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'RECORDS

THE GEOLOGICAL SURVEY OF INDIA.

Part 1.] 1 896, February.

ANNUAL REPORT OF THE GEOLOGICAL SURVEY OF INDIA AND OF
THE GEOLOGICAL MUSEUM, CALCUTTA, FOR THE YEAR 1895.

The actual area which was geologically surveyed during the past year is much
below the amount which could have been estimated for under favourable circum-
stances, though perhaps not below the amount of surveys in square miles, done
during each of the last few years. This, however, may easily be accounted for by
the fact that not only were several officers withdrawn from survey work proper and
employed on so-called economic inquiries, but there were several vacancies on the
staff, which could only recently be filled up.

At the beginning of the year the officers were distributed as shown in the last
Annual Report on page 1 of the Records, Vol. XXVIIL

Mr. H. H. Hayden joined the Department as Assistant Superintendent on the
21st February, too late to take up field work, and he was therefore detained at
head-quarters to learn the vernacular language and to assist in laboratory work.

Messrs. Vredenburg and Grimes were appointed Assistant Superintendents by
the Secretary of State to fill vacancies onthe staff; both jointed head-quarters on
the 16th October 189s.

During the year three officers proceeded on furlough, namely, Mr. LaTouche
on the 1gth March, Mr. Bose on the 15th May, and Dr. Noetling on the 1st July
1895.

At the beginning of the present camping season the staff of the survey was dis-
tributed as follows :—

Mr. R. D. OLvHam
with

Messrs. DATTa,
VREDENBURG
and
GRIMES

Me. MIDDLEMISS
with } Madras.

» SMITH

Rewah.

n
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Mr. HoLLanp . . Head-quarters.

» HAVDEN . . . Burma.

Mr. ANDERSON
with .

Dr, WARTH Chota Nagpore.
and

LaLa Hira LaL

LaLa KiSHEN SINGH . . Baluchistén,

During the hot weather months and the rainy season most of the officers
returned to Calcutta to work up their reports and maps; Mr. Middlemiss re-
turned to Madras at the beginning of the monsoon to continue field work.

Mr. Oldham, with Mr. Holland, proceeded to Naini Tal at the close of the
monsoon to report on the stability of the hill-sides of that station.

I myself proceeded on inspection when opportunities offered, and I performed
the following tours :— :

During March to Chota Nagpore and Central Provinces.

During June to Naini Tal at the request of the Government of the North-
Western Provinces.

During July and August to the Central Provinces and Madras.

During October to Naini Tal.

Summary of work In the following pages I give an outline of the work
accomplished. performed in the field and laboratory.

As already reported in my Annual Report for 1894, the mineralogical survey
of Chota Nagpore has been begun by Mr. Anderson, the

Bengal. .. . .
Mr. Anderson. mining expert of this Department. During the camping
Dr. Warth, season ending during April of 1895 he explored a con-

Lala Hira Lal. siderable area of Chota Nagpore. He made traverses

in many directions, beginning with the counfry around Borobhum, and from
thence to Dhadka, Moholia and Chaibassa. East of Borobhum, to a distance of
about 12 miles, the transition rocks are much intruded by dykes and masses of a
hornblendic rock, probably diorite. Associated with these intrusions are in-
numerable quartz-reefs, many of which were tested, but show no traces of gold.
Almost all the reefs of this area have generally a north and south strike, many of
them occurring as joint reefs in the dykes. In the country between the
Cupergadi Ghat and Chaibassa, similar dykes associated with quartz-reefs occur,
but they also show no traces of gold.

I visited Mr. Anderson during March, when his first and rapid traverses were
drawing to a close. A quotation from his February report will afford an idea of
the work and the geological nature of the ground gone over. “ During the month
of February I made an examination of the country around Chaibassa, Seraikela
and Sim. At the first-mentioned place the boundary between the transitions and
metamorphic series runs close past the town in a north and south direction. In the
neighbourhood of this boundary the rocks, particularly those of the tramsition
series, are seamed with quartz veins. To the north and north-west of the town the
outcrops of these veins are not at all well defined but usually form a series of small
circular or elongated hills, composed superficially of nothing but small fragments
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of quartz. In some parts these hills occur in numbers close together and cover
considerable local areas. Almost anywhere in such areas the broken quartz debris,
when crushed or washed, show minute traces of gold. The absence of defined
outcrops would materially increase the expense and time of prospecting this area,
because so much work would require to be done in trenching through the super-
ficial debris to get at the actual reef outcrops.”

During this camping season prospecting work has begun in earnest, sufficient
funds having been sanctioned by the Government of India for the purchase of the
requisite plant, tools,etc. A five stamp prospecting battery with all the necessary
outfit has been procured, workmen are being engaged and practical investigations
are being carried out in three separate mining camps. So far the traces of gold
found in quartz-reefs are not encouraging, but nothing definite can be said about
the prospects of finding it in payable quantities eventually, as only 70 reefs have
been examined up to date.

An interesting and probably useful find of blue corundum has been made by
Dr. Warth on the Balarampur-Borobhum road ; it.occurs in a vein of kyanite, and
when opportunity offers this find will be followed up.

The area mapped during the field season of 1894 to 1895 was very small, little

Rewah more than 700 square miles; this insufficiency may be
Messrs. Oldham, Datta, accounted for inasmuch that both officers (Messrs. Oldham
Vredenburg, and  and Datta) were new to the district and were only partially
Grimes. acquainted with the rocks they met with during the progress
of work. A considerable time was also lost by Mr. Oldham in inspecting previous
work done by Messrs. Hughes, Bose and Smith in Rewah and in trying to
reconcile it with his own observations and views. The result has led to some
modifications of views held hitherto with regard to the so-called Vindhyan
system ; the chief point made out is the separation of the Lower Vindhyans
(Sub-Kymores) from. the Upper Vindhyans. The latter will, according to
Mr. Oldham, henceforth represent the Vindhyan system proper, whilst the strata
below them and above the transition rocks are to be called, as was done by
Mr. Medlicott originally, the Semri series. The Vindhyans rest unconformably
upon the Semri series, but it will have to be established whether in spite of the
unconformability, which is only seen locally ; the two series are separated from
each other by a general break in deposition of the beds composing the same.
Mr. Oldham has stated his views in a paper in Records, Vol. XXVIIL!

Besides working on the Vindhyan rocks Mr. Oldham also examined a small

coal-field in the eastern part of Rewah which Mr. Smith had surveyed some years
ago; the Barakar age of the rccks has now been established, as they contain
Vertebraria, Glossopterss, Schizoneura, etc. Two coal-seams have been found,
respectively of 6 feet and 5 feet 6 inches thickness; the former is 1} miles
south-west by west of Ujeini, the latter 2 miles north of Amilia, both places near
the eastern edge of sheet 476.

Mr. Datta devoted the greater part of his attention to mapping the lower
Vindhyans, or, as Mr. Oldham calls them once more, the Semri series. The
work has been done in detail and some additions are made to our knowledge of

! p. 139.—On some outliers of the Vindhyan system south of the Son and their relation
to the so-called lower Vindhyans.
A3
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this series. A preliminary description of the area has been given by him in a paper
in the Records, Vol. XXVIII.!

During November Mr, Oldham took up work once more in Rewah, his staff
being augmented by Messrs. Vredenburg and Grimes. So far the work of
the party has not progressed far enough to add new facts to those already
reviewed.

Mr. Bose continued work south-west and west of Raipur in the Central Pro-

. vinces, from where he returned to head-quarters on the 6th
C';,',mé l;;"g:::’ April. He sent in a progress report from which it appears
o ' that the main features of the geological structure of that
portion of the Central Provinces consists of a base of crystalline rocks, granites,
and gneisses with great intrusions of felsites, on the denuded surface of which
lie patches, often of large extent, of ¢ Vindhyans”; two lithologically distinct
facies of the lower division of this system have been distinguished by Mr. Bose,—
the eastern or Chattisgarh facies and the western or Bhan dara rocks, The former
are already known as the ‘** Chandarpurs,” whilst he proposes to call the latter the
* Bagh Nadi” sandstones, a distinction which I do not consider necessary, as
apparently these two -facies are of the same age. There can be little or no doubt
whatever that the entire sequence of beds in ‘both areas belongs to the lower
Vindhyans, as known hitherto, and my own inspection of these rocks is in
conformity with this view.

Mr, Bose had taken up work in the Central Provinces as early as 1884, and
has always insisted on having discovered an uncenformity between the lower
Vindhyans and the so-called Chilpis, a series of strata doubtfully correlated with
transitions elsewhere. One of the localities specially mentioned by him was the
country around Warorband, about ten miles south-east of the Dongarghar station
on the Bengal-Nagpur Railway. Mr. Bose had been several times over this area,
and during last field season he reported that he had obtained confirmatory evidence
of his former assertion. I may here mention that Mr. Medlicott, who knew the
ground, strongly differed from this view, but that Dr. King, although he thought
(Records, XVIII, page 19o0) that the evidence was unsatisfactory, on a later
occasion expressed his opinion that this unconformity had been established. The
question of unconformity or otherwise remains to-day much where it was before,
but during a short inspection of Mr. Bose's work during March I ascertained that
the so-called Chilpi beds have no existence at Warorband itself. Believing that
an inspection of that locality which he had repeatedly visited, and the survey of
which he had revised as late as last season, would afford a fair test of his work,
I proceeded to the place in March last,and during a few days’ stay walked over the
neighbouring country,—which is fairly open,—in company with Mr. Bose. Istarted
from Dongarghar station, which I may here mention is situated on granite, which
forms particularly characteristic “ tors " and rugged hills in the neighbourhood, some
of which are crowned with temples. The granite is seen #n si/s not only there
but for miles around, and the road (ten miles) to Warorband passes almost
entirely over it. There are dykes and intrusions of felsites and diorites seen in
this area along with numerous and conspicuous quartz-reefs.

According to Mr. Bose we should have a sequence of older beds (Chilpis,

! p. 144.—Notes on a portion of the lower Vindhyan area of the Sone Valley.
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consisting of grits and conglomerates, etc.) dipping at a higber angle below
the Chattisgarh lower Vindhyans, the former being associated with eruptive
rocks.

What I actually found was that the country about west of Warorband consists
of granite, with wide belts and intrusions of felsites and diorites ; these igneous
rocks have long ridges of reef-quartz running nearly north and south, and on an
abraded surface of these rocks rest immediately beds of the lower Vindhyans (so-
called), which form the basin-like Chattisgarh series of strata, the western margin of
which is slightly raised, thus dipping from 20 to 30° eastand east-south-east, gradually
flattening out, and even in some cases forming undulating anticlinals. The lowermost
beds consist of brownish-red to purplish indurated quartz-sandstones, with strings
of grits and in some places breccias and conglomerates, which strongly reminded
me of the Rotas (Sone) basal conglomerate of the lower Vindhyans. The grits
are not confined to beds nor to the base of the series, but as is usual in such
a lithological facies, occur in strings and irregular beds at various horizons.
The upper beds of this system consist of the Chattisgarh limestones, with which
we have no concern here. Nowhere could” be discovered any sedimentary or
metamorphic rock which might have been identified with an older system than
the Vindhyans, and although Iam quite ready to admit that the igneous series of
rocks which forms the base of the lower Vindhyans here, may be intrusive in a
“ transition ” system, of which the Chilpis m1y be a local development, yet neither
at Warorband nor anywhere in that neighbourhood is there any evidence of such
a system, and the lower Vindhyans rest directly upon the granitic and in other
places upon a felsitic or dioritic base. It seems that Mr. Bose had taken four
distinct rocks as paris of the assumed transition” series; first, the (probably)
pseudomorphic quartz. which forms such numerous and most conspicuous reefs
in that area and which in some places forms actually the base of the lower
Vindhyans, and which being much crushed at places, has occasionally the appear-
ance of a breccia and even grit.—that is to say, if not very closely observed;
secondly, for some reason he looked upon the basal grits and conglomerates of
the lower Vindhyans, where raised at a higher angle, as forming an older and
unconformable series of rocks to the same beds, where the dip flattens out, or is
even slightly reversed in cases of shallow synclinals, and this was the case ata
point east cf the Warorband lake itsel€; thirdly, an exposure of diarite weathering
concentrically and showing that leafy condition, which in hand-specimens is often
at first misleading, was mapped as intrusive in phyllites, the latter being the
weathered and pseudoschistoze portion of the diorite; and lastly, Mr. Bose had
identified and mapped as grits and shales of the Chilpis, a long and nrost con-
spicuous ridge made up of typical felsite. After a most careful inspection I may
assert most confidently that at all events there are no “transitions” or * Chilpis”
or any older sedimentary strata below the lower Vindhyans at Warorband, but
that the latter rest directly upon an eroded surfice of igneous rocks. That the
“ Chilpi Ghat series ” may elsewhere underlie the lower Vindhyans unconformably
is thereby not disproved of course. '

The continuance of the geological survey of the Central Provinces has to be
postponed owing to the fact that Mr. Bose has gone on two years' furlough.

AP
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After return from field work in Rewah and before the beginning of the rainy
N-W. Provinces. season, Mr. Oldham was deputed to Naini Tal to serve as
Naini Tal. member on the Committee appointed to report on the
M::;";lg:g:;“‘ safety of Government House Hill. The examination was

) conducted during May and most of June; Mr. Oldham has

* sent in his report to the Government of the North-West Provinces, but the following

extract from his diary for June expresses his views in outline : * The facts collected,
when compared with those observed on my previous examinations leave no doubt
that there is a steady downhill creep of the outer portion of the hill for a depth of
probably about 50 feet. The main surfaces of separation unfortunately reach the
summit under the Government House and the constant settlements which have taken
place in the past, at an annually increasing rate, impressed me with the danger of a
further settlement taking place, which might be sufficient to endanger the house.”
As other members of the Committée dissented from this view, the Government
of the North-West Provinces requested that I should give my opinion, and I pro-
ceeded to Naini Tal accordingly. Whilst I fully agree with Mr. Oldham in believ-
ing that the entire hill slope below Government House is in a more or less danger-
ous condition and that some day slips on a large scale may occur there, yet 1 did
not feel convinced that distinct proofs existed of later and more extended develop-
ments of certain cracks in the hill, which had been reported on many years ago.. In
the absence of positive proofs that the hill-side exhibited greater signs of danger
now than it did for some years past, I did not advise the Government to evacuate
the hill, but to stringently enforce certain recommendations which had been made
by previous committees, and also to carry out extended drainage works. One of
my reasons in advising Government thus, was, that immediately after the rains a
further and more detailed examination of all the hill-sides of Naini Tal was to be
made by officers of the department, when the question would be finally settled.
This was done during October and part of November of this year. A large scale
contoured map of the station had been made by the Survey of India, and Messrs.
Oldham and Holland conducted their detailed inquiries, which will be embodied
in an exhaustive memoir and which ought to dispose finally of the question of the
safety of this hill-station.
The investigations, chiefly of a petrological character, which Mr. Middiemiss
Madras. pursued during 1894, were continued also during the past
Messrs. Middlemiss  year, and they have added much to our knowledge of the
and F. H. Smith. occurrence and distributjon of the magnesites and corundum

o the Madras Presidency. Many of his observations are of great interest and-

have tberefore been more fully dealt with in “notes ” published in the ¢ Records.”
He has sent a preliminary report, rather fully worked out, which will be published
in the “Records.” This cold season he is assisted by F. H. Smith, and it was
hoped that the special work on which Mr. Middlemiss has now been engaged for
about two years would be accelerated, but unfortunately Mr. Smith has been
szriously ill with fever since his arrival in the Madras Presidency.

The trial boring for oil which was commenced two years ago, progressed
satisfactorily, if slow, till the 19th March of the past year,

Mr. s[f:%}mh,_ on which date Mr. LaTouche handed over the work to Lala
Laia Hira Lal. Hira Lal, Sub-Assistant of the Geological Survey of India,
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and proceeded on furlough for eighteen months. The latter was only very few
days responsible for the direction of the boring, arrangements having been made
to hand the same over to the North-Western Railway authorities, which was finally
effected on the 25th March. Mr. LaTouche has given a short report on the boring
in the May number of the Records.

The personnel of the works consisted of Mr. LaTouche with Lala Hira Lal of .

the Department, the latter only having joined 25th October 1894 ; and two Ameri-
can drillers, Messers. Cremer and Eady. The last named was engaged at the
special representation of Mr. LaTouche, who urged the advisability of working
more continuously.

When Mr. LaTouche handed over the boring to the North-Western Railway
authorities it had reached a depth of about 1,100 feet, and since then it was brought
down to 1,500 feet, without, however, obtaining any trace of oil. The chisel has
passed through some limestone bands latterly, which may be the beds of the lower
nummulitic, but to be certain, I have recommended that the boring be brought
about 200 feet lower.

Salt.—Whilé superintending the boring at Sukkur, Mr. LaTouche had occasion
to examine a very interesting occurrence of rock-salt in nummulitic limestone,
The spot where this mineral is found is about half a mile south-east of the village
of Aror, which lies at about 4 miles east of Rohri on the left bank of the Indus.

During February Mr. Smith examined the high range between the Luni plain

) and the Zhéb territory. This range is apparently formed
B";“fe’:"”"‘i" ;”':”2’::”“ of massive jurassic limestone, containing ammonites; its
IL:‘. Fl:l_l-l. SLx:lith. thickness is very great, and in the Wat pass, which leads
a fira Lal through the centre of the range, it is quite 2,000 feet, all
Lala Kishen Singh. within sight, and the base is not exposgd. ’

This grey, massive limestone is overlaid by the neocomian belemnite beds,
consisting of yellowish to pink, light green and white shaly limestones and shales,—
conformably apparently. The entire area near Mekhtar is formed of these beds
which yielded belemnites in abundance, besides some ammonites.

This neocomian horizon is overlaid by a great series, which Mr, Smith was
unable to divide further, but which seems to have varied a good deal lithologically ;

"the middle of the series apparently contained nummulitic limestone beds, and the
uppermost beds were capped by the white nummulitic limestone of the Spintangi
beds. Some of the beds of this great series appear to be derived from volcanic
material, and even basaltic rock was met with.

Later on, after returning from the Tochi pass, to which he was deputed on
special duty, he traversed the country lying between Déra Ghdzi Khén and Zidrat,
His observations were only made en roufe and consequently must be fragmentary.
He reports that between Karwada to Mekhtar he traversed about 30 miles of middle
and lower nummulitic rocks, sandstones and limestones with numerous shale
partings. East of Mekhtar these beds rest apparently conformably on “belemnite
beds” (upper cretaceous). From thence to some distance west of Loralai he ob-
served all the rock facies which we already know to exist in those parts, 7.,
sections from the jurassic limestone to nummulitic, but he had no time then to
further examine the country, the season being too far advanced. The high range
north of the Shéhrig valley, generally known as the Kaliphit range and which rise

.\!‘
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to upwards of 10,000 feet, seems to show in places a complete section beginning with
the jurassic massive limestone, overlaid by cretaceous rocks and capped by the
lower nummulitic limestone. The existence there of jurassic beds is an interesting
fact. ) '

During June Mr. Smith examined some of the high ground west of Zidrat,

- especially the Pil range, through which a fine section is laid bare by the tangi (de-

file) north of Mangi; the range is made up of a great thickness of massive limestone
(about 3,000 feet), which he identifies with the jurassic beds seen further east, and
which is overlaid by well-developed * belemnite beds ” (7 ¢., lower and upper creta-
ceous), the whole being covered by the hard grey lower nummulitic limestone.
Hills east of Sibi=Lala Hira Lal, after handing over the Sukkur boring to the
North-Western Railway authorities, was ordered to Baluchist4n, and to survey the
low ranges east of Sibi. He was engaged during May »nd June in geologi-
cally surveying the low bill ranges east and north-east of Sibi, which task
was successfully accomplished. The rocks met with belong to the tertiary
system and recent deposits. Upper nummulitic limestones were met with occasion-
ally, but the rest seem to consist of very large thicknesses of Siwalik sandstones,

-shales and conglomerates only. Some fossils were collected by this officer, but

apparently good specimens are very rare and as usual in those parts, the Siwaliks
contain little more than fragmentary remains of vertebrates, amongst which are
very few which will permit a specific determination.

Hills near Quetta.—Lala Kishen Singh was engaged during the last quarter of
the year in examining the south-western extension of the Murdar hill near Quetta,
which he found to consist of massive limestone, probably of jurassic and lower cre-
taceous age, the only clue to its structure apparently being a band of upper creta-
ceous belemnite beds. He also examined the northern end of the Chehiltan
range ; the section of it had already been worked out during previous field seasons.
It includes strata from the upper jurassic to lower nummulitic age. )

Tochi Pass.—Mr. Smith was deputed to join the Tochi delimitation camp
during February and March, and he has furnished a short preliminary report,! the
main features of which shew that the section seen along the Tochi route resembles
closely that of the Sulaim4n section, and that some of the rocks are very similar to
those found in Baluchistén.

The section commences on its eastern limit with a series of Siwaliks, which dip
eastwards under the recent deposits of the Bannu plain. The Siwaliks, both upper
and lower, are of immense thickness, the lower beds alone showing a normal sec-
tion of vertically dipping strata of 2 miles in length. Below them is a thin band,
170 feet, of white nummaulitic limestone, beneath which follows a great thickness of
shales and limestones, in which Mr. Smith did not discover any determinable fos-
sils, but which he suspects to represent the entire middle and lower eocene divi-
sions. The lowest beds of this sequence form an anticlinal ridge of dark grey un-
fossiliferous shaly limestone of unknown age. These lower tertiary rocks form a
wide belt, some 30 miles from east to west, and include the Laram range. Near
Mahomed Khél, the lower beds of the series become suddenly mixed with intrusive
and also interbedded igneous rocks, chiefly -diorites, gabbros, and serpentines.
North of Sheranni this igneous series is overlaid by white nummulitic limestone

Records, Vol, XXVIII, page 106,
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and shales, and at Dotoi, 10 miles west of Sheranni, the same igneous series is
overlaid by blue slaty shales with thin nummulitic bands.

In some respects this description recalls the flysch-like series of rocks of the
Kdjak and Peshin ranges.

0il.—The inquiry into the occurrence and nature of the earth-oil of the Yenan-
gyoung neighbourhood has at last been brought to a suc-

B a. .
" Dr.F. ’l:{o"e'tling. cessful close by Dr. F. Noetling, who was engaged on the
Dr. H. Warth, work for several years but with interruptions. That

Mr.H.H Hayden.  cer returned from Burma in March of this year and

has handed in a very voluminous and exhaustive report, fully illustrated with
sections, views and maps now in the press.

Gems.—Dr. Warth was deputed to Burma to report on a tract of country north.
west of Mogoung, where rubies had been discovered, and which area had been
declared a “stone tract”’ by the Government of Burma. A long delay at Rangoon,
owing to a medical examination which that officer had to undergo, prolonged
the inquiry far into the hot weather and had therefore to be confined to the
“ stone tract” alone.

His report may be summed up as follows : The area consists of crystalline rocks,
chiefly granitic and igneous, inclosing patches of metamorphic rocks amongst which
a crystalline limestone is especially noticeable, which contains the same minerals
as found in the Mogok and Sagyin areas, and which is probably also here
the original matrix of the rubies, which are now dug up by natives from the sur-
rounding alluvium. The latter forms the * stone tract ” proper, may be about ten
square miles in extent, and does not seem to be very rich in gems.

Mr. H. H. Hayden was posted to Burma during this field-season, and he started
work in the ruby-tract of the Sagyin hills during November. His researches
carried out under somewhat trying conditions, which the dense vegetation aggra-
vates, are of considerable interest. The main results obtained so far are as
follows : —

The rocks of the area are chiefly of two kinds, namely crystalline, consisting of
gneiss and schists, and overlving the same, limestone which is considerably altered
and contains many and interesting minerals, including spinel and ruby. The
latter occur chiefly in a veinstuff which fills joints and fissures, and out of which
the natives obtain the gems. One of the most interesting facts established by
Mr. Hayden is that the limestone rests on the schists and gneiss, the junction
being marked by the presence of a conglomerate associated with a limestone
breccia, thus proving without doubt that this coarsely crystalline limestone is of
sedimentary origin. ’

Vol. II of Series XIII of the Palzontologia Indica has at last been published,
and Dr. Waagen'’s description of the fossils from the Ceratite
beds will henceforth form a standard work on the lower
trias of the Salt Range.

The publication of this classic volume was so long delayed and so much new
light has been shed upon the lower trias fauna of India within recent years, that
a review of the results of Dr. Waagen’s researches becomes imperatively necessary.
I am informed that the learned Professor is preparing such a summary, which will
probably be first published in Europe.

Publications.
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Of the Series XV on Him4layan Fossils, part 2 of Vol. IT has already appeared,
descriptive of the Cephalopoda of the Muschelkalk. The material which Dr.
Diener had at his disposal, which includes all the specimens collected from those
beds in the Him4layas up to date, is so complete that we are in a position to
correlate these beds with perfect accuracy. It is a matter of especial satisfaction
to me that the examination of these interesting fossils has confirmed my division
of the trias of the Central Himélayas, founded as it was, chiefly upon stratigraphical
grounds.

Part 1 of the same volume, on the Cephalopoda of the lower trias by the
same author, is in a forward condition and ought to be published at an early date.
All the plates illustrating the same are completed and the manuscript is ready for
the press. . :

Dr. Noetling has prepared several parts of a new Series XVI of the Palzonto-
logia Indica to illustrate the fauna of Baluchistdén and North-Western frontier,
which await only the completion of the plates, to be issued.

Several memoirs are in course of publication; part 1 of Vol. XXVII on
* Marine fossils from the Miocene of Upper Burma” by Dr. Noetling has been
published, and part 2 is in the press.

A discovery of vast interést to Indian Geologists has been made during the year
to which I must allude here ; it is the discovery of a Gond-
wana floral in coal-bearing deposits in Argentina, made by
Dr. Kurtz, Professor at the University of Cordoba. The
flora, with several species identical with such out of the Indian Gondwanas, occurs
in beds, which overlie,—though in what manner is not known yet,—a series of beds
containing a true carboniferous (Culm) flora. But the most interesting fact is
that in Argentina Neuropteridium validum is found in the same beds with Lepivo-
dendron, as 1 am informed by Dr. Kurtz, who has promised to give me further and
more concise particulars.

Mr. Holland, the curator, was absent on privilege leave from March 12th to

Museum and Labora- June 27th and later on duty at Naini Tal, from which he
tory. returned on 13th November, but he has since been en-
gaged in arranging the rock and mineral collections belonging to the Depart-
ment.

The collection of rocks now amounts to over 16,000 specimens and they have
been registered and partially arranged. Satisfactory progress has been made also
in the classification and description of the coilection. The miscroscopic characters
of about 500 specimens of the crystalline rocks have been worked out, which will
enable Mr. Holland to form a preliminary sketch of the classification of this group,
which, though so largely represented in India, has hitherto received little more
than superficial attention in the field, when as in previous years, the specimens in
the collection were found to be types new to petrology, or were found to offer
important evidence concerning unsettled petrographical problems. Mr. Holland
has taken the opportunity, where possible, of utilizing the college vacations for the
purpose of tracing out their field relations, and of collecting fresh material for
confirming or correcting the microscopic work in the laboratory. Asa result of
work of this nature, the examination of the field relations of the new types of

3 Records, Vol. XXVIII, p. 111,

Gondwanas in South
America.
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peridotites discovered by Mr. Holland and referred to in my last annual report has
enabled him, in conjunction with Dr. Saise, to completely describe them and
to revise a map showing the nature and distribution of the intrusive rocks in, and
the crystalline series around, the coal-field of Giridih.}

The interesting forms of metamorphism displayed by the crystalline rocks
around this coal-field having been found to result inthe production of garnets in
pyroxenic type, the remaining pyroxenic rocks of India, and specially those of the
Madras Presidency, whose presence and wide distribution in Southern India were
first noticed by Mr. Holland in 1892, have been examined with special reference
to the origin of this mineral which is so remarkably abundant in this country. Ina
paper contributed to the current number of the Records Mr. Holland has traced out
the development of the garnets in these pyroxenic rocks, and, from the evidence
obtained from widely separated areas in India, he concludes that the reaction-
borders often confused with Kelyphite, and occurring so frequently associated with
the garnets of pyroxenic rocks, represent a stage in the development, and not, as
has generally been supposed, in the destruction of garnets. Mr. Holland has
contributed another paper to the same number of the Records in which he has from
the evidence of the specimens collected by himself in Madras combated the views
expressed by Mr. Lacroix concerning the nature of the acicular inclusions giving
rise to the phenomena of asterism, so frequently characteristic of Indian gem-
garnets,

Amongst the specimens of interest added during the year are eight new mete-
orites,

Mr. Holland reports most zatisfactorily on the work done during the year in the
laboratory and museum by his assistant, Mr. T. R. Blyth.

The additions to the librasy during the past year amount to 1,949 volumes, of
which 1,149 were acquired by presentation and 8co by

Library. purchase.

C. L. GRIESBACH,

Dircctor, Geological Survey of India.
CarcurTa,

The 315t January 1893.

! Records, XXVIIL, p. 121.
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List of Societies and other Institutions from which publications have been

received in donation or exchange for the Library of the Geological
Survey of India during the year 18935.

ApeLaioE.—Royal Society of South Australia.
AvrBaNy.—Adirondack Survey.
" New York State Museum.
BaLLaraT.—School of Mines.
Bartimore.—]Johns Hopkins University.
BaserL.—Naturforschende Gesellschaft.
Batavia.—Kon. Natuur Kundige Vereeniging in Nederl.—Indie.
BerrasT.—Natural History and Philosophical Society,
BerLin.— Deutsche Geologische Gesellschaft.
K. Preuss. Acad. der Wissenschaften.
” K. Preuss Geologische Landesanstalt.
PoLogNA.—Reale Accademia delle Scienze dell’ Istituto.
Bomaay.—Meteorological Department, Government of Bombay.
” Natural History Society.
Borpeaux.—Société Linnéenne de Bordeaux.
Boston,—Society of Natural History.
Brrsrav.—Schlesische Gesellschaft fiir Vaterlindische Cultur, -
BrissaNE.— Royal Geographical Society of Australia.
” Royal Society of Queensland.
BrusseLs.—Academie Royale des Sciences.
Société Belge de Geograplie.
Société Belge de Geologie de Paleontologie et d’ Hv-
‘drolog.
BupapesT.—Kon. Ungarische Geologische Anstalt.
» Ungarische National-Museum.
Fuenos Aires.—Acad. National de Ciencias en Cordoba (Rcputlica
Argentina). :
Burraro.— Society of Natural Sciences.
CaenN.—Société Linnéenne de Normandie.
CALCUITA —Agncultuml and Horticultural Society of India.
"Asiatic Society of Bengal.
Calcutta University.
'Editor, The Indian and Eastern Engineer.
Meteorological Department, Government of India.
Survey of India.
Cmnnmcz —Philosophical Society.
» University of Cambridge.
CanBrIDGE, Mass.—Museum of Comparative Zoblog)
Canapa.—Hamilton Association.
CurisTiaNA,— Committee, Norwegian North A_tlantic Expedition. -
CincrnNaTL— Society of Natural History.
CopenuaceN.—Academie Royale des Sciences.
" Kong. Danske Videnskabernes Selskab.

Deura Dun.—Great Trigonometrical Survey.

”
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Des Moines.—Iowa Geological Survey.
DijoN.—Academie des Sciences, Arts et Belles-Lettres.
DrespEN.—Naturwissenschaftliche Gesells. Isis.
DusLiN.—Royal Irish Academy.
EpinsureH.—Geological Society.
» Royal Scottish Geographical Society.
»” Royal Scottish Society of Arts.
FrriBure.— Naturforschende Gesellschaft.
Geneva,—Société de Physique.
Grascow.—Glasgow University.
Gotua.—Editor, Petermann’s Geographische Mittheilungen.
GoTTingeN.—K. Gesells. der Wissenschaften.
HavrLe.—Naturforschende Gesellschaft.
» Academia Cagsarm Leop.-Carol. Naturae Curicsorvm.
K3n~16s8ERG.— Physikalisch-Okonomische Gesellschaft,
LausannE.—Société Vaudoise des Sciences Naturelles,
Litce.—Société Géol. de Belgique.
LirLE.—Société Géologique du Nord.
Lison.—Section des Travaux Géol. du Portugal.
LivereooL.— Geological Society. '
Lonpon.—Iron and Steel Institute.

v Linnean Society of London.

" Royal Geographical Society.

. Royal Institute of Great Britain.

» Royal Society.

» Society of Arts.

Zodlogical Society.
MADRID —Reale Academia de Ciencias,

» Sociedad Geografica de Madrid.

MancHesTER. —Geological Society.
» Literary and Philosophical Society.

MeLBourNE.— Department of Mines and Water-Supply, Victoria.

» Royal Society of Victoria.

MiLan.—Societd Italiana di Scienzé Naturali.
Moscow.—Société Imp. des Natur.
Muvnics.—Kon. Bayerische Acad. der Wissens.
NarrEs.—Reale Academia delle Science Fisiche ¢ Matematiche.
NewcasTLE-UPON-TYNE.—North of England Institute of Mining and Mechanical

Engineers.
New Haven.—Connecticut Academy of Arts and Sciences.
» Editor, American Journal of Science.

New York,—Academy of Sciences.
Ortawa.—Geological and Natural History Survey of Canada.
» Royal Society.
Oxrorp.—University Museum.
Paris,—Department of Mines.
»  Editor, Annuaire Géologique Universel.
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Paris.—Ministere des Travaux Publics,

»» Museum d’ Histoire Naturelle,

" Société de Géographie.

v Sociéié Géologique de France.

PeNzance.—Royal Geological Society of Cornwall,
PHILADELPHIA.—Academy of Natural Sciences.

» American Philosophical Society.
» Franklin Institute,
» Wagner Free Institute of Science.

Prsa.—Societa Toscana di Scienze Naturali,
Rm-nx-]mxmo.—-lmperial Observatory.
Rocansrxk.-—Geological Society of America.
Roume.—Reale Accad. dej Scienze.
» »  Comitato Geologico d’ Italia.
SacraMENTO.— Californig State Mining Bureau.
Saint PETERSBURG.—A cadémie Imperiale des Sciences.

» Comité Géologique.

» Russische Kaiserliche Mineralogische Gesellschat
SALEM.—American Association for the Advancement of Sci
SaN Francisce. —California Academy of Sciences.
S. PauLo.—Commissao Geographica e Geologica.
SPRINGFIELD.—Illinois State Museum of Natura) History,

S'rocxnow.—Kongliga Svenska Vetenskaps Akadémie.
SYDNEY.—Australian Museum.

v Department of Mines and Agriculture, New South Wales,

» Geological Survey of New South Wales.

9 Linnean Society of New South Wales.

» Royal Society of New South Wales.
Tor10.—Deutsche Gesellschaft fir Natur und Volkerkunde.
TuriN.—Osservatorio della R. Universita di Torino.

o Reale Accad. delle Scienze di Torino.
UpsaLa.—Upsala University.
VENICE.—Reale Istituto Veneto dj Scienze.
VIENNA.—K, Akad. der Wissens.

» K. K. Geographische Gesellschaft,

»” K. K. Geologische Reichsanstalt,

» K. K. Naturhistorisches Hof-
WAsmNGTon.—Smithsonian Institution.

” United States Department of Agriculture.
” ” »  Geological Survey,
» Mint.

epartment, New Zealand,
v New Zealand Instituate.
Yoxou.utA.—Asiatic Society of Japan,

» Seismological Society of Japan.
York.—Yorkshire Philosophical Society.

Museum,

» ”
Wm.x.mcron.—Mining D
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" ZoricH,—Naturforschende Gesellschalft.
The Governments of Bengal, Bombay, India, Madras, N.-W, Previnces
and Oudb, and the Punjab.
The Chief Commissioners of Assam, Burma, and the Central Provinces.
The Resident, Mysore.
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On the Acicular snclusions in Indian Garnets. By THOmas H,
HoLLAaND, A.R.C. S, F. G.S., Deputy Superintendent, Geological
Survey of India,

I. INTRODUCTION.

1. In his detailed description of the rocks collected in 1819 by Leschenault de
la Tour in the South of India, M. A. Lacroix has figured and described, in a basic
pyroxenic gneiss, garnets containing acicular inclusions which he considers, from
their high, positive, double refraction and straight extinction, to be rutile.! To the
arrangement of these inclusions in systems mutually intersecting at angles of 60°
M. Lacroix ascribes the asterism so frequently exhibited by Indian garnets.

2. During my work in South India I have found at various places in the Madras
Presidency gamnets in pyroxenic rocks of all degrees of acidity from granites to
pyroxenites. In the smaller masses which rise above the plains at Pallavaram near
Madras, at Mailam in South Arcot district, at Wallavanad in Travancore and in the
Madura district the garnets, as well as the associated constituents of the rocks, are
often free of these inclusions, but the rocks in the Nilgiri hills, which attain heights
of 8,000 feet, and in the Shevaroys of Salem district are crowded with minute hair-
like inclusions which appear in the quartz, felspar and gamet alike, whilst the
pyroxenes, which are constant constituents throughout the whole series of these
rocks, are schillerized with plates and rods like those in the well-known hypersthene
of Paul's Island.

3. The occurrence of these hair-like inclusions in an isotropic mineral like
gamet affords special facilities for the investigation of their optical properties.
Whilst their characters agree in so many respects with those described by Lacroix,
I find that instead of being referable to a uniaxial mineral like rutile they exhibit
unmistakeable characters of a mineral crystallizing in the monoclinic system, and
thus, whilst exhibiting in some sections extinction parallel to the long axis of the
needles (orthopinacoidal sections), in other cases (clinopinacoidal sections) extinc-
tion angles as wide as 39° have frequently been measured.

II. CRYSTALLOGRAPHIC DISPOSITION OF THE NEEDLES.

4. The disposition of these needles with 1eference to the crystallographic orien-
tation of their host, the garnet, is of an extremely interesting nature. Not only are
the needles arranged witha constant relation between the direction of their long
axes and the forms of the cubic system in which the garnet crystallizes, but the
plane of symmetry, and consequently the orthopinacoidal plane, of each minute
needle are arranged in definite crystallographic positions within the garnet—a cir-
cumstance quite in agreement with the definite crystallographic disposition of the
products of schillerization in felspars, pyroxenes, olivines and other minerals which
have been described on several occasions by Professor Judd. I regard these
needles in the garnet, and what are probably the same things in the associated
felspars, pyroxenes and quartz, as secondary in origin and belonging to the same

Y Bull. de la Soc. Min. de Fr., Vol. XII (188¢), p. 311, and Rec. Geol. Surs. Ind., Vol.
XX1V (1891), p. 176.
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classas the inclusions which according to Professor Judd are the cause of the phe-
nomena of schillerization,

5. Besidesthe sections in which the acicular inclusions appear to intarsect one an-
other at various angles I have found some which can be arranged in three distinct
classes,and in which the disposition of the needles is capable of a very simple
crystallographic explanation.

1f we assume the long axes of the inclusions to be parallel to the long diagonal
of the rhombus forming the face of the rhombic dodecahedron—the form in
which the garnet crystallizes—or, which is the same thing, parallel to the solid
edges of the octahedron, we obtain definite intersections exhibited in sections cut
parallel to the octahedron, the cube and the rhombic dodecahedron respectively
as follows :—

(1) In sections parallel to the oc/ahedron there are three sets of needles lying
" in the plane of section and intersecting one another at angles of 60°
(system a).

(2) Sections parallel to the cude exhibit two sets of needles lying in the
plane of section and crossing one another at right angles (system 3).
Two other sets (system ¢) lying apparently at 45° to those belonging
to system & will be seen, when examined with high powers, to be lying
oblique to the plane of section, and consequently will as a rule appear
to be shorter than those of system &, their maximum length in fact can

never exceed

V2 Xthickness of section.

(3) Sections parallel to the rhombic dodecakedron display two systems
of inclusions. One system (system d4) lies in the plane of section
and is crossed by a second sysiem (system ¢) at an apparent angle
whose tangent is /73, that is 54°16'. The two sets of systemc
consequently intersect one another at angles of 2X%(90°—54°16') =
28', and its supplement,

I1I. OPTICAL ORIENTATION OF THE NEEDLES.

6. Asthe needles are monoclinic in crystallization and their lateral as well ss
vertical axes have a constant crystallographic disposition within their host the garnes,
the optical characters exhibited by these three classes of sections are also different,
and, assuming the long axis of each needle to be its vertical crystallographic axis,
the positions of the orthodiagonal axis and the clinopinacoidal plane are easily
determined.

(1) Sections of garnet cut parallel to the face of the cube and examined be-
tween crossed Nicols show system & lying in the plane of section and
exhititing an extinction angle as great as 39 System ¢, however,.
apparently intersecting these at an angle of 45° and seen by high powers.
10 be lying oblique to the plane of section, exhibit straight extinction.”
Taking the plane of symmetry to be the optic axial plane, asis usual
in monoclinic minerals, this plane must be parallel to the cube faces

and exhibit the maximum extinction angle.
)
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(3) In sections parallel to the octahedron all the needles (which have been
referred to as system a) are cut obliquely to the plane of sym-
metry, and the extinction angle is consequently somewhere between
zero and the maximum. Numerous measurements made on these
sections gave results varying between 18° and 25°,

(3) Sections parallel to the rhombic dodecahedron give straight extinctions for
system d, and oblique extinctions less than the maximum for system e.

7. The monoclinic acicular inclusions in the garnets are thus arranged as

follows : —

Vertical axis of the needle parallel to the edge of the octahedron of the gamet,

Orthopinacoid parallel to the rkombic dodecahedron.

Clinopinacoid parallel to the cude,

That is to say, they are arranged with their orthopinacoidal faces lying on the
cleavage planes of the garnet and with their long (vertical) axes parallel to the
long diagonal of the rhombus. I am indebted to my colleague Mr. H. H.
Hayden for having verified each of these conclusions in thin sections of garneti-
ferous pyroxenic rocks collected by myself at Nagaramalai, near Salem, and at
Coonoor in the Nilgiri Hills.

8, Diller has described what appear to be similar inclusions in the garnets of
a loose fragment of granulite found near the peridotite of Elliott County, Ken-
tucky. According to Diller these inclusions are arranged at angles of 45° to one
another, and are distinctly monoclinic with a maximum extinction angle of 30°.!
If my conclusions are correct these inclusions should correspond to the two sys-
tems of needles & and ¢ which I have recognised in sections cut parallel to the
face of the cube (para. 5).

9. Lacroix states thatthe needles which he found in the garnets of the Salem
pyroxenic gneiss show the positive double refraction of rutile. I find on examina-
tion of the monoclinic needles in my own specimens witha quartz-wedge that the
axis of minimum optical elasticity ¢ lies at 39° to the vertical crystallographic axis
¢ ; there would therefore be an appearance of thickening on placing a quartz
wedge with its axis parallel to an orthopinacoidal section. The straight extinction
of such a section and its behaviour under the quartz-wedge would thus agree pre-
cisely with the characters of a uniaxial positive mineral like rutile ; but that the
mineral which forms these needles is biaxial is demonstrated beyond all possible
question by the very wide extinction-angle and by the cross-sections which, although
mere points, show strong double refraction.

10. 1 have, however, found needles of a mineral which show the straight
extinction and strong, positive, double refraction of rutile in the augite-diorite
forming the main mass of Parasnath in Bengal. But these are invariably shorter
and form clusters in the centre of the garnet without displaying any recognisable
regularity of crystallegraphic disposition within their host. Even in the same
section they are not likely to be mistaken for the monoclinic needles that charac-
terise the garnets in the Madras pyroxeaic rocks.

11.  According to Lacroix in hexagonal sections of these garnets the inclusions
are arranged with parallelism to the sides of the hexagon ; but unfortunately the

1 Bull. U S. Geol. Surv., No. 38 (1887), p. 27.
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figure given by him does not show the crystal outlines with sufficient clearness to
illustrate this statement. Although as the result of my investigations, I should
not expect this to be the case, I have never founda garnet in the Madras rocks
exhibiting its proper crystalline outlines, and have consequently been unable to
make a direct test of this statement.

12. Whilst it is not possible to determine with certainty the species of mineral
which forms the inclusions under consideration, their optical characters, so far as
they can be investigated, are suggestive of those of sphene, in whichalso the axis
¢ meets the vertical crystallographic axis ¢ at about an angle of 39° although of
course it does not necessarily follow that the vertical axis in this mineral would
follow the direction of greatest elongation. A chemical test, however, made by
Mr. Hayden and myself showed that the garnets contain small though unmistakeable
traces of titanium.

13. Thequartz and felspar which accompany the garnet, or occur in the asso-
ciated pyroxenic rocks in the Nilgiri and Shevaroy hill-masses, are often crowded
with fine hairs of a nature presumably similar to those occurring in the garnets.
There seems little doubt that the blue colour of the quartz and the moonstone
opalescene, which so frequently characterises the felspar of the more coarsely-
grained charnockites, are due to the presence of these inclusions, whose definite
crystallographic disposal suggests their secondary origin in common with the ordi-
nary products of schillerization.

14, ltis not withoutinterest that in garnets with striated faces the striations
are parallel to the longer diagonal of the rhomb faces, which I have shown to be
the position of the hair-like inclusions, and according to Descloizeaux asterism has
generally been observed in garnets having such striated faces. There seems little
doubt, as Lacroix suggests, that the asterism exhibited by some Indian garnets is
due to the fine hair-like inclusions which exhibit such a perfectly symmetrical dis.
position not only of the long axes but also of the lateral axes of crystals so minute
that their cross-sections, even with high powers, appear as mere points of light in
the isotropic ground-mass of their host the garnet. Ican recollect no prettier illus.
tration of Professor Judd's generalization concerning the secondary changes
brought about by agents of statical metamorphism acting on the minerals of deep-
seated rocks and giving rise to the phenomena which he has described under the
name of schillerization.

CONCLUSION.

15. The hair-like inclusions which give rise to the phenomena of asterism
in Indian garnets are not rutile as stated by Lacroix, but are monoclinic in
crystailization, exhibit a high double refraction and show an extinction angle as
wide as 39° (cAc¢) to the long axes of the needles. They are arranged with
remarkable regularity of crystallographic disposition within their host the garnet,
having their long axes parallel to the edge of the octahedron, their orthopinacoidal
faces parallel to the face of the rhombic dodecahedron and their clinopinacoids
parallel to the cube. They are considered to be secondary in origin along with
the similar hair-like inclusions which give rise to the phenomena of schillerization
in the associated blue quartz, moonstone and hypersthene of the pyroxenic rocks
in which the garnets occur.
: B3
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On the Origin and Growth of Garnets and of thesr Micropegmatitic
inlergrowths in Pyroxenic rocks, by THOMAS H. HoLLAND»
A.R.CS,, F.G.S., Deputy Superintendent, Geological Survey of India.
(With plate 1.)

CONTENTS.
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A. THE ORIGIN AND GROWTH OF GARNETS.

I.—INTRODUCTION.

1. Garnetsoccur in rocks of every degree of acidity from granites to peridotites,
and the ordinary iron-alumina garnet is well-known as one of the commonest
amongst the products of the contact-metamorphism of aluminous rocks. Whilst
its secondary origin can be so easily proved in the slates and schists which have
been changed by proximity to igneous intrusions, the origin of garnet when a con-
stituent of igneous rocks and of the crystalline types generally cannot always be so
satisfactorily Getermined. As a rule, it is impossible to settle from the rock speci-
men por se whether the garnet is a primary or a secondary constituent ; but from
its more frequent occurrence in the gneissose crystallines than in rocks of massive
habit, it is more generally grouped—though seldom with better reason than ana-
logy —amongst the constituents of secondary origin.

2, The very prevalent occurrence of garnets amongst the pyroxenic granulites
of South India, to which I have paid considerable attention during the last four
years, has led me to make a more widely extended investigation amongst the
garnetiferous rocks of this country with a view to obtaining more exact evidence
concerning the origin of this mineral. [ have considered this investigation the
more necessary on account of the fact that Dr. J. Lehmann, in his classical work
Diec Enistehung der althrystallinischen Schisfergesteine, has recorded the frequent
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occurrence of garnet in the pyroxene-granulites of Saxony. which appear in many
respects to closely resemble the Madras series. But whereas Dr. Lehmann con-
siders the garnet, where it is surrounded with reaction-borders resembling Schrauf’s
kelyphite, to be passing into pyroxene, I have been led to a totally different
conclusion with regard to the pyroxenic rocks which I have studied in India, and
in which reaction-borders, apparently quite similar in character, are frequently found
between the pyroxene and garnet. These, it seems to me, afford, so far as the
Indian rocks are concerned, most decisive evidence in favour of regarding the
garnets as-secondary in origin and derived from the pyroxene which was amongst
the original constituents of the rock.

3. That this conclusion is capable of wider application cannot of course be
claimed, but it seems to me that in many cases where reaction-borders around
garnets have been described, the precise evidence concerning the direction of the
change might have been studied with advantage. The mere fact that the pro-
portionate area of garnet core and reaction-border varies from cases in which the
border is proportionately narrow to those in which the garnet forms merely a small
nucleus, or even totally disappears, is no proof whatever that the reaction-border is
formed at the expense of the garnet. As the garnets are most irregular in shape
every one of these stages might be obtained by sections through the centre, near
the surface, or along a flat face of the crystal which is so surrounded by a reaction-
gone. .

4. It should also be understood that these conclusions have no bearing whatever
on previousiy-stated views concerning the nature of the kelyphite rims which
surround the pyropes described in many peridotites, nor has it necessarily any
connection with the evidence obtained from the Saxon pyroxenic rocks; but as
1 find it necessary to consider the garnets of secondary origin in all the pyroxenic
rocks wkich I have so far studied in India, it may be advisable to siate in detail
the steps by which I have been led to this conclusion, the more so because the
processes by which pyroxenes are converted into garnets seem to have been des-
cribed, so far as I can find, in one case only. Brauns in 1888 described the formation
of a lime-iron garnet in the palzopicrite of Bottenhorn as an alteration form of
augite in which chemical analysis indicated a removal of alumina.! Beside this
the literature at my disposal in Calcutta has not revealed a single case of a garnet
formed from pyroxene, although the contrary has been asserted in more than one
instance.

s. The evidence obtained from the same material also offers a very simple ex-
planation of the origin of the micropegmatitic intergrowths of garnet with such
white minerals as quartz and felspar. The micropeg natitic structure is conse-
quently in these instances considered to be of secondary origin.

II.—THE REACTION-BORDERS OF GARNETS.

6. The fibrous zones which surround the pyrope in olivine-rocks were first
described by Schrauf as a primary constituent cf pyrogenic origin to which he gave
the name #elyphite but von Lasaulx showed that these borders are in sone cases,

} Zeilschr. d. d. geol. Ges., Voi. XL (1888), p. 47s.
$ Zeitschr. f. Kryst., Vol. V1 (1882), pp. 333 and 358; also Newes Fahrbd. /. Min. 1884

(1), p. 21,
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mistures of different minerals, generally-members of the pyroxene-amphibole group
and of secondary origin.! Becke found similar borders around the garnet of
Steineck composed of picotite and several members of the pyroxene-amphibole
group,? Diller found the pyropes in the Elliott County peridotite composed
largely of biotite,3 whilst von Camerlander described in the granulites of Prachatitz
a micropegmatitic intergrowth of augite and plagioclase forming a border around
garnet,!

7. Seeing kelyphite has been found to be a mixture of minerals so variable in
composition, and especially as in all cases described it has been regarded as a pro-
duct of the destruction of garnet by reaction with olivine or pyroxene, either during
or subsequent to consolidation, I shall avoid altogether the use of the term in con-
nection with the fibrous zones which surround the garnets in the cases about to be
described, for these I consider to represent the products not.of destruction but a
stage in the development of the garnets with which they are associated. They will
be referred to therefore merely as reaction-borders.

8. Lacroix has described radiate zones composed of micropegmatitic inter-
growths of hornblende and felspar around garnets in an eclogite from Gerscao-en-
Plounevez, Finisterre.5 He has also figured and described a radiate fringe around
garnets in a pyroxenic rock from the Salem district,$ but has offered no explanation
of the origin of the phenomena in these cases.

9. The reaction-borders measure about ‘04 mm. across and are composed of two
distinct layers, an inrner (garnet side) layer of colourless mineral in which clavulate and
vermiform pieces of a pale green actinolite are arranged approximately perpendi-
cular to the garnet surface, giving with the low powers an appearance of radiate
fibrous structure. The colourless mineral with crossed nicols shows colours about
equal to those of the felspars in the same sections, and display lamellar twinning
bands. The outer zone consists of a narrow band of magnetite-granules forming a.
margin to the pyroxene.

III,.—THE ROGKS IN WHICH THE GARNETS OCCUR.

19. The specimens which it is proposed to select as examples for the study of
the origin and growth of garnets have been obtained in two principal areas separat-
ed from one another by distances of at least 700 miles.

The first group of rocks occurs as large dykes and bosses of diorites amongst
the gneisses and schists of Chota Nagpore and the Sonthal Pergunnahs in Bengal,
These rocks by their resistance to agents of denudation are conspicuous as hummocks
and even high hills in the neighbourhood of our coal-fields. As they can often be
traced up to the boundary faults, but are never intruded into the stratified rocks of
Lower Gondwana age within the field, it is presumed that they are older than the
deposits of that system. In nearly all cases which I have examined, these can be

shown to have been derived from original pyroxene-plagioclase rocks, which show

) Sitsungsbr. der Niederrein. Ges. f. Natur'und Heilkunde, 3rd [uly, 1882,
2 Tschermak’s min. u. petr. Mitt., Vol. IV (1882), p. 324.

3 Bull. U.S. Geol. Survey, No. 38 (1887), p.15.

4 Fahrb. d. k. k.geol, Reichanstalt, Vol. XXXVII (1887), p. 133.

 Bull. dela Soc. Min. de Fr., Vol. XII (1889), p. 142.

¢ Jbid., p. 332 ; also Rec. Geol, Surv. Ind., Vol. XXIV (18g1), p. 183.
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a strong family likeness in the field and apparently belong to a petrographical
province of pre-Gondwana age. A closer examination reveals some very interesting
differences in the changes which they have suffered by the various agents of meta-
morphism. v

The dynamical metamorphism to which some of these rocks have been subject-
ed has resulted in the production of well-foliated epidiorites and hornblende-schists.
In others, where earth.movements have been pieceded by the production of sodic
chloride inclusions along the twin-planes of the felspar, scapolite is conspicuous
amongst the new minerals ;! but those in which garnets have developed show slighter,
though decided, signs only of deformation by dynamical agencies. To this last
mentioned group belong some dykes at Mongrodih near Giridih, some rocks collected
by the late Mr. Fedden in the Ijri valley of Manbhim, and the mafn mass of *
Parasnath, a sacred hill rising to a height of 4,479 feet on the borders of the
Hazaribagh and Manbhdm districts,

11. The second group of rocks forms the great hill-masses of the Madras Pre-
sidency——the Nilgiris, Shevaroys, Palnis, Anaimalais, Western Gbats and Cape
Comorin. These rocks, although varying so widely in silica percentage from acid
granites to pyroxenites and even peridotites, present a most remarkable and unmis-
takeable family likeness in the field.

Microscopic examination shows that without a single exception the unaltered
forms are characterized by the presence of a rhombic pyroxene approaching hy-
persthene in composition, which may occur in very small proportions, asin char-
nockite, or may make up almost the entire rock, as in some pyroxenites. The hy-
persthene may be the sole representative of the group of ferro-magnesian silicates,
or it may be accompanied by augite, hornblende, biotite, graphite and garnet. Some-
times it is replaced entirely by garnet in rocks which I hope to show are beyond
question altered forms of the pyroxenic series.

IV.—EVIDENCES OF THE GROWTH OF GARNET.

12. The special features in the structure of these rocks which appear to corro-
borate one another in the evidence they offer in favour of the growth of garnet at
the expense of the pyroxenic counstituent, may be considered under the following
heads :—

(1) Limitation of the reaction-borders,

(2) Uralitization (amphibolization) of the pyroxenes near the garnets.
(3) Schillerization of the pyroxenes.

(4) Parallel growth of adjacent garnet crystals.

(s) Field relations of the pyroxenic and garnetiferous rocks.

(6) Chemical changes involved in the formation of garnet.

1. Limitation of the Reaction-borders.

13. The reaction-border appears wherever the garnet meets the pyroxene or,
more strictly speaking, its paramorph hornblende, but there is not a trace of it
where the garnet comes in contact with felspar or quartz. This of course only
shows that there is some kind of reaction between the garnet and the pyroxene ;

1 See Holland and Saise. “On the Igneous liocks of 1he Giridih (Kurhurbaree) Coal-
field and their Contact Effects.” Rec. Geol, Sure. Ind., Vol. XXVIII (1895), p. 1a1.




“p

——

e e -

N N
b’

o W

- o

24 Records of the Geological Survey of Indsa. [voL., xx1x,

but the fact that opposite the pyroxene the garnet bulges out to meet the latter is
a circumstance which would naturally be expected if we regard the pyroxene as the
source of the garnet material.

Fxg 1 illustrates a case in which the garnet, fringed by a reaction-border, belhes
out in this manner opposite the pyroxene, whilst colourless felspar fills a bay in the
garnet, which at this point is withouta reaction-border. This case will be referred to
again in describing the origin of the micropegmatitic intergrowth of garnetand felspar-

2. Uralitisation (Amphibolisation) of the Pyroxenes near the Garnets.

14. The formation of these reaction-borders between the garnet and pyroxenes
seems to be always accompanied by the formation of hornblende, which lies
between the unaltered augite and the reaction-zone, and which seems to be a preli-
minary change in the augite necessary to the development of the garnet. In parts of
the rock free of garnets the augites show the characteristic signs of incipient uralitiza-
tion in the form of green pleochroic patches. This conclusion is further supperted
by the fact that’occasionally pale green augites, which do not show the slightest sign
of amphibolization, abut against the garnet without a trace of a reaction-border.

1f the opposite change—that is the formation of pyroxene from garnet—
were in progress, we should have in this instance a case of the formation of horn-
blende from garnet followed by the transformation of the former mineral into augite
—a change under the circumstances quite contrary to experience, The alteration
of the pyroxene near the garnets is only an advanced stage of that which is seen to
be commencing in nearly all the augites and is a case of ordinary amphibolization.
That such is the real direction of change is even more clearly demonstrated by
the next point of evidence.

(3) Schillerisation of the Pyroxenes.

15. The original augite, in the rocks for instance from Parasnath and the Ijr
valley, are darkened, often almost blackened, with minute rods and plates regularly
arranged as in diallage and forming an ordinary example of schillerization, whilst
the hornblende, which Las been derived from this augite, is free of such inclusions.
The schillerization of the ferromagnesian constituent must, therefore, have occurred
before its amphibolization, and as the amphibolization appears to be a constant
accompaniment of, and probably an essential preliminary to, the development of the
garnet, the schillerization must have occurred also before the tormation of the latter
mineral. If the opposite change had occurred we should have a case of the trans-
formation of garnet into a clear green hornblende, followed by the change of green
homblende into schillerized augite. In view of Professor Judd’s explanation of
the phenomena of schillerization such an alt:rnative explanation of the facts may
be safely rejected without further discussion. There is no doubt that the amphiboli-
zation of the schillerized augite is accompanied by the absorption of the secondary
ferruginous products, the iron of which enters into the composition of the horn-
blende, and then of the final product, garnet.

The relative positions of the minerals in the rock are thus—

Schillerised | Clear greem Reaction

Awugite, Hurnblende. border. l Garnet.

>
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(4) Parallel growth of adjacent Garnet-crysials.

16. In the Manbhim rocks the large garnets are clear and pink in their centres,
but towards the margin, where they approach the ferromagnesian mineral,
numerous vermiform, radially-arranged cavities destroy the transparency of their
selvages. Beyond—that is, outside—these zones of cavities the crystal-outlines of
the garnet can be traced, and these by repeated alternation of forms give rise to
saw-like outlines like those which characterize a section of “Babel” quartz.
Beyond this crystal-outline there is a zone of felspar and vermiform actinolite
which often penetrates the crystal limits and communicates with the vermiform
cavities forming the zone immediatzly inside the faces of the garnets. It is evid-
€ntly along this zone that the change is proceeding.

Here and there clusters of minute garnels are to be seen which offer equally
jnstructive evidence. These are often so small that they are darkened throughout
by the vermiform cavities and indeed in many cases are but imperfect rhombic
dodecahedral clearings in the hornblendic material, but in which with the higher
powers of the miscroscope it is not difficult to pick out the isotropic garnet from
the imperfe:tly clearel dirt and cavities. From this stage, as the clear central area
enlarges and shows the garnet pink colour, we can trace ever y gradation up to the
largest crystals in which this selvage only covers a small fraction of the total area of
the section. It is clear that as growth proceeds the proximal ends of the vermiform
cavities are gradually obliterated by deposition of garnet substance in crystallo-
graphic continuity with the skeleton, and so the central area grows simultaneously
with the extension of the crystal borders amongst the hornblendic material around.

Wherever the garnet comes into contact witn felspar instead of a ferro-magnesian
mineral, there is no such development of crystal-form nor is there a zone of vermi-
form cavities: the clear pink garnet is simply moulded on to the older felspar. It
is only opposite the pyroxene—that is where growth can proceed without interrup-
tion—that the crystal-outlines occur. If the reaction-zones represented decom
position of the garnet we should naturally expect irregular corrosion of the crystal,
whereas we have well-shaped crystals and this only where the reaction-borders occur.

Wherever patches of small young garnets are found growing around isolated
centres, it is frequently found that several of them may develope with crystalla-
graphic parallelism and on meeting form one large crystal: This interesting occur-
rence is more strikingly exemplified by patches of small crystals which form in the
neighbourhood of a large one with their faces parallel to those of the large crystaj
and consequently to one another (Fig. 3).

17. The parallel growth of these minute crystals around the larger and probably
older individuals forms a very pretty illustration of the influence a crystal exerts
beyond the limits of its own faces. In a case where free movement of the material
is possible, as in molten material, the surrounding magma is impoverished by
removal of the crystallizing substance, and in this way we get in the tachylytes a
clear zone of glass around each magnetite-crrstal, whilst beyond this zone the glass
is darkened by magnetite-dust. The pink film around the growing cobalt-chloride
crystals in a blue solution of the salt forms a still more striking illustration of what
O. Lehmann calls der Hof des Krystalles}

When crystal-growth takes place af7er the consolidation of the substance and as

3 Zeitschr. f. Kryst., Vol. 1, p, 99.
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a secondary change, the ‘sphere” of the crystal influence is indicated, as might
be expected, not by removal of material, but by parallel development from isolated
centres confined to fairly well-defined limits around the central crystal, as exem-
plified by the beaultiful instances of garnets in the Manbhdm pyroxenic rock.

18. The growth of garnets in these pyroxenic rocks which show no signs of
exposure to extreme temperatures since their primary consolidation, is comparable
to the well.known secondary enlargements of such minerals as hornblende (Becke,
Van Hise, Harker, Bonney), augite (Van Hise, Merrill), plagioclase-felspar (Judd)
and orthoclase (Haworth, Holland).

(5) Field relations of the Pyroxenic and Garmetiferous wocks.

19. One of the most interesting types of the South Indian pyroxenic rocks isa
granite composed essentially of quartz, orthoclase largely in the form of microcline,
hypersthene, and always considerable quantities of opaque iron-oxides. This rock
which possesses a striking individuality both in the field and under the microscope,
I have described elsewhere under the name of ckarmockitel As a rule it is com-
pact and britle with a very characteristic dark grey or green clour; but near its
junctions with the norite, with which it is always associated, it changes very rapidly,
almost suddenly, to a dirty white colour, becomes granular in structure, crusbes
easily under the hammer, shows a slight but distinct foliation, and is seen then to
be sprinkled with garnets.

Under the microscope these changes in macroscopic characters are seen to be
accompanied by corresponding changes in microscepic structure. Instead of the
perfect granitic structure which characterises the unaltered rock, the weaker minerals
are seen to be crushed and surrounded with selvages of mylonite, whilst the quartz-
crystals show very marked ‘ undulose” extinctions which invariably characterise
rocks subjected to pressure.

Bat that this is an altered form of charnockite there would be little doubt even
if the fact could not be demonstrated beyond question in the field. The quartz,
microcline and black iron-ores are recognisable in precisely the same proportiors,
but instead of hypersthene there are irregularly-shaped, pink gamets, which bear to
the rest of the rock a proportion, so far as determ‘nable by sections, identical with
that of the original hypersthene, That the garnets in this case have been formed
from the hypersthene as one among the unmistakeable results of the metamorphism
of charnockite there can be no question. Examples of this kind are most beauti-
fully illustrated in the low hills immediately east of the railway station at Pallavaram
near Madras, and at Coonoor in the Nilgiri hills.

Simultaneous with the appearance of a granulitic structure and other signs of
pressure, the hypersthene has given place to pink garnet, A similar association
has been recorded by Mr. Teall in the gneissose granite of Beinn Vuroch, where the
ordinary granite differs from the gneissose forms in the presence of garnet accom.
panied by a granulitic structure in the latter varieties.?

I have recently traced up a dyke near Kidgeree, in the Hazaribgh district, from
2 compact pyroxenic type to a foliated garnetiferous one in which the pyroxene has
completely disappeared.

} Fourn. As, Soc. Beng., Vol. LXII (1893), p. 162.
3 Brit. Petrography (1888), p. 326.
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6, Chemical changes involved tn the formation of Garnet,

20. It would of course be extremely interesting to trace the precise chemical
changes which accompany the transformation of pyroxene into garnet; but the
latter mineral is so intergrown with felspar and crowded with inclusions that separa-
tion of sufficient clean material for chemical analysis was found to be impractic-
able.

21. There is no doubt, however, that the change is not a simple paramorphic one.
The garnet contains less silica and probably a smaller proportion of lime and alumina
than the pyroxene from which it is derived. The excess of silica combines with
the alumina, lime and small quantities of alkalies present in the pyroxene to form
the plagioclase felspar which is so frequently intergrown in a pegmatoidal manner
with the garnet. The chemical constituents of the pyroxene are thus re-arranged
to form two minerals —one more basic and the other more siliceous than the original.
As the more garnetiferous portions of the slides invariably contain more felspar
than the portions where the pyroxene has suffered no change, the microsceopic
evidence confirms this conclusion.

22. Another microscopic character which has a direct bearing on the chemical
question is the d=pth of colour of the garnets. In the Madras rocks the colour of
the pink garnet is most strikingly similar to the pink of the highly pleochroic
hypersthenes in the same slide, so much so that without moving the polariser
sections of the latter mineral might very easily be mistaken for garnets, In some
quartz-biotite-norites from Isa Pallavaram, near Madras, the iron seems to have been
principally used up by the biotite, whilst the rhombic pyroxene and the associated
garnet too are almost colourless. The more basic rocks, approaching pyroxenitesin
composition, from Nagaramalai, in the Salem district, contain, on the other hand,
highly-pleochroic hypersthenes with deep pink or even red garnets. Some of the
rocks of the Nilgiris also contain deeply-coloured garnets associated with highly
pleochroic rhombic pyroxenes that approach amblystegite in composition. As the
pink colour of the garnets and the intense pleochroism of hypersthenes are depend-
ent, though not in direct proportion of course, on the percentage of iron present,
this simultaneous increase of intensity of colour would naturally be expected.

23. The facts cited under this head do not prove the direcfion of the chemical
changes which have taken place amongst the rock-constituents, but as they indicate
a constant chemical relation between the pyroxene and the garnet in the same rock,
they are so far in agreement with the previously-stated evidence.

B.—MICROPEGMATITIC INTERGROWTHS OF GARNET WITH
OTHER MINERALS.

24. The structare produced by the intergrowth of quartz and felspar in graphic
granite has, since its first description on a microscopic scale by Zirkel in 1871,
been known under such names as micropegmatitic (Michel-Lévy), granophyric
(Rosenbusch) and implication-structure (Zirkel), whilst special types of it are
known as ocellar structure (Fischer), centric structure (Becke), and pseudoe
spherolithic structure (Rosenbusch).

Although the most common example of these structures is produced by the
intergrowth of quartz and felspar, other minerals are found mutually entangled in a
precisely similar manner.,
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25. Becke has mentioned cases of a micropegmatitic intergrowth of garnet and
fe'spar in augite gneiss,! and Lacroix has described and figured a similar inter-
growth of garnet and quartz in one of the pyroxenic rocks of CeylonS Heddle
has mentioned the occurrence of quartz-inclusions in garnet giving apparently a
similar structure.? )

26. The commonest examples of the structure, namely, those produced by the
intergrowth of quartz and felspar, bave generally been considered to have originated
during the primary consolidation of the rock by simultaneous crystallization of
quartz and felspar in the proportions of an eutectic mixture.4

27. But in 1883 Irving suggested the secondary origin of the quartz in

" the micropegmatitic structures of some granites and augite-syenites near Lake

Superior.5 Professor Judd showed the secondary origin of the quartz in similar
structures and associuted with the felspars of some Mull and Portsoy gabbros.6
In 1889 the same author produced further evidence in support of his original
conclusion and showed the connection between these structures and the secondary
growth of minerals in igneous rocks after their consolidation,? Further examples
of the same structure, considered to be connected with the secondary silicification
of rocks,have been described by Miss Raisin in some nodular felstones of the
Lleyn in Wales,® and by myself in some rhyolites from Korea ?

28. The pyroxenic rocks of Chota Nagpore, in which I have just described the
growth of garnets, afford most striking cases of micropegmatitic intergrowths of
garnet with plagioclase, and less often with quartz, about the secondary origin of
which there seems to me little rocm for doubt. These intergrowths are moreover,
as in the examples mentioned by Professor Judd, directly dependent on the en-
largement of the minerals after the primary consolidation of the rocks (Fig. 4).

29. It has already been mentioned that numerous small garnets are found
springing up in the vicinity of larger masses, sometimes isolated and sometimes in
clusters. Now, wherever patches of these small garnets are found the isolated crys-
tals grow, as already described, with crystallographic parallelism to one another
(para. 16). The bearing of this fact on the origin of the micropegmatitic structure
is obvious ; the growth from isolated centres continues until the crystals, already in
parallel groupings, meet and join asone, whilst the felspar, formed as a by-product
in the decomposition of the pyroxene and growing at irregular intervals, becomes
enveloped in a continuous framework of garnet.

30. It has already been remarked, ton, that the so-called reaction-borders
appear only between the garnet and the ferromagnesian constituent undergoing
change, whilst the former mineral shows a very definite and simple outline where it

Y Tschermak's min, und petr. Mitth., Vol. IV. (1882), p. 406.

3 Bull. de la Soc. Min. de Fr , Vol. XII (1889), p. 317, and Rec. Geol. Surv. Ind., Vol.
XXIV (1891), p. 179.

$ Min. Mag., Vol. 11 (1878), p. 330.

¢ See Teall, Brit. Petrography (1888), p. 391.

Y U. S. Geol. Surv. Monograph No. V, *The copper-bearing rocks of Lake Superior,”
p-114.

¢ Quart. Fourn., Geol. Soc., Vol. XLII (1886), pp. 72 and gs.

? lbid., Vol. XLV (1889), p. 175.

® Ibid., Vol. XLV (1889), p. as2.

® Ibid., Vol. XLVII (1891), p. 177.
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comes in contact with the felspar (para. 13). Inthis way growth occurs only opposite
the ferromagnesian constituent, and the garnet bellies out in such areas, with the
result that the bays and inlets are filled with felspar. A continuation of this process
results in the complete envelopment of the felspar and its consequent appearance in
section as isolated crystals. As might be expected, the crystal-outlines of the garnet
are exhibited only when the pyroxene is sufficiently abundant to allow of free
growth, whilst development is proportionately interrupted when such minerals as
felspar and quartz are present in quantity. Both-these processes are specially well
iilustrated in the garnetiferous rocks of Manbhdm and in the rocks of Parasnath.

31. Although a certain quantity of felspar and quartz occurs amongst the primary
constituents of the Manbhdm and Parasnath rocks a larger quantity is formed as a
by-product in the re-arrangement of the pyro xene-molecules. Hence it is that gar-
net is more frequently intergrown with felspar and quartz than with the more basic
minerals, The minerals intergrown are thus produced simultaneously by secondary
changes in a pyroxenic rock, and the average composition of the mixture of garnet
and whi.e mineral formed is approximately that of the original ferromagnesian
silicate which has undergone the chemical re-arrangement of molecules.

V.—SuMMARY OF CONCLUSIONS.

32. The garnets occurring so abundantly in the pyroxenic rocks of India fre-
quently exhibit fibrous reaction-borders generally composed of felspar, actinolite
and sometimes magnetite, and display a radiate arrangement of the fibres similac
to the structure characteristic of Schrauf’s zelyphite,

33. The reaction-border occurs only between the garnet and a ferromagnesian
silicate, never between garnet and felspar or quartz (para, 13).

34. The ferromagnzsian silicate nearest the garnet is generally green actinolite
which can be traced out in some cases ( Jlanbhdm, Parasnath) to augite, and is evi-
dently d:rived from the latter mineral by the ordinary process of amphibolization
(para. 14).

35. The augite und=rgoing the paramorphic change into hornblende is darken-
ed by the minute regula:ly-arrangad inclusions which characterize diallage and pre-
sent the ordinary phenomena of schillerization. The passage into horoblende is
accompanied by the absorption of these dark ferruginous inclusions and clear green
actinolite is the result (para. 15).

35. Where the rock is composed almost entirely of pyroxene changing to horn-
blende, the garnets develope with a regular crystalline outline, and several crystals
developing in close proximity often exhibit crystallographic parailelism to one
another, Where felspar and quartz occur in quantity as primaty constituents, the
garnet exhibits no crystal-outline, but is moulded on the white minerals, and the
line of contact in such cases never shows a reaction-border (para. 16).

37. The garnets are frequently found bellying out opposite the pyroxenes,
whilst felspar and quartz occupy the bays and inlets. A continuation of the growth
of the garnet results in the gradual enclosure of such felspar and quartz crystals and
their consequent appearance in section as isolated masses (para. 30).

38. The alteration of the original schillerized pyroxene is, therefore, not a simple
paramorphic change, but is a decomposition which results in the simultaneous
formation of a more basic mineral, garnet, and a more acid one, felspar,
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39. The simultaneous development of these two minerals results in their
micropegmatitic intergrowth. Inthe case of the felspar the similarity of optical
orientation of isolated portions proves their crystallographic parallelism. In the
case of the intergrown garnet the occurence of numerous small orystals develop-
ing around a larger central one exhibiting parallelism of crystal-outline with
the larger central garnet and with one another, results in the ultimate formation of
one large crystal of garnet, in which both original felspar and quartz, as well as the
secondary felspar formed during the destruction of the pyroxene, become entangled
to produce a micropegmatitic structure (paras. 29 and 31). )

4o. The micropegmatitic structure 1s thus considered to be of secondary origin
as has recently been shown to be true for similar cases of the more common inter-
growth of quartz and felspar.

41. The development of felspar as a by-product during the formation of garnet
from pyroxene explains the more frequent record of micropegmatitic intergrowths
of garnet with felspar than with any other mineral.

42. The reaction-border occurring around garnets may therefore represent a
stage in the development of garnet from the products of the molecular disintegration
of original ferromagnesian silicates, and does not always indicate the destruction of
garnet as has generally been considered to be the case with kelyphite borders.

43. The evidence offered by the microscopic characters briefly indicated in the
previous paragraphs is corroborated by the field relations of the pyroxenic and
garnetiferous rocks. Compact pyroxenic rocks, with a perfect granitic structure,
become friable and imperfectly foliated near their margins, where the pyroxene
disappears, garnet, in about the same proportions, takes its place, and the rock
becomes granulitic in structure (para. 19).

VI. EXPLANATION OF PLATE.

Fi6. 1. Garnet crystal with reaction-border which only occurs between the
garnet and the pyroxene, or, more strictly speaking, its paramorph
hornblende. Along the bay, which is filled in with felspar, the outline
of the garnet is a simple one without reaction-border. In this section
the pyroxene, which is darkened by schillerization products, is amphi-
bolized opposite the reaction-borders only, the portion abutiing
against the felspar being unaltered. In pyroxene-diorite from Paras-
nath, Bengal. Rock No. 9.-228. Slide No. 1154. Magnified by 43
diameters.

Fic. 2. Garnet crystals, large and small, developing in amphibole derived from

_pyroxene with crystallographic parallelism and showing reaction-
borders. In garnetiferous pyroxenite, from the Ijri valley, Manbhum,
Bengal. Rock No. 323. Slide No. 1376. Magnified by 25
diameters.

Fig. 3. Small garnets growing with crystallographic parallelism to a larger
neighbour with reaction-borders. There are large numbers. of such
small crystals growing around the large one although beyond the
limits of the field photographed. Slide No. 1976. Magnified by
43 diameters,

F16. 4. Micropegmatitic intergrowth of garnet and felspar. The optical con-
tinuity of the isolated sections of the felspar is shown by parallel twin.

X bands when examined between crossed Nicols. Slide No. 1376,

Magnified by zo diameters.

)
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PART 1.] Donations to the Musenm. @ I

DONATIONS TO THE MUSEUM.

From 1sT NOVEMBER 1805 TO 31IST JANUARY 18¢6.

Four specimens of minerals,— Lcrandite, (T1AsS,) from Allchar, Macedonia ; Whe-
wellite on calcite, from Burgk near Dresden, Saxony; T'araspite, from Tarasp, Grau-
biinden ; Erzbergite, from Erzberg, near Eisererz, Styria ; Concretion of Dacite Tuff,
from Szamosujvar, Siebertiirgen; and 5 specimens of Meteorites,—Mackinney, Collen
Co., Texas, fell 1870, weight 1¢c5 grms.; Merced Fas, Chanaral, Chili, found 1884,
weight 180 grms. ; Brenham Township, Kiowa Co., Kansas, found 1885, weight 60 grms. 3
Bella Roca, Durango, Mexico, found 1888, weight 88 grms.; Independence, Kenton
Co., Kentucky, found 1889, weight 210 grms.

PkesSeNTED BY DR. ARISTIDBS BREZINA,
K. K. NaTurnisTorrscakS HorMUSEUM, VIENNA.

Portion of a meteorite that fell on the Parade Ground at Meerut, North-Western
Provinces, India, about 1860-62, and found by Captain Boisragon of the Nowshera
Battalion, weight 21°825 grms.

PreseNTED BY MRs. C. S. THOMasON, GLENLEE, Naint TaL,
A specimen of auriferous blue quartz, from Kolar,

PresexTED BY R, B. Foors,
DirecTOR, GEOLOGICAL SURVEY, MYSORE.

ADDITIONS TO THE LIBRARY.
FroM 1ST OcToBER TO 31sT DECEMBER 1895.
Tstles of Books. Donors.
Beck, Dr. Ludwig.—Die geschichte des Eisens, Abth 1I, lief 8. 8° Braunschweig,
1895.
BrowN, €. Barrington, and Fudd, ¥. W.—The Rubies of Burma ‘and Associated Miner=

als—their mode of occurrence, crigin and metamorphoses. A contri-
bution to the history of Corundum. 8° P., London, 18¢s.

Tur AuTHORS.

» H.Y.L—Report on northern Territory Explorations, South Australia. Flsc.

Adelaide, 189s. THE AUTHOR.

CoLx, Grenville A. F.—Aids in practical Geology. and Edition (2 copies). §° London,
1893.

Core, E. D.—Fourth contribution to the Marine Fauna of the Miocene Period of the

United States. 8° P., Philadelphia, 189s. THE AUTHOR.

» The antiquity of Man in North America, 8° P., Minneapolis, 189s.
TaE AUTHOR.
Dusois, Eug.—The climates of the Geological Past. 8° London, 1895. THE AuTHOR.

GRik1B, Sir Archibald.—Memoir of Sir A. C. Ramsay. 8° London, 1895.
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Tstles of Books. Domnors.

Jack, R. L. and Etheridge, R., Fun.—The Geology and Palcontology of Queensland
and New Guinea. With plates and map. 4° Brisbane, 1892.

Kuntzg, Dr, Otto.—Geogenetische Beitriige. 8° P., Leipzig, 1895.

MarTEL, E. A.—Les Cevennes. sth Edition. 8° Paris, 1894.

MEgunIeR, S.—La Géologie Comparie. 8° Paris, 1895.

Murray, ¥. 4. H—A new English Dictionary on Historical Principles, Vol. 111
(Deject—Development) and 1V, (Fee—Field). 4° Oxford, 18gs.

NEBumANN, Bruno.— Studien iiber den Bau der Strombetten und das Baersche Gesetz.
8° P., Konigsberg, 1893.

OsrwavLp, Wilhelm. —Manual of Physico—Chemical measurements, Translated by
James Walker, 8° London, 18¢4.

» Outlines of general Chemistry. Translated by James Walker. 2nd

Editicn, 8° London, 18¢5.

PrRESTWICH, ¥oseph.— Collected papers on some controverted questions of Geology. 8°
L.ondon, 189s. .

» The Water-bearing strata of London, 8° London, 1891—18¢5.
Regulations relating to Gold mining leases, 8° P., Melbourne, 1883.
» to Mineral L.eases. 8° P., Melbourne, 1884.

Sacco, Federico.— Essai sur L’erogenie de la terre. 8° P., Turin, 18¢5. THE AuTHOR.

The Coal and Metal Miners’ Pocket-book, 8° Scranton, 1893.

The Indian Coal Mines. Public Opinion s re Legislation and Inspecti on. 8 P,
Calcutta, 1886.

Toura, Frans.—Uber Erdbeben und Erdbeben— Katastrophen der neuvesten Zeit. 12™°
P. Wien, 1895. THBE AUTHOR.

TryoN, G. W.—Manual of Conchology. Index to Vol.I to IX,and t1st series, Part
01, and 2nd series, Part 37. 8° Philadelphia, 1895.

TURNER, Thomas.—The Metallurgy of Iron and Steel. Edited by Prof. W, C. Roberts—
Austen, 8° London, 18&g5.

WaLcorTt, C. D.—Discovery of the genus oldhamia in America. 8° P., Washington,
1894. Tue AuTHOR.

The Appalachian Type of Folding in the White Mountain Range of
Inyo Country, California, 8° P., New Haven, 1895. THE AuTHOR.

Zoologisches Adressbuch, edited by Messrs. R. Friedlinder und Sohn, Berlin. 8° Berlin,
1895.

PERIODICALS, SERIALS, erc.

American Geologist.—Vol. XVI, Nos. 3-4. 8° Minneapolis, 1895.

»” Journal of Science. Vol. L, Nos. 297-299. 8° New Haven, 18g5.

) Tae EpiTor.

” Naturalist. Vol. XXIX, Nos. 345-347. 8° Philadelphia, 189s.
Annalen der Physik und Chemie. Neue Folge, Band LVI, heft 1-3. 8° Leipzig, 1895,
Annals and Magazine of Natural History. Vol. XVI, Nos. 93-95. 8° London, 18gs.
Annuaire Geologique Universal. Tome X, fasc. 4. 8° Paris, 189s. THs EpiTOR,
Athenzum. Nos. 3541-3553. 4° London, 1895.
Beibliitter zu den Annalen der Physik und Chemie. Band XIX, Nos. g-10. 8° Leipaig,

1895.
3
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PART 1.] Additions to the Library.

Ziitles of Boeks. ' Donors.

Chemical News. Vol. LXXII, Nos. 1867-1879. 4° London, 18gs.

Colliery Guardian. Vol. LXX, Nos. 1810-1822. Fol. London, 18gs.

Geological Magazine. New series, Decade 1V, Vol. 11, Nos, g-114 8° London, 18¢s.

Glacialists’ Magazine. Vol. I, No. 6. 8° London, 189s.

Industries and Iron. Vol. XIX, Nos. 1182-1194. 4° London, 18¢5.

Journal of Geology. Vol. IIl, Nos. 5-7. 8° Chicago, 189s.

London, Edinburgh, and Dublin Philosophical Magazine, and Journal of Science. Val.
XL, Nos. 244-246. 8° London, 1395.

Mining Journal. Vol. LXV, Nos. 3132—3144. Fol. London, 1895.

Natural Science. Vol. VII, Nos. 44—46. 8° London, 18g5.

Nature. Vol. LII, Nos. 1349—1361. 4° London, 1895.

Neues Jahrbuch fiir Mineralogie, Geologie und Paleontologie. Band II, heft 2; and
Beilage—Band X, heft 1. 8° Stuttgart, 18gs. ,

Palaeontographica. Band XL1, lief. 5—6, and XLII, lief. 4—5. 4° Stuttgart, 1805.

Petermann’s Geographischer Mittheilungen, Band XLI, Nos. g—10. 4° Gotha,

189s. Tae EbpiToR,
Scientific American. Vol. LXXIII, Nos. 8—20. Fol. New York, 1895.
” ”» Supplement. Vol. XL, Nos. 1025—1037. Fol.,, New York,
1895. :

The Indian and Eastern Engineer. Vol. XXIV, Nos. 441—453. Fol,, Calcutta, 189s.
THe EpiTor.
Tschermak’s Mineralogische und Petrographische Mittheilungen. Band XIV, heft
6, and XV, heft 1—2. 8° Wien, 1895.
Zeitschrift fiir Krystallographie und Mineralogie. Band XXV, heft 2—3. 8° Leipzig,
1895.
» » praktische Geologie. - Heft g— 11. 8° Berlin, 1895.

GOVERNMENT SELECTIONS, REPORTS, erc.

BomBAY.— Agricultural Ledger, 1895. Nos. 5—~6. 8° Bombay, 1895.
BoMBAY GOVERNMENT.

” Selections from the Records of the Bombay Government. New series, Nos.
292—293, 295, and 300—304. Flsc., Bombay, 1895.
BouBaY GOVERNMENT.

Inpia.—Agriculiural Ledger. Nos. 5 and 12 (1894); and Nos. 7==14, 16=17, and 19
(189s). 8° Calcutta, 1894-1895. GOVERNMENT OF INDIA.

» Annual statement of the Trade and Navigation of British India with Foreign
countries and of the coasting trade of the several Presidencies and
Provinces in the year ending 31st March 1895, Vols. 1. and II, No.
29. 4° Calcutta, 18gs. GOVERNMENT OF INDIA.

» Government of India Civil Budget Estimate for 1895-96. Flsc. Calcutta, 18¢s.
GOVERNMENT OF INDIA.

» History of services of Officers holding gazetted appointments in the Home,
. Foreign, Revenue and Agricultural and Legislative Departw,

corrected to 1st July 1895. 8° Calcutta, 18gs. i
GOVERNMENT OF INDIa,

3
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Titles of Books. Donors.
Inp1a.—List of Civil Officers holding gazetted appointments under the Government of
India in the Home, Legislative, Foreign, and Revenue and Agricul-

tural Departments, corrected to 1st July 1895. 8° Calcutta, 18gs.
Homz DxPARTMENT.

» List of Officers of the Geological Survey of India, corrected to 1st July 1894, and
1st January and 1st July 1895. 8° Calcutta, 1894-1895.
GOVERNMENT OF InDIA.

» List of Officers in the Survey and other Scientific and Minor Departments, sub-
ordinate to the Government of Iadia in the Department of Revenue
and Agriculture, corrected to 1st July 1893, 1894 and 18¢5. 8°
Calcutta, 1893-1895. . GOVERNMENT OF INDIA.

» Indian Meteorological Memoirs. Vol. V, pt. 10; VI, pt. 2; VII, pt. 4, and IX,
Pt. 1. 4° Simla, 189s.

METEOROLOGICAL REPORTER TO GOVERNMENT OF INDIA.

» Monthly Weather Review. May to July 18¢9s. 4° Calcutta, 18¢s.

MEeTROROLOGICAL REPORTER TO GOVERNMENT OF luDIA

» Report on the administration of the Meteorological Department of the Govern~
ment of India for 1894-95. 4° Calcutta, 189s.

METEOROLOGICAL REPORTER TO GOVERNMENT OF INDIA.

Selections from the Records of the Government of lndia, Foreign Department,

Nos. 319—320 and 323. Flsc. Calcutta, 18¢g5.
ForxioN DEPARTMENT.

MapRAs.—Manual of the North Arcot District. Vols I=I1. 8° Madras, 1894-1895.

MaDRAS GOVERNMENT.

»  Manual of the South Canara District. Vols. I—II. 8° Madras, 1894-1895.
MaDRAS GOVERNMBNT.

TRANSACTIONS, PROCEEDINGS, erc,, or SOCIETIES, SURVEYS, Ekrc.

ArLBaNY.—Annual Report of the New York State Museum for 1893. 8° Albany, 1895.
Tue Museum.

BaLTiMORR.—]Johns Hopkins University Circulars. Vol, XV, No. 121. 4° Baltimore,

‘ 1895, Jorns HoPkins UniversiTy.
BaTavia—Natuurkundig Tijdschrift voor Nederlandsch—Indie. Deel LIV, 4° Batavia,
1895, Bataviaxw Socizry.

BerLIN.~Abhandlungen der Koniglich Preussischen Geologischen Landes-anstalt,
Neu= Folge, heft 16, and atlas. 8° and 4° Berlin, 18¢s.
Tar INsTITUTS.

Vethandlungen der Gesellschaft fiir Erdkunde zu Berlin. Band XXII, No. 7
8° Berlin, 1895,
Zeitschrift der Gesellschaft fiir Erdkunde zu Berlin. Vols. I-XXIX. 8°

”

Berlin, 1866—1894.
" Zeitschrift der Deutschen Geolognschen Gesellschaft. Band XLVIL, heft 2,
8° Berlin, 1895, Tas SocCieTY,
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PART 1.] Addstions lo‘bic Library.

Titles of Books. Donors.

BorpEAUX.—Actes de la Société Linnéenne de Bordeaux. Série V, Tome VI. 8°

Bordeaux, 1893. ) Tue Sociery.

BrEesLAu.— ]ahres-Bericht der Schlesischen Gesellschaft fiir vaterlindische cultur. No.

73, and supplement heft, 3. 8° Breslau, 189s. THE SocIery.

BRrisBanNs.—Proceedings and Transactions of the Queensland Branch of the Royal
Geographical Society of Australasia. Vol. X. 8° Brisbane, 1895.

THE Sociery.

BRrussgLs.—Annuaire de L’académie Royale des Sciences, des Lettres et des Beaux—

Arts de Belgique, 1894 and 1895. 8° Bruxelles, 1894-1895.

THE AcaDEMY.

. Bulletins de L’Academie Royale des Sciences, des Lettres et des Beaux-Arts

de Belgique. 3me série, Tome XX VIto XXIX. 8° Bruxelles, 1893—

1895. Tre Acabpemy.

» Mémoires Couronnés et autres Mémoires publies par L’Academie Royale des

Sciences, des Lettres et des Beaux-Arts de Belgique. Tome XLVII, L,
and LI 8° Bruxelles, 1892-1893. Tue AcaDemy,

”» Mémoires Couronnés et Mémoires des Savants Etrangers Publies par L’
Academie Royale des Sciences, des Lettres et des Beaux-Arts de
Belgique. Tomwe LIII. 4° Bruxelles, 1894. THE AcADEMY.

» Mémoires de L’Academie Royale des Sciences, des Lettres et des Beaux-
Arts de Belgique. Tome LI and LII. 4° Bruxelles, 1893-1894.
Tue AcCADEMY.
» Bulletin de la Société Royale Belge de Géographie, Annee XIX, Nos. 2-3,
8° Bruxelles, 1895. TaEe SoCIETY.
BupapesT.- Természetrajzi Fiizetek. Vol, XVIII, pts. 3-4. 8° Budapest, 189s. )
HungARIAN NaTionat Museum.
BuEewos AIReS~Boletinde la Academia Nacional de Cienciasen Cordoba. Tome X1V

No. 2. 8° Buenos Aires, 1894. THE ACADEMY.

CagN.—B ulletin de la Société Linneénne de Normandie. 4me série, Vol. IX, fasc. 1.
8° Caen, 1894. THe SOCIETY.
CaLcutTa.— Journal of the Asiatic Society of Bengal. Vol. LXIV, Part I, No. 2. 8°
Calcutta, 1895. THE SocCIETY.
” Proceedings of the Asiatic Society of Bengal. Nos. 7-8. 8° Calcutta,
1895 Tux Sociery.
o Proceedings of the Agricultural and Horticultural Society of India. Vol.
X. 8° Calcutta, 1895. THE SoCIETY.
”» Memoirs of the Geological Survey of India. Vol. XXVII, pt. 1. 8°
Calcutta, 1895, GROL0GICAL SURVEY OF INDIA,
» Palzontologia Indica. Ser, X111, Vol. 1, pt. 1; and XV, Vol. 11, pt. 2.
4° Calcutta, 1895, GEOLOGICAL SURVEY OF INDIA.
” Quarterly notes of the Geological Survey of India. Nos. 1-4. Flsc.
Calcutta, 1895. GEROLOGICAL SURVEY OF INDIA.
» Records of the Genlogical Survey of India. Vol. XXVIII, pt. 4. 8°
Calcutta, 1895, GEOLOGICAL SURVEY OF INDIA,

5
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Titles of Books. Donors.

CaLcupTa.«=Report on the Inspection of Mines in India for the year ending 3oth june
1894. By James Grundy. Fisc. Calcutta, 1894.

‘GROLOGICAL SURVEY or INDIA.

Report on the Inspection of the Gold Mines in the Mysore State, South
India; from Augustto November 1894. By James Grundy. Flse.
Calcutta, 18gs. GsoLrogicaL SuRVEY OF INDIA.

Report on the Inspection of the Mohpani, Umaria and Warora Collieries.
By James Grundy. Flsc. Calcutta, 1895,

GeovrogicaL SurvEY or Inp1a.

Survey of India Department Notes for September 1894, and August to
October 1895. Flsc. Calcutta. 1895.

SurRvEY OF INDIA DEPARTMENT.

”» University of Calcutta, Minutes for the year 1894-95. 8° Calcutta, 189s.
Tue UNiversiTY.

CausripGE.—Proceedings of the Cambridge Philosophical Society. Vol. VIII, pt. s.

8° Cambridge, 18¢5. Tae Sociery.
CamBriD6E, Mass.—Bulletin of the Museum of Comparative Zoology. Vol. XXVII.,

Nes. 2-5. 8° Cambridge, Mass., 1895. Tae Museum.
Canapa.—Journal and Proceedings of the Hamilton Association. No. 11. 8° Canada,

189s. THE ASSOCIATION, -

Dzura Dun.—Spirit-levelled Heights, Karachi and its neighbourhood, season 1893-94.
and No. 8, Central Provinces and Orissa, season 1891-92 and 1893-9¢

8° Dehra Dun, 189s. GREAT TRIGONOMETRICAL SURVEY.
Dzs Moixngs.—Iowa Geological Survey. Vol. lII, 2nd Annual Report, 1893. 4°
Des Moines, 18¢5. TaE Survey.

DRrespex.—Sitzungsberichte und Abhandlungen der Naturwissenschaftlichen Gesell-
schaft. Isis in Dresden. Jahrg. 1895, January to June. 8° Dresden,

1895. ‘ Isis Sociery.
EpinsureB.—Scottish Geographical Magazine. Vol. X1, Nos. g-11. 8° Edinburgh,
1895. TaE Sociery.
GENEva.—Mémoires de la Société de Physique et d’Histdire Naturelle. Tome
XXXII. 4° Gendve, 1894-1895. Tar Sociery.

Hawrre.—Geschichte der Bibliothek und Naturaliensammlung der Kais. Leop.—Carol.
Deutschen Akad. der Naturforscher. 8° Halle, 1894.
THE AcCaDEMY.
Katalog der Bibliothek der Kais. Leop.-Carol. Deutschen Akad. der Naturfor-
scher. Band 11, heft 2. 8° Halle, 1894. THE AcaDEMmy.
Leopoldina. Heft XXX. 4° Halle, 1804. THE AcaDenmy.
Nova Acta Academiz Caesarez Leopoldina Carolinz Germanicae Naturae
Curiosorum. Band LXI and LX1I. 4° Halle, 1894.
Tae Acabemy.
Repertorium zu den Acta und Nova Acta der Kais. Leop.-Carol. Deutschen
Akad. der Naturforscher. Band 1. 4° Halle, 1894.

”

Tas AcabDeuy.

l.wnuui—-Bulleﬁn de la Société Vaudoise des Sciences Naturelles. Series 11/, Vol
XXXI, No. 117. 8° Lausanne, 189s. Vaupoise SocieTy

6
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PART 1.} Addst:ons to the Library.

Titles of Books. Donors.
Liger.—Annales de la Société Géologique de Belgique. Tome XXII, liv. 2. 4° Liege
189s. TRE Sociery.

LonpoN.— Brief Index of the papers contained in the Journal of the Iron and Steel
Institute, 1869—1894. 8° London, 189s. THr INSTITUTE.

» Journal of the Iron and Steel Institute. Vol. XLVI, No. 2. 8° London,
1894. . Tue IssTITUTE.

o The Geographical Journal. Vol. VI, Nos. 4-5. 8° London, 1893.
Tae SoGIETY.

” Journal of the Chemical Society. Nos. 394-396. 8° London, 189s.
- Journal of the Linnean Society. Zoology, Vol. XXV, Nos. 158-160; and

Botany, Vol. XXX, Nos. 209-210. 8° London. 1894-189s.

Tag Sacizry..

” List of Fellows of the Linnean Society of London, 1894-95. 8° London, 1894.

Tas Sociery.

» Proceedings of the Linnean Society from November 1893 to June 1894. 8°

London, 1895. Tur Sociery.

» Transactions of the Linnean Society. 2nd series, Botany, Vol. IV,, pt. 23
and Zoology, Vol. V, pt. 1, and V1, pt. 3. 4° London, 1895,

Tae SocIeTy,

» Journal of the Society of Arts. Vol. XLIII, Nos. 2233—2245. 8° London,

1895. Tre Sociery,
” Philosophical Transactions of the Royal Society. Vol. 185, A and B., Parts
1 & 11., with List of Fellows. 4° London. 1895. Tae Sociery,
» Proceedings of the Royal Society. Vol. LVII, No. 344 to LVIII, No. 351.
8° London, 18¢5. THaE SocirTyY.

» Proceedings of the Zoological Society of London. Part IL.  8° Loudon, 1895.
Taz Socrery
” Quarterly Jonrnal of the Geological Society. Vol. LI, Party4, No. 204,

8° London, 1895. THaE Sociery,
M DRiD.—Mémorias de la Real Academia de Ciencias Exactas, Fisicas y Naturales de
Madrid. Tome XVI. 8° Madrid, 1895, THE AcCADEMY.

MANCHESTER.—Memoirs and Proceedings of the Manchester Literary and Philosophi-
cal Society. 4th series, Vol. IX, Nos. 3—6. 8° Manchester, 1894-1893.

Tue Sociery.

MzLBOURNE.— Proceedings of the Royal Society of Victoria. Vol. VII. 8° Melbourne,
1895. THE SoCIETY.
o Department of Mines, Victoria. Special reposts issued under authority

of the Minister of Mines. Flsc., Melbourne, 1895.
' MiniNe DEPARTMENT, VICTORIA.
Moscow.—Bulletin de 1a Société Impériale des Naturalistes de Moscou. Anneé, 1895,
No. 2. 8° Moscou, 1895. THEB SocIETY.

MunNICH.—Sitzungsberichte der Mathematisch-physkalischen classe der K.b. Akademie
der Wissenschaften. Heft I1. 8° Minchen, 1895. Tue Acapruy,

NaPLES.—Rendiconto dell’ Accademia delle Scienze, Fisiche e Matematiche. Series I1I,
Vol. 1, fasc. 8—10. 8° Napoli, 1895. Tar Acapsmy.
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Titles of Books. Donors.

NEewcasTLE-UPON-TYNR.—Report of the Proceedings of the Flameless Explosives
Committee of the North of England Institute of Mining and Mecha-
nical Engineers. Part 2. 8° Newcastle-upon-Tyne, 189s.

i Tre INSTITUTE.

W — =,

” Transactions of the North of England Institute of Mining and Mecha-
cal Engineers. Vol. XLIV, part 4, and appendix. 8° Newcastle-
upon-Tyne, 189s. TaE INsSTITUTE.

i B New Haven.—Transactions of the Connecticut Academy of Arts and Sciences. Vol.I1X,
part 2. 8° New Haven, 18¢s. Tue AcaDEuy.

OtTawa.—Geological Survey of Canada. Palaozoic Fossils, Vol. III, part 2,

8° Ottawa, 1895. Taz Surver.

h » Proceedings and Transactions of the Royal Society of Canada. Vol. XII.
' ) 8° Ottawa, 1894. THE SoCIETY.

Paris.—Annales des Mines. g me serié, Tome VII, livr. 5—8. 8° Paris, 189s. |
DEPARTMENT OoFP MiNEs, Paris, ‘

.  Bulletin dele Société de Géographie. 7me serié, Tome XVI, No. 3. 8°

- Paris, 1895. Tar SocierY.
8 " Bulletin de la Societé Géologique de France. 3we serié, Tome XXII. |

; No. 10, and XXIII, Nos. 2—6. 8° Paris, 1895. THE SocIeTy.

L ”» M¢émoires de la Société Géologique de France. Paléontologie, Tome V.

iR fasc., 1—3. 4° Paris, 1895. - Taz Sociery.

”» Bulletin du Museum d’ Historie Naturelle, No. 6. 8° Paris, 1895.

! Tae Museun.

I'. PHiLaDRLPHIA.—Journal of the Academy of Natural Sciences. 2nd series, Vol. IX,

’ part 4. 4° Philadelphia, 189s. Tae AcaDEMY.

: » Proceedings of the Academy of Natural Sciences. Part 1. 8° Phila-

delphia, 1895. TrER AcADENMY.

" " Journal of the Franklin Institute. Vol. CXL, Nos. 837—839. 8° Phila-

! delphia, 1895. THE INSTITUTE.

! ” Proceedings of the American Philosophical Society. Vol. XXXIV,

) No. 147. 8° Philadelphia, 1895. Tae Sociery.

‘ " Transactions of the American Philosophical Society. New series, Vol.

XVIII, part 2. 4° Philadelphia, 18gs5. Tuae Sociery.

{ RocHESTER.~Bulletin of the Geological Society of America. Vol. VI. 8° Rochester,

o 1895. THER Socikry.

- Rome.—Atti della Reale Accademia dei Lincei. Rendiconti, Série V, Semestre 11, Vol.

' 1V, fasc., 4—g. 8° Roma, 189s. THE ACADEMY.

i »  R. Ufficio Geologico. Mémorie Descrittive della carta Geologica d’Italia. Vol.

\ fre IX. 8° Roma, 189;5. GEOLOGICAL SURVRY OF ITALY,

p } o SaLem.~—Proceedings of the American Association for the Advancement of Science.

- Vol. XLIIl. 8° Salem, 1895. THE AssociaTiON.

% L San PFrawcisco.—Memoirs of the California Academy of Sciences. Vol. Il, No. 4*
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” Records. of the Geological Survey of New South Wales. Vol. 1V, No. 4.
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" Proceedings of the Linnean Society of New South Wales. 2nd series, Vol. X,
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Turin.—Atti della R. Accademia delle Scienze di Torino. Vol. XXX, disp. s5—11.
8° Torino, 1895. THR ACADEMY.

»  Osservazioni Meteorologiche fatte nell’anno 1894 all’ Osservatorio della R.
Universita di Torino. 8° Torino, 1895. Tae Umiversity.
Vizxna.—Verhandlungen der K. K. Geologischen Reichsanstalt. Nos, 8—9. 8° Wien
1895. THE INSTITUTE.
WasHINGTON.—Bulletin of the U. S. Department of Agriculture. No. 6. 8° Washing-
ton, 1895. U. S. DEPARTMENT OF AGRICULTURE.

Mars.

OTTAWA.—Maps of the principal auriferous creeks in the Caribo Mining District,
British Columbia. Sheets 364—372. By Amos. Bouman. Map,
Ottawa, 1895. GR0oLOGICAL SURVEY OF CANAD,
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RECORDS

or

THE GEOLOGICAL SURVEY OF INDIA,

i’art 2] 1896- May.

Notes on the Ultra-basic rocks and derived minerals of the Chalk
(magnesite) hills and other localities near Salem, Madras: by
C.S. MIDDLEMISS, B.A., Superintendent, Geological Survey of
Indsa (with plates 2—6).

INTRODUCTION.

In substance, and with but slight alteration in form, these preliminary notes
have already appeared in a report on the magnesite areas near Salem, prepared by
me at the request of the Madras Government last year (1895). My investigations
were, of course, chiefly directed to the magnesite, serpentine and chromite, from an
economical stand-point; but I naturally gave some attention to the geological
aspects under which they appeared, inasmuch as, from their comparative rarity
rocks of the class from which such minerals are derived are always objects of
interest to the geologist.

The following notes have reference to three separate localities, namely : —

(1) The two areas of the Chalk hills.

(3) That of the north-west end of Kanjamallai.

(3) That near Valaiyapatti in the Némakkal taluk.
Of these three areas the first is by far the most important, They will be taken
for description in the above order.

(1) CHALK HILLS.

The two areas embraced under the above name have been described by Messrs.
King and Foote in their -Memoir (Mem. G. §. of India, vol. IV, pt. 3, 1864). The
same areas were cursorily examined by Mr. Holland quite recently, and described
(Rec. G. S. of India, vol. XXV, p. 135, 1892).

Whilst the two former observers gave a fairly detailed description of the'mode
of occurrence of the magnesite, with remarks on the accompanying minerals, Mr,
Holland was able to come to more definite and accurate conclusions regarding the
mode of origin of the magnesite, chromite, etc.—conclusions which have been
abundantly confirmed and illustrated by my own visit.

In taking up work myself on these extremely interesting rocks, it was evident
(considering that a generally descriptive account, and an up-to-date theory of
them existed already) that any advance that I could make on the work of my
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predecessors must be in the direction of greater precision ds regards detailed
surveying of the minerals and focks of the area. My line of action was therefore
clear, and the first step towards it was to obtain a detailed topographical map. This
1 found not to exist; and so, as the shortest way out of the difficulty, I set to work
and planetabled the two magnesite areas of the Chalk hills myself on the scale of 6
inches to 1 mile, showing sketched contours of 10 feet. A reduction of the
map, geologically coloured, accompanies this report (Plate 2.)

The Chalk hills lie a few miles north of Salem town. They comprise two areas.
a smaller one to the south, through which at its south-west
end the Madras Railway and the road to Omalur pass, and
a larger one to the north-east of the latter, and which keeps a position to the east
of the milway and road. The former contains about 1} square miles and the
latter (so far as shown in my map) about 3} square miles. It extends, however,
further away in a north-easterly direction. A

The hills rise gently from the plains, and expose a set of low undulating surfaces,
generally bare of vegetation and without water. They are
streaked with white, owing to the veins of magnesite (car-
bonate of magnesia) from which (erroneously) the name * Chalk ” hills is taken.

General  geological The structure -of the two magnesite areas may be sum-
structure, marised as follows :—

(1) The plains surrounding the Chalk hills are composed of an ancient gneissic
geries, wrapped into folds with a N. E.—S. W. strike. These rocks form part of
the great crystalline foundation of south India, They vary enormously in mineral
composition at different places, but in the vicinity of the Chalk hills they usually
have hornblende as the dark mineral. Their foliation is a marked characteristic :
a foliation both fine and coarse, and rendered very apparent by the varying quan.
tities of hornblende present in each layer. A hand-specimen may shew no horn-
blende at all, or a finely banded condition of it with felspar and quartz, or it may
be composed entirely of hornblende. In certain places, as along the high ridge to
the south of the north magnesite area, garnets of great size or in nests appear thickly
distributed along the more hornblendic bands. Perhaps the greatest structural
difference between these old gneisses and the presumably younger ultra-basic
intrusions, which are the subject of this paper, is to be found in the greatly foliated
condition of the former, and the total absence of any such in the latter. Indeed
generally throughout South India, this-distinction applies between the gneissic
foundation and the intrusive rocks, whether ultra-bssic, as here, basic as found in
the great plexus of trap dykes that cut through the country, or acidic, as is found
in the masses and veins of coarse granite which form considerable hills. In
any and every case the younger intrusive rocks remain perfectly unfoliated and non-
schistose from core to edge : they have no linear arrangement of their minerals,
and no tendency to any uniform orientation of the long axes of those minerals.

(2) The two areas of the Chalk hills are essentially twvo such great intrusive
masses of olivine chromite rock, and other olivine-bearing rocks, which, from their
containing little or no felspar or quartz, belong to the peridotite, or ultra-basic
group of rocks, such as dunites, picrites, eté. These rocks, owing to the unstable
mineral olivine, have undergone enormous mineral change, whereby, first the dunite
became serpentinised more or less completely, and secondly, the serpentinised

Product was further altered with the formation of magnesite, chalcedony, etc.

Position and area,

Orography.
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The evidence for the intrusive nature of these ultra-basic masses may be best
seen along the south-west side of the north area, where the junction line with the
old gneisees is dxstmctly seen to cut obliquely across the foliation of the latter. The
age of these intrusive rocks remains at present undeterminable.

Mr, Holland was the first to detect the presence of dunite in the specimens

The Dunite and jts Which he collected in the Chalk hills and north-west of
tontained mineral Kanjamallai hill. (See foot-note at page 144 of Mr. Hol-
Chromite. land’s paper.)

This rock, first known from the Dun mountain, New Zealand, is composed
entirely of olivine and chromite, and as such, in an unaltered condition, it is found
at many places in the Chalk hills where the rock has resisted the metamorphic in-
flaences tending to convert it into serpentine. The top of; J” hilland of “ Tent ”
hill, and the western end of the south area are examples of places where the rock
of a grey or greenish-grey colour, may be observed. The grey rock (colourless in
thin section), such as is found on the summit of *J* hill and near “ KK ” hill
might be at first sight mistaken for a quartzite until the high specific gravity
arouses suspicion.

The microscope shows the rock to be composed almost entirely of a coarsely
crystalline aggregate of olivine, felted togethér, and with ‘minute black crystalline
grains of chromite dotted through it.

A chemical analysis of the «J ” hill specimen No. 10°189, made i the Geo-
logical laboratory at Calcutta by Mr. Blyth, gave—

Silica . ° . . ° . . . « 3910
lhgnesh . ° . . ° . . . « 4826
89
ﬁﬂn and alumina . . . 0 O . . . ' 7 36
al nesg . . o . . . ° .
Ch:oﬂllll‘l‘l . . . . . (] . . !m
Moisture, etc. . ° . . . . . . .
100'00

smﬂc sﬂ"" . . . . . . . . I 176
1 give below, for comparison, an analysis of the dunite of the Dun mountain
(Von Hochstetter)—

Silica . . . . . . . . . 4”&
Magnesh . . . . e e . . . 47'38
Ferrous oxide . . . . . 9'40

(after the chromite had been removod) v
I next give that of oriental olivine, taken from Dana’s Mineralogy —

Silica & . ° . . . . . . 39'73
Mngne'h e . . . . . . . . So'13
Fmoul oxide . . . . . 0 . . 919

—

Speerﬁc gravity . R . . . e 335t
There can be no doubt that ongmally nearly the whole of the Chalk hills area
was composed of this extreme form of peridotite known as dunite. But mineral
changes rapidly set in, and the two first of these changes that must be noticed are (a):
the alteration, partially or wholly, of the olivine into serpentine, and (4)
the segregation of the chromite into nodules and veins. With regard to the
change of olivine into serpentine, I need say very little. It can be
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followed most perfectly under the microscope by a series of transitional sections
showing, first, a few veins of the latter anastomosing smong and penetrating the
crysté.ls-of olivine, afterwards breaking them up, then separating them into isolated
small grains set like islands in a sea of serpentine, and which at last become very
small and finally disappear. The subsequent changes which brought about the
conversion of much of the serpentine into magnesite have effectually destroyed any
ornamental qualities it might have possessed, by giving it a dull earthy appearance.
Only here and there do there occur a few minute veins, a finger thick, of a pale
apple-green serpentine, which might, if they had been on a larger scale, have been
of economic use. Picrolite or fibrous serpentine, is also found in veins here and
there.

Coming to the chromite, originally discovered by Mr. Heath, and worked by
the Porto Novo Company, the only observations we have asto its mode of occur-
rence are those made a long time ago by Newbold, and those of recent date by
Holland. The former found the mineral in very thin veins, either lying among
the magnesite of the veins or between it and the walls of the veins, The observa-
tions were drawn from an examination of the mines near the chimney on the
accompanying map (Plate 2). Holland corroborated Newbold’s observations in this
respect—see ¥ournal, Roy, Asiatic Soc., vol. V11, 1843, pp. 167—171. Of the three
shafts marked on my map the middle one is the largest, and though I explored
this carefully, I could find no trace of the mineral left in the crumbling rock-walls
of the shaft.

In some small pits sunk along the position of the line marked chromite vein on
the map (some of which appear to -have been enlarged lately), I was able to see
the position of several veins of the chromite. Three vertical parallel veins a
quarter of an inch, 1 inch, and } inch wide respectively, and separated by a few
inches of serpentinised matrix, occur striking E. 2c° N. at a position on the map
N.W. s° N, from the chimney, and distant atout 650 yards (see pl. s, fig. 1).
Nearly horizontal magnesite veins may be seen interrupting and cutting across
both the matrix and the chromite veins. In one place a vein of magnesite has
not only interrupted, but also displaced, the middle vein of chromite, showing that
the magnesite was, in this case, the last to form.

What is undoubtedly a continuation of the same vein towards the E. 20° N, is
to be seen at several points between goo and 1,000 yards off. At no other places
in this north area was chromite found i» situ.

It will be seen from the map, however, that in this area a little east of the
chimney there is a space of country from which six stream-beds radiate in different
directions. In every one of these stream beds, and especially in their higher parts,
chromite, in lumps, varying from one foot to one inch or even less across, may be
picked up (the places where such have been found are indicated on the map by
dots). :
It is clear, therefore, that the area drained by these streams is penetrated by
chromite veins, Unfortunately my data are too scanty for any attempt to estimate
the amount of chromite available to the miner ; nothing but a practical test within
the area of, say, 1,000 yards radius from the chimney would settle this all-important
question. Geology has gone as far as it can, unaided, in the matter,

In the southern area of the Chalk hills the map similarly shows, by means of
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dots, the places where chromite has been picked up at the surface. No chromite,
actually i, si7x, is known in this area ; but the indications of it in the stream between
“Tent " hill and ““Green bush ” hill, and in the one to the south-west of * Tent”
hill, show that the centre of this area is approximately the true location of the chro-
mite. No mines have been worked in the area, but I have no doubt that if
extensive quarrying of the magnesite is ever carried out, chromite veins will in due
course be laid bare.

As for the quality of the ore, the nodules and lumps as picked up among the
hills show that it is practically a granular- crystalline aggregate of the pure mineral,
chromate of iron, the theoretical composition of which, as given by Dana, is—

Chromium sesquioxide . . . . . 680
Iron protoxide . . . . . . . 380
100°0

but chromite varies much in the amount of the sesquioxide present, so per cent.
being considered a very good quality of ore.

The actual analysis of the ore, as found in the north area of the Chalk hills, is
given in Newbold’s paper referred to above. It was made by Mr. E. Solly, and
gave—

Chromium sesquioxide . . « 4900 per cent,
Which is about equivalent to chromic acid $§7°00 »
Or to cent. per cent. of chromate of potash.

The following description of the method of working and transporting the ore to
the coast is taken from Newbold’s report :—

“ The ore is separated from the rock by means of pickaxes, chisels, wedges, and hammers ;
‘¢ sorted and piled up into little heaps on the ground in front of the huts occupied by the
‘““superintendents, where it remains until the Cauvery becomes navigable; that is, from the
“ end of June till the end of September. It is then sent down by land to Moganoor, a place
¢ on the river about 40 miles southerly from Salem, whence it is boated to Porto Novo on the
¢ Coromandel coast. Thence it is shipped to Europe by the Porto Novo Iron Company.”

About 100 tons are said to have been extracted from the mines, one block of
which weighed two tons, but it was found that the export of the crude ore to
England did not pay owing to the quantities available from Scotland, Styria, etc.
At a depth of 50 or 6o feet from the surface water was met with, and it is not
impossible that it was this difficulty which helped largely to stop the work, inasmuch
as no better means of removing the water were used than buckets and ropes.

Besides the dunite, and its more immediately derived serpentine and chromite-

Other  ultra-basic  Veins, there occur, somewhat sparingly, examples of other
and basic rocks of the less basic rocks. They are generally black or of dark
Chalk bills, colour, and stand out in rounded lumps, having escaped
the great alteration which the dunite has suffered. They are represented on the
map by a purple colour. Many of these in the north area are situated round the
margins of the dunite intrusion. One remarkable one is found to the east of “ Green
bush” hill in the south area. The latter No. 4% is a very coarse aggregation of
diopside, olivine and biotite. The first two minerals are in a granular-crystalline
state, whilst the biotite fills in the interspaces. Apparently genetically related to
the preceding specimen is 4% from the cart track N.N.E. of knoll “C.” It also
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containg diopside and olivine in more or less idiomorphic crystalline granules ;
there is a small amount of biotite; and all these minerals are set in a groundmass
of small felspar crystals. The diopside is schillerized in a remarkable way.
Similar rocks are found in the stream-bed S.S.W. of K, e. g., %%

1 come now to the mineral which is most abundantly represented in
the Chalk hills, thatis, the magnesite, or carbonate of
magnesia. Its general characteristics, mode of occurrence,
and appearance have been described by many observers, among whom may be
mentioned Newbald (Journal, Roy. Asiatic Soc., vol. VII, page 161, 1842), King
and Foote in their memoir cited above, and lastly Holland. The descriptions of
the earlier observers stand good at the present day, if we simply substitute the
more correct mineralogical descriptions of the rocks from which it was originally
derived in the place of the hornblende-schists, micaceous and massive talcose
schists, basalts, etc., of these observers. The mistake made by them (perfectly
intelligible before the microscope was regularly employed for the examination of
rocks by means of thin sections) was of a simple nature. They looked upon the
area of the Chalk hills as primarily a focus of metamorphism, brought about by a
locally intanse extravasanon of hot acid waters or vapours, which were sufficient
to change the otherwise stable minerals in the gneissic rocks surrounding the area,
Mr, Holland’s and my own researches, on the other hand, have simplified the
matter considerably by the discovery that the rock forming the groundwork of the
Chalk hills areas is entirely different from the surrounding gneissic rocks; that it
is in fact, as has been described above, a nearly pure olivine rock in various stages
of alteration. The fact of such an'olivine rock having at one time been erupted
into the older gneisses in this part of the country is in itself sufficient to account
for the secondary masses of serpentine and veins of magnesite, without having
recourse to hot acid waters emerging at particular places; inasmuch as it is the
nature of olivine rocks to rapidly undergo changes into serpentine and magnesite.
The mineral is of such an unstable nature as to readily lend itself to these changes
under normal subterranean or surface conditions (without calling into play any
special metamorphosing agents), whilst the ordinary gneisses of the country, and
the less basic rocks surrounding the area, remained practically unaltered.

I need say very little, therefore, as to the general occurrence of the magnesite
here, except that it appears in veins, which although they have, in places, a
tendency to a particular alignment along what were probably originally joint
planes in the dunite, are nevertheless as a rule completely irregular in their dis-
position. The number of veins, and the corresponding quantity of the magnesite,
were points to which I particularly directed my attention; and which I have
endeavoured to represent on the accompanying map. The uncoloured part of the
map where topographical detail is given embraces the whole area whers the
dunite is fonnd and stands for that in which the magnesite is least in evidence or
absent altogether. The cross-shaded portion is that in which there is a fair amount
of the magnesite; whilst the deep-blue wash represents the parts richest in
magnesite. I have been compelled for diagrammatic purposes to draw the
boundaries of the different areas as sharp, but I need scarcely remark that in
nature there are no such hard and fast lines; the richer and the poorer rock
grading into each other.

The Magnesite veins.
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(1) The richest areas (coloured blue) are,” generally speaking, the western end
of the north area, and the south side of the southarea, I estimate that the propor-
tion, by volume, of the magnesite in the rock in these richest parts is about one-half
or one-third of the whole rock.

(3) The mederately rich area (cross-shaded) occupies generally the more
central parts of the Chalk hills; and I estimate that the proportion, by volume, of
magnesite here is only from one-sixth to one-tenth, or even less, of the whole rock.

(3) The poorest area (uncoloured) merely shows a few thin veins and patches
of the magnesite here and there, and impossible of estimation.

. The total area embraced under heading No. (1) above, in the two parts of the
Chalk hills taken together, amounts to about 620,000 square yards, that under
heading No. (2) amounts to about 5,536,000 square yards.

Considered altogether, the amount of magnesite in these hills is practically
unlimited. The richest portions (as visible at the surface) stand upin rough lumpy
hillocks, sometimes, as in the case of the hills at the western end of the north area,
rising as much as 100 to 140 feet above the plains, whilst in other parts, as the
south edge of the south area, they rise only to 30, 40, or 60 feet above the plains.
Hence the mineral (if any demand for it ever does arise) can be worked in open
quarries and taken away to the rail. The quarries could all be reached by a light
tramway, or by carts.

Two outline views of the two areas are appended to this report to show the con-
figuration of the country (Plate 6), and two photographs to illustrate the surface
appearance of the magnesite veins (Plates 3 and 4).

(2) KANJAMALLAI AREA.

Mr. Holland (Rec. G. S. of India, vol. XXV, p. 143) was the first, I believe, to
draw attention to the presence of ultrabasic rocks and magnesite in small amount
at the north-west end of the Kanjamallai hillin a depression at the head of a
little stream running down to Sithaswaran kovil (temple). Therein also he remarks
on the possibility of finding chromite associated with the magnesite.

On visiting this part myself last season, I found the rocks as described by
Mr. Holland. But the amount of the purer olivine-chromite, ultra-basic, intrusive
rock (dunite) as found at the surface was, however, extremely small. Itisofa
pale greenish-yellow colour and crumbles easily. Veins of magnesite run through
it. In close relation with it was a brilliant dark-green rock composed of enstatite
and a bright-green pyroxene (diopside), a rock which is also found in the extreme
north-east parts of the north magnesite area of the Chalk hills, on the east side of
the double-peaked Nagramallai hill (not represented on the map).

Mr. Holland’s prediction as to the possible finding of chromite here was
verified by my coming upon a band of it about 4 inches thick among the magne-
site and decomposed ultra-basic rock. It was only exposed for the short distance
of about 3 yards,

The whole exposed area of these rocks in this locality isin length not more
than 2 mile and in breadth } mile. It appears to follow round the eastern end of
the depression at the north-west end of Kanjamallai in the angle formed by the
main ridge and low continuation qf it south of Sithaswaran kovil (temple). I could
not find any trace of it anywhere else on the Kanjamallai ridge, ,
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To the south of Kanjamallai hill, and running parallel to, and north of, the
Salem-Sankaridrug road, there is a little row of hills composed chiefly of talcose
schists and dunite, with a mere trace of magnesite among them. The talcose
rock was locally worked as pot-stone for making rude vessels (feeding troughs for
cattle, etc.).

Both these two areas are too smail to be considered as of any importance from
the magnesite they contain; but the chromite of the former, and the pot-stone of
the latter, may be considered as of some economic value. The chromite is in
close proximity to a thick bed of magnetite.

This paper does not profess to deal with the iron ores of Kanjamallai, but I may
mention that a few average specimens from the lowest and thickest band of magne-
tite schist at the south foot of Kanjamallai were analysed in the Geological labora-
tory by Mr. Blyth and gave :—

No. 10'212 (a fine-grained, almost aphanitic rock, a large specimen of which
1 sent to the Madras Museum).— :

Specific gravity . . . . .

e « « 3365
Per cent,of iron .

. . . . . « 3500
No. 10343 —

Specific gravity . . . . . . « 383t
Per cent, of iron . . . o o . .« 34°390

No. 10°339 (a coarsely crystalline quartz-magnetite rock) :—

Specific gravity . . . « e e « . 3538
Per cent, of iron . . o . . o . « 36:66

(3) THr VALAIYPATTI AREA.

This locality is one of those described by King and Foote in their memoir cited
above, p. 96, The amount of magnesite present is extremely small. The ultra-
basic rocks which have given rise to the magnesite are the same as those last
described from north.west end of Kanjamallai, but I did not find any of the pure
olivine rock analogous to the dunite of Chalk hills.

The actual locality is a little south (from half to one mile) of Palappatti of the
one-inch map of the Namakkal taluk (Madras Swurvey). The magnesite is
exposed over an area of one mile by half a mile, and it is developed among rocks
which contain a considerable quantity of enstatite, with green pyroxene (diopside).

Besides this particular area there is actually at Valaiyapatti, another occur-
rence of similar rocks, which stretch away in a long narrow band east and west of
the town. They form little hills rising sometimes steeply, and forming a discon-
tinuous chain. With them east of the town occurs a rock of an extremely acid type,
a very coarse red or pink and white pegmatoid rock or graphic granite, composed
of quartz and felspar, which have crystallised together simultaneously.

These are all the localities with magnesite that I have so far visited. The first

is the only one in which the mineral is developed in sufficient force to be of an
practical use. '

"
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Preliminary notes' on some Corundum localities f# #4¢ Salem and Coime
batore districts, Madras: by C. S. MIDDLEMISS, B,A., Geological
Survey of India. (With plates 7, 8 and 9.)

I.-INTRODUCTION.

In these notes I shall merely endeavour to give a concise account of such facts
as to the distribution and occurrence of corundum in the districts referred to under
the above heading, as have up to the present been investigated by me, All dis-
cussion of theoretical questions arising from them, except in so far as such questions
bear on the distribution of the mineral, will be left for a future more complete report,
when these investigations have been brought to a close.

A few remarks of a general nature have already been made by me in my pro-
gress report for the working season 1893-94, and reproduced in substance in the
annual report of the Geological Survey for the year 1894 (Rec. G. S. of India, vol,
XXVIII, pt. 1, p. 3). I need not do more here than refer to them, asall important
details contained therein will be embodied in the present report.

A list of corundum localities, as represented by specimens in the Madras

Corundum localities Museum, was kindly furnished me by Dr. Warth (then
visited by me, officiating as Superintendent of the Museum) on my arrival
in Madras. Of those the following is a list of the localities where corundum has
been examined by me :— ‘

(1) Sithampundi or Sittampundi, near Solasiramani (Sholasigamani)
N4makkal taluk, Salem district.
(2) Paparapatti and neighbourhood, Dharmapuri taluk, Salem district.
*  (3) Rengopuram, Dharmapuri taluk, Salem district.
(4) Road from Dharmapuri to Morappur.
(5) Selangapalaiyam, Bhav4ni taluk, Coimbatore district.
(6) Gopichettipalaiyam, Coimbatore district,
(7) Karutapalaiyam, Coimbatore district.

The following localities, though they have been quoted as corundum localities,
have proved not to contain corundum in some cases, or else local information on
the subject was found to be wanting :—

(8) Yellagiri hills, near Jalarpet.

(9) Neringipet, Coimbatore district.
(10) Chinnamallai, Coimbatore district.
(11) Kanjikovil, Coimbatore district.

With regard to the Yellagiri hills, I was in the first place unable to obtain any
information from the local officials of Tirupatur, as to the occurrence of any corun.
dum there. On visiting the hills themselves, and making enquiries both in the
villages at the foot and on the summit of the plateau, I was similarly unable to
elicit any information on the subject. A necessarily somewhat hurried personal
investigation of the geology of the hills was also without success. 1 found the hills
to be composed of a great intrusive mass of a rather medium-grained granite,

? With few slight alterations these notes are a reprint of a report written for, and published
by, the Madras Government, 1895.




o~

B

P T
T A————

> —

Y - reT—— ¢ SO SOV

40 Records of the Geological Survey of India. [voL. xxix,

slightly pinkish in colour, but sometimes white and sometimes deep flesh-colour.
Here and there on slabs of the rdck exposed along the rolling, plateau-like summit
were to be seen large, porphyritic crystals of felspar which at once catch the eye in
the sunlight. It may possibly be the case that these crystals have been mistaken
for corundum.

Neringipet I have not as yet visited, but the Bhavani Tahsildar informed me that
the reported find there was a mistake.

Chinnamallai is a long, low hill-range of ironstone (magnetite-schist, etc.)
among gneisses. I could find no one in the neighbourhood who knew anything
about corundum occurring in the neighbourhood, nor was I successful in discover-
ing any trace of it myself.

At Kanjikovil, I was directed by the Bhavéni Sheristadar to a number of shallow
pits situated about 234 miles along the Satyamangalam road from Sittodu. Here 1
found a quantity of grey and blueish grey kyanite crystals scattered through the
rock, in the soil, and in the debris thrown out of the pits. It is possible that this
mineral was mistaken for corundum ; and it is even possible that similar finds of
blueish varieties gave rise to the report mentioned by Newbold (see on) that
sapphires have been found in the valley of the Cauvery. s

II. DESCRIPTIONS OF THE LOCALITIES.

(1) Sittampunds area.

This locality lies a little east of the Cauvery river, and about five miles to the
south of the boundary dividing the Tiruchengédu taluk from the Ndmakkal taluk.
It has apparently been known for a very long time. Specimens of corundum and
of the enclosing rock from it were described by Count de Bournon (PAsl, Zrans.
Roy. Socy., 1802, p. 282), and the place was visited by Captain Newbold and
reported on by him (Journal, Roy. Asiatic Socy., vol. VII, p. 234), Lastly Dr.
Warth of the Geological Survey visited and reported on it in two letters to the
Madras Government, Nos. 540 and 606, dated 24th June and 16th July 1892,
respectively.

The size of the area productive in corundum was given by Dr, Warth as 771
acres, but the village officers gave 1,000 acres as the
estimated amount. It was also stated to be about four
miles long and two miles broad in its widest part.

The part examined by me was about two miles long and varied in width from
100 yards to 1,000 yards. It lies south-west, south, and south-east of Sittampundi
village, occupying a slightly elevated bit of rising ground running with its long axis
west-north-west, and east-sonth-east at distances varying, according to the position,
of from 1 mile to % mile from the village.

It was in December 1893 that I began my corundum investigations in the dis-
trict at this place, first on account of its being the one about which most information
was obtainable. The following summary is based on the aobservations then made
in the field, and on the subsequent examination of the rocks and minerals in the
laboratory.

t [n view, however, of the discovery by Dr. Warth of blue corundum in a vein of kyanite
in Chota Nagpur this place may be worth while visiting again (see Records, vol. XXIX, p. 50).

Area,
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The rocks to the north of the corundum area consist generally of a great series of
Rocks of the neigh- Dbiotite gneissic rocks, covering large areas, and with bosses
bourhood. and veins of a coarse, reddish granite bursting through
them and often forming picturesque crags and precipitous hills, such as that at
Tirachengodu town, and the similar hills in the vicinity, -
But the actual rock present at the corundum workings differs from the above
Actual matrix of the in being a gneiss or gneissic rock, of a pale silvery or
corundum. pearly grey colour, streaked with black, and consisting of
anorthite (indianite) and homblende, chiefly, with accessory minerals garnet, and
minute quantities of chondrodite (?). In structure the rock is a crystalline granular
aggregate of anorthite, with rather elongated prisms of hornblende, sparsely or
numerouely arranged with their long axes roughly parallel to the foliation,

The rock is well foliated in bands which generally run perfectly straight, and
which differ in the relative amounts of the pale mineral (anorthite) and of the dark
mineral (hornblende) present. (See Plate 7, fig. 1.)

In some places the hornblende, in others the anorthite, make up nearly the whole
rock. Gamnets also become locally very numerous. The specific gravity of a
specimen with but little hornblende and garnet was found to be 2'824. In this
respect it closely resembles anorthite, the specific gravity being a little higher than
that of the latter on account of the hornblende.

It is among this gneiss that the corandum appears, dotted about at random
among it like porphyritic crystals of orthoclase in a granite. The mineralogical
composition, structure, and general appearance of the rock-matrix here is plainly
the same as that recorded by Count de Bournon from the Salem district, and named
“Indianite” by him. The microscopical examination of the two rocks shows
them to be practically identical.

In some sort of association with the anorthite-gneiss, which is not disclosed by
any exposures on the ground, there must occur a very
coarse binary granite consisting of quartz and pink or flesh-
coloured orthoclase-felspar, inasmuch as large pieces of the
latter, and beautifully clear, smaller fragments of the former are found scattered
over the ground in perfectly fresh lumps and showing no trace of rolling by the
action of water.

On each side of the in si7u gneiss, which forms the rising ground, there are
gentle slopes of the same rocks, partly or wholly buried under surface material
formed of the broken-up gneiss and with here and there a recent calcareous
pisolitic tofa, derived no doubt from the decomposition of the lime-felspar
(anorthite).

The corundum of the 'The corundum occurs in two ways in thearea :—
area.

Other minerals asso-
clated with the gneiss,

(1) In the bed-rocks as described above.
(2) In the gentle slope of debris along with the weathered pieces of the
bed-focko

Itis of a pale greenish-gray, rarely flesh colour, and occurs sparsely distributed
among the parts of the gneiss which are richer in anorthite. 1t takes the form
of irregular lumps averaging from one-fourth to one inch in diameter, They do
not, as a rule, show the prismatic and pyramidal faces, though some specimens
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from this locality in the Survey Museum are in the form of short six-sided prisms
characteristic of corandum. They exhibit, however, rhombohedral cleavage, which
may be detected as fine and very regular lines crossing one another at an angle
of about g5 degrees, and ruled as it were at fairly regular intervals. These fine
lines crossing one another in this distinct way are a good practical distinction in
the field between this mineral and pieces of orthoclase, or other felspar, especi-
ally in the case of the flesh-coloured corundum, which at first sight may be easily
confounded with the flesh-coloured felspar referred to in the previous paragraph.
It is possible that some of the lines may indicate repeated twinning, but the diffi-
culty of cutting microscopic sections or of getting sufficiently thin cleavage flakes
of the mineral, make it at present impossible to decide this point.

Nearly all these pieces of the mineral are surrounded by a shell of calcite
from one-fourth to one-eighth inch thick,in which they lie among the matrix.
This shell appears to be left by the crystallising out of the alumma (corundum)
from the lime-bearing felspar (anorthite). -

The corundum found in the debris slopes is the same as that of the matrix
rock, inasmuch as the former is simply derived from the latter by weathering.

Besides the grey corundum noted above, and the flesh-coloured variety into

4 q which it passes, there are to be found fragments, generally
m:i‘of "l"‘;"‘:"‘e:.'“ °'  minute, of req corundum, which very locally pass into

ruby. The brighter coloured pieces of these, which are
but seldom larger than one-fourth of an inch in diameter, were found by me only in
the more hornblendic layers of the gneiss; and they lie in it surrounded by a
shell of anorthite partly converted into calcite, These pieces are not generally
transparent, but dull and opaque, and of a red currant colour. But here and
there minute points of a fairly translucent red colour may be detected; and I
have no doubt that occasionally rubies of value have been extracted from these
rocks, asis reported traditionally and by Newbold (Journal, Roy. Asiatic Socy.,
vol. VII, p. 234).
The grey and the flesh-coloured corundum are found all over the area to the south-
west, south, and south-east of Sittampundi, referred to in
ing‘d corundum work- .06 40, The native workers have in some cases taken the
trouble to break upthe rock-matrix along the more rocky
parts of the rising ground, and so to extract the mineral from its sheil of carbonate
of lime. Bat more generally it has been gathered by merely grubbing among the
debris between the im sif¢ outcrops and along the slopes. Shallow excavations
of this sort a foot or two deep are to be met with all over the area. Women
chiefly, but men also, take part in the search, which they conduct with the help
of a small digging implement and a basket. The searchers pick about among
the talus until they find traces of corundum. They then set to work to dig
out a basketful of the material which is then gone over by hand, the fragments
of corundum being selected readily and with certainty by those accustomed to
the work.

I was informed that the grey corundum was sold locally at the rate of eight
seers for the rupee, and that a man can collect that much in about fifteen days.
The red corundum with occasional clear ruby particles is more locally distributed
and I only’ know of one set of small workings and pits at a point one and
a half miles south-east by east of Sittampundi and S, 8° E. of Anagherry
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. hill. There are several openings along one line of strike running north-west by
west and extending for about 1co yards, but most of them have since teen filled up
by the falling-in of the sides. One mine was about fifteen feet deep, cut out along
the strike, and from two to three feet wide. It had been much deeper (several
yards I was told) but had subsquently been partly filled in with rubbish from
above. Two years ago,{l was told, this mine was worked, and the red corundum sold
in Tiruchengodu for 1, 2, 3 and 4 rupees, according to the colour, transparer.cy,
and size of the pieces. Figure 3, plate 7, is a rough sketch-section of the mine.

A piece of emery was picked up by me at the surface of the ground south-west
of Sittampundi, but the rock was not found #n situ any
where.

There seems to be no doubt about the practical uses to which corundum
can be put as an abrading and polishing agent by armour-
ers and lapidaries in the country, Mr. Ball surmises
(Manual of the Geol. of India, pt. I1I), that the consumption of corandum in
India must be considerable, though possibly it was larger formerly than now,
as the trade of the armourer is possibly not so active now as it used to be,
It is not possible without making some careful test experiments on a fairly
large scale to say how much corundum, relative to the
duQ“"“?" of coran- . atrix, there is present. I was only able to make a few.
m available, . N
experiments with a few coolies in collecting the mineral
from the surface from which an average of about $lb. for one coolie working one
day can be deduced.
If mining on a large scale in the bed-rock be ever undertaken and found.
. profitable, we might expect a gradual extension of the pro-
scrining on a large  gpctive area by the laying bare of rocks along the same
strike, and by enlarging the present area of solid rock ex-
posed after the surface debris has been cleared away. Hence my remarks in my
letter to the Government of Madras of 25th October 1894, recommending that all
facilities should be given to the leasing of the mines, so that their productiveness
may be tested and data be obtained for future guidance. Inasmuch as the ordi-
nary corundum occurs distributed in the bed-rock in the manner I have indicated,
and not in veins or lodes in smalland restricted places, there is no probability
that the mineral will suffer a rapid exhaustion ; because it is certain that the part
now visible above the alluvium is only a fraction of what lies hidden beneath it.

Emery.

Uses of corundum.

(3) Paparapatis area.

Paparapatti lies ten miles north-west of Dharmapuri town. In a direct line
one and a half miles away to the west-north-west is a range of rugged hills, and
between the two there stretches an alluvial plain with rock out-cropping here and
there. Most of this plain is taken up with cultivation. The corundum is widely
distributed over the area. As an indication of what is already known of its dis-
tribution, I have traced an outline map from the one inch Survey map and marked
with crosses the places where corundum has been actually seen and found by me
(Plate g). It does not follow that this represents the limit of this cornndum loca-
lity, but no information as to the extension of the areas could be obtained at the
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time of my visit, which was ¢ut somewhat ‘short by a pressing démand from the
Madras Government to visit the magnesite area of the Chalk hills near Salem.

As in the Sittampundi area the surrounding rocks of this neighbourhood are

Natur of the nelah- gneisses, or gnessic rocks, with- biotite as the dark mineral
bouring rock, 7" present. They ate well foliated, with a foliation-strike

' approximately N, N. E.—W, §. W., that is to say, agreeing
with the general trend of the hill range to the west of Paparapatti. - At the acteal
corundum localities there is, however, no appearance of 'a Hornblende-anorthite
rock such as is the matrix at Sittampundi. The rock, a biotite-gnelss, still con.
tinues the same in character over the whole area, with the exception of a very
local change, to be alluded to presently. Veins of a very coarse granite with red
felspar and clear white quartz penetrate the gneiss, as well as veins of a closer-
textured purplish granite. There are other intrusive veins of dark compact trap.

The actual matrix of the corundum in this area is apparently an altered form

of the biotite-gneiss. Elliptical (in section) or lenticular

co};:;“"‘:‘"" of the  portions of the gneiss appear t0 have had their minerals

. re-arranged and altered; the dark mineral biotite segre-

gates into an outer layer surrounding the lenticular portion, whilst the central parts

of it remain more purely formed of deep flesh-coloured orthoclase (finely crys-

talline, and showing under the microscope a fine micro-perthitic intergrowth of

possibly plagioclase) the amount of which varies with the amount of corundum

present. Along with this changed appearance of the gneiss the foliation of the

rock in these lenticular patches becomes much less pronounced and occasionally
disappears altogether. . . ‘ , ,

The size of these patches is.sometimes as -much as 3 or 4 feet long by six
inches or a foot across where actually seen in the rock ; but that they are in some
parts muchlarger is shown by the huge lumps of the changed rock found lying on
the hill-side. N . - . , S .

- On ‘the hill-sides W. N. W, of Paparapatti the #» sif« gneiss containing these
presumably altered lenticles, with corundam developed additionally, may be seen
but rarely. ‘Even then the hillside is so completely broken up and weathered into
loose, tambled blocks that it. is quite impossible to get any approach to a natural
section showing the true relation between the areas of altered and unaltered rock.

The corandam here differs entirely in appearance from that of Sittampundi.

. It is of a deep parplish-brown or sometimes dark greenish-

The cornndum ltself. grey colour, and it is always regularly crystallised into
hexagonal prisms with a great number of variously inclined pyramidal faces im«
perfectly developed, and so giving the prism an elongated barrel, or even spindle
shape (see plate 7, fig. 3).. These elongated prisms lie towards the central parts of
the lenticular patches of changed gneiss last described, arranged in any direction,
but generally with a tendency to an imperfect parallelism of their long axes with
the long direction of the lenticle, which itself again is roughly parallel to the
foliation of the surrounding gneiss, o

In size they vary from extremely minute grains and crystals, only visible in a

. _ microscopic section, to large crystals, several inches long

Lischlriolyrkaaie and from } to 1 inch in diameter. .The characteristic,

dum crystals, cleavage,
etc. rhombohedral cleavage is easily made manifest by breaking
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the crystals and sometimes as in the crystal figured (fig. 3) tmaces of the cleavage
planes are visible on the prism faces. Occasionally also a combination of the
fhombohedron and prism may be seen in a singlé crystal.

Besides the generally altered rock ift which the corundum is embedded, each

Bhell of orthocl crystal is immediately surrounded by a shell of more com-

round the corundom.  Pact orthoclase, generally flesh-coloured but sometimes

white, having a thickness of from } to } inch. Whena

corundum crystal has -been broken out or has dropped out from the rock, the

place where it lay can always be distinctly recognised by this shell which remains
behind.

It is clear from the map that the outcrops of the rock in which corundum

Arrangement of the Occurs lie in successive lines, roughly parallel to the strike
corundum-bearing rock of the gneiss, namely, N, N. E.—S, S. W. This seems to
in lines. show that the particular bed, or band, of the gneiss fruitful
in corundum, is repeated by the foldings of the rocks, so that it appears several
times at the surface. Should this tentative conclusion be correct, it basa. practical
bearing on the amount of corundum in the locality, because it makes it very pro-
bable that the lines of fruitful rock which have continued as. far as shown on the
map will also continue further. in the same direction in either continuous or broken
outcrop.

There are two ways of getting the mineral here corresponding to the case of
Sittampandi, vss., (1) by working the bed-rock and (2) by
digging in the talus of débris at. the-foot of the hills and
slopes. No extensive working of the bed-rock has been
practised ; but the richer lumps have been broken up, when not too hard or too
large for demolition by band. Numerous shallow pits in. the débris and ' half-
decomposed rock have been made. In general, it may be said that the mineral is
gathered in an unsystematic, casual way, not as a regular pursuit, but only during
the hot weather or at times when the soil from .an agricultural point of view re-
quires no attention ; also during times of scarcity. A good deal is also gathered
at ploughing times and at any time, especially after rain, by being picked up
when met with without special search. By these means at certain times the
mineral is accumulated and sold in the market as a regular article of commerce.
Merchants from Madras and Bombay, it is eaid, buy large quantities of it at inter-
vals when the local collections have accumulated.:

" As inthe case of Sittampundi, ‘it is impossible -to . say. whether working ithe
) mineral systematically would- pay. Such a question -can
8% .only be decided by actmal experiment carried on in ‘such

a way that the correct -average -percentage - of corandum
obtainable from a given amount of rock may be dedaced. Towards the south-
west of the corundum-bearing area'there-is a stream of water which is said-to be
‘perennial. This conld be turned to account in sifting the more finely distributed
particles of corundum in the matrix after breaking up and-gentle pounding. . These
minute graing at present over-looked are as valuable as, or possibly more so, than
the ldrger fragments, volume for volume ; inasmuch as ‘the corundum must first
be reduced to the granular form before it cam be.used. as .an.abrading

agent. .

‘Native ways of ob-
taining the mineral,

Working on a la
scale systematically.
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On the whole this area near Paparapatti is a decidedly promising one. The
amount of corundum present in the rock appearsto be

Conclusion. sometimes considerable, and the area of known outcrops

is a large one.

(3) Rengopuram.

So far as I know personally, and also by report, this locality is an isolated and
Locality limited. limited one. At the same time it should be remembered
that negative evidence goes for very little in such a matter
as the recognizing of small pieces of corundum, and especially in uncultivated
forest land, where the soil is never disturbed.
The actual place of the corundum is two miles N. by E, of Rengopuram, a
village on the outskirts of the forest land near Penagaram.
Here are to be seen two pits a few yards apart. The newer of the two is about
15 feet long by 8 feet broad, and 5—8 feet deep, and is sunk
Two pits. through a rock composed of alternate layers of a felspathic
rock and a hornblende gneiss. I could find no corundum in the rock itself
although I made a careful and prolonged search. The villagers and servants with
me were equally unsuccessful. The mineral was, however, abundant in the surface
débris overlying the edges of the mine. It is possible that this surface material
may have come from a more distant point by a movement of soil-cap down the
slope. The difficulty was to account for the mine which had been carried down
some distance into the bed-rock.
The corundum here is of a greenish grey colour and is very much rounded and
The corundam colour, Waterworn into holes, and even slightly honey-combed (facts
form, etc. supporting the belief that it came from some distance).
Hexagonal short prisms were the prevailing forms which it assumed, and most of
these showed a tendency to break up parallel to the basal plane, thus forming
irregular plates. There is no good basal cleavage, however, the rhombohedral
cleavage being the only noticeable one.

(4) Road from Dharmapuri to Morappur near 6th milestone.

The first of the jtwo localities embraced under the above heading lies one mile
south of the 6th milestone from Dharmapuri, at the foot of a low hill a little west
of the foot-path. The nature of the rock, and the mode of occurrence of the
corundum resemble entirely those of the Paparapatti area. The exposure shows
signs of baving been worked within a radius of a few yards. I could not find, or
hear of any other exposures of the same rock in the neighbourhood. The low hill
range west of the Mukkunur range and that range itself are petrologically of differ-
ent constitution. Here as before, however, negative evidence counts for very
little, A band of the corundum-bearing rock may continue from this outcrop
though hidden from view at present.

The other locatity is two miles north of the same milestone. There is no good
exposure of the rock. A few fragments in a field alone reveal a few bits of
corundum of a dark grey colour set in a very fine-grained, fissile rock almost
resembling a phyllite or schist.
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(5) Selangapalaiyam.

The first locality I visited in Coimbatore district was the above. The corundum
Localit occurs scattered in fragments and rolled pieces in a field
Yy . . :
extending from near Chinnanayakkanur to Selangapalaiyam.
The solid rock of the neighbourhood is very imperfectly seen. There are no
Natare of the enclos- Tocky masses and no quarries. So far as one can gather
Ing rock, ' from fragmentary observations, the rock of the country
here is a muscovite-biotite gneiss, with wavy foliation, and with veins of a coarse.
binary pinkish graphic granite penetrating it irregularly.
The fragments of corundum are of a pale greyish green colour, sometimes
The corundum, and brown outside. It has no crystalline form, but is in irregu-
mode of gathering. lar lumps varying in size from } inch to 1 and 3
inches across. Nearly all are rolled, but the rhombohedral cleavage is generally
distinguishable.
The village karnam of Selangapalaiyam informed me that it was not gathered
systematically, but picked up from the fields chiefly by women, during the rains.
Perhaps 25 or 30 maunds were gathered annually.

(6) Gopichettipalaiyam.
This is a limited locality like the last and is simply a field, from the surface of
Locality. which the mineral is gathered. The village magistrate owns
the field, No. 94, which ise about half a mile north of the
travellers’ bungalow. ,
The only rock seen in situ was a disintegrated and much altered hornblende-
Bed-rock Corondam gneiss. The corundum is of a dark brown colour, more nearly
°  resembling that of Paparapatti than anything else. There
was a fairly large quantity of it scattered over the field, the few of us present easily
picking up pieces of the size of walnuts. Old picked-over heaps of rubbish lined
the edge of the field. The Revenue Inspector informea me that this was the only
field near in which the mineral was found ; that a contractor from Madras came
annually and took away all the corandum he could find ; that the latter employed
30 or 40 coolie women who worked for three months last year (1894) and collected
altogether two large cart-loads; that each woman could collect § to 1 Madras
measure (=Rs. 80 weight) every day.
This field struck me as being singularly productive. The rock beneath is pro-
bably very rich,
(7) Karutapalasyam.
The above village lies about two miles W. N. W. of Sivamallai, a prominent
Locality. temple-crowned hill in the Kangyam taluk. Between the
’ village and the hill there stretches a row of six or seven
small rocky hillocks composed of the same gneiss as the bill itself. The hillocks in
fact are structurally a W. N, W. continuation of the Sivamallai mass,
Two rocks of different composition and structure are connected with the appear-
. ance of corundum at this place. The one is the pale grey
,oz;'f neighbeuring . gneiss of the Sivamallai hill, and the other a coarse granite
intruded as veins into the gneiss.
The former is a very felspathic rock which in appearance resembles the anor-
c
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thite rock of Sittampundi. It is composed almost wholly of plagioclase felspar and
microcline in a granular condition. A small quantity of biotite or of hornblende
and iron-oxide, with another minute mineral in small octahedra, zircon (?), occur
as accessories. The last was brought to me as corundum by some of the Sivamallai
villagers. ]

~ The whole rock weathers into large pale ochre-coloured blocks forming small
tors.

' Along the northern foot of these hillocks, between Karutapallsiyam and the
Tiruppur-Kangyam road and extending for a distance of one mile, there are a
geries of holes and trenches made by the owners of the lands, which reveal the
coarse granite alluded to above. It is a dark red, white, and black non-foliated
rock, composed of sed or deep flesh-coloured felspar which is a form of orthoclase
with minute intergrowths of probably plagioclase, quartz, in sometimes very cleat
lumps, and biotite in large nests of small plates.

1t is in this extremely coarse red granite that the corundum is found as large,

The corundum occur-  Well-preserved, six-sided crystals of a dark or light greenish«
ring_in the coarse grey colour. The mineral appears in this completely un-
granite. altered rock as if it were a normal mineralogical constituent,
or at least accessory, of the granite. It possesses no shell of any other mineral as
in the case of the Sittampundi and other localities where the corundum is found in
its matrix. There is nothing to suggest in this case that the corundum was formed
subsequently to the matrix in whjch it lies ; nothing to suggest a secondary origin
for it. )

This area is still under investigation, but in the meanwhile it is noteworthy
that corundum is dug chiefly in the granite along the line of contact (or very neal
it) with the gneiss.

- This is not the place to introduce theories ; but should the mineral be afterwards
shown to be a contact phenomenon, then its presence in the gneiss at Sittampundi
as a secondary mineral, and its presence in the granite of Sivamallai as one of the
same age as its matrix, would be explained.

The mining or digging out of the cornndum near Karutapallaiyam is quite an

Mining the corundum: active industry (1895) on a small scale. The fields on the
numerons hales and mnorthern side of the row of rocky hillocks of waste land
trenches, have been taken up, not for the purpose of cultivation, but
for corundum mining. There are a number of irregular holes and some few regu-
lar trenches, the latter following W. by N.—E. by S. (the direction of strike of the
gneiss and of the intrusive veing of the granite) or at right angles to this direction.
One of these was 30 yards long, 2 yards wide, and 20 feet deep. Another trench
was dug along a direction N.E. by E.for 15 yards. It was 20 feet deep and 2
yards wide, and it followed the junction of the granite with the gneiss which here
dipped 60° N.W. The largest and most productive working was close to the village
of Karutapallaiyam. Here were obtained some very large crystals of corundum
6—8 inches across. I was shown a basketfu! of the mineral weighing about 14
seers (28 Ibs)) gathered during the day of eight hours by four men, their wives and
little children. ' ' '

A past generation are reported to have made 8 very good thing outof the corun-
dum of this place, when the stuff sold for Rs. 40 per podi=192 Madras measures.

R
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Now, I was told, omnly Rs, 30 would be obtained for the same amount; I cannot
say how much confidence is to be placed in these figures.
On the whole I think this locality is perhaps the most promising that 1 have so
far seen. 1t is the only one I saw in private land that was in active working.
. At Padyur, Shigrispalaiyam and Kundyankovil in the
thia Plapoocalitios near  yicinity the mineral is reported. They will be visited in
due course.

SuMMARY AND GENERAL REMARKS.
From the preceding account, it is clear that the corundum deposits of Salem
. and Coimbatore, so far as they have been at present exame
c oy:n";:‘?:‘"“ of the jned, are mot confined to one well-marked stratum of
Tock, of a constant composition and definite horizon. The
matrix may be, as we have seen, (1) anorthite gneiss, (2) orthoclase gneiss, (3) a
fine-grained schist, (4) a coarse graphic granite.

Thus the nature of the bed-rock of any area would not be & guide as to whether
corundum might be found there or not.

It seems possible, however, that the presence in or near of a coarse granite, in-
trusive among the bed-rock, does represent a condition without which corundum
fails to appear. Further discussion of this point is reserved at present.

Throughout the seven areas already examined the mode of distribution of the

. mineral in the matrix is generally the same, that is to say

“M&? ﬁi:i:::l’b';?;‘“ itis a scattered distribution; the crystals, lumps, or grains
various matrices. are dispersed at intervals through the rock-like plums in a
ﬁo‘:.'“"e'ed. distribu-  pudding, or porphyritic crystals in an igneous rock. The

particulars of this distribution in the various cases under
notice are of practical importance. (1) The richness of the rock varies within cer-
tain limits (which cannot be obtained without a prolonged practical test, (2) The
presence or absence of a shell of a softer mineral, ¢g., calcite round the corundum,
determines the ease or otherwise with which it can be extracted pure from the rock.
For instance the Sittampundi rock is poorer than the Karutapallaiyam rock, but
th’e former can be got out nearly pure whilst a htap of the latter is genetally halb
felspar.

Nowhere in the areas that I have seen does the mineral become massive and
aggregated into layers or beds as in the well-known Rewah
deposits of Pipra, described in 1872—1873 by Mallet
(Records G. S. of India, vol. V., p. 20, and vol. VL, p. 43),
where a bed of several yards thick (maximum thirty yards) is traceable for } mile.

As all corundum must be reduced to a granular coarse powder before it can be
used by lapidaries, etc., it is open to question whether a scattered distribution or a
massive occurrence is the more easily manipulated form. Massive corundum would
certainly present difficulties to the simple form of working adopted at present by the
natives of Salem and Coimbatore.

It may be mentioned that the so-called “sand vein ” of corundum at Culsagee and
Laurel Creek, United States, which is loose and incoherent, and can be worked by
the hydraulic process, is preferred to the more massive crystalline lumps, asit saves
the labaur of pulverizing (see Mineral Resources of U. S. by T. M. Chatard,

p- 714).

No beds of massive
corundum as at Rewah.
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At Sittampundi, rubies have been found as detailed before in this report,
Sapphires are also mentioned by Newbold as having been
du(:m forms of corun-  ¢und in the valley of the Cauvery (Jourmal, Roy. Asiatic
Soc., vol. VIIL, p. 153). This is rather a wide field, and

80 far I have been unable to corroborate the statement.
It may be mentioned, however, that the form and shape of the crystals in the
Paparapatti and Karutapallaiyam areas and their mode of
reCorundom €U distribution very much resemble the like conditions under
similar in appearance which the sapphires of Zanskar in Kashmir appear. In
to that of the sapphires  our area the colours differ by being of & dark greenish or
reddish grey, whilst in Zanskar, they are of a bluish grey,
which locally becomes a deep violet-blue (sapphire). The colouring of such mine-
rals, depending as it does on accidental impurities in them, may easily vary. The .
finding of sapphires in the corundum areas of Salem and Coimbatore is therefore

quite possible.

The mode of occurrence of the corundum in Salem and Coimbatore in rock
. masses which appear only at intervals above the alluvium,
of mexbaustible SWPPLY  put which have a very extended distribution, shows that
the area of productive rock is practially inexhaustible. As
a petty article of commerce, therefore, so long as corundum is used in the arts, it
will be woiked in a desultory way. Whether it will ever rise to be an important
item in the trade of the Presidency or not, depends on s0 many causes and condi-

" tions of demand, labour, opportunity, fashion, capital, boom, etc., that I can give

no opinion thereon.

1

On the occurrence of blue Corundum and Kyanite s £he Manbhum Dis-

o trict, Bengal. By H. WARTH, D.Sc., Deputy Superintendent, Geolo-
gical Survey of Indsa.

Near the village of Salbanni, four miles east-south-east of Balarampur on the
Bengal Nagpur Railway, I found in October, 1895, a large vein of kyanite with blue
corundum exposed in a road-cutting. The vein follows the strike of the rocks and
the boundary line between the transitions and metamorphics, running a little to
the soutb of east. This boundary is described in Ball’'s memoir on Manbhum and
Singbhum as being formed by a fault rock of psendomorphic, and sometimes
massive, quartz, which contains much limonite and in some places copper.

The kyanite occurs with micaceous beds in coarse-grained quartz-rock, which
forms here a slightly elevated broad ridge parallel and close to the boundary, about
one-fourth mile to the north of the ridge of fine-grained splintery quartzite with which
the transition rocks terminate. '

The coarse-grained quartz-rock contains much tourmaline, rendering whole beds
of the quartz banded or entirely black. Tourmaline is also abundant in the quart-
zite which extends about one mile further from the kyanite vein on the side of the
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metamorphics. These quartzites are invaded by & number of small veins of peg-
matite associated with schist and dykes of hornblendic rocks. On the other side of
the boundary I found the usual association slate and quartzite which constitute the
transition area to the south-east 0of Barahabhim. The quartzite forms at the
boundary a straight ridge parallel to the strike of the rocks, running for a mile
or more with a constant bearing of E. 10° S. and W. 10° N,, whilst the dip
is to northwards, Dioritic intrusive rocks which are abundant were seen in one
case to follow the strike of the bedded rocks and even to weather and peal off in the
direction of the strike.

Near the kyanite vein I also found on the surface of the ground occasional
crystals of rutile. They were well developed, tetragonal combinations, sometimes
half an inch in thickness, sometimes forming geniculate twins. The kyanite vein
shown in the road-cutting near Salbanni is about two feet thick, and the crystals
measure sometimes nine inches in length and are of a pale and sometimes variegated
blue colour. They are intergrown with colourless mica and crystals of corundum.
The latter crystals are usually simple tapering prisms from half an inch to three
inches in thickness, and are arranged without discoverable crystallographic
regularity in the kyanite. A layer of mica, one-eighth to one-fourth inch thickness,
usually forms a coating between the corundum and the kyanite. The corundum
is of an exquisite deep blue colour. Some of the largest crystals, one parti-
cularly of six inches length and 3B in weight, being of dark sapphire blue
throughout. Others are blue at the margins and colourless in the centre, and in
still others the colouring is irregularly distributed, a feature characteristic of real
sapphires such as occur in Cashmere. Small portions of some of the blue crystals
are transparent, but in the majority the transparency is destroyed by cleavage
and twinning planes.

The kyanite vein was traced to a distance of three miles on either side of Salbanni.
The greatest thickness of the vein was observed about one mile to the west-north-
west of Salbanni near the village of Girgirdeeh. Some blocks were here exposed
which were parts of a vein 40 inches thick. The blades of kyanite were vertical to
the walls of the vein, and on both sides as well as in the middle there was a
2-inch layer of mica. I also observed tourmaline, but the corundum occurred only
in traces.

Corundum was also observed near the village of Gobindpur, about two wiles
west-north-west of Salbanni. In the opposite direction I examined the section
along the road from Barahabhim direct to Purulia. Neither kyanite nor corundum
however were observed, but this might be due to accidental covering by
alluvium, and the whole of the boundary would have to be examined before the
corundum and kyanite occurrence could be limited with certainty to the above.
mentioned length of six miles.

+
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On the papers by DR. KOSSMAT! and DR. KURTZ,® and on the ancient
Geography of “Gondwdna-land)’ 8y W. T. BLANFORD, LL.D,,
F.R.S.

Translations of two important paleontological papers have appeared in the
second and third parts respectively of the ‘ Records’ for 1895s. The first, by Dr.
Franz Kossmat, deals with “the importance of the cretaceous rocks of Southern
India in estimating the geographical conditions during later cretaceous times,” the
second, by Dr. F. Kurtz, contains an extract from ‘* contributions to Argentine
Palzophytology,” and treats of “ the existence of the Lower Gondwéna flora in the
Argentine Republic.”

At the ‘first glance it would almost appear as if the first paper had but little
connection with the Geology of India, and the second paper none at all, and in one
sense this is true, But there is nothing more remarkable in the history of Indian
Geology for the last 30 or 40 years than the light which has been alternately shed'
upon India by discoveries in other countries, especially in the continental masses of
the southern hemisphere, and reflected from India upon the scuthern continents.
Dr. Kossmat's paper confirms in the strongest and most convincing manner a
theory suggested by certain details of Indian cretaceous pal=zontology, and traced
out originally by Indian Geologists, and Dr. Kurtz's discovery makes known a
great extension in upper palzozoic times of the southern continent, of which India
formed part, and which is widely known by an Indian name, the Gondwéna land of
Suess.

There are points in both papers on which a few remarks may be added. This
is especially the case with Dr. Kurtz's paper, because there are other recent dis-
coveries in South American Geology of interest to Indian Geologists. It is, how-
ever, convenient to refer to Dr. Kossmat's paper first, as it was the earlier in date,
and the first remark to be made may be regarded as a criticism.

Dr. KossMAT'S PAPER,

Dr. Kossmat appears to have overlooked the fact that the distinction of the
uppermost portion of the cretaceous system, the beds with Naut:lus danicus, as the
Ninnyur group, the original suggestion of which distinction he attributes to Mons.
H. Leveill¢, in 18893 was clearly indicated in my brother’s (Mr. H. F. Blanford’s)
original memoir,* and still more distinctly in the “ Manual of the Geology of
India.”® In fact M. Leveillé took all his data about the Ninnyur group from the
Manual, for he expressly stated that in the ground examined by him near Pondi-
cherry he was unable to distinguish the two groups, Ariyalur and Ninnyur, although
he believed that both occurred. That the Ninnyur beds should be separated from

- the Ariyalur groups as a higher subdivision was, I know, my brother’s decided

* Records, Vol. XXVIII, Pt. 2, p. 39.

$ Ibid., Pt. 3, p. 111.

¥ Bull. Soc. Geol., France., XVIII, p. 146.

4 Mem., Geol. Sure., Ind., IV, p. 141 (1862).
* 15t Ed, p. 287 ; 2nd Ed,, p. 243.
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opinion, for I have often heard him speak on the subject. That the Ninnyur beds
have not been more clearly distinguished in the Pal@ontologia {ndica is probably
due to the fact that the magnificent description of the South Indian cretaceous
fossils is an unfinished work. Ithad always been Stoliczka’s hope and expectation
(as was mentioned in the Manual, 1st Ed., p. 273, foot-note), after finishing the
description of the collections made by the survey, to visit the localities from which
they were derived, and to study the rocks, which he had never seen on the ground.
Had he done so, questions like the separation of the Ninnyur beds and the relations
Yo each other of the Valadayur and Ariyalur beds of Pondicherry would have been
decided long since. Unfortunately Dr. Stoliczka’s description of the South Indian
cretaceous fauna was only completed just before his departure in 1873 with the
Mission to Yarkand, which proved fatal to him.

As regards the union of the Ariyalur and Valudayur beds of Pondicherry, in
favour of which Dr. Kossmat expresses himself very strongly,it should not be
forgotten that in the area mentioned the beds dip at low angles and are very rarely
seen, being greatly concealed by surface accumulations, also that the majority of
the fossils have been picked up on the surface of the ground in a way that renders
it difficult, unless their origin can be determined by mineral character, to say
exactly from what bed they have been derived. My brother came to the conclusion
that the two groups were distinct, after a thorough examination of the ground, and
pointed out (Mem., G. S. I, 1V, p. 155) that the Valudayur beds differed both
lithologically and palzontologically from the overlying Ariyalurs, and that the
latter contained pebbles derived from the former. The greatadvance that has
taken place in the knowledge of cretaceous ammonites since my brother an i
Stoliczka wrote, may fully justify Dr. Kossmat’s conclusion that the Valudayur beds
are not of Utatur age but newer, without proving that they should be united with the
overlying Ariyalur strata. It is never quite safe to reject conclusions formed on
examination of rocks in the field without re-examination.

These questions, however, though of local interest, are comparatively trivial.
The importance of Dr. Kossmat’s paper to Geology in'its truest and highest sense—
to the history of the world—is due to the manner in which, by a masterly study of
the distribution of ammonites and other cephalopoda, he has traced out the old
coast-lines of cretaceous continents and has confirmed the opinion expressed in the
Manual of 1879! that a land barrier must have extended in cretaceous times from
India to South Africa?® across the Indian Ocean, and that the cretaceous beds of
‘Trichinopoly and those of the Nerbudda were on opposite sides of this barrier.

Since its first publication various discoveries have contributed to support the
view just noticed. The evidence brought forward in favour of a land connection
between India and South Africa, by way of the Maldives and Mascarene islands, in
both newer palzozoic and mesozoic times, was strongly confirmed by Neumayr's?

* Introduction, p. XXXIX, also remarks on pp. LXVIII and LXXII, also p. 297.

t In the translation of Dr. Kossmat’s paper, Records, XXVII], p. 42, “ Die Annahme
einer ehemaligen Landverbindung zwischen Sudindien and Hochafrica’’ is represented by
“ the theory of the former existence of land between the south of India and the north of
Africa, 1 would suggest that by Hochafrica Dr. Kossmat means the African highlands, not
the north of Africa, There is land connection between Southern India and Northern Africa
at the present day.

® Denkschr. K. K. Ak, Wiss, Wien, M. N. Kl. Bd. 1 (1885), p. 132, map 1.




—— T

e T YT

by m-

'
“
’

¢ Pmm—— e o=

54 Records of the Geological Survey of Indsa. [voL. xxi1x,

perfectly independent evidence from jurassic data, published in 1885, and in 18go
I brought! forward some additional facts, mainly zoological, leading to the same
conclusion. Lately a very remarkable addition to the evidence has been furnished
by Admiral Wharton, Hydrographer to the Admiralty. In his Presidential address
to the Section of Geography in the British Association at Oxford® he points out that
the north-western part of the Indian Ocean is apparently cut off from the main
oceanic basin by a shallow belt probably extending from the Seychelle Islands to
the Maldives, it being of course understood that the Seychelles are also connected
by comparatively shallow tracts with Madagascar and Africa and the Maldives with
India. The isolation of the north-western basin is inferred from the warmer
temperature of the deep water. 1t is a well-known fact that where free circulation
takes place between the depths of tropical and temperate oceans and the seas of
Arctic or Antarctic regions the bottom temperature is much lower than when bellg
of shallower water intervene to prevent the heavy cold currents of arctic derivation
from flowing into any oceanic tract.

There is no more certain test of theory than independent evidence. In thig
case the inference from purely paleontological data that a belt of land must have
connected India with South Africa in pre-tertiary times has already received some
confirmation from the present distribution of animals, and now, from a totally
different quarter, and from a branch of scientific enquiry entirely unconnected with
biology or geology, comes this striking confirmation of the original hypothesis. It
is scarcely necessary to point out that if, in cretaceous times, a land area extended
from India to Africa, and if sufficient depression took place in the tertiary era to
submerge the whole of the connecting tract beneath the sea, just such a com-
paratively shallow barrier between the depths of the main Indian Ocean and its
north-western portion would probably remain, as is now indicated by the tempera-
ture of the deep water.

Another most interesting part of the evidence brought forward by Dr. Kossmat
is that relative to the distinctions between the cretaceous fayna of the Atlantic
coasts of America and the contemporary fauna of the Pacific, the latter, as was
shewn by Stoliczka to some extent, being intimately connected with that of India.
The resemblance of the cretaceous faunas in India and California, it may be
remembered, is by no means confined to cephalopoda. The natural inference
would appear to be that North and South America were united in cretaceous times.
It is evident that the union was broken up very early in the tertiary era, for the
eocene mammals of Argentina are quite different from those of the United States,
and it is not improbable that temporary connections during small portions of
cretaceous time between the Atlantic and Pacific, rather than persistent arms of
the sea from one ocean to the other, may account for some of the occurrences
of Atlantic forms on the Pacific Coast to which Dr. Kossmat refers, as in the similar
case of identical upper jurassic or lower neocomian fossils (Z7rigonia Smcer,
T. gentricosa) occurring on both sides of the Indian Peninsula. The question
of the ancient Physical Geography of the great western continent is, however,
of secondary importance to Indian geologists.

3 Qucv?. Sour., Geol. Soc. Pn?udlag:. pp. 88-99.
* Rep., Brit, Assoc, 1804, p. 700.
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DR. KurTz’s PAPER.

Before passing on to any remarks on the discovery in Argentina, I should'add
that I have learned from Mr. Griesbach that important additions have been made,
since the publication of Dr. Kurtz's paper, to the number of Lower Gondwéna
plant-fossils that have been found there. These must add greatly to the import-
ance of the flora and can scarcely fail to throw some additional light on its affinities
and perhaps on the distribution of land in upper palzozoic times.

Meantime it may be useful to recapitulate the principal facts already ascertained
concerning the occurrence of plants with Gondw4na affinities in South America.
It was known as long since as 1876,! that an Estkeria, identified with that found in
the Kdmthi beds at Mangli, south of Négpur, together with certain fossil plants,
regarded as of rhztic age, had been found in the Argentine Republic. The
plants were the following :—

ALGAE: .
Chondrites mareyesiacus, Gein.

FUNGI :
Xylonites sp. Conf. X. Zamite, GOpp.

"FILICES :
Thinnfeldia crassinervis, Gein,
Th. ? tenuinervis, Gein.
P..chypteris stelsneriana, Gein.
Otopteris argentinica, Gein.
Hymenophyllites mendosaensis, Gein,
H. sp.
Baiera® t@niata, Braun.
Pecopteris temuis, Schouw, Brogn.
Taniopteris mareyesiaca, Gein.
CYCADEAE :
Ptevophyllum oeynhausianum, Gbpp.
CONIFERAE
Palissya brauni, Endl. var. minor, Gein.
Sphanolepis rhatica, Gein,

There were also found scales of Semionosus (a Ganoid fish).

Of these plants Basera t@niala, Plerophyllum aynkhausianum and Palissya
8rauni were represented as identical with European rhetic plants and Pecop-
teris fenuss with a liassic form. No species was at first identified with any
form belonging to the Indian or Australian fossil flora. As regards KEstheria
mangaliensis, the discovery of which in Argentina was prominently noticed in the
Records by Dr. Feistmantel, no great weight can be attached to the identification
of these small crustaceans, of which many closely-allied species have been de-
scribed. Thus the connection between the * Rhatic" flora of Argentina and the

} Beitrag zur Geologie u. Palzontologie der Argentinischen Republik. Palzontologische
Theil, Il Abth, Ueber rhaetische Pflanzen u. Thierreste in den Argentinischen Provinzen
La Rioja, San Juan und Mendoza. Von Dr. H. B. Geinitz, Cassel. 1876.

? This genus is now regarded by many palzobotanists as a conifer allied to Gingko
{Salisbduria). -

% Rec. G. S. 1,,1877, X, p. 26,
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Upper Gondwana flora of India was quite insufficient at the time when the first
edition of the *“ Manual ” was published in 1879 to deserve notice.

In fact the first addition to our knowledge of the Argentine flora that had a
really important bearing on its Gondwi4na affinities was the identification in 1880
by Nathorst of Zkinnfeldia crassinervis, Gein, with Pecopleris odomtopteroides,
Morris, an identification confirmed by Feistmantel! who had already pointed out
the similarity of the two forms. The importance of this fossil plant, which appears
to be as widely distributed in the upper Gondwinas as Glossopteris drowniana is
in the lower, was at that time gradually attracting attention, as the same species had
been found, although rarely, in India, and its occurrence had just before. been
noticed in the Stormberg beds of South Africa, in which it appears to be as
common and characteristic as in the Hawkesbury beds of Australia and in the
“ Rhaetic ” of Argentina.

The next noteworthy contribution to our knowledge of Argentine fossil botany
was by Dr. Szajnocha in 18882 He described a collection from Cacheuta in the
province of Mendoza containing the species below enumerated.

Equisetace.
Schisoneura hoerensis P Hisinger.
Filices.
Sphenopteris elongata, Carvuthers,
Pecopteris Schinleiniiana, Brogn,
Neuropteris remota ? Presl.
Thinnfeldia odontopteroides, Morris,
Thinnfeldia lancifolia, Morris.
Taniopleris mareysiaca, Geinitz.
Cardiopteris Zubers, n. sp.
Cycadea.
Podosamites aff. ensés, Nathorst,
Podosamites schenckii, Heer.
Zeugophyllites elong atus, Morris.
Besides fragments of Pterophylium and Ctenophyllum, and Estheria mangaliensis in
abundance.

The plants described by Geinitz were found in several localities, the beds at
some of which, as Dr. Szajnocha pointed out, were perhaps of rather later date
than those of Cacheuta. This, however, is not of much importance. The striking
fact is that amongst the eleven species identified by Szajnocha, no less than five,
Sphenopleris elongata, Pecopteris schénleiniana (P. lobifolia Morr.), Thinnfeldia
odontopteroides, T. lancifolia, and Zeugophyllites elongalus, are characteristic
Australian types, and that several of them occur in the upper Gondwéna of India
and in the Stromberg beds of South Africa.

Then, in 1888, a letter from Mr. Orville A, Derby, Director of the Geological _
Section of the National Museum at Rio de Janeiro, was pyblished by Dr. Waagen,3
who, it will be remembered, had, in the previous year, written an'important "papet
on the Carboniferous Glacial period (Cardone Lisseit), of which paper a translation
appeared in the Records for 1888, p. 89. Inthis paper (Records, t.c., p. 129)

v Pal, Ind., Ser. XII, vol. I, pt. 2, p. 8s.

* Ueber fossile Pflanzenreste aus Cacheuta in der Argentinischen Republic. Sitsungber.
K. Akad. Wiss. Wien, Math. Naturw. Cl. XCVIL Abth. 1, p. 210.

* Newu, Jahrb. f. Min., etc. 1888, 11, p. 172. Translated in Records, G. S. I., 1889, p, 69.
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Waagen stated that, so far as he was aware, South America was the only continental
mass in which glacial formations had not been observed, either in carboniferous or
permian deposits. Mr. Derby, however, described certain beds of carboniferous
age, in the province of San Paulo in Southern Brazil, containing rolled pebbles
from the size of a fist to quadruple the size of & man’s head, embedded in the
finest shale ; in another place in the same province, near the town of Itu, isolated
rounded blocks, some of them a foot and a half in diameter or more, in excessively
fine sandy shale. In yet another place even larger blocks, apparently derived
from shale, were seen, some of them more than a metre in diameter and consist-
ing of gneiss, granite, and hard conglomerate all mingled together. In short,
there can be very little doubt that the beds discovered by Mr. Derby exhibit the
characteristic features of the Talchir boulder bed, and if the peculiar character of
the latter is due to glacial agency, the same agency must have influenced the forma-
tion of the Brazilian deposit. The boulder beds of San Paulo are 300 or 400 miles
north of the localities in Rio Grande do Sul, where fossil plants have been
discovered, but so far as can be judged from Mr. Derby’s papers the formation is
the same.

And now these discoveries, one after the other, of the exceptional characters
that have made the Indian, Australian and South African beds famous in the
history of Geological Science, have beer completed by the recognition in South
America of that remarkable and characteristic flora which first drew attention to
the whole question. It is curious how the typical forms of the Lower and of the
Upper Gondwanas have been gradually traced in India, Australia and South
Africa, how in each case a peculiar boulder bed has been found associated with
them, and how every one of the same peculiar features has now been met with in
South America. Not the least remarkable fact, moreover, is the peculiarly Indian
facies of the Argentine flora, the association of Neuropteridium validum, Feistm.
Gangamopleris cyclopteroides, Feistm., and Noeggerathiopsis hisolpi, Feistm,, being
characteristic of the Karharbari beds of Western Bengal, and one of the species
Neuropleridium validum, not having hnitherto been found in Australia or South
Africa so far as I am aware.

It has long been understood that coal-bearing beds with Zepidodendron and
other fossil plants of the ordinary northern carboniferous type occur in southern
Brazil. What these plants really are will appear presently, but their existence
made it far from remarkable that lower carboniferous (culm) forms should be
discovered in Argentina. The latter were described by Szajnocha !in 1891, and
some additions have recently been made by Dt. Kurtz. The principal forms be-
long to the genera Archaocalamiles, Lepidodendron, Rhacopleris, Cordaites, and
Bodrychiopsis and shew considerable similarity to plants from the same horizon in
Australia, though not the same awmount of identity as is exhibited by the Upper
and Lower Gondwaéna fossils.

On one occasion before this the occurrence of a Lower Gondwéna flora in South
America appears to have been noticed. This was by Dr. A. Hettner® in 1891.
He described the coal measures of southern Brazil, and stated that he had obtained
from them fossil plants belonging to the Glossopteris flora. '

1 Sitoungsb. Kais. Akad. Wiss., Wien. Math-naturw. Cl., Vol. C, Abth. 1, p, 1g95.
3 Zeitschr, d. Gesellsch. f. Eydkunde, XXVI, pp. 91, 124.
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Nearly 30 years ago, Mr. N, Plant brought from the southern parts of the pro«
vince of Rio Grande do Sul, the southernmost part of Brazil, a number of fossil
plants, of which three species were desctibed by Mr. W. Carruthers! as :—

Flemingites pedroanus
Noeggerathia otovata
Odontopteris plantiana.

The plants have always been regarded as typically carboniferous, and to this,
so far as geological age is concerned, there can be no objection. But quite recently
Prof. R. Zeiller® has pointed out that, whilst the Flemingites is clearly a form
of Lepidodendron, Odontopteris planiiana bears a certain resemblance to Neurop-
teridium validum, and Noeggerathia obovala offers a remarkable similarity to
Euryphyllum whittyanum, another Karharbéri fossil plant. He also adds that he
has examined the specimens noticed by Dr. Hettner as pertaining to the Glossop-
teris flora, and has ascertained that they comprise Gangamopteris cyclopleroides
var. allenuala associated with Leprdophlosos laricinus and a Lepidodendron.

The remarkable discoveries in South America succeed each other with such
rapidity that it is difficult to grasp their import. Quite recently I heard from Mr.
Griesbach that Dr. Kurtz had found a ZLepidodendron associated with the Glos.
sopteris flora in Argentina. The same appears to be the case in southern Brazil,
and strange to say ‘the evidence has been on record since 1869, though, until Prof.
Zeiller re-examined the facts, their real importance was unsuspected. It is one
of the weird tricks of fate that Mr. Carruthers, who has persistently held the
doctrine that the Glossopteris flora belongs to a much later period of the world’s
history than the Lepidodendron flora of the coal measures, should himself have been
the first to describe, without knowing it, a group of fossil plants containing represen-
tatives of both and affording parts of the conclusive proof that the two co-existed.

It should not be forgotten that this discovery of the association in the same
bed of the Gondwéna and carboniferous flora is something very different from
the curious mixture of Upper and Lower Gondwéna types described some years
ago by Prof, Zeiller from Tonquin, because the European forms there found
associated were liassic or rhetic, and some of these are commonly met with
in Upper Gondwina beds.

When alarge tract in a distant continent has been annexed to one of the great
Empires of the world, some time elapses before the importance of the new colony
is fully recognised, It is the same with our latest addition to Gondwéna land.
A glance atthe Globe, or at a map of the South Polar area, will shew how the
addition of South America up to the Tropic of Capricorn changas the general
aspect of the region with which the Gondw4na flora has hitherto been associated.®

! Geol, Mag., 1869, p. 151. pls. V, VL.

* C. R, Dec, 16,1895; C. R. Sénntn Soc. Geal., France, 1893, p. CXCV[I.

® Bull. Soc. Geol., France, Ser. 111, Vol. X1, p. 456.

¢ If the beds of San Paulo are really of glacial origin, it is clear that Mr, R. D. Oldham’s
proposal (Manual, 2nd Ed., p. 212, and references there quoted) to explain the remarkable oc-
currences of upper paleozoic boulder beds in India by a change in the direction of the
Earth's axis and in the position of the poles must be abandoned. The subject has been
treated by Neumayr (Erdgeschichte, Vol. ii, p. 197) who shews (of course without taking the
discoveries in South America into consideration) that, assuming the most favourable position
for the South Pole, the places in North-Western India, South Africa, and South-East Australia,
where boulder beds are known to occur, would all be in comparatively low latitudes within
30° to 35° of the Equator. As Neumayr himself suggested a change in the direction of the
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From a number of circumstances connected with the distribution of life it has for
some time been suspected that connections between certain of the southern con-
tinents and the Antarctic land must have existed at times. One of the most re-
markable facts in favour of this conclusion is the discovery in Argentina of
remains of marsupial carnivora related to those now living in Australia, no
similar forms having hitherto been detected amongst the fossil remains of the
northern hemisphere.

It does not necessarily follow that the whole area in which the Gondwéna
flora has been discovered was part of one unbroken continental tract at the same
time. There is no doubt that seeds of some plants survive transport by sea, and
spores of ferns may be carried to a considerable distance by wind. At the same
time it is probable that there was either actual land connection or a near approach
to it, whilst there can be no question that some barrier must have interposed
between the tracts in which the dominant forms were Lepidodendron and Sigillaria
and the lands of the Glossopteris flora. The barrier may have been the Thetys
of Suess,! that ocean of which the Mediterranean of the present day is a shrunken
relic, and it is not without interest to observe that the recent re-examination of the
pelagic trias fauna, by Mojsisovics, Waagen, and Diener,? hasled to the conclusion
that the outlines of the Pacific Ocean were laid down in pre-triassic times, whilst
the contours of the Atlantic and Indian Oceans are of more recent dates, And
here may be noted one of those curious side lights thrown upon these very interest-
ing questions of ancient geography from.a totally different source. In the same
Presidential address to the Geographical Section of the British Association at
Oxford, to which reference has already been made, Admiral Wharton shows how
two waves caused by the eruption of Krakatoa in 1883 were noticed by a French
observing party at Cape Horn, and how it was ascertained that one of the waves
which came from the westward or by the Southern Pacific arrived sooner than the
other which travelled by the Indian and Southern Atlantic Oceans, each wave
having to pass round the Antarctic land and the distance being nearly the same in
each case, It was shewn that the retardation of the western wave was probably
due to the shallower water of the South Atlantic, a condition which is consistent
with the hypothesis that there may have been land in that area, whilst the Southern
Pacific was part of the great ocean.

The discovery, in several different parts of South America, of Gangamopleris
and Neuropteridium, associated in the same beds with Lepidodendron, may perhaps
imply that a land connection existed in newer Palzozoic times in the American
area between the continent of the northern hemisphere and Gondwéna land. But
further information is required before this view can be accepted. If there is really
a commingling of the Zepidodendron and Glossoplerss flora in Southern Brazil and
Argentina, several additional representations of the rich coal-measure flora of
Europe and North America will assuredly be discovered in the area. At the same
time it is important to note that in South America, for the first time, representatives
of the two great floras are found associated in the same beds, and a final and con-
clusive proof afforded of their contemporaneous existence. .

Earth’s axis in miocene times to account for the peculiar flora of Japan, he had no prejudice
against the hypothesis, .
' Natural Science, March 1893, p. 183.

$ Sitsd, K. Akad. Wiss. Wiem. Math-natur Cl, CIV, Abth, 1, p. 1302 (Dec. 1895).




6o Records of the Geolagscal Survey of India. [voL. xxix.

Notes from the Geological Survey of India.

Rewan.—The party under the superintendence of Mr, Oldham have conti-
nued the mapping of the Gondwana areas in South-
East Rewah, The Talchirs, previously marked by Mr.
Smith, were found near the western limit of sheet No. 476 (lat. 24°12’, long. 82°1%)
to lie in a very flat synclinal, resting on an irregular surface of schists, and not
more than 100 feet in thickness. Less than a mile away, beds of Upper Gondwana
age were found resting directly on the granite. The occurrence of these strata in
immediate contact with the granite, without the intervention of the Talchirs or
Damudas, and so close to the Talchir rocks, indicates a great unconformity some-
where between the two. It remains to be determined whether this unconformity
is above or below the Damuda series. Not the least interesting find in connection
with the work in this area is the occurrence in the Talchir boulder-bed of smoothed
and striated boulders, similar to those resulting from the action of modem glaciers.
A large area has been added to the known outcrop of the Damudas, together with
the determination of several seams of coml, from amongst which a fair collection
of fossils has been made.
Mapras.—Mr. Middlemiss, assisted by Mr. Smith, has largely extended the
recorded occurrences of magnetite and hzmatite beds
Crystalline rochs. in the northem taluks of Salem and Coimbatore districts.
Several new corundum localities have also been discovered in the Hosur taluk of
the Salem district, which are both interesting and economically important, forming
a structural continuation northwards, as anticipated in a paper in the present
number of the Records (p. 43 ), of the promising outcrops near Paparapatti in
the Dbarmapuri taluk of the same district. The Bargur hill range in Coimbatore
district was found to form one great massif with the hills north of Satyamangalam,
and are composed of various members of the interesting hypersthene-bearing series
first noticed in South India by Mr. Holland in 1892, and similar to the main
masses of the Shevaroys, Nilgiris, Palnis and other large hill-masses of the Madras
Presidency. The hypersthene-bearing rocks of the Bargur hills under consider~
ation are well-foliated, having a foliation strike of NNE.—=SSW., which would
carry them across the Satyamangalam-Bhavani plain, the prevailing gneisses of
which, however, are of a totally different composition. Although this sudden
appearance of the hypersthenic series along a line making a considerable angle
with their foliation-strike is at present a question unsolved, it is not without signi-
ficant bearing on Mr. Holland’s conclusion, as the result of a rapid tour over the
, % Southern Presidency, that the peculiar phenomena exhibited by these rocks in the
) field and under the microscope can best be explained as the result of circum-
stances similar to those attending the intrusion and consolidation of the more
generally recognised plutonic types of igneous rocks.
V) ‘ BurmMa.—Mr. Hayden has recorded some interesting facts in connection with
his survey of the Sagyin ruby-tract. The crystalline lime-
stone, in which such minerals as ruby, spinel, rubellite
and schorl occur, is found to be separated from the gneisses by a conglomerate
composed of blocks of limestone, gneiss and quartzite. The gneiss near this

Gondwana rocks,
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. 1. Crystalline rocks.
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junction is highly graphitic and much decomposed. In the country to the N.E.
of the Sagyin hills the gneisses and quartz-rock are associated with a siliceous
rock, which gradually becomes more calcareous until it passes into limestone,
and this is succeeded by further siliceous bands and a rich and valuable graphite-
bearing gneiss.

2. Tertiary rocks.—Mr. Hayden has examined the Mithwe coalfield of Upper
Burma in which he finds the Tertiary shales, sandstones and conglomerates with
thin seams of coal to be greatly compressed by earth-movements, as well as altered
by the intrusions and outflows of & diallgge-rock approaching gabbro and serpen.
tine.

PrrrOLOGICAL NOTES,—Whilst classifying the collection of rocks in the Museum,
1. Volcawic rocks of the Mr. Holland has found that the contemporaneous lava-

Transitions. " flows of the Transition systems of India exhibit some interest-
ing similarities in their microscopic characters, So far as they have been examined
gt present they seem to be divisible into three main groups :—

(1) Contemporaneous flows of the Dharwar system, which originally were
pyroxene-plagioclase rocks; but now generally converted into epi-
diorites and hornblende-schists.

(3) The olivine-bearing Jootoor lava-flow of the Kadapahs.

(3) The pyroxene-plagioclase rocks with micrographic quartz, occurring as
lava-flows in the Kadapahs, Gwaliors and Bijawars.

The first group (the Dharwar group) seems to have its corresponding series
represented in the Transitions of Manbhum and Singhbhum in S.W. Bengal, and
the dioritic dykes of the same area.

The second group forms an extremely interesting set of rocks in which olivine,
enstatite, augite, biotite and plagioclase form the constituents. The plagioclase is
generally in small quantity, when the rock approaches the saxonites in composition;
it is the last formed mineral, growing ophitically around the ferromagnesian consti-
uents and forming a well-defined reaction border where it comes in contact with the
olivine. A beautifully clear specimen of this rock, occurring as a dyke in the
crystallines, was collected by Mr. Datta in South Rewah during the season 1894-9s,
and Mr. Holland has found a similar rock occurring as dykes in.various paris
of the Madras Presidency.

The third group is eyen more interesting than the former two. The specimens
are characterised by the most unusual occurrence of micrographic quartz in a
pyroxzene-plagioclase rock, and this character is constant, not only in various lava-
flows, but in a large number of the dykes, which break through the crystalline
rocks of South India, and which, from their peculiar distribution have long been
guspected as the underground representatives of the Kadapah lava-flows. Whilst
fully recognising the unsatisfactory nature of correlation by unsupported petrolo-
gical characters, it seems likely that we have in this little-suspected form of evidence
further reasons for dividing the great thickness of the Kadapah system, and
separating a lower portion to be regarded as contemporaneous with the Gwalior
system of the North.

It is a curious fact that in precisely similar rocks occurring as sheets in the
slates of Naini Tal there is the same occurrence of micrographic quartz; but our
facts 8o far are by no means sufficient to make any attempt at correlating the
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unfossiliferous rocks of the Himalayas with the great azoic systems of Peninsular
India.

Besides the interest which rocks so exceptional in petrological character natur-
ally create, the identification of the lava-flows with their underground dyke-repre-
sentatives enables us to distinguish three distinct petrographical provinces, each of
very ancient date, and it is the recognition of the peculiarities of contemporaneous,
but widely-separated, volcanic outbursts that affords evidence in stratigraphical
correlation which, in the absence of fossil remains, is by no means to be despised.

2. Massive Minerals.—Professor Juop, C.B, F.R.S. has published two
interesting papers in the Mineralogical Magasine (Vol. XI, pp. 49 and 36, 1895),
in which he has described the mineralogical characters of the massive corandum and
fibrolite=rock found in Mysore by Mr. Holland, and the well-known purple corun-
dum deposit of South Rewah described by Mr, Mallet (Records, Vols. V and VI).
The same distinguished author has also described in the same paper a peculiar
fibrous schorl-rock, which was obtained by Mr. Bosworth-Smith in the Kolar gold-
field and in the auriferous areas of Chota Nagpore. Large quantities of this rock

have been collected by Mr. Anderson during his recent survey of the gold-bearing
tracts of Chota Nagpore.

C. L. GRIESBACH,

Director, Geological Survey of India,
CALcuTTA ;

15t May 1896,
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DONATIONS TO THE MUSEUM.
From 15T FEBRUARY TO 30TH APRIL 1896,

Cleavage crystals of muscovite, from the Buriakhan mine, Kcrama, 6 miles from
Dumcha, Hazaribagh District.
PresentTeEp BY G. B. MCINTOSH,—-BALMBR, Lawgrie & Co., CALCUTTA.
specimens of muscovite and biotite with muscovite, from between Padong and Kalime
pong, Darjiling District.
PrESeNTED BY MRS. KEaANE, MAHARANER TEA ESTATE.
Specimens of corundum in kyanite, and mica schist with tourmaline, in which the corun-
dum and kyanite occur, from near Balarampur, B. N. Railway, Manbhum District.
PRESENTED BY A. MERVYN-SMiTH.
Two large blocks of manganese ore, from Gosalpur, Jabalpur District.
PresenTED BY C. W. McMINN, 1.C.S.
Specimens of coarse-grained muscovite-granite ; felspar; and quartzite, from the Pan-
nanoah Hill, near Nawadih, E. 1. R.
PRESENTED BY T. WaTsoN,—DoN, ‘Natson & Co., CaLcUTTA.
Specimens of muscovite, beryl and coarse pegmatite, from Bendee and Umbakold,
tHazaribagh District.
PresentED By D. L. Cowig & Co., CaLCUTTA.

ADDITIONS TO THE LIBRARY.

FRoOM IST JANUARY To 315T MARCH 18g6.
Titles of Books. Donors.

Beck, Dr. Ludwig.—Die Geschichte des Eisens. Abth. IlI, lief. 1. 8° Braunschweig,
1895.
BRrONN, Dr. H. G.—Klassen und Ordnungen des Thier—Reichs. Band II, Abth. III,
lief. 20—21, and 111, Supplement, lief. 4—s5. 8° Leipzig, 1895-1896.
FrirscH, Dr. Ant.—Fauna der Gaskohle und der Kalksteine der permformation
Bohmens. Band IlI, heft. 4. 4° Prag, 1895.
Jaueson, Charles D.—Portland cement : a monograph. 8° Iowa City, 1895.
KimiN, Dy. H. ¥.—]Jahrbuch der Astronomie und Geophysik. Jahrgang VI. 8° Leipzig,
1895,
LorwiNsoN—Lessing, F.—Petrographisches Lexicon. Theil. I-1I. 8° Jurjew, 1893.
Mineral Statistics of the United Kingdom of Great Britain and Ireland, with the Isle of
Man, for 1894. Flsc. London, 1895.
NEeuMaYR, Dr. Melchior.—Erdgeschichte, 2nd edition, revised by Dr. Uhlig. Band
II. 8° Leipzig and Wien, 1895.
PosepnY, F.— Archiv fir Practische Geologie. Band I1. 8° Freiburg, 1895.
RecLus, Elisse.—Nouvelle Geographi¢ Universelle la Terre et les Hommes. Vols,
XI1—XIX. 8°Paris, 1886—18094.
Review of mineral productionin India for 1894, Flsc. Calcutta, 189s.
Rev. AND AGRI1. DEprT.

TouLa, Frans.—Neuere Brfahrungen uber den geognostischen Aufbauder Erdober.

fliche. No. 5. 8° Pam. Wien, 1892—1894. THE AUTHOR.
VooeL, Fr.—Beitrige zur Kenntniss der Hollandischen Kreide. 4° Leiden and Berlin,
1895.
D 11
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PERIODICALS, SERIALS, xrc.

T%tles of Books. Donors.

American Geologist. Vol. XVI, No. 6, and XVII, No. 1—32. §° Minneapolis, 18gs.
American Journal of Science. 3rd series, Vol. L., No. 300; Index to Vols. XLI—-L;
and 4th series, Vol. I, Nos. 1—3. 8° New Haven, 1895—1896.
Tae Epiror.
American Naturalist. Vol. XXIX, No. 348,and XXX, Nos. 349—350. 8° Philadelphia,

1895.
Annalen der Physik und Chemie. Neue Folge, Band LVI, heft. 4; and LVII, heft.
1—2. 8° Leipzig, 1895—1896.
Annals and Magazine of Natural History. Vol. XVI, No. 96, and XVII, Nos. g7—99.
8° London, 1895—18g6.
Annuaire Géologique Universel. Annee 1894, Tome XJI. 8° Paris, 1896.
Tae EprTor.

Athenzum. Nos. 3554—3568. 4° London, 1895—1806.

Beiblatter zu den Annalen der Physik und Chemie. Band XIX, Nos. 11—12, and XX,
Nos. 1—-2. 8° Leipzig, 1895—1896.

Chemical News. Vol. LXXII, No, 1880 to Vol. LXXIII, No. 1894. 4° London, 1895—
1896,

Colliery Guardian. Vol. LXX, No. 1823 to Vol. LXXI, No. 1837. Fol. London,
1895—1896.

Geological Magazine. New series, Decade IV, Vol. II, No. 12, and 11, Nos. 1—3.
8° London, 189s.

Glacialists’ Magazine. Vol. I, Nos. 7—8. 8° London, 1895.

Induitries and Iron. V)l XIX, No. 1195 to Vol. XX, No. 1209. 4° London, 18g5—

1896,

Journal of Geology. Vol. I, No. 8, and IV, No. 1. 8° Chicago, 189s.

London, Edinburgh and Dublin Philosophical Magazine, and Journal of Science. Vol.
XL, No. 247 to Vol. XLI, No. 2s0. 8° London, 1895—1896.

Mineralogical Magazine. Vol. XI, No. 50. 8° London, 1895.

Mining Journal. Vol. LXV, No. 3145 to Vol. LXVI, No. 3is9. Fol., London, 18g5—
18g6.

Natural Science. Vol. VIII, Nos. 47—49. 8° London, 1896.

Nature. Vol. LIII, Nous. 1362—1376. 8° London, 1895—1896.

Neues Jahrbuch fir Mineralogie, Geologie und Palzntologie. Band II, heft 3, and
Band I, heft 1—3, 8° Stuttgart, 1895—1896.

Palaeontographica. Band XLII, lief. 6. 4° Stuttgart, 1895.

Petermann’s Geographischer Mittheilungen. Band XLI, Nos. 11—12, and XLII,
Nos. 1—32. 4° Gotha, 1895—1896. Tae Epiror.

Scientific American. Vol. LXXIII, Nos 21—24 and 26, and LXXIV, Nos. 1—.

Fol,, New York, 1895—1896.

. Supplement. Vol. XL, Nos. 1038—1041 and JY043, and XLI,

Nos. 1044=1052. Fol., New York, 1895—1896.

The Indian and Eastern Engineer. Vol. XXIV, Nos. 454—455 and XXVI, Nos
456—468. Fol., Calcutta, 1895—1896. Tae EpiToR.

Tschermak’s Mineralogische und Petrographische Mittheilungen, Band XV, heft 3—4.
8¢ Wien, 1895.

Zeitschrift far Krystallographie und Mineralogie. Band XXV, heft 4—6. 8° Leipsig,
1895—1890.
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Zitles of Books. Donors.
Zeitschrift fir Praktische Geolagie. #Heft 12 (1895), and heft 1—2 (1896). 4° Berlin,

1895—1896.
Zoological Record. Vol. XXXI. -8° London, 18¢5.

GOVERNMEMT SELECTIONS, REPORTS, &rc.

Assau.—Report on the Administration of Assam for 1894-95. Flsc., Shillong, 1895.
CHier COMMISSIONRR, AsSAM,
Baraar.—Report on the Administration of Bengal for 1894-95. Fisc., Calcutta, 18¢s.
GOvERNMENT OF BeNaaL.
BouBay.—Magnetical and Meteorological observations made at the Government Obser-
vatory, Bombay, in 1894. 4° Bombay, 189s.
BomBaY GOVERNMENT.
» Report on the Administration of the Bombay Presidency for 1894-g5. Flsc.,
Bombay, 1895. BoMBAY GOVERNMENT
»”» Selections from the Records of the Bombay 'Government. New series,
Nos. 248, 305 and 337—340. Fisc., Bombay, 18¢s.
BouBaY GOVERNMEBNT.
BurMa.—Report on the Administration of Burma during 1894-9s5. Flsc., Rangoon,
1895, CHier CoMMISSIONER, BURMA.
CeNTRAL ProvINCES.—Report on the Administration of the Central Provinces for
1894-95. Fisc., Nagpur, 18gs.
CHizr CoMMISSIONER, CENTRAL PROVINCES.
Hvoarasap.—Report on the Administration of the Hyderabad Assigned Districts

for 1894-95. Flac., Hyderabad, 18gs. ResiDENT, HYDERABAD.
InD1a.—Administration Report on the Railways in India for 1894-95. ParT II. Flsc,,
Calcutta, 1895. GOVERNMENT OF INDIA.

» Agricultural Ledger. Nos. 11, 15, and 23 (18g5). 8° Calcutta, 18¢6.
GovERNMENT OF INDIA,

fndian Meteorological Memoirs. Vol. VII, pt. 5, VIII, pt. 1, and IX, pts.

»
+—3. 4° Calcutta, 1895,
METEBOROLOGICAL REPORTER TO GOVERNMENT OF INDIA.
w» Monthly Weather Review. August and September 1895. 4° Calcutta, 18¢s.
METROROLOGICAL REPORTER TO GOVERNMENT OF INDIA,
» List of officers of the Geological Survey of India, corrected to 1st January
1896. 8° Calcutta, 1896. GOVERNMENT OF INDIA.
» List of officers in the Survey and other Scientific and Minor Departments

subordinate to the Government of India in the Department of Revenue

and Agriculture, corrected to 1st January 18¢6. 8° Calcutta, 1896.
GOVERNMENT OF INDIA.
» Selections from the Records of the Government of India, Foreign Department.
Nos. 326 and 328. Flsc., Calcutta, 1895. FOREIGN DBPARTMENT.
MabpRas.—Report on the Administration of the Madras Presidency for 1894-95. Flsc.,
Madras, 18¢s. MaprAs GOVERNMENT.

PuniaB.—Gazetteer of the Rawal Pindi District, 1893 —1894. Revised Edition. 8°
Lahore, 18¢s. PunsaB GOVERNMENT.
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Titles of Books. Donors.
PuNsaB.—Report on the Administration of the Punjab and its dependencies for
1894-95. Flsc., Lahore, 1896. PuNsAB GOVERMMENT,

Selections from the Records of the Office of the Financial Commissioner,
Punjab. New series, No. 17. Flsc., Lahore, 1895.
PunJaB GOVERNMENT.

”

TRANSACTIONS, PROCEEDINGS, erc.,, or SOCIETIES, SURVEYS, rrc.
ApEerAlpE.—Transactions of the Royal Society of South Australia. Vol. XIX, pt. 2.

8° Adelaide, 189s. Tae Socrery.
BaLTIMORE.~American Chemical Journal. Vol. XVII, Nos. 1—7. 8° Baltimore,
1895. . Jonns HopxiNs UNivERsITY.

” American Journal of Mathematics. Vol. XVI, No. 4, and XVII, Nos.

1—3. 4° Baltimore, 1894-1895. Jouns HoPkiInNs UNIVERSITY.

”» American Journal of Philology. Vol. XV, Nos. 2—4, and XVI, No. 1.

8° Baltimore, 1894-189s. Jorns Hopkins UNIVERsITY.

Johns Hopkins University Circulars. Vol. XV, No. 122. 4° Baltimore,
1895. Jorns Hopkins UNIVERSITY.
Johns Hopkins University Studies in Historical and Political Science.

Series XII, Nos. ‘8-12, and XIII, Nos. 1—8. 8° Baltimore, 1894~
1895. Jorns HoPkins UNIVBRSITY.

BeLrasT.—Repert and Proceedings of the Belfast Natural History and Philosophical
. Society for 1894-95. 8° Belfast, 1895. Tae Sociery.

Beruin.—Abhandlungen der Koniglich Preussischen Geologischen Landes-anstalt.

Neue Folge, heft 17 and 19, with atlas. 4° Berlin, 1895.
Tug INsTITUTE.

Sitzungsberichte der Koniglich Preussischen Akademie der Wissenschaften

”
zu Berlin. Nos. 38~—52 (1888), and Nos. 39—53 (1895). 8° Berlin,
1888 and 1895. THE AcCADEMY.
» Verhandlungen der Gesellschaft fiir Erdkunde zu Berlin. Band XXII,

Nos, 8—10, and XXIII, No. 1. 8° Berlin, 1895-1896.

Zeitschrift der Deutschen Geologischen Gesellschaft Band XLVII, heft 3.
8° Berlin, 18¢s. THR SocCieTY.
BomBaY.—Journal of the Bombay Natural History Society. Vol. IX, No. 5, and X,
No. 1. 8° Bombay, 1895. Tur Socirry.
BrusseLs.—Annales de a Societe Royale Malacologique de Belgique. 4me Série,
Tome XXVIIL §° Bruxelles, 1892. Tae Sociery,
Bulletin de 1a Société Royale Belge de Geographie. Annee XIX, Nos.
4—S5. 8° Bruxelles, 18g5. Tee Sociery.
Procés-VerLaux des Séances de la Société Royale Malacologique de

Belgique. Tome XXII—XXIV. 8° Bruxelles, 1893-189s.
Tue Sociery.

BuparesT.—Termeszetraja Fiizetek, Vol. XIX, pt. 1. 8° Budapest, 1896.
HuNGARIAN NaTioNaL Musrun.

BueNos Aires.—Boletin dr 1a Academia Nacional de Ciencias.en Cordoba. Tome
XI1I, No. 2. 8% Buenos Aires, 1893. THe AcaDeEmy.

”
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PART 3.] Addstions to the Library.

Tstles of Books. . Donors.
CaLcurTa—Annals of the Royal Botanic Garden, Calcutta, Vol. V, pt. 1. 4°
Calcutta, 1895. RovAL BoTaNic GARDEN.

. Annual address delivered to the Asiatic Society of Bengal by A. Pedler,

on 15th February 18¢g6. 8° Calcutta, 1896. TrE Sociery,

» Journal of the Asiatic Society of Bengal. Vol. LXIV, pt. II, No. 3.

8° Calcutta, 1896. THE SocisTy.

» Proceedings of the Asiatic Society of Bengal. No. 9. 8° Calcutta, 1896.
TaE Sociery.

» Proceedings and Journal of the Agricultural and Horticultural Society of
India. Vol. X. 8° Calcutta, 1896. Tae SocieTy.

” Quarterly notes of the Geological Survey of India, No. 1. Flsc., Calcutta,
1896. GEOLOGICAL SURVEY OF INDIA.

» Records of the Geological Survey of India. Vol. XXIX, pt. 1. 8
Calcutta, 1896, GEROLOGICAL SURVEY OF INDIA.

" Survey of India Department Notes for November 1895 to February 18g6.
Flsc., Calcutta, 1895-1896. SurRvRY OF INDIA DEPARTMENT.
CauBRIDGR.—Proceedings of the Cambridge Philosophical Society. Vol. IX, pt. 1.
8° Cambridge, 1896. THE SocieTy,

CaMBRIDGE, Mass.—Annual Report of the Curator of the Museum of Comparative
Zodlogy for 1894—1895. 8° Cambridge, Mass, 1895s. THE Museuwm,

” Bulletin of the Museum of Comparative Zoblogy. Vol. XXVII,
No. 6. 8° Cambridge, Mass, 1895. THE Museum.
»» Memoirs of the Museum of Comparative Zodlogy. Vol. XVIII, and
XIX, No. 1. 4° Cambridge, Mass, 1895. Tre Museum,

CoLoMBo.—]Journal of the Ceylon Branch of the Royal Asiatic Society. Vol. XIII,
Nos. 44—45. 8° Colombo, 1894-1895.
CoPENHAGEN.—Mémoirs de I’ Academie Royale des Sciences et des Lettres de Danemark.,

6me Serie, Tome VIII, No. 1. 4° Kjobenhavn, 1895.
THE ACADEMY.

» Oversigt over det Kongelige Danske Videnskabernes elskabs Forhand-

linger og dets Medlemmers Arbejder i Aaret 1895. Nos. 2—4

8° Kobenhavn, 18gs. TBE AcADEMY,
EpinBurcH.—Scottish Geographical Magazine. Vol. XI, No. 12, and XII, Nos.
1—3. . 8° Edinburgh, 1895—1896. THE SocieTy.

» Transactions of the Edinburgh Geological Society. Vol. VII, pt., 2. 8°
Edinburgh, 1895, TuE Sociery.

» Transactions of the Royal Scottish Society of Arts. Vol. XIV, pt. 1.

8° Edinburgh, 1896. THE SocIETY.

FRANKFURT-A-MAIN.—Abhandlungen von der Senckenbergischen Naturforschenden
Gesellschaft. Band X VIII, heft 4, and XIX, heft 1—4. 4° Frankfurt-
a-Main, 18¢5.

Grascow.—Proceedings of the Philosophical Society of Glasgow. Vol. XXVI,
Nos. 94—95. 8° Glasgow, 1895. TeE Sociery.

GoTTINGEN.—Nachrichten von der Konigl. Gesellschaft der Wissenschaften zu
Gottingen. Math.-phys. Klasse, heft 3—4 ; and Geschaftliche Mitthei=
lungen, heft 2. 8° Géttingen, 1895. Tagr Socie1y.
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Titles of Books. Donors.

Jarrerson Crry.—Missouri Gealogical Survey., Vol. 1V.—Paleontology of Missouri,
Part 1, and VI and VII—Lead and Zinc Deposits, Sections 1—32. 8°

Jefferson City, 1894 Taz Survar.
Lisce.—Tables Generales des Tomes X1—XX of the Annales de la Societe Geologique
de Belgique. 8° Liege, 1892-1893. Taz SocizrY.

Loxpox.— Journal of the Chemical Society. Nos. 397—399. 8° Londosm, 1895-18¢6.
- Jourual of the Iron and Steel Imstitute. Vol. XLVIL, No. 1. With list

of Members. 8° London, 18g5. Tae lwsTiITUTR
» Journal of the Society of Arts. Vol XLIV, Nos. 2246->260. 8°
London, 189s-1896. Tas Sociery.

» Palxontographical Society. Vol. XLIX, containing a monograph of the
Foraminifera of the Crag. By T. Rupert Jones. Part 11, pp. i—vii,
73—1210.
Ditto. British Jurassic Gasteropoda. By W. H.
Hu dleston. Part 1, No. 8, pp. 391—444
Ditto. Carbouvicola, Anthracomya, and Naiadites
By Wheelton Hind. Part 11, pp. 81—170.
Ditto. Devonian Fauna of the South of England.
- By G. F. Whidboroe. Vol. 11, pt 4, pp. 161—212. 4° London,
18¢s.
» Proceedings of the Royal Society. Vol LVIIL, Nos. 349 and 352. 8°
London, 189s. Tas Sociery.
- P roceedings of the Zoological Society of Londan. Part I1l. 8° Londom,
1895, Tasz Socisry.
- Transactions of the Zoological Socety of London. Vol XIII, part 11. 8
London, 1895. Taz Socmzry.
- Quarterly Joarnal of the Geological Society. Vol. L1I, pt. 1, No. 205. &
London, 18g6. Tae Socmry.
» The Geographical Journal. Vol 11, No. 2; VL, No. 6; and VII, Nos. 1—3.
8° London, 1895-1896. Taz Socizry.
Maberp.—Boletia de la Sociedad Geografica de Madrid. Tome XXXVIL, Nos. 7—9
8° Madrid, 18g5. Taz Sociery.
Mascuestar.—Transactions of the Manchester Geological Society. Vol. XXIV,
pts- 1—4. 8° Manchester, 1895-1896. Taz SocieTy.
Mizaw.—Atti della Societa Italiana di Scienzi Natwrali. Vol. XXXV, fasc. 3—¢. 8°
Milano, 18g6. Taz Socisry.
Moscow.—Bulletin de la Sociéet Imperiale des Naturalistes de Moscou. Anne? 1895,
No. 3. 8° Moscoa, 1896. Taz SocizrY.
Narizs.—Rendiconto dell’ Accademia delle Sciense, Fisiche E Matematiche. Series
11, Vol 1, fasc. 11—12, and 11, fasc. 1. 8° Napoli, 1895—1896.
Taz AcapeEmy.
Nzwcastiz-vron-Trux—Transactions of the Federated Institetion of Mining Engi-
neers. Vols. VIIL, X and X, pts. 1=~2. 8 Newcastle-upon-Tyne,

1896.
OrTawa—Geological Survey of Camada. Cootributions to Canadian Palzontology.
Vol. II, pt. 1. 8° Ottawa, 1895. Tazx Sorvir.
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PART 2.} Addstians to the Library.

Tstles of Books. Donors,
Paris.—Annales des Mmes. 9™ seri2, Tome VIII, live. g—11. 8° Paris, 180s.

D2PaRTMENT OF Mings, Paris.

”» Bulletin du Muséum d’Histoire Naturelle, Nos. 1, 4,5 and 7~8. 8° Paris

1895-1896. TrE Musguwn.

»  Bulletin de la Sccidt2 Frangaise de Mineralogie. Tome XVIII, Nos. 7—8, and

XIX, No. 1. 8° Paris, 1896,

»  Comptes Rendus des Séances de la Sociéte de Géographie. Nos. 13—16 (1895),

and Nos. 1~ 2 (1896). 8° Paris, 1895-18¢6. THE Socrery,

»  Ministere des Travaux publics. Bulletin des Services de la Carte Geologique

de la France et des Topographies Souterraines. Tome VII], Nos.

46—48. 8° Paris, 1895. Tae MiNisTry,
PewzaNce.—Transactions of the Royal Geological Society of Cornwall. Vol. XI1,
pt. 1. 8° Penzance, 1896. Tae Socizry.
PHI1LADELPBIA.—Journal of the Franklin Institute. Vol. CXL, No. 840 to CXLI, No,
843. 8° Philadelphia, 1895-1896. THE INsTITUTE,

Pisa.—Atti della Societa Toscana di Scienze Naturali, Memorie, Val. XIV. 8° Pisa,
1895. TrE Sociery,

»  Attidella Societa Toscana di Scienzi Naturali. Processi Verbali, Vol. IX, pp.
243—310. §° Pisa, 1895. Tae Socigry.

PorzLAND.—Portland Catalogue of Maine Plants. 2nd Edition. 8° Maine, 1892.
Tae Sociery.
” Proceedings of the Portland Society of Natural History. Vol. II, pt. 3,
8° Maine, 18¢s. Tuz Sociary..
RouE~Atti della Reale Accademia dei Lincei. Rendiconti, Série V, Semestre 11., Vol.
IV, fasc. 10~12, and Semestre I, Vol. V, fasc, 3—4. 8° Roma, 18gs.

1896. Tae Acapemy.

»  Bolletino del R, Comitato Geologico d’ltalia. Vol XXV, Nos. s—4. 8° Roma,
1894. Tae Commission.
SPRINGFIELD.—Bulletin of the Illinois State Museum of Natural History. Nos. 7—8
8° Springfield, 1895. Tue Muszum.
StrockBoLM.—~Kongliga Svenska Vetenskaps Akademiens Handlingar. Band XXVI,
4° Stockholm, 1894-1895. THE AcaDpEmY,

St. PETERSBURG.—Bulletin de L’Academie Imperiale des Sciences de St. Petersbourg.
Série V, Tome 111, No. 1. 8° St. Petersbourg, 1895, THE Acapemy.

» Memoires de L’Academie Imperiale des Sciences de St. Petersbourg,
Serie VII, Vol. 1, Nos. 3—4. 4° St. Petersbourg, 1894.

THE AcaDEMY.

» - Memoires du Comité Géologique, Vol X, No.4. 4°St. Petersbourg,
1895, Tre Commission.
s Supplement au Tome X1V des Bulletins du Comité Géologique. 8§°
St. Petersbsurg, 1895. Tre CoMMissiON.
» Materialen zur géologie Russlands von der Kaiserlichen Mineralogis-

chen Gesellschaft. Band XVI1]. 8° St. Petessburg, 1895.

. Tas Socigry,
STRAsBURG.—Abhandlungen zur Geologischen Specialkarte von Elsass Lothringen,

Band III, heft 5, and V, heft 1—2. 8° Strasburg, 1891-18g3.
STRASBURG UNiveRsiTY.
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Titles of Books. Donors.
SypneY.—Proceedings of the Linnean Society of New South Wales. 2nd series, Vol. X,
pt. 3, with Supplement. 8° Sydney, 18¢6. Tar Sociery.

» Records of the Australian Museum. Vol. 1, No. 7. 8° Sydney, 1896.
Tre MuseuM.
Tox10.—Journal of the College of Science, Imperial University, Japan. Vol. V, pts.
3—4; VI, pts. 2—4; VII, pts. 1—5; VIII, pts. 1—2; and IX, pt.

1. 4° Tokio, 1893 —1895. THR UNIVERSITY.

» Mittheilungen der Deutschen Gesellschaft fiir Natur und Vélkerkunde osta-
siens in Tokio. Heft 57. 4° Tokio, 1896. THE SocCIETY.

Turin.—Atti della R. Accademia delle Scienze di Torino. Vol. XXX, disp. 12—16.
8° Torino, 1895. THE AcCADEMY.

VEnice.—Atti del R. lstituto Veneto di Scienzi, Lettere ed Arti. Serie VII, Tomo
LII1, disp. 10, with appendix, and L1V, disp. 1—2. 8° Venezia, 1894-

1896. THE INSTITUTE.
» Memorie del Reale Istituto Veneto di Scienze, Lettre ed Arti, Vol. XXV,
Nos. 1—3. 4° Venezia, 1894. THER INSTITUTE.
ViznNa.— Annalen des K. K. Naturhistorischen Hofmuseums, Band X, No. 1. 8°
Wien, 18¢5. Tae Musgum.
” Denkschriften der Kaiserlichen Akademie der Wissenschaften. Band LXI.
4° Wien, 1804. THE AcaDEMY.
" Jahrbuch der Kais. Konig. Geologischen Reichsanstalt. Band XLIV,
heft 3—4. 8° Wien, 1804. THE INSTITUTE.
» Verhandlungen der K. K. Geologischen Reichsanstalt, Nos. 10—13. 8°
Wien, 1895. Tre INSTITUTE.
» Mittheilungen der Kais. Konigl. Geographischen Gesellschaft. Band
XXXVII. 8° Wien 1894. THE SocieTy.
”» Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften.
Band CIIL., Abth. I, heft 4-10.
' » » Ila. » O-10.
” » ” 115, » 4-10.
» ’ » I, » 5-10. 8° Wien, 1894.

TrE AcaDEMY-

W asHinagToN.—Bulletin of the United States Department of Agriculture. No. 5. 8°
Washington, 18g5. U.S. DEPARTMENT OF AGRICULTURE.

» United States Department of Agriculture. North American Funna,

No. 10. 8° Washington, 189s.

. U. S. DEPARTMENT OF AGRICULTURE.

” Bulletin of the U.S, Geological Survey. Nos. 118—122. 8° Washing-
ton, 1894. Tae SURVEY.
” Fourteenth Annual Report of the U. S. Geological Survey. Pts. I-11.
4° Washington, 1893-1894. THE SURVEY.
” Monographs of the U. S. Geological Survey. Vol. XXIII and XXIV.
4° Washington, 1894. Tar Survey.

WEeLLINGTON.—Papers and Reports relating to Minerals and Mining, New Zealand,
1895. Flsc.,, Wellington, 1895.
MiNING DEPARTMENT, NEW ZEALAND.
18



P

ART 2.] Adaitions to the Library.
Titles of Books. Donors
Z6ricH.—Neujahrsblatt herausgegeben von der Naturforschenden Gesellschaft. No.
XCVIIL.  4° Ziirich, 18g6. Tne SocieTy.
" Vierteljabrsschrift der Naturforschenden Gesellschaft. Jahrg. XL, heft 3—4..
8° Ziirich, 1895, TaEe SocieTy.
Maps.

BerriN.—Carte Géologique Internationale de ’Europe. Livr. 1, containing Sheets A1,
Az, B, B2, C4., and D4., with scale. Map, Berlin, 1894.
RovaL Sociery, LoNDon.
STRrASBURG.— Geologische Specialkarte von Elsass-Lothringen.  Blatt Ludweiler,
Saarbriicken, St. Avold, Saargemiind, Bleisbriicken, Wolmiinster,
Roppweiler, Stiirzeibronn, Lembach, Weissenburg, Weissenburg Ost,
and Saareinsberg. Sheets No. 17, 18, 24, 26, 27, 28, 29, 40, 41, 42, 43,
and 52. Map, Strasburg, 1891-1895. STRASBURG UNIVERSITY.
” Verzeichniss der im westlichen Deutsch-Lothringen verlichenen Eisenerz-
felder, with 1 map. Map, Strasburg, 1894. STRASBURG UN1VERSITY,
Vienna.—K., K. Geologische Reichsanstalt. Erliuterungen zur Geolog ischen Special—
karte der Umgebung von Wein, von D. Stur, with 6 maps; and
» Ditto von Olmutz, von E. Tietze, with 1 map. 8° Wien, 1894.
THR INSTITUTE.
» K. K. Geologische Reichsanstalt, Geologische Karte der &stlichen Auslaufer
der Karnischen-und-Inlischen Alpen, von F. Teller, Map, Wien, 1894.
THE INSTITUTE,
WasaingToN.—(eologic Atlas of the United States. Folio Nos. 1—6, and 8—13.
Folio, Washington, 1894. THE SURVEY.
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SECTIONS OF ROCKS, SHOWING THE GROWTH OF GARNETS.
Photographed by T H. Holland .
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A = Serpentinised Dunite.

Ch = Veins of Chromite.

M = do.:

Magnesite.
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C. 8. Middlemis{
|

‘a Mullay

T. S.,

Photo., 8. 1. 0., Caloutta.




Digitized by GOOS[G



NNANNYOO
- 40 TV1SA¥D

‘e "Did

(s30ud® UOI3O3g) $SIAN®
ININ JAN3ITENYOH
NNANNY0O a3¥ . 31LIHLYONVY Q3aNVE
'z o4 . ‘L -old

\y \

o

"IA'Id XIXX  [0A ‘spa0dsy

"SSUWIRPPIN 1§ 7))

"VIGNI 40 AIAYNS 1VIIDOTOAD




Digitized by GOOS[C




C.S.Middlermisa.

GEOLOGICAL SURVEY OF INDIA.

Records, Vol: XXIX.P1.VI.

di
‘m?ka.ruta.pa.ll

& N

&
© -
.. &
alyg.m Siva mallai Hill

Q"F.ng
ROUGH PLAN OF THE

CORUNDUM DIGGINGS
NEAR

KARUTAPALLIYAM

CORUNDUM HOLES
AND TRENCHES
MARKED IN BLACK

s ——

e em——— — -



Digitized by GOOS[Q




Digitized by GOOS[().






Digitized by GOOS[(),



Digitized by GOOS[(’,



Digitized by GOOS[Q




Digitized by GOOS[G






Digitized by GOOS[().





