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PREFATORY NOTICE.

N the beginning of 1887 my predecessor, Mr. Medlicott, wrote as fol-
lows in his Annual Report of the Geological Survey :—“ T'he two first
parts of the Manual of the Geology of India, issued in 1879, have been
out of print for some time, and the question of re-writing it has been
much upon my mind. Parts of it would require abridgment, leaving locul
information to be sought for in the special Memoirs; and parts of it
would need alteration and addition in view of extended information.
The greater part of the two volumes was written by Mr. Blanford,
who was for the time relieved of other work. To re-write the whole
while carrying on the manifold current duties of the Survey has been more
than I could attempt ir India with any justice to either.” .

The directing of the Survey since Mr. Medlicott’s retirement is even
fuller of current duties, not the least of which has been a considerably
increased system of frequent tours over the length and breadth of the
land ; so that, however pressing it may also have been on my mind,
I have been unable even to venture on the elaboration of a revised form
of Messrs. Medlicott and Blanford’s most excellent work ; and I therefore
gladly accepted Mr. R. D. Oldham's offer to prepare a fresh issue accord-
ant with our progressive survey of the Empire.

Mr. Oldham had had a varied experience of survey work over widely
separated tracts in india where he had opportunities of studying most of
our repiesentative formations in their peninsular and extra-peninsular
development : while of his own motion he devoted his first period of
well-earned leave to a comparative study of our Gondw4na representatives
in Australia. His close acquaintance with the literature, as evidenced
in the careful Bidliography of Indian Geology, compiled by him in 1888,
had already indecd predisposed me in favour of a possible ultimate
placing of a second issue of the Manual in his hands; and in now au-
thorising that issue | would fain hope that my choice may be justified.

WILLIAM KING,

. Director, Geological Survey of India.
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PREFACE TO THE FIRST EDITION.

HE want of a general account of Indian Geology has been feit for
some years. The regular Geological Survey of India may be
considered to have commenced in 1851 ; and but few of those who took
part in the work during the earlier years now remain in the service. Itis
desirable, before all the older members of the Survey pass away, that
some record of the early observations, many of which are unpublished,
should be rescued from oblivion, for the benefit of future explorers. The
published Memoirs and Records of the Sutvey, moreover, have now
become too numerous and bulky for general use; and it is difficult for any
one, without much study, to gather the more important observationson the
geology of the country from amidst the mass of local details. Many papers
on Indian geology are also scattered through various Indian and European
periodicals. As a guide to all who have occasion to acquire a knowledge
of Indian geology, or who desire information from a love of the science,
some compendium of the observations hitherto collected has become abso-
lutely necessary ; and the present Manual has been drawn up, by direction
of the Government of India, to supply the deficiency.

It was originally desired by the Government that this work should b~
prepared by the late Dr. Oldham, or that the compilation should have the
advantage of his supervision. As Dr. Oldham was the first Superintendent
of the Survey, and remained at the head of the Department fron: its com-
mencement in 1851 to 1876, he would, unquestionably, have been admir-
ably qualified to carry out the work ; and it was his own desire to do so, as
the completion of his labours in India. Failing health, however, and the
pressure of other duties, prevented him from even commencing the task ;
and when, at length, he was unable any longer to remain in the country,
the duty of preparing a Summary of Indian Geology was left to his
successor, At this time the only preparation that had been made for the
work was the partial compilation of a general Geological Map of the
Peninsula.

The double authbrship was not entirely a matter of choice; although
undertaken, and carried out, most willingly by both the writers. Both
have been engaged in the work of the Survey almost from th: commence-
ment ; and as cach has, in the course of his service, examined very large
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areas of the country. the combination secures the description and discus-
sion, from personal knowledge, of a much larger portion of India. At the
same time the advantages of wider experience and thought may not be
found an adequate compensation for want of uniformity and occasional dis-
crepancies—the natural results of divided authorship. To secure, so far
as possible, the responsibility of each author for the facts and opinions
stated, the initials of each are affixed in the Table of Contents to the chapters
contributed by him. Every such chapter has been read and revised by
the other writer; but the alterations have in no case been of more than
trivial importance ; so that each chapter may be practically taken as an
individual contribution. The number of subjects is so large, and the con-
nection between them, in many cases, so slight, that the lack of uniformity
will not, it is hoped, seriously detract from the usefulness of the Manual.

In addition to the subjects discussed in the present work, it was, at first,
proposed to add an account of the Economical Geology, and to treat in a
special chapter of the known Mineral Resources of India. But the length
to which the Manual has already extended has rendered it advisable to
postpone this very important subject, and to reserve it for a separate
volume.

Although many of the details in the work now issued Lave not previ-
ously been published, and although the discussion of the observationsinvolves
several new deductions and suggestions, the book is, in the main, a compi-
lation ; and it is quite possible that, cspecially in treating of areas and
formations of which the authors have no personal knowledge, full justice
has not always been done to the views of original observers. It has, in
several instances, been thought more important to point out possible
causes of error than to endorse opinions which, although very possibly
correct, are not sufficiently supported by published data to be accepted
as conclusive. In all such cases full references to previous publications
have been furnished ; and an examination of the details given in the latter
will, 1t is hoped, serve to correct any errors of interpretation on the part
of the authors of the present work.

The numerous and large areas left blank in the annexed Map show,
at once, how far the present publication falls short of completeness, and
how imperfectly the promise implied in the title is fulfilled. A note upon
the Map further explains that large portions of it have been coloured
from very imperfect information, from sketch surveys or rapid traverses
affording no sufficient opportunity for a proper study of the formations.
It had, however, become imperative, as a duty to the public, for reasons
already mentioned, to bring together a summary of the work accomplished
since the commencement of the Survey; and it was egually essential, for
the Survey itself, that some general record of the results obtained up
to date should be compiled. These objects could only be attained by
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attempting a general Map and Review of the Geology of India; but the
reader must not forget that the present attempt is more of the nature of
a progress report than of a finished work.

The Map, it is feared, will be found defective in several other respects.
Under the circumstances it was impossible to prepare a special reduction
of the topography; and, amongst the Maps of India available in the Sur-
veyor General's Office, there was, practically, no choice but to accept
that on the scale of 64 miles to the inch, then well advanced towards com-
pletion, as a basis for the geological details, The scale is inconvenieatly
small for all parts of the country that have been geologically mapped in
any detail, and the mountain ranges have not been inserted ; so that many
features discussed in the text are not indicated. But the most serious
drawback is in the names of places. Many towns of importance are
omitted, owing to the small scale; and other names of interest, for pur-
poses of geological description, such fossil-localities, or of
villages near important sections, are wanting. Nor is this all. Thespelling
of Oriental names is a well-known cause of perplexity ; and the confusion
has been increased by the unfortunate circumstance that, while one sys-
tem has been adopted by the Great Trigonometrical Survey, and employed
in all the maps, including those of the detailed Topographical Surveys,
issued by the Department, an entirely distinct system has been employed
by the Revenue Survey, by whom the maps of all the best known parts of
the country have been prepared. Under the first system, each letter in
the Indian language is represented by a corresponding letter in the
Roman character ; diacritical marks and accents being employed to distin-
guish such consonants or vowels in the latter as are required to represent
two or more sounds, and the Italian or German sounds of the vowels
being used, instead of the English. Under the second system, an attempt
is made to represent the original sound by English spelling ; double vow-
els being largely used, but no diacritical marks. The imperfection of the
latter plan is manifest ; because, in the first place, the sounds, of the vow-
els especially, in English, are variable, and incapable, in many cases, of
representing those of Oriental languages ; and, secondly, the representation
of the true names by supposed equivalents is arbitrary, depending chiefly
on the ear, often very imperfectly trained, of the transcriber. When maps
of large areas, as in the present case, are compiled, the mixture of names,
spelt according to two different systems, is inevitable. The attempt at a
general revision of the nomenclature, however desirable, would have
involved serious delay.

Of late, the Government has adopted a compromise in the question of
spelling, and lists of the principal places in each province have been
issued ; the familiar and well-known names being spelt in the manner that
has become customary by usage, whilst transliteration is employed in all
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other cases, with the exception that no diacritical marks are used for
consonants. This system is obligatory for all official publications; and it
has, consequently, been adopted in the present work. In some cases,
however, the lists for particular provinces have not been published in time
to be available ; and in the following pages it is not unfrequently necessary
to mention places not contained in the lists, and the proper vernacular
pronunciation of which is unknown to the writers. In such cases, an at-
tempt has been made to spell the name according to the recognised system ;
but it is only fair to warn the reader that no dependence can be placed
on wany names of places, specially upon those in the south of India, when
taken from old maps.

In the preparation of the Map a large share has been taken by various
Officers of the Geological Survey, all of whom have contributed. The
colouring and printing have been carried out at the Surveyor General’s
Office, under the superintendence of Captain Riddell, R.E., to whom the
authors beg to express their obligations for the labour he has given to the
work, and for the assistance he has afforded to_them personally. '

In the plates of fossil plants and animals at the end_of the work some of
the most common and characteristic forms of organic” remains found
in India are represented. The plants have been selected and ar ed by
Dr. Feistmantel, and the tertiary Mammalia by Mr. Lydekke:miw
plates are lithographed by Mr. Schaumburg, whose work will answer f
itself. The majority of the figures are from original drawings, or from the »
“ Palxontologxa Indica ;" the remainder are copied from other works; but
these copies have, in many cases, been compared with specimens.




PREFACE TO THE SECOND EDITION.

THE first edition of the Manual of the Geology of India was found to sup-
ply a want so much felt that it soon went out of print, and for several
years has only been procurable from the dealers in second-hand books.
It had, besides, become out of date in many parts, and the Government of
India decided that the time had come for the preparation of a new edition.
So great have been the strides made in our knowledge of Indian
Geology in the last fifteen years that it has becn found possible to entirely
change the arrangement of the book and to adopt the more scientific and
orderly course of describing the rocks in chronological order, instead of
breaking the book up into a series of descriptions of separate districts,
as was found to be inevitable in the preparation of the first edition.
There is not, unfortuna.tely, everywhere the same certainty regarding the
proper position in a chronological arrangement of part:cular groups of
beds. Frequently the true homotaxis is unknown, and there is a conspicu-
ous instance of the mistakes which may then be made, in certain rocks
of the Arakan Yoma, which were supposed to be triassic at the date when
this second edition was written, but have been shown to be eocene as the
pages were passing through the press, and consequently rocks which
should have been classed with the tertiary were described in the chapter
devoted to the carboniferous and trias,

Many districts have remained untouched since the publication of the
first edition, and in all such cases, and wherever indeed no serious modif-
cations of the original text have been necessary, it has been allowed to stand
practically as in the origiral publication. All these passages have been
carefully revised and generally more or less condensed, while many minor
alterations needful to adapt them to the altered scope and arrangement of
the work have been made, as well as such alterations as have been neces-
sary on account of the advance of our knowledge. In the table of contents
the portions in which the first edition has been taken as the basis of the
text are distinguished by a different type from that which refers to the
portions which are new or have been entirely re-written,

As there is now a special volume devoted to the economic aspects of the
geology of India, not to mention the Dictionary of Economic Products and
the Handbooks of Commercial Products of the Imperial Institute, it has
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been decided to exclude all references to economic geology in this work.
The references would necessarily have to be too brief for commercial pur-
poses, while they would have confused the stratigraphical descriptions and
increased the bulk of the volume. It is, therefore, better that these sub-
jects should be relegated to the books specially devoted to them.

For the rest, the remarks in the preface to the first edition, relative to
the geographical basis of the Geological Map of India and the spelling of
place names, still hold good.  As regards the latter, the Imperial Gazetteer
of India has been adopted as a standard by the Government of India and
the Royal Geographical Society. The spelling in that work has conse-
quently been followed, and as regards places not mentioned in that work
the same system of spelling has been adopted so far as possible. The
scale of the Geological Map adopted for this edition is smaller than that of
the map issued with the first edition. It is hoped that the altcration will
make the map more convenient to consult, while the amount of detail
that can be exhibited remains practically the same, and the impossibility of
finding a map showing all the places mentioned in the text has been
rectified, so far as possible by an index of place names giving their geo-
graphical co-ordinates.

The date of the map will be seen to differ from that of the title-page
of the book; this is due to the fact that it was necessary to go to press
with the map before the text was completed. The map consequently repre-
sents the state of information available in the office of the Geological
Survey on the 31st December 1891, while the text dates ‘about four months
later, and subsequent additions and corrections have been made in foot-
notes up to the beginning of this year.

Finally, I have to express my obligations for the help so readily ren-
dered in the preparation of this work, specially to Prof, Suess, for the loan of
the illustration block on p. 202, and to Dr. W. T, Blanford, who, in addi-
tion to other assistance, has been good enough to read the proofsof the
passages referring to the fossil tertiary and pleistocene mammalia.
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(Ordinary type refers to matter which has been adapted from the first edition,)
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CHAPTER L

PHYSICAL GEOGRAPHY.

Limits of area treated. three great divisions, Indo-Gangetic alluvium (1), penin.
sular, extra-pcninsular.  Contrast of peninsular and extra-peninsular regions. Extra-
peaninsular rocks and peninsular structure west of Arévallis (2); extension of peninsular
rocks into Assam hills and eastern Himdlayas; nomenclature of Indian Hill ranges,
difficulties. Peninsular mountain ranges (3), merely remnants of plateaux isolated by
erosion, Ardvallis the only important peninsular range composed of disturbed rocks (4),
hills of Southern India possibly isolated by marine denudation, former continuity
of hills of Central India, absence of connection between direction of peninsular
mounatains and disturbance of rocks (5), Ardvalli range an exception, but disturbance of
great antiquity. Extra-peninsular ranges directly dne to disturbance of rocks, difficulties
of nomenclature (6), coasideration of Himélayas postponed. Hills of western frontier,
separation of Salt range, two principal directions of strike in hills west of Indus (7),
hills of eastern frontier and Burma, Salt range and Assam Hills. Drainage system of
extra-peninsular hills always crosses axes of special elevation (8), ‘ tangis ” of western
frontier, gradual elevation of hills with occasional interruption of drainage. Simi.
larity of hills on eastern frontier and differences introduced by climate, River system of
Peninsula (9), easterly trend of drainage, antiquity of east and comparativer recent origin
of west coast. Tertiary changes of extra-peninsular coast line, changes of level on
peninsular coast. Sahyidri range, resemblance to sea cliff (10), Cremnoconchus allied to
marine form, subaerial erosion, elevation of the Konkan tertiary rather than post.
tertiary. Possible isolation of Southern Indian hills by marine denudation, Supposed
submerged cliff on Mekran coast, submerged forests of Bombay and Tinnevelli coast.
Changes of level in Cutch and Arakan (11), in Andaman islands. Coral archipelagoes off
west coast, erosion and accretion of land on east coast (12),in Cambay ; silting up of Rann
of Cutch (13). Evidence of glacial period, former extension of Himélayan glaciers, boulders
of the Potwdr. No physical proofs in the Peninsula, other evidence. Him4layan plants
and animals on higher hills of Southern India (14), migra‘ion not due to greater
dampness (15). Volcanoes, Barren Island (16), Narcondam, Puppadoung (17) other
extinct volcanoes of Upper Burma ; termination of the Sunda chrin. Doubtful cases of
volcanic eruption; in Bay of Bengal (18), Lon4r lake. Salses or mud volcanoes (19),
Burma, Ramri and Cheduba (20), ignition of marsh gas by lightning (21), Assam, Baliich-
istdn (22,.
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CHAPTER 1.

METAMORPHIC AND CRYSTALLINE ROCKS.

Great extent, imperfection of data available (23), gneissose rocks of two ages, older
or Bundelkhand gneiss, leading characters and distribution, newer or banded gaeiss
appears to pass into transition rocks, doubtful validity of separation, alarge part probably
newer than Bundelkhand gneiss (24). La Croix suggests presence of groups of successive
origin in Southern Indian gneisses. Bundelkhand gneiss in Bundelkhand, characters (25),
generally massive, schistose gneisses in southern portion of area (26), abserce of
limestone ; pegmatite veins, absence of accessory minerals, quartz reefs, absence
in area of schistose gneiss (27), foliation of quartz reefs and occasional presence
of serpentine; newer series of quartz veins; trap dykes (28), newer than quartz
reefs; relation to newer rocks. Newer gneiss of Siugrauli (29), abundance of
accessory minerals, well marked banding and foliation (30), quartz recfs, dome gneiss,
comparativerarity of trap dykes, pegmatite veins (31). Chutia N4gpur banded gneisses,
relation to transition rocks of south-west Bengal § inliers of older gneiss, trap dykes,
unconformable junction with transition rocks. Gneisses of T4alcher and Mah4nadi vallev

,(32), schists and conglomerate in gneiss. N&gpur and Nizam’s dominions. Gueisses of
Nellore, Carnatic, massive gaeisses, schistose gneisses (33), Bezwéda gneiss containing
Mourchisonite. Mica mines at Inikurti (34). Gneiss of Southern Maréthd country and
Bellary; massive gaeiss with granite iatrusioas, resemblance to Bundelkhand gneiss, quartz
reefs and dykes (35), absence of limestone, and rarity of accessory minerals. Gneisses of
the Konkan.  South Malabar, three distinct forms (36), indications of successive origin.
Wainid and Nilgiris (37). Limestone and granite intrusions in gneiss of Coimbatore and
Trichinopoli. Salem district, magnesian schists (38), La Croix on Salem gnei:ses, Scuth
Arcot and Trichinopoli. Madura and Tinnevelli, supposed stratigraphical successioa (39).
Distribution and composition of ancient trap dykes in Southern India. Aravalli range,
apparent passage from gneiss to transition rocks. Limestones and slates associated with
gneiss near Jobat. (40) Extra-peninsular guneissose rocks. Afghinistin Himélayas.
Kashmir, supposed presence of gaeiss of two ages, doubtful correctness of
interpretation (41). True gneiss of Zaaskar, Rupshu and Kumiun Himédlayas Ganeiss
of Darjiling. Porphyritic gneissose granite, description (42). mode of intrusioa, similar
granite of Hazi-a, distribation in Himdilayas (43), date of intrusion. White granite and
syenite in Himélayas. Assam gneiss (44), outliers in Brahmaputra alluvium, and in Siwdlik
zone. Gneissose rocks of hills east of Burma, metallferous veins (43). Resumé, imperfec-
tion of data, antiquity of the Bundelkhand gneiss, other gneisscs largely newer, but in part
due to deformat.oa of the older gneiss (46).

CHAPTER IIL
TRANSITION SYSTEMS.

Unfossiliferons older sedimentary rocks of Peninsula. Difficulty of classifcation, divi-
sible into two, partly contemporaneous, groups systems. Newer may be classed as older
palzozoic, older as Traasition (47), meaning attributed to the term. The Dhérwér
system, distribution, petrology (48), volcanic beds, and deformation of pebbles by com-
pression, hamatite schists and auriferous quartz reefs, unconfornity to granitoid
gaeiss (49), apparent local passage into gneiss, relation to Cuddapahs, complete isolation
of Dhérwirs, protatle relation to transition systems of Central India, outlier of Lhérwérss
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in Nellore (50), possible confusion with disturbed Cnddapahs. Bijdwar system, uncon=
formable to Bundelkhand gneiss, bottom beds (51) irregularity, total thickness, absence of
disturbance in Bundelkhand, probable disturbance under the Vindhyan area. Beds
at the Ken, sandstone and conglcmerate associated with gneissose rock (52), possibly a
metanorphosed arkose. Bijiwars of lower Narbad4 valley, relation to gneiss (53),
exposures near Bigh and Jobat, older sedimentary rocks associated with gneiss;
outcrops in upper Narbad4 valley (54), Bijdwars of Son-Narbad4 watershed, metamor-
phosed condition; Son valley (55) an older system also seen; section in Rer valley,
abrupt junction of gneiss with Bijiwars, and passageinto slates of the Rer valley (56).
Transition rocks of Behar hills, disturbance (57), distinctness of boundary, metamor.
phosed condition and parallelism of stratification with gneiss ; less metamorphcsed condi-
tion of rocks in detached hills (38). Junction with gneissose rocks in the Shaikhpira ridge
and at Luckeeserai, analogy to section in the Ken, probable equivalence of Behar transi-
tions to Rer valley slates (59). Shillong series of Assam, resemblance to Behar transitions,
two divisions, conglomerate at base of upper quartzites (60), relation to gneiss. Eruptive
diorite and granite (61), mode of intrusion of the granite. Transition rocks of Manbhim
and Singbhim (62), unconformity to gneiss inliers, associated eruptive rocks, metalliferous
weing (63). Chilpi ghét or Séletekri series of Central Provinces. Gwalior system, uncon-
formity to Bundetkhand gnesss, distinctness from Bijiwars (64), P4r sandstone and Morar
group, absence of disturbance, original limitation (65), organic remains, voicanic rocks,
porcellanic beds, (66) limestone beds, heematite shales, outlier at Hindaun, antiquity of
the Gwalior system (67). Arévalli system, limitation and doubtful separation, apparent
passage into gneiss, uaconformably covered by the Delhi system, conglomerates near
Udaipur (68), Jasper beds in Arévalli system, granite intrusions. Delhi system, distribution,
subdivision (69), Alwar quartzite, Delhi system near Nimach, uncoaformity at base of Delhi
series (70). reported passage into greiss. Bedsin contact with Gwaliors of Hindaun (71),
post-Gwalior age of Delhi system ; flexible sandstone. Chiniot and Kirdna hills, antiquity
of rocks (72). Champéner beds, apparently belong to the Delhi system (73). Maléni series,
felsites, doubiful age, formerly considered Lower Vindhyan, unconformity with Upper
Vindhyacs, resemblance to Arévalli felsites of Toshdm (74), classed as transition. Possi-
ble contemporaneity of part of Gwalior and Delhi systems with the Cuddapahs, relative
ages of the transition systems. Extra-peninsular area, Vaikrita system of Hundes and
Sgiti, schistose beds of Nepél (75). Daling series of Sikkim, appareat infraposition to
gneiss, misleading appearance of section (76).

CHAPTER 1V.

OLDER PAL/EOZOIC (CUDDAPAH AND Vl.\'DHYAN) SYSTEMS OF THE PENINSULA,

Absence of fossils, nomenclature, age possibly in part contemporaneous with transition
systems. Two principal areas. Southern India ; Cuddapah system (77), extent, distur-’
bance of strata on east, Nallamalai range, subdivision (73), unconformities between
different groups, boundaries of basin, original limit of deposition on west. Pipaghni
group, Gulcheru quartzite, contact with gneiss, basal conglomerates ; Vempallilimestone
(79), volcanic beds ; Cheyair group, two areas, Pilivendala subdivision, uncunformity to
Pépaghni group, Ndgari quartzites, basal conglomerate, Tadputri beds, volcaric rocks (8o),
porcellanic beds, Pullampet beds, pseudo-fossils ; Nallamalai group, Bairenkonda quart-
zites, Cumbum slates (81), Echwarakupam hill; Kistna group, Irlakonda quartzites,
Kolamnala shales, Shrishalam quartzites. Kalddgi series, Cuddapah age, distribution
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(82), relation to gneiss, subdivisions, disturbance (83). Karndl series, separation from
Cuddapahs (84), subdivision ; Banaganpalli group, diamond gravels ; Jamalamadigd
group, Auk shales (85), Natji limestone ; Paniam group; Kundair group, Nandi4l shales,
Koil Kuntla limestones, supposed fossils, original limitation, Karniil series in the Palnid,
diamond sandstone (86), difficulties of correlation, disturbance of the beds. Bhima series,
subdivisions (87), relation to metamorphics, basal diamond bearing (?) conglomerate,
slight disturbance, breccia formed ¢n situ, doubtful fossil (88), probable original continuity
with Karnuls. Cuddapah outliers north of the Kistna. Pakhal series, subdivisions ; Pakhal
division, resemblance to Cheyair group ; Albaka division (89). Pengangé beds, formerly
regarded as lower Vindhyan, identified with Pakhal series and Cuddapahs (go) similarity
of disturbance. Cuddapahs of Bastér and Mahanadi valley, Sullavai series (1) sub-
divisions, relation to Pakhal series, regarded as Vindhyan. Barrier between Vindhyan
and Cuddapah areas. Vindhyan system (g2), origin of name, extent of deposits; lower
Vindhyans, distribution (93), Son valley, Bundelkhand, and Chitor areas, outliers (94) ;
subdivisions in Son val'ey, relation to gneiss, porcellanic and trappoid beds, Rohtas group
(95); Bundelkhand area, subdivisions, general resemblance to Son valley rocks, Rohtas
group recognised, silicious brecc'a (96), peculiar bottom rock of eastern portion of ex-
posure, supposed midus of the diamond (97). Original limitation of lower Viadhyaas,
overlap by upper Vindhyans in Buudelichand. Chitor area, conformity of lower and upper
Vindhyans, basal conglomerate. Doubtful propriety of uniting lower and upper Vindhy-
ans (98), unconfurmity, nature of disturbance of lower Vindhyans, apparent conformity.
Upper Vindhyans, subdivisions (99), general compnsition ; K4imur conglomerate, charac-
teristics of the groups, diamonds (100), Bhander limestone, supposed fossils (101), connec-
tion between variations of subdivisions and boundaries of tha basin, surface features of
Vindhyan area, general absence of disturbance, local disturbance at Jhalra Pitan
(102), Dhir forest. Faulted boundary of the Vindhyans to the Arévallis, ana'ogy to
main boundary of the Himélayas (103), analogy of Vindhyans to Gangetic alluvium and
Siwiliks, age of the Ardvalli mountains (104). Outliers of supposed upper Vindhyans
in Bundelkhand, peculiarities and probable mode of origin (105). Vindhyans west of the
Arfvallis, relation to Arévalli mountains, glacial beds of Pokaran of doubtful Vindhyan
age, relation to,Vindhyans of main area (106). Diamond bearing rocks of India, of
approximately equallage, diamonds derivative, original source of the diamond (107). Re-
sumé, relative age of rock systems, probable equivalence of Gwalior and lower Cuddapah
rocks (108).

CHAPTER V.
OLDER PAL/EOZOIC SYSTEMS OF THE EXTRA-PENINSULAR AREA.

Marine fossiliferous deposits. Salt range, subdivisions (109) ; Salt marl, absence of
stratification, salt and gypsum deposits, impurities of the salt, gypsum beds (110’, sup-
posed hypogene origin of the salt marl, appearance of intrusion {1:11), evidence not con-
clusive. Kohét salt and gypsum, supposed age and origin, gypsum due to hydration of anhy-
drite, anhydrite inclusions in quartz crystals, general coaclusions (112); Purple sandstone ;
Neobolus teds, cambrian fossils; Magnesian sandstone (113) ; Salt pseudomcrph zone.
Central Himilayas, classification of beds, Haimanta series (114), passage to silurian, silurian
fossils (115). Cuter Hia dlayas, unfossiliferous slates mapped as silurian, in part carboni-
ferous ; Attock slates. trias and cretaceous fossils, Kashmir (116); Jaunsar series, volcanic
beds, resemblance to Haimantas ; Deoban limestone, distribution (117). Supposed
organic remains ; Baxa series ; Devonian fossils in Thibet ; Silurian of Burma (118).
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CHAPTER VI

CARBONIFEROUS AXD TRIASSIC ROCKS OF EXTRA-PENINSULAR INDIA.

Passage between palzozoic and mesozoic. Salt range (119), glacial bounlder bed,
fragments derived from the south, facetted pebbles (120), Australian fauna, upper carboni-
ferous age (121), distribution of fossils in Productus beds (122), speckled saadstone.
Productus beds, classification (123); lower Productus beds, change of fauna, absence of
Autralian forms, Enropean affinities (124), permo-carboniferous age, changes of land and
sea, Salt fange fossils in China ; middle Productns beds (125), relationships of fauna,
appearance of mesozoic types (126); upper Productus beds, permian facies of fauna, palm-
ozoic ammonites (127) ; Chidrn group, great change of fauna, abundance of mesozoic types ;
probable age. Trias of Salt range (128). Central Himilayas, crinoid limestone, possible
glacial beds (129), Kuling series. Trias, subdivisions, lower trias (130), supposed rhatic
and lias, provisional character of conclusion (131), paleontological break betweean siltrian
and carboaiferous, absence of rhatic and lias. Carbonaceous system of Simla Himélayas,
Simla slates (132), Blaini group, glacial boulder beds, infra-Krol carbonaceons slates (133),
Krol or Boileangunj quartzites, felspathic grits of western Garhwal. Upper carbonaceons
slates. Volcanic beds. Kashmir carboniferous (134), glacial boulder bed, carbonaceous
slates and volcanic rocks, fossils (135), affinities of fanna ; Trias. General similarity to car-
bonaceous system and contemporaneity of origin (136) ; connection of Simla and Kashmfr
areas, absence of fossils south of snowy range. Former correlation of the Blaini groups
consequent errors (137). Supposed trias fossils in Simla district. Outliers in Kégén.
Hazéra, carboniferous, infra-trias of Sirban Mountain (138), Taaol series, Trias of Hazara.
(139). Carbon trias of Pir Panjél and Dhaoladhér, inliers of limestone in tertiary zone.
Karakoram range, Syringosphaera beds (140), Afghénistéin and Suldiméa range. Supposed
carboniferous of Tenasserim. Maulmain group (141). Limestone of Tenasserim and
Mergui Archipelago. Unfossiliferous slates of doubtful age; Khwaja Amran range, not
tertiary (143), serpentine intrusions, Trias fossilsin Baluchistan ; Arakan Yoma (144), axial
beds, supposed triassic age ; since proved to be nummulitic (144). Negrais rocks, description
(145), serpentine intrusions (146), distribution. Manipur (147), resemblance to rocks of
Simla area. Disang group of upper Assam (148).

CHAPTER VIL

THE GONDWANA SYSTEM.

Origin of name, extra-peninsular outcrops (149), distribution in the Peninsula. Fluvi-
atile origin (150), possible lacustrine origin of the Talchir group, relations to older and newer
rocks (151). Connection of outcrops with existing river valleys {152), faulted boun-
daries (153), supposed deposition against cliffs, evidences of disturbance (153). Barrenness
of Gondwdéna rocks, contrast of lowor and upper Gondwé4na floras (155), classification
of the Gondwéna rocks (156). Talchir group, glacial boulder bed (157), glaciated rock
surfaces in Penganga valley, trappoid beds, resistance to weathering (158), flexible
sandstone, fossils, possible lacustrine origin (159), evidence of existence of glaciers.
Karharbdri group, separation from Damudas (16.), description, conformity with Talchirs,
distribution (161), fossil plants, Damuda series, subdivisions (162), flora (163); Bara-
kar group characteristics, structure of the coal (164), 3all coal, relation to Talchirs;
Ironstone shales (165) ; Raniganj group (166) ; Damudas of S4tpura area, Motir group,
Bijori group (167), flora. Goddavari valley and Chhatisgarh, Kadmthi group (168),
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description and flora, M4ngli beds (16g), fossils. Almod group. Pénchet group (170),
fossils (171). Mahddeva series, Pachmarhf group (172), Denwa and Bigra groups (173),
other exposures of Mahideva rocks. Dubr4jpur group (174), R4jmahél series, volcanic
rocks (175, foci of eruption, dykes of R4jmah4l age (176),original extent of volcanic
rocks; interval between Damuda and R4jmahdl pericds; flora of the Réjmahil group
(177), contrast between Damuda and R4jmahdl floras; outliers un east coast, Athgarh
basin (178), Ellore area, subdivisions, flora of the Golapilli group (179) Ragavapuram
and Tripetty groups (180), marine fossils and range in time; Ongole area, three-fold
division, equivalent to groups of Ellore area (181); Sripermatir and Sattavédu groups;
Trichinopoli area (182) ; flora of the outliers (183) ; comparison with other groups. Kota-
Maléri groups (134), fauna and flora (185), presence of a Pénchet fossil, correlation with
the Denwa group. . Chikidla group (186). Jabalpur group, flora (187), relative age.
Umia group (188), flora of the Umia and Katrol groups; KéthiAwér plant beds (189)
" relation of KathiAwéar and Umia beds to Jabalpur group (190).

CHAPTER VIII.
HOMOTAXIS CF THR GONDWANA SYSTEM.

Controversy now extinct (191), affinities of the Damuda and Rajmahiél flora (192).
Heterogeneous character of the floras, difficulty of determining relationship of fossil plants,
Alliances of the Panchet flora (193) of the Umia and Jabalpur floras (154), palzontological
contradiction in the Umia group. Affinities of the Gondwiéna faunas (195), Gondwéna
fora in Tongking (196}, Gondwanas of Afghanistan (197). Coal measures of Australia,
Bacchus marsh Leds, glacial origin, correlated with Talchir beds ; sequeace in New South
Wales, marine carboniferous (198), glacial boulder beds, contemporaneous with Bacchus
marsh beds, fora of the Stony creek and Newcastle beds (1¢g), affinities with the Damuda
floras, equivalence of Newcastle and Barakar groups. Hawkesbury group, recurrence of
cold (200), indications of cold in the Panchet group, probable equivalence. South Africa,
Karoo series (207), characters and distribution (202), classification, Karharbéri and Damuda
plants in the Ecca and Beaufort floras, glacial boulder bed in Ecca group (203), reptilian
fauna of the Beaufort beds, Australian facies of Stormberg flora (204), Uitenhage series,
affinities with Rajmahél flora (203). Correlation of the rock groups, equivalence and upger
carboniferous age of the glacial beds and of the Barakar, Beanfort, and Newcastle groups,
permo-carboniferous age (206),Panchet, Stormberg, snd Hawkesbury beds, trias. R4jmahé]
group, doubtful age (207), minor uncertainties of the correlation (208), range in time of the
Gondwaéna system. Evidence of a former land connection with Africa (209), close connection
of Gondwéana and African floras necessitates land connection (210), evidence of marine
proviaces in jurassic and cretaceous periods; bearing on doctrine of permanence of
oceanic areas (211), and on the constitution of the earth's iuterior. Probable changes of
latitude, carboniferous glacial beds within the tropics (212), recent evidence of secular
changes of latitude (213), Fisher's theory of the coastitutioa of the earth (214).

CHAPTER IX.

MariNe Jurassic Rocks.

Absence in peninsular area. Cutch (215), general distribution and subdivision (216),
classification (217); Patcham group (218); Chari group, subdivisions, macrocephalus
beds (219), Dhesa odlite, general distribution (220), relations of the Cephalopoda ; Katrol
group (221), Kantkot sandstone, distribution and relation of the Cephalopoeds (222), Umia
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group, general description (223), palzontological contradiction between flora and fauna
(324), upper oolitic age. Correspondence of horizons with Europe (225), general results
of the examination of the Cutch Cephalopoda. Jurassic rocks of Western Réjputéind
(226), Bilmer sandstone, Jaisalmer limestone, Bedesar and Parihar groups (227), Abur
group or Kuchri ammonite bed. Salt range, connection in Cutch jurassics (228). Himé-
layas, Spiti shales, Giumal sandstone, Jurassics of Hazéra (229). Doubtful jurassics of
Western Garhwil, T4l beds. (230.)

CHAPTER X.

MARINE CRETACEOUS ROCKS OF THE INDIAN PENINSULA.

History (231), distribution and relation to other rocks (232), classification. Utatir
group, general description (233), coral reefs, littoral character of upper beds, derivation
of sediment from the north (234), fossil wood, distribution, fauna (235), middle cre-
taceous, presence of older forms; Trichinopoli group, general description, granitic
pebbles (236), source of the pebbles, littoral character of deposits, unconformable to Uta-
tiir group (237), distribution, fauna, jurassic types (238); Ariyalir group, possible sub-
division (239), conformity to Trichinopoli group, distribution (240), relation to older and
newer rocks, mode of formation, richness of fauna (241), upper cretaceous age, jurassic
types, abundance of gasteropoda, occurrence of Megalosaurus an odlitic reptile (242).
Richness of South Indian cretaceous fauna (243), palzontological anomalies, creta-
ceous fossils of Sripermatir (244); distribution of invertebrate fossils, in the groups
(245). Affinities of fauna with Kh4si hills cretaceous fauna (246), and with South African
cretaceous fauna (247), former continuity of coast line. Western India, Bagh beds
(248), general description, nodular limestone, Deola and Chirdkh&n marl, coralline lime-
stone (249), fauna of the groups (230), correlation, cenomanian age, contrast to fauna of
South Indian cretaceous (251), large proportion of European forms, cre*aceous fauna of
Arabia, contrast with South African fauna (253), & land barrier between the marine prov-
inces. Nimfr sandstone, doubtful cretaceous age, possibly Mahideva. Wadhwaéa sand-
stones of Kithidwiér (253), equivalence with Nimér sandstones, and age. Stratigraphical
relation t0 Deccan trap (254).

CHAPTER XI.

DEeccan TRae.

Extent (355), name, peculiarities of scenery (256), vegetation, petrology, abundance
of amygdaloids (257), columnar structure, volcanic ash (258), bole beds, mineral constitu-
ents (259), secondary minerals, zeolites (260), horizontality & bedding, thinness of separ-
ate flows (261), sedimentary beds, thickness of the series (262). Lamet4d group, general
description (263), relations to underlying rocks, and to overlying trap, distribution, rarity
of fossils (264), fauna. Intertrappeans (265), general description (2(6), alternation with
traps, small extent of individual beds, distribution (267), fossils, fresh water origin.
R4jimahendri outcrops (268), infratrappean, fossils, relation cretaceous of Southern Indian
marine origin, doubtful correlation with Lameta group (269), intertrappeans, description
fossils, estuarine origin (270), relationship of fauna. Intertrappeans of Bombay, position
in trap series (271), confined to uppermost beds, description (272) fossils, deposited in

B
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marshes (273). Origin of the traps, characteristics of subaqueous eruptions, absence
of stratified ash beds, or marine organisms in the Deccan traps (274). Uneven sur~
face of underlying rocks, subzrial erosion of Béigh beds, fresh water origin of inter~
stratitied sedimentary beds (275), hypothesis of subaqueous origin in a large lake rejected
(276), difficulty of accounting for horizontality. Sources of eruption, evidence of ash
beds, distribution of dykes (277), Réjpipla hills, supposed vents in the Konkan, trachytic
cores (278), distribution of dykes outside trap area (279), lavas flowed far from their
sources. Age of the Deccan trap, unsatisfactory evidence of R4j4mahendri beds, inter-
trappean fauna (280), relation to eocene of France and Laramie of America, relation to
cretaceous of Narbad4 valley (281) and to tertiary in Surat, Cutch, and Sind, general
conclusion (282). Recapitulation, history of the Deccan trap period (283).

CHAPTER XIIL

CRETACROUS ROCKS OF THE EXTRA PENINSULAR AREA.

Continuity of cretaceous and tertiary deposits, breaks in the succession only local. Iso.
lated ex posures of lower cretaceous rocks (285), Cutch, Chichdli pass, Hazdra, Cretaceous
of Sind (286), Hippurite limestone (287), Cardita beaumonti beds (288), age, volcanic beds.
Balichistén (289), Hippurite limestone, Belemnite beds, unconférmity, Dunghan group (290)»
palzontological anomaly of fauna ; section near Khel4t (291) ; Suléimén range. Petroleunt
(292). Afghénistin, Kandahar section, volcanic beds, basic (293), aad syenitic intrusions ,
Turkistin section. Central Himélayas, Chikkim series (2c4). Thibet. Assam, Khési hills,
coal beds, Chera sandstone (293), original limitation, G4ro hills, Jaintia hills (296). Arakan
Yoma, Ma-i group, rocks included and extent. Supposed cretaceous of Tenasserim (297)-

CHAPTER XIII.

TERTIARY DEPOSITS (excluding those of the Himadlayas).

Peninsular tertiary confined to west coast. Travancore (299). Ratnégiri. Surat and
Broach, laterite beds (300), nummulites, upper gravelly beds (301), no nummulites. Tes-
tiary of extra-peninsular area, difference between upper and lower. Tertiaries of Sind, classi
fication (302). Rénikot group, description (303) age ; Balichistén area, Gbésij m:
Psendo-conglomerate (302), coal seams, original limitation ; conformity of testiary with
cretaceons. Kirthar group in Sind (305), Rohri hills, local unconformity to Ranfkot group,
change of character to the south (306), relation to Rénfkot, evidence of the echinoderms -
Baltichistén area, Spintangi group, nodular structure, gypsum beds (307) ; outliers in Westera
Réjputéna. Niri group in Sind, subdivision (308), possible original limitation, change
of character to the south (3cg), possible fluviatile origin of upper N4ri, age, exposures in
Balfichistén (310). Géj group in Sind, absence of nummulites, passage into Manchhar
series, change of character to the south (311), general conformity and local unconformity.
Niri group, fossils (312). Manchhar series, equivalent to Siw4liks, subdivision, differ-
ence between lower and upper (313), local unconformity to lower beds, general conformity,
marine beds tothe south (314), distribution ; Mekran group (315), fossils, probable marine
equivalent of the Manchhars, Fossils of the Manchhar series (316), character of the
vertebrate fauna (317). Balichistin area, unconformity between Siwéiik and nummulitic,
Siwiliks of the Quetta valley plains, disturbed river gravels (318), vertebrate, and aberrant
fresh water molluscan, fossils in Bugti hills.. Tertiaries of Cutch (319), relation to Deccan
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trap, classification (320); sub-nummulitic group ; gypseous shales ; nummulitic limestorre
{321) ; arenaceous group ; argillaceous group, equivalent to G4j; upper tertiary (322),
Kathiiwir, eocene outcrops, miocene beds, upper tertiaries of Perim island(323), Mammaliaa
fauna, Dwirké beds (324). Afghén TurkistAn. Kohét tertiaries, classification (325), rock
salt and gypsum (326), difference from Salt range Salt Marl, nummulitic beds (327), upper
tertiaries. Eocene volcanic beds of Thal. Assam, Garo hills nummulitic (328), increase
of limestone to the east ; Khsi hills, Cherapunji coal (329), relation to cretaceous fossils
(330), a limit of deposition, easterly extension of nummulitics. Coal measures of upper
Assam (331), probable eocene age. Upper tertiaries, G4ro hills, marine beds (332), disturb~
ance, outliers on high ground (333), N4g4 and Manipur hills, upper Assam (331) Dis-
teibution of upper testiacies, original extent, special upheaval in Manipur (335). Tertiaries
of Burma, classification, nummulitics (336), general description (337), coal bed, exposures
west of the Arakan Yoma; Pegu group (338), Sitsyahn shales, Prome beds, volcanic bed,
extent (339) possible cretaccous inliers, possible representative west of Arakan Yoma.
Fossil wood group (340), fossil wood, vertebrate fossils {331). shark’s teeth, probable fresh
water origin, former extension (342); Upper Burma, volcanic outbursts. Tertiary coal
bearing beds of Tennasserim (343). Andaman and Nicobar islands, Archipelago series
@4

CHAPTER X1V,
TerRTARIES OP THE HiMALAYAS (including the North-Western Punjab).

Two areas, central and outer Himélayas. Indus valley, glacial beds (3}5), doubtful
tertiary age, aummulitic limestone, volcanic beds (346}, original extension, outHers;
(247), tertiasries of Hundes. Doubtful tertiaries north of Sikkim. Outer Himéilayas (348),
classification, Sirmur series, Subithu group (349) ferrnginous bottom bed, relation to
older rocks; Dagshéi group (350), Kasauli group, passage from marine to fresh water
conditions ; Subdthm inliers of Jammu hills (351) Salt Range tertiaries, nummulitic
limestone, Curditatbeaumonti beds. Hill nummulitic limestoae of Hazéra (352), inliers
in newer tertiaries. Correlation of Eocene beds, east and west of the Jehiam (353). Salt
range nummaulitics older than Subéthn, nnconformity at top of Salt range nummulitic lime-
stone, possible equivalence to hill aummulitic limestoae, older than Subathu (354). Murree
beds, age, mammalian fossils from supposed Murree beds (355). Siwadlik series ; lower
Siwiliks. Nahan group :336), lithological similarity to Dagshai group, distinctness, limi-
tation (357), fossils; middie and upper Siwéliks, subzrinl origin of Siwéliks (353) thickness.
Age of the Siwéliks, Molluscan (359) and mammalian fauna,pleistocene and miocene types,
general character of fauna (361), large proportion of recent mixed with miocene genera
(362), evidence of reptiles, fishes, and birds, pliocene age (363); relation to Manchhar fauna
of Sind. Pikermi beds (364), fauna, affinities to Siwilik, miocene species (365), pliocene
age. Migration of miocene mammals of Europe to Africa (367), and to India, non-exist-
ence of Himélayas in miocene period. Relation of Siwalik to recent fauna, disappear-
ance of dominant types (367}, influence of the glacial period.

CHAPTER XV.

LATERITR.
Laterite, importance, order of description (369). composition, character (370). Scoria=
ceous aspect (371), lithomarge, detrital nature, recementation, barrenness (372). High level
and low level laterite, distinction of distribution, no distinction of character (373), difficulty
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of ascertaining detrital or non-detrital origin of laterite. .Distribution of high level late-
rite (374), laterite of Rajmahal hills (375), denudation and antiquity of the high level
laterite (376), distribution of low level laterite (378), origin of laterite, chemical change,
transfetence of iton oxide, hypothesis of origin by alteration of basakt (379), passage of
basalt into laterite, deficiency of iron in basalt (380), absence of antygdules in laterite, only
certain lava flows capable of alteration into laterite, hypothesis not universally applicable
(381), difficulties of supposing sedimentary origin, resistance to denudation, detrital origin
of Bundelkhand laterite (382), former continuity high level laterite of Bundelkhand and
the Deccan. Laterite of Malabar, vesicnlar variety (383), pellety variety of detrital origin,
vesicular laterite formed in sitn. Iron ores of Ulster, hypothesis of origin in marshes by
action of vegetation (384). Summary of theories, definition of laterite, laterite partly formed
by decomposition of underlying rocks, difficnities, large proportion of iron (385), time an
clement in its formation, thickness of some patches due to deposition in marshes, climatic
conditions of formation (386), Geological age in part tertiary (387), partly still being'
formed. laterite of east coast, not true laterite, mode of origin, stone implements (388),
post tertiary origin, denudation, antiquity (389).

CHAPTER XVL

PLRISTOCENE AND RECENT DERPOSITS (exclusive of the Indo-Gangetic alluvism).

Extent, difficulty of separation from tertiary (391), classification. Cuddalore sand-
stones, extent (392), fossil wood, age and origin (393), Warkalli beds, possibly tertiary (394)
Mitiolite of KathidAwés. Cave deposits (395). Alluvial deposits, valley plains of Narbad4
and Té4pti, alluvium of eastward flowing rivers (3g6), Narbada alluvium (397), occupies a
rock basin, fossil fauna (398), stone implement, relations of fauna (309), fluviatile origin
(400) ; Tapti and Purna alluvium, salt wells. God4vari alluvial gravels (401), fossils,
Kistna alluvium (402), fossils and flint implements ; diamond gravels; East Coast allu-
vium (403), sub-fossil shells, thickness, lignite at Pondicherri (404), submerged forest
at Valimukam ; smooth water anchorages of West Coast (405); alluvium of West
Coast (406), submerged forest at Bombay, coastal alluvium of Narbadé and
T4pti (407) ; Gujarat and K4thidwdr, littoral congrete (408). Lake deposits. Soils (409),
red soil ; Regur (410), composition (411), fertility, distribution (412), theories of origin
(414). Peat. Blown sand (415), Terf or red sandhills. Extra-peninsular area ; hills west
of the Indus (416), disturbed subrecent beds, gravel fans, the Karez (417), 1oess, pseudo-
lacustrine deposits. Potwir alluvium, erratic blocks (4 18), raised Indus gravels, floods of
the Indus (419), fossils in alluvium. Himilayas; Kashmfr, Karewas (420); Nep4l (421).
Hunde, mammalian fauna (322). Eastern hills, Manipur, upper Chiadwin valley (423).
Burma, Engdain tract of older alluvium (424) Irawadi delta (425.J

CHAPTER XVIL

Tae INpD0-GANGETIC PLAIN.

Extent (427), unity of Gangetic and Indus plains, no evidence of marine conditions in
Upper India (429), probable recent presence of sea in Sind (430), older and newer allu-
vium (431). Thickness of alluvium (432), Calcutta boring, pebbles, peat bed (433) ; Borings
at Lucknow (434), Agra, Umballa, Sabsalkot (435)." Fossils in Jumna alavium,
Explanation of the terms kanbay (436), bhdbay (437), tardi, bhéngar, khddar, bhur (438),
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Alluvium of the Brahmaputra in Assam (434). Delta of the Ganges and Brahmaputra,
windings of rivers (410), backwardness of eastern delta, change of course of the
Brahmaputra (441), ‘swatch of no ground.’ The Midhupur jungle (443), age of the
Gaages delta, former continuity of Gangetic and Punjab rivers (443). Alluvium of
Upper India (444), cause of distinction between bhdmgar and khdlar (445), course of the
Ganges (446), changes of level, Rek or Kalar, origin of Reh salts (447), cause of con-
centration, influence of canals. Salt wells (448). Alluvium of the Punjab; lost river of
the Indian desert (449), former independent course of the Sutlej, the Saraswati of the
Vedis (450); recent origin of the Khidar. Alluvium of the Indus in Sind, passage of the
Indus through hills at Sukkur (451), changes in the course of the Indus. Indus delta
(452). Rann of Cutch (453), changes of level (454). Desert of western Rajputana, two
types of sandhills (455), longitudinal type (456), origin, derivation of the sand (457).
Other tracts of sandhills (438).

CHAPTER XVIIL
THE AGE AND ORIGIN OF THE HIMALAYAS.

Geographical limitation of the Himélayas, views regarding their orography (450), moun-
tain chaing of the north-west termination (460!, main range probably an aggregate of
separate chains. Three orographical regions, Tibet (461), snowy range and lower Himé-
layas, Sub-Himélayas, lesser clevation due to lesser upheaval (462). Drainage system,
rivers cfoss main range, cause, cutting back of transverse valleys (463), direct evidence.
Stratigraphical zones correspond with orographical (464). Tertiaries of the sub-Himéi-
Iayas, distribution-(465), local conformities and unconformities (466), formed during disturb-
mnce } the main boundary fault (467) an original limit of deposition (468); sub-moatane
recent deposits, relation to present river valleys, a similar relation in upper SiwAliks
1469) ; Himélayas existed in pliocene times. Siwéliks deposited in an area of subsidence,
encroachment of hills on area of deposition (471). Fisher's theory of mouatain formation,
modification in the case of the Himélayas, agreement with observed facts (472). Theory
tested, evidence of the borings (476). Himélayas non-existent in eocene period (477),
absence of conglomerates in lower Siwiliks (478), tertiary age of the Himélayas, evidence
of the Tibetan fauna (479). Opposing views ; greater antiquity, Middlemiss, successive
toundaries of the Sub-Himélayas (481), comparative disturbance of tertiaries and older
rocks, transverse strike (482), definition of the age of the Himilayas, disturbaace in Him4-
layan rocks partly pre-Himélayan, receat origin, Howorth (483), supposed absence of
glaciation, reason for abseuce of ice sheet (184), post tertiary increase df height, differential
movements of surface, evidence of Hundes pleistocene fossils (485), desiccation of Tibetan
lakes, origin of Tibetan lakes (486), Himélayas at theit maximum developmeat. Sup-
posed connection between sedimentation and mountain ranges (487), sedimentary deposits
of the north-west Himéla-as, absence in Eastern Himélayas (438), divergence in two
areas, position and elevation of the Himélayas not due to sedimentation (439).

CHAPTER XIX.
GEOLOGICAL HISTORY OF THE INDIAN PENINSULA,

References to changes of land and sea in previous chapters, Earliest periods, oOb-
scurity, an ancient land surface, changes of land and sea (4go), none of the main features
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of existing geography pre Cuddapah. Vindhyan epoch, rise of Ardvallis, Other contems
poraneous hill ranges (491), origin of East Coast. Silurian seas in extra-Peainsular
srea (492). Carboniferous and Permian, glacial period, peninsula part of an Indo-African
continent, cretaceous iand connection with Africa (493), Deccan trap eruptions. Tertiary,
break up of Indo-African land connectioa, encroachment of land oa sea (494). Orgin of
the Western Ghits movemeats of elevation, antiquity of the Peninsular drainage system,
a possible case of reversal of drainage. Western Ghits the most receat and coaspicuous
feature of the Peninsula (495).
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PHYSICAL GEOGRAPHY.

Scope of the work—Threefuld division of British India—Contrast between extra-peninsular and
peninsular areas—Mountain ranges of the Peninsula—Extra-peninsular mauntain ranges
—Drainage of extra-peninsular ranges—River system of the Peninsula—Evidence of
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HE limits of the area, whose geology is treated of in this book, coincide

with the limits of the jurisdiction of the Governor-General of India. In
some few cases references to the geology of adjoining countries will be
found, but such are not many, and are all imperfect as they depend on
observations which were made during hurried traverses and under cir-
cumstances precluding the idea of detailed geological work. In spite of
these drawbacks the results have often been important, interesting and
imnpossible to ignore, but there is generally less reason to congratulate
ourselves on the knowledge obtained of countries across the border than
to deplore our ignorance of large tracts within it.

The general shape and principal features of British India, the great
triangular promontory with the pear-shaped island of Ceylon south-east of
its extremity, the great range of the Him4layas to the north, and the large
area of Burma to the east, running down into the narrow strip of Tenasserim
along the east coast of the Bay of Bengal, are well enough known, as well
as the principal political divisions of the empire. But, for geological pur-
poses, the important point to be noticed is the threefold division of this
area into, 7s¢, the great Indo- Gangetic alluvial plain, comprising the Punjab
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and Hindust4n proper, with Bengal and the eastern prolongations up the
valleys of the Brahmaputra and the Bérak ; 274, the triangular area of the
Peninsula, lying to the south ; and 3rd, the extra-peninsular area, compris-
ing the hilly country west, north, and east of the Indo-Gangetic plain.

Nor is this division an arbitrary one. The geological history of the pen-
insular and extra-peninsular areas has been radically different. Since
the latter end of the palaozoic era the former appears to hiave been an
area of dry land; no sedimentary formations of marine origin have been
" found except near the present sea coasts, and therc they thin out against

the older rocks on which they rest, in a manner suggesting that the shore
line cannot have been very far removed from the present position of the
coast when they were being deposited. In the extra-peninsular area, on
the other hand, marine deposits range through the palaozoic and mezozoic
eras, and only in the latter part of the tertiary period is there any great
development of deposits formed on dry land.

Structurally too the two areas differ greatly. The Peninsula has under-
gone no great compression since the close of the palaozoic era, and the
beds all lie at low angles of dip. In the extra-peninsular area the con-
ditions are totally different; the rocks have everywhere undergone great
compression and disturbance since the commencement of the tertiary
period, a disturbance which ranges in degree from the comparatively

regular, though high dipping, folds of the Baldchistin and Punjab hills, to
the complicated overfolds and thrust faults of the Him4layas.

This difference in geological history finds its expression in the differ-
ence of the present contours of the two areas. In the extra-peninsular
area we have mountain ranges which coincide with regions of special eleva-
uon, that is, the courses of the principal chains, and often of the minor
ridges, are governed by their structure and are the direct result of the .
compression, and consequent disturbance and elevation they have under-
gone. As a result of this, the valleys are deep, narrow, and steep-sided,
the rivers and streams rapid and torrential in their nature, and, as a
rule, evidently actively at work in deepening their valleys. In the penin-
sular area, on the other hand, the mountains are all remnants of large
table-lands, out of which the valleys and low lands have been carved. The
valleys, with a few local exceptions, are broad and open, the gradients of
the rivers low, and the whole surface of the country presents the gently
uandulating aspect characteristic of an ancient land surface.

Such, broadly speaking and subject to some minor exceptions, are the
contrasting characteristics of the two areas. In the country lying west
of the Ardvallis, between them and the Indus, there is a tract of geo-
graphically debateable ground, which exhibits a combination of the
characteristics of the two areas. The rocks exposed are very largely
secondary and tertiary beds of marine origin, agreeing in this with those of
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the extra-peninsular area, while in their low undulating dips and absence
of any marked degree of disturbance, they approach the type of the penin-
sular area. On the north-east again beds, belonging to formations which
are characteristically peninsular, are found in the Himdlayas of Sikkim
and north of the Assam valley.and in the hills intervening between the
Brahmaputra and Bérak rivers. We will find the explanation of these ex-
ceptions to the geological contrast between the two areas in the great
structural disturbances which took place during the tertiary period, and
profoundly modified the outlines of that ancient land surface of which
the Peaninsula proper is but a remnant. )

The nomenclature of Indian mountain ranges is still a difficulty, it being
a rare exception that any definite term is applied to a mountain chain,
throughout its extent, by the pcople of the country. In many parts of India
peaks and passes have names, but the ranges have none and, even if names
exist, their application is not unfrequently vague, Thus, the ancient name
of ‘Vindhya,’ applied to the hills separating Hindustin proper or the Gan-
getic country from the Deccan (Dakshin or south), has now, by common
consent, been restricted to the hills north of the Narbadd, but it appears
almost certain that the term originally applied also to the ranges now known
as Sétpura, south of the river, and it is very probable that the latter hills were
more especially indicated by the term “ Vindhya '’ than the former. The
term “ S4tpura ” again was of very indefinite application and probably in-
cluded other ranges besides that to which it is now restricted. The names
here applied are those employed by the latest writers on Indian geography,
bat some of them are by no means generally adopted on maps.

The most important mountain ranges of the Peninsula are the Sahyadri,
or Western Ghits, running along the western coast from the T4pti river to
Cape Comorin, at the southern extremity of the Peninsula; the Sétpura,
running east and west on the south side of the Narbad4 valley, and
dividing it from the drainage areas of the T4pti to the westward, and the
God4vari to the eastward; and the Arivalli, striking nearly south-west to
north-east, in R4jputdna. The so-called Vindhyan range, north of the
Narbad4, and the eastern continuation of the same north of the Son valley,
known as the K4imur range, are merely the southern scarps of the Vindhyan
plateau comprising Indore, Bhop4l, Bundelkhand, etc. The plateaux of
Haz4ribdgh and Chutid N4gpur (Chota Nagpore) in south-western Bengal
appear to form a continuation to the eastward of the Sitpura range, but
there is no real connection between these elevations and the Sitpura chain.
They are formed of different rocks and there is no similarity in the geo-
logical history of the two areas, so far as it is known. In many mapsa
range of mountains is shown along the eastern coast of the Peninsula, and
called the Eastern Ghits. This chain has not the same unity of structure
or outline as the Western Ghéts. It is composed to the southward of the
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south-eastern scarp of the south Mysore plateau, on the east of the Yella-
konda range along the eastern margin of the Cuddapah transition basin,
and further north of the south-castern scarp of the Bastir-Jaipur pla-
teau, north-west of Vizagapatam, and of several short isolated ridges of
metamorphic rocks, separated from each other by broad plains and having
in reality but little connection with each other. There are also several
minor ranges, such as the R4jmah4l hills in western Bengal, the Indhy4dri
between the T4pti and God4vari, the Nal'amalai (Nullamullay) near Cud-
dapah, north-west of Madras, and the little metamorphic plateaux, such
as the Shevaroys, Pachamalai, etc., scattered over the low country of
the Carnatic, south-west of Madras.

The peculiarity of all the main dividing ranges of India is that they
are merely plateaux,or portions of plateaux, which have escaped denudation.
There is not throughout the length and breadth of the Peninsula, with the
possible exception of the Ardvalli, a single great range of mountains
that coincides with a definite axis of elevation, not one, with the exception
quoted, is along an anticlinal or synclinal ridge. Peninsular India is, in
fact, a table-land worn away by sub-aerial denudation, perhaps to a
minor extent on its margins by the sea, and the mountain chains are
merely the dividing lines, left undenuded between different drainage areas.
The Sahy4dri range, the most important of all, consists to the northward
of horizontal or nearly horizontal strata of basalt and similar rocks, cut
into a steep scarp on the western side by denudation, and similarly eroded,
though less abruptly, to the eastward. The highest summits, such as
Mahdbaleshwar (4,540 feet) are perfectly flat-topped, and are clearly un-
denuded remnants of a great elevited plain. South of about 16° north
latitude, the -horizontal igneous rocks disappear, the range is composed
of ancient metameorphic strata, and here there is, in some places, a distinct
connection between the strike of the foliation and the direction of the hills,
but still the connection is only local and the dividing range consists either
of the western scarp of the Mysore plateau, or of isolated hill groups,
apparently owing their form to denudation. Where the rocks are so
ancient as are those that form all the southern portion of the Sahy4dri, it is
almost impossible to say how far the original direction of the range is due
to axes of disturbance; but the fact that all the principal elevations, such
as the Nilgiris (Neilgherries), Palnfs (Pulneys), etc., some peaks of which
rise to over 8,000 feet, are plateaux, and not ridges, tends to show that
denudation has played the principal share in determining their contour.

The southern portion of the Sahy4dri range is entirely separated from
the remainder by a broad gap, through which the railway from Madras to
Beypur passes west of Coimbatore. The Anamalai, Palni, and Travan~
core hills, south of this gap, and the Shevaroy and many other hill groups
scattered over the Carnatic, may be remnants of a table-land once united.
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to the Mysore plateau, but separated from it and from each other by
ancient marine denudation. Except the peculiar form of the hills, there
is but little in favour of this view, but on the other hand there is nothing
to indicate that the hill groups of the Carnatic and Travancore are areas
of special elevation.

The whole of the western Sétpuras, from their western termination in
the R4jpipla hills to Asfrgarh, consist of basaltic traps, like the Sahy4dri.
It is true the bedding is not horizontal, but the dips are low and irre-
gular, and have no marked connection with the direction of the range.
The central Sdtpuras, comprising the Pachmarhf or Mah4ddeva hills, from
the gap in the range at Asirgarh to near Narsinghpur, are composed chiefly
of horizontal, or nearly horizontal, traps, but partly of sandstones and of
metamorphic rocks, and there is here again, as in the southern Sahy4dri,
some connection between the strike of the foliation in the latter and the
direction of the ranges. The highest peaks, however—those of Pachmarh{
{4,380 feet)—are of horizontal mesozoic sandstones. Farther east still
the S4tpuras consist entirely of horizontal traps, terminating in the plateau
of Amarkantak, east of Mandl4d. East of this plateau there is, north of
Bildspur, a broad expanse of undulating ground at a lower level, and
farther to the eastward again rises the metamorphic plateau of Chutid
Négpur, capped in places by masses of horizontal trap and laterite. These
formations were apparently once continuous, across the low ground near
Bildspur, with the same strata on an equal elevation at Amarkaatak.
Similar outliers occur on the Bundelkhand plateau, north of the Narbad4,
all tending to the same conclusion—that the low valleys of central India
are merely denudation hollows, cut by rain and rivers out of the original
plateau of the Peninsula. The chief exceptions to this law—the instances
in which the strike and dip of the rocks appear to have produced import-
ant effects on the contour of the country—are to be found amongst the
metamorphic and transition formations.

It is true that some small ridges are formed of azoic and mesozoic sand-
stones, in places where the beds of these systems have been disturbed,
but the only important lines of disturbance in either appear to be due to
older axes of metamorphic foliation, and it is a rare case to find that the
strike of the sandstones appears to have much effect upon the directions of
the hills and valleys. A possible exception occurs in the Ddmodar valley
in Bengal, but even this is a disputed case, and the subject will be dis-
cussed in the chapters relating to the Gondw4na system.

This remarkable absence in the Indian Peninsula of any evidence of
disturbance in late geological times—a feature which abruptly distinguishes
the whole area from the remainder of Asia—will be further noticed in the
sequel; at present it is sufficient to remember that the principal mountain
chains of the Indian Peninsula are, with one exception, not coincident with
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axes of disturbance or elevation, and to note the contrast in the extra
peninsular area.

The Aravalli differs from the other great ranges of India in being
entirely composed of disturbed rocks, with the axes of disturbance cor-
responding with the direction of the chain, The formations found in the
Arévalli range belong to the transition rocks, and are of great antiquity ;
for the most part they are much altered, they are quite unfossiliferous,
and there is evidence which renders it probable that the elevation of the
range dates from a period anterior to the deposition of the Vindhyan
rocks, themselves of unknown age but almost certainly not of later date
than carboniferous, whilst the fact that these Vindhyan rocks are found
almost horizontal in the neighbourhood of the Ar4alli range, on both
sides of the chain, shows that here, as elsewhere in the Peninsula, the
forces which have affected the extra-peninsular area in later geological
epochs have not beer felt.

Passing to the other side of the Indo-Gangetic plain—no matter whether
the region reached be to the westward in Sind and the Punjab, to the
- northward in the Himdlayas, or to the eastward in Chittagong and Burma
—the mountain ranges, with the exception of the Salt-range and the Assam
range, are everywhere composed of disturbed and contorted beds, and the
disturbance has invariably affected rocks of late geological age. The
amount of alteration may be small or great, the hills may consist of simple
anticlinal folds as in Sind, or of the most complicated inversions as in pasts
of the Himdlayas, the strike of the bedding may vary from east and west
to north and south, but two characters are constant—great disturbance
affecting all the tormations, and the coincidence of the direction of the
ranges with synclinal and anticlinal axes.

‘T'he nomenclature of extra-peninsular mountain ranges is compassed
with the same difficulty as those of the Peninsula, owing to the absence of
local names except for individual ridges, peaks or passes, and has been
further complicated by a want of unanimity among geographers as to the
true limit of the term ‘mountain range.” Different geographers have recog-
nised from two to seven distinct ranges in that great system of mountains,
collectively known as the Him4layas, which rises to the north of the Indo-
Gangetic plain, and the opinions regarding the true western limit of the -
principal range have varied from that which regards it as ending in the
Simla spur to that which looks on it as continuous with the Hindu Kush,

These contradictory opinions are all more or less correct, accordin
to the limited point of view of the individual author, but if we fook below
the accidents of surface contour to the underground structure of this great
mass of hills, we find in their geolegical structure and composition that they
owe their clevation to a great series of earth movements, which must be
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vregarded as a single and continuous system of disturbance, and this
structural unity is now generally held to unite the separate chains into
a single system of mountains to which the term of ‘range’ is inapplicable,
unless we give it a wider application than is usual. The details of the
physical geography of this great system of mountains, which stretches from
the Indus to the Brahmaputra, have so important a bearing on the history
of its elevation that they will be deferred to a subsequent chapter.

At its north-western extremity the great snowy range of the
Himdlayas bends round into the Hindu Kush, which runs south-westwards
along the southern side of the upper Oxus valley. On their southern
boundary the strike bends round to southwards at the valley of the Jeh-
lam, and from this termination of the Himdlayas proper there extends
through Afghdnistdn and Balichistdn a complicated series of hill ranges ot
whose detailed geography very little is known.

The proper nomenclature and classification of these hill ranges is a di-
ficult matter to determine, and, in the present state of our knowledge, both
geographical and geological, it is impossible to arrive at a satisfactory result.
An attempt bas been made to classify these ranges according to the “ sys-
tem of disturbance” they belong to, which would hardly need mention
wete it not for the eminence of its author and the nature of the conclu-
sions arrived at. In his great work ‘ Das Antlitz der Erde,” Prof. Suess
bas regarded the Salt-range of the Punjab as forming part of the foot hills
of the Hindu Kush, and has united all.the ranges between ;it and what is
known to geographers as the Hindu Kush into one range, on the ground
that they belong to the ‘ Hindu Kush system of disturbance.” This is
still a matter for proof. We have no knowledge that there is a unity in the
disturbance of the rocks composing these hills, comparable to that seen in
the Himdlayas, and until such knowledge is forthcoming it would be use.
less to adopt a system of nomeunclatute so opposed to that ordinarily cur-
rent, and so certain to lead to needless confusion. As regards the Salt-
range we shall shortly see that it ought to be classed by itself, and the
individuality of the Safed Koh range, as depicted on our maps, is so marked
that it is difficult to believe that it has not alsoan individuality of structure.

In one sense the whole of the ranges west of the Indus may be classed
together, for there caa be litile doubt that they were contemporaneously
elevated, and that the greater part of this upheaval, if not the whole,
took place within the tertiary era. But, structurally, they may be divided
into two classes, whose strike is about north and south and east and west,
respectively, and these two alternate with, and pass into, each other in
a manner that is at preseat not understood.

The most northerly range is the Safed Koh which runs eastwards from
the neighbourhood of Kd4bul, forming the south side of the valley of the
K4bul river, till it ends in British tercitory. Further south the Suldi ada
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range is found striking north and south along the western frontier, and atj
its southern limit this bends round into the east and west running hills o
the Bugti country, a strike which extends to near Quetta. The hills again
take a southerly bend, and the Brahuik and Kirthar ranges run north and
south. Further west the strike again changes, and in western Balichistdn/
the ranges run east and west.

At their eastern extremity the Him4layas are met, in a2 manner that
has not been worked out, by a series of hills which at first strike south-
westwards, afterwards bending round to a more southerly direction in
the N4g4 hills, where the principal ridge is known as the Patkoi. They run
through the Manipur country southwards, till they are continuous with the
range of hills, known as the Arakan Yoma, which lies between the Irawadi
valley and the Bay of Bengal,

Besides these principal systems of hill ranges there are two minor ones
to be noticed which, despite a total difference of the rocks they are com-
posed of, show a considerable similarity in their structure and geographical
position, subtending as they do the angles between the southern margin
of the Him4layas and the hills which meet them at either extremity. The
first of these is the Salt.range in the Punjab, the second that set of hills,
called for convenience the Assam range, inhabited by the Giro, Khdsi
and Jaintia tribes. 'n both cases the hills are composed of a plateau
with a steeply scarped face to the south, along which there is an axis of
abrupt folding, accompanied by more or less faulting. This similatity of
structure and position, in spite of great difference in the rocks of which
they are composcd, would seem to show that their elevation is a direct
result of the same great series of movements of the earth’s crust which
resulted in the elevation of the hill ranges forming the extra-peninsular
limits of the Indo-Gangetic al'uvium, but they cannot be regarded as belong-
ing to any of the mountain systems whose re-entering angles they subtend.

To the east of the Irawadi valley there is a great series of mountain
chains, stretching southwards through the Shan states till it terminates in
the Malay peninsula, of whose geography and geology even less is known
than of the hills beyond the western frontier of India.

The drainage system of the extra-peninsular hills everywhere shows the
peculiarity that, though the valleys often run along the strike of the hills for
long distances, the streams and rivers always sooner or later break across
the axes of maximum elevation. This peculiarity is very noticeable in the
case of the Himdlayas, whose river system must be deferred to a future
chapter, but is in some respects more conspicuous in the case of the hills
west of the Indus.

Here the ridges are mostly formed by the hard limestone cores of anti-
clinal folds through which the strcams flow in narrow precipitous-sided
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gorges, locally known as ‘tangi.’ They form a very characteristic feature
on the scenery of the hill country west of the Indus, and are commonly
attributed to some disruptive force, which opened a way for the stream to
flow through the mountain. Such is not, however, the true explanation, not
only can it be disproved in many cases by the continuity of the solid rock
across the stream bed, but it is inadequate, as it fails to account for the
broad open valleys invariably found above the gorges. The fact is that they
have been gradually cut down by the streams that flow through them, and
the same absence of vegetation which increases the erosive power of rain
wash on soft clays enabling broad valleys to be formed where they are
exposed, diminishes its action on the hard limestones, at the same time it
reduces chemical action to a minimum, and the absence of moisture almost
entirely deprives the night frosts of their power to disintegrate the rock.
As a consequence, the steep sides of the ravines cut by the streams, where
they meet with compact rock, remain standing almost perpendicular, while
in the intervening stretches of soft clay the valley widens out. »

It must not be supposed that the whole country was elevated to the
height of the crests of the ridges through which these “tangis’’ were cut.
It will be shown in the sequel that the compression, contortion and con-
sequent elevation of the hills was taking place at the same time that the
valleys were being excavated, but sometimes the rate of elevation was too
great for the streams, and areas of closed drainage were formed in which
extensive alluvial and zolian deposits have been accumulated. These are
particularly common in Balichistdn, wherc they are usually occupied by a
broad expanse of wind-blown locss.

In the eastern hills the same features are to be seen, but, owing to the
greater rainfall and dense vegetation, as well as to the different type of rock
forming the hills, tl.ere is not the same abrupt alternation of broad open valley
with deep and narrow gorges as on the west. The chemical action of the
humic acids developed in the jungle-clad soil has smoothed off the steep-
ness of the sides of the gorges, whilc the vegetation has protected the softer
clays from being so easily washed away. As another result of the more
rapid erosion of the stream beds there are no areas of closed drainage, but
there are broad alluvial valley plains, such as those of Manipur and the Kubo
valley, where differential movements of elevation of the beds of the streams
have checked their velocity and compelled them to deposit their solid burden.

The river system of the Peninsula, omitting the drainage into the
Ganges and small streams flowing to the west coast, is nearly all taken
by six large rivers, of which two, the Narbadd and ‘I'4pti, drain the
north-western portion and escape into the Gulf of Cambay, while the
drainage of all the rest of the Peninsula, even from the crests of the
Western Ghdts within sight of the sea, flows eastwards by four great deltaic
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rivers, the Mahdnadf, God4vari, Kistna, and Cauvery,—the only ether
streams of any importance being the northern and southern Penner.

This easterly trend of the drainage is probably of very ancient date, as
there are patches of littoral marine deposits along the east coast, ranging
as far back as the close of the jurassic period, which show that, since that
period at least, the eastern coast of the Peninsula has maintained very much
its present position. On the west coast no marine sediments older
than the upper tertiary are known, if we except the cretaceous beds of the
lower Narbad4 valley. At the close of the Deccan trap period, that is the
commencement of the tertiary era, dry land must have extended consider-
ably west of the coast line; south of the trap area the evidence is only
negative, but the absence of any large valleys draining in this direction
suggests that the present position of the shore line is of more recent origin
than that of the east coast, and that the earth movements which gave rise to
it were either too slow, or more probably not of a nature, to change the
easterly course of the drainage.

There can be no doubt that, beyond the limits of the Peninsula, there have
been very great changes in the distribution of land and sea since the com-
mencement of the tertiary era and, even in the latest part of it, the great
disturbances which the rocks have undergone must have been accompanied
by great changes of shore line. But when we come to the post-tertiary period
and enquire whether, on the whole, there has been elevation or subsidence,
the evidence is contradictory. In the alluvium of the Gangetic delta, and
near Pondicherri, beds of peat, at various levels below the surface of the
ground, show that there has been subsidence, but this is the usual, if not in-
variable, condition in a delta, and it is more than probable that all the large
deltas along the coast are being gradually depressed.

Along the non-deltaic portions of the coast evidences of sub-recent eleva-
tion are found in coral reefs and marine deposits raised above the present
level of the sea. The low level laterite of the east ccast lies on a gentle
slope of the older rocks, unaffected by subaerial erosion. such as is formed
by the sea, and must have been deposited either before or shortly after this
was raised above sea-level.

The escarpment of the Sahyddri range—a remarkable feature of the hills
parallel to the western coast of the Peninsula—has frequently been noticed
as furnishing evidence of arise of land. Throughout the trap country of the
Bombay presidency, the Western Gh4ts rise from the Konkan in an almost
unbroken wall, varying in height from 2,000 to 4,000 feet, cut back in places
by streams, projecting here and there into long promontories, but preserv-
ing throughout a singular resemblance to sea cliffs. This resemblance,
however, ceases to a great extent to the southward, where the metamorphic
rocks replace the horizontal basaltic traps. The escarpments of the M4lw4
plateau, north of the Narbad4, and of the Deccan plateau, south of
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* Khindesh, although far inferior in elevation to the scarp of the Sahy4dri,
resemble the latter too clusely in appearance to justify the assumption,
without further evidence, that the cliffs of the Western Gh4ts are of marine
origin. The parallelism of the Sahy4dri escarpment to the sea-coast is
suggestive of a connection between the two, and this connection is strength-
ened by the facts that a thickness of at least 4,000 feet of bedded trap has
been removed from the surface of the Bombay Konkan, and that the plane
of marine denudation, already mentioned as supporting the low level laterite,
extends in places nearly to the foot of the scarp. The circumstance that
the hills of the Sahy4dri are inhabited by certain fresh-water mollusca
belonging to the genus Cremmoconchus, which is unknown elsewhere
and is so closely allied to Indian forms of the littoral marine genus
Liitorina as to render it probable that both are descended from the same
ancestors, also tends to strengthen the view that the Sahyddri mountains
were formerly washed by the sea. But it is certain that great denudation
has taken place since the scarp was a sea cliff, and it is far from improb-
able that, if the sea ever extended to the base of the Western Ghits, the
epoch belonged rather to tertiary than post-tertiary times. It is also
possible that the isolation of the different hill ranges of Southern India,
and the denudation of the P4lghdt Gap, south of the Nilgiri plateau, are
due in part to ancient marine action of the same date as the formation_of
the Sahyidri escarpment. In this case, as in so many others connected
with Indian geology, all that is now possible is to suggest probable inter-
pretations of phenomena, and to leave them for future exploration to
confirm or contradict.

On the other hand, a sudden deepening of the sea, at a distance of
10 to 320 miles from the shore, along the Mekrdn coast, has been sup-
posed to represent a submerged cliff. More positive evidence of recent
subsidence is to be found in the occurrence of a number of trees
imbedded of mud, in the spot where they grew, at a depth of 12 feet
below low-water mark on the east side of the island of Bombay,! and in
the submerged forest at the western end of the Valimukam bay on the
Tinnevelli coast described by Mr. Foote.*

Local alterations of level, accompanied by earthquakes, are known to
have occurred on at least one occasion, namely the great earthquake of
Cutch in 1819, when a considerable area in tl.e Rann of Cutch was suddenly
submerged.) A more doubtful instance is the elevation and subsidence
which is said to have taken place on the Arakan coast in the middle
of the last century, presumably during the great earthquake of 1762. A
raised beach which is g feet above sea-level at IFoul island and 22 on the

3 Records, XI, 302, (1878). 90, (1823); Lyell, * Principles of Geology."
3 Memoirs, XX, 82, (1883). Sce also A. B. Wynne, Memdirs, IX; ag,
3 McMurdo, Trans. Lit. Soc., Bombay, 111, (.872).
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north-west of Cheduba island, has been attributed to the effects of this
earthquake which further north is said to have caused the permanent sub-
mergence of 60 square miles near Chittagong.!

Away from the sea ccast, the Andaman and Nicobar islands have
certainly at one time been connected with Arakan, and the intricate chan.
nels and long ramifying fjords which penetrate the great Andaman and
adjoining islands indicate a considerable submergence. Along the coast
there are, however, indications of minor oscillations of level, both upwards
and downwards, within the recent period, the last movement being probably
one of subsidence.* Off the west coast of India the coral archipelagoes of
the Laccadive aud Maldive islands probably mark the site of submerged

“land, though this is a matter still under dispute.

Besides the changes produced by rise and fall of the sea-level as

compared with that of the land, there have been minor modifications of

Fig. 1.—Pagoda on the sea-shore at Tranquebar.

the shore line due to erosion and accretion of land. St. Thomé, a short
distance south of Madras, is said to have formerly been situated 12
leagues inland and, 40 miles further south, the town of Mahdbalipur is
said to have been overwhelmed by the sea.? Still further south, erosion
of the sea beach at Tranquebar is well attested by old records as well as the
destruction of a large portion of an old pagoda, whose eastern gate tower
had been partially destroyed in 1859* and has probably now been com-
pletely removed.

1 Phil. Trans., VII1, 251, (1763); G. P. Hal- | Oldham, Records, XVIII, 143, (1885).
stead, Four. As. Soc., Bengal, X, 433, (1841) ; t T. ]. Newbold, Four. Roy. As. Soc., V1II,
F. R. Mallet, Records, XI, 190, (1878). 250, (1846).

3 S. Kurz, “Report on the Vegetation of the 4 W. King, Memoirs, 1V, 362, (1864).
Andaman lIslands,” Calcutta, 1870; R. D.
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Evidence of the advance of land is to be found on the Tinnevellj coast,
where the deseited town of Korkai, now five miles inland, has been iden-
tified with the “ Kolkoi Emporium ” of the classical geographers. About
600 B.C. this town was the capital of a kingdom and apparently an
important sea-port. By the time that Marco Polo visited this coast in
1292 A.D,, the advance of the land had necessitated the abandonment of
the old port and the establishment of a new one at Cail,” a town which
also has decayed and was forgotten till its site was discovered and re-

Fig. 2.—Fart of Tinevelly coast shewing present position of old seaports.

cognised by Bishop Caldwell in the modern village of Kayal, and made
public in Colonel Yule’s edition of the travels of Marco Polo.!

A similar advance of the shore line is said to have taken place on the
east coast of the Gulf of Cambay, and it is said that the Rann of Cutch
was once a gulf of the sea with sea-ports on its shores, and that remains of
ships have been found imbedded in the mud®. The Rann is now a sort of
debateable land, being flooded during the south-west monsoon and a dry
barren mud flat during the rest of the year; the change, which has
indubitably taken place, if not so recently as has been supposed, was
doubtless due to silting up, partly aided by a slight elevation of the land.

. The evidences of alterations of level along the sea coast, which have
been detailed above, point to a slight elevation of the land during the

post-tertiary period, though too small to have any appreciable influence
on the climate.

} 1st edition, Vol. II, p. 307, (1871). Ixix, Ixxxv, (1868); A. B. Wynne, Memoirs,
% Trans. Geog. Soc., Bombay, XVIII, pp. lvi, IX, 26, (1873).
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This is important in its bearing on the evidence that there is of the
cold of the glacial period having been felt in the peninsula of India
There is no physical evidence, so far as is known, of a geologically recent
cold epoch, and some geologists have doubted whether India was affected
by the glacial period. In the Him4layas there is everywhere abundant
evidence of the glaciers having extended to lower levels than they
reach. Grooved and polished rock surfaces have been found .now at as
low a level as 7,500 feet in P4ngi,! and in a higher latitude large boulders
are found imbedded in the fine silt of the Potwar at an elevation of
less than 2,000 feet above the sea.! Besides these there are many cases of
large erratic blocks and supposed morraines -which have been referred by
some observers to glaciers and by others to river action. The positive
and unmistakeable proofs of a period colder than the present are suffi-
cient to enable us to discard all the more doubtful evidence, and more
recent investigations have shown that it cannot be attributed, as was once
suggested,® to a former greater elevation of the Him4layas than they now
attain,

These indications do not point to a sufficient diminution of tempera-
ture of the Himdlayas to make it probable, or even possible, that there
should be any actual physical proofs of the glacial period having been felt
in the Peninsula, and it is of importance to ascertain whether there is any
collateral evidence of a cold period having affected India in later tertiary
or post-tertiary times, it being remembered that a general refrigeration
of the carth’s surface, sufficient to produce an arctic climate in Europe,
would not diminish the temperature of the Indian Peninsula beyond the
average of the temperate zone at the present day.

The argument is, bricfly, as follows, On several isolated hill ranges,
such as the Nilgiri, Anamalai, Shevaroys and other isolatcd plateaux in
Southern India, and on the mountains of Ceylon, there is found a tem-
perate fauna and flora, which does not exist in the low plains of South.
ern India, but is closely allied to the temperate fauna and flora of the
Him4layas, the Assam range (Gdro, Khési, and N4g4 hills), the mountains
of the Malay peninsula, and of Java. Even on isolated peaks, such as
Parasnith (4,500 feet high in Behar) and on Mount Abd in the Arivalli
range, several Himélayan plants exist. It would take up too much space
to enter into details ; the occurrence of a Himdlayan plant like Rhiodo-
dendron arboreum, and of a Himdlayan mammal like Martes flavigula
on both the Nilgiris and Ceylon mountains, will serve as an example of a
considerable number of less easily recognised species. In some cases there
is a closer resemblance between the te nperate forms found on the peninsular

1 C. A. McMahon, Records, X1V, 310,(1881),| 3 H.B. Medlicott, Memoirs, I1I, pt. ii, p. 155,
3 W, Theobald, Records, X, 140, (1877). (1864). R
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hills and those on the Assam range! than between the former and Him4-
layan species, but there are also connections between the Himdlayan and
peninsular temperate regions which do not extend to the eastern hills.
The most remarkable of these is the occurrence on the Nflgiri and Anamalai
ranges and on some hills further south, of a species of wild goat (Capra
hylocrius), belonging to a sub-genus (Hemitragus), of which the only other
known species, C. jemlatca, inhabits the temperate region of the Him4-
layas from Kashmir to Bhut4n. This case is remarkable, because the
only other wild goat found completely outside thé Palzarctic region is
another isolated form on the mountains of Abyssinia.

The range in elevation ®f the temperate fauna and flora of the
oriental region in general appears to depend more on humidity than
temperature, many forms which are peculiar to the higher ranges
in the Indian hills being found represented by allied species at lower
elevations in the damp Malay peninsula and archipelago, and some of
the hill forms are even found in the damp forests of the Malabar coast.
The animals inhabiting the Peninsular and Singalese hills belong, for the
most part, to species distinct from those found in the Himilaya and
Assam ranges. In some cases even genera are peculiar to the hills of
Ceylon and Southern India, and one family of snakes is unrepresented
elsewhere. There are, however, numerous plants and a few animals in-
habiting the hills of Southern Imdia and Ceylon, which are identical with
Himélayan and Assamese hill forms, but which are unknown throughout
the plains of India.

That a great portion of the temperate fauna and flora of the Southern
Indian hills has inhabited the country from a much more distant epoch
than the glacial period may be considered as almost certain, there being
so many peculiar forms. It is possible that the species common to Ceylon,
the Nilgiris, and the Him4layas, may have migrated at a time when the
country was damper without the temperature being lower, but it is
difficult to understand how the plains of India can have enjoyed a
damper climate without either depression, which would have caused
a large portion of the country to be covered by sea, a diminished temper-
ature which would check evaporation, or a change in the prevailing winds.
The depression may have taken place, but the migration of animals and
plants from the Him4layas to Ceylon would have been prevented, rather
than aided, if the southern area had been isolated by sea, so that it may
be safely inferred that the period of migration and the period of depression

? Only one species of plant, however, is men- | mus nilagiricus, has the same distribution,
tioned by Hooker and Thomson (“Introductory | and the genus Streptaxis is found in Burma,
Essay to the Flora Indica®, p. 238) as being found | the Khési hills,and the Southern Indian ranges,
both in the Khiési hills and Nflgiris, but not in | but not in the Himélaya west of Bhutin,
the Him4layas. One land-shell at least, Buli- | Several other instances might be quoted.
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were not contemporaneous. A change in the prevailing winds is improb-
able so long as the present distribution of land and water exists, and
the only remaining theory, to account for the existence of the same
species of animals and plants on the Him4layas and the hills of southern
India, is depression of temperature.!

The Indian empire can boast of one volcano, which is at present
dormant, but has been in active eruption within the century. Barren island
in the Bay of Bengal is not only a perfect model of a volcano, but is
classical in the history of geological controversy. It has been repeat-
edly referred to and described by geological writers, but the earlier refer-
ences were all more or less inaccurate, and it is only within the last few
years that a careful description of it has been given by Mr. F. R. Mallet.?

The volcano of Barren island has an irregularly circular form of about
2 miles in diameter, composed of an outer rim, rising to a height of
from 700 to 1,000 feet above the sea and surrounding a slightly ellipti-
cal amphitheatre, whose larger axis runs north-east and south-west with
a length of about g furlongs. From the centre of this a cone of re-
markably regular form rises to a height of 1,015 feet above the sea. The
depression, where the slope of this cone and the inner slope of the
amphitheatre meet, has a maximum elevation of 300 feet above the sea,
and is almost entirely occupied by three distinct lava streams. It is
evident that the island was once much higher than it is at present, and the
outer rim marks the limit of the crater, produced by some great paroxys-
mal eruption which blew away all the upper portion of the old cone.
The bottom of this old crater must have been much below the level
of the sea and, for a time, before the new cone attained its present
dimensions, the sea must, as is represented in the older descriptions of
the island, have flowed round its base, between it and the foot of the inter-
nal slope of the amphith=atre, but there is no authentic record of any one
ever having seen this stage. In 1789, when Blair saw the island, the sea
did not penetrate into the amphitheatre, which had all been filled up to
above sea-level. The volcano was then in active eruption, throwing out
blocks and scoriz, and it may be that it had been visited at some earlier

Deccan, Central Provinces, etc., the flora, even
when the whole was forest, differed so widely

1 The above is a meagre and condensed
account of a very interesting subject, which

requires further enquiry. One possible objec-
tion may be answered at once. It is true that
many of the temperate damp-loving forms of
the Nflgiris and Ceylon hills are forest forms,
and it may be urged that they might have
migrated when the plains of India were covered
with forest. But, judging from what remains
of the forest on the plains of the Carnatic,

from that of the hills, that it is improbabls that
any general diffusion of hill species could have
taken place without a change of climate.

in a subsequent chapter reference will be
made tothe probable influence of the glacial
epoch on the Siwilik mammalian fauna.

3 Memoirs, XXI, 351, ff, (1885).
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period, before the hollow was completely filled up, and that the only record
left of this visit is to be found in the erroneous description which was at
one time current in text-books.

It must be remembered that the portion of the volcano above sea-level,
which is all that has been referred to in the description, is but an insigni-
ficant portion of its whole bulk. Soundings taken by Captain Carpenter,
show that the cone rises from a depth of 800 fathoms below the sea, and
that the total height is consequently some 6,000 feet at present, or was
8,000 feet before the upper part of the outer cone was blown away.!

At the time of Blair’s visit there appears to have been no lava stream
in the gap where the outer rim is breached, but in 1832 the lava was
there, and still so hot that the water in contact with it was boiling. Since
that period the flow has cooled down and the temperature of the water,
which percolates beneath the lava and issues as a spring on the sea shore,
has steadily diminished at each visit, till it was no more than 110° F. in
1856,* It seems certain, therefore, that this lava flow was poured out later
than 1789, and probably within the present century.

Seventy-five miles north-north-east of Barren island lies the island of
Narcondam, indubitably of volcanic origin like the former, but composed
almost, if not quite, entirely of hornblende andesite lava with little or no
volcanic ash, It is not certain whether this volcano ever had a crater,
as it may have been of the so-called endogenous type, formed by the
quiet extrusion of lavas unaccompanied by any crater-forming materials.
The complete obliteration of the crater, if there ever was one, is in itself an
indication of the period for which the volcano has been extinct, and in any
case the deep ravines, with which its sides are scored, are an equally
eloquent testimony of the time during which subaerial denudation has been
uninterruptedly at work, su that this volcano has probably been longer
extinct than either of the two that follow.

About 50 miles north-north-west of Yenangyoung and 25 to 30 miles
east-south-east of Pagdn, both large towns on the Irawadi, the extinct
volcano of Puppa? rises to a height of about 3,000 feet above the undulating
country composed of pliocene sands and gravels. The mountain bas
preserved its original form to some extent, but the crater has been greatly
broken down by denudation, and the rim completely cut away at one
point, where the drainage from the interior has made itself a means of
exit. The peak consists of ash breccia, but lava flows, mostly trachytic,
form the lower slopes and the surfaces around the base of the volcano.
Among these flows are some of a very beautiful porphyry, with crystals cf
pyroxene.

The horizontal beds of gravels and sands around the base of the volcano

} Records, XX, 46, (1887). 3 W. T. Blanford, $owr. As. Soc., Bengal,
® Records, XX, 48, (1£8)), XXXI, 215, (1862),
C
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contain fossil wood and ferruginous concretions, and apparently belong to
the pliocene fossil wood group. They are capped by the lava flows,
contain pumice and volcanic fragments, and, in one place, a bed of ash
breccia was found interstratified with them. It appears highly probable,
therefore, that the volcano was active in pliocene times, but it may have
continued to emit lava and scoria at a later period.

Far to the north the extinct volcano of Hawshuenshan near Momien in
Yunndn has been described by Dr. Anderson!; and near Kanni, on the
Chindwin, Dr. Noetling observed basalt breaking through the pliocene
sandstones and forming a cone on their surface, but no detailed notice of
this locality has been published.

In this connection mention may be made of a mass of trachyte which
is found about four miles east by north of the village of Byangyi on the
Bassein river and some 30 miles south of Bassein town. It is about six
feet in diameter, there is no reason to suppose that it has been trans-
ported from a distance and no similar rock is known anywhere else in
the province. No rock is seen in contact with the trachyte, but unaltered
shales and sandstones of upper nummulitic age are seen not far off, dipping
at low angles. Close to the block itself are some fragments that have
flaked off, and among them a piece of shale, which had a somewhat baked
appearance on one side, was found. This, taken in conjunction with the
fact that it lies on the same general line as the volcanoes just described,
suggested the idea that it forms part of an intrusive neck,? but the true
relations of the mass are obscure.

It will be noticed that these old volcanoeslie along a line which, if con-
tinued to the south, would be continuous with the general direction of the
great chain of volcanoes running through the islands of Java and Sumatra
in the Malay peninsula, and this suggests that they form the northern termi-
nation of what is known as the Sunda chain of volcanoes,” The observation
is interesting and important in view of the fact that this chain has been
supposed to find its final expression in the pseudo-volcanic phenomena on
the Arakan coast which are described below.

But before passing on to this subject it will be well to notice some
doubtful cases of volcanic action in the Indian Peninsula and on its shores.
In 1756 a submarine eruption is said to have taken place off the coast of
Pondicherri, which threw up large quantities of ashes and pumice and
formed an island half a league long and of the same breadth. No exact
details of locality are given, but the account is a very circumstantial one®
and, unless a pure fiction, must refer to a true volcanic eruption, It may

1Report on the expedition to Western ¥ Memoirs, X, 330, (1873).
Yuunan, Calcutta, 1871, p. 87. 3 ¢ Asiatic Annual Register,” 1758, reprinted
in Four. As. Soc., Bengal, XV1, 500, (1847).
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be noticed that the Admiralty chart of the Bay of Bengal marks a sound-
ing of 5 fathoms in east longitnde 80° 432’, north latitude 13° 46°, with the
remark ‘Doubtful’; the position would agree sufficiently well with that
indicated in the account, and the depth is that which would be produced
by the action of the waves.

This alsois the best place to notice a very curious crateriform
lake, situated in the interior of the Indian Peninsula, near the village
of Lonir, about 40 miles east by north of J4lna in the northern part of
the Nizdm’s territory, and about half-way between Bombay and N4gpur.
The surrounding country for hundreds of miles consists entirely of Dec-
can trap and in this rock there is a nearly circular hollow, about 300 to
400 feet deep and rather more than a mile in diameter, containing at
the bottom a shallow lake of salt water without any outlet, whose water
deposits crystals of sesquicarbonate of soda. The sides of the hollow
to the north and north-east are absolutely level with the surrounding
country, whilst in all other directions there is a raised rim, never exceed-
ing 100 feet in height and frequently only 40 or 50, composed of blocks
of basalt, irregularly piled, and precisely similar to the rock exposed
on the sides of the hollow, The dip of the surrounding traps is away
from the hollow, but very low.!

It is difficult to ascribe this hollow to any other cause than volcanic
explosion, as no such excavaticn could be produced by any known form
of aqueous denudation, and the raised rim of loose blocks around the
edge appears to preclude the idea of a simple depression. It is true that
there is no sign of any eruption having accompanied the formation of the
crater, no dyke can be traced in the surrounding rocks, no lava or scoriz
of later age than the Deccan trap period can be found in the neigh-
bourhood. The rajsed rim is very small, and cannot contain a thousandth

- part of the rock ejected from the crater, but it is impossible to say how
much was reduced to fine po»\ der and scattered to a distance, or removed
by denudation.

Assuming that this extraordmary hollow is due to volcanic explosnons,
the date of its origin still remains to be determined. That this is long
posterior to the epoch of the Deccan traps is manifest, for the hollow
appears to have been made in the present surface of the country, carved
out by ages of denudation from the old lava flows. To all appearance
the Londr lake crater is of comparatively recent origin, and if so it
suggests that, in one isolated spot in India, a singularly violent explo-
sive action must have taken place, unaccompanied by the eruption of

3 Malcolmson, Geol. Trans., 2nd series, V, 562, | view of the lake);—G. Smith, Mad. Four. Lit.
(2840); Newbold, Four., Roy. As. Soc., IX, 40, | Sei., XVII, 1, (1856). See also Records, I,
(1848) (with this paper there is a fairly executed | 63, (1868), where other references are given.

[ o}
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melted rock. Nothing similar is known to occur elsewhere in the Indian
Peninsula. .

Associated with true volcanoes in name at least, even if, as is held by
many geologists, in nothing else than name, are mud volcanoes, of which
two principal groups are known, in Burma on the east, and Balichistin on
the west, of India, respectively.

Of the Burman ones the best known are those of Minbu on the Irawadi,
and those of the islands of Ramrf and Cheduba on the Arakan coast.! A few
others are reported, but they are small and isolated, and consist only of
temporary outbursts.

The Ramrf mud volcanoes are more interesting than the others, since
they alone, so far as is known, are subject to paroxysmal eruptions of great
violence, and from them alone stones have been ejected and flames emitted.
Some of the principal phenomena may be briefly described here. There
are about a dozen or rather more vents in Ramrf island itself, more than half
that number in Cheduba, and a few in the other neighbouring islands. Near
Kyauk-pyd in Ramrf, six occur in a line, within a distance of about a mile
and a half along the summit of a low broad ridge.

Many of the vents consist of truncated cones, built up of the dried mud
ejected by outbursts of gas. The crater, filled with more or less liquid or
viscid mud through which the gas escapes, occupies the top of the conical
hillock. =~ The majority, however, of the Ramri mud volcanoes consist
of mounds, composed on the surface of angular fragments of rock and
having scattered over them a few small mud cones with craters at the top,
varying in height from a few inches to eight or ten feet. When gas ceases
to be omitted from a vent, the mud is rapidly washed away by rain and
there remains a low mound, composed of angular fragments of rock which
were ejected together with the mud, and the repetition of a similar process
accounts for the forxation of the mounds. The mounds in Ramrf{ are from
50 to 100 yards in diameter, with a height of from 15 to 30 feet, two, of
exceptional size, near Pagoda hill in Cheduba, being 200 to 250 yards across.
The cones in which the mud is viscid are very steep, being built up partly
of small quantities of mud, spurted out by the evolution of gasso as to form
a hard rim round the mud crater, partly of mud poured out from the crater
down the slopes through broken portions of the rim.

Besides the gas and mud, a small quantity of petroleum is usually
discharged from the vents. The gas consists mainly of marsh gas (light
carburetted hydrogen), probably mixed with some of the more volatile
hydrocarbons usually associated with petroleum. The mud is simply the

!For a description of the mud volcanoes of [ volcanoes are described, with full references to
Minbu by Dr. Oldham, see Yule's Nasrative | earlieraccounts, by Mr. Mallet in Records, X!,
of the Mission to the Court of Ava in 1855, | 188, (1878). Sketches of the cones are given
appeudix, p. 339. The Ramrf and Cheduba mud | in both cases.
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grey shale or clay of the tertiary rocks, mixed with water containing some

salt in solution.
‘The association of petroleum with large quantities of marsh gas, and the

frequent emission of, usually saline, water and of gas in abundance from
borings for mineral oil are too well known to require the recapitulation of
details. Both petroleum and gas are known to be found in many localities
amongst the tertiary rocks of extra-peninsular India and Burma. Not un-
frequently both gas and mineral oil issue with water in the form of a bub-
bling spring being, perhaps, forced to the surface by the pressure of the gas.
Whether a spring of this kind forms a ‘““mud volcano” or not depends
evidently on the nature of the beds traversed on the way to the surface.
As a rule the mud in these vents is either of the same temperature as the
air or a little higher, but in the Ramri craters a higher temperature has
been recorded alter the more violent eruptions.

These paroxysmal eruptions appear to occur at irregular intervals,
are at times very violent and appear frequently to accompany earth-
quakes. Mud and stones are shot out with great force, accompanied by
large quantities of inflammable gas, which in many cases takes fire
and lights up the country for miles around. Some of these eruptions
of ignited gas have taken place at sea off the coast of Ramri, and in onc
case a small island was formed near False island, south of Ramrf and
south-east of Cheduba, but it was soon washed away again. The ejected
stones are in all cases fragments of the tertiary rocks, chiefly shale or sand-
stone, some of them being from half a cubic foot to a cubic foot in size and a
few are larger, but the majority range from half an inch to five or six inches
in diameter. The ignition of the gas is ascribed by Mr. Mallet to frictional
electricity,! and not to the high temperature at which the various ejecta issue,
the fact that the stones, and even fragments of lignite, thrown out during
eruptions are, as a rule, entirely unchanged by heat, proving that the gas is
not in a heated state previous to emission. A very few rare and excep-
tional fragments of burnt and reddened shale have been found, and these
have probatly been calcined by the flaming gas.

It should be noticed that even the fiery eruptions of the mud volcanoes
of Arakan have nothing in common with the igneous outbursts of true volca-
noes. In the former gas is emitted at, in all probabi'ity, a low temperature
and is ignited, or perhaps occasionally exploded, when mixed with atmo-
spheric air. In the latter red-hot lava and scoriz are ejected, and the
appearance of flame is duc either to the high temperature of the substances

) Records, X1, 202. Mr. Mallet points out that , produce great friction, is similar to that of
the principle of the hydro-electric machine, in | violent evolution of gas from such veats as
which the production of electricity of high ten- | thuse of Ramri. He also nctices the well-
sion is due to the issue of partially condensed | known fact that lightning often accompanics
steam throv gh smsll crifices of such form as to ! volcanic eraptinns.
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projected into the air, or to the reflection of masses of glowing lava by
condensed vapours or by clouds of volcanic dust.

One mud volcano is knewn in eastern Assam, but none have been found
in the Himdlayas or in the Peninsula of India. On the Baldchistin coast
in Lus a number have been described, which do not appear to be sub-
ject to the same paroxysmal eruptions as those of Ramrf and attain a
greater size, the laigest being over 300 fect in height. How far this is due
to the absence of paroxysmal eruption orto a greater constancy of the
vents, and how far to the rainless nature of the climate, is not clear, but in
all other respects they resemble those already described.




CHAPTER 1I.

METAMORPHIC AND CRYSTALLINE ROCKS.

Gneissose rocks of the Peninsula of two ages—The older gneiss—The newer gneiss—Bundel.
khand gneiss—Newer gneiss of Singrauli—Contrast with gneiss of Bundelkhand—Chuti4
N4gpur —Orissa—Central Provinces—Haidersbid— Nellore—Bellary—The southern Kon-
kan—Malabar—Nilgiris—Trichinopoli and Arcot—Madura and Tinnevelli - Instrusive trap
of Southern India— Gneissose rocks of the Ar4vallis—Extra-peninsular India—Afghén-
istin — Him4layas—Assam— Hills east of the Irawadi and Malay Peninsula.

The oldest rocks in India, and consequently the first to be considered
in the arrangement adopted in this book, are those belonging to the great
series of gneissose rocks, which covers a larger area in the Pcninsula of
India than all the newer formations put together, and forms the foundation
on which they are built up. In spite of the great interest of the numerous
problems presented by these rocks, they have as yet received but little
attention from the Geological Survey, its energies having been mainly
directed towards those districts where the most important results were to
be expected in the shortest time, and we have consequently but little
detailed information regarding the gneissose rocks, except in the imme-
diate neighbourhood of the sedimentary formations. .

How imperfect is our present knowledge of these rocks may be judged
from the fact that it has been found impossible to distinguish, on the accom-
panying map, between true gneiss and intrusive granite. It is only within
late years that the frequency with which granite has acquired gneissose
characters has been recognised, and it is highly probable not only that
some large exposures, of what has been described as granitoid or massive
gneiss, are composed of gneissose granite, but that what have in many cases
been described as beds of gneiss, interbedded with non-felspathic schists, are
in reality veins of granite which have been intruded along the foliation
planes, and subsequently acquired a parallel arrangement of their consti-
tuent minerals. Under these circumstances it is impossible to attempt
anything like a complete or connected account of the gneissose rocks,
and the following pages must be taken as the merest sketch, whose main
use will be to show how much has yet to be learnt.

In spite, however, of the imperfect state of our knowledge, certain
leading features have come out from the investigation, so far as it has
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grone, and the most important of these is the recognition cf the fact that
the gneissose rocks do not belong to a single system, but are comprised
in two or more distinct systems differing in age from each other.

The oldest of these, often described as the Bundelkhand gneiss
from its having been first recognised in the country of that name, is
characterised by its massive structure, with the foliation generally but
obscurely developed, and the extreme rarity of accessory minerals. It
has been recognised in Bundelkhand, in the gneissose inliers of Sing-
bhém and in the Bellary district, and it is possible that the massive
granitoid gneisses of other parts of Southern India may belong to the same
system, In the first and last named districts, and apparently also in the
second, it formed the floor on which the oldest distinctly sedimentary beds
of the Peninsula were deposited, showing that it must, even at that
remote period, have been'an ancient rock which had undergone a great
amount of sub-aerial denudation. These facts indicate a greater unity of
character than can be found in the very diverse characters of what are
believed to be the newer gneisses, and seem to show that the Bundelkhand
gneiss may be considered as a true rock system.

The second, or newer, type of gneiss exhibits a much better deve-
loped foliation as a rule, it is at times interbedded with schists and is
distinguished from the first by the abundance and variety of the accessory
minerals it contains, The rocks of this division are looked upon as newer
than those already mentioned, firstly, because no unconformable contact
of original deposition, between them and the sedimentary beds of the
older tranmsition systems, has been observed, secondly, because, where
they are in contact with the latter, bands of gneiss have in several places
been observed apparently interstratified with the distinctly sedimentary
beds, and thirdly, because the general type of rock is, according to thearies
that are widely held, newer than that of the Bundelkhand gneiss. All
three of these arguments are open to dispute. As regards the first it
may be observed that the presence of a contact of original unconformity
with the transition beds has of itself been held sufficient to show that
the gneiss belongs to the older class, as regards the second, there is no evi-
dence in the recorded observations to show that the supposed interbedded
gneiss is not gneissose granite intrusive along the planes of bedding, or
a foliated arkose, and as regards the third, the thcories are by no means,
completely established. Still, though absolute proof is wanting, there is a
distinct balance of evidence in favour of the more foliated gneisses being of
newer origin than the massive forms, and this is in accordance with the type
which the foliated gneisses and their accompanying beds of crystalline
schist exhibit, intermediate between that of the granitoid gneiss on the
one hand and the distinctly sedimentary, though metamorphosed, beds of
the transition systems on the other.
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In the only critical and detailed examination of the gneisses of the
Peninsula that we have at present,! Lacroix has suggested the existence
of groups of successive origin among the gnvisses of the Salem district
and Ceylon. His investigations were based entirely on specimens whcse
localities had been but imperfectly recorded, and the suggestion still lacks
that confirmation from detailed observations in the field which alone could
render it authoritative. It is, however, probable, as will appear in the
sequel, that there are more than two successive series of gneisses repre-
sented in the Peninsula of India.

After these introductory remarks it will be best to proceed to a brief
review of the principal points of our knowledge of the gneisses in
different districts of the Peninsula, commencing with that of Bundel-
khand.

This gneiss forms the basis of lower Bundelkhand, as distinguished
from the higher portions of that district lying on the adjoining Vindhyan
plateau. On the north-north-east border, for 200 miles, the gneiss is
gradually covered by the superficial deposits, forming outlying and mar-
ginal portions of the Gangetic plains, at an elevation of 500 to 600 feet
above the sea. Elsewhere the area is very sharply bounded by a scarp
of overlying formations, whether Vindhyan or transition. Along the base
of the scarp to the south-west the clevation varies between 1,000 and
1,200 feet above the sea, the scarp itself rising to 1,00. The gneiss
sometimes forms hills, but the general features of the ground are flat, un-
dulating uplands, sparsely cultivated, including shallow valleys and pliins
of alluvial land. "

Gneiss is by far the commonest rock.®? It may be described as consist-
ing of some six minerals—red orthoclase felspar, a white plagioclastic
felspar (probably oligoclase), quartz, hornblende, chlorite, and mica. In
any one place the gneiss may contain only two of these, or it may in-
clude all of theia. With regard to texture every variety is met with,
from a homogeneous felstone, in which no individual mineral can be dis-
tinguished even with a lens, to a coarsely porphyritic rock, including
felspar crystals more than two inches long. The orthoclase nearly always
forms the main mass, and exceeds in quantity all the other minerals to-.
gether. Its ordinary colour is a darkish red, but now and then it is much
paler, and almost or quite white. In such cases it is not easy to distin-
guish the felspars on a fresh fracture, when both occur, but the difference
becomes apparent on a weathered surface. The orthoclase has a
vitreous, or somewhat pearly, lustre and translucent aspect, the other is

1 Bull. Soc. Frang. Minéral,, XIlI, 83, (1889) ; l 2 The characters of the rocks of this area are

Records, XXIV, 155, (1891). chiefly taken from the unpublished reports of
Mr. F. R. Mallet.
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dull and quite opaque, having been superficially altered into kaolin. The
plagioclastic felspar is a comparatively uncommor. mineral, when preseut
it plays quite a subordinate part, and occurs in much smaller crystals than
the orthoclase. As often as not, no free quartz can be detected in the
gneiss, and it very rarely indeed occurs in large quantity. The rock is
usually hornblendic, but sometimes the hornblende is partiully or entirely
replaced by chlorite and mica. The mica is of more than one species, both
uniaxial and biaxial, and of varying colours, green, brown, black, and
silvery-white, the last being rare and chiefly found in the southern part
of the area.

Foliation is seldom well developed, the rock being very commonly to
all appearance perfect granite, but no direct evidence has been obtained,
beyond this, of the existence of true granite, and sometimes, by close
examination, traces of foliation may be detected in rock which at first
sight appears quite devoid of it. This foliation has generally an east-
north-east direction, but varies to north-east and east-south-east. The
planes are more or less vertical. )

The subordinate varieties of rock, all combined, are of very insigni-
ficant extent in comparison to the gneiss. One »f the most prominent is
hornblende rock, which sometimes rescmbles trap very closely, parts
of it being as fine-grained as the intrusive dykes of diorite, or the over-
flowing basaltic trap, and weathering into similarly rounded lumps, but
this variety passes into a much coarser kind in which the felspar and
quartz are well separated. The most trappean looking portions, more-
over, contaip thin strings and films of epidote, which have not been
observed in the trap. Another well-marked variety contains about equal
quantities of hornblende and white or greenish-white felspar, in crystals
about an eighth of an inch long. This rock sometimes contains, in addi-
tion, an inconsiderable proportion of reddish felspar, quartz, and green
mica, and very minute specks of iron pyrites.

Besides the hornblende-rock, talcose, hornblendic, chloritic, quartzose,
and even argillaceous schist, and the combinations of these with each other,
occur with the gneiss. Mica schist has not been observed. Schists are of
very rare occurrence in the gneiss generally, but all the above varieties are
to be found in some force in the southernmost part of the area, ir the
Maraura region, This peculiarity of distribution is so marked that it
was thought that the schistose strata might here be separable from the
gneiss, a suggestion which is much encouraged by the fact that the great
quartz-reefs, elsewhere so prevalent in the gneiss, stop short of this ground,
but it has not as yet been found possible to draw a line between the
gneissic and the schistose subdivisions. Gneiss of the usual type is still
a prevalent rock in the schistose area, and is the most southerly rock seen
at Shéhgarh. It seems, too, to be truly associated with the schists. We
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may perhaps at least infer that in this region we have the top of the
gueissic series of Bundelkhand.

It is a noteworthy fact that over the whole of this large arca of gneiss
not a single bed of limestone has been detected.

Pegmatite veins, from a few inches to a foot or two in breadth, are
very common. [f these were intrusive, it might be expected that they
would be somewhat uniform in composition, irrespective of the nature of
the surrounding rock, but it has been invariably observed that the felspar
of the vein is the same as that of the rock adjacent, whether the latter is
orthoclase or plagioclase, or includes both, the chicf difference consisting
in the larger crystallisation and in the usual absence of the third mineral
(hornblende, etc.) in the veins. It is therefore presumable that the veins
were formed by segregation at the time of the crystallisation of the gueiss.

The almost total absence of accessory minerals in these rocks is
remarkable. Mr. Mallet only mentions epidote sparingly in the horn-
blende rock, schorl in some of the small quartz veins of the Maraura
region, small grains of ilmenite in some of the pegmatite veins, ard
stnngs of altered kyanite in the quartzose rock of Dh4nkua hill. Snali
pieces of galena have been sent from Jh4nsi for analysis, but their
locality is not known, and they may not have been procured from the
gneiss. Iron ore has been extensively burrowed for at Dhawara, it is a
decomposed earthy condition of the banded hLamatite and quartz. The
absence of any trace or tradition of gold in connection with the quartz
reefs is noteworthy.

All over lower Bundelkhand long narrow serrated ridges composed
of quartz-reefs form a most striking feature of the landscape. They
run in straight lines, generally with a north-cast to south-west direction,
sometimes attain an elevation of 600 feet over the surrounding country,
and are exclusively confined to the gneissic series. They are pretty
equally distributed over the ground, with the exception noticed in the
southern region, which, moreover, lies right across the strike of the reefs
to the north-east.

The prevalent strike of these quartz-reefs is about north-east by
porth, but varies from north-north-west to east north-east. The
breadth of the veins varies from a few feet up to 100 yards, in the reef
west of Bhagwa. Some of them are traceable in a direct line for more
than 60 miles, the local interruptions which occur being sometimes due
to removal by denudation, sometimes to strangulation of the vein itself.
Other reefs, again, though of full thickness and very prominent at the
surface, are short and end abruptly. ‘There is a good case of this at
Dehri, where a broad reef, 300 feet high, is only about a mile long, no
trace of it occurring in the gneiss to the north or south. The narrow
gaps by which the minor streams in many places cross the reefs give
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peculiar facility for the formation of lakes, as a very short dam is often
sufficient to pond back a large surface of water,and many of the numer-
ous artificial lakes in Bundelkhand are formed in this way.

The reefs are often affected by joint-planes, which sometimes give an
appearance of horizontal bedding to the mass. When parallel with the
direction of the reef itself they suggest, in a more puzziing manner, the
impression of a bedded mass. Now and then the quartz is much shattered.
At Deokalli and Bagpura samples might be taken for the Bijiwar horn-
stone-breccia, a description of which will be found on a subsequent page.

Foliation is often developed, owing to the metamorphic condition of
the reefs themselves, and it usually extends to the contiguous gneiss,
which is generally so amorphous. When the foliation in both rocks has
the same direction as the reef itself, the quartz mass might be taken to
be interbedded with the gneiss. Generally the foliation is oblique to the
direction of the vein, while still the same as that of the gneiss.

Many of the reefs arc of greyish white quartz. Frequently they con-
tain a large amount of impure serpentine, and occasicnally they are formed
almost entirely of this material. The more northerly of the two ridges at
Dallipur is an example. At Réjdpur a band of nearly black serpentinc
occurs, apparently a continuation of the quartz vein to the north. In
many cases the gneiss is serpentinous for some distance cn each side of a
vein, there being no distinct separation between the two rocks, but ser-
pentinous gneiss has not been observed except near a quartz vein.
Steatite takes the place of serpentine in a few veins.

From his observations, as above sketched, Mr. Mallet concludes that
the reefs were probably formed before the metamorphism of the gneis.
was accomplished.

Many of the quartz-reefs, as well as the gneiss itself, are traversed by
more recent, and much smaller, veins of pure white quartz, the thickest not
much exceeding one foot in breadth. They are very frequently crystalline
and drusy in the centre, and they are always sharply distinct from the rocks
they traverse. Their direction is very irregular.

The gneiss of Bundelkhand is also remarkable for being traversed by
extensive trappean intrusions, none of which penetrate any of the younger
formations. These dykes, of true igneous rock, are more numerous than the
quartz-reefs, and exhibit nearly as much regularity in their course, their
prevailing direction being about north-west by north, so as to cut the reefs
obliquely at an angle of about 70°. Some few run east of north, or due
west. Many are of considerable size, a breadth of 100 feet being not
unfrequent, while some are much wider. They are often persistent for
great distances. The commonest type is an extremely hard and tough
close-grained greenstone (diorite), in which the hornblende and the white
felspar are sometimes clearly separated. The rock often weathers into
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large rounded blocks without any tendency to exfoliation. The small
dykes are of a more earthy texture.

It is very rare to find any intersections of the dykes and reefs that
can be taken as conclusive of their relative age. It is not so uncommon
to find a dyke running close up to a reef on both sides without cutting
it, but such an occurrence. might easily happen, even though the reef were
the older, as it may have offered a greater resistance to splitting. One
good case of the converse carrics much more weight. Mr. Mallet records
an occurrence where a quartz vein, striking east-20%north, abuts against
a strong dyke running west-20°%north, traces of the quartz being found
also on the other side. But he considers the general argument from
the condition of the two rocks to be independently conclusive, the trap
has certainly not undergone metamorphism, whereas the reefs as certainly
have.

The history of this comparatively small arca of gneiss would be very
interesting, It has served as a shore or a bed for each of the great
adjoining formations. The Bijdwars and the Gwdliors lie upon its margin
north and south, but no detached outliers of either are found within its
border, so that it may have been a well-elevated area at the period of their
formation. The same may be said of the lower Vindhyan deposits. It
is not so with the upper Vindhyans, of which the outliers are numerous,
and lie at considerable distances from the scarp of the basin. In the east
these form a portion of an ascending slope, the base of the capping
Vindhyan sandstone being higher in the outliers than in the scarp. In the
north-west it is curiously the reverse, the gneiss reaches high up all along
the western scarp, but the outliers of Vindhyan sandstone to the eastward
rest at the general level of the low country.

The next overlying formation is the Deccan trap, remnants of which
are found on the low ground in the southernmost part of the area, and
traces of the infra-trappean (Lametd) conglomerate occur more exten.
sively in the same position. That this portion of the scarp-bounded area
can have been so occupied almost necessarily implies that the whole of
the gneissic ground must, at the period of the Deccan trap, have had
a configuration very like what it has now, and, the source of the eruptive
rock being prcsumably to the south or south-west, the lava must have
poured from the plateau to the lowlands. Trap does, in fact, occur
continuously from one level to the other in the Madanpur gorge, but its
condition suggests no resemblance to a lava stream,

The newer type of gneiss is well developed south of the Vindhyan
basin, in Rewd, Mirzipur, and Behar. It has been there examined by
Mr. Mallet, from whom the account of the Bundelkband area has been
taken, and consequently we have not to allow for discrepancies of
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observation.! He gives the following tabular abstract of the constituents
of the gneiss in Singrauli, a petty principality now absorbed in the Rew4
state and adjoining districts :—

1.~ Minerals occurring as constituents of the gneiss :—

Quartz, orthoclase, oligoclase, muscovite, biatite, hornblende, epidote.

2.—QOccurring in beds in the gneiss :—

Limestone, dolomite, corundum, magnetite, quartz as quartzite and
quartz-schist, hornblende as hornblende-rock, tremolite-rock and
jade, mica as mica-schist, epidote.

3.—Occuiring in veins in the gneiss ;—
a.— Quartz in veins and reef-quartz, stilbite (?)
6.—In pegmatite veins ‘as constituents): orthoclase, oligoclase, quartz,
mica.
c.—In epidotic veins : epidote, quartz.
4.—Accidental minerals in the gneiss : —
Magnetite, ilmenite, schorl, garnet.
5.—Accidental minerals occurring in the subordinate beds (2) of the gneiss :—
a.—In the limestone—magnetite, pyrite, hzmatite, serpentine, chryso-
tile, phlogopite (?), wollastonite.
b.—In corundum bed—schorl, euphyllite, diaspore.
¢.—In jade bed (associated with corundum)~—corundum, rutile (?), schorl,
euphyllite.
6.— Accidental minerals occurring in the veins, etc., in the granite veins : —
a.—In the quartz-veins—micaceous iron, tremolite, augite, epidote, schorl,
muscovite.
b.—In the quartz-reefs—galena, cerussite.
¢.—In the pegmatite veins—schorl, garnet.

To this list may be added the minerals found by Mr. Mallet in the
same zone further to the east, in Hazidribigh: lepidolite, tourmaline,
beryl, apatite, leucopyrite, and tinstone. Zircon is also said to occur.

The contrast between the minerals named in this tablc and the con-
stituents of the Bundelkhand gneiss is very striking. The most marked
differences are the abundance of the disseminated quartz, the compara-
tive frequency of limestone, and dolomite, and of mica schist, and the
general occurrence of accessory minerals in the Bengal gneiss.

The structural characters present another noteworthy point of con-
trast between these two gneissic series. In Bundelkhand the rock is
generally homogeneous and amorphous, the foliation ohscure and con-
stantly in more or less vertical planes, as if due to the causes which

roduce cleavage. In the Bengal gneiss bordering the Bijdwar basin on
the south, the-foliation coincides with what appears to be the original lami-
nation and bedding. It has a general east-north-east strike, corresponding
with that of the main rock-boundaries, but the alternating strata frequently
roll about at low angles of dip, or are crushed together confusedly, the
foliation cunstantly agreeing with the lie of the beds. A third point of

¥ Mr. Mallet's work Fas be