof.
Ganesh Prasad, who was an active member of the Academy Committee of the
Indian Science Congress from the beginning and an enthusiastic supporter
of the National Institute. It is only those who have worked with Ganesh
Prasad who can realise the magnitude of thisloss to the National Institute. In
addition, I must mention the death of Lt.-Col Acton, although he was not a
Fellow of the National Institute. Lt.-Col. Acton was, however, amongst those
invited to become Foundation Fellows, but he was prevented by illness from
accepting our invitation. His death is a severe blow to medical research in
India, and to his co-workers at the School of Tropical Medicine in Calcutta.
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As it falls to my lot to deliver the first Annual Address to this Institute,
it perhaps falls to my lot also to suggest, by example, the type of Address
that a President should attempt to give. It seems suitable that the first
portion of his Address should deal with the progress of the Institute during
the year. This portion I have already given you. The second portion of his
Address, I suggest, might suitably deal with some subject or some branch
of science of which he is a student, in as general a manner as is feasible, in order
to make it acceptable to scientists belonging to all branches of science.

II. METHODS USED IN THE CORRELATION OF THE ARCHZAN ROOKS.

My own attention during my 33 years of service in India has been largely
directed to a study of the old Archaan rock formations and
their associated mineral deposits. In my address as
President of the Geology Section of the Indian Science Congress in 1919 I
chose as my subject the problem of the ore-deposits of the Archeans! It
seems guitable that on this occasion I should utilise the opportunity to discuss
the principles employed by geologists in the correlation of geological formations
and particularly of the very old and altered rocks commonly known as the
Archeeans.

You are all familiar with the fact that geologists classify the strata
compoging the crust of the earth into groups and systems of different ages,
and that geologists treat as one of their main tasks the arrangement of the
strata according to their order of deposition. Although you are all aware
that this is done, and of the interest and importance of this task, it seems
likely that many of you may not be aware of the methods used to achieve
this end.

In most civilised countries a Geological Survey Department is entertained
by the Government of the country for the purpose of
preparing a geological map, upon which are depicted the
various strata suitably indicated by different colours.
In India the Department maintained for this purpose is known as the
Geological Survey of India; and on the wall I have placed a copy of the
latest (the fifth) edition of the geological map of India prepared by this De-
partment. This map was published in 1931, and represents the results of
the labours, dating from 1851, of & relatively small number of men; it is, of
course, in many ways still incomplete, as is indicated partly by the uncoloured
spaces. As already mentioned, my own attention in India has been largely
directed to the pre-Cambrian formations, that is to say, those formations
that precede the strata characterised by fossiliferous remains. These pre-
Cambrian formations were divided by Sir Thomas Holland into two main
sections or groups, the younger of which is known as the Purana group,

Introduction.

Pre-Cambrian
formations,

1 « Some Problems of Ore Genesis in the Archaeans of India’. Proc. 4.8.B.,, N.S,,
XV, pp. clxx~cxev.
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represented on this map by the light blues and grevs, whilst the older group,
known as the Archmans, is represented by the vast tracts shown in shades
of pink, red and lilac. It is possible that occasional fossils may be found
amongst the very youngest portions of the Puranas, especially the uppermost
portion which may range up into the Cambrian era of geologists, but no fossils
have ever been found in the ancient Archesean rocks, nor does it seem likely
that any ever will be found. The correlation, therefore, of isolated tracts of
Archean rocks presents a problem of peculiar difficulty, and it has seemed
to me that a short account of the methods suitable for use in olassifying,
correlating and arranging the ancient schistose and crystalline formations of
Peninsular India would be of general interest.

It is first necessary to say a few words about the general principles of
correlation.

When a large land area is being denuded by the various atmospheric

agencies, of which rain is probably the chief destructive
pr::leem ffe nce::-l agent, and rivers the chief transporting agent, the detritus
relation. removed from the rocks is carried along in suspension or

in solution by the rivers to the sea. On reaching the
sea, the load carried by the rivers is dropped, and is spread out on the floor
of the sea in a carefully graded manner, the coarse deposits such as gravels
and sands being deposited near the river mouth, the finer deposits, such as
muds, further out at sea, while chemical deposits, such as calcium carbonate,
may be formed only in the still waters of the deeper ocean. And although,
in this way, different kinds of deposits may be laid down in different parts
of the sea at the same time, nevertheless the area over which a particular
type of sediment may be deposited, e.g. a limestone, is often very considerable ;
and such continuity of type is often one of the chief aids to effecting sub-
sequently a correlation between the consolidated rocks of two separate tracts.

Associated with these deposits, as they are being formed, is the teeming
life of the sea. Though the geologist is concerned mainly with the remains
of these animals and not their soft parts, an understanding of the conditions
under which they lived is essential to him. For just as different kinds of
deposits may be laid down at the same time in different places, so different
groups of animals, each more or less confined to a particular kind of environ-
ment, may be living at the same time in different places. As they die they
sink to the bottom and become covered up by the falling sediment, and «8
‘may become permanently preserved.

Slow but continuous denudation of the land, and concomitant deposition
in the sea, may go on uninterruptedly for some millions of years. The earth,
however, is not an inert body, but is possessed of a strong rhythmic nature,
and every 150 million years or so it passes through a period of convulsion, or,
as the Americans say, a ‘ revolution ’, during which the surface crust of the
earth becomes, over certain well-defined areas, compressed, folded and up-
raised ; and parts of the crust that were previously beneath the sea, together
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with the deposits laid down upon them, become raised up above sea level,
and may give rise to a new mountain chain. In this new land will be found
preserved in the rocks the fossilised remains of the animals once living in
the sea.

These periodical convulsions of the earth’s crust have each been followed
by a long period of tranquillity, during which erosion of the land has occurred
once more, and much of the evidence of the previous period of deposition has
become lost. It has thus come about that the evidence which is left to us
of the past history of the earth is very imperfect, with many gaps that have
to be filled in by interpolation. Fortunately the gaps are not always the same
in every area, and by piecing together the evidence obtained from different
parts of the world it is possible to make out a fairly connected story. In
doing this the help provided by the fossils has been of paramount importance.
For the gradual evolution of living organisms has provided a standard time
scale which has been of the greatest value to the geologist who is trying to
correlate the rocks of one area with those in another.

It will thus be seen, even from the few words that I have been able to
give you, that the general problem of correlation is by no means simple. It
may be likened to a jig-saw puzzle in three dimensions, from which many
of the pieces are missing.

Difficult as is the general problem, the special problem provided by the

Archeean rocks is incomparably more difficult. In these
The  special ,,1¢ we have not the help provided by fossils, for in the
problem of the . . . . .
Archman rocks. Ancient times in which these rocks were deposited, there
was either no life at all, or if there was life it was of a type
that had no parts sufficiently hard to be preserved. Moreover, the rocks of
those times have in most cases suffered many vicissitudes, and have often
been greatly altered by heat and pressure, or, what is worse, altered in some
areas and unaltered in others, so that rocks which were originally similar have
been made to appear dissimilar. To continue our metaphor, not only are
many of the pieces of the jig-saw puzzle missing, but the picture of the puzzle
has in places been so burnt or scorched as to be almost undecipherable.

The problem of the reconstitution of this burnt or scorched jig-saw puzzle
—a metaphor for which I am indebted to Mr. West—is
the problem of the correlation of the ancient schistose
rocks and associated crystalline rocks that constitute the
Archsan terrane of India. Lest you should think that
the problem is of purely academic interest, I would point out that the Ar-
chman rocks of India provide four of India’s most important mineral indus-
trics—the gold of Kolar in Mysore, the manganese-ores of the Central
Provinces, Madras, Bombay and other provinces, the iron-ores of Singhbhum
and Orissa, and the mica of Bihar and Nellore. The Archean formations
also yield the chromite of Mysore and Singhbhum, the copper-ore of Singhbhum,
the ilmenite, monazite and zircon sands of Travancore, and the rubies, sap-

Mineral indus-
ries of the Ar-
ch=ans.
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phires and spinels of Burma, and many other rocks and minerals of economic
importance.

In a memoir, now in the press, entitled * An Attempt at the Correlation
of the Ancient Schistose Formations of Peninsular India ’,1 I have, in the intro-
ductory section, discussed, at some length, the principles of correlation amongst
these old rocks. This renders it unnecessary for me to deal with this subject
in as much detail as otherwise might have been suitable, and also makes it
possible for me to treat the subject less technically. Geologists who are
interested in a more detailed treatment of the subject are referred to the memoir
in question. In that memoir, I discuss the use of the term ‘ Archaan’, and
restrict it to the ancient crystalline and metamorphosed rocks underlying
the Purana formations. These older Archman rocks are, as a rule, much
more highly metamorphosed than the younger Purana formations, as well as
being much more highly disturbed, so that the Purana formations rest upon
the Archean rocks with, what geologists term, a great unconformity. In
places, however, there is a doubt whether certain highly crystalline formations
may not represent younger Purana formations that have been subjected
to mountain building operations in the Peninsula, after such operations had
ceased elsewhere. Such a possible case is the Delhi system of Rajputana,
discussed by Dr. Heron in his ‘Synopsis of the Pre-Vindhyan Geology of
Rajputana ’, read at our inaugural meeting last year, and published. as Vol. I,
No. 2 of the Transactions of the National Institute of Sciences of India.

As you will judge from the brief account just given of how sedimentary
strata are formed, three factors are available in the cor-
relation of unmetamorphosed strata belonging to the fossili-
ferous section of the geological record :—

Factors to be
considered.

(1) Stratigraphical superposition and continuity.
(2) Lithological composition.
(3) Fossil contents.

By the aid of these factors it is usually possible by careful study to place
approximately in its correct stratigraphical position any bed in the fossiliferous
seetion of the geological scale and to correlate the detached areas thereof
one with another.

When we take up the study of the pre-Cambrian formations, however,
the process of correlation proves much more difficult. Even from the younger
relatively unmetamorphosed sections of the pre-Cambrian (the Purana) one
of the most important criteria—namely recognisable fossil contents—is
completely absent in almost all cases. The stratigraphical sequence is still
easily determinable, but owing to the long periods of time during which these
formations have been subjected to the processes of denudation, often after
suffering a moderate degree of folding, strata once continuous have often
become dissected into discontinued areas; and if there has been much

1 Mem. Geol. Surv. Ind., LXX,
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lateral variation, the break in stratigraphical continuity combined with the
absence of fossils may render indecisive all our attempts at correlation, even
of comparatively unmetamorphosed strata.l

When we come to the older formations of the pre-Cambrian to which
the term Archman may be applied, not only have we to face the complete
absence of fossils, but almost invariably, though not always, the rocks are
much more highly folded than with the younger Purana formations. In
addition, whilst the Purana formations of the Peninsula are almost invariably
free from the effects of batholithic acid igneous intrusion, the older formations
are often domed up and intruded by great batholithic granites with associated
pegmatites, aplites and quartz veins ; and as a result of denudation, combined
with the effects of this intrusion, the old formations are frequently found
exposed at the surface in detached areas, reducing thereby the possibility of
applying the criterion of stratigraphical continuity for purposes of correlation.

Furthermore, this generally greater degree of folding (often intense) with
resultant general burial of portions of the strata to zones of high temperature
and pressure in the earth’s crust, combined with the effects produced by
batholithic intrusion, has caused large portions of these older pre-Cambrian
formations to suffer a high degree of metamorphism with resultant change of
mineral composition. And as the grade of metamorphism attained varies
according to the intensity of folding, depth of burial, and amount of intrusion
—from that in which an original argillaceous bed has not passed beyond
the stage of a shale or slaty shale, to that in which such a rock has been carried
to the highest possible grade of metamorphism, e.g. khondalite,—it is evident
that in these older rocks we may be deprived for purposes of correlation not
only of the criteria of fossil contents and stratigraphical continuity, but even
of the criterion of lithological composition that was applicable with the less
metamorphosed rocks in cases where particular beds were constant over wide
distances without serious lateral variation.

It may be asked what then are the criteria available for use in correlating
the ancient schistose formations ? The answer is that none are constantly
available, but that by taking account of this criterion in one case and that
in another, one may expect to succeed in effecting a certain degree of corre.
lation.

The available criteria may be enumerated as follows ;—

(1) Stratigraphical sequence and continuity.

1 As an example we may cite the Raipur limestones of the Chhattisgarh basin. These
are now regarded as equivalent to the Penganga limestones of the Godavari valley, and
both as equivalent to a stage of the great Cuddapsh system of formations of Southern
India. The lithologically very similar limestones of the Lower Vindhyans in the Son
Valley are regarded as belonging to the lower portion of another, and younger, great system
of ancient rocks, the Vindhyans; but it is difficult in the absence of fossils to be certain
that the Raipur limestones may not be the link between the Lower Vindhyans and the
Upper Cuddapahs, although the general trend of all the evidence is in favour of treating
the Lower Vindhyans as distinetly younger than any section of the Cuddapahs.
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{2) Structural relationships, e.g. presence of wunconformities and
relationship to periods of folding.

(3) Relationship to igneous intrusives.

(4) Associated ore-deposits of epigenetic origin.

{(5) Lithological composition.

(6) Chemical composition.

(7) Grade of metamorphism,

(8) Uranium-lead ratios and thorium-lead ratios.

T will touch briefly on each of those criteria as illustrated by definite
examples derived from the Archeean terrane of Peninsular India.

1. Stratigraphical Sequence and Continuity.

If one tract of old schists be very closely mapped, it may prove
possible to establish with some degree of certainty a definite
stratigraphical sequence of rocks, which will be of use
in attacking the stratigraphy of another not too distant
area where similar rocks with about the same grade of metamorphism are
found to occur.  Thus a very careful survey has been made by me during
recent years of a portion of the Sausar tahsil in the Chhindwara district,
C.P. This work has led to the recognition of a definite sequence of strata
now known as the Sausar series.! Similar rocks are known to occur as far
east as Balaghat, and it may be asserted with confidence that a geologist
commencing work in Balaghat would find my Sausar sequence helpful in
unravelling the Archean geology there, and also in assigning to their proper
stratigraphical position additional Archsan rock horizons that may have
appeared in that neighbourhood. As the two areas, Sausar and Balaghat,
are at the two extremities of a tract of country containing various members
of the Sausar series, although not always in absolute stratigraphical continuity,
this tract of the Central Provinces offers the possibility of the complete un-
ravelling of the Archsan stratigraphy from one end to the other, and the
complete correlation throughout that tract of the various horizons of meta-
morphic rocks.?

Value of detailed
mapping.

2. Structural Relationships.

I have already mentioned the periodic revolutions that take place in the
earth’s crust causing sediments deposited at one period
to be heaved up and subsequently denuded by the
weathering agents, and how in a subsequent period of deposition other beds
are laid down upon the upturned edges of the older formation. The break
in deposition thus represented is known to the geologists as an unconformity.

Conglomerates.

1 Rec. Geol. Surv. Ind., LIX, p. 78, (1926).

% Working in a portion of this belt in the Nagpur district intermediate hetween Sausar
and Balaghat, Messrs, W, D. West and D. 8. Bhattacharji have each been able to apply
this sequence to their own areas,



32 ANNUAL ADDRESS.

Whereas such unconformities are easy to detect in the younger unmetamor-
phosed sections of the geologist’s stratigraphical column, yet when we come
to the ancient Archman schists, there has been so much folding and
metamorphism accompanied by intrusion of igenous rocks that the recognition
of stratigraphical unconformities is often difficult. In these unconformities
the base of the upper series is frequently represented by a bed of pebbles, the
consolidated rock being known asa conglomerate. Unfortunately, in the highly
metamorphosed rocks of the Archeeans, conglomerates of another type, namely
crush-conglomerates, are produced by earth movements from granites,
quartzites and other hard and resistant rocks, and the pseudo-pebbles
thus formed by crushing are frequently difficult to distinguish from the
true pebbles of sedimentary conglomerates. An important task for a field
geologist working upon the Archsmans is to decide whether the various
conglomerates that he meets are true sedimentary conglomerates, indicating
possibly the position of an important unconformity, or whether they are only .
crush-conglomerates indicating, it is true, severe earth movements, but not
necessarily a break in the stratigraphical succession.

3. Relationship to Igneous Intrusives.

In the Archman terrane of Peninsular India, there are at least two
dthistose series separated by an important unconformity. Intrusive into
both are batholithic granites, usuvally gneissic. A batholithic granite is
merely a large mass of granite magma derived from below, the base of which
has not been seen. It is evident that if we can determine the age of intrusion
of these various granite batholiths, we can draw conclusions concerning the
ages of the schists into which they are intruded; for obviously the schists
cannot be younger than the age of the intrusive granite. Similar use can
be made of the basic igneous dykes so common throughout Peninsular India,
especially as there are two main series, namely the contemporaneous traps
of the Dharwar System, and the Cuddapah lava flows, sills and dykes of later
date, the rocks of the former group being distinguished by their almost in-
variable metamorphism, and those of the latter by their relative freshness due
to the comparative freedom of the Peninsula from crustal disturbances
since Cuddapah times.

4. Associated Epigenetic Ore-deposits.

Epigenetic ore-deposits are, as the name indicates, deposits of ore of later
age than the rocks in which they are enclosed. Such deposits have been
formed from materials introduced into the enclosing rocks from elsewhere
—usually from gases and solutions derived from intrusive igneous magmas—,
and they may, in fact, often be regarded as end products of igneous intrusion,
for example, of the granites and basic rocks to which reference has been
made in the previous section. It seems obvious, therefore, that the presence,
in two separated tracts of schistose rocks, of ore-deposits of such closely allied
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nature that they may, with some confidence, be referred to a similar source,
may be utilised as evidence that the schistose rocks of these two tracts are both
at least as old as the period of introduction of the ore-deposits in question ;
and to this extent they may be correlated. As an example, one may cite
the gold deposits of Mysore and Singhbhum and the copper deposits of Singh-
bhum and Sikkim. If reasons can be found for referring the gold deposits
of the two tracts named to one period of igneous intrusion, then we can logically
deduce that both the Dharwar schists of Mysore and the upper series of schists
of Singhbhum are older than this period of igneous activity. In the same
way it may be possible to deduce that the upper series of schists of Singh.
bhum and the Daling series of Sikkim are both older than the period of intrusion
of the igneous rocks to which the introduction of the deposits of copper (and
other sulphide) minerals may be ascribed.!

5. Lithological Composition.

Lithological composition, by which is meant the nature of the rocks
Metamorphism °cOmposing a given bed, e.g. sandstone, shale or limestone,
accentuates small is only of value as a criterion in correlation in so far as beds
chemical differ- continue unchanged over long distances, and have suffi-
ences. ciently distinctive characteristics to permit of their recogni-
tion even in disconnected tracts. In the Archman terranes the various strata
have almost always been subjected to some degree of metamorphism, often
of great intensity. The effect of metamorphism is to change the lithological
aspect of a rock, often so as to render it more distinctive, for metamorphism
accentuates the effects of small chemical differences in the original strata.
If the grade of metamorphism is approximately the same over a wide ares
a persistent bed may giverise to a very distinctive type that can be recognised
easily whenever it is found. Such a rock may then prove almost as valuable
as a zone fossil for purposes of identification. The use of it as a criterion
in correlation depends upon the hypothesis that the particular chemical
composition of the original unmetamorphosed rock from which it has been
derived is not likely to have been repeated exactly. This may seem a bold
hypothesis, but there must be cases in which it is applicable : for differences
in the composition of unmetamorphosed rocks so small as not to be readily
detected without chemical analysis may cause the metamorphosed derivatives
to be markedly different. For a metamorphic rock of uncommon type to be
Metamorphic Tepeated exactly requires the combination of two uncommon
rocks of uncom- factors, firstly a sediment of unusual general chemical
mon type almost composition and secondly that out of all of the possible
as valuable as metamorphic variations of this unusual general chemical
zone-fossils. composition, Nature shall have selected exactly the same

variation on each occasion. ‘

1 J.. L. Fermor, ‘ Some Problems of Ore Genesis in the Archaeens of India’, Proec.
As. Soc. Beng., XV, pp. clxxxviii-exciii, (1919).
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As an example we may take the gondite series,® which is regarded as a
series of metamorphic rocks formed by the metamor-

go’:;g:t::ls‘:-;; f;gz phism of manganiferous sediments of varying degrees
a datum line. of purity. Two of the commonest rocks thus produced
are gondite (spessartite plus quartz) and rhodonite-rock,

often with spessartite also. The production of the gonditic rocks requires
a moderately high intensity of metamorphism and it seems a fair hypothesis
to take all occurrences of gonditic rocks in India as representing<a definite
stratigraphical horizon, until and unless this is found to lead to results that
are repugnant to those otherwise obtained. The type area of the gonditic
rocks is the Sausar-Balaghat tract of the Central Provinces. Gonditic rocks
have also been found to the west in Narukot State in the Bombay Presidency
and in Jhabua State in Central India, and to the east in Gangpur State in
Chota Nagpur. In the Central Provinces the gondite series of rocks forms a
definite stage (the Mansar stage) in the Sausar series. It appears, therefore,
that if the associated schistose rocks of Narukot, Jhabua and Gangpur were
carefully mapped, for the purpose of determining the exact position of the
gonditic rocks in the schistose sequence in each area, we might have a datum
line for correlating the schistose rocks of Narukot, Jhabua and Gangpur with
the Sausar series of the Central Provinces. The rocks of Jhabua form part
of the great schistose tract of Rajputana and those of Gangpur form part
of the great schistose tract of Chota Nagpur and Singhbhum. The gondite

horizon may thus eventually enable us to correlate Rajputana, the Central
Provinces, and Singhbhum.

6. Chemical Composition.

The most constant feature of a rock is its chemical composition. Tt is
true that during metamorphic processes substances are in
some cagses added (e.g. during contact metamorphism)

composition of .3 i\ other cases removed (e.g. potash from potash-
rock often almost . ..
unaltered by felspar when the latter is converted to sericite; or CO,
metamorphism. When a siliceous limestone is converted to a cale-silicate
rock) ; but on the whole the bulk composition (except for
loss of volatile and liquid constituents) remains constant. So that whilst
as a result of metamorphism the physical and mineralogical aspects of a rock
may be so profoundly modified that no single original mineral grain or structure
persists, yet the bulk chemical composition may remain almost the same.
This point is illustrated for example by the complete textural, structural
and mineralogical differences between a dolerite and the hornblende-schist
derived therefrom : nevertheless the similar chemical composition and, there-
fore, possible common origin is revealed by bulk analysis.

Bulk chemical

1 L. L. Fermor, Mem. Geol. Surv. Ind., XXXVII, pp. 306-365, (1909),
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Consequently when we are comparing tracts characterised by different
grades of general metamorphism we may not be able to trace a rock horizon from
one tract to another if we take account only of mineralogical composition ;
but attention to chemical composition may provide the clue.

We may, in fact, make use of chemical composition to recognise the
equivalence of rocks now in different metamorphic facies, as exemplified,
for example, by the possibility that the very highly metamorphosed rocks
of the Eastern Ghats are the stratigraphical equivalent of some of the less
metamorphosed rocks of Chota Nagpur?!; or as exemplified by the varying
grades of metamorphism of the manganese horizon in the Archseans, charac-
terised by oxidised manganese-ores, where less metamorphosed, and by rocks
containing manganiferous silicates (garnets and pyroxenes) where more highly
metamorphosed.?

7. Grade of Metamorphism.

I have just referred to the fact that variations in the grade of metamor-
phism, that is to say the intensity of the metamorphic
Difference  of forces applied, may produce mineralogical differefices in
metamorphic rocks of the same original mineralogical and chemical com-
grade not neces- L. . .
sarily an index Position. The fact that there may be great differences in
of different age. the intensity with which metamorphic forces are applied
even to one continuous tract of rocks is illustrated by both
Singhbhum and Rajputana. In Singhbhum to the west of Chaibasa the upper
series of the Archaean (the Iron-ore series) is so little metamorphosed that the
argillaceous rocks are shales and slaty shales. In Dhalbhum to the east the
argillaceous rocks are phyllites and schists. In Rajputana Dr. Heron has
traced contimuously the relatively little metamorphosed Delhi rocks of north-
eastern Rajputana into the intensely metamorphosed schists of Udaipur ‘ where
the tips of Delhi synclines have reached the zone of flowage’? It is obvious,
therefore, that we must not be led by the presence of a great general difference
between the grade of metamorphism in two tracts of country into assuming
that they are necessarily of different age, the more highly metamorphosed tract
being on this view the older. Instead we must be prepared to consider
whether the differences may be due, not to difference of age—by which in this
case we mean the more prolonged subjection of the more highly metamorphosed
tract to metamorphic agencies,—but to the metamorphic forces having been
applied with different degrees of intensity to rocks of the same age. If we can
effect any chemical correlation between the two tracts, and observe similar
general- relationships to folding movements and igneous intrusives and to the
stratigraphy of the country, we must be prepared for the possibility of general

1 Proc. As. Soc. Beng., N.S8., XV, p. clxxvii, (1919) and Rec. Geol. Surv. Ind,,
LIII, pp. 241-243, (1921).

2 Mem. Geol. Surv. Ind., XXXVII, p. 312, (1909).

8 Rec. Geol. Surv. Ind., LX, p. 110, (1927).
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contemporaneity of age, in spite of marked differences in grade of metamorphism.
Thus such metamorphically different tracts as Singhbhum, Sausar, and Vizaga-
patam, may contain rock series of approximately similar age that have been
subjected to metamorphic agencies acting with different degrees of intensity,
Singhbhum being then the least and Vizagapatam the most highly meta-
morphosed tract. As the question of grade of metamorphism is of the utmost
importance in the consideration of our Indian Archwman schists, it will be
appropriate to consider this problem further.

I have referred several times to the metamorphism of the Archsan rocks.
The chief metamorphic agents are temperature and pressure,
and, as these increase with depth below the surface of the
earth, it follows that on the whole the more highly buried a
rock is, the more highly does it become metamorphosed
and altered. The American geologist, Van Hise, in his famous Treatise on
Metamorphism, has divided the known crust of the earth into an upper zone
of metamorphism called the zone of katamorphism, and a lower zone called
the zone of anamorphism. The zone of katamorphism he defines as the zone in
which the alterations of rocks result in the production of simple compounds
from more complex ones. This zone, which is, of course, that lying nearer the
surface, he subdivides into the belt of weathering, which extends from the surface
to the level of ground water, and the belt of cementation, which extends from
the ground-water level to the zone of anamorphism. The zone of anamorphism
is defined by Van Hise as the zone in which the alterations of rocks result in the
production of complex compounds from more simple ones. It is, therefore,
the lower zone, and it extends from the base of the belt of cementation to
as great depths as metamorphic effects extend. Briefly, the zone of kata-
morphism is that in which compounds are broken down, and the zone of
anamorphism is that in which they are built up.

From the physico-chemical point of view, the distinction between these
two zones is of fundamental importance, and these distinctions may be sum-
marised in the following quotation (Lc., p. 186) from Van Hise :—

Van Hise’s
zones of meta-
morphism.

‘In conclusion of this part of the subject it may be said that in the zone of
katamorphism the alterations are mainly controlled by the chemical law that re-
actions take place with liberation of heat, and this ordinarily results in increase of
volume, provided the compounds which form remain as solids. In the zone of
anamorphism the reactions are mainly controlled by the physical law that reactions
take place with decrease of volume, and this commonly results in chemical reactions
with absorption of heat. In the upper zone chemical law is the determinative factor®
in the reactions; in the lower, physical law. In the upper zone the important
chemical reactions are those of oxidation, carbonation (involving desilication), and
hydration ; in the lower zone the important reactions are those of deoxidation,
gilication (involving decarbonation), and dehydration. In the upper zone the
minerals are few in pumber, of low specific gravity, and probably of simple molecular
structure ; in the lower zone the minerals are numsrous, of high specific gravity, and
probably of complex molecular structure *,
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Grubenmann in his notable work °Die Kristallinen -Schiefer’?! a work,
like Van Hise’s ¢ Treatise ’, of the first importance to students
of metamorphism, recognising this important relationship
between the depths to which a rock has been buried and
the grade of metamorphism to which it has been raised,
has divided metamorphic rocks into three depth zones according to—
1. Temperature.
2. Pressure:
(@) Hydrostatic or uniform pressure.
(b) Stress or directed pressure.

3. Combined effect of temperature and pressure.

Grubenmann’s
zones of meta-
morphism.

In the memoir to which reference has been made, I make use of Gruben-
mann’s nomenclature, but I do not propose to discuss this further here except
that it seems suitable to introduce a table adapted from his work summarising
the incidence of these factors in the three zones :—

DETERMINING FAOTORS OF THE INDIVIDUAL ZoONES. Resvwrrs.
Hydrostatic Predominating form | Thermal
Zone. Temperature. pr ) Stress. of metamorphism, offoct.2
Highest Zone | Moderate Mostly small | Often strong,| Mechanical and +
(Epizone). also lack- chemical. For-
ing. mation of princi-
pal water-holding
silicates. ;
Middle Zone | Higher Mostly Often still | Chemical (Riecke’s +(—)
(Mesozone). stronger. very principle).
strong, also
lacking.
Lowest Zone | Very high In many | Mostly Chemical (Slow —{+)
(Hypozone). cases very weak or | re-crystallisation,
strong. often quite | often with reten-
lacking. tion of form).

The plus and minus signs in the final column indicate that the predominant
chemical interchanges take place according to exothermic and endothermic
reactions respectively; by a comparison with the nature of these reactions
in Van Hise’s zones it will be seen that the change over from the exothermic
conditions of Van Hise’s upper zone of katamorphism to the endothermic

1 First Edition, 1904. Second Edition, 1910.

Third Edition, 1924, in collaboration with P. Niggli, under the title ¢ Die Gesteins-
metamorphose’. References, unless otherwise stated, are to the second edition.

2 For an explanation of the term Warmetdnung (¢ heat-toning ’) see Nernst's ¢ Theore-
tical Chemistry ’, translated by C. 8. Palmer, pp. 430, 491, (1895) ; also Van Hise's ¢ Treatise
of Metamorphism ’, p. 106, (1904).
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conditions of his lower zone of anamorphism must occur somewhere in Gruben-
mann’s middle zone, the mesozone or zone of meso-metamorphism of the
third edition of Die Kristallinen Schiefer.

In the third edition of Die Kristallinen Schiefer by Grubenmann and
Niggli (I, pp. 375, 376) the Greek terms epizone, mesozone and katazone
are applied to these three depth zones, and the forces of metamorphism
characterising them are spoken of as epi-metamorphism, meso-metamorphism
and kata-metamorphism. The use of the prefix kata in this sense is unfortunate,
both because of its previous use by Van Hise (with its implication of
breaking down, as in the term kataclastic) for his upper zone, and because
kata is not a prefix of position like epi and meso. A more suitable prefix is
hypo and in the table I have substituted ‘ hypo-zone ’ for ‘ kata-zone ’ in ac-
-cordance with my letter to the Geological Magazine on this point.!

Grubenmann’s lowest zone passes down into my infra-plutonic zone,?
but as the eclogites supposed to characterise this zone
are nowhere seen at the surface, consideration of this zone
does not affect our problem of correlation ; although this
conception of an eclogitic shell to the earth provides attractive explanations
of the manner in which the isostatic balance of mountain and plain is main-
tained, of the source of deep-seated earthquakes, and of the widespread basaltic
lava flows that periodically overwhelm the surface of the earth, as well as of
the chondritic meteorites, I must resist the temptation to enlarge upon these
matters, especially as I was able to sketch them briefly in an address on
‘ Earthquakes and Garnets’ given to the United Provinces Academy of Sciences
last April.

Infra-plutonic
zone.

8. Lead-ratios and Helium-ratios.

In the previous sections we have been dealing with criteria which are
within the legitimate sphere of the geologist who specialises upon the study
of the Archaan rocks. It must appear to some of you that in spite of these
numerous criteria, since none of them are continuously applicable, and specially
because of the confusing effects of variable metamorphism, it must in many
cases be difficult or impossible for the geologist to be certain of his results
when working amongst these old rocks. This is indeed not infrequently the
case. Fortunately, however, the physicists, with the discovery of the fact
of the radioactivity of certain elements, and particularly with the discovery
that such elements owe their special properties to atomic disintegration,
and that from this disintegration a stable element may be produced, have come
to the help of the geologist. In this discovery we are witnessing the fashioning
of a new weapon for determining the age of minerals and thus the minimum

1 Geol. Mag., LXIV, p. 334, (1927).
2 Rec. Geol. Surv. Ind., XLIII, p. 43, (1913).
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age of the rocks containing them, a weapon that in the absence of fossils
is particularly welcome to students of pre-Cambrian geology.!

This new weapon is the determination of the ratio in an otherwise fresh
mineral between an ultimate product of disintegration
(lead) and the element (uranium or thorium) of whose
radioactive disintegration it is the final product. As may well be supposed
many experimental difficulties have been encountered in the perfecting of this
weapon, and although the accuracy of the method is not complete, yet it
has yielded results of a sufficient degree of consistency to show that used
with discretion it will ultimately provide a means of correlating the various
igneous intrusives of pre-Cambrian age in so far as they yield radioactive

Lead-ratios.

minerals.
Prof. A. Holmes, who has made a special study of the utilisation of these

data on radioactivity, has succeeded in drawing up a provisional table (lL.c.,
p. 444) of pre-Cambrian correlation, in which he divides pre-Cambrian times

into three sections as follows :—2
Lead-ratios.

Upper Pre-Cambrian . .. . 008 to 011
Eparcheean Interval.

Middle Pre-Cambrian .. .. .. 0125 to 016
Epi-Laurentian Interval.

Lower Pre-Cambrian - .. .. 0185 to 02

In this table he shows the pre-Cambrian of Fenno-scandia, the Canadian
Shield, South and Central Africa, Peninsular India, and Australia. The
only minerals-from India and Ceylon for which the lead-ratios have been
determined are as follows :—

Uraninite, Ceylon - - .. 0065

Thorianite, Ceylon .. . .. 0-08 ca.
Uraninite, Gaya . .. 0'12—0°13 ca.

On these data Holmes places the beylon minerals in the Upper Pre-
Cambrian, treating the pegmatites from which they were derived as roughly
equivalent in age to the Jalor and Siwana granites of Rajputana, which may
possibly be of Lower Vindhyan age as stated by Holmes, but are preferably
regarded as intermediate in age between the Delhi and Vindhyan systems.?

1 The contributions of Réntgen, Becquerel, Madame Curie, Rutherford, Soddy,
Boltwood and others to the discovery are referred to in Parts III and IV of Volume IV of
the ‘ Physics of the Earth * entitled ‘ The Age of the Earth’, by A. F. Kovarik and A.
Holmes respectively, and entitled respectively °‘Calculating the Age of Minerals from
Radio-Activity Data and Principles’ and ° Radioactivity and Geological Time’. See
Bull. National Res. Council of the National Acad. of Sci., Washington, D.C., No. 80, June
1931, pp. 73-123 and 124-469.

2 See also A. Holmes, * Radioaktivitét und Geologie ’, Verh. d. Naturf. Gesellsch. in
Basel, XLI, pp. 136-185, (1931) : p. 157.

3 A. L. Coulson, ‘ The Geology of Sirohi State, Rajputana’, Mem. Geol. Surv. Ind.,
LXIII, p. 103, (1933) ; A. M. Heron, Trans. Nat. Inst. Sci. Ind., Vol. I, p. 20, (1935).
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The uraninite from Gaya is from pegmatites, that he treats as belonging to
younger Archman granites.

In addition to the uraninite and thorianite mentioned above, India and
Ceylon have yielded numerous radioactive minerals, of which monazite,
thorite, zircon, and samarskite, may be mentioned as providing scope for much
useful work on this problem. _

Messrs. N. A. Yajnik and Saral Jang Kohli have investigated the radio-
activity of certain Indian minerals, determining the radium contents thereof,
but this is useful for our present purpose only in indicating minerals of which
the lead-ratios could profitably be determined. The minerals investigated
are uranium-ochre and columbite from Gaya, samarskite from Nellore, urani-
ferous apatite-magnetite-rock from Singhbhum, and cordierite-rock from
Travancore. Of these the uranium-ochre from the Gaya district and the
samarskite from the Nellore district are by far the most radioactive.

Another method that has been investigated is that of helium-ratios,
that is of helium to uranium and thorium,® dependent
on the fact that helium is produced during the disintegra-
tion of uranium and thorium. This method has been specially developed
by R. J. Strutt (now Lord Rayleigh). It has not yet proved as reliable as the
method of lead-ratios, owing to the facility with which helium, especially
if present in quantity, escapes from minerals. The results obtained are thus
always minimum values. One of the minerals studied by Strutt is zircon ®
from various localities, which have given helium-ratios on the whole propor-
tional to the geological age. Amongst the specimens investigated are zircons
from Ceylon gem gravels, regarded as probably of Upper Pre-Cambrian age
by Holmes. Sphenes, phosphatic materials and iron-ores have also been
investigated by Strutt for their helium-ratios, and also a number of other
minerals from various localities by Strutt and others, including thorianite
from Ceylon. A comparison by Holmes of helium-ratios with lead-ratios
shows that the age of a mineral calculated from its helium-ratio is rarely
over 60 per cent. of the true value and is generally less than 40 per cent.

According to Holmes,* however, the loss of helium from -close-grained
igneous rocks—especially if they are free from glass—will be a lower order
than that characteristic of ‘ radiocactive ’ minerals.

Hellum-ratios.

1 Journ. As. Soc. Beng., N.8., XX, pp. 225-238, (1925).

2 Holmes, loc. cit., pp. 393—426.

8 Holmes, loc. cit., p. 402,

¢ Holmes, loc. cit., p. 411. I do not agree with Dr. Dubey’s interpretation of the
structure of Pavegadh Hill in accordence with which he regards the acid rock on the
summit as a plug, instead of a flow as determined by W. T. Blanford and myself and
recently confirmed by Dr. A. M. Heron [gsee Rec. Geol. Surv. Ind., XXXIV, pp. 148-
166, (1906), and LXVITL, p. 17, (1934)]. According to Holmes the helium-ratios of
the rhyolites (felsites of Dubey) are clearly low, so that the rhyolites may be much older
than is indicated by Dubey and Holmes.
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Dr. V. 8. Dubey of Gwalior, partly in collaboration with Dr. Giinther
in Berlin, and partly in collaboration with Holmes, has made a preliminary
investigation of these possibilities and has determined the helium-ratios
of rhyolites and basalts from Pavagadh Hill in Gujerat and of the Cleveland
dyke and Whin Sill in England.

Dr. Dubey has also investigated the helium-ratios of the basic rocks of
the Morar stage of the Gwalior series,! regarded as pre-Cambrian in age and
grouped with the Puranas. Three different rocks were analysed with widely
divergent results, the age indicated ranging from 203 to 500 million years,
the highest result being given by the finest grained rock (a fine-grained basalt
flow). Using the latter result only this determination indicates, according
to Holmes, a late pre-Cambrian age for the Gwalior basalt. It is evidently
considered by Holmes that with these fine-grained rocks of low helium contents
there is no substantial leakage of helium to be allowed for.?

During his earlier investigations of helium-ratios, Lord Rajyleigh (as
R. J. Strutt) found that certain beryls of Palmozoic age from the U.S.A.
contained much more helium that could be accounted for by the small traces
of radioactive matter of the uranium and thorium series present. Recently
Lord Rayleigh has made a special investigation into the helium contents of
over 60 specimens of beryl® These, although predominantly of Archesean
age, included a considerable number from later geological formations. Taking
either the maximum quantities of helium (cubic millimetres per gram of beryl)
or the median quantities, it is clear that there is a relationship between helium
contents and geological age, showing that the helium has accumulated in
beryl during geological time. It is also known that the helium is not derived
from uranium or thorium, and the preliminary deduction is that the helium
is derived from the atomic disintegration of berylium. *

There is a possibility, therefore, that ultimately helium-ratios may provide
some guide to the age of beryls and thus of the rocks, usually pegmatites,
containing them, For the above investigation 17 of the specimens were
provided by myself from the collections of the Geological Survey of India.®
Six out of the first eight specimens arranged in order of helium contents
came from India.

1 ¢ Helium ratios of the basic rocks of the Gwalior series’, Nature, Vol. 126, p. 807,
(1930).

2 Loc. cit., p. 409.

3 ‘Beryllium and Helium., I—The Helium contained in Beryls of Varied Geological
Age’, Proc. Roy. Soc. A, CXLII, pp. 370-381, (1933).

4 Nature, Vol. 131, p. 724, (1933).

8 They were derived from Mysore, Assam, Nellore and Coimbatore in Madras, Bhandara,
Central Provinces, the Bihar mica belt, Ajmer, Kishengarh and Gwalior in Rajputana
(possibly all Archsean in age) ; from Padar in Kashmir (of doubtful age) ; and from Tavoy
in Burma and from Chitral (both probably Mesozoic). One of these gpecimens, from the

Bangalore-Kankanhalli Road, Mysore, contains more than twice a8 much hehum a8 the
beryl of any other locality.
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One other method of utilising the radioactive properties of minerals
may be mentioned, namely measurement of the rings of
pleochroic haloes in biotite and cordierite. Much research
on this was done by Joly, but sufficient success in the inter-
pretation of results has not been obtained to render it necessary here to refer
further to the problem.! Pleochroic haloes have been noticed in various
minerals in India, and there is a field for research on this question.

I have dealt with this last criterion of lead-ratios and helium-ratios at
some length because it will be of special interest to physicists present ; and in
order to bring to the notice of our physical and chemical friends, who are
equipped with the necessary apparatus and experience to undertake the re-
search, that there is a great field for research on radioactive minerals in India.
The Geological Survey of India is in possession of the material, and I do not
doubt that my successor as Director—Dr. Heron—would be only too glad
to help in the provision of material for properly directed investigations. For
it must be emphasised that such research will be of no value to the geologist,
but will only create confusion, if it is not to the last degree accurate.

Pleochroic
haloes.

III. CoxcrLusion,

I hope that this address has not seemed too abstruse to those who are not
geologists. In any case, I hope I have succeeded in indicating that we geo-
logists do not practise a science enclosed in a water-tight compartment, We
are dependent at every step upon other scientists. Thus we rely upon help
from the physicists and chemists in the determination of the physical con-
stants and the chemical composition of minerals and rocks, in the solution
of the problems of seismology and geophysies, and in the determinations of
the radioactive constants of minerals and rocks ; to the botanist and zoologist
we look for help in understanding the relationships of the organisms now
represented by fossils ; we join with the astronomer when we pursue our geology
back to the earliest history of our globe and contemplate the relationship of
our earth to other stellar bodies.

Although the geologist makes so much use of the researches of other
branches of science, he hopes that he provides an adequate quid pro goo.
Geology is in a way the science that synthesises all others, as it is the science of
the earth upon which we live. The geologist is therefore often able to provide
a check to other sciences, and to help with suggestions for research. A classic
example of the former is the refusal of geologists to accept the restricted age
that physicists and astronomers were formerly prepared to allow to our earth
as compared with the requirements of geology to provide for the facts of

1 Reference may be made to Chapter I of Part IV, by Holmes, pp. 159-196, of ‘The
Age of the Earth’, already cited, for a detailed sccount of the researches into this
method.
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sedimentation and the evolution of life ; the discovery of radioactivity has
solved the difference, so that physicists now allow to the geologist the time he
wishes. A classic example of the assistance given by geological science to
other sciences lies in the fact that the fossils discovered during his strati-
graphical researches have provided material of fundamental importance to the
theory of the evolution of life upon the earth.

Both these points have resulted from the researches of the geologist
into the stratigraphical succession of the rocks of the earth’s crust. It will
be seen, therefore, that the general subject of this afternoon’s address, the
correlation of strata, is one not only of economic interest to the mineral indus-
tries and of general interest to the geologist, but is also a subject that has
had profoundly important repercussions upon astronomy, physics, zoology
and botany. The restricted section of the subject with which I have more
particularly dealt takes us back to the primordial days when at one end geology

merges with astronomy and at the other end with the appearance of life upon
earth.






