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WAY 18 1897

RECORDS

or

THE GEOLOGICAL SURVEY OF INDIA.

Part 1.] | 1897- " February.

ANNUAL REPORT OF THE GEOLOGICAL SURVEY OF INDIA AND OF THE
GEOLOGICAL MUSEUM, CALCUTTA, FOR THE YEAR 18¢g6.

1. At the commencement of the year the disposition of the officers of the Survey
was that stated in the last annual report. Daring the year Dr. Warth and
Mr. Anderson resigned their appointments, the first on the 15th March, the second
on 1st September 1896.

Two officers have been granted furlough. Mr. Gtiesbach on 16th May,
Mr. Datta on 17th September 1896.

Both sub-assistants are absent on leave, Lala Kishen Singh on medical certi-
Kicate from 1st Octoter 1896, and Lala Hira Lal on privilege leave.

Dr. Neetling and Mr. Bose have beer absent on furlough throughout the year.

Mr. L=Touche returned from furlough on 13th October 1896.

2. Owing to retirements and departure of officers on furlough, the Survey is
working very short-handed during the present year; the disposition is as
follows :

MR. MiDDLEMISS . . .

» UOLLAND . . . .}Madm.

» LAToucus . . + Waestera Rajputana,
»  SMiTH . . . . Assam.

»s VREDKNBURG . . . South Rewah.

» GrIMES . . . . Burma,

Sub-Assistant Hira Lal will be posted to Madras on return from privilege leave,
if his services are required by Mr. Middlemiss ; if not required, he will be kept at
head-quarters to assist in the transfer of the office of the Survey into the new
building. .

3. Madras.—The survey of the Salem and Coimbatore Districts has been

L energetically pushed forward, and itis expected that it will
Mr.C. S, Middlemis.  be completed in 1897, when a full report of the results will

" be submitted. The most important of these at present is
the conclusion Mr. Middlemiss has come to, that the massive granitoid gneiss of
Hosur, which had been regarded as probably older than the other types (#anual,
and edition, p. 35), cannot be said to be older or younger than the charnockite
gneiss, or to underlie or overlie it. At the limits of the two types of gneiss, they
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are seen to end in long tongues which interlock with each other, while a perfect
mineralogical passage from one type to the other has been observed.

4. In the neighbourhood of Satyamangalam, some patches of quartz schist, con-
taining numerous crysjals of kyanite—which was at one place reported as corundum—
are regarded by Mr. Middlemiss as probably highly metamorphosed Dharwars.
The southern extensions of the main outcrops of this series, in its typical form, have
been mapped. In many cases, the nature of the boundary suggests that the gneiss
is in reality an intrusive granite, as there is a band of it crowded with fragments
of Dharwar rock, resembling inclusions. This is not the true explanation
according to Mr. Middlemiss, however, as there are many sections where the
Dharwars are clearly unconformable on the gneiss; and he considers that the
apparent inclusions have been produced by a post-Dharwar softening of the
gneiss and movements of the rock while in this condition.

5. An interesting fact in connection with the Dharwars, which may be noticed
here though we owe it to Dr. J. W. Evans, Senior Geologist to the Mysore State, is
the discovery that the so-called reefs of the Kolar goldfield are not reefs in the
ordinary sense of the word; but true interbedded quartzites of the same character
as the famous gold-bearing deposits of the Transvaal.

In the neighbourhood of Kollegal, some gold-beating reefs were examined by
Mr. Middlemiss. One of these near Kavadahalli (Cowdalli)
is now being exploited by a mining company and good
lodes carrying 1 to 2} ounces of gold to the ton are said to have been found. It
is noteworthy that Mr. Middlemiss considers that the rocks of the Kavadahalli-
field do not belong to the Dharwar series, as was suggested by Mr. Foote (XRe-
¢ords XXI, p. §5). Mr. Foote, it must be remembered, had not visited this locality,
and his suggestion that the Dharwar series might be represented there was purely
an inference from the known existence of old workings, and the fact that in the
country he had surveyed all the gold-bearing rocks were confined to the Dharwar
series, It was known that the gold of the Wynaad occurred in rocks very
different to those of the Dharwar series in its typical exposures, but in the absence
of a special examination, the possibility remained that the difference might only be
due to a greater degree of metamorphism. Mr. Middlemiss’ work makes it more
probable that the difference is a real one, and that the gold of Southern India is
bound in two different rock systems and is not confined to one. The discovery,
noticed above, that the gold-bearing rock of the Kolar goldfield is & true metamor-
phic quartzite, suggests that the gold is of derivative origin, and is consequently
an independent indication of an older series of gold-bearing rocks, from which
the gold was derived.

6. Concurrent with the purely geological survey, the special investigation of the

Corundum, corundum-bearing rocks has been actively carried on, and

has resulted not only in the discovery of many new localities,

but, what is more important, of the fact that the corundum occurs in definite

bands of rock which can be followed with almost the same certainty as & seam of

coal. One such band—known as the Paparapatti band—has actually been traced
continuously for a distance of 36 miles:

7. The preliminary survey being sufficiently advanced to render the commence-
ment of exploratory workings desirable, with a view to testing the extent and
richness of the corundum-bearing rock; arfangeménts were made with the Govern-

Gold.
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ment of Madras for the carrying out of this work., Owing to the resignation of
Mr. Anderson—who had been intended to take charge of this work—a modifica-
tion of the original plans had to be made, and it was arranged that a series of excava-
tions should be made by the Public Works Department, at places to be pointed out
by Mr. Middlemiss. These excavations or quarries as they will be, are intended
.to show the thickness of the corundum-bearing bands, and whether they are
continuons or occur as lenticular patches. A fair average sample of the rock
extricted, of sufficient size to give a trustworthy estimate of the richness of the rock,
is to be carefully cleaned by hand and the proportion of corundum to matrix
determined by weighing. Samples of the cleaned corundum and of the rock will
then be sent to the Secretary of State for submission to experts with reference to
(1) the value of the cleaned product and (2) the best means and probable cost of
separation. Owing 1o the fact that each crystal of corundum is surrounded by a
shell of felspar, from which it separates as readily as the kernel of a nut from its
shell, there will be no difficulty about the mechanical separation of the corundum
from its matrix, and the whole question of the possibility of working these deposits
on an industrial basis will resolve itself into the three questions, of quantity of ore,’
value of the finished product, and cost of production. The first of these will be
determined by the operations carried out locally ; for the latter two, the reports of
the experts will give the answers. In this manner, a resalt will be attained both’
more satisfactory in itself and more economically than by the employment, on’
purely exact executive work of a nature that does not require any very high stand-
ard of attainments, of a highly paid specialist, who would not have been able to
answer the questions which must be submitted to European or American experts.

Operations are now in active progress, and the results of the first weighings give

150lbs, of clean corundum from 1 ton of rock,

8. Several new discoveries of iron ores have been made during the progress of
the survey and previously known ' sites re-visited, An ap-
v plication has also been made by the Government of
Madras for the examination of the iron ores of Kurnool, butin view of the report
of Mr. Jeremiah Head, addressed to Her Majesty's Secretary of State for India,
dated and May 1896, which shows that thére is no possibility of ldcally manu-
factured charcoal iron competing with the imported product, all special investiga.
tions of iron ores in Madras would appear to be a waste of time. In the case of
the iron ores of Kanjamalai, near Salem, it has been decided to send 100 tons
home for an exhaustive trial on a large scale, and until the results of this are known,’
any special éxamination of iron ores, apart from what can be done in ‘the course
of regular survey, is to be deprecated. ’ - 4

9. In February an application was made by Messrs. Sugg and Company for a
consignment of 20 tons of steatite from the Kurnool Dis-

Steatite. trict and this department instructed to inspect the consign-

ment before. despatch. The necessaty instructions wereé accordingly issued to
Mr. Middlemiss, who reports that of the 28 tons, which were extracted by thie District
suthorities, a large part was ih too ‘small fragments to be of any use, and only &
very small proportion reachied  the dimensions which appear to be required. He
has condemned 13 of the 28 tons and recommended that the other 15 be for-

Iron,

warded 10 Mesérs, Sugg and Company for trial.
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10. Bengal.—At the commencement of the year, the party was still engaged on
exploration, but in February a site was selected by Mr.

Chota Nagpur. Anderson where mining operations were commenced and
I“)M'l-\lv'\/v l:ngerson- stamps set up, but there was great delay in starting them, a
r. . rth. . . s e
Laia Hira Lal delay ostensibly due to the non-supply of certain requisite

stores, the exact description of which I had great difficulty

in obtaining from Mr. Anderson. The final results of the crushings were dis-

appointing and inconclusive beyond showing that the quartz at Dhobni near
Borobhum, worked by Mr. Anderson, contained practically no gold.

11. Central India.~During the working season of 1895-96 the survey of Rewah

Rewah. had been practically completed and would doubtless have

Mr.R. D. Oldham. been finished, but for the phenomenal unhealthiness of the
»” l;:' e lgatia. season, Messrs. Datta and Grimes were both completely
» G.E. Grimese.  prostrated before the end of the season, while among the

establishment and servants fever was rampant.

13, The work in the rocks which have been grouped for copvenience as transi-
tion has resulted in the establishment of at least one well-marked unconformity.
. The existence of this had been suspected from the previous season’s work, but,
though now well established, it will not be possible at present to devote the time
necessary for detailed mapping to the determination of the exact distribution of
the two series. It is also extremely doubtful if this could be done without a more
perfect topographical map, on a larger scale than is at present available.

13. In the Vindhyan system, Mr. Datta’s survey seems to show that there is a
complete conformity between the lower and upper Vindhyans along the boundary
at the foot of the Kaimur scarp. Certainly if there is any unconformity it is of the
slightest, extremely difficult of detection, and in most striking contrast to the well-
marked unconformity observable a few miles to the southwards, as described in
Records XXVIII, p. 139. This contrast in the relations of the series at places,
so close together, is a strong support of the suggestion regarding the nature and
mode of origin of the Vindhyan sandstones, first propounded in the Munwual f the
Geology of India, 2nd edition, p. 104.

14. In the Gondwana area, the survey of the western extension of the Singrauli
coalfield was carried out and some discoveries of interest made in the course of it.
In the Talchirs of Singrauli, a large number of the included boulders were found
to show striation and polishing, resembling that to be seen on the boulders in
glacier moraines, and more especially in what is known in Switzerland as “ Grund
Moran.” This is not only a new locality for these scratched boulders, but one in
which they are more abundant and perfect than has yet been recorded from the
Talchir boulder bed of the Peninsula. .

15. In the area occupied by the Damuda rocks, a number of coal seams were
observed ; the assays of the specimens brought to Calcutta
have given poor results, but it must be remembered that
they were only weathered specimens from the outcrop. There is here a large
coalfield with an abundant supply of coal, but too remote from the existing lines
of communication to hold out any prospect of successful working in the immediate
* future.

16. An interesting collection of fossils was made ; amongst them, a cluster of

Coal.
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fronds of Glossopteris attached to their rootstock, which shows the characters of
Vertebraria, A somewhat similar discovery of Glossopteris fronds attached 1o
Vertebraria has been recorded from South Africa,® and the true nature of that
mysterious fossil known as Vertebraria may now be taken as settled.

17. It is noteworthy that the numerous intrusions mapped are all basaltic and
that none of the peridotites which have been described by Mr. Holland from the
eastern coalficlds of Bengal were observed.

18. Baluchistan.—During the working season of 1895-96, Sub-Assistant Kishen

e Singh was engaged on the survey of the Chehiltan range
Lala Kishen Singh. and part of the Khwija Amr4n, and in the collection if
fossils from the hills near Khelat. According to his report, the Khojak shales
underly the ‘ massive limestone’ (jurassic) with a marked unconformity, This
observation, if confirmed, is inconsistent with the eocene age ascribed to the former
rocks by Mr. Griesbach in his original report (Memoirs, XV1Il), and subsequently
confirmed by the discovery of nummulites, as announced in the Annual Report
for 1894 ; on the other hand, it is in accordance with the conclusion, adopted
in the second edition of the Manual, that these shales are older than tertiary, and
not impossibly triassic in age. The grounds for this correlation are, as was stated,
very inadequate ; no fossils had then been found in any part of them, ‘and it was
only the exigencies of classification that led to any definite age being ascribed, even
conjecturally. The most probable explanation is that the Khojak shales belong
to more than one stratigraphical series, and that the apparent discrepancy will
vanish when this region is fully surveyed.

19. The collection of fossils from the neighbourhood of Khelat has not yet been
examined, but Dr. Carter’s discovery of Orthoceras has not been repeated.

20, Rajputana.—The st;rvey of Rajputa:a has been resumed during the present

working season, and Mr. LaTouche is engaged in Southern
Mr. T. D. LaTouche. Marwar. The commencement of field gz)grk was delayed
by causes beyond control and no results of importance can yet be reported. ’

21. Punjab.—During part of the recess season, Mr. Hayden was deputed to

complete the geological survey of Simla and Mah4su, of

Me. l{‘n{amy den,  Which a preliminary account was p.nblished in Records,

Vol. XX, p. 143. Besides some minor modifications in
detail of the mapping of Simla proper and the extension of the survey over the
Mahdsu ridge, Mr. Hayden was able to complete the examination of Jutogh, to
which I was unable to devote more than a slight attention in 1887, and to deter-
mine in detail the sequence of the rocks grouped as the upper or Jutogh carbona-
ceous slates and limestones.

32. In the course of this survey, some light has been thrown on a vexed question
in the geology of Simla and Jutogh. It has long been known (see H. B, Medli-
cott, Memoirs 111, pt. 2, p. 34) that the rocks at the summit of Jako show a much
higher degree of metamorphism than in the bottoms of the surrounding valleys;
where we find slates and phyllites, from which there is a passage, as the hills are
ascended, though more and more schistose rocks, to a highly crystalline garneti-
ferous mica schist. In 1887, I discussed the three alternative explanations which
were possible, but the facts then collected were insufficient to decide between
them. Mr. Hayden's observations indicate the probability that. in the case of

® R, Zeiller, Comptes Rendus, CXXI1I, p. 744, and Bull. Soc. Geol., France, 3vd Ser., XXIV, p. 349
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Jutogh at least, there is a central core of igneous rock to whose intrusion the
metamorphism of the beds is due. He finds that the whole series of beds on the
Jutogh hill show unmistakeable signs of contact metamorphism and in two places
intrusive diorite was found in the form of numerous dykes and veins cutting the
sedimentary rocks, which had been altered almost beyond recognition.

33. North-Western Provinces—The investigation of the stability of the hill

Naini Tal. sides in Naini Tal has been completed and a full report
Mr.T. H. Hollanl, published. As originally proposed, this investigation was
to have been carried out by an officer of the Geological
Survey in conjunction with an Engineer and was to have included specific recom-
mendations as to protective measures to be undertaken. Owing to various causes
this programme was not carried out, and the investigation and report were made
by Mr. Holland alone. Itisa very complete and, it is anticipated, final statement
of the conditions of the problem, the nature of the dangers to be apprehended, and
the character of the remedied measures required. The execution of these, when
decided on, must be left to the Public Works Department, which will find in Mr.
Holland's report the fullest information regarding those aspects of the problem
which would not come within the cognizance of its officers, but which must be
attended to if more harm than good is not to result from its operations.

34. Assam.—The survey of Assam has been resumed during the present

Me. F. H. Smith working season,and Mr. Smith is at present engaged on the

T S survey of the eastern part of the Mikir hills, It is hoped
that some light may be thrown on the manner in which the cretaceous and
nummulitic rocks pass north-eastwards, and on the manner of their final disappear-
ance. ~ It is probable too that coalfields of value to the Assam-Bengal Railway may
be met with in the course of the survey.

25. During the field season of 1895-96, Mr. Hayden was employed in Burma,

Burma. following the precedent of former years, under the direct
" Mr. H. H. Hayden. orders of the Local Government. After the completion of

» G.E. Grimes. the examination of the Sagyin ruby tract, which was referred
to in last year's report, he was instructed to examine the Mithwe coalfield, a yellow
ochre deposit near Panpé, and the steatite mines which were reported to be
situated in the Minbu District, but which were found to be in the Kyaukpyu
District of Arakan.

36, The Mithwe coalfield is situated about 5 miles south-east of Lagat and

Coal consists of teniary clays, sandstones and conglomerates.

* The coal occurs in thin seams, the best of which is 2’ 8"

thick, but only extends for 112 feet along the’ outcrop ; it is shaly and poor, and the

beds are highly disturbed, faulted, crugshed and penetrated by intrusions of gabbro,
diallage rock and serpentine,

37. Of the yellow ochre deposit little more need be said than that it exists,

Ochre. with a varying thickness, whose maximum js 30 feet.

38. The steatite of the Kyaukpyu District is found in considerable quantity and
has hitherto been mined at two localities, abogt 30 miles
west of the village of Hpa-aing and near Senlan village in
Ngape township. Both these villages are in the Minbu District, but the first
named mines are on the west on the watershed, and consequently in the Kyaukpyu
District. The mines descend as much as 300 feet by narrow tortuous shafts,

Steatite.
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and are abandoned in the rains owing to the influx of water, and the risk the
miners run of finding themselves shut in by falls of rock in the untimbered shafts
and galleries,

29. These results cannot be regarded as satisfactory either from a scientific or
economic point of view. For this, Mr. Hayden can in no way be held responsible ;
on the other hand, his work, carried on under circumstances of exceptional diffi.
culty, attended by no small hardship, and in spite of his being hampered by the
want of proper maps for the execution of a geological survey, the scattered distri-
bution of the localities visited, and by the imperfect, where not misleading,
information supplied to him, is deserving of the highest praise. The failure can
only be ascribed to the conditions under which he worked, conditions which
were necessary and advisable in the early days when the province first' came
under British rule, but which had unfortunately been allowed to survive their
utility, All the principal known mineral tracts of Upper Burma have now
been visited and examined as far as can be done in the absence of accurate
topographical maps, and it is not to be expected that the Local Government,
having no responsible adviser, should be able to profitably direct work of so
technical a nature as the geological survey. The system has now been ended,
and the geological survey in Burma been put on the same footing as in other parts
of the Empire.

30. The report on the Yenangyoung oilfield, referred to in the last annual report,

is now in a very forward state, and will be published shortly.
Petroleum. In it, Dr. Neetling shows that the Yenangyoung field is
already showing signs of exhaustion, and in view of this, and his belief that the
field has only a few more years of life, it was determined to take up the survey
of the country between the Yenangyoung and Yenangyat oilfields, with a view
to determining whether there was any reasonable prospect of a fresh oilfield
being found in that tract. Mr. Grimes was deputed for the work and started for
Burma at the end of October; good progress has been made with the survey and
already indications have been met with of the existence of a fresh oilfield, but
no more definite statement can at present be made.

31. On his way to the ground, Mr. Grimes visited the Yenangyoung oilfield in
order to make himself acquainted with the rocks he would meet with during
his survey, and in the course of this visit observed an interesting improvement
which had been adopted by the well-diggers. Formerly, the stay which a digger
could make at the bottom of a deep well was to be timed by seconds, while a long
period of rest at the surface was required to enable him to recover from the effects
of the noxious vapours he had inhaled. Mr. Grimes noticed that they had now
adopted the use of a diving dress, without the heavy weights required for work
under water ; the use of this apparatus has been introduced during the last five
months, and there are already six machines at work. One result is the cheapening
of the excavation, for instead of remaining down only a fraction of a minute ata
time, the workman can now stay down for hours; another is that the depth to
which a well can be dug is increased, instead of being limited to about 300
feet on account of the great difficulties encountered under the old system; and a
third—the consequence of the last—is an increase of the life of that part of the
field which is worked by the native method.
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33. Museum and Laboralory—~Mr, Holland has continued his petrological

studies of Indian rocks, the principal of which, during the

M: ; E' l';l‘qltl;nd- past year, has been a study of the basic intrusive rocks of

PR P ancient date. A series of these, penetsating the crystailine

rocks of Southern India, had been regarded as the undesground equivalents of the

lava flows of the Cuddapah series ; the petrological examination has confirmed this
supposition and has besides shown them to be of unusual interest in themselves.

33. The rocks are divided into three groups, which, though separated for con-
venience of description, pass into one another by imperceptible gradations.
They are (1) olivine norite group, (2) augite norite group, and (3) augite dio-

“rite group. The order of succession of the minerals is constant throughout,
the late development of the felspar in the basic types giving rise to a remark-
able micropegmatitic structure. )

34. The olivines in the more basic members show remarkably well-developed
‘“‘reaction-borders,” where they come in contact with the plagioclase crystals,
and Mr. Holland has discussed the bearing of the evidence they offer on previ-
ously recorded conclusions concerning similar phenomena.

35. The most interesting feature, however, is the constant presence of micropeg-
matite in the augite diorite group, playing the part of groundmass to the previously
crystallized felspar and pyroxene. Mr. Holland regards these patches of micro-
pegmatite as the result of a distinctly late phase in the consolidation of the rock, and
discusses the interesting bearing of these facts on the association of these basic rocks
with granophyres and on the almnst constant miarolitic structure of the latter rocks.

36. An important study of the corundum-bearing rocks of India has also been
completed, in connection with the preparation of a memoir on the subject, now
ready for the Press ; this has resulted in the discovery of some interesting facts
in connection with the paragenesis of this important mineral, and especially with
regard to its relations with the pyroxene granulite series, so largely developed in
Madras. At Singanamaranhalli, in the Hunsur taluk of Mysore, the corundum
beds were found by Mr. Holland to be associated with an intrusion of olivine-
bearing rocks, similar to those of the well-known Chalk Hills near Salem, and
large masses of a rock composed of a highly ferriferous enstatite with magnetite
and the iron-alumina spinel, hercynite. The association here is very strikingly
like that of the rocks in which the corundum (emery) occurs in the Cortland
series of New York State, where there is a development of pyroxenic granulites
and ultrabasic rocks, presenting characters precisely similar to those of the char-
nockite and norite series in South India. A similar association of corundum with
hercynite, magnetite, and rhombic pyroxenes has been described on the eastern
edge of the Bohemian Forest, the original home of the mineral hercynite. Speci-
mens obtained from the Hindupur taluk of Bellary district show an immediate

contact of corundum with hercynite and magnetite, whilst in Chennimalai, Erode
taluk, Coimbatore district, corundum crystals are found surrounded with hercynite.

37. These occurrences of corundum stand in apparent contrast to those which
have been described by Mr. Middlemiss in the Salem and Coimbatore districts,
where, instead of being associated with ultrabasic rocks, the corundum appears as a
member of the ordinary gneisses and is never far from intrusions of graphic granite.
Such also seem to be the relations of the blue corundum discovered by Dr. Warth



PART 1.] ) Annual Report. o 9

in Manbhum district of Bengal. In describing the latter specimens, Mr. Holland
has compared them with a similar occurrence of blue corundum with kyanite,
andalusite, and damourite in Virginia, United States of America, in which Dr.
Genth considers the last-named three minerals as derived from the corandum; but
the Manbhum specimens offer no support to such a conclusion, The corundum
crystals are well formed, with lustrous faces, and are small compared with the beau-
tiful great crystals of kyanite, in which they lie without apparent regularity of
crystallographic disposition. If the latter mineral and the mica were formed by
change of the former, there would surely be the usual signs of etching and ir-
regularity of contour due to decomposition, The case seems a very simple one of
“separation, under conditions of free molecular movement, of the excess of the simple
base, alumina, followed by a crystallization of its silicate as kyanite, the mica being
secondary and derived by irregular change of the latier mineral. Such a conclu-
sion is in agreement with the facts and is in accordance with the commonly-
observed order of events in most crystalline rocks.

38. Personnel.—With the end of 1896, Mr. Holland’s charge of the Museum
and Laboratory has terminated, as the decision has been arrived at that it is neces-
sary, in the interests of the public service, that he should acquire a practicai expe-
rience of the ordinary field work of the Survey. During the six years he has been
in charge of the Museum, the record has been one of continuous progress. 1n
addition to the numerous petrological researches and economic enquiries to which
previous anrual reports and the publications of the Survey bear witness, the whole
of the mineral and rock collections have been rearranged, the rocks, numbering
over 17,5co specimens, have been re-registered and put into such order that any
required specimen can be promptly referred to, and the specimens exhibited to the
public completely rearranged ; the mineral and economic collections amounting to
over 13,000 specimens were left in perfect order by Mr. Maliet, but the growth of
the collections since his retirement has necessitated much work in rearranging the
specimens t0 make room for the additions, and the collection has been revised and
re-labelled. A guide to the ‘mineral collection has been published, while gunides to
the collections of rocks and of economic geology are being prepared and will appear
in due course.

39. It is not, however, too much to say that thisrecord of work done would have
been impossible, but for the zealous and efficient assistance of Mr. Blyth, whose
services have been recognized by the Government of India, and rewarded by a
permanent increase of salary.

40. Little work has been done in the collection of fossils, which have unfortun-
ately fallen into a state approaching disorder. This is to be attributed in part to the
lengthened absences of the Palzontologist from Calcutta, but mainly to the absence
of any competent assistant to take charge of the collections and see to the neces-
sary routine of posting the registers, storing the specimens, and attending to the
periodical cleaning of the cases and renewal of labels. Mr. Blyth’s time is already
fully occupied, and the appointment of another assistant has become imperaltive if
the large and valuable collection of {ossils is not to lapse into a state of chaos.

41. During the year the Survey has lost the services of Dr. Warth, who retired on
pension on 15th March 1896, and Mr. W. Anderson, who resigned his appointment
on 1st September. Neither of these vacancies has been filled up, and as regards
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the last mentioned, it is doubiful whether any advantage is to be derived from.
attempting to fill it up. Experience has shown that it is practically impossible to
obtain men of the stamp desired when Mr. Anderson was appointed, and the
reason is not far to seek. Men with technical knowledge of exploitation of miner-
als naturally prefer to take service with mining companies, from whom they not
only expect higher salary than they are likely to get in the service of the' Govern-
ment, but from whom they may expect as the reward of zeal and competence, a
permanent employment on an increasing income, as the venture they conduct
advances in prosperity. It is also very doubtful whether the services of such men
are either necessary or desirable for the work which alone can be reasonably ex-

pected of the Government. I am strongly of opinion that it will be in every way
more satisfdctory that all economic investigations should be carried out under the
scientific supervision of the permanent officers of the Geological Survey, and that
the only special assistance required is for the sinking of quarries, shafts, or bore

holes, as the case may be. This is the procedure which has been adopted for the

investigation of the corandum deposits of Madras (para, 7), and I would urge that

the experiment be given a fair trial befere a highly paid so-called specialist is

again appointed to carry out work, which is well within the competence of the per-

manent staff of the Survey.

43. Messrs. Vredenburg and Grimes were employed in Rewah during their first
season. Mr. Vredenburg has shown great thoroughness and care in the work en-
trusted to him and gives promise of becoming a thoroughly efficient member of the
Burvey. Mr, Grimes was much hampered by ill-health as already noticed ; when
gent into & country, the rocks of which were unknown to him, except from printed
descriptions, he showed considerable power of adapting himself to the changed
circumstances and has done creditable work. I have comsidered that he, as well
as Mr. Vredenburg, may be trusted with independent charge, and they have been
employed in Burma and South Rewah respectively, as has been mentioned above.
Reports received from both during the past three months have shown satisfactory
progress in spite of considerable difficulties encountered.
~ 43. Publications.—~The long-delsyed Memoirs on the Bellary district, by Mr.
R. B. Foote, F.G.S. (Vol. XXV), and on the Hazara district, by Mr. C. S.
Middlemiss (Vol. XXVI) have been published. The contents of both have been
noticed in previous annual reports. Of the Palmontologia Indica, part 1, Vol. I,
Series XVI, The Fauna of the Kellaways Mazar Drik, by Dr. Neetling, has been
published. Parts 3and 3 of the same volume and Dr. Diener's description of
the lower trias fossils of the Himalayan collection are well advanced tawards publi-
cation, as well as Dr. Nastling’s Memoir on petroleum in Burma. In addition, the
report on the geological structure and stability of the hill slopes around Naini Tal
has been published, te which reference has already been made.

44. During the year twe important papers have been published bearing on

i Indian geology. The first of these is the description by

ﬁg“!:wﬂ* poklichs M. Zeiller of a collection of fossils from the coalmeasnres

of the Transvaal, to which reference has been made in

para. 16. The second is the loog-expected description by Professor Judd® of the
collection made by Mr. Barmington Brown from the ruby mines of Upper Burma.

The crystalline limestones in which the rubies oceur are associsied with pyrox

OpPhil. Trans, CLXXXVII, p. 151,
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enic and scapolitesbearing rocks, resembling the pyroxenic (hypersthene-bearing)
rocks of Madras, These limestones are regarded as an extreme form of altera-
tion of lime-bearing pyroxene gneisses, the formation of scapolite being described
as a step in the formation of calcite from plagioclase felspar. The source of ‘the
alumina and magnesia in the rubies and spinels, and of the calcite in which these
minerals are imbedded, is taken to be the basic lime felspar (anorthite) and asso-
ciated minerals of the pyroxene gneisses,

45. It will be seen that according to Professor Judd the corundum and its matrix
are both products of alteration of a pre-existing rock, while Mr, Holland, from his
studies of the corundum-bearing rocks of Madras, regards the corundum as an
original, and in fact the first formed, constituent of the rock in which it occurs.
Such discrepancies must be excepted while our knowledge of the chemical reac-
tions, which go on in the interior of the earth, remains ad imperfect as it is at
present, and there are sufficient differences in the modes of occurrence of the
corundum of the Ruby Mines and of Southern India to render it possible, and
even probable, that its mode of origin was not the same in both cases.

46, The additions to the library during the past year amount to 2,396 volumes

Libeary and parts of volumes, of which 17,370 were acquired by
’ presentation and 1,026 by purchase.

R. D, OLDHAM,

Oficiating Director, Geological Survey of India.
CALCUTTA; ’ N

The 15t January 1897. }
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List of Societies and other Institutions from whick publications have
been received in donation or exchange for the. Library of the Geolo-
gical Survey of India during the year 1896.

ApeLaipe.—Geological Survey of South Australia.
. » Royal Society of South Australia,
BartiMore.—Johns Hopkins University.
Baser.— Naturforschende Gesellschaft.
Batavia.—Kon. Natuurkundige Vereeniging in Nederl.—Indie.
BeLrast.—Natural History and Philosophical Society.
BerkzLey.—University of California.
Beruin.—Deutsche Geologische Gesellschaft.
K. Preuss. Akad. der Wissenschaften,
» K. Preuss. Geologische Landesanstalt. -
Bousay.—Meteorological Department, Government of Bombay.
v Natural History Society. '
» Royal Asiatic Society.
BorpEaux.—Société Linnéenne de Bordeaux.
BostoN.—American Academy of Arts and Sciences.
» Society of Natural History.
Bresrau.—Schlesische Gesellschaft far Vaterl. Cultur,
Briseane.—Geological Survey of Queensland.
»” Royal Geological Society of Australasia,
” Royal Society of Queensland.
BrisroL.—Naturalists’ Society.
Brussers.—Académie Royale des Scitnces.
' » Musée Roy. d’Hist. Nat. de Belgique.
” Société Belge de Géugraphie.
” Société Royal Malacologique de Belgique.
BucuaresT.—Maseului de Geologia si de Paleontologia.
Buparest.—Kon. Ungarische Geologische Anstalt,
" Ungarische National Museum.
Burnos Aiges.—Acad. National de Ciencias.
CaeN.— Société Linnéenne de Normandie.
Cavrcurta.—Agricultural and Horticultural Society of India.
” Asiatic Society of Bengal.
”» Calcutta University.
Editor, The Indian and Eastern Engincer.
» Meteorological Department, Goverument of India.
» Survey of India.
CausrinGe.—Philosophical Society.
» University of Cambridge.
» Woodwardian Museum.
CauBrince, Mass,—Museam of Comparative Zodlogy.
Canapa.—Hamilton Association,
CassEL.—Vereins fiir Naturkunde zu Kassel.
CincinNaTi,—Society of Naturai History,
CorenuaceN,—Kong. Danske Videnskabernes Selskab.

.

”

”
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Dzura Dun.—Great Trigonometrical Survey,
Drs Moines.—Iowa Geological Survey.
Drespen.—K. Min. Geological und Prachist. Museum.

» Naturwissenschaftliche Gesells. Isis.
Dusrin,—Roya! Dublin Society.
”» » Irish Academy,

Epinsuran.—Geological Society.
» Royal Scottish Geographical Society.
o ” » SOCiety of Arts.
» » Society. '
Grascow.—Glasgow University.
” Philosophical Society.
Gotua.—Editor, Petermann’s Geog, Mittheilungen,
GoTringeN.—K. Gesells. der Wissenschaften.
Harirax.—Nova Scotian Institute of Science.
Harre.—Naturforschenden Gesellschaft,
» Academia Ceesarea Leop.-Carol. Nat. Curiosorum,
Jerrerson City.—Missouri Geological Survey.
KoniesBerG.—Physikalisch-Okonomische Gesellschaft.
Lavusanne.—Société Vaudoise des Sciences Naturelles.
Lerrzic.—Kon. Siich. Gesells, der Wissenschaften.
" Vereins fir Erdkunde.
Lifce,—Société Geol. de Belgique.
Lisson.—Section des Travaux Géol. du Portugal.
LiverpooL.—Geological Society.
LonpoNn.—British Museum (Natural History).
» Geological Society. : :
” Iron and Steel Institute.
" Linnean Society of London.
»” London Library.
» Royal Geographical Society.
» » Institution of Great Britain,
- » Society,
»” Society of Arts.
» Zodlogical Society.
Lvons.—Museum d’Hist. Natarelle.
Mapras.—Literary Society.
Maprip,—Sociedad Geografica de Madrid.
Maine.—Portland Society of Natural History.
MancuEsTER.—Geological Society.

»” Literary and Philosophical Society.
MzLBouRNE. —Department of Mines and Water-Supply, Victoria,
» Royal Society of Victoria.

Mzxxico.—Istituto Geologico de Mexico.
Miran.—Sociéta Italiana di Scienzé Naturali.

Moscow.—Société Imp. des Naturalistes.

Municu.—Kon. Bayerische Akad, der Wissens.

13
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NarLis.—Reale Acad. delle ScienZe Fisiche ¢ Matematiehe,
NzwcastLe-uroR-TyNe.—North of England Institute of Mining and Mechanical
Engineers.
New Haven.—Editor, American Journal éf Science.
New York.—Academy of Sciences.
OTtrawa.—Geological and Natural History Sarvey of Canada.
Paris,—Department of Mines.
»  Editor, Annuaire Géologique Universel.
» Ministere des Travaux Publics.
»  Museum d’Histoire Naturelle.
»  Société de Geographie,
» Géologique de France.
P:uuucs .~Royal Geological Seciety of Cornwall.
PHILADELPHIA.—Academy of Natural Sciences.
American Philosophicil Society.
" Franklin Institute,
» - Wagner Free Institute of Science.
Pisa.—Societa Toscana di Scienze Naturali.
Rio-DE-JanEIRO. —Imperial Observatory.
RocuesTer.—~Geological Society of America.
Roue.—Reale Accad. dei Lincei.
” » Comitato Geologico d'Italia.
»  Societa Geologica ltaliana,
SacramEnTOo.—California State Mining Bureau.
SarLEn.— American Assoc. for the advancement of Science.
» Essex Institute.
San Francisco.—California Academy of Sciences.
SprINGFIRLD.—Illinois State Museum of Natural H?story, .
StockuoLu —Kon. Svenska Vetenskaps Akademie.
St. PETERSBURG.—Académie Imperiale des Sciknces.
” Comité Géologique.
Musée Geol. de Puniversité Imperiale. .
” Russ. Kaiser. Mineralogische Gesellschaft.
STRASBURG.— Strasburg University. .
SYDNEY.—Australian Museum.
Dept. of Mines and Agric., N, 8. Wales.

" Geolpgical Survey, - »
” Linnean Society, e
» Royal W '

‘Toxkro, —Deutsche Gesells: fiir Natur nnd lekerknnde.
»  Imperial University of Japan,
-+ ToroNTo,—Canadian Institute.
TuriN.—Osservatorio della R. Universita.
»  Reale Accad. dell¢ Scienze.
Upsara.~Upsala University,
Venice.~Reale Istituto Veneto di Scienee.
Vienna,—K. Akad. der Wissens. .. ..
» K. K. Geog. Gesellschaft,
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Viznna.—K. K. Geol. Reichsanstalt.
» K. K. Naturhistorischen Hof.-Museum.
Warsaw.—Inst. Agronomique et forestier.
WasHingToN.—Shithsonian Institution.
U. S. Dépt, of Agricultare.
” » Geological Survey.
WreLLiNGTON, —Mining Dept., New Zealand.
" New Zealand Institute. .
York.~—Yorkshire Philosophical Society.
Ztrica.—Naturforschende Gesellschaft.
The Governments of Bengal, Bombay, India, Madras, North-Western Provinces

and Oudh, and the Punjab.
The Chief Commissioners of Assam, Burma, and the Central Provinces,

The Resident, Hyderabad,

”
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On some Norite- and associated Basic Dykes and Lava-flows in Southern
India. By Tuomas H. Horuanp, A.R.CS, F.G.S,, Officiating
Superintendent, Geological Survey of India.

CONTENTS.
——
1. INTRODUCTION . . . . . . . . . . ¢  a
1l. GROLOGICAL AGE OF THE DYKES AND LAVAS . . . . . . .
LII. CLABSIFICATION OF THE ROCKS . . . . . . . . .

(1) Olivine-norite group.
a. Holocrystalline varieties in dykes and lavas.
5. Magma-basalt without augite . . . . . .
¢ Association of olivine-norites and the ¢ pyroxene-gunnlites ", . .
(2) Axgite=norite group.
a. Holocrystalline variet'es . . . . .

b. Exceptional hemicrystalline vanetios . . . . . . .
e. Volcanic representatives in the Cuddapahs . . . . . .
d. Varieties approaching pyroxenites . . . . . . .

(3) Augite-diorite group.
a. Holocrystalline varieties with micropegmatite . . . . .

6. Hemicrystalline varieties in dykes . . . . . . .
¢. Volcanic representstives in the Cuddapahs . . . . .
d. Distribution through Transition systems . . . e e

IV. SUMMARY OF RESULTS,
V. EXPLANATION OF PLATES.

L—INTRODUCTION.

1. In the year 1890, Mr. P. Lake published a short paper describing four speci-
mens of the Cuddapah (Kadapah) lava-flows collected by Dr. W. King.! This
was intended, I believe, by Mr. Lake to be the first instalment of a detailed des-
cription of the Transition contemporaneous traps and their dyke-representatives in
South India, in which area he had collected largely from the dykes of Bellary and
Anantapur districts and the Raichur Doab, where, under the superintendence of Mr.

> R. Bruce Foote, he worked over areas partly covered by Transition rocks of the
Dharwar system and partly by the older crystallines. Mr. Lake, however, left
India towards the end of the same year, and the rocks consequently received
no further attention till the commencement of 189z, when I made a tour over the

1 Ric. Geob. Sure. India, Vol. XXIII, p. 259,
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southern districts of the Madras Presidency, and, though mainly occupied with a
different enquiry, was fortunate enough to obtain opportunities for examining a
few of the dykes in the districts of Chingelput, South Arcot, Salem, Coimbatore and
the Nilgiris. The specimens collected by myself have been supplemented by a
rich collection made by Dr. H. Warth in the South Arcot district, whilst Messrs.
Middlemiss and Smith have since been working out more thoroughly the dykesand
associated crystalline rocks of the Salem district, and have kindly supplied me
with some of their leading types.

All the specimens referred to in this paper are preserved in the Geological
Museum, Calcutta, and as this subject will be included in the detailed researches.
in Salem and Coimbatore now being prosecuted by Messrs, Middlemiss and Smith
the registered numbers are in all cases quoted for facility of reference to the type-
specimens. I am indebted to Mr. P. Brihl, Professor of Physics in the Civil

Engineering College, Sibpur, for the chemical analyses of four types of these dyke-
rocks.

II.-GEOLOGICAL AGE OF THE DYKES.

3. Previous to the great outburst of Deccan trap there were at least two main
periods of volcanic action in Peninsular India, In the southern portion of the
Peninsula these are indicated (1) by the contemporaneous traps of the Dharwar
Transition system, and (2) by the Cuddapah lava-flcws of later date, So far as the
specimens in our collection are concerned the petrological characters of the rocks
divide them sharply into two classes. The Dharwar volcanic rocks are essentially
hornblende-plagioclase rocks exhibiting marked signs of the changes which accom-
pany the passage of normal diorites into epidiorites and sometimes hornblende-
schists. The Cuddapah traps, on the other hand, are remarkably free from such
signs of dynamic metamorphism. These are just such differences as might be ex-
pected from the known stratigraphical history of Peninsular India. Whilst there
is abundant evidence of great crust disturbances in pre-Cuddapah times, the
Indian Peninsula since that epoch has been remarkably free from disturbances by

earth movements, and, as one result, the pyroxenic igneous rocks, which so readily_

yield to dynamic action, have been preserved with remarkable freshness.

3. The distinction between post-Cuddapah and pre-Cuddapah lava-flows might
be expected to find similir expression in the dyke-representatives of these volcanic
rocks; and, whilst fully recognising the danger of correlation from petrological
characters alone, it must be accepted in the present instance as the only evidence
of a positive character. The age of a dyke, whose connection with a known lava-
flow is not manifest, can seldom be determined within very narrow limits, and ever
then the limit on the younger side generally depends on purely negative evidence.
In the South of India the great series of basic dykes which break through the old
crystalline rocks, and sometimes through the Dharwars, have, partly from their being
grouped around the Cuddapah area,! and partly from their absence from the
younger Karnul strata, been generally regarded as the dyke-representatives of the
great lava-flows in the Chey-air group of the Cuddapah system. It is interesting to
find that this evidencs, which alone would be very unsatisfactory, receives confirm-

} Cf. Manua! Geology of India, and Ed, p. 40. -
B
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ation by comparison of the petrological characters of the dykes and the lava-
flows, which agree not only in the ordinary characters, but in exhibiting cerinin
peculiar features rarcly eahibited in other aress.

111.—CLASSIFICATION OF THE ROCKS,

4. So far as represented by specimens in the Calcutta collection, the dyke-rocks
of South India and the lava-fiows in the Cuddapahs, their supposed volcanic repre-
seutatives, belong to three main groups, which pass into ome another by a series of
transitional types teo gradual to permit of any definite line of demmrcation, For
convenience of descriplion they are classified as follows :—

(1) Oviving-woriT® Gaove, ia which olivine, enstatde, augite and a basic
plagioclase-felspar are essential comstituents, the plagioclase being
always the latest constituent to complete its consolidation and envelop-
ing all its associates. Small quantities of biotite are invariably present.

(3) Avcrre-NoriTE Group, distinguished from groap 1 by the absence of

olivine, and by an increase in the amount of augite. The plagiodlase

is still the latest constituent to complete its <onselidation. Biotite in
smali yaantities is gewerally present,

{3) Avcite-proriTe Group, in whith the eastatite is either small in quanticy
or absent altogether. Bidtke ot the same time disappears, and the
order of consolidation of the constitweats is wodifed, giving ise, by
the later comparative consolidation of the augite, to a tendency to the
production of ophitic structare. The members of this greup are inva.
riably characterised by the presence of micropegmatitic (micrographic)
intergrowths of quartz and felspar, which are regarded as primary a
origin, and sometimes contain potash-éelspar.

s, The following table gives the order of consolidation of the ¢ssential tomstitu-

ents in each group:

v

=S = e —

1. 2. 3,
Olivine-norite group. | Augite-norite group. Augite-diorite group.
Olivine. . |
Enstatite. ’ Enstatite. ! e
Augite. Augite. | Augite,
Plagioclase. Plagivthase. . Plagiodtase.
- ‘ e Micropegmatite.

. . 6. Each group is represented by micrearystaliime amd
p,:f::,";‘g{::“m T hemrerystalline types occurring either a3 thin veins, or as
. selvages to larger masses.
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Group 1 is represented (1) by a rock having a black cryptocrystalline matrix
with phenocrysts of olfvinz owly and (2) by a micro-variolitic tachylyte.t
Group 2 is represented by a micro-crystailine matrix of augite, felspar and
magnetite with some glass, in which there are phenocrysts of emsfaze
omly. : '
. Group g is represented by a microcrystalline matrix of angite, felspar and mag-
netite with phenocrysts of aagite and labradorite,

The hemicrystalline varieties of groups 1 and 2 are thus related to the compara-
tively rare magma-basalts (limburgites) in which the essential phenocrysts are oliving
and augite ; but as the Madras rocks show in one case only olivine and in other cases
only enstatite, they differ, as far as I am aware, from any previously-described type ;
but, until their field-relations have been more precisely traced out, I consider it in-
advisable to distinguish them by special names.

The chemical analyses of these rocks by Mr. Briihl (see paragraphs 10, 23, 49
and 71) show that they vary in silica percentage from ¢3'77 to §3-05; but the
variation in silica percentage is by no means as uniform as that of the magnesia
which varies from 21°21 per ceat. in the Jootoor lava-flow to 6°¢48 in the augite-diorite
dykes.

(1) OLIVINE-NORITE GROUP,

(a.) Holocrystalisne varieties.

7. Amongst the great lava-flows of the Chey-air beds described in his memoir
«On the Kadapah and Karndl formations in the Madras Presidency,” Dr. W. King
bas referred to the Jootoor low on the ieft bank of the Pennair river as an olivine-
bearing rock.? Mr. P. Lake, ina paper on “The Basic Eruptive Rocks of the
Kadapah Area,” described the microscopic characters of this rock as an olivine.
dolerite or olivine-gabbro, composed chiefly of olivine, augite, and plagioclase
felspar, ** with opacite ” and a little mica.?

1 Since the above was written, Mr. C. S. Middlemiss has called my attention to a hemicrystalline
representative of this class collected by him at a place 1} miles. E.N.E. of Kanivenhalli, near Palakod,
Salem district (No. 10,262). The rock occurs as a dyke only 8 inches wide, cutting obliquely across
the gneiss, It is very compact and dark-grey in colour, weathering into round boulders. Microscopic
examination shows it to be an enstatite magma-basalt (enstatite limburgite) ; that is, a magma-basalt
in which, besides augite and olivine, there are phenocrysts of enstatite; indeed enstatite is the most
abundant member of the phenocrystalline constituents. The characters of the mineral are precisely
those of the enstatite occurring in the peculiar * norite-felsite > of Eriydr (para. 48) and the likeness
is rendered still more striking by the shells of augite in which the enstatites are so remarkably encased.
The groundmass, composed of minute augites, skeleton crystals of magnetite and small quantities of
pousibly embryonic felspars, also recalls the finest-grained varieties of the Eriydr reck; but the fine
phenocrysts of the peculiar brown olivine found in the rocks from Sing'l.pmm {para. :5),. .Vathpurn
(para. 33) and Coonoor (para. 36) connect this interesting rock with .the c_:lass of elivine-norites
Besides being of value as a means of additional evidence showing the relationship between the olivine.
norites and augite-norites forming these dykes, this rock is interesting as the first-recorded magma-
busalt in india, and is ene which, on acceunt of its display of enstatite phenocrysts, is a peculiar form of
its class,

3 Mem. Geol. Surv. Ind., Vol. VIII, p. 196 (1873).
3 Rec. Geol. Sure. Ind., Vol. XXIII, p. 259 (1890).
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8. Further examination of the rock, however, shows according to my determina-
tion that the predominating pyroxenic constituent is enstatite, whilst the plagioclastic
felspar, which is very small in quantity, occurs as the last-formed constituent grow-
ing ophitically around its associates, olivine, enstatite and augite. In addition to
these facts, there are certain peculiar structures which strongly recall those exhibited
in many of the rocks occurring as dykes amongst the crystalline rocks of South
India, and still more strikingly a handsome rock recently collected by my colleague
Mr. P. N. Datta in South Rewa (Rock number 10,588). '

As the last-named rock.is the most coarsely-crystallized, and the freshest speci-
men in the group now under consideration, it may be conveniently selected as the
type for detailed description.

9. The rock occurs, according to Mr. Datta, as a dyke in mica-gneiss on the
Sone River, one mile south-west of Kaithaha, near Saria, South Rewa (lat. 24° 115/,
long, 81° 23'). 1n hand-specimen it is a dark-coloured, tough rock, with flakes of
brown mica, granules of olivine and cleavage-plates of felspar distinctly visible tothe
naked eye. Its specific gravity is 3:47,

10. A chemical analysis (¢f. para. 22) made by Mr. Paul Briihl, Professor of
Physics in the Civil Engineering College, Sibpur, gave the following results : —

Si 0’ ' . . . . . . . . 0 « 85045
Ti 0. . . . . . . . . . . . 0'63
Al; O? (with a small quantity of P;O, and Mn,0,) . . 650
Fe’ O; . . . . . . . . . . . 2°49
Fe O , . . . . . . . . . . 838
CaO . . . . . . . . . . . 7'83
Mg o . . . - . . 0 . . « 19°02
H’ o . . . . . . . . . . . 0'97
Alkalies N . . . . . . . undetermined.

11. Under the microscope the rock i- seen to be a holocrystaliine aggregate of
the following minerals, whose names are given approximately in the order of their
formation : —

Primary :—
Apatite.
Olivine,
Enstatite and Augite.
Biotite.
Plagioclase.
Secondary :—
Reaction rims of actinolite and enstatite,
Biotite.
Magnetite.

12. Apatite—Occurs ouly in small quantities, with the usual needle-shaped
prisms cracked transversly, showing low double refraction, and included by all the
other constituents except olivine.

3. Olivine occurs in large crystals, generally with their idiomorphic outlines
well displayed. They are cracked in the characteristically irregular fashion with the
development of much dusty magnetite. Besides innumerable, small, rod-like inclu-
sions arranged in parallel lines, the dendritic inclusions which have been describ-
ed by Professor Judd! as one of the results of the schillerization of this mineral are

 Quart. Fourn. Geok. Soc., Vol. XL1, p. 381 and plate XlI, figs. 2.7 (188s).
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very beautifully displayed in this mineral, and are arranged parallel to the macro-
pinacoid, as I have shown to be the case in the olivines of a mica-hypersthene perido-
tite occurring in the Ménbhdm district of Bengal.! This is very clearly demon-
strated in one of the sections (No. 2125) evidently cut parallel to the basal plane,
and showing the cut edges of the dendritic plates lying at right angles to the brachy-
pinacoidal cleavage cracks. The quartz wedge inserted parallel to the edges of the
inclusions shows well-marked ¢thinning’ thus indicating the axis of maximum
elasticity g parallel to the macro-diagonal.

14. But the most striking feature in connection with these olivines is the occur-
rence of very well defined and broad “reaction-rims"”
between this mineral and the felspar, similar to those
which have so frequently been recorded in basic and ultra-basic rocks. The re-
action-rims are composed of an external layer of feathery green actinolite abutting
against the felspar, considerably wider, as a rule, than the inner zone of granu-
lar, colourless mineral, which exhibits a double refraction distinctly lower than that
of the actinolite.

The colourless mineral in this case is regarded as enstatite, because it has been
found in several instances in crystallographic continuity with larger adjoining original
crystals of that mineral. It is frequently found also that both the augites and the
enstatites are separated from the olivine by a very narrow zone of this colourless
mineral, which sometimes exhibits crystallographic continuity with the enstatite,
appearing thus as a secondary extension of the mineral, like the well knawn
secondary enlargements of quartz, felspar, augite, hornblende and mica (Fig. 1).

15. The question of the origin of these so-called reaction-rims which so frequent-
ly characterise the olivines of very basic rocks has frequently been discussed, and
very different explanations have been offered, both as to the precise nature of the
reaction products and the mode of their formation, which is not a surprising result,
seeing both the compositions of the reacting minerals, as well as the physical condi-
tions of formation must, within certain limits, be variable® Although the present
instances do not appear to offer conclusive evidence, the general assemblage of
facts point, in my opinion, to the origin of the rim as the result of the reaction
between the olivine and a more siliceous mineral, felspar, under the particular
physical conditions which are attended with various other structural characters —
primary and secondary—that distinguish plutonic rocks from lavas. In this case
the reaction-rims occur in a rock which shows the schillerization and other pheno-
mena characteristic of deep-seated rock-masses, whilst all these structures are absent
in the Jootoor lava, which mineralogically is the very evident equivalent of this rock.
But in the lava a pilitic decomposition of the olivine has taken place (vide infra
para. 23) which i8 certainly secondary and confined by the original limits of the
olivine crystals. The evidence points also to the formation of the pilite with the aid
of compounds derived from the adjoining decomposing felspar.

16. That the fibrous and granular borders are real reaction-rims is therefore

1 Rec. Geol. Surv. Ind., Vol. XXVII, p. 144 (1894).

3 For summary of results see J. F. Kemp * Gabbros on the western shore of Lake Champ-
lain” [Bull. Geol. Soc. of America, Vol. V, p. 321 (1894)], and a later paper in the same year by
W, D. Mathew on * The intrusive rocks near St. John, New Brunswick ” [Trams. N. Y, 4¢cad.
Sei., Vol XII1, p. 198, (1894)]. In the latter paper the author points out the continuity of the
granular inner zone with larger hypersthene crystals and regards it as an original formation.

¢¢ Reactionerims.”.
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supported indirectly by the peculiar nature of the secondary decomposition ef the
olivine in the lavas; but the question as to whether the reaction-rims are formed
during the consolidation of the rock—as the late G, H. Williams supposed to be the
case in the very similar and now well-known eccurrénce near Peekskill, N.Y.—} or
subsequently, is not determined by this evidence, as there are so many instances
to show that the structures produced rapidly during the primary consolidation of
a molten magma can be closely imitated by those produced more slowly during
secondary changes subsequently induced in the consolidated rock.

17. The pyroxenes are nearly all colourless, the rhombic forms exhibiting a faint
pleochroism only in thick sections. The most abundant form is enstatite, which
exhibits in part at least its proper csystal outlines, with characteristic cleavage and
optical characters.

18. The most remarkable feature in connection with the pyroxenes is the develop-
ment of a series of minute and vermiform canals, arranged in approximately parallel
directions and giving an appearance which at first sight resembles the microper-
thitic structures of felspars. Sometimes patches of such structures are seen spread-
ing out like a disease in the pyroxene, and changing its polarization colours to a
lower order. Isolated patches sometimes show simultaneous extinction, and at
other times the patches growing out from different points in a pyroxene crystal
meet in irregular lines and divide the crystal into a mosaic between crossed
Nicols. This may occur either in a rhombic or a monoclinic pyroxene, but the
ragged portions exhibit colours of too high an order for the rhombic form.
Although I feel unable to account satisfactorily for this phenomenon, the microscopic
intergrowth of two pyroxenes seems to meet all the requirements of the case more
perfectly than any other explanation that bas occurred to me. Whatever the
structure may be due to, it is found again in just as striking a manner, though less
frequently, in the Jootoor trap-flow, whose characters generally so closely repeat
the microscopic structures and mineralogical composition of this rock? Like all
the primary constituents of this rock, the pyroxenes are schillerized, and more
strikingly so in the monoclinic than in the rhombic forms.

19. The felspar, which is the least abundant and last formed amongst the pri-
mary constituents, is twinned in broad lamell® and exhibits wide extinction angles
approaching those of bytownite. It is often darkened by fine dusty inclusions and
the high powers show numerous minute needles and plates arranged in parallel
lines, as is commonly the case with schillerized plagioclase.

20. Biotite occurs as minute plates intergrown with the enstatite in a way which
suggests its derivation from the latter mineral. It occurs also in larger bundles
which exhibit a strong pleochroism and contain numerous dark-brown needles cross-
ing one another as usual at angles of 60° The biotites are certainly of later

t Awmer. Fourn, Sci., 3ed ser., Vol. XXXI, p. 35 (1886).

* This structure resembles in many respects those which have been described and figured
by Prof. Sollas in the gabbro of Barnavave, Carlingford, and which he ascribed to an inter-
growth of diallage and rhombic pyroxene which are intergrown so that the face o10 of one lies
parallel to the face 100 of the other (Trans. Roy. Irish Acad., Vol. XXX (1804). p- 4R4; plate
XXV, figs. 4and 6). But in the rock under description the Intergrown pyroxenes appesr
to be invariably both menoclinie, though intergrowshs of a different nature of both monoeliaic
and rhombic pyroxenes are also found in this rock.
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formation than the pyrozemes which they frequently pestly envelope, bas are,
however, older than the felspars.

21. A rock having precisely similar mineralogical composition, and equally fresh,
hss been collected by Mr. RB. Brace Foote at Kudatami in the Bellary district, No.
8,767. The order of consolidation of the constituents is precisely the same also as
in the Rewa rock ; but there is no trace of a reaction-rim between the clivizes and
felspars, and in this rock the olivines are the only constituents showing signs of
schillerization. These facts so far as they go, therefore, are in agreement with the
suggestion that schillerization and the formation of reaction-rims imply ian sowe
respects at least similarity of physical conditions (supre, para. 15). Professor
Judd! has included the formation of reaction-rims amongst the instances of second-
ary changes induced in rocks nnder the combined influence of pressure and high
temperature, and the facts revealed by the examples under congiderstion are, 8o far
as they go, in agreement with such a cenclusion.

23. On comparing this rock with the Footoor trap-flow (No. 9,798), we find the

. . differences are almost entirely dne to a more fine-grained
Ioo(t:::"l‘:;:“ with the  erygtallization and the absence of schillerization pheromena
in the latter rock. These are just such differences as might
be expected betweea a plutonic rock arid its volcanic representative. ‘Fhe essential
constituents and the order of their farmation—olivine, colourless enstatite and
augite, biotite and plagioclase —are identical. The proportion of felspar, however,
is smaller, and olivine is more abundant, bt the minerals are apperently of the
same species and even the peculiar micrographic structure shown by the pyroxene
of the Rewa rock is exhibited alse, theugh less frequently, in the Jootoor lava.

These differences in the proportions of mineral constituents bringing the rock
into close relations with the saxonites (harzburgites), appear in the chemical analysis
made by Mr. P, Beihl, which gave the following results (¢/. para. 10).

' Sio, . . . 477

TiOQy . . . o74
Ay O, (and Py Oy). 753
FeeQ, . . . 464
Mg,Q, . o« . om
Fe O . . . 79t
CO . . . 558
MgO . . . 21°21
H, QO . N . 18
Alkaligs . . . wadetermined,

23. The original outlines of the olivines in this rock ate marked]by lines of
opaque black granules, between which and the core of
undecoraposed olivine there is a zone of variable width of a
fibrous mineral exhibiting low double refraction and forming generally a confused
felt. As this zone of fibrous mineral is well-developed at the contact of the olivine
with felspar, and is practically absent where the former mineral abuts against either
of the pyroxenic constituents, it is evident that proximity to the felspar facilitates
the formation of tbe fibrous mineral. The lines of apague granules, from their
rectilinear disposition, evidently mark the original outline of the olivine crystals,

? Josrn. Chem, Soc., May 1890,

Pilite.
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and thus the fibrous mineral must have been formed entirely at the expense of the
olivine,

24. These zones are, therefore, secondary in origin, and as they do not extend
beyond the limits of the original olivine-crystals, they cannot be regarded as the
equivalents of the reaction-rims so beautifully displayed by the Rewa rock. The
fibrous area is very variable in width, sometimes extending to the centres of even
large crystals of olivine. The features exhibited agree with those of a fibrous form
of amphibole and are probably similar to the felt of amphibole needles pseudomor-
phous after olivine to which Becke has given the name pilite! As the felspars are
often considerably kaolinized, it is not unnatural that this change to amphibole
(pilite) should be more marked where the olivine is bordered by the mineral
whose decomposition can supply the requisite amount of lime and silica.

25. Amongst the dykes occurring in the Madras Presidency the nearest ap-

Olivine -bearing Proach to the rocks of the class under consideration occurs
dykes of = Madras near the quartz-magnetite beds of Singapuram, Ahtur taluk,
(Salem district). Salem district (No. 9,398). This rock is black in hand-
specimen even to the felspars, which show slight * lustre mottling.” It has a

specific gravity of 3'12. Under the microscope itis seen to be perfectly holo-
crystalline in structure and is composed of olivine, enstatite (bronzite and
hypersthene), angite, biotite and plagioclase in order of formation, with granules
of pyrite and dusty magnetite,

26. The olivine is about equal to the pyroxene in quantity ; it often shows its
crystal outlines, but is rarely intergrown with the enstatite to produce a very im.
perfect graphic structure. It is cracked in a characteristically irregular fashion,
with separation of dusty magnetite and very rarely shows the serpentinous hydration.
Reaction rims between it and the felspar occasionally occur, but are generally very
narrow though very well-defined, and with the same arrangement of colourless
mineral and actinolite as seen in the Rewa rock.

27. The most characteristic feature of the olivine, however, is the large quan-
tity of minute inclusions—dust and rods—arranged in definite crystallographic
planes and giving the sections a brown or dark brown colour when seen with low
powers. and what, on rapid revolution of the polariser, appears to resemble the
faint pleochroism of some brown augites, but which is probably only a diffraction
effect. This character is true of the olivines in all the dyke-rocks which I have
mentioned below and which I propose to include in this group The general
characters exhibited by the sections of this mineral leave littie doubt as to the nature
of the species, and that little doubt is completely removed by the occurrence in this

‘rock of the dendritic inclusions such as are so plainly displayed in the olivines of
the Rewa rock (slide 1424).

28. The enstatites show a distinct pleochroism, sometimes approaching in in-
tensity that of the hypersthenes which are constant throughout the pyroxene
-granulites of this area.

39. The augite is perfectly colourless in thin section, is feebly schillerized and
frequently developed between the felspar plates like little intrusive sheets and

fingers,which, when cut across, show several isolated patches having simultaneous
extinction.

Y Ischermak's min. und petr, Mitt., Vol. V, p. 163 (1883).
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30. The biotite is frequently associated with coarse granules of opaque iron-ores,
shows the same kind of pleochroism, and occurs in apparently the same propor-
tions as already described for the Rewa rock and the Jootoor lava. 4
' 31. The felspar is more abundant and of a less basic type than that playing
" a similar rble in the Rewa rock. The crystals are light-brown in section on ac-
count of innumerable minute inclusions, but the colour shades off towards the
periphery of the crystals which are generally colourless. Polarized light shows
also that there is a zoning due to gradual change in composition in the later-formed
layers. Minute acicular inclusions, like actinolite-needles, are often seen in patches
of the colourless portion of the felspar, where there appears to have been a small
amount of decomposition with sometimes formation of presumably secondary
quartz,

33, Magnetile in fair quantity occurs in all the other minerals, either as lumps,
which are possibly original, or as fine dust, which is of secondary origin. Occasional
lumps of pyrite are seen in hand-specimen,

33. For the next stage, showing a less basic tendency, a rock collected by
Dr. H. Warth at one mile west of Vitlapuram in South Arcot
district, may be taken as a type (No. 9,811). This rock
occurs as & dyke in the pyroxene-granulites, most of which in that area contain
large quantities of quartz, and are distinctly acid in silica-percentage.

34. The dyke-rock is black in hand-specimen, and has a specific gravity of 3'03
(Warth). Under the microscope, it shows the same peculiar dark-brown olivine,
colourless enstatite and augite, small quantities of biotite, magnetite and pyrite,
and the same brown, zoned plagioclase with colourless borders, forming the ground-
mass as in the Singapuram rock. But in the Vitlapuram rock there is a distinctly
smaller quantity of olivine, and, at the same time, an increase in the size and fre-
quency of the colourless patches, which shows the signs of secon:lary decomposition
referred to before, but in this case calcite as well as quartz occurs amongst the se-
condary minerals,

35. The Singapuram rock occurs at a place which is about equidistant from
Vitlapuram near the Coromandel coast and Coonoor in the Nilgiri Hills (a total
horizontal distance of about 200 miles), where I have also found dykes of unmis-
takably the same rock intrusive in the pyroxene-granulite series which make
up the main mass of that range.

3%. The dykes of Coonoor are especially interesting on account of the varia-

The Nilgiria. _ ti?ns they show from 'tbe we!l-crystallized types in the
] wider dykes to the hemicrystalline and even glassy tachy-
Iytic types which occur in the narrower veins'and on the selvages of larger masses,
but in all of them the peculiar brown olivine occurs, and the same order of crystal-
lization of the pyroxenes, biotite and light-brown plagioclase-felspar is preserved.
Although the plagioclase crystals are seen to be the last-formed from the way in
which they are moulded on to all the other constituents, their crystallization, having
commenced from so many centres during the comparatively rapid consolidation
of the final stages, has not resulted in their perfect ophitic development, as is the
case withthe coarser-grained types described from the other localities above.

37. In the very fine-grained varieties forming narrow veins in the pyroxene-
granulites, the microscope shows olivine, pyroxene and felspar as phenocrysts in a

microcrystalline matrix of pyroxene, bictite, felspar and magnetite, and the pheno-

South Arcot district.
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crysts sometimes gather is groups giving rise to the structure to which Prof. Judd
has given the name glemsro-perphyrisic This sometimes takes the pecmliar
form of large olivine crystals surrounded by a zome of celourless granular
pyroxene (shde 1599). In the narrow veins the long crystals of felspar and
enstatite are frequently arranged paraliel to the sides of the dyke, a feature
commonly exhibited by porphyritic crystals in marrow dyke-rocks.

38. As the edge of the dyke is approached the matrix becomes finer in gnain,
until, at the selvages, the rock shows a vitreous matrix with
tufted aggregates of microlites, attempting an imperfect
spherulitic or variolitic structure. Glomero-porphyritic aggregates of olivine and
enstatite occur as in the types described above.

Variolitic selvages.

(6.) Exceptional hemicrystalline varieties of olivine-norites.

39. An exceptional type of the hemicrystalline varieties which presumably be-
longs to this class of rock occurs as a narrow vein only half an inch wide running
through a harnblende-narite collected by the late Mr. C. Z£. Oldham near Poorsy,
N. N. W. of Wandiwash.

This rock consists of a matrix blackened by magnetite-dust, and studded with

_ excessively minute, colourless microlites, in which occur.
oul:’:f:;';?”ﬂt with well-shaped phenecrysts of olivine reaching 3 mm. in
length and cracked in the usually irregular fashion of

olivine with slight development -of yellow serpentine.

40. The olivines show a very striking zonal structure by the alternations of light-
brown and colourless bands, which however are sometimes quite irregular in
arrangement. The light-brown patches display a very faint pleochroism, which is
only noticeably marked in basal sections, and shows an absorption in those sections
of & > € (slide No. 2027). In those sections also minute rod-like inclusions are
arranged at right angles to the brachypinacoidal cleavage-cracks and evidently are
the results ot the normal schillerization of the mineral (vide supra, para. 13).

The last stages in the growth of the crystal are marked by layers of opaque
granules, and the colourless zone separating this layer of granules from the opaque
matrix is frequently decomposed and pilitic, in which cases the layer of opaque
granules has generally a ragged incer border due to extension inwards of the de-
composition, accompanied by the usual separation of dusty magnetite. The mineral
is decompnsed by strong het hydrachloric acid with farmation of gelatinous
silica. The crystals are frequently corroded by the magma (Plate I, fig. 3).

41. The occurrence of olivine so well-developed and as the only phenocrystal-
line constituent makes this a most unusual type of rock. Magma-dasalls (limbur-
giles) with augite as well as olivine phenocrysts have been described from various
places, and, to a less extent, augitites with augite only developed ; but I can recall
no case exactly parallel to this in which well-formed olivine in a black glassy
matrix is the only phenocryst,

(c.) Association of Olsvime-morites with “ Pyroxene-granulites.’

42. If, as seems very likely from their close resemblance to the Jootoor lava.

flow, the dyke-rocks described above are the plutonic equivalents of the volcanic

! Quart. Journ. Geol. Soc., Vol. XLII, p. 71 (1886).
3 Mr, C. S, Middiemiss bas, since the above was written, called my attention to & fine.@xample of
an enstatite magmasbasalt amangat these dykes. For its description see para. 6, foot-note.
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rocks of the Cuddapah xystem, the time of their imsusion is fixed with regard to
the Indian stratigraphical suecession.

43. That these recks are true intrusions and not segregation veins is very
evident from their occurrence as vitreous forms near the selvages of larger dykes
and in the smalfer veins, with fluidal structores also. As they break across the
pyroxene-granulite series of the Madras Presidency, showing no siges of the folia-
tion which the latter rocks have suffered, their imtrusion must have eccurred since
the foliation of those rocks. And yet there remains the remarkable fact that
rhombic pyroxene, which is the one constant constituent of the pyroxene-granulite
gronp, is present in all these dykes which are so frequently associated with them.
That this is a mere accident is of course quite possible ; still, theassociation is &
circumstance worthy of record, and I give it as a mere suggestion thas the magma
from which these intrusions and lavas have been derived might have been obtained
by the local re-fusion of the pyrozene-granulite series.

44. The association of olivine-norites with the ordinary members of this group
has been recorded in different parts of the world; but the cases presenting
the nearest approach to the imstance under comsideration are the rocks of the
Cortlandt series of New York, in which the late G. H. Williams® described types
varying from peridotites with little or no felspar to normal norites, and those des-
cribed by Dr. F. H. Hatch® from Madagascar, where olivine-norites are associated
with ordinary types which are remarkably similar to those of the Madras Presi-
dency, and are probably simply a portion of the same great crystalline mass
—portions of the old Gondwana continent still remaining above the sea-level.

The chemical analyses by Mr. Briibl of four different Madras types show that
alumina is comparatively low amongst the sesquioxides, whilst magnesia and ferrous
oxide are unusually abundant amongst the protoxides, results which might be
expected where the ordinary augites are so largely replaced by enstatites amongst
the ferromagnesian silicates. It will be interesting to compare these analyses

with those now being made of the various types of the pyroxene-grahulite series of .
the Madras Presidency.

(2) AUGITE-NORITE GROUP.
(a.) Holocrystalline varieties?

45. As examples of dykes linking the characters of the olivine and enstatite-
bearing group with those in which augite predominates, may be mentioned those
discovered near Rayakotta, Maharajgadi, and Krishnagiri in the Salem district,
by my colleagues Messrs. Middlemiss and Smith, who have kindly sent me speci-
mens and descriptions of the field-relations and microscopic characters of the rocks.

46. The most striking of these occurs as a dyke 100 yards wide running east and
west in the gneiss, 5 miles south of Vepanapalli, on the road north of Krishnagiri.$
It has a specific gravity of 308 and is composed, according to Mr. Smith, of
idiomorphic crystals of hypersthene, a smaller quantity of augite, wrapped around

 Amer. Fourn. Sci., 3rd ser., Vol. XXXI (1886), p. 26; Vol. XXXIII (1887), pp. 135—

* Quart. Fourn. Geol. Soc., Vol. XLV (1889), p. 343. Cf. R. Baronm, ibid, Vol. LI
(1895), p. s9.

§ For varieties approaching pyroxenites by diminution of felspar see para. 56,

¢ Field number (A) 11th Pebruary 1896.

191.
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by large ophitic-like plates of plagioclase. As accessories, in part secondary in
origin, are biotite, hornblende and magnetite-granules. In the specimen sent [
have also found crystals of clear quartz, which, being associated with the kaolinized
portions of the felspar, are possibly of secondary origin. This rock differs from
the previously-described group, therefore, only in the absence of olivine, whilst the
presence of a rhombic as well as monoclinic pyroxene, and the order of consolida-
tion of the constituents make it a link on the basic (olivine-bearing) side.

47. A second link is represented by some small dykes in the gneiss south of
Bolconda on the Salagiri-Krishnagiri road in the same district.'

In this rock Mr. Smith finds the hypersthene and augite to be represented in
about equal quantities, and the specimen sent shows some interesting intergrowths
of the two minerals,

(8.) Exceptional hemicrystalline variation of Augite-norites.

48. The rocks of this transitional group are represented also by hemicrystal-
line varieties which are of a most unusual type. Specimens of these have been
collected by Dr. Warth near Eriyur in the South Arcot District (No. 9,782),

They are tough, black, tachylytic-looking rocks, with small glassy-looking
crystals of a colourless mineral, which, under the microscope, are seen to be
enstatite, lying in a fine-grained, black matrix, which is probably in part vitreous.
This rock corresponds in this group to the Poorsy rock in the olivine-norite group
and to the augitites which have been d=scribed in various parts of the world. But
both this and the olivine-bearing rock of Poorsy are, so far as I am aware, type
hitherto undescribed.

49. It occurs, according to Dr, Warth, as a dyke four feet wide running east-
north-east and west-south-west in the pyroxene-granulites, and specimens gave an
average specific gravity of 3'09.

An analysis of this peculiar rock by Mr. P. Briihl gave the following results : —

Si 0, . . « 530§
Tiog, « . . 177
POy &« 0'09
A0y . . . 89t
Fe. ‘,' . . . 3'26
Mng O, . . . 009
Fe O . . . 9'52
caO ., . . 676
Mg O e . 1442
K, O . - 043
!\'a. O Y . . 066
H,0 . . . 065

99°66

5o. Under the microscope well-shaped crystals of enstafile attaining 2 mm. 4n
length form the only phenocrysts. They are perfectly fresh
The Erstatite pheno- 1 4" slourless, and from the shapes of the sections which

crysts. show the typical cleavage of pyroxene, exhibit combinations

1 Field number (A) 6th February 1896,
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of the two pinacoids with the prism, giving the eight-sided shapes so commonly
displayed by horizontal sections of pyroxenes. They exhibit a tendency to aggre.
gale in groups of several individuals. The double refraction is low, and the two
optic axes can be distinctly observed in basal sections examined by convergent
polarized light. The crystals are unattacked by hot hydrochloric acid.

s1. The groundmass of the rocks consists of minute crystals of colourless augite

wrapped around by tufted microlites of presumably felspar,
with a black opaque glass (?) filling the interspaces.
53. The colourless crystals, though so minute, are well-defined, and their
) examination with J-inch objective leaves no doubt about
their being augite. They exhibit a tendency to form long
crystals with the prismatic faces well developed, and are often very clearly twinned
according to the usual law of augite, Well defined cleavage-cracks are displayed
by the larger individuals. Groups of apparently isolated crystals often show simul-
taneous extinction. Their strong double refraction and wide extinction angles
serve to distinguish them from the large phenocrysts of the rhombic pyroxene.

53. The tendency they exhibit of growing around the phenocrysts of enstatite

Intergrowths of rhom 15 feature of. special interest on account.of its bearmg on
bic and monoclinic py- the frequent intergrowths of these two minerals, which are
roxenes. described below (para. 60). In most cases the augite sec-
tions are seen like two long lath-shaped crystals on either side of the vertical secticns
of enstatite, but instead of being sections of independent crystals they are found
invariably to exhibit simultaneous extinction. As the lath-shaped crystals
bordering the sides of . the enstatites are frequently found in optical continuity
with a narrow band around the ends of the latter mineral, there is no doubt
that the enstatite is encased in a thin shell of augite, which belongs to one crystal
and though in this rock is invariably so thin, it represents the beginnings of the large
crystals described below (para. 60). In addition to this casing of the enstatite in
augite, which is quite common, numerous cases occur in which minute pieces of
the latter mineral are found scattered through the phenocrysts of the former, and
all show by simultaneous extinctions the crystallographic continuity of these in-
cluded fragments of augite with the thin casing of the same mineral, and thus we
have the beginnings of the complicated intergrowths of the two forms of pyroxene
so frequently recorded in the basic rocks.

54. The colourless tufted microlites, which, with minute opaque black
granules, constitute the rest of the groundmass, belong pre-
sumably to the felspar which plays the rdle of groundmass
in the holocrystalline types of these rocks. They show weak double refraction and
extinction angles of about 10° measured frcm the long axis of the microlite, and
binary twins could be distinctly observed. In this rock therefore we have the
order of consolidation the same as that shown in the holocrystalline forms—ensta-
tite, augite and felspar.

As this rock changes considerably in grain even in the same hand-specimen
it would be interesting to trace out the characters of the dyke more precisely. But,
so far as the specimens collected by Dr, Warth go, the coarser-grained portions
show a very striking approach in their characters to those of the more holocrystal-
line type found by Mr. Middlemiss in the Salem district and described below
(para. 56).

The groundmass,

Augite microlites.

Felspar microlites.

el T
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(c.) Volcanic representatives of the Augite-norites.

55. As far a8 can be determined with the small amount of material available
for comparison, the Palamodu trap-flow (No. 9,794) of the Cuddapahs appears to
corrrespond in mineralogical character to the dyke-rocks included in this group.
Mr. Lake! has described this rock, calling attention, amongst other results of its
secondary decomposition, 10 the presence in it of bastite, which he regards as the
result of the alteration of the augite. From the way in which this mineral is
associated with the augite I should suggest that it is the altered representative of
the enstatite which, in the fresher dyke-rocks, shows & precisely similar relation
to the augite, and is unquestionably an original constituent. The alteration
of the less stable enstatite which shows such ragged irregular junction with
the augite in the fresh rock might very well give zise to the impression that
it is the result of change extending outwards from the centres of the latter
mineral. It should be remarked, however, that the ophitic structure shown so
strongly in this rock distinguishes it from the members of the augite-norite
group in which the pyrexene shows sach a temdency to crystallize before the
felspar. I do no4, consequently, pt much reliance on this correlation. It is
anfortunate that the great trap-flows of the Cuddapahks, which evidently include
an interesting variety of rocks, should be represented by so few specimens, and
until further collections are made the correlation of the dykes with the lava-flows
myst remaia in its present rather unsatisfactory state.

(d.) Varieties approaching Pyroxenites.

56. It is frequently found that in the faregoing two groups the rocks locally
approach the altra-basic group by diminution in the proportion of felspar. In the
elivine-bearing group, for instance, the rocks sometimes approach saxonites
(hugburgites) in composition, and in this group pyroxenites, An interesting exam-
ple of the Jatter modification has been found by Mr. Middlemiss two miles from
Thalli on the Hosor road, Salem district.2 Mr. Middiemiss deacribes the rock as a
dark, greenish-grey, medium grained rock with a specific gravity of 3-11, Under the
wnicroscop: t is composed of eastatite im large idiomorphic crystals, augite in
smaller granular crystals, oftem grown. around the enstatite, and plagioclase in
long slender blades arranged in branching and net-like fascicule or tufis. These
sometimes run around, and sometimes end abruptly against, the pyroxenes, appear-
ing again on the other side. Black iron-ores and a green mineral in small quantity
appear filling in spaces between branching felspars. Mr. Middlemiss has kindly
sent me a specimen of this rock, and, as his description would lead one to expect,
the rock is just such an one as might be expected from the more perfect
crystallization of that which I have just desaribed as & bemicrystalline type of . this
group {paras. 48—s54).

57 A still nearer approach to the purer pyroxene-rock, and & type much
coarser in grain, was obtaired im the year 1889 by Mr. R. Bsuce Foote south
of Nilgunda, Harapanhalli taluk, Bellary district {No. 8,823). Itisa tough, dark
grey, even-grained rock with a specific gravity of 3'ss. Under the microscope it is

1 Ree. Geol Surg. Ind., Vol. XXIII {1830), p. 360,
8 Field number (1) 12-2-96.
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seen to be compused almost wholly of pale pyroxarw, with the interspaces filled
in with a plapiociase feispar approaching anorthite in composition, and showing
by its extinction a crystallographic contiauity in isolated patches over very large
areas. The pyroxene is partly pale hypersthene, showing a faiat pleochroism
and frequently idiomorphic outlines, with a very pale greem augite growing
around #t. The rhombic pyroxene mppears to be well in excess of the monoclinic
form. QOcoasional gramules of opaque iron-ores occur sometimes associated with
biotite. No trace of olivine has been discovered. 1 have frequently found pyroxe-
nites composed essentially of hypersthene, approaching amblystegite, and angite,
sometimes with olivine and pleomasts (hercynile), occwring as masses associed
with, and as dykes intrusive in, the norites of the so-called pyroxene-granulite
series of Madras; but fromn the resemblance of these to some forms of the
norites in which they occur, 1 have reserved them for description on another occa-
sion with that group, believing them to be closely related to one another.

{3) AUGITE-DIORITE GROUP.
(a.) Holocrystalline varieties with micropegmatite,

58. The members of this group are distinguished from those described above,
by (1) the predominance of augite amongst the pyroxenic constituents;

(2) atendency to approach an ophitic structure by an earlier development
of the felspar as compared with the pyroxene ;

(3) the invaziable presence of quartz as a micropegmatitic intergrowth with
felspar playing the réle of graundmass,

These characters are true for 3 large namber of dykes intruded into the
gneisses, pyroxene-granulites and Dharwar Transition rocks of the Madras Presi-
dency, as well as of some lava-flows in the Poolumpett beds of the Chey-air group
Cuddapah system.! '

59. The most convenient specimen to introduce this group was collected by
myself in September 1893, from a large dyke west of Isa Pallavaram, 11 mileg
south of Madras city (No. g,393» Itisa black, tough rock with a specific gravity
of 3'10. Under the microscope it is seen to be composed of enstatite, auyite, opaque
iron-ores, biotite and plagioclase with micrographic patches of quartz and felspar.
The plagioclase is distinctly the latest constituent to complete its crystallization, but
it is by no means as distinctly ophitic in character as in the more basic groups
already described ; but it recalls the structure of some. members of the preceding
group in the occurrence of blade-like crystals bent around the pyroxenes (cf.
para. 56). The presence of eastatite in considerable quantities, biotite in small
quantities and the late formation of the felspar connett it with the two previous
groups, whilst the predominance of augite amongst the pyroxenes and the presence
of large quantities of micrographic quartz connect it with the third, and more acid,
group of dykes. '

60, Ensiatite was evidently the fGrst mineral to crystallize. It is generally
colourless, but sometimes shows a faint pleochroism. It is very fsequently surrouad-
ed by pale augife, whose junction with it can only be detected by polamimed light,

! For cumparison with trap-flows in other Transition systems of Peninsular India, see
para. 79.
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the cleavage-cracks being continuous, although the augite generally has a brown
tint in irregular patches. Between crossed nicols the junction is seen to be very
irregular and accompanied by isolated patches of augite scattered through the
portions of the enstatite lying near the junction-line, prodacing’ complicated
intergrowths of the two minerals. The augite generally presents darkened external
borders, which are often accompanied by the formation of minute crystals of
hornblende and may be a preliminary stage in the process of amphibolization, It
is a very common feature in rocks of this type.

For an examination of the characters of the augite a specimen from the Seven
_Pagodas (No. 9,678) whose bulk analysis is given below (paragraph 71), was
selected on account of its being practically free of enstatite. A chemical analysis
of separated and carefully picked pyroxene gave the following results :—

Si Oy . . 50702
A', 0. ° . . 56l
g:' C()) s . 1561
Mn O . . . trace
CaO . . . 14°84
Mg O . . . 1301
Alkalies . . 096
Loss on ignition . 0'76
9981
——

The augite is thus remarkably similar in chemical composition to that of the
monoclinic pyroxene separated by Mr. Teall from the rock of the Whin Sill, whose
chemical and microscopical characters 30 closely resemble those of the augite-diorite
dykes in the Madras Presidency. As pointed out by Mr. Teall, the resemblance
in chemical composition of this mineral to the rhombic pyroxenes is, in view of the
frequent association and intergrowth of augite and enstatite in these rocks, a point
of considerable mineralogical interest.!

61. The felspar is very commonly light brown in the central portions through
the inclusion of very fine dust, but the colour becomes less pronounced as the
margins of the crystal are approached, and ultimately quite colourless at the margins,
where the felspar is frequently intergrown with quartz to produce the micropegma-

tite which occurs in every member of this group. Between crossed nicols the crystals .

are seen to be frequently zoned, with the more basic plagioclase forming the centres
of the crystals.

612. The micropegmatife forms the chief point of interest in connection with
these rocks. It occurs as coloarless patches in the rock in which minute acicular
crystals of actinolite are irregularly disseminated. The characters are so distinct
that these patches can easily be detected with ordinary light, The micropegmatite
in these rocks evidently represented the colourless patches already noticed in the
more basic types (supra, paras. 31 and 34), but which only seldom contained quartz.

63. The felspar entering into the composition of the micropegmatite is some-

. times crystallographically continuous with the large

Primary originof the  1505i0clase crystals; but in some specimens included in
micropegmatite. . . .

this group microcline occurs?® There appears to be no

1 Quart. Fourn., Geol. Soc., Vol, XL (1884), p. 648,
3 No. 9,795, slide, 3133 ; No. 9,789, slide, 2131.
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reason for regarding this micropegmatite as other than original—the last phase in
the consolidation of the rock. The rocks are remarkably fresh and show no signs
of the secondary changes which so frequently result in the deposition of pseudo-
morphous quartz, whilst the felspar is, as already stated, in crystallographic conti-
nuity with the larger, unquestionably original crystals.

64. It is an interesting fact that in some cases, where secondary decomposition
has just commenced, the micropegmatite patches are always the centres of decom-
position (which takes the form of hydration principally), extending to various degrees
around, a fact which suggests that these parts of the rock are the portions through
which water circulates most freely, possibly because, being the last parts of the rock
to consolidate, they are less compact ; in fact, on a microscopic scale they may be
miarolitic. As a glass generally possesses a lower specific gravity than the same
chemical mixture when crystallized, such an occurrence might well be expected
where the rock consolidates under limited pressure, and especially where such a
strong framework is first produced by the previous consolidation of two intergrown
minerals, pyroxene and plagioclase, which make up the principal mass of the rock.
These rocks, like most of those in Peninsular India, have been remarkably free
from dynamic action since their consolidation; consequently the conditions are
most favourable for the preservation of such delicate structures.

65. As itis very likely that this secondary decomposition gives rise to the
production of quartz, the micropegmatite may become extended by the form-

ation of quartz in crystallographic continuity with that
ofsm’i':‘::g:;’m:’t‘i't:‘."'°" which was original, and thus a portion of the micro-

pegmatite is secondary in origin. Such an occurrence
is well illustrated by a specimen collected by Mr. Middlemiss from a dyke
1{ miles north of Jaulikerai, Hosur taluk, Salem district.! In this rock
the felspars have been completely decomposed in the central portions of the
micropegmatite, with the formation of green chloritic products which also fringes,
with decomposed biotite, the adjoining pyroxenes of the rock. In the same way
the felspars are attacked, partly kaolinized, and clear quartz, presumably secondary
in origin, is deposited in isolated patches, which are seen between crossed Nicols
to be in crystallographic continuity with one another, and form real gaartz of
corrosion. In a homogeneous matrix, where free development would be possible,
one would expect such secondary quartz to exhibit idiomorphic outlines, and such
cases have been described and attributed to secondary enlargement of micro-
graphic quartz.®

66. Wherever the augite comes in contact with the micropegmatite it shows
signs of secondary change with the formation of green hornblende, biotite and
concomitant separation of magnetite. The side of the augite away from the
micropegmatite and abutting against the ordinary plagioclase generally shows no
such signs of alteration. Whether this change in the augite is much later than
the formation of the micropegmatite is not certain, but that contact with the latter
substance is essential to its production seems certain, These changes in the augite
are precisely similar to those which Professor Sollas has described as the resuit of
the infrusion of granophyre into augite-diorite (““gabbro”) at Barnavave, Carling-
ford, But in the Madras dykes it is impossible to coasider these minute micro-

! Field namber (4), 13th Feb. 1896,
? See Quart. Fourn., G.ol. Soc., Vol. XLVIl (1891) p. 177.

.
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pegmatitic patches as other than part of the rock and derived from the same
magma as the augite and plagioclase.

67. Micropegmatitic intergrowths of quartz and felspar have frequently been
described in rocks of this kind. Some of these strikingly resemble the Madras
dykes in their mineralogical composition ; for example, the ‘“ quartz-gabbro "’ of
Carrock Fell, which consists principally of plagioclase and augite, with . enstatite
often intergrown with the augite, occasional biotite, opaque iron-ores and micro-
graphic intergrowths of quartz and felspar!; the “gabbro” of St. David’s Head
which differs from the Carrock Fell gabbro in containing more biotite and less
micropegmatite$ ; the Whin Sill, which shows variations from coarse-grained por-
tions, in which augite becomes idiomorphic, to a hemicrystalline rock near the
margins3; and the enstatite-diorite of Penmaenmawr,$ all intrusive in Lower Palaozoic
strata.

68. Other éxamples have been described, but those just mentioned all strikingly
tesemble the Madras rocks both in mineralogical composition and in structure.
The micropegmatite has generally been considered to play the rdle of groundmass
and to be the last-formed constituent, but in a paper “On the relation of
the Granite to the Gabbro of Barnavave, Carlingford,” Professor W. J. Sollas,
has described granophyric (micropegmatitic) patches in the gabbro (augite-diorite)
and whilst showing that they can always be traced to minute intrusions from the
associated acid rocks, suggests that the same explanation may be applied also to
such cases as the Penmaenmawr rock and the gabbro of Carrock Fell.s

69. For want of evidence, however, as to the occurrence of * granophyres” in
association with the Whin Sill, Professor Sollas admits that this explanation cannot
be applied to that instance,® neither can it be applied to the Madras dykes. Of the
large number of dykes which show this structure in Peninsular India, not one, so far
as I know, has been crossed by a later intrusion of acid rocks, and even should this
bappen to be the case, it still remains to be proved that such acid intrusions are
not derived from the same magma, and consolidated subsequent to the basic por-
tions as part of one continuous process. I would consequently prefer the explana-
tion which I have already given, namely, that the micropegmatite is really original,
the last phase in the consolidation of the rock, and its formation and preservation are
facilitated by the perfectly quiet conditions of consolidation and subsequent
freedom from dynamic disturbances. The order of consolidation of the minerals
in these form a striking illustration of the normal succession according to Lagorio’s
law, and the formation of micropegmatite by the crystallization of the small quantity
of acid mother-liquor after the separation of the basic ferro-magnesian silicates is
quite in accordance with this law,

7o. 1f, as 1 have suggested, the micropegmatite crystallized in the spaces

3 A Harker, Quart. Fourn. Geol. Soc., Vol. L, p. 316 (1894).

3 A. Harker, Petrology for Students (1895), p. 66.

3 ] ]. H. Teall, Quart. Fourn. Geol. Soc., Vol. XL, p. 640 (1884), also Brit. Petrog.,
p- 207, and piate XIII, fig. 2.

¢ J.]. H. Teall, Brit. Petrog., p. 273, plate XXXV, fig. 2.

% Tyans. Roy. Irish Acad., Vol. XXX (1894), pp. 487—490.

¢ Daring the discussion on Mr, Harker's recent paper on the granophyres of Skye, Mr.
Watts pointed out that the Whin Sill at Caldron Snout passed into a rock which was
practically a gabbro embedded in granophyre.
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formed between the strong framework of coarsely-crystallized pyroxene and
plagioclase, these microscopic miarolitic cavities were probably in imperfect
communication with one another, and in this way they may represent in a sense
so-called “contemporaneous” veins. It remains to be seen how far supposed
intrusive veins of such rocks as graphic granite and granophyre are simple
segrégations into fissures, whose production have been facilitated by absence o
any greater pressure than the fissured rocks are able to withstand. But this opens
& wider question than the rocks under consideration afford data for discussion.!

71. Pasgsing on to other members of this group represented in the dykes of
South India, we find that the rock of Isa Pallavaram passes gradually into more
typical augite-diorites by loss of enstatite and biotite, and by a tendency for the
plagioclase to crystallize at an earlier stage, being either contemporaneous with, or
even later than, the augite, with a comsequent tendency to the production of the
ordinary ophitic type of many rocks known as diabases. Good examples of this
type have been collected by Dr. Warth at Mailam (No. 9,795), Perumbakam (Nos.
9,789 and 9,790), Tirvukarai (Nos. 9,777 and 9,778), in South Arcot district; and
by myself at the Seven Pagodas in Chingelput district (No. 9,678).

The last-mentioned occurrence has given specimens almost free of enstatite,
the pyroxene being almost completely monoclinic. An analysis of this rock by
Mr. Brohbl gave the following results :—

Sio, . . . St1§
TiOg . . 044
P. O, . . « 06
ALO, . . . 1598
Fe, 0, . . . 934
Fe O . . . 287
MnO ., . . 009
CaO . . . 10°40
MgO . . 648
K’ (o] . . . 1°61
Nsg O . . . r'19
H, O . . . 011

9966

The detection of microcline microscopically (paragraph 63) showing the presence
of potash felspar as a constituent of the micropegmatite is confirmed by the compara-
tively large proportion of potash shown by this analysis. The ratios of silica to
sesquioxides and protoxides differ from those of the Whin Sill no more than
might be accounted for by the difference in preservation of the two rocks. The
Whin Sill has undergone a certain amount of hydrous decomposition, whilst
the dyke of augite-diorite at the Seven Pagodas is most remarkably fresh. Both
rocks show a striking approach to the hypothetical basic magma of Durocher,
which he supposed to contain 51 per cent, of Si O,, and possessed a density of
2°96.

1 Besides the localities already quoted some very fine examples of augite-diorites with

micrographic quartz were collected by Mr. Lake during the season 1887-88 in the Bellary
district and Raichur Doab, some of them occurring as dykes in the Dharwars:— Nos. 8,537,

550, 553, 558, 569, 593,612 and 655.
CcC 3
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(8.) Hemicrystalline varieties of the Augite-diorties.

72. As in the two preceding groups, the augite-diorites have their fine-grained
and possibly hemicrystalline representatives in narrow dykes and on the selvages
of the larger masses. Two of the most striking examples representing each of
these conditions have been collected by Dr, Warth, The first was found as a dyke
30 feet wide at Nemeli (No. 9,784), and the second forms the selvage of the large
mass of Perumbakam hill (No. 9,788), both in South Arcot district.

73. In the former case (Nemeli) the pyroxene individuals are frequently found
to be rhombic in the centre, exhibiting crystallographic
parallelism to the aogite growing around. These enstatite
cores often show a pair of horns at either end giving the
core very much the shape of the crystallites which Mr. Ratley has figured as
“crenulites.)”” The augite is greatly in excess of the enstatite, and although it
probably commenced its crystallization before the felspar, these two constituents
are sufficiently intergrown to show that they mostly separated simultaneously,
leaving a series of spaces which are filled in with skeleton crystals of magnetite and
a micrographic intergrowth of probably felspar and quartz on an exceedingly
minute scale, in some places what Harker would call eryprographic® It would be
interesting to follow this rock out to its selvages ; but no further specimens were
collected.

74. The rock which represents the selvages of the large mass at Perumbakam
consists of phenocrysts of augite and olivine in a very fine-
grained matrix of probably the same minerals, magnetite
and small patches of biotite, forming a closely felted mass in which it is impossible
to decide as to the presence of vitreous material. From the specimen alone the
rock might very well be described as an augite-andesite.

75. The phenocrysts are often gathered into glomero-porphyritic groups showing,
by their intergrowths, the approximately simultaneous crystallization of the augite
and felspar. These minerals are of the usual type represented in the more
perfectly holocrystalline types, and the felspars in the same way are crowded with
minute inclusions, giving the crystals a light brown or grey colour, Although with
the low powers the pyroxene appears 10 be almost wholly augite, e xamination with
the high powers shows on a minute scale the microperthite-like structure, which
may possibly be due to an intergrowth with rhombic pyroxene.?

Pyroxene-aphanite,
(Porphyrite.)

Augite-andesite,

(c.) Volcanic representatives of the Augite-diorites.

76. Although the contemporaneous lava-flows of the Cuddapahs are represented
by a very limited number of specimens in the Geo-

Bétumcheri lava-flow.
ome avactow logical Museum, those which have been collected strikingly
resemble the dyke-rocks already described in mineralogical composition and in
structure. Probably the most typical representative of the augite-diorite group is

Y Min. Mag., Vol. 1X, plate, figs. 18, 19 and zo0.

? Petrology (18g5), p. 92.

¥ A similar rock was collected in 1886 by Mr, R. Bruce Foote in the Bellary district and
recorded by myself from the hand-specimen as dn augite-andesite [No. 9,454 ; Kec. Geol.
Sure. Ind., Vol. XXVII, p. 40 (1894].
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the lava-flow near Bétumcherdy, in the Kurnool district, which is a member of the
Poolumpett beds of the Chey-air stage, Cuddapah system.

77. Mr. P. Lake! has shown that this rock is composed principally of augite
and plagioclase with a little magnetite, and bas a specific gravity of 3'c. Further
examination shows the presence, according to my determination, of considerable
quantities of quartz which often forms micrographic intergrowths with the felspar,
and a very small quantity of enstatite with occasional flakes of biotite. The re-
lations of the augite to the felsparare precisely those which characterise the augite-
diorite group amongst the dyke-rocks, the rock being sub-ophitic. Second-
ary decomposition has resulted in the partial kaolinization of the plagioclase and
in the formation of a microcrystalline chloritic product from the augite.?

(d.) Occurrence of augite-diorites with micrographic quaris sn other
Transition systems.

78. 1t is interesting to find very similar augite-diorites with micrographic
quartz associated with many of the other Transition systems of Peninsular India
which resemble a portion of the Cuddapah system in other lithological characters,
Many of these are dykes and consequently cannot be relied upon as evidence
for the purposes of stratigraphical correlation; and although the small number of
specimens collected from undoubted contemporaneous trap-flows agree very re-
markably with the augite-diorites of the Cuddapahs in petrological characters, far
more evidence of a precise character is necessary before the characters of the
volcanic rocks can be added to the other lithological evidence which forms the
only data available for the stratigraphical correlation of these unfossiliferous
systems of the Peninsula,

79. Amongst the contemporaneous traps of the Transitions containing micro-
pegmatite which are represented in the Calcutta collection are principally from
the Bijawars (Nos. 5,% and 5,10, which contzin olivine and are beautifully ophitic ;
Nos. 32,126 and 55,34, which have been greatly altered, the latter showing the
‘“ herring-bone ” structure due to lamellation parallel to the basal plane 8o fre-
quently noticed by Teall, Harker and others) and the Gwaliors (No. 12°49).
The last-named from the Barai trap-flow of the Gwalior Transition series,® cdne
tains porphyritic crystals of plagioclase, now considerably decomposed.¢

IV.—SUMMARY OF RESULTS.

80. The dykes intrusive in the gneisses and Dharwar Transition rocks of
Southern India, as the well as the Cuddapah lava-flows, which are supposed to be
their volcanic representatives, vary from o/soine-augile-noriles (enstatite-olivine-

1 Rec. Geol. Sure. Ind., Vol. XXIII, p. 261 (1890).

3 Another specimen obtained by Dr. King, 3 miles W. S. W, of Bétumcheré (No. 97,902)
is an amygdaloidal, fine-grained variety of apparently the same rock; but is too far decom-
posed to permit a correct determination of its original characters,

8 See Hacket, Rec. Geol. Surv. Ind., Vol. 1II, p. 38 (1870).

¢ I have a!so found micrographic quartz in very similar augite-diorite: intrusive in the
unfossiliferous palzozoic slates, dolomites and quartzites of Naini Tal and in Garhwal

(Nos. 9,737, 850, 854, 866).
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gabbros) sometimes approaching saxonite (harzburgite) in composition, to asgite-
dioriles (gabbros) with micrographic quaris.

81. Hemicrystalline representatives of these rocks occur in narrow veins and as
selvages to larger masses. Two of these are exceptional types related to the magma-
basalts and augitites. In one case olivine is the only . phenocryst in a black
cryptocrystalline matrix. In the other the only phenocryst is enstatite which lies
in a microlithic matrix of augite and probably felspar with residual glass. The
enstatites are enclosed in a thin shell of augite, which is frequently in crystallo-
graphic continuity with isolated fragments of augite within the enstatite.

82, In the most basic members of the series, olivine is the first constituent
to crystallize, and is followed in order by enstatite, biotite and plagioclase. The
plagioclase grows around its associates in crystals sufficiently large to give a distinct
* lustre-mottling ” to the hand specimens of the coarse-grained varieties. In the
less basic types, which are wanting in olivine, the enstatite, augite, biotite and
felspar are crystallized in the same order. In the least basic forms, enstatite is
either absent, or present in subordinate quantities, forming nuclei for the augites,
which exhibit in these types a tendency to crystallize at a later stage, being deve-
loped mostly simultaneously with the felspar even to produce in some cases a sub-
ophitic structure.

83, The micropegmatite is evidently the latest constituent to conmsolidate, It
is composed of quartz and either plagioclase or a potash-felspar, which is some-
times in the form of microcline. When the quartz is intergrown with plagioclase,
the latter is generally in crystallographic continuity with large adjoining crystals,
The plagioclase-felspars are brown or grey in their central portions, on account of
innumerable inclusions. As the periphery of the crystal is approached the colour
becomes less pronounced, and the felspar, as shown by its change in extinction-
angle, less basic, until at the margins, where it is intergrown with quartz to
form the micropegmatite, it and the quartz become quite * water-clear,” but then
they invariably contain numerous acicular inclusions of a mineral resembling
actinolite. These ‘ water-clear ” micropegmatite patches fill in the angles between
the large crystals of felspar and augite, and though evidently younger than either of
these minerals, must be regarded as crystallized in direct succession to them as the
last-formed constituent during the primary consolidation of the rock.

84. In the majority of the dykes the only signs of alteration are in the form-
ation of green hornblende and biotite with concomitant separation of magnetite where
the augite comes in contact with the micropegmatite, These changes are never
shown except on the sides of the augite nearest the micropegmatite, They are
precisely similar in characterto the alterations induced in the augites of the Car-
lingford gabbro (augite-diorite) by intrusions of *“granophyre” (Sollas, Zrans.
Roy. Irish Acad., Vol. XXX (1894), p. 493). But it would be impossible to
regard such excessively minute patches of micropegmatite, whose felspars are in
crystallographic co:itinuity with the ordinary plagioclase-constituents of the rock,
as intrusive, and such a conclusion, in the complete absence of connection with
larger acid intrusions, would be quite an unjustifiable alternative to the explanation
offered above (para. 83). When the rocks show signs of hydrous decomposition,
the micropegmatitic patches are always found to be the centres of action. One
result of this decomposition is a secondary extension of the micropegmatite by
deposition of genuine “ quartz of corrosion” in the surrounding felspars.
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8s5. As the consolidation of the rock resulted first in the formation of a strong
framework of coarse augite and felspar crystals, the spaces left, and now occupied
by the micropegmatite, must have been in partial communication with one another,
As a glass occupies a greater space than the same substance when crystallized, the
micropegmatitic portions must be less compact than the rest of the rock, and
being protected by the strong framework of augite and plagioclase. from the pres-
sure brought to bear on the rock as a whole, might give rise even to the production
of microscopic miarolitic cavities. As these loose-textured portions are in com-
munication with one another, they become the channels of water-circulationand
consequently appear in sections as the centres of hydrous decomposition.

86. Although, as already stated, the micropegmatite in the fresh, undecom-
posed rocks is regarded as primary in origin and subsequent in formation to the
augite and plagioclase, the considerations stated in the previous paragraph suggest
that its formation is not a simple continuation of the normal crystalline consolid-
ation of a molten magma. Any water which may have been in the original molten
material would be reserved in the ‘“mother-liquor” after the separation of the
augite and plagioclase, so that the changes which subsequently occurred in the com-
municating inter-crystal spaces would be of an aqueo-igneous natare. This accounts
perhaps for the peculiar appearance of the ‘* water-clear’ patches of micro-
pegmatite with their acicular actinolitic inclusions, recalling at once the similar
quartz which is generally regarded as secondary in decomposed rocks, and
explains also the alteration of the augite where it comes in contact with the micro-
pegmatite.

87. In describing the “ granophyric gabbro” of Barnavave, Carlingford, Pro-
fessor Sollas (0p. cit., pp. 487—490) traced micropegmatitic patches in an augite-
diorite to thin veins of “ granophyre,” which he regarded as intrusions of material
in a state of great fluidity, and suggests that this explanation may apply also to
the similar well-known cases of Carrock Fell and Penmaenmawr which are found
to be in association with large masses of “ granophyre.” For want of evidence,
however, as to the occurrence of “ granophyres” in association with the Whin
Sill, Professor Sollas admits that this explanation cannot be applied to the similar
occurrence of micropegmatite in that rock. Neither can it be applied to the
Madras dykes, which are not, so far as I know, crossed by any later intrusion of
acid material. The explanation which I have offered in connection with the
Madras rocks appears to account for the primary formation of micropegmatite in
these rocks, as well as its secondary extension. ,

88. Accepting Professor Sollas’ precedent for extending an explanation
beyond the limits of the material under description, I would suggest the
application of the explanation now offered for the Madras dykes to such cases
as the Whin Sill, Carrock Fell gabbro and the Penmaenmawr enstatite-diorite ;
and further to suggest that even distinct veius of granophyre instead of being
considered normal igneous intrusions, can best be explained as ‘ contempor-
aneous veins” formed as the final stage in the consolidation of the magma
from which the augite-diorite was obtained during the earlier stages of its
consolidation. When the consolidation takes place under limited pressure, as was
probably the case with these Madras dykes, the framework of augite and plagioclase
will be sufficiently strong to prevent collapse, and the micropegmatite can thus
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consolidate in the intercrystal cavites, But where the pressure is in excess of that
which the framework of augite and plagioclase is able to withstand, as is more likely
to be the case in large masses, the mother-liquor will be squeezed out and will
consolidate as a separate mass of granophyre. Some such explanation as this I
would offer to account for the frequent association of masses of augite-diorite
(gabbro) with granophyre; or in other words, to account for the separation of these
genetically related rocks when the magma is sufficient to form large bosses, and for
their intimate microscopic association where the magma consolidates in narrow
dykes, :

89. Like the pyroxene-granulite series in which these basic rocks occur so
frequently as dykes, they are remarkably fresh. Even the olivines show practi-
cally no signs of decomposition in the dyke-rocks and have suffered only slightly
in the lava-flows, whilst signs of dynamic metamorphism are absolutely wanting.
These facts are in complete agreement with the known stratigraphical history of
Peninsular India which has been so remarkably free from crust disturbances
since Palaozoic times.

go. As the effects of subaérial weathering must be very superficial compared
to the results of the action of water charged with carbonic acid under the high
pressures at the bottom of an ocean, the fresh condition of - the olivine and other
minerals susceptible to hydrous decomposition in these rocks is in agreement with
the absence of any evidence as to the deep submergence of the parts of South
India where these rocks are exposed.

91. The absence of all signs of amphibolization in the augites, which are so
susceptible to the effects of dynamic metamorphism, is in agreement with the
undisturbed state of all rocks younger than the Cuddapahsin Peninsular India,
whilst the same feature serves generally to distinguish the basic igneous rocks of
post-Cuddapah age from the epidiorites and other highly altered eruptives associat-
ed as contemporaneous lava-flows with the older Dharwar Transitions,

93. Although such petrological features can never be relied on alone for pur-
poses of stratigraphical correlation, it is worthy of remark that augite-diorites with
micrographic quartz, and equally well-preserved, occur in Transition systems like
the Bijawars and QWaliors in other parts of Peninsular India, which have generally
been considered older than the Cuddapahs; but which agree, however, with the
lower stages of this system in many other lithological characters.

V.—EXPLANATION OF PLATES.

Prate 1.

Fig. 1.~ Olivine-norite, S, of Kaithaha, near Saria on the Sone river, Ram-
o nagar Tahsil, Rewa State. No. 10,588 ; slide 2125, Magnified by

20 diameters. Olivine in rounded crystals with reaction-rims of

a colourless granular enstatite forming the inner zone and fibrous

actinolite forming the outer zone. The colourless portion is

plagioclase in which two crystals of enstatite are shown. Where the

small enstatite crystal, near the upper margin of the slide, ap-

proaches olivine the only sign of a reaction-rim is a thin band of the
colourless . granular mineral separating the enstatite crystal from
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the olivine. Such thin bands of the colourless mineral are often
found in crystallographic continuity with the neighbouring pri-
mary crystal of enstatite, -

Fig. 2.—Olivine-enstatite-basall.—Dyke in ¢ pyroxene-granulites,” Coonoor,
Nilgiri hills, Madras Presidency. No. 8,759; slide No. 1599.
Magnified by 20 diameters. The phenocrysts in this rock are
olivine, enstatite and plagioclase., There are numerous glomero.
porphyritic aggregates formed of one crystal of olivine in the
centre with numerous enstatite-crystals around. Such a group
is shown in the centre of the field. The matrix is pilotaxitic,
possibly hyalopilitic, containing augite, biotite, enstatite, felspar
and magnetite. Towards the central portions of this dyke the
crystals of the groundmass are more clearly-defined, and the pleo-
chroism of the rhombic pyroxene often well exhibited, (See
paras. 36—38.)

Fig. 3.— Magma-basalt without augite—~Thin vein in *pyroxene-granulite,”
near Poorsy, north-north-west of Wandiwash, Madras Presidency.
No. 1,843 ; slide No. 2027. Magnified by 80 diameters. The rock
bas a black, almost opaque, cryptocrystalline or glassy matrix in
which olivine phenocrysts only occur.  The crystals are well
shaped, zoned and often corroded by the magma, as shown by this
specimen. The cracks running across the matrix are filled in with
colourless decomposition-products.

Fig. 4-—OImme-noﬂle-varwle:.—-Selvage of vein 2 feet wide in ‘‘ pyroxene-
granulite,” Coonoor, Nilgiri hills, Madras Presidency, No. 8,757;
slide No. 2198. Magnified by 3c diameters. The varioles are
brown in colour and sprinkled with magnetite-dust. Glomero-
porphyritic aggregates of olivine and enstatite precisely resembling
those shown in fig. 3, as well as isolated crystals of enstatite, are
scattered through the cryptocrystalline matrix.

Fig. 5.~ Norite-felsite,"—Dyke 20 feet wide in ¢ pyroxene-granulite,” Eriyir,
South Arcot district, Madras Presidency. No. 9,782; slide No,
2197. Magnified by 30 diameters. Porphyritic crystals of colour-
less enstatite in a matrix of augite and long microlites of felspar
with black interstitial matter, which may be vitreous. The way in
which the long microlites of felspar are wrapped around the
pyroxenes forms a perfect imitation on a very small scale of the
blades of plagioclase in the coarse.grained rock from Salem
described in para. §6. The large phenocrysts of enstatite are
generally encased in a thin shell of augite, which is seen between
crossed Nicols to be in crystallographic continuity around, and
often also with apparently isolated fragments of augite within, the
enstatite phenocrysts. This rock bears to the augite-norites pre-
cisely the same relation as a felsite does to a granite. It may
therefore be called a “norite-felsite,” or any convenient name
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which indicates that its composition is that of a norite and its
structure felsitic.

Fig. 6.—Augile-diorite with micropegmatite.~Dyke in * pyroxene-granulite,”
Mailam, South Arcot district, Madras Presidency. No. 9,795;
slide No. 2133. Magnified by 12 diameters. Crossed Nicols.
The rock is composed of augite, plagioclase and a micropegmatitic
intergrowth of quartz and felspar playing the r8le of groundmass
and regarded as primary in origin.

Prate I

Fig. 1.—Basal section of olivine crystal, showing the traces of brachypinacoid-
al cleavage planes crossing the cut edges of the dendritic inclu-
sions at right angles. The quartz wedge shows the latter to lie in
the direction of the axis of maximum optical elasticity , whilst the
cleavage cracks are parallel to the axis of minimum optical elasti-
city ¢ (See para 13). From Olipine-augite-norite, near Saria
Rewa. Rock No, 10,588 ; slide No. 2125. Magnified by 180 dia-
meters.

Fig. 2.—Intergrowth of pyroxeme-crystals, showing the peculiar microperthite-
: like structure in one of the individuals (P). The positions of
extinction in the individuals P, P, P,,, and Py respectively are
shown by the arrows. From the same Olivine-augite-norite ; slide

No. 1895. Magnified by 4¢ diameters. (See para. 18.)

Fig. 3.—Reaction-rim between olivine and plagioclase. O=Olivine, P=
Plagioclase, £ = Enstatite with its secondary enlargements, ¢,
which are in crystallographic continuity with the original crystal
E, and in one place form part of the reaction-rim with the green
actinolite, a. It will be noticed that the actinolite, a, appears only
between the secondary enstatite, ¢, and the plagioclase, not between
the latter mineral and the primary enstatite, £. £. shows feebly the
pleochroism of hypersthene, whilst ¢ is perfectly colourless. Slide
No. 2125, Magnified by 4* diameters. (See para. 14.)

Fig. g.—Augile-andesite, forming the marginal postion of a large mass of
augite-diorite with micropegmatite at Perumbakam, South Arcot
district, Madras Presidency. It consists of a hyalopilitic ground.-
mass of augite, plagioclase, biotite. magnetite and glass with
phenocrysts of augite (A) and plagioclase felspar (F) showing
in the glomero-porphyritic groups approximately simultaneous
crystallization of the two minerals. Rock No. 9,788 ; slide No.
2130. Magnified by % diameters. (See para. 75.)

4
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The reference of the genus Vertebraria by M. R. ZEILLER; franslated
by E. VREDENBURG, A. R, C, S., Assistant Superintendent, Geologi-
cal Survey of Indial

Few fossil genera have so much perplexed the minds of most eminent paleo-
botanists for the last 5o years asthe genus Vertebraria, without any definite
conclusion having been arrived at respecting its true affinities This genus was
established by Royle in 1839 to include flattened axes of varying width, usually
with a more or less distinct median groove, giving off at right angles transverse
furrows more or less irregularly spaced, sometimes alternate, sometimes opposite,
and dividing either side of the impression into a series of successive joiats.
Moreover, the widest specimens usually exhibit upon each side other longitudinal
grooves parallel with the central one, only not so distinct. These grooves, longi-
tudinal as well as transverse, may be replaced by projecting ridges, according
to the mode of preservation of the fossil. The axes are either simple or provided
with branches, alternately disposed on either side, but irregularly spaced.

A few specimens lying at right angles tothe planes of bedding, show upon their
cross section a series of wedge-shaped segments radiating from a common centre
and more or less closely packed; this led some authors to arrive at a conclusion,
which was subsequently recognised as unfounded, that they were Sphenophyli-
oidee with very numerous leaf-whorls, close set along the stem. Bunbury regard-
ed the specimens he studied as roots. Q. Feistmantel who has had the opportu-
nity of examining a large number of specimens obtained from India and Australia,
concluded, but without committing himself any further, that Vertebraria is the
root or rhizome of some other plant, and probably of an Equisetaceous plant such
as Schisoneura or Phyllotheca ; but this view seems difficult to accept -as the
transverse folds of Verfebraria often intersect only half the structure, and the
existence of real articulations like those of the ZLguise/ace@ appeared far from
evident.

Up till now, Vertebraria had been met with only in India in the lower
Gondwana series, and in Australia in the Newcastle beds. I have recently been
able to detect its occurrence in another region, the permo-triassic depaosits of the
Transvaal belonging to the Beaufort stage; it is fairly abundant amongst the speci-
mens collected by M. de Launay, mining Engineer, in the neighbourhood of
Johannesburg. It is associated, as in Australia and India, with numereus impres-
sions of Glossopleris, and as very few other vegetable remains are met with, I wag
led to consider whether this association of Glossoplerss and Vertebraria did not
indicate some mutual relationship. v

By splitting up these Transvaal specimens and carefully developing the im-
pressions which they contained, I was soon able to ascertain the presence, upou
several specimens of Vertebraria, of more or less abundantly ramified roots start-
ing from some of the transverse grooves, from which I was able to infer that they
are undoubtedly rhizomes. Further, a study of the structures exhibited by the
impressions has enabled me to conclude that these rhizomes consisted of a central
axis provided with a variable number of longitudinal wings anastomosing two by

1 Comptes Rendus, cxxii, 744. 1 am indebted to Surgeon-Major D. Prain, Curator of

the Hl;:batium. Royal Botanical Gardens, Sibpur, for kindly revising the translation.
—R. D. O. . :
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two from place to place; the characteristic transverse grooves observed upon the
surface corresponding to these anastomoses.!

Now such a disposition is actually met with in certain ferns, particularly in
Siruthiopleris germanica whose rhizome is provided with a variable number of
columns (stéles) each’situated towards the extremity of a projecting wing, and
successively uniting two by two to give rise to the leaf-bundles. If the leaves of such
a rhizome were fewer and not so regularly spaced it would produce an impression
resembling that of Vertebraria. The irregularities shown in the interspacing of
the transverse furrows could not, however, invalidate the reference of this fossil
genus to the ferns, some of which, particularly Oleandra, exhibit at the present
day, still greater irregularities with regard to the distribution of their leaves, which
may be more or less apart, or else closely packed in pseudo-verticils.

It appeared probable to me, therefore, that Verlebraria belonged to Glosse-
pteris, but this was only a conjecture requiring further verification if possible. By
means of a minute examination of the impressions collected by M, de Launay, I
have been fortunate enough to verify this point. First I was able to follow’ up to its
base a Glossopleris leaf fixed toa Verlebraria, and to observe that its midrib bent
round so as to fit exactly into atransverse furrow of this rhizome where it termi-
nated ; their mutual relation was, however, not altogether beyond doubt, and there-

. fore, although such a coincidence would seem most unlikely, it might still have
been objected that this was merely an accidental juxtaposition. At last, on 3
specimen exhibitinga more distinct transverse folding, which assumed the appear-
ance of aleaf scar, I was able to discover a group of bundles starting from this
anastomosis of longitudinal ridges and, following it outwards, to discern its continu-
ation into the midrib of a Glossopteris leaf, imperfectly preserved, but perfectly
recognisable.

Vertebraria is therefore nothing but the rhizome of Glossopteris, and this obe
servation at once solves the problem of its interpretation and adds greatly to our
knowledge of this genus of Ferns which has played so important a part in the
flora of one of the two great botanical provinces of the close of the palzozoic
era. Somewhat similar in habit to Oleandra, that is with leaves now wide

apart, now clustered in tufts, Glossopteris had winged rhizomes very analogous to
those of Struthiopleris germanica. As in the last mentioned plant these rhizomes
in ull probability gave off stolons provided first with leaf-scales and. producing only
after a time normally developed leaves. I have indeed noticed amongst the
Johannesburg impressions, numerous scales, triangular or oval in outline, the limb
of which appears to have been rather thick and coriaceous, whose anastomos-
ing venation is sometimes remarkably similar to that of Glossopteris; one of them,
more completely developed, comes so near, both in shape and dimension, to cer.
tain leaves of Glossopteris browniana, that its reference to this species seems to
leave no room for any doubt. Contrary to what takes place in Struthioplerss
germanica, where the two kinds of leaves, underground scales and :&-i fronds,
remain absolutely distinct, it would appear that in Glossopteris, whose stolons were
perhaps epigzous, there was a gradual passage from scales to normal leaves.

} In the original : * ces rhizcmes etaient f6rmées d'un axe central muni d’ un nombre

variable d’ailes longitudinales s’anastomosant deux A deux de distance en distance, les

cann- lures transversales caractéristiques q’on observe d leur surface correspondent précisé-

ment A ces anastomoses.” As will be seen from the succeeding paper the structure of
the Indian specimens is not in accord with this description.
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On a Plant of Glossopteris with part of the rhizome attached, and on the
structure of Vertebraria, 4y R. D. OLDHAM, Officiating Director,
Geological Survey of India (with Plates 1l to V).

The interest of the foregoing paper, as not only extending the range of the charac-
teristically Indian genus Verfebraria, but also settling its true botanical nature, so
long in doubt, has seemed sufficient to justify the publication of a translation in the
" Records of the Geoiogical Survey. Besides its purely botanical and geological
importance it is of interest in adding yet another to the long list of instances
of independent and simultaneous discovery. During the last working season I was
fortunate enough to find, in the lower Gondwanas of south east Rewah, a bed crowded
with the remains of Glossopterss, Macrotanioplerss, Schisoneura, etc., and among
them a specimen, figured on Pl. 1II, of a clump of Glossopleris communis fronds,
evidently springing from a fragment of the rhizome. The specimen was sufficiently
striking to attract the notice of the labourers I had employed to dig out the bed, but
unfortunately the most careful search failed in discovering either the reverse impres-
sion or the continuation of the rhizome ; tke one specimen figured is consequently
all the material available. The state of preservation of the specimen is not all that
might be desired, but it is sufficient to enable the generic and specific position of
the plant to be determined without doubt; the peculiar manner of association of
the group of fronds is incompatible with any supposition other than that they
originally formed part of the same. plant, and it would be unreasonable to suppose
that the position of the fragment of rhizome at their joint bases is merely
accidental; we may take it therefore that we have preserved a whole plant of
Glossopteris with a portion of its root-stock. This is of itself interesting as showing
the habit of growth of the plant, but besides this the small rhizome shows indistinctly,
itis tcue, but recognisably, the median ridge and transverse partitions of Vertebraria.
Taken in conjunction with Mr. Zeiller’s observations this specimen may, therefore,
be regarded as establishing the true nature of Verfebraria asthe rhizome of a fern
and not, as is more often supposed, of an equisetaceous plant.!

The discovery of the botanical position of the Vertebraria naturally revives the
interest in its structure, and as this is but imperfectly treated in any of the descrip-
tions | have come across, I have made a re-examination of the material in the Museum
of the Geological Survey and offer the following description of the facts disclosed
without any expression of opinion as to their botanical application.

In its most common and typical form Verfebraria is preserved as an impression
on the surface of bedding of shale or sandstone. This long, and generally narrow,

? It may be of interest to note that this is not the first specimen of a clump of Glossopteris
fronds which has been found in India. This specimen figured by Dr. Feistmantel, under the
name Sagenopteris (P) longifolea (Pal. Indica, ser. xii, III, pl. XL A, fig. 1) is in a very poor
state of preservation, but can be recognised as a group of fronds of Glossopteris type, resem-
bling G. communis. One side only of the stalk is preserved, but that shows distinct signs of
a transverse articulation. The specimen is evidently of a similar nature to that found in S.
Rewah, and resembles this so much that, with all deference to Dr. Feistmantel’s authority, I
feel constrained to regard it as properly. belonging to the genus Glossopteris, and not to
Sagenopteris, to which he doubtfully assizned it,
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mode of preservation there is not uncommonly an outer film of coaly matter, and
in two jspecimens figured by Dr. Feistmantel!'—the outer sheath is conspicuously
preserved, and can be seen to have been smooth, with a longitudinal striation ;
moreover, the flattening undergone by the stem in the ordinary mode of preser-
vation shows that the matrix could not obtain a ready access to the intervals
between the septa. It would seem, however, that the outer rind must have been
much less substantial and more perishable than the central core or the septa.

Summing up the evidence we find that Verfebraria consisted of a central axis,
more or less well marked, joined to an outer rind by a series of radial septa, which
are usually eight in number in those specimens preserved so as to show a transverse
section, and having the spaces between the radial septa divided into chambers by
transverse partitions. The transverse partitions on either side of each radial
septum are in no case coincident with each other, and there is an appearance of
their being arranged spirally round the central axis, but the material available is
insufficient for the establishment of this point. From the readiness with which
the interspaces between the septa become filled by the matrix and the com-
pleleness of their obliteration where this is not the case, it is probable that they
were air chambers and not filled thh any form of celular tissue, however soft and
perishable 3

Branching of these stems takes place in two distinct ways. Either as in p. IV,
fig. 1, the central axis itself breaks up into two or more branches, or branches are
given off from the side of the stem. There are numerous specimens showing this
latter and more common form of ramification, several of which have been figured by
Dr. Feistmantel. It is not always possible to make out clearly the exact point at
which the stem and branch join, but in all those which I have examined the junction
seems to take place exactly on one of the transverse septa and, as far as can be
made out, at its junction with a longitudinil septum. In some cases the junction
seems not to coincide with any transverse septum, but in these cases the appearance
may be deceptive and has, besides, only been observed in thin branches or rootlets,
which do not exhibit the typical Verfebraria structure and may be functionally
different. On the whole, however, the statement above seems to represent the
facts, but certainty will only be attainable after the careful development of specx-
mens well preserved in the round.

P. S.—The foregoing description had been written and set up in type for pub-
lication in part 4 of the Vol. XXIX of these Records, but had to stand over to
the present number owing to a delay in the preparation of the plates. Meanwhile
we have received, through the courtesy of M. Zeiller, a copy of a more detailed
description? published by the Geological Society of France with full illustrations
of the specimens studied by him. The description and diagrams leave no doabt
of his interpretation of the structure of Veriebraria, and it is evident that the in-

1 Pal. Indica, series xii. I, Pl, XIIA, 10, XIVA, 2.

$ It will be noticed that this description agrees with that of Bunbury ( Q. J. G. S., XVII, 1861,
. 330), except that he does not appear to have recognised the continuous radial septa, no specimens
showing a transverse section having been included in the collection examined by him. Solms Laubach
;n his Fossil Botany (English translation, p. 366) has adopted a description agreeing in all respects with
that in the text above. .

3 Etude sur qelques plantes fossiles, en particulier Vertebraria et Glossopteris, des en-
virons de Johannesburg (Transvaal) ; Bmil. Soc. Géol. de France, 3rd series, XXI1V, 349 —378

(1896).
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completeness of the material at his disposal has led him to overlook the outer sheath
connecting the extremities of the radial septa. The analogies he sees between
Vertebraria and the rhizome of Sturthiopleris germanica are consequently un-
founded, but the main fact, the connection between Verebraria and Glossopteris »
remains unaffected.

M. Zeiller in the same paper notices! that Dr. Feistmantel's figure of
Sagenopteris longifolia referred to above, seems to represent a group of fronds
at the end of a rhizome, rather than a palmate leaf. He also remarks that
Dr. Feistmantel's Sagenopleris polyphylla (Pal. Indica, ser. xii, III, pl. XLI A,
fig. 4) appears to be the same specimen as that figured by McClelland under the
name Glossopleris acaulis. I can confirm this suggestion, as after a careful examina-
tion of the figures, the specimen, and the registers of the Survey I had already satisfied
myeelf that the specimen described was the same in both cases. This specimen
and that forming fig. 3 of the same plate belong to the same species, each re-
presents a group of fronds which individually resemble GI. conspicua, Feist., in
shape and venation, The small fragment of stem or stalk preserved in the specimen
fig. 3is only *25 inch long and *1 inch across; itis covered with a layer of carbona-
ceous material, the outer surface of which shows a longitudinal striation, but no trace
of the characteristic Verfebraria structure,

I have allowed the specific name Gl. communis, Fstm., to stand—although M.
Zeiller in the paper under notice has shown that the characters which distinguish
V. indica, Schimper and V. communis, Fstm., may be found in the same frond—as
it seems very doubtful how far the distinctions between the species of Glossopleris
represent true specific differences in the plants as they lived, and it seems conveni-
ent to retain the names as descriptive of different types of venation of the fronds.

EXPLANATION OF PLATES.

Prate I,

A plant of Glossopteris indica, Feist,, with portion of root-stock attached ; two.
thirds natural size, The root-stock separated, twice natural size; from Reoha]
S. Rewah, Lat, 23°52' Long. 82°23'., .

Prate IL

Fig. 1. Vertebraria indica showing ramification by splitting up of the main axis.
This specimen shows the usual mode of preservation and appearance of Verfe-
braria, as well as the most common type of ramification; Bajbai, S. Rewah, Lat.
24°4' Long. 81°56". )

Figs, 2-5. Different views of a fragment of Verlebraria, showing radialand trans-
verse septa; from the Aurunga coalfield, Sukri river.

3 Loc.cit., p. 371.
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Prate II1.

Fig, 1. Cast of Vertebraria, with the longltndmal and transverse septa represent-
ed by cavities ; Aurunga coalfield, Sukri river.

Fig. 2. A specimen showing the longitudinal and transverse septa standing out
in relief by the weathering away of the softer matrix ; fignred in Pal. Indica, ser.
xii, IV, pt. ii, Pl. IV A, fig. 5, same locality as fig. 1.

Fig. 3. Another, smaller specimen showing the same features as fig. z; figured
in Pal. Indica, ser. xii, IV, pt.ii, pl. IV A, fig. 9 ; same locality as figs. 1 and 2.

entpreserved in the same manner as pl. II, figs 2-5, but showing
connecting the ends of the radial septa: same locality as
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THE GEOLOGICAL SURVEY OF INDIA.

P art 2. ) 18970 v May.

The Cretaceous Deposits of Pondicherri, &y DR. FRANZ KOSSMAT.
Translated by ARTHUR H. FOORD, F.G.S., and MRs. A, H. FOORD.

\ -
PART I. ON THE STRATIGRAPHY AND FAUNISTIC RELA-
. TIONS OF THE CRETACEOUS OF PONDICHERRI,

The cretaceous rocks of Pondicherri, long known in geological literature,
had shown numerous peculiarities in their fauna, which were with such difficulty
brought into harmony with the then imperfect knowledge of the European creta-
ceous faunas, that the three distinguished palxontologists, Edw. Forbes, A.
d'Orbigny, and F. Stoliczka, who undertook their study came to entirely different
conclusions.

Forbes,! who had the opportunity of working up the largest collection of
Pondicherri fossils made at any time, concluded that in spite of the great number
of tertiary and recent molluscan genera, he was dealing with a cretaceous deposit
corresponding with the European neocomian. What led him to this conclusion was
the occurrence of a great number of ammonites, whose nearest relations he found
in the European neocomian; he even went so far as to identify some specimens
with species of the lower cretaceous (Am. juilleti, Orb., Am. rouyanus, Orb.).
Besides this the occurrence of numerous Hamiles, which at that time were only
little known in the upper cretaceous, gave an older facies to the cephalopod fauna.
The frequent occurrence of gastropod and bivalve types of a later period was
explained by Forbes on the supposition that the Indo-Pacific area was their
original habitat, from which they afterwards penetrated into the European seas.

A. d’Orbigny 3 who, almost at the same time as Forbes, had studied a smaller
collection of Pondicherri fossils, came to quite a different conclusion. He
considered them to be of upper cretaceous age and in his ‘‘ Prodr6me de
Paléontologie ” 3 placed the whole of the fauna (also the species described by
Forbes) in his étage senonien, an opinion which is proved at present to be the

1 E. Forbes: Report on the Fossil Invertebrata from Southern India collected by Mr. Kaye and
Mr. Cunliffe. Trans, Geol. Soc., London, 2nd ser., VII, 1846, pp. 97—174, pl. VII—XIX,

2 Voyage de I’Astrolabe et de la Zélée. 1. Paléontologie, Atlas, pl. -V,

2 Paris, 1850. Vol, 11, p. 211 ff.

———
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correct one. This result is to be traced to the circumstance, that d’'Orbigny,
from his own observation, knew the fauna of the French upper senonian, which
gives the most important basis for the determining of the age of the Indian
specimens. Since no correct stratigraphical account was then at their disposal,
Forbes as well as d’Orbigny treated the Pondicherri deposits as a whole. Such
an account was first given by H. F. Blanford! as a result of the geological survey
of the district, and the division made by him formed the basis of Dr. Stoliczka’s *
studies on the Pondicherri fossils. Blanford distinguished two fossil-bearing
divisions (1) the “ Valudayoor group,” which had given by far the greatest number
of species described by Forbes, and was thought to be neocomian, and (2) a
later division, which. in its facies and fauna represented an undoubted equi-
valent of the Ariyalir stage of the Trichinopoli district. This latter deter-
mination was completely confirmed by F. Stoliczka ; but as to the Valudayur stage
he thought that he recognised in its ammonite fauna resemblances to the Utatdr
stage (cenomanian) of the Trichinopoli district,® and consequently placed it, in this
horizon.

It must have appeared remarkable that the fauna of the lower division of
Pondicherri was not so different from that of the typical Ariyaldr stage as it might
have been supposed to be, considering the great accepted difference of age
hetween them, but that a grat many species were common to the two groups,
as Blanford had already put in evidence. This was the case with the cepha-
lopoda. but it was still more striking with the gastropodkand bwalves A series
of species which originated in the characteristic bluish shell-sandstene of the Valu-
dayur beds proved to be undoubtedly identical _with known Ariyaldr forigs, and
Stoliczka came gradually to the conclusion * that the extent of the Vﬁud&yoor group
as being the lowest and about equivalent to the Ootatoor beds musggbe accepted very
cautiously. The larger number from these Pondicherry beds are rather identical
with those from the Arrialoor group.”# Stoliczka could not come to a complete
solution of the question as long as he was compelled to believe in the identity of a
larger number of Valudayur and Utatfir ammonites, and thus the Valudayur beds
remained a special division belonging to the cenomanian, appearing as such in
the “Manual of the Geology of India, and Edition” (Calcutta, 1893, p. 235),
and all other isolated deposits standing in near relationship to the Valdayur
stage were accordingly assigned to the cenomanian. Some -years ago when I
began the examination of the fossils collected by Dr. H. Warth in the Trichinopoli
district, I was likewise occupied with the question of the age of the Pondicherri
beds, and I undertook a journey to London for the specidl purpose of
examining Forbes’ original specimens preserved in the collections of the Geo-
logical Society. It was soon seen that the formerly accepted conformity of the
Valudayur and Utatdr ammonites did not exist, and that the ground upon
which the identification of the two deposits rested was removed, an opinion which

1 H. P. Blanford : On the Cretaceous and other Rocks of the South Arcot and Trichinopoly dis-
tricts, Madras : Mem. Geol. Surv. Ind,, IV, 1863, p. 156 f.

2 F, Stoliczka : Cretaceous Fauna of Southern India (4 Vols.) Palmontologia Indica. Calcutta,
1865—1873.

3 F, Stoliczka : Cretaceous Fauna of Southern India, Vol. 1. (c/ the list, pp.i. —u.)

4 F. Stoliczka : i6id, Vol: 11, p 217,
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I publiskied; afiet my retdrn from London, in a paper upon the zoogeographical
chdracter of the cretaceous of Southern India.!

In the winter of 1894-95, Dr. H. Warth? was deputed to reexamine the Pondi-
cherri district, in which his principal task was the collection of fossils for the exact
stratigraphical division of the cretaceous deposits. This undertaking was accom-
plished by Dr. H. Warth in an efficient manner, and he succeeded, in spite of the
lack of good exposures and in spite of the éxhaustion of the locality, formerly so
rich in fossils, in amassing a collection which permitted a correct idea of the
succession of the fossil-bearing horizons being attained.

These fossils were transmitted to Professor W. Waagen by Mr. C. L. Griesbach,

Director of the Geological Survey of India, by whom I was entrusted with the task
of working them out. I may here mention that a similar distinction had been
conferred upon me by him in connection with the fossils of the Trichinopoli district.
Further, I am indebted to Messrs. Noetlmg and Warth, who selected these fossils
for despatch. -
" As the number of new, palzontologically important, species is very small in the
whole collection, as moreover its principal interest is of a purely stratngraphlcal
nature, I consider it-expedient to begin ‘with the geological part and to give the
palzontological descriptions as an appendix.

.
1. THE STRATIGRAPHICAL DIVISIONS OF THE CRETACEOUS OF
PONDICHERRI AND. THEIR FOssiL CONTENTS,

Dr. H War.tﬁ distin 1shed during his researches into the cretaceous deposits
of the Pondichefrt d'xsfuct six different horizons (A—F), which dip slightly
towards the east and are separated from thé crystalline region to the west by a
band of alluvium, The area which they occupy is rather small (eight miles by
four) and moreager mostly covered by arable and garden land.

The horizon A (base) does not come into consideration in our stratigraphical
researches, 2s no fossils are known' in it except fossil wood and traces of worms.
Thus there remain only the five other horizons, which have produced the whole of
the Pondicherri fauna known up to the present time. It has been proved, it is
true, by the examination of the fossil material, that the several horizons do not form
independent palazontological zones, but that'band B and C, as well as band
D and E are connected together. Nevertheless they each possess special
petrographical characters, which“had to be the more carefully investigated by
Dr. Warth, because it was believed at that time that the Utatdr stage (cenomanian)
and Ariyaléf stage (senonian) were represented in the Pondicherri district, and
thus it was to-be hoped thatin one of the horizons the presence of the equivalents
of the Trichinopoli stage could be verified.

Of the horizons established by Warth, the two lower (B and C), correspond

1 F. Kossmat: Ueber dis Bedeutung der S. indischen Kreideformation, ete, : Jahrb. k. k. geol.
Reichsanstalt, Wien, XLIV, 1894. Pt. 3, p. 461; translated in Rec. Geol. Sur. Ind., XXVIII
1895, p. 41. (The translation of some passages is not quite correct.)

2 Dr. H. Warth: The Cretaceous formation of Pondicherry: Rec- Geol. Surv. Ind.,, XXVIII,
1895, pp. 15—31.

B 2
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with the Valudayur stage of Blanford, the three upper comprise the bed which
Blanford and Stoliczka considered as the equivalent of the Ariyalfr stage. But
as, according to the results of the present researches, the Valudayur beds also come
within the range of the Ariyaldr stage, the recognizable divisions of the cretaceous
in the Pondicherri district can only be designated as substages.

I apply to them the following designations ! :—

C.—Nerinea Beds=Horizon F of Warth.
B.—Trigonoarca Beds=Horizons D and E of Warth.

A.—Valudayur beds, of Blanford (Anisoceras beds)=Horizons B and C of
Warth.

1. Valudayur (Anisoceras) beds ; Horisons B and C of Warth.

These beds have yielded the most numerous and best preserved fossils, among
them a great number and variety of ammonite forms, and not only for this reason,
but also on account of the still undecided question of age they were the most in-
teresting division of the Pondicherri cretaceous.

The characteristic rock of the Valudayur beds (horizon C) is a very hard, fine
grained, calcareous shell-sandstone of bluish or brownish colour, which bears
much resemblance to the lumachelle of Garudamangalam (“ Trichinopoly mar-
ble”). This rock does not form a continuous band, but only occurs in concre-
tionary masses which are embedded in loose sands.

The fossils, mostly small gastropods and bivalves, are so abundant in the rock
that one can often make out more than a dozen different species in a hand specimen.
Their state of preservation is, as a rule, excellent, the fossils are almost throughout
provided with the shell ; the ammonites generally show the pearly layer, and in the
other molluscan shells there are very often remains of the original colour,

It is natural that this in every respect remarkable horizon should be almost ex-
hausted by the different collectors, so that of the splendid ammonites which formed
the chief ornament of the Forbes collection almost nothing now remains—even
Blanford found the formerly numerous species represented by only a few speci-
mens. It was therefore of great importance to me that this deficiency in the
new collections was made good by a comparison with the collection described by
Forbes,

The species most frequently ocourring in the fauna of the Valudayur beds,
and found in almost every large rock fragment are the following : Anisoceras,
sp. pl,, Baculites vagina, Forb., Rostellaria palliata, Forb., Turritella pondicher-
rensis, Forb,, Denlalium arcotinum, Forb., Trochus arcotensis, Forb., Solarsella
radiatula, Forb., Pholadomya lucerna, Forb., Pharella delicatula, Stol., etc,

The ammonite fauna of the Valudayur beds is characterized by a variety and
abundance of species of Phylloceratide and Lyloceratide otherwise rarely to be
met with, as among 34 species 20 belong to these two groups. Of Lyloceras

1 F., Kossmat: Untetsuchungen iber die Sidindische Kreideformation : Beitriga zur Geologie
und Palaonto'ogie Ocsterr. Ungarns und des Orients, 1X, Heft iii, iv, Wien, 1895, p. 102 (6).
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itself 3 subgenera are represented, whilst among the aberrant forms of this family
Amnisoceras and Baculites predominate and occur in great abundance, The other
ammonite groups are—with the exception of Pachydiscus—represented only by
one or two species each, (Compare the general list of fossils,)

Much less remarkable, faunistically as well as petrographically, is the lower
part of the Valudayur beds (Warth’s Horizon B), which consists of yellowish sands
and light coloured, fossil-bearing concretions, All the fossils collected by Dr.
Warth in this, asit would seem formerly unknown horizon, are identical with
species of the typical Valudayur beds (horizon C), and the horizons B and C
may therefore unhesitatingly be.put together as a single palzontological zone.

As the horizon of the Valudayur beds is easily recognized by its petrographical
characters, I made theattempt when investigating the Forbes collection to collate
the fossils belonging to those beds. It was thus seen that the species considered
by Stoliczka as characteristic of the Utatir stage appear associated with typical
fossils of the Ariyaldr stage, and I think it is not superfluous to enumerate here
some examples of the association of Valudayur species in the Forbes collection.
I found the following species associated together in one and the same rock
specimen :

(1) Pusosia rembda, Forb. (large example), with Anisoceras indicum, Forb,

(2) Rosteilaria paliiata, Forb. (A), Pugnellus uncatus, Forb. (A), and
Pusosia rembda, Forb. (small example), with Baculites vagina, Forb.
(A).

(3) An)z'so:era: largesulcatum, Forb., with B. vagina, Forb, (A).

(4) Pachydiscus crishna, Forb,, with B. vagina, Forb.

(5) Ficulopsis pondicherrensis, Forb, (A), with B. vagina, Forb.

(6) Phylloceras surya, Forb., with Plychoceras sipho, Forb.

(7) Ammonites (n. g.) brakma, Forb. (A), with Plychoceras sipho, Forb.

(8) Lytoceras indra, Forb,, with Cerithium scalarioideum, Forb. (A).

() L. mdra, Forb., with dnisoceras subcompressum, Forb., and Rostel-

laria palliata, Forb. (A).
(10) Anisoceras indicum, Forb., with Stigmatopygus elatus, Forb. (A),

[The species marked (A) are found in the typical Ariyalir stage of Trichinopoli.]

The matrix isinvariably the same ; that is, a hard, bluish shell-sandstone, which
is filled with the characteristic small molluscan shells of the Valudayur beds. All
the ammonites of the Forbes collection and a great number of gastropods and
bivalves occur in this horizon. (Compare the general list of fossils.) Also most
of the Pondicherri species described by Stoliczka occur, according to his notes on
their matrix (bluish or brownish calcareous sandetone), in the same beds. He
was however somewhat uncertain as to their horizon, Whilst, it is true, the
ammonites are marked “ Valudayur Group,” the gastropods and bivalves of
Ariyalér type, occurring in the same matrix, are mostly attributed to the Ariyaldr,
rarely to the Valudayur, stage, a circumstance which emphasizes Stoliczka’s doubts
as to the stratigraphical position of the Valudayur beds.

In the following special list of the fossils represented in Warth’s collection, T
could not indicate the localities one beside the other on account of their great
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number (13). I have therefore arranged them in four columns (Rautankupam,

Tutipet, Vanur, Pulichapalaiam), and marked them with Greek letters as follows.
Fossils of the Valudayur (Anisoceras) beds. Coll. Warth.

a = Rautankupam . . . Horizoa C

3=} mile NW of Rautankupam ,, C
Rautankupam . . y = } mile NW of ,, w « n C
$ = 1 mile N\W of , w « »n C
e=imieNNE of , o, . » ©C
@ = 1 mile NNW of Tutipet . . ».» C
8= % mile NW  of ” . ° ” c
Y - NMWof » o« =« » C
Tutipet . . + N\s=imleN of , . -+ = C
¢ = 1 mile N of » . . ” c
= N of » . . ” c
Horizon C. ’___H_Oi‘z_"&__
Fossits. o o ”:“:S; p n:)ﬂelﬁ%
k:;:‘,:: Tutipet. | of Vanur. ’_pal__u_am_.
Lytoceras (Gaudryceras) kayet, F. . )
Lytoc. (Pseudophyllites) indra, F. B8? s x
Anisoceras indicum,F. . . . a3
" subcompressum, F. . . . 8¢
” tenussulcatum, F. . . oo a d
» undulatum, F. \ ver a
Plychoceras sipho, F. . . . " a
Baculites teres, F. . . . . € ]
» vagina, F, . . . y a,y4d,¢ X
»  Dagina, var olacodensis, Stol. ) C e
Pachydiscus egerioni, F, . . . a
» ganesa, F. . . 3
» cf. gollevillensis, Orb. . 3
Desmoceras diphylloide, F. . . B:
Pugnellus uncatus, F. . . . € 12X
Rostellaria palliata, F. . . . ¢ B33
Athleta purpuriformis, F, . . B a, ;3
Velutilithes radula, F, . . . [¢ )
» muricala, F. . .. 3
Lyria granulosa, Stol, . . . 3
Gosavia indica, Stol. . . . € d
Zurritella, po_idiclurfemi:, F. . a a, 3, v, &
»  warthi, Koss. . . ... a B33
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FossiLS.

Nerita divaricata, Orb, .
Euspira pagoda; F. .

s  rotundata,? Stol.
Trochus arcotenssis, F. .
Solariella radiatula, F.
Tesinostoma cretaceum, Orb.
Ringicula labiosa, F. .
Trochacteon curculio, F.
Bullinag cretacea, Orb. .

» SP. . .
Dentalium arcotinum, F.

» crassutum, Stol.
Corbula parsura, Stol,

»  Cf. striatuloides, F.
Neara mutua, Stol. .
Corimya pertusa, Stol, .
Ceromya subsinuata, F,
Pholadomya lucerna, Stol.
Panopaza orientalis, Stol.
Siliqua limata, Stol. .
Pharells delicatula, Stol.®
Tellina pondicherrensis, F.

» Jorbesiana, Koss.
Baroda elicta, Stol. .
Cardium cf. pullatum, Stol,
Protocardium b:’:ecluﬂi, F.
Lucina fallax, F, .
Poldia striatula, F. .
Axinea subauriculata, Orb.
Macrodon yapeticum, F.
Trigonoarca galdrina, Orb,

»” abrupta, F. .
Modiol: polygona, F. .

-

57
Horizon C, Horizon B.
= —| —= ==
. 1 mile SSE
Kopam. | Tutret. | oV, |of Pulcha-
€ v 8
Y
- a,f3y,3
.- a, 3 v,9
]
a
a
badd a,y,?
3
a, e a, B, Y )
oo a
oe L]
0%
y 0o X
. )
€
vor a, vy, 3 oo X
B X
oo ) 3
.o a,y, 3 o~ x
- 8
q,f
a x
eas Y
a )
e . 8
2 4
. 8,8
a
e a, 3’
Y
a a

* A fine specimen found thée quarters of a mile SE of Wottai, together with Turritella cf.

pondicherrensis, Forb,, Horizon C.
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Horizon C, Horizon B.
Fuossis,
. ) 1 mile SSE
f:;:: Tutipet. ;f"\',i:enff of l;up'lch-
palaiam.

Modiola flagellifera, F. . . v, 8
Pinna arata, F. . . . €
Exogyra ostracina, Lam, . . B a
Alectryonia ungulala, Schl. . . a, 3 3 X
Anomia sp. . . . . . a
LZunulites sp. . . . a
Stigmalopygus elatus, Forb. . . ¥
Serpula filiormis, Sow . . B
C—

2. Trigonoarca beds (horisons D and E of Warth, Arrialoor Group of
Blanford, in part).

The Trigonoarca beds, which I have thus named on account of the abundance of
Zrigonoarca galdrina, Ord., are easily distinguished from the underlying Aniso-
ceras beds by their petrographical structure.

They consist in their lower parts (horizon D) of very soft, friable sandand clay,
of yellowish white colour, which preserve the fossils for the most part in the shape
of casts. Ammonites are very rare, and many of the small gastropod and bivalve
types which characterize the Valudayur beds have disappeared, probably because
the rock is not favourable for their preservation. On the other hand Nau/ilus is
found pretty often, whilst among the bivalves certain genera, especially Osirea
(Exogyra, Alectryonia) and T7igonoarca, appear in great numbers. The infilling of
the fossils is very often a dark brown to black phosphate of lime, which is fre-
quently also imbedded in .the light coloured sand in the shape of irregular
concretions.

Shark’s teeth are not unfrequently met with in this horizon.

The upper Trigonoarca beds (horizon E), which, for example, are well deve-
loped in the neighbourhood of Rayapudupakam, likewise contain numerous phos-
phatic concretions in a fairly soft sandy clay matrix, which can scarcely be
distinguished from that of the Ariyaltr beds near Otacod. In some places con-
cretionary layers of hard, fine grained sandstdne are met with in the "horizon E,
containing numerous, well preserved bivalves (Z'rigomoarce galdrina, Orb.) and
sometimes show sections of corals (Cyclolites filamentosa, Forb.).

The distinction between Warth’s horizons D and E is often rather difficult on
account of the similarity of the structure of the rock composing them. Further,
one finds in comparing the faunas of the D and E localities, that all the more
abundant and remarkable species are common to both, and that on the whole only
three of the rarer species of gastropods of the horizon E have not yet been recog-
gized-in the lower beds of Pondicherri.
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I am therefore quite justified in regarding the two horizons Dand E as a
stratigraphical unit, Nevertheless I have made use in the following list of all the
localities indicated by H. Warth, so that the opportunity is offered to every ome
to compare the faunas of each locality and to become convinced of their
concordance.

The following species belong to the more abundant fossils of the Trigonoarca
beds: Zurritella breantiama, d’Orb., Nerita divaricala, d’Orb., Cypraa sp. pl.,
Rostellaria palliata, Forb., Macrodon japeticum, Forb., Trigonoarca galdrina,
d’'Orb., Exogyra ostracina, Lam,, Alectryonsa ungulata, Schloth. Specimens of
silicified wood, which had evidently floated from the neighbouring land, are also
not uncommon.

The Trigonoarca beds are also represented in the Forbes collection by remark-
able fossils, which are all imbedded in a light yellowish, soft, sandy matrix,
Among them are to be found, for example, ZTurritella breantiana, d’Orb,, Cyprea
kayei, Forb,, C. cunliffei, Forb, C. newbolds, Forb., Eu:pxra pagoda, Forb., Spon-
dylus calcaratus, Forb., and some other species.

Blanford collected several fossils in the Tngonoarca beds, especially in
the neighbourhood of Rayapudupakam and Saidarampet, The ammonite
Lytoceras (Pseudophyllites) indra, Forb., formerly known only from the Valuda-
yur beds, is of special importance among the fossils collected by him at Rayapudu-
pakam. Stoliczka doubted the correctness of this locality, and gave to the
specimen figured on pl. LVIII, figure 3, only the locality indicated « Pondicherry.”
I bad the opportunity of examining this specimen and found that not only the
soft, yellowish, sandy matrix, but also a Zurritella breantiana, ’'Orb. (not known
in the Valudayur beds), attached to it shows the correctness of Blanford’s locality.

The number of species which Stoliczka described from the Trigonoarca beds
(mostly with the observations “soft, whitish sandstone,” Ariyaldr beds) is not very
large ; the greater number of them are also represented in Warth’s collection.

Fossils of the Trigonoarca beds. Coll. Warth,

a= imile W of Rautankupam . Horizon D
Rautankupam { B= 4 mile WNW of . . . » D?
y= 1 mile NNE of » . . ”» E?
a= 3 mile WSW of Tutipet . » D
Tuhﬂt . . 0 {ﬁ= mile WSW of » e . » D
y= W Slope of Tutipet ridge . » D?
a=  Karasur . . . » D
B= } mile NNW of Karasur » D
y= % mile NNW of » . ”» E
Karasur . . o= ' mile N of » . ” D
e= 4 mile N of " . » D
¢{= Karasur? . . »” E?
a= Raya?udupakam tank . . w E
Rayapudupakam . .| B= Rayapudupakam . s »w E
a= 1 Saidarampet . . . » E?
3= 1 mile of Saidarampet . » E
Saidarampet . f y= 1 mile NW  of » . » E
2_ 1 mile WNW  of » . » Er -
Saidarampet ? » . » E?



6o Records of the Geological Survey of Indsa. [voL. xxx.

i
Rautan- |, tipet. y Ra . Sr‘i'_ tu!:p;-.
kupam, Tutipet. [Karasur xk:m d;:‘.m (}:‘:r?;.
E.
Oftodus sp. pl. . . . . a 3
Am. (n; g.) brahma, F. . . o eee e e . P
Packydiscus gollevillensis, Orb, o @
Baculiles vagina, ¥. . . . a s ] €
Nautilus n. sp. (clementinus, Blanf.) .| ... er B8 B
Nautilus sublevigatus. Orb, var. .| ... oo ¢
Belemnites fibula, F. . . | B
Pugnellus uncatus, F. . . . a
Rostellaria palliata, F. . . o a a e a
Cyprea kayei, F. . . . ) - a
» cunliffed, F. . . a
»  sewboldi, F. . ) a 3 a
Gosavia indica, Stol, . . oo - cer a
Volutslithes muricata, F. . .| a
’ radula, F. . o e - ¢
Murex fluctuosus, F. . N}
Trichotropis sp. . . . of o | a
Cerithium karasurense, Koss. I e a
Turritella breantiana, Orb. . o]  een a oo | eae .
»  Cf, pondicherrensis, F, o] e voe a a
Scala cf. turbinata, F. . . I N a |
Euspira pagoda, F. . . .| @ s eee »
Nerita divaricata, Orb. . . o ene ... [¢] e e
Euptycha larvata, Stol. , . of eee soe a
Ceromya subsinuata, F, . . N . 8 ee a
Pholadomya lucerna, F. . . JafB| B
Panopeza orientalis, F, - o . oo . oo a
Cyprina cristata, Stol, . of @
Hippagus @milianus, Stol. .. | a
Macrodon japeticum, F, . o a |aB,9| By oo «
Trigonoarca galdrina, F. . ] a a,B8 | By a e, B
» abrupta, ¥, P I F oee a
Nucula sp. ? . . . of o B
Protocardium bisectum, F. . R es ves 8
Spondylus calcaratus, F, . o a
» ariyalurensis, Stol. of s | a
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Rautan- | . Raya- | Sai- :am :-
kupam* Tutipet. [Karasur, g‘u Iu‘:. . d;re::n- (g:’{':.
E)
Spondylus lamellosus, Koss. . . a a eee . € X
Plicatula seplemcostata, F. . o see
Exogyra ostracina, Lam. . Byl .. B |aB | ¢ x
Ostrea sp. . . . | aB
Alectryonia ungulala, Schl. . . a v a,f |a,v¢
Terebratula arabilis, F, . . o] a
» biplicata, Sow. a
Hemiaster pullus, Stol, . . o @
. tamulicus, Koss., « . a
Cyclolites filamentosa @) F. . S <]
Fossil wood . . . ) R a € 78

3. Nerinea beds (Horisan F of Warth, Arrialoor group of
Blanford, in part.)

The Trigonoarca beds are overlaid by a yellowish, very calcareous, coarse
grained sandstone, which contains here and there limestone nodules, and forms
the only continuous hard bed in the Pondicherri cretaceous. Blanford and
Warth mention peculiar cylindrical bodies occusring in it. The fauna of this bed
is distinguished, according to the species which I have before mre, principally
by the presence of large specimens of Neriwes, Nautilws, and vast numbers
of Foraminifera (especially Orbitoides), filling the hard matrix of the greater fossils.

Some species (corals, Teredo, Ostrea) occur in the loose sands which, accord-
ing to Warth's communication, overlie the hard, calcareous stratum.

The horizon, cdlled here Nerinea beds, was already known to Mr. H. F.
Blanford (although no Nerinea seems to have been found by him), but he united
it with some other fossiliferous beds (called in this paper Trigonoarca beds) as one
divisiom, which he identifed with: the Ariyaldr stage. The establishment of the
Nerinea beds as-a separate horizon' is practically the only- difference between
Blanford’s scheme of the Pondicherri cretaceeus and that adopted in this: paper.

Nautsius danseus, Schloth,, N, seypemtinns, Blanford, and V. sphericus, which
were described by Blanford from: Rayipudukapam. amd- Saidararhpet, may with
cortainty be asctibed 'to the: Nerhwen: beds, oecurring: in these - lacalitiss above the
Trigonoarca: beds, the more so as: from: Saidaramput, . fromy Warth's: horizon F, the -
two latter ‘species are actmally: lying Beforve nie -

‘Ehis uppetmost fossil-bearing horizow s very' lirtlesrepresented: ilc Forbes's
collections ; ' it belong probably: MNMamridur sphiwvbus, R, Caryopipllia
arcolenssy, B., and the peculiar Nawiflus (Adurid) doiphinwe; F., which is- not to
be:found in the' more: recent collection.
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Fossils of the Nerinea beds. Coll. Warth.

Nautilius serpentinus, Blanford .| Saidarampet.
” sphericus, Forbes . . | Saidarampet, 1} mile SSE of Valudayur { Usteri
canal), E of Wottai ?
»  tamulicus, Koss. . . | Saidarampet, Kadaperikupam ?
Nerinea sp. . . . . | 14 mile SSE of Valudayur (Usteri canal).
Cerithium cf. karasurense, Koss. .| Saidarampet.
Teredo glomerans, Stol. . . | 1 mile SSE of Valudayur (Usteri canal), } mile
SW of Tutipet, § mile WSW of Trumbai .
Ostrea sp. . . . . - | Faidarampet, § mile NW of Trusitambalam.
Cyclolites conoidea, Stol. . . | Saidarampet, § mile SW of Tutipet.
Turbinolia arcotensis, Forbes . .|t mile SSE of Valudayur (Usteri canal), 4 mile
NW of Trusitambalam.
Orbstoides sp. o . . .| SSE  of Valudayur; Saidarampet (Usteri
canal). .
Amphistegina sp 1 . . . | SSE of Valudayur (Usteri canal).

4. Faunistic affinities between the three divisions of the Pondicherri
cretaceous.,

The faunistic isolation of the Valudayur beds, as compared with the upper beds,
is not so great as was formerly assumed, and the above lists of fossils show a
pretty large number of species which extend from Warth’s horizon B, to the horizon
E, or, in other words, from the lower Valudayur beds to the upper Trigonoarca
beds. Out of 46 species from the Trigonoarca beds in Warth’s collection, 18 are
also known in the Valudayur beds, among them very characteristic examples, as
Am, brahma, Baculiles vagina, Pugnellus uncatus, Roslellaria palliata,
etc. Am. brakma, which occurs in the shell sandstone of the Valudayur
beds associated with species of Anisoceras and Plychoceras sipho, was found
in a rock specimen from Saidarampet with a phosphatized cast of Macrodon japeti-
cum and a Turritella dreantiana. Lyloceras indra, of which Forbes met: with
numerous specimens from the Valudayur beds and which was also found by Warth
in the horizon B, was collected by Blanford in the Trigonoarca beds of Rayapudu-
pakam. The most abundant species of the latter beds, as, for example, Z7sigono-
arca galdrina, Macrodon japeticum, Exogyra osiracina, Aleciryonia ungulata, are
also not unknown in the lower beds, and the similarity would be still greater, if
small gastropods and bivalves, which are found so abundantly in the Valudayur beds,
were more suitable for preservation in the Trigonoarca beds,

But, in any case the fact of greatest importance is that three of the four
ammonites known in the Trigonoarca beds are identical with species of the
Valudayur beds. The fourth is nearly related to Pachydiscus crishna, Forb., so that
the animal group, upon which the most sharply defined zonal divisions are
generally based, gives here no aid in making a distinction founded upon pal®onto-
logical and stratigraphical grounds, The distinction between the two beds above.
named seems on the whole to be traceable to their different facies, and it is there-
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fore not very probable that they will be easily recognized outside the Pondicherri
district.

The fauna of the Nerinea beds, which certainly up to the present time is very
little known, seems to have a much more independent position.

2. RELATIONS BETWEEN THE CRETACEOUS DEPOSITS OF THE
PONDICHERRI AND TRICHINOPOLI DISTRICTS.

1. Relations to the Utatir stage (Lowey division of the cretaceous

of Trichinopols).

Stoliczka tried to show that the ammonite fauna of Pondicherri did not
indicate neocomian, but was much more nearly related to that of the Utatidr
stage, and even had a number of species in common with it. The Valudayur
beds were on that account looked upon as their equivalent division, that is to say:
as cenomanian, It is therefore necessary to examine the species, on which this
determination of the age, corresponding so little with the otherwise intimate con-
nection of theé Ariyaldr and Valudayur beds, was based. Such a comparison be-
tween the formerly identified species of the Utatdr and Valudayur beds can only
be very briefly indicated in the foilowing statement ; for details I must point to

the revision of the cretaceous fauna of Southern India, of which the first part has
already appeared.! :=—

A.—VALUDAYUR BEDS. B.—UTATOR STAGE.

Phylloceras nera, Forb. Phylloceras vellede, Mich., with which Stoliczka
(Records, 1., p. 34) identified the Phyll. nera, pos-
sesses more inflated sides, less complicated sutures,
and shows no constrictions in the umbilical region

(cf. Kossmat: Untersuchungen iiber die s. ind.
Kreide, p. 109).

Phylloceras forbesianum, With Phyll. forbesiamum, Orb, (= rouyanum,
d’'Orb. Forb., mom d'Orb.) was identified a form from the
Utatdr stage by Stoliczka, and with some reservation

by myself (cf. Kossmat: loc. cit, pp. 111, 158).

Nevertheless there are some differences which appear

to be of specific importance. The Utatdr examples

are more strongly inflated and do not show the

funnel-shaped depression around the umbilicus so

distinctly ; the saddles of the sutural line are more

prominent than in the Pondicherri species, and the

siphonal lobe is simply lancet-shaped, whilst it is

greatly indented in Phyll. forbesianum. My attention

was drawn to these differences only when Mr. J. F.

Whiteaves had sent me from the Nanaimo stage of

1 F. Kossmat, Untersuchungen fber die stidindische Kreideformation, 1 Theil : Beitriige zur

Geologie und Palzontologie  ster reich-Ungarus und des Orients. Herausgegeben von Prof. Dr, W.
Waagen, I1X, Heft iii, iv, Wien, 189s.
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Lytoceras (Gaudryceras)
varuna, Forb.

Lyt. (Gaudryceras). kayei,
Forh.

Iyt. (‘Telragom‘/es) cala,
Forb.

Hamites (Anisoceras). india
cum, Forb.

Ham. (Anisoceras). .;'ubcpm,
pressum, Forb. (42
indicum, Stol.)

Hamites (Anisoceras) nereis,
Forb.

Baculites teres, Forb.

Desmoceras diphylloide, Forb,

Pusosia  rembda, Forb,
(synon. P. durga, Forb.).

the Georgia Straits, British Colambia, a Phylloceras
which corresponds well with the Valudayur species
but is.to:be distinguished from: the Utatdr species on
accaunt of the-characters mentioned. of the latter.

Staliczka's specimen differs in the. absence of a
distinct umbilical wall, and.in the larger size of the
second lateral saddle (ZLys. odiense, Kossmat, loc.
Cit,, p. 129),

Lyt. kayei, Stol.=Lyt. vertebratum, Kossm., loc,
cit, p. 126) is distinguished by its rapidly increasing
whorls and the completely fattened periphery in the
middle period of growth.

Lyt cala, Stol. (=L.kingianum, Kossm., loc, cit.,
P. 136) increases rapidly, is much more involute
than the Pondicherri species and has an oval (not
quadrate) cross section.

=An. subcompressum, Stol ; from Odiam ; only men-
tioned but not figured (Kossmat : loc. cit., p. 145).

The examples from Odiam are not- flattened on the
sides, and are without constrictions (Kossmat :
loc. cit,, p. 145).

An. neress, Stol., is distinguished from the Pondi-
cherri species by its cross section and sculpture.
The groove on the periphery is not structural, as in
the type, but occurs only through the removal of the
siphon, for the ribs run uninterruptedly over the peri-
phery in, many places (Kossmat : loc, cit., p. 148). -

The example from Odiam is distinguished by the
possession of annular swellings and is very probably
not a Baculites, but a fragment of a Hamites (Ply-
choceras ?) (Kossmat : loc, cit., p. 154).

. Sf;)liczka describes this species from Odiam, but

1 have only before me examples, which come from
the white sandstone” of the Ariyaldir stage from

Otacod, .

Ammonites durga; Stol,, from the Utatdr stage
is distinguished by the difference in the form of the
constrictions, by the ahsence of a keel, and by the
more complicated suture,
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Belemnites fibula, Forb, B. fibula, Blanford, is quite different from the

' Pondicherri species (which does not occur in the
Valudayur beds, but in the Trigonoarca beds) in the
character of its cross-section (cf. the paleonto-
logical part of this paper).

Desmoceras jama, Forb. The large, fine ammonites, which were identified
' by Stoliczka first with Desmoceras beudanti, d’Orb.,
then with D. jama, cannot be compared with this
small, unornamented form, of which it cannot
be said with certainty, whether.it is a typical Des-

moceras or a Puszosia.

Natica munita, Forb. Vanikoro munita, Stol,, is quite distinct from the
Pondicherri species. In the latter the.flat band is
bordered along the suture by a sharp edge, near which
the sides are slightly concave, Moreover. the, mouth

is considerably widened laterally, as in Gyrodes
tenellus, Stol,

Tellina pondicherrensis, Forb.  Baroda pondicherrensis, Stol,, is distinguished by

the presence of radiating strize and by the stroager
concentric sculpture.

Protocardium bisectum, Forb.  The example figured by Stoliczka from Mongle-

pady appears to be identical with the Pondicherri

species, bat it is to be observed that the P, bisectum

. reaches to the upper Trigonoarca beds, that is beds
which undoubtedly belong to the Ariyaldr stage.

Trigonoarca gamana, Forb. Stoliczka's example from the Utatir stige is very
contracted anteriorly, whilst in Forbes’s original

specimen the lower margin is parallel with the hinge
line.

There are other species besides, which are said to occur in both the Ariyaldr
and Utatir siages of the Trichinopoli district; for example, Lucina fallax,
Forb., Solariella radiitula, Forb., Leptomaria indica, Forb. (the identity of the
specimens from the Ariyaldr stage with those from Pondicherri is ouly certain in
the case of the two last named species). One Pondicherri species, Axinea
cardioides, d'Orb., is mentioned as occurring in the upper Trichinopoli beds of
Serdamangalam, as well as in the Utatdr stage. The ammonites are in the first
place the chief factors in the solution of the question, and it has been shown in
the revision, the results of which I have briefly mentioned above, that of the twelve
formerly identified species, ten are certainly different, one cannot be taken into

account, as it has not been figured and the other comes only from the Ariyaldr, not
from the Utatdr stage.
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But what is of greater weight than all this, is a circumstance of quite another
kind, namely, the complete absence of all characteristic Utatdr species and genera
in Pondicherri. Although the ammonite fauna of the Valudayur beds was so extra-
ordinarily rich, not a single Acanthoceras, nor Schloendachia, nor Turrilites, nor
Hamites of the group of H. armatus, Sow., nor Pugosia of the group of P,
planulata, Sow., etc., were found in it—all groups predominating in the Utatdr,
What we find in Pondicherri, besides Phylloceras and Lytoceras, are chiefly
species of Pachydiscus and other ammonite types of the uppermost cretaceous,

2. Relations to the Trichinopoli stage,

The ammonite fauna of the Valudayur beds is quite different from that of the
Trichinopoli stage; but on the other hand, many nearly related, or even some
identical species are found among the gastropods and bivalves, But as a study
of the list of fossils shows, these are almost throughout such forms as extend
upwards unchanged into the Ariyalir stage in the Trichinopoli district. On the
whole the boundary between the two groups is somewhat uncertain, and still
requires some corrections, Typical species of the Trichinopoli group are entirely
absent in the Pondicherri fauna, and this circumstance is so much the more im-
portant as, in consequence of the great similarity in the facies of the lower Trichino-
poli stage and that of the Valudayur beds, the fauna is for the greater part
composed of the same genera. Among the beautiful molluscsof the bluish
lumachelle (shell-sandstone) of Garudamangalam the genera Pugnellus, Sola-
riella, Trochus, Turritella, Euspira, Dentalium, Bullia, etc., play the same réle
as in the Valudayur beds, and even the species belonging to these genera resemble
each other. In spite of this, cases of true identity are very rare.

3.—COMPARISON BETWEEN THE CRETACEOUS BED3 OF PONDICHERRI
AND THE ARIYALOR STAGE. (UPPER DIVISION OF THE TRICHINOPOLI

CRETACEOUS.)
1. Valudayur (Anisoceras) beds.

Four characteristic species of the Ariyaldr stage are found in the ammonite
fauna of this division, namely, Packydiscus egertoni, Amm. (n.g.) brakma, Des-
moceras diphylloide, Baculiles vagina, VAr. ulacodensis ; in other respects also the
two groups are conspicuous by the presence of certain types of ammonites as, for
instance, certain Pachydiscus forms, and by the absence of others, which are
very important in the Utatdr and Trichinopoli stages. The ammonite fauna of the
Ariyalir beds is, it is true, not very varied, and therefore does not offer many
points of comparison.

The rich gastropod and bivalve fauna is, as the general list shows, almost per-
fectly identical with that of the Ariyaldr stage, for which reason Stoliczka began to
doubt the accuracy of his earlier conception based on the ammonites. Two
localities, Parcheri and Kalligadi, which lie on the boundary line between the
Trichinopoli and Ariyalér stages and were first ascribed to the former, show
such a striking similarity of their fauna to that of the Valudayur beds, that they
may be completely identified with them. In Parcheri Neazrs mulua, Stol,




PART 2.] KOSSMAT : Pondicherri Cretaceous. 67

Pholodomya ‘ucerna, Forb., Siligua limata, Stol., Pharella delicatula, Stol., and
Pugnellus uncatus, Forb., occur, besides a few other species. Still greater is the
analogy in Kalligadi, which also seems to have in the facies of its fossils great
resemblance to the Valudaycr beds (Stoliczka, Cret. S, India, Vol. II,, p. 96), and
as well as these must belong to the Ariyaldr stage.

Warth’s horizon B., the base of the Valudayur beds, already contains a true
Ariyalir fauna, and affords a strong proof of the accuracy of the decision come to
as to age of the beds.

2. Trigonoarca beds.

The great similarity between the Ariyaldr stage and the Pondicherri beds is
quite as distinctly recognizable in this division, whose gastropod and bivalve fauna
is almost completely identical with that of the former. This similarity is the more re-
markable, as the argillaceous sands which characterize the higher Ariyaldr beds
also predominate in the Trigonoarca beds. The similarity is so great that specimens
from Ariyaldr, etc,, can often not be distinguished by their matrix from examples
from Pondicherri. In the Trichinopoli district peculiar argillaceous beds occur,
full of numerous sharp casts of bivalves, which, according to Blanford (Mem.
Geol. Surv. India, IV, p. 135), constitute a peculiar feature of the Ariyaldr
stage. According to the description, there is no doubt that these argillaceous
sands are the same as those occurring in the Trigonoarca beds of Rautankupam
and Tutipet, where they contain numerous. casts of Zrigomoarca galdrina. The
soft yellowish white sands of Otacod, which alternate with these argillaceous sands
are again indistinguishable from the sands occurring in the localities of the Pondi-
cherri district mentioned above, where they are also in close relationship with the
argillaceous beds. This striking similarity of the facies and fauna could not.
escape the attention of Blanford and Stoliczka, and therefore we find this horizon
always given as the equivalent of the Ariyaldr stage. It is a pity that the latter
could not be so distinctly subdivided in the Trichinopoli district as the. corre~
sponding beds in Pondicherri, bat it seems that there also the localities corre-
sponding in their fauna to the Valudayur beds occur somewhat lower in the series
than the others ; that, for example, the beds of the localities Parcheri, Kalligadi,
Karapadi, lying at the base of the Ariyaldr stage, agree best with the Valudayur
beds, whilst the stratigraphically higher localities Ariyalir and Otacod are to
be correlated with the Trigonoarca beds by their facies and in their fauna. But
as the faunas of these two horizons in the Pondicherri district evidently blend into
one another, so also is this the case in the Trichinopoli district. Ammonites brak-
ma, Baculites vagina, var olacodensis, and numerous gastropods and bivalves of
the Valudayur beds occur also in the higher beds of the Ariyalir stage immedi-
ately under the massive sandstone complex of the middle zone (Blanford, p. 138),
which has yielded no fossils except some reptilian bones.

3 Nerinea beds.

Ammonites are absent in this division but, besides large examples of Nerinea, -
some species of Naufilus occur, among the latter a very interesting European
form, Nawislus danicus, Schloth. Foraminifera, especially Ordiloides, appear in.

c
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vast numbers and fill the matrix of the larger fossils. Thus the analogy with the
beds near Niniyur (Trichinopoli district), where V. danicus and Orbitoides are
found, and ammonites are absent, is apparent.

In the Trichinopoli district, as H. F, Blanford pointed out, the Niniyur beds
are distinctly separated from the fossiliferous strata near Ariyaldr by the massive
sandstones mentioned above. Almost all fossils are peculiar to them and com-
pletely different from those of the typical Ariyaldr beds, a difference which is so
apparent that it had already been observed by Mr. H. F, Blanford before the fauna
had been studied in detail and looked upon as a matter of great importance. From
the absence of ammonites and the occurrence of Nau/ilus danicus he concluded that
the Niniyur beds represent the topmost division (danian) of the cretaceous system,
a view which has proved to be the correct one. But as he did not formally
make these beds a separate division, the Niniyur fossils have been dealt
within Stoliczka's Memoir simply as Ariyaldr fossils, so that the significance
of this horizon has become less striking. H. Leveillé, who did not study
these beds in the field, proposed, therefore, to give them the name Niniyur stagel
A point of great importance, which urgently needs explanation, is the appearance
of large specimens of Nerimea in the beds of Niniyur (cf. Stol. II., p. 306, 301,
337, 231), which Blanford and Stoliczka have repeatedly drawn attention to, and
these specimens are named in some places Nerinea dlanfordiana. But in the de-
scription of this species only Maravattur and Paruli (Utatdr group) are mentioned
as localities, whilst not a single Nerinea from Niniyur has been described. It
seems as if there were some mistake here, the more so, as in different places ex-
amples of Cyprea in Niniyur have been expressly mentioned, but these also do
not appear in the description of the species of this family. But if even the exam-
ples of Nerinea from Niniyur could be proved to be identical with those of the
Nerinea beds, it would not be advisable to consider the two horizons as equivalent
without further investigation. In the Trichinopoli district the Niniyur beds are
separated from the true Ariyaldr beds by the abovementioned thick unfossiliferous
formation, whilst in Pondicherri the Nerinea beds lie immediately above the equi.
valent of the typical Ariyaldr beds. For this reason it is quite possible that they
correspond to the unfossiliferous division. The fact that species occur, which are
also known in the lower beds (for instance, Nau/ilus spharicus, Teredo glomerans)
speaks in favour of this view, according to which the Nerinea beds would lie on the
stratigraphical boundary between the Niniyur and Ariyaldr beds.

4. Conclusions.

From what has been said above it follows that the whole of the cretaceous series
of Pondicherri falls completely within the Ariyaldr stage of Blanford, and that
with great probability it begins with the same horizon as the latter (beds of

1 H, Leveilld : Géologie de I'Inde Frangaise. Bull, Soc. Géol. de France. 3me Serie, XVIII, 1889,
p. 144 ff. ; cf W. T, Blanford : On the papers of Dr. Kossmat and Dr. Kurtz, and on the ancient
geography of Gondwanaland. Rec. Geol. Surv. Ind., XXIX, 1896, p. 51, referring to a passage in
my paper, Jahrb, k.k. geol. Reichs Anstalt, 1894, where, whea speaking shortly on the divisions of
the Trichinopoli cretaceous, 1 only quoted the paper of Leveilléin connection with_the Niniyur beds.
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Parcheri, Kalligadi, etc.). From this results the interesting fact of a true overlap
of the Ariyaldr stage, for which also many other proofs are forthcoming.!

Even in the Trichinopoli district the Ariyalir stage overlaps the older strata
and lies, for example in Olapadi, immediately upon the Utatir group, and for a
considerable estent even on the crystalline rocks. In the northern part of the
Trichinopoli district the cretaceous disappears under the alluvium of the Vellar
river ; reappears in the Viruddh4challam area—there also the Ariyaldr stage only is
present—is then again invisible, to reappear finally in the Pondicherri district once
more in rich development.

This overlap of the Ariyaldr stage is of considerable interest, for it is repeated
in areas far distant from India and seems to be of great importance in the Pacific
area. It will probably be found in the highlands of Assam (N. E. Bengal), but I
will not treat of this area whose cretaceous fauna, according to Stoliczka’s opinion?
bears a very great resemblance to that of Pondicherri, as the fossils belonging to
it will be open to a more minute research in the near future.

I11.—THE AGE OF THE PONDICHERR! BEDS.

On account of the recognized similarity of the Pondicherri deposits to the
Ariyaldr stage, the determination of the age of the former, that is, the comparison
with the European cretaceous deposits is proportionally an easy task, in the fulfil-
ment of which the numerous ammonites are of special use.  Of the latter very many
are found, in the Valudayur beds, which are nearly related to species of the
European seronian, while two species appear to agree exactly with such. These are :
Pachydiscus egertoni, Forb., and Lytoceras (Gaudryceras) kayei, Forb., from which
two species known in the upper senonian, Pachydiscus neubergicus,- Hauer,
and Lyfeceras planordiforme, Bdhm, can scarcely be distinguished. As to the
other species, their European representatives are, as the list shows, restricted solely
to the upper senonian and belong partly even to the typical forms, as, for
example, Baculites anceps, corresponding to Baculites vagina ; Hamites cylindraceus
Defr., which represents the Indian Hamites rugatus, Forb.; and Scaphites constrictus,
Sow., to the relationship of which Scaphites cunliffei, Forb. belongs. Of great
importance for the determination of the age of the beds are also the following spe-
cies, vi3., Sphenodiscus siva, Forb. (cf. S. udaghsi, Gross.), Amm. (n. g.) brakma,
Forb. (cf. A. hkaugi, Seunes), Pusgosia remdda, Forb. (cf. P. fayoli, Gross.)
Pseudophyllites indra, Forb. (cf., Ps. colioti, Gross.), Pachydiscus crishna, Forb.
(from the Group of P. egertons; or neubergicus), etc. (see the general list).

Among the genera and subgenera in the ammonite fauna of the Valudayur beds
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