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On the microscopic structure of some Dalhousie rocks—By Coronen C. A.
McManox, F.G.S. (With two plates.)!

THE GNEISSOSE GRANITE.

In order to avoid repetition it will be convenient to describe the following
sample specimens of the Dalhousie granitic rocks together. An account of their
macroscopical and lithological aspect has already been given in my paper on the
geology of Dalhousie (supra Vol. XV, p. 34).

Specimens described.

No. 1. Porphyritic gneissose granite. Bakrota Upper Mall, Dalhousie.

» 2. Ditto from the same locality.

» 3. Fine-grained granite from the summit of Dainkund.

» 4 Granite from the same locality.

» 5. Another specimen from the same locality.

» 6. Gneissose granite on the road from the church to the brewery, south-west

. side of the Dalhousie ridge.

s»s 7. Porphyritic variety on the same road.

s»» 8. Another porphyritic specimen from the same locality.

» 9. Gneissose granite on the road from the church to the water-works, south-
east side of the Dalhousie ridge.

» 10. Another specimen from the same locality.

»» 11. Fine-grained granite near Chil on the Dalhousie and Chamba lower road.

» 12. White granite on the same road about two-thirds of the way to Chil.

» 13. Prophyritic variety with very fine-grained matrix, having a superficial
resemblance to a felspar porphyry. Between Dalhousie and Chil, on lower
road to Chamba.

» 14 A light-coloured gneissose granite from the same locality.

» 15. Gneissose granite in actual contact with the slates on the road to Bakloh
(above the slate quarries), Dalhousie.

11t is due to Colonel McMahon to state that this paper has been in my hands since the
15th March, and was in type for the May number of the Records, but had to bo deferred gn
account of delay in obtaining the heliogravure copper-plates. This was particularly unfortunate
when there is s0 much discussion going on regarding gneissose granite.—H. B. MEpLICOTT.
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All the above specimens are rich in quartz, and, as is usually the case in
granites, this mineral polarises with great brillianey. The polysynthetic structure
is extremely prominent, and is very characteristic of the quartz of these rocks.

Dr. Sorby! states that the quartz of thin foliated gneiss and mica schist
differs from that of granite in having a far less simple optic structure;” * * *
*“ instead of the larger portions of quartz being made up of a few comparatively
large crystals, they are frequently composed of very many closely dove-tailed
together, as if formed in sitw.”” On the following page he goes on to state: “ 1
have been unable to detect anything that would serve to distinguish the quartz
of thick foliated schists from that of true granite.”

An attempt has been made at fig. 1, plate I, to depict the appearance of the
quartz, as seen in slice No. I, in polarised light. The quartz is seen to be com-
posed of a nmumber of large crystals and of congeries of microscopic grains sug-
gestive of the roe of a fish. The small grains polarise as brilliantly as the large
oncs, and they add greatly to the beauty of the slices under the polariscope.

The fish-roe grains for the most part divide large grains of quartz from each
other, forming a brilliant setting to them ; sometimes this setting is thick, as in
my illustration, but at others it is limited to a single line of crystals. Cracks in
felspars filled up with these micro-crystals are common, and occasionally irregular
branches meander into the interior of large erystals of quartz.

Some specimens of granite collected by me on the Grimsel pass, Switzerland,
contain exactly similar fish-roc grains intermixed with larger grains of quartz.

On the whole 1 do not see sufficient grounds for regarding this polysynthetic
structure as affording evidence of the original clastic origin of the Dalhousie
rocks. This structure, as secn in these rocks, seems to me rather to suggest that
the large grains were the result of slow cooling; whilst the fish-roe miero-grains
appear to indicate either a comparatively rapid ending of the process, or condi-
tions of strain towards its termination.

The quartz in all the specimens contain liquid cavities with movable bubbles,
They exist in prodigious numbers in some specimens, whilst in others they are
sparse; in most, however, thcy are abundant. Air, or gas, cavities are also
present.

There are apparently some stone cavities. These appear to have either depo-
sited a second mineral on cooling, or to have caught up opacite or other similar
subsiance in the act of crystallization. Some of them appear to contain fixed
bubbles. These enclosures, however, are so exceedingly minute that they cannot
be satisfactorily determined with the highest powers applicable. Some microliths
contain internal cavities, running with the length of the microliths fora portion of
their length, which undoubtedly indicate shrinkage on cooling.

All the specimens, without exception, contain more or less triclinic felspar. In
some it is rather abundant ; in others sparse. It appears from its optical charac-
ters to be oligoclase.

Eight out of the 15 slices contain typical microcline, and in some of them it is
abundant.

} Amniversary Address, Q. J. G. S,, XXXV], 48,
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Zirkel at pp. 45, 47, of his Microscopical Petrology of the 40th Parallel, des-
cribes the occurrence of a fibrous orthoclase in granite. A similar felspar is very
abundant in these rocks. It occurs in all but three of the specimens, the slices
in which it is not present, namely, Nos. 2, 12, and 14, being those in which typical
microcline is also absent. In every slice in which typical microcline occurs, the
fibrous felspar is present. It also occursin three slices in which the typical mineral
is absent. The fibrous appearance is only observable in polarised light, and the
felspar in which it occurs seems to me to be a form of microcline. In some an
incipient cross hatching can be made out; whilst in one, at least, it is distinctly
visible in parts of the fibrous structure.

Orthoclase is present in all the slices, thongh, if the fibrous felspar be included
under the Lead of microcline, the latter mineral is more abundant than orthoclase.
The triclinic felspar (oligoclase) is very subordinate to the orthoclase and micro-
cline taken together.

Much of the felspar is very opaque and has a white glistening appearance in
reflected light owing to the presence in it of a multitude of extremely minute gas
or air cavities. Liquid cavities with movable bubbles also occur here and there
in the felspar.

Some of the felspars are studded with numerous microliths of silvery mica,
which occasionally, in polarised light, impart to the portion of the slice in the
field of the microscope the appearance of graphic granite. Zirkel, in his work on
the rocks of the 40th Parallel (p. 46), notes the occurrence of a similar structure
in the granites of Nevada.

Many of the orthoclases and microclines contain the usual intergrowths of
plagioclase and occasionally grains of quartz. Some of the microcline exhibits a
tendency to inter-laminated structure resembling that of perthite, only it is finer
grained and less pronounced. The intergrowth of felspar alluded to is quite dis-
tinct from tbe ordinary twinned structure.

Al] the specimens contain muscovite, and in all but three biotite is present. The
muscovite polarises in delicate but brilliant colours, and some of it is twinned.
Some of this mica contains inclusions in the line of basal cleavage of a substance
that is absolutely opaque, and black, in transmitted light, and shines with a bright
silvery lustre in reflected light.

Muscovite is present in all these slices, not only in good-sized plates and packets,
but in a form for which I propose the name of erypto-crystalline mica. In this
form no definite crystals can be made out, the leaflets, under polarised light, fade
and melt into each other and exhibit no definite shape; whilst no signs of
cleavage or lamination are visible,

In transmitted light the crypto-crystalline mica varies from a pale buff to a
pele grey colour, and has a superficial resemblance to the base of some felsites and
rhyolites. In a specimen in my collection, labelled *“ Banded felsite, Glencoe ” (I
did not myself collect the hand specimen from which the slice was made), I find
a precisely similar structure present, along with quartz, and the ordinary felsitic
base of felstones.

The felsitic matrix of felstones is believed to be an intimate mixture of quartz
and orthoclase; and I suspect, from the appearance of some of my specimens,
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that the crypto-crystalline structure of the mica now described may be due to
an admixture of quartz with the mica.

The crypto-crystalline mica passes imperceptibly into a condition that would
require, strictly speaking, the use of the term micro-crystalline, but in the
following pages I purpose calﬁng it all erypto-crystalline mica.

This crypto-crystalline mica is present in all the slices. It traverses them
iy ropy masses; sometimes it is extremely attenuated and drawn out into thin
strings; at other times it widens out into comparatively broad expanses. It
frequently encloses, or leads up to, crystals of muscovite, and of quartz, and more
rarely embraces other minerals. It meanders through some large crystals of
felspar ; whilst isolated patches of it are canght up in other felspar crystals. In
both these last cases it represents, I apprehend, the residuum left after the separa-
tion of the constituents of the felspar.

All the slices contain magnetite grains and garnets, but in some of them
both the garnets and the magnetite grains are very minute.

Six of the slices, namely, Nos. 3, 4, 7, 11, 12, and 13, contain schorl. Itis in
a rather fragmentary condition, and is much cracked, the cracks being filled with
quartz. In some cases the fragments appear to have floated some little distance
from each other.

No. 15, a specimen of the gneissose granite in actual contact with the slates
above the slate quarries, is a very interesting and instructive slice, for it exhibits
in a typical way what appear to me to be decided indications of fluxion structure
consequent on traction. Both the biotite and the crypto-crystalline mica are
drawn out into long strings in the direction of the flow. This structure is not
confined to the larger bands, which can be discerned with the aid of a pocket
lerns, but even the microliths of muscovite in the quartz are seen, under the
microscope, to point in the same direction, and to be drawn out into long trains
or strings.

Even more characteristic are the gas cavitics. Some of these are themselves
clongated and drawn out in the direction of the flow, and they are arranged in
lines pointing in the same direction. Some of the gas cavities have deposited
granular matter on cooling.

There are also stone cavities, the longer axes of which point in the direction
of the flow.

This slice scoms to me to exhibit, as far as a granite can do so, as decided
fluxion structure as that to be seen in rhyolites and obsidians.

An attempt, to give an idea of the appearance of this slice under the micros-
cope, has been made at fig. 2, plate II, where the bands of crypto-crystallive mica
and biotite are represented drawn out into strings.

The quartz, though hyaline in transmitted light, is seen between crossed nicols
to consist almost entirely of the fish-roe grains, previously described, drawn out
into lines in the direction of the flow. Possibly this structure may depend on
strain.

A pseudo fluxion structure is doubtless to be seen in many gneissic rocks, but
that above described can alone be attributed, I think, to the action of traction

in a rock in motion reduced to a plastic condition by heait.
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Another piece of evidence in favour of the conclusion that the fluxion structure
observable in the slice under consideration is due to traction, is to be found in
the crumpled appearance of some of biotites. I have sketched one in this slice
at fig. 4, plate II; a single crystal, one-half of which has been folded over and
bent back flat upon the other half. This biotite must, I apprehend, have been
crumpled up and folded over on itself after crystallization, but whilst the folia
were still in a somewhat pliable condition. I cannot conceive of a contortion of
the basal cleavage lines, to the extent represented in the sketch, being produced
in any other way. A moderate curvature of the basal cleavage lines is not an
uncommon feature in the mica of some rocks, and I can readily understand how
this may have been produced, even in the case of mica formed in clastic rocks by
an epigenital process; for such mica, formed in site in the spaces between the
fragments of clastic origin, might often be cramped at the timo of formation, and
its symmetry interfered with, from want of space for its perfect development ;
but I do not think a mica could, from this cause, be completely doubled up in the
manner represented in the illustration.

The basal cleavage lines of the mica enclosed in the long ropy strings of
crypto-crystalline mica are usually at a slight angle to the direction of the flow,
as represented at fig. 5, plate II, the direction of the flow being cast and west.
The outer edge of these biotites is usually covered with dark fluffy matter.

The foliation of the slaty portion of No. 15 is parallel to the hine of fluxion in
the granite.

Rocks next the gneissose granite.

Considering how important a thorough knowledge of the Dalhousie rocks is in
determining questions of local geology, I propose to give a brief scparate descrip-
tion of each of the remaining slices.

No. 16.—Junction of an intrusive vein, 3 or 4 yards wide, and the slate
into which it is intruded, close to the main mass of the gneissosc granite on the
road to Mamul, Dalhousie. The actual junction of the two rocks is seen both in
the hand specimen and in the slice.

M.—This slice shows the junction of the two rocks perfectly. The granitic
rock possesses the characteristics of some of those already described, being distinctly
gneissoid, whilst foliation has been set up in the slate. The structure of the
slate corresponds closely to No. 19, described further on.

The slate contains numerous crystals of schorl which do not extend into the
granitic rock ; whilst the latter contains many small garnets, a mineral not visible
in the slate.

There are several points of difference to be noticed between the silvery mica
of the granitic rock and that of the slate. The silvery mica of the granite is
pure looking; is in large leaflets ; its basal cleavage is very perfect; and the
cleavage lines are close together ; whilst twinning is not uncommon. The silvery
mica in the slate, on the other hand, contains numerous inclusions indicating an
imperfect separation between the several constituents of the slate ; it is in smal]
leaflets ; its basal cleavage is imperfect ; and the cleavage lines are sparse; whilst
there are no indications of twinning.
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The granitic rock gives several indications of fluxion structure. The crypto-
crystalline mica forms long curving streams in the ground mass, meandering
about as an Indian river in its sandy bed during the dry months. Tn some places
these streams approach each other and join; at others they make wide sweeps and
diverge considerably. The curves are sometimes gentle, but at others they are
rather sharp and have a wide radius. Sometimes the streams are broad; at
others they are split up into innumerable narrow meandering rivalets. The dark
mica also forms ropy-looking masses drawn ount in the line of flow.

An attempt to represent the general appearance of a portion of this slice has
heen made at tig. 1, plate II; whilst at fig. 2, plate I (a), an illustration is given
of the crumpling of the silvery mica as seen in this slice.

In some cases the twinning planes of the plagioclase are bent out of the per-
pendicular. I have oceasionally seen instances of this in lavas, though it is of
rather rare occurrence; and it seems to indicate conditions of strain subsequent
to the crystallization of the felspar before the mineral had become perfectly rigid
on cooling.

Zirkel, at p. 28 of his work already quoted, mentions the presence of fluid
cavities in the quartz enclosed in garnets; but the garnets themselves, in this
slico, contain numerous fluid cavities with movable bubbles. The quartz of the
granite itself contains fluid cavities about the same size as those in the garnets.

No. 17.— Argillaccous schist in actual contact with a thick vein of granitic
rock within 3 or 4 yards of the main mass of the gneissose granite. Same locality
as the last. It is an indurated rock with minute flecks of mica visible here and
there.

M.—TIn transmitted light the ground mass appears to be homogeneous and
colourless, but thin and minute flakes of a green mica are thickly disseminated
through it. Patches of opaque ferriferons material are dappled about over the
field; whilst the slice is here and there stained with ferrnginous material, and dots
of yellow and red ferrite are occasionally to be seen. Flakes of colourless mica
are sparsely scattered about, and there are numerous small fragments of a bluish-
brown tourmaline. Between crossed nicols the slice presemts a dark base re-
lieved by numerous patches of semi-luminous material presenting highly irregular
outlines, and bright flecks of mica.

The slice contuins some air bubbles, but no liquid cavities. Some of the
schorl shows that this mineral has been subjected to heat, and that the air or
ligquid enclosures which they contained expanded and forced a way to the sur-
face of the mineral before its complete consolidation. An illustration of this,
taken from this slice, is given at fig. 7, plate II.

No. 18.—Argillaceous schist in actnal contact with the main body of the gneis-
sose granite. ¥rom the same locality.

M.—This slice closely resembles the last. There is comparatively little
schorl, and it is in very minute prisms. The slice contains numerous dots of
magnetite.

e No. 19.—An argillaceous schist in contact with a granitic vein, 3 or 4 yards
wide, close to the main body of the gneissose granite. From the same locality.
This is a more distinctly foliated rock than the preceding two specimens.
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M.—The ground-mass consists of quartz in minute grains. Inter-laminated
with this are strings of a fibrous dark-green mica and strings of the crypto-
crystalline mica which I have shown to be a characteristic of the gneissosc
granite. Muscovite is also very abundant in the slice, whilst crystals of schorl,
many of them being very minute, are present in great numbers. It is of the
type and colour of that found in the gneissose granite, and for the most part it
lies in a zome corresponding to the plane of foliation, the erystals lying more or
less at right angles to that plane. The schorl contains numerous enclosures and
some empty cavities, the contents of which have apparently forced their way
through the mineral to the surface in the manner already described. The slice
contains grains of magnetite, opacite, and ferrite, and some minute crystals of
garnet ; also one crystal of triclinic felspar. There are no liquid cavities.

No. 20.—Slate from the quarry near the gneissose granite on the Mamul
Road, Dalhousie

M.—Under the microscope this is seen to be distinctly foliated ; qunartz, in
minute granules, alternating with a fibrous green mica that is but feebly dichroie.
Some very minute and imperfectly formed prisms of tourmaline are scattered
through the slice.

Light flocculent elouds of nebulous matter, opaque in fransmitted, and
yellowish-white in reflected light, are also abundant. A sketch of a portion of
this slice is given at fig. 3, plate 1.

No. 21.—A spotted schist within a few yards of the gncissose granite,
Potrain Hill, Dalbousie. Viewed macroscopically this has a distinctly foliated
aspect, and specks of muscovite are visible here and there.

M.—The ground mass consists of quartz in small granules of very varied and
irregular shapes, interspersed with crypto-crystalline mica that meanders about in
all directions.

In this ground-mass are embedded numerous crystals of muscovite, and of a
dark well-laminated mica, brown in transmitted light.  Some of the latter contain
grains of quartz and of magnetite. Magnetite and rounded grains of opacite
are rather abundant in this slice, which also contains numerous prisms and
fragmentary pieces of schorl, of the same type as that in the gneissose
granite. There are also numerous micro-crystals of garnet. There are no liquid
cavities. .

At fig. 3, plate IT, I have given a rcpresentation of a portion of this slice,
showing the way in which the erypto-crystalline mica and the hyaline quartz are
intermixed. The durk portions, in the illustration are intended to represent
the former, and the uncoloured portions the quartz.

No. 22.—A similar rock a little further away from the gneissose granite, on
the same road. 1tis of more spotted appearance and granular texture than the
last, having lost, in the hand specimen, all traces of foliation.

M.—This slice closely resembles the last and requires no separate descrip-
tion. The crypto-crystalline mica is very abundant. Some of the grains of
magnetite are of good size.

No. 23.—A fine-grained silicious schist in contact with the gneissose gra.mte
on the cart-road, between the Mall and the Bull’s Head Hotel, Sananotala.
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M.—This is a distinctly foliated rock, and the description given of slice No. 19
exactly applies to this one. No liquid cavities are present.

No. 24.—A crystalline granular rock a few yards below No. 23, on the same
road.

M.—This exactly resembles No. 22, and is evidently the same rock. The
quariz contains no liquid cavities. Small rounded fragments of the crypto-
crystalline mica are included in the quartz; whilst grains of quartz are in-
cluded in all the other minerals.

In many cases small colouricss microliths are attached to rounded grains of
opacite in a way to su.gest, at first sight, that the opacite had on cooling given
off a gas that had intruded into the adjoining matrix. Illustrations of these com-
binations are given at fig. 6, plate I1 (see upper and left-hand figures). A careful
study of these groups, however, showed that they are simply due to the accidental
conjunction of two different mincrals. Such forms as that depicted on the right
hand of this figure seem to show this conclusively. The occurrence of these con-
junctions, however, is 80 common that it scems to indicate that the rock was re-
duced to a sufficiently viscid and plastic condition, to allow of microliths moving by
molecular attraction some little distance, at any rate, towards each other. The
whole appearance of theslice, and the small rounded dots of crypto-crystalline
mica included in the quartz, all point in the same direction, and indicate a viscid
condition. The slice, I may add, contains numerous small rounded cavities
that are probably due to shrinkage on cooling.

No. 23.— Another fine-grained silicious schist a few yards further down on
the same road.

M.—This presents much the same features as the last slice. The schorl is not
so abundant, and for the most part is in small prisms. The dark mica is
arranged more in strings, and the crypto-crystalline mica is relatively more
abundant than the quartz. In this slice it is micro-crystalline rather than
crypto-crystalline.

Nos. 26 & 27.—Other speckled varieties of the crystalline granular rock a few
yards further down on thesameroad. They contain ma grains of iron-pyrites.
8p. G. 2, 74.

M.—The description given of Nos. 22 and 24 applies equally to these spe-
cimens. Schorl is abundant.

The peculiarity of these slices is that they contain a considerable amount of
gircon, in irregularly shaped granules, intimately intermixed with grains of quartz.
Much of the zircon is distinctly dichroic, changing from a white, or faint bluish-
white, to a delicate tint of light red. It does mot exhibit colours in polarised
light owing to its strong double refraction.

This is the first time that I have met with zircon in sitx in Himalayan rocks,
but a sample of the gold-bearing sands of the Sutlej river, sent me by a friend,
is full of well-formed crystals of this mineral.

The quartz contains what appear to be stone cavities with fixed bubbles, whilst
bthers have either caught up and enclosed opacite when in a plastic condition or
have deposited it on cooling.
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Rocks betaveen the guetssose granite and the first outcrop of gneiss.

The cart-road, from near its junction with the Mall. between Thera and
Potrain, to near the Bull's Head Hotel, Sandnotila, rans a little below the
junction of the gneissose granite and the schistose rocks. Near the Bull’s Head
Hotel, on the neck of the Sanénotila spur, the gneissose granite re-appears,
having been brought down, apparently, by the flexion of the strata. The schistose
rocks between the gneissose granite on the Mall and the outerop on the eart-road,
near the Bull’'s Head Hotel, have been described in the preceding pages. The
rocks, now to be described, are a descending series which crop out on the cart-
road between the gneissose granite, mear the Bull's Head Hotel, and the mica
schists at Banikhet.

No. 28.—A siliciouns schistose rock in contact with a vein of granitic rock
cutting through the schists. Viewed macroscopically two sets of lines may he
made out with a pocket lens on the cut and wetted face of the hand specimen,
and in the thin slice ; the lines cutting each other at an angle of about 40°,

M.—Viewed under the microscope one set of lines is seen to be due to partial
foliation; that is to say, to be due to the development of a tendency on the part
of the dark mica fo segregate in more or less parallel lines. It is noticcable,
however, that the laminse of the mica are arranged parallel to the second scr
of lines, and not to the lines of dark mica. The mica has segregated into lincs,
but each flake of mica in the line is arranged with its longest axis at an angle
of about 40° to its own line.

The second set of lines alluded to are due to the occurrence of lenticular masses
of crypto-crystalline mica, the lines of which, though discontinuous, preserve a
pretty constant course in one direction. Another point noticed is that these lines
of crypto-crystalline mica contain rather numerous microliths of tourmaline, the
prisms of which point, as the microliths in rhyolite and similar rocks, in the
direction of the flow.

These facts appear to me to indicate that tho rock was subjected to two differ-
ent processes of contact metamorphism; one process—due to heat—resulting in
foliation; whilst the second process was probably the injection of matter from
the granitic rock, possibly in a gaseous or liquid condition, along lines that fol-
lowed the original direction of lamination or of cleavage.

This observation, which was very unexpected, seems to have an important
bearing on the point at issue. If the crypto-crystalline mica in the schistose
rocks adjoining the gneissose granite is not a product of the original constituents
of those rocks but has been derived from the granite, the existence of the crypto-
crystalline mica in the gneissose granite affords no evidence of the metamorphic
origin of the latter or of its affinity with the schists.

The general appearance of this slice is closely similar to those of the slates in
contact with the gneissose granite already described. The ground-mass consists
of granular quartz. A dark green fibrous mica is very abundant, but muscovite
is comparatively sparse. Schorl, as usual, is present. There are no liquid
cavities. Ferrite is abundant.

.No. 29.—A silicious schist adjoining the gneissose granite,
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M.—This is only a varicty of the spotted schists already described, as for
instance Nos. 21 and 22. The crypto-crystalline mica is rather abundant and
swells out into large lake-like expansions. I have observed a few stone cavities
in this slice, one with a fixed bubble, and two with deposits in them.

Nos. 30, 31, and 32.—Very fine-grained schists, in descending order.

M.—These may be described together. Under the microscope they approxi-
mately resemble the slaty rock, No.17. The ground mass consists of micro-
granular quartz, in which a yellowish-green scaly mica is so abundantly dissemi.
nated as Lo nearly pervade the whole mass. In No. 31 it has segregated into
tpotty masses in which it varics in colour, in transmitted light, from a green to a
rich greenish-orange colour. Some of the mica is fibrous, and is, I think, para-
gonite. The slices contain grains of magnetite and ferrite, and slice No. 31
contains, apparently, a little heematite. All contain the opaque whitish mineral
described under No. 20 and micro.prisms of tourmaline. The magnetite is most
nbundant.

Nos. 33 and 34.~Earthy looking schistose rocks. No. 34 has a strong earthy
smell, even without breathing on it.

M.—Those exactly resemble 30—32 and nced no soparate description. No.
33 contains two minute gnrnets. In 34 magnetite in micro-grains is abundant.
In both micro-prisms of tourmaline are plentiful.

Section below No. 4 Barrack, Ballun.

No. 35.—A finc-grained schistose rock approaching the slaty type. With a
pocket lens it is scen to have a fine micaceous glaze on the splitting surface.

M.—Under the microscope the rock is seen to be madeup of a mesh-work of
fine fibres, or microliths, of mica, in & quartz base. Larger crystals of mica are
dotted about in it here and there, and stringy agglomerations of the fibrous mica.
The mica is decidedly dichroic, and each of the microliths polarises rather brilli-
antly. I think the species is probably paragonite.

The slice contains grains of ferrite, and I think very minute grains of mag-
netite ; also the flocculent opaque matter previously described. In this slice its
colour varies from yellowish to reddish. It is, I think, a product of the altera-
tion of magnetite.

No. 36.——A very fine-grained, pale bluish-grey, micaceous schist. The mica-
ceous clement is much more prominent in this hand specimen than in the last.

M.—This rock is so similar to the last that a further description is unneces-

No. 37.—A very fine-grained silicious rock approaching the slate type.

M.—~This rock is of the same type as the last two, and consists of a fibrous
mica, probably paragonite, disseminated through a quartz base. It containsa
long irregular-shaped, lake-like space filled with hyaline quartz that has evi-
dently been formed in situ, the prisms of mica projecting into it along its outer
edges. It contains some gas enclosures and a few, very few, liquid enclosures
with bubbles.

No. 38.=—A buff coloured, very fine-grained, friable schistose rock.

M.—The structure and material are seen to be the same as the last. The
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mica is of yellowish-green in transmitted light, and it evinces a tendency to
segregation, forming spots of darker colour than the ground.mass. There are
some -sized bits of ferrite.

No. 39.—A pale greenish-grey argillaceous schist.

M.—In both 37 and 39 the lines of original lamination can be distinctly
traced on the cut surface with a pocket lens. In this rock (No. 39) they have
suffered some contortion. The lines of incipient foliation arc at a high angle to
the lines of lamination in all three specimens. The microscope shows that No. 39
is composed of the same constituents as the last few described. The slice
contains some micro-prisms of tourmaline.

No. 40.—A. very fine-grained micaceous schistose rock.

M.—This consists of a quartz base in which a yellowish-green scaly mica is
profusely disseminated. It is doubtless of the same species as the preceding.
The slice is dotted over with countless cubes and octahedrons of magnetite.

No. 41.—Blue micaceous slate above Surkhi-galli.

M.—This consists of an intimate admixture of quartz in micro-grains and a
green mica in minute scales. An immense profusion of magnetite grains are
dotted over the field, mostly in clongated irregular forms, the longer axes of
which are turned in the same dircction. There are numerous micro-prisms of
tourmaline and very minute crystals of sphone, which require high powers to
detect. In many cases the sphene and magnetite have adhered together.

No. 42.—A pale blue slate similar to the last.

M.—This is apparently a very similar rock to No. 41; but tho micaceous
clement is more fibrous and colourless.

No. 43.—A palo french-grey coloured argillaceous schist from the same locality.

M.—An exactly similar rock to No. 41 excopt that the magnetite is absent and
a little ferrite has taken its place. The micro-prisms of tourmaline and sphene
are abundant. I observed aliquid cavity in the mica.

No. 44.—A fine-grained friable whitish mica schist. )

M.—This consists principally of minute scales of a yellowish-green mica and
some minutely granular quartz. There arc numerous air bubbles. I have not
detected any tourmaline. Minute crystals of sphene are abundant. Magnetite
and ferrite are also present.

No. 45.— A white wafery schist with a silky gloss on the cleavage surfaces.

M.—A very similar rock to the last, only the scaly mica is very colourless.
The grains of magnetite and ferrite are very sparse. Micro-crystals of tourmaline
and sphene as in the last. There are a few minute garnets.

No. 46. A light-grey, fine-grained silicious schist.

M.—The appearance of this rock under the microscope is very different from
those described from No.30 downwards. Its affinities are with the spotted
schists Nos. 19 and 23, the latter of which it much resembles. It may be
described as a micro-gneiss, and it consists of lenticular grains (eyes) of quartz
and triclinic felspar set in crypto-crystalline mica which flows in ropy masses
round them. The quartz very largely predominates over the felspar ; indeed, the
latter is sparse. Large flakes of muscovite are present, but no biotite. There fre
some -sized pieces of schorl of the type present in the granitic rocks -
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also a few rounded grains of what appears to be sphene. I have not been able to
detect any liquid cavities oven with the use of very high powers.

No. 47.—Paragonite slate (?)=~An extremely fine-grained, french-grey
coloured mica schist of slaty appearance.

M.—This has, unfortunately, been sliced so thickly that little can be made out,
but it does not appear to differ in any essential particalar from No. 41. Pounded
fragments examined under the microscope confirm this impression and show that
the rock is principally composed of an almost colourless mica in scales and fibres,
aund countless elongated granules of magnetite. The mica appears to be para-
gonite. There are as usual microscopic prisms of tourmaline.

No. 48.—The pearly mica schist of Banikhet.

M.—This is closely similar to No. 44. It is principally composed of a scaly
mica, varying in colour from white to pale green, with ferruginous yellow stains
in spots here and there. Thero is an admixture of quartz in a finely granular
condition. The beautiful pearly opalescence of the thin slice, seen in reflected
light without the aid of a lens, appears to be due to the presence of myriads of air
or gras bubbles with which this rock is crowded. There are countless elongated
grains of magnetite; the usual micro-prisms of tourmaline are also present; also
micro-crystals of sphene.

Conclusion.

The general conclusions at which I have arrived from the detailed study
of the Dathousie rocks are as follows :—Fifteen specimens of the gneissose granite
from various parts of the Dalhousie ridge, exhibiting some typical varieties of
structure when examined macroscopically, are seen, when examined with the
aid of the microscope, to be mere varieties of the same rock. No essential differ-
enco of any kind can be detected between them. All of them contain orthoclase
microcline, plagioclase, quartz, muscovite, magnetite, garnets, and liquid cavities
containing movable bubbles. Six of the specimens contain schorl in some abun-
dance, and ull but three of the thin slices contain biotite. In all the quartz exhi-
bits a polysynthetic structure very prominently, whilst all contain crypto-crystal-
lino mica.

Some of the slices give unmistakable indications of having been reduced by
hydro-thermal agencics to a plastic condition, and exhibit true fluxion structure.
(t is also important to note that the specimens which exhibit these characteristics
most prominently are those which show, when viewed macroscopically, a pseudo-
foliation, and have consequently a gneissose aspect.

The rocks arc not true granites, but it does not follow from this fact that
they are necossarily of metamorphic origin. Between the deep-seated roots of
voleanos and the lavas that have actually flowed out at the surface of the earth’s
crust, there must of course be many gradations. The presence of the crypto-
crystalline mica in the Dalhousie gneissose granite, that is to say, the presence
of an imperfectly crystallised residuum, seems to indicate their affinity with the
folspar porphyries. Indeed specimen No. 13 approximates in its macroscopical
sppearance very closcly to a felspar porphyry.

Allport, in his paper * On the Metamorphic Rocks surrounding the Lands’-end
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Mass of Granite,” Q. J. G. 8., XXXII, 407, shows that the mincralogical
changes produced in clay slates by the intrusion of & mass of granite are chiefly
the development in them of some of the minerals which constitute its own mass;
that is to say, quartz, tourmaline, and three kinds of mica ; occasionally tremolite,
magnetite (‘ and andalusile ?’), and in some localities felspar. The structural
changes produced in clay slates by contact metamorphism, according to Allport,
are “ (a), foliation more or less perfect, with every gradation from nearly straight
parallel lines to the most complicated contortions ; and (b), concretionary, showing
a decided tendency to segregation of both quartz and mica, the result being a
spotted schist.”

A precisely similar influence appears to have been exercised by the gneissose
granite on the slates in contact with it at Dalhousie. As to structure, we have
seen that foliation has been produced and * spotted schists” have been formed ;
whilst schorl, garnet, dark mica, muscovite, and magnetite have buen introduced
or created out of the constituents of the slate.

As regards mineralogical changes, Allport noticed in the rocks described by
him in the paper just quoted, that the strata near the granite were *far more
highly silicated than those at a distance from it,” and he expressed the opinion
that “ there can be no doubt that much of the quartz has been derived directly
from the intruded rock.”

In the case of the rocks under consideration, a study of slice No. 28 led
me to the conclusion that the crypto-crystalline mica seen in the schists in con-
tact with the granitoid rock, is due to the injection of matter from the granitic
rock into the schists in a gaseous or liquid condition.

Two other points are to be noted : jirst, that though the gneissose granite is
rich in felspar, only one small crystal of this mineral was found in the numerous
slices of rocks in contact with the gneissose granite examined under the micros-
cope; secondly, that though liquid cavities are most abundant in the quartz of the
gneissose granite, they are entirely absent from the schists immediately in con-
tact with it, and are almost entirely absent from the schistose rocks below them:.

Professor A. Geikie, in a critique on a paper by Pore Renard, of the Royal
Museum, Brussels, on the crystalline schists of the French and Belgian Ardennes
(Nature, December 7, 1882) which came to hand after I had finished my
examination of the slices now described, comments on the absence of fluid
cavities in the quartz of the Ardennes schists as follows :—* In subjecting to
microscopic examination thin slices of some of these altered rocks, M. Renard
noticed that the quartz granules, presumably of clastic origin, have lost the liquid
inclusions so generally found in the quartz granules of old sedimentary strata.
This fact (already observed by Sorby in the case of sandstone invaded by dolerite)
seems to indicate that the sand-grains have mnot escaped the influence of the
changes which have so profoundly affected the other constituents of the former
sediment. ”’

Dr. Sorby notices this effect of contact metamorphism in his Anniversary
Address (Q. J. G. 8., XXXVI, 1882) :— “One point of interest is,”” he writes,
« that although the grains of sand contain many cavities which no doubt, as ususl,
originally contained water, they have all lost it, as though it had been expelled
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by the heat of the igneons rock, in the same manner as it is easily expelled
from unaltered quartz by a high artificial temperature.

That the absence of liquid cavities, in the schistose rocks in contact with the
gneissose granite, is due to heat, is rendered highly probable by the fact notedin
the foregoing papers (see notes on slices 17 and 19) that pieces of schorl retain
internal evidence that the contents of enclosures in this mineral had expanded by
heat and forced their way to the surface.

We have already seen that whilst the granitic rocks abound in felspar, the
alterced slates in contact with them have not developed that mineral. Ihave
alfo given my reasons for belicving that the gneissose granite was reduced by
hydro-thermal action (evidenced by the great abundance of its liquid cavities) to
a plastic condition ; and that portions which present a decided gneissose aspect
exhibit true fluxion structure.

We have also scen that the schists in contact with the gneissose granite
cxhibit the peculiarities wsually developed in rocks by contact metamorphism ;
that is to say, minerals present in the granitic rock, schorl, biotite, muscovite,
garnet, magnetite, and crypto-crystalline mica have been developed in them
near their point of contact; whilst the water, which was presumably present in
the quartz of the clastic rock, has been driven off by heat. These facts, it
seems 10 me, render it improbable that the features presented by the Dalhousie
rocks are the result of selective metamorphism applied to a conformable scries of
scdimentary rocks.

The slaty and schistose rocks between the gneissose granite and the outer
band of gneiss, though very varied in macroscopic aspect, present little variation
under the microscope. They consist of an admixture of quartz and mica. The
quartz contains no liquid cavities. One exception to this only was noted in the
case of clear quartz plugging what may have been a pre-existing cavity, and
which was probably filled with foreign material from intrusive granitic masses
in its vicinity.

The quartz in all the slices described has lost all trace of its original clastic
origin, and the mica has certainly beon formed in sifu. The change in the shape
and appearance of the quartz grains has doubtless been due to after-growth in
the mauner pointed out by Dr. Sorby (Ann. Address, Q. J. G. S. XXXVI, 62).

The mica is of a different species from the micas present in the gneissose
granite, and much of it appears to be paragonite. Some of the lower beds, as
for instance No. 47, are, I think, entitled to the name of paragonite slates.

The general character of the schists may be said to be more silicious towards
the gneissose granite and more micaceous towards the first outerop of gneiss.

As the outer band of gueiss is neared, sphene makes its appearance in micro
wedges and crystals, and is rather abundant. Garnets are rare. On the other
hand, zircon is present in tho spotted schists next the gneissose granite, and gar-
nets are not nncommon.

Very minute prisms of tourmaline, of bluish colour in transmitted light, are
present more or less throughout the schistose beds; but schorl, of the type
f8und in the gneissose granite, is confined to the rocks in immediate contact
with it.
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Schorl also re-appears in No. 46, but the whole aspect of that rock is sugges-
tive of the near proximity and the contact action of granitic rocks.

The metamorphism of the slate series, as a whole, does not seem to require the
aid of great heat to explain it, for the action of moderately heated water is
sufficient to account for the formation of the hydro-micas, the minute prisms of
tourmaline, and the addition of qnartz to the pre-existing grains of that mineral.
The gneissose granite on the other hand has undoubtedly been fused, whilst
its action on the slaty series in immediate junction with it has been analogous
to the contact action of eruptive granite.

In conclusion, whilst I am not able to affirm as the result of my investign-
tions up to date, that any of the axial gneiss of the Dhuladhir range is true
gneiss, I find that it presents the characteristics of an igneous rock. It has been
in a fused condition; it shows fluxion structure ; it invades the rocks imme-
diately in contact with it; its structure and composition is uniform over wide
areas ; and it expands suddenly along the line of striko from a width of 250 feet
to a width of 61 miles. The facts, at present known, point to the conclusion that
the gneissose granite is an intrusive rock and has been squcezed up through a
faulted flexure along an axis of maximum strain.

In my paper on the Geology of Dalhousie (Supra, Vol. XV, p.44) I wroto—
*The granitoid gneiss is highly porphyritic, and is undistinguishable from, and
doubtless is identical with, the ¢ central gneiss.”” As aresult of the subsequent
microscopical study of the Dalhousie rocks, I have dropped the term * granitoid
gneiss” in my present paper, and have substituted gneissose granite for it; and
jt is for consideration whether the term * central gneiss,” introduced by the
lamented Dr. Stoliczka, and since used to denote the “ granitoid gneiss ” of the

North-West Himalayas, should not be discontinued in future.

The terms “ central gneiss ” and “ granitoid gneiss” insensibly suggest cam-
brian and pre-cambrian times; and their use is apt to create a prejudice in the
mind of the student both as to the origin and the age of the rock, for the tendency
of petrological inquiry in the present day isto predicate a great geological age
for crystalline rocks in which the granitic structure is due to regional metamor-
phism. But if the conclusions at which I have arrived in this paper are sound,
it follows that the gneissose granite of the Dhula Dhar is of eruptive origin, and
instead of being an archsean, cambrian, or ¢ converted ”’ silurian rock, it is in
reality of tertiary age, and was brought into its present position in the course of
the throes that gave birth to the Himalayas.

1 do not intend to draw the inference that all the granitoid, and still less that
all the gneissose rocks of the North-West Himalayas are of eruptive origin,—
that wonld be too sweeping & generalisation to make from the facts at present
ascertained,—but I think the most natural conclusion to draw from the evidence
before us, taken as a whole, is that the * central gneiss ” and “ granitoid gneiss
of Dalhousie is really an eruptive rock ; that is to say, whether it has travelled a
short distance, only, from its seat of extreme metamorphism, or whether it wgs
more or less directly connected with volcanic or plutonic action, it was in actual
motion in a fused or plastic condition and occupies now the position of an intruder
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in the silurian series. I think the balance of evidence is against the supposition
that it was reduced into a fused condition in situ.

”

”

Fig.

”

”

»

”»

”

”»

DESCRIPTION OF PLATES.

Prats 1,

Gneissose granite, Dalhousie. This sketch, taken from slice No. 1, is
intended to show the polysynthetic structure of portions of the
quartz,

A portion of slice No. 16, taken from a granite vein intruded into
slate, Dalhousie; («) shows the crumpling of mica due to truc-
tion. See also fig. 1, plate II.

A portion of slice No. 20. Slate from the quarry near the gneissoso
granite, Dalbousio.

Prate II.

A portion of slice No. 16, taken from a granite vein intruded into
slate. See also fig. 2, plate 1.

A portion of slice No. 15 ; gneissose granite in contact with slate, above
tho slate quarries, Dalhousie. This sketch represents the mode in
which the crypto-crystalline mica and biotite are drawn out into
strings.

A portion of slice No.21; spotted schist within a few yards of the
gneissose granite; Dalhousic. The sketch shows the way the
crypto-crystalline mica and hyaline quartz are intermixed.

Sketch of a biotite crumpled up by traction, taken from slice No. 15,
gneissose granite in actual contact with slate.

Showing a common mode of occurrence of mica in connection with
the ropy strings of crypto-crystalline mica.

Showing the mode in which grains of opacite and microliths of an
undetermined mincral adhere together.

A crystal of schorl taken from slice 17, showing that air or liquid
enclosures ariginally contained in it had subsequently expanded

from heat and forced their way to the surface of the mineral before
its final consolidation,
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On the lavas of Aden— By Coroxer C. A. McManoN, F.G.S.—(With a plate.)

A BrIEF account of the extinct volcano of Aden is given by Mr. F. R. Mallet,
F.G.S., in his paper “On the Geological structure of the country near Aden,
with reference to the practicability of sinking Artesian Wells.” Vol. VII, Memoirs,
Geological Survey of India.

The following description of the lavas found at Aden is taken from Mr. Mallet's
paper: * The varieties of rock met with are very numerous; there are perfectly
compact lavas of brown, grey, and dark-green tints, sometimes containing crystals
of augite and not unfrequently those of sanidine, and there are rocks exhibiting
every degree of vesicularity until we arrive atlavas resembling a coarse sponge
and passing into scoriee. The vesicles again are in some specimens globular, and
in others flat and drawn out. In some places the lava is quite schistose, and
might if seen per se be easily mistaken for a metamorphic rock. Such lava is
sometimes vesicular, but by no means always so, at least not to the naked eye.
Volcanic breccias are also met with, as near the main pass where fragments of
dark-green lava are imbedded in a reddish matrix. Tufas are also present, but
apparently to a limited extent. Some specimens of tufa shown me by Captain
Mander, the Executive Enginecr, were made up principally of fragmonts of
pumice, from which it would appear that pumice must be amongst the volcanie
products, though I am not aware of any locality in which it is found in situ.
Obsidian is to be met with occasionally in thin seams.”

I have not met with any detailed account of the micro-petrology of the Aden
lavas, but the following passing allusions to them may be quoted here. Mr. Frank
Rutley, F.G.S,, in his Study of Rocks, p. 152, 2nd edition, writes as follows:
““ A globular condition of silica has becn lately described by Michael Lévy as
occurring in the euritic porphyries of Les Settons, and similar globular conditions
of silica have been observed and noticed by M. Vélain in a quartz irachyte from
Aden. The former author regards this condition as intermediate between the
crystallized and the colloid forms of silica.”

Professor A. Daubrée, in his paper on zeolitic and silicious incrustations
(Q. J. G. 8., XXXIV, 73), states that silicious infiltrations are found in many
voleanic rocks of the “trachydoleritic class,” and refers to Aden as one of his
examples.

The above are the only references to the Aden rocks that I have yet met with,
and the following account of some of the lavas to be found at that place may
not be without interest. As I have never been able to remain at Aden for more
than a few hours, my examination of the extinct crater has ouly been a cursory
one. The specimens from the vicinity of the tanks were collected by me, but the
others were collected for me by a resident Engineer through the kindness of a
friend. I proceed to describe the specimens in detail.

Basalts.

No. 1.—A grey compact lava. With the aid of a pocket lens, crystals of felspars
and numerous dots of a greenish-yellow amorphous mineral are visible here and
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there. The locality in Aden from which this specimen was obtained is unknown.
Sp. G. 2:'78. The rock is magnetic and under the blowpipe fuses to a black
bead.

M.—The base consists of a devitrified glass in which dendritic and rod-like
forms of magnetite are abundant. Magnetite is also present in regular crystallo-
graphic forms.

In this base countless prisms of felspar are starred about ; whilst large por-
phyritic crystals of that mineral are visible here and there. The porphyritic
crystals are all plagioclase with the exception of one medium-sized prism which
is orthoclase, Many of the minute prisms are visibly triclinic and the others are
presumably so. The porphyritic felspars contain numerous enclosures of the base.

There are several angite crystals in the slice, but they are mnot very fresh.
Part of the magnetite has been converted into heematite or gothite, unpa.rtmg a
reddish tinge to the slice, when viewed in reflected light.

The greenish-yellow amorphous mineral, alluded to above, is probably a
secondary product of the decomposition of olivine, but none of the unaltered
mineral is to be detected.

This rock is evidently an ordinary basalt.

No. 2.—A very dark-grey lava from Station Flagstaff Hill. It is highly vesi-
cular, the area of the vesicles in the thin slice being nearly equal to the substance
of the lava itself, but they are too minute to be seen by the unaided eye.

The rock is decidedly magnetic and fuses readily to a black bead. It seems
to be a favourite rock for building purposes, and it is said to take the chisel well.

M.—The ground-mass is perfectly opaque except at the edges of the vesicular
spaces and at the ends of felspar crystals, where it is seen to be made up of
microscopic globulites and grains of crystalline [matter. Some of this globulitic
granular matter appears to be augite.

The ground-mass contains numerous crystallites and small crystals of felspar,
several of which are distinctly triclinic. They contain many enclosures of the base,
and some are mere skeleton crystals., Some of the larger felspars enclose prisms
of apatite.

Several augites are visible in the ground-mass.

This specimen is also, I think, a basalt.

No. 3.—A very dark-grey finely vesicular lava closely resembling the last.
The rock is magnetic and it fuses under the blowpipe to a black bead. From
Bas Baraldu.

M.—This so closely resembles the last that a separate description is mnot
necessary. The vesicles are not so uniformly distributed as in the last specimen
and merge into elongated confluent cavities. The thin slice in reflected light has
a warm brown tint. The ground-mass is not so absolutely opaque as the last
specimen. In the larger felspars the enclosures of the base are so abundant as to
give them quite a skeleton appearance. A fragment of augite is present in the
ground-mass,

This is said to be a good building-stone and to take the chisel well.

No. 4.—A dull red highly vesicular lava. It powerfully affects the magnet,
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and it fuses under the blowpipe to a very dark mass that adheres to the magnet.
Locality from which obtained unknown.
M.—The ground-mass is quite opaque.

Andesites.

No. 5.—A slaggy-looking lava with crystals of felspar visible here and there.
Some vesicular cavities contain a zeolite which also forms incrustations on the
surface. The specimen was obtained near the Station Point Cemetery. Sp. G. 2-64.
The determination of the specific gravity may be a little under the mark, as there
are a few vesicular cavities. The specimen is powerfully magnetic, and it fuses
at the edges.

M.—The ground-mass is nearly opaque and consists of multitudes of grains of
magnetite disseminated through a base of flocculent matter, probably a product of
devitrification rather than of decomposition. None of the magnetite exhibits
regular crystallographic forms, and part of it has been converted into hematite
or gothite. The latter imparts a reddish and pseudo-felspathic appearance to
much of the base when viewed macroscopically.

The ground-mass contains numerous micro-prisms of felspar, whilst felspars
of large size are porphyritically embedded in it. The latter are nearly all visibly
triclinic, and contain very numerous enclosures of the base, and buff coloured
amorphous masses, that probably represent decomposed angites. Angites are not
unfrequently caught up in large felspar crystals, as is the case, also, in slice No. 1.
The felspar contains gas cavities and enclosures of ferrite.

No. 6.—A dark-grey vesicular lava from the vicinity of Station Point Ceme-
tery. The hand specimen resembles the mudstone matrix of a conglomerate from
which the pebbles have been extracted, the vesicular spaces having very smooth
and regular surfaces as if they had enclosed hard substances. Sp. G.261.
The hand specimen is strongly magnetic and fuses easily under the hlowpipe to a
black bead which adheres to the magnet.

M.—A striking feature in this slice is the presence of numerous crystals of a
red mineral which I have not been able to satisfactorily identify. It occurs in
six and four-sided prisms, and in irregular shapes, and in fragment-like pieces.
Some are in long and thin prisms, others in rather massive lumps. In trans-
mitted light it is of rich orange red colour—yellowish orange when thin—deeper
red when thick. When the polariser alone is revolved it absorbs light distinctly,
but does not change colour. It very frequently contains enclosures of felspar, and in
one instance the latter has conformed to the shape of the prism. These enclosures
seem to indicate that the mineral is an original constituent of the rock and not a
secondary product. The cleavage is irregular. The angle of the prism varies
very much ; some being nearly right angles, others being very obtuse. The average
of the measurements of 17 prisms come to 103°52. In a few, not included in
this average, adjacent faces intersected at an angle of 135°. The variation in
the angle seems due to the mineral itself and not to oblique slicing.

Extinction coincides with the length of the prism and with the diagonal of
the prismatic angles seen in cross section.
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Between crossed nicols the mineral changes from dark to its natural colour in
this slice, but in No. 16 it changes from dark to a rich crimson colour.

The prevalence of four-sided prisms is against the mineral being rubellite, or
an allied species of tourmaline ; its orange colour and transparency shuts out the
iden of its being hematite, whilst the extinction shows that it is not a monoclinic
pyroxene. In some respects it would do for brookite and the angles would agree
fairly well with the Arkansas variety of that mineral, but I do not feel satisfied
that it is brookite.

Can it be an ortho-rhombic pyroxene P the presence of which mineral inaugite-
andesites has recently heen determined by Cross, Rosenbusch, and Teal. Its
colour is not favourable to this supposition. Altogether the mineral is rather a
puzzle to me at present.

The base of the rock under consideration consists of a slightly devitrified glass,
of pale yellowish colour, in which are disseminated a micro-crystalline mixture of
felspar, magnetite, and granular hornblende or augite. It is not dichroic and
from the angle of extinction in some pieces of prismatic form I think it is angite.

Besides the micro-prisms of felspar, scattered in great abundance through
the base, felspars in larger prisms are porphyritically imbedded in the ground-
mass. They are nearly all visibly triclinic, as are some of the very small ones. °

Considering the low specific gravity of the last two specimens, I think they
must be classed as andesites. They are evidently transitional forms between the
basalts and the trachytes of the Aden volcano.

Trachytes.

No. 7.—A grey compact lava with minute crystals of sanidine visible here and
thore. From the vicinity of the tanks. Sp. G. 2'66. The hand specimen is
magnetic, but not strongly so. Under the blowpipe it fuses to a dark bead.

M.—~The ground-mass consists of an intimate mixture of minute felspar
prisms and irregular-shaped pieces of felspar : countless patches or granules of
hornblende, and grains of magnetite and ferrite. In this are porphyritically
imbedded large crystals of felspar; plagioclase and sanidine being almost equally
abundant. Two of the latter present penetration twins, the others are twinned on
the Carlsbad type.

The sanidine contains numerous enclosures of the ground-mass, and also stone
or glass enclosures that have deposited mineral matter on cooling. Two of these
are depicted at figs. 7 and 8.

The margin of many, and occasionally the whole of the sanidines in this,
and in most of the slices about to be described, have a curious dusty appearance.
Under high powers these felspars are seen to be full of imperfectly defined
contorted fibrous particles of a doubly refracting.mineral, and the dusty appear-
ance seems to be due to the irregular intergrowth of either quartz, or another

species of felspar. These enclosures do not interfere with twinning, and the
latter shows that the mineral is sanidine and not nepheline.

« Ina portion of tho.hoathshomblendemdm&gnetxﬁemamged in dendri-
tic combinations,
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The hornblende exhibits dichroism very strongly. One set of cleavage lines
are occasionally to be seen, and the angle of extinction is charasteristic of horn-
blende.

The slice contains a piece of the red mineral described under No. 6.

No. 8.—A grey compact rock with numerous crystals of sanidine imbedded in
it. From the vicinity of the tanks. Sp. G. 2:63. The hand specimen is distinctly
magnetic ; under the blowpipe it fuses at the edges and adheres to the magnet.

M.—This specimen is more felspathic than the last, end the base in transmitted
light is clearer. It consists of a micro-crystalline admixture of felspar, in which
very numerous patches of a yellowish-green hornblende, and grains of magnetite,
are freely scattered about. There are also & good many patches of hematite, or
gothite, most of which are directly connected with magnetite grains.

There are two sizes of felspar crystals porphyritically imbedded in the ground-
mass, namely, medium-sized and very large sized. Nearly the whole of tho
felspar of all sizes is orthoclase, but there are a few prisms of plagioclase. The
larger prisms contain numerous rod-like belonites, some of which are fractured,
which are doubtless imperfectly formed apatite crystals. Insome cases opacite, or
granular magnetite, has formed on these belonites, and sketches of three of them
are given at figs. 11, 12, and 13. These combinations are particularly worth
noting, because exactly similar forms are common in the gneissose granite of the
North-West Himalayas, and in both cases they seem to afford evidence of the
rocks which contain them having been reduced to a fused or plastic condition.

In fig. 13 the magnetite is seen to have formed on the belonite after the
consolidation of the latter, and to have cowmpletely embraced it. In fig. 12
the magnetite has partially encircled the larger mineral in its arms, whilst in
fig. 11 it has consolidated along itsedge. In fig. 11 a cavity, ranning with the
length of the belonite, is seen depicted at (a). It is probably due to shrinkage on
cooling.

It is interesting to find bodies, such as those described, common to acid lavas
and the gneissose granite of the Himalayas.

The felspars contain thousands of air or gas cavities.

An isotropic mineral is to be seen here and there ; one of the crystals presents
a six-sided outline—the sides being equal—whilst the others are in more rounded
forms. It is doubtless garnet.

No. 9.—A grey compact rock, somewhat mottled in appearance, with minute
prisms of felspar visible here and there. The specimen was obtained near the
tanks. 8p. G. 2:60. The rock attracts the magnet, and it fuses under the blow-
pipe to a dark bead.

M.—The ground-mass is dark owing to the abundance of magnetite ; in other
respects it does not differ from that of the slices of trachyte previously described.
Amongst the large porphyritic crystals plagioclase preponderates over the sani-
dine, but the smaller crystals all belong to the latter species. Some of the
triclinic felspar is in the form of long thin prisms.

The larger felspars contain numerous enclosures of the ground-mass. *n
some they are so abundant as to give the prisms a somewhat skeleton appearance.
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Microliths and stone enclosures are abundant, whilst a zonal growth is visible in
some of the sanidines.

There is one good-sized, rounded crystal and an irregular-shaped piece of
augite, whilst numerous patches of hornblende are scattered throughout the
ground-mass. The rounded augite encloses a minute crystal of hornblende. The
latter mineral presents irregular shapes, but in one case the cross cleavage lines
aro fairly well developed.

The slice contains a garnet. Much of the magnetite has passed into heematite,
or githite, whilst an apparently hydrated species of iron oxide often stains the
matrix round the magnetite grains.

The trachyte in this specimon appears to be approaching the andesites, and
is on the border line between the two.

A sketch of a portion of this slice is given at fig, 2 ; a group of felspar crystals,
round which much magnetite has collected, occupies the centre of the illustration.
The felspars are seen to have caught up numerous fragments of the ground mass
which arve alligned in general correspondence with the cleavage planes of the
enclosing felspars.

No. 10.—A compact light grey coloured rock with minute crystals of sani-
dine visible here and there. This was obtained near the tanks. Sp. G. 248,
The hand specimen contains, caught up in the compact rock, several fragments
of pumicious lava in which vesicular cavities are numerous. This seems sufficient
to account for the abnormally low specific gravity, as the air caught up in the
vesicular cavities of the pumicious fragments would be sufficient to vitiate the
result. The hand specimen is magmetic, but it is almost infusible under the
blowpipe.

M.—This seems to be quite a typical trachyte. The ground-mass appears to be
made up of an aggregation of felspar microliths. In this are imbedded medium
and large sized felspar crystals. Amongst the two latter sanidine is abundang
and is in very typical forms. The slice contains very little plagioclase, and the
felspar micro-prisms of the base are either undifferentiated or are orthoclase.

Hornblende oocurs in patches throughout the ground mass, though it is not
80 abundantas in some of the slices previously described. There are one or
two fragmentary looking pieces of angite. In transmitted light it is of a greenish-
brown, or brownish-green, but of so pale a tint as to be almost colourless. It is
not dichroic, and in extinction and other characteristics it agrees with angite.
The outer edge is a good deal corroded, but internally it is perfectly fresh. Some
of the hornblende is much corroded and altered. It is of yellowish.green colour,
and most of it is decidedly dichroic.

The ground-mass contains numerous grains of magnetite. Hewmatite or
gothite is present here and there, and has penetrated cracks in the sanidine ; it
also occursin patches in the latter. Some apatite is also present.

A long cavity in the slice is stopped with calcite, which is here and there
érystallised in characteristic forms. The calcite encloses some minute prisms
of epidote. A zeolite appears to be also present.
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Quarts trachytes.

No. IL.—A grey compact rock with minamte crystals of sanidine visible here
and there. Part of it is of dark grey, and part a very light grey colour; and
when examined with the aid of a pocket lens, it has the appearance of two
magmas imperfectly mixed together. The specimen was obtained near the tanks.
Sp. G. 2:60. The rock is strongly magnetic. The dark portions fuse, under
the blowpipe, to a dark magnetic bead, but the light portions fuse at the edges
only to a transparent colourless glass.

M.—This is & very beautiful specimen in the field of the microscope. The
ground-mass in transmitted light is, in parts, very clear and transparent, and
in other parts, representing the dark portions previously alluded to, the magnetite
and hornblende are crowded together, so as to almost cover an area equal to that
occupied by the felspar. In the clearer portions of the ground-mass the magnetite
and hornblende are in larger and in more perfectly crystallized grains. In the
dark portions much of the hornblende is in an embryonic condition, being shapeless
aggregations of minute g'ranules, the optical characters of which are indistinct.

From the microscopic examination of this slice, I am disposed to think that
the mottled character of the rock is due to segregation.

There are numerous large crystals of sanidine scattered through the ground-
mass besides others of medium size. Plagioclase is sparse. The large felspar
crystals contain numerous enclosures of hornblende and a profusion of stone
enclosures. The curious dusty appearance seen along the border of sanidines,
described under No, 7, is very prominent in those of this slice.

Patches of heematite or gothite are visible here and there, and some of it
is dissinctly traceable to the alteration of magnetite; whilst large grains of the
latter have also stained the matrix for some distance round them with a yellowish
doubly refractive substance.

The slice contains & garnet and a little apatite. Here and there patches of
hornblende very much resemble leaflets of mica, but I do not think any of them
are really that mineral, as they are of exactly the same tint as the undoubted
hornblende contained in the siice, and no trace of cleavage is visible in any of
the flakes alluded to. The slice, however, contains a thin string of crypto-
crystalline mica meandering about in it, similar to that described in my paper
on the gneissose granite of Dalhousie. This additional link connecting acid
volcanic rocks with the gneissose granites of the North-West Himalayas is most
interesting.

Free quartz is to be seen here and there in the ground-mass. It is
evidently a residuum, and, like the quartz of granite, it is moulded on to the
other minerals.

The slice also contains another specimen of the red mineral described under
No. 6.

No. 12.—A pale grey compact rock with crystals of sanidine porphyritic in
it, from the vicinity of the tanks. Sp. G. 2:'57. The hand specimen is magnetic.
Under the blowpipe portions fuse to a magnetic bead, whilst other portions are
but slightly acted on.
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M.—This specimen so closely resembles the last described that only a few
additional remarks are needed. Plagioclase is subordinate to the orthoclase.
Magnetite is plentiful and is in well-shaped grains. Hematite is also abundant
and for the most part assumes dendritic forms, and is but feebly translucent.

Hornblende is very abundant, being present in both the ground-mass and in
the felspar crystals; and some of the crystals present well-shaped six-sided pris-
matic sections.

Apatite is extremely abundant in the ground-mass, and the rock, when
examined chemically, gives the phosphoric acid re-action with molybdate of
ammonia very decidedly.

The slice contains two shapeless garnetas.

Glass and stone cavities are very abundant in the felspar crystals, and are,
for the most part, of types similar to figs. 4 and 5. Figs. 9, 10, and 16 are taken
from this slice.

As in the last specimen, frec quartz is present in the ground mass.

No. 138.—A mottled grey compact lava with felspar facets visible here and
there. It was obtained near the tanks. Sp. G. 2:56. It is magnetic, and its
behaviour under the blowpipe is as in Nos. 11 and 12.

M.—This specimen is so similar to the last that a detailed description is
unnecessary. The ground-mass is not as clear as the two last slices; but the
felspar crystals, on the other hand, do not contain hornblende, and they are
much more free from enclosures generally.

Apatite is very sparse, and there are no garnets. Hmmatite is not so abundant,
and it is not in dendritic forms.

The slice contains an augite with a deep dark border.

Numerouns glass or stone enclosures are to be observed in the sanidine, illus-
trations of which are given at figs. 4 and 5. In some the matter deposited on
'cooling appears to be partly mineral and partly gaseous, as in figs. 6, 9, and 16;
that is to say, a gas appears to have first scparated from the glass, on the con-
solidation of the latter, and then on cooling to have deposited mineral matter
previously held in suspension.

Numerous gas or air babbles are present in the ground-mass.

Free quartz is present as in the last two specimens.

Fluxion structure is observable in a portion of the ground-mass, where the
microliths of felspar are seen to flow round a large crystal.

A sketch of a portion of this slice is given at fig 1. It is not possible on
the scale at which it is drawn to attempt to depict the microliths of the ground-
mass.

No. 14.—A light grey compact rock with sharply defined patches of a dark
lava visible here and there imparting a brecciated appearance to the hand

,specimen. This lava occurs near the tanks. Sp. G. 2'48. The rock attracts
the magnet, but fragments of it are infusible before the blowpipe. Facets of
felspar are visible in the dark and light portions alike.
. M.—The ground-mass is clear owing to .the comparative sparseness of magne-
tite. There arc only two or three small picces of hornblende present in the slice-
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There is no plagioclase, but sanidine is very abundant, and, as usual, is present
in very large, in medium, and in minute crystals.

Quartz is abundant and is a much more prominent feature in the ground-
mass than in any of the specimens previously described. Over about half the
total area of the slice, the quarts is intimately intermixed with the felspar of
the ground-mass, and in polarised light the combination of the two present a
curious sieve.like appearance, the quartz constituting the meshes. Here and
there free quartz forms larger masses having an irregular ramifying external
outline. Minute crystals of sanidine are frequently imbedded in the free quartz.

There are a few small garnets, whilst magnetite, ferrite, and hematite or
gothite are present as usual.

No. 15.—A greenish-grey vesicular lava from behind the post office. The
greater part of Steamer Point Church is said to be built of this rock. From
a builder’s point of view, it is said to weather badly. The hand specimen is
feebly magnetic ; and under the blowpipe it becomes glassy on the surface, but
does not fuse to a bead. .

M.—I have examined four slices of this interesting lava. The ground-mass
is micro-aphanitic, and is composed of minute prisms of felspar radiating in
all directions. Grains of quartz are visible here and there in the ground-mass,
but they are most abundant along the margins of the vesicular cavities when
they exhibit rounded and hexagonal outlines. It is I think, tridymite.

The quattz contains numerous liquid cavities with enclosed bubbles, a fair
proportion of which are movable. The size of the bubbles, relative to that of
the cavities containing them, varies so much that no reliable calculation can be
based on the proportion between the two. One of the quartz grains contains glass
enclosures that have deposited mineral matter on cooling, and one of them has
several fixed bubbles. The ground-mass contains many air or gas bubbles.

There are no porphyritic crystals of felspar.

Hornblende is very abundant ; most of it is in acicular prisms of irregular
outline, and rather pale green colour, resembling the hornblende of the Wolf rock
(phonolite) of Cornwall; but there are larger stumpy prisms, here and there,
of bluish to dark green colour in transmitted light, that have sharp outlines, give
good six-sided sections and occasionally exhibit cross prismatic cleavage lines.
It is decidedly dichroic changing from brown to bluish-brown ; but under crossed
nicols the absorption is so powerful that the colours exhibited are very feeble.

No. 16.—A light grey vesicular lava from Flag Staff Hill. Sanidine and
quartz are to be observed here and there. It is slightly magnetic and fuses at
the edges. Numerous round silicious granules with rough surfaces are visible
in the vesicular cavities; they are dull and somewhat opalescent-looking, and
have none of the liquid lustre of vitreous quartz. Most of them are globular,
but some are flattened and present hexagonal outlines and are seen to have a
yellowish nucleus. They are infusible under the blowpipe, and hydrochloric
acid takes no notice of them.

M.—Under the microscope these spherulitic bodies are seen not to be exclu-
sively confined to the edges of the vesicular cavities, but to occur occasionally
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in the ground.mass itself. Their central portions are, in transmitted light, of
buff colour, and are feebly translucent, but the outer portions are transparent.
Most of the globular bodies have rounded outlines, but others are flattened
at the poles and present a hexagonal prism in section. Those which occur
nlong the edges of vesicular cavities are segments of circles, the yellow nucleus
heing trnncated and abutting directly on the edge of the gronnd-mass. Under
crossed nicols the transparent portion is seen to have a distinctly radiated struc-
ture, and in some a dark crossis visible. They polarise in simple black and
white and never exhibit colours. In some, the rough exterior surface, alluded
to in my remarks on the macroscopic aspect of the rock, appears to result from
minute prisms, or minute plates of tridymite projecting from the outer surface.
In both cases the angles of adjoining faces are approximately 120°.

These globular bodies seen in section resemble the spherulites of rhyolites,
dacites, and acid vitreous rocks, and were those found in the ground mass, seen
by themselves they would undoubtedly be taken for ordinary spherulites; but
the way they stand out from the surface of the vesicular cavities, their occa-
sional hexagonal outline, and the fact that the yellow globular nuclei of those
which line the vesicular cavities ar usually bisected by the bounding surface
of the ground-mass, and are not continued into it, shows that they differ from
ordinary spherulites. They have evidently been formed, in the great majority of
cases, either by the exudition of silica from the base into the vesicular cavities,
or have been deposited in these cavities through the agency of steam or water;
and aro not, like ordinary spherulites, the product of the devitrification of the
glassy base,

1 presume that these globules are identical with those noticed by M. Vélain
(rec ante). Their behaviour under crossed nicols is mnot, however, similar to
M. Michael Lévy’s description of the globular silica occurring in the euritic
porphyrics of Les Settons.

It is not quite clear what Michael Lévy means by a “condition intermediate
botween the crystallized and the colloid forms of silica.” It seems to me that
the globular silica of the Aden lavas is only a variety of hyalite, and that its
peculiarities are principally due to an intergrowth, or rather to a successive form-
ation of hyalite and tridymite. The nuclei are probably formed of common opal.

The ground-mass of the rock under consideration is micro-aphanitic, and
consists, as in many of the previous specimens, of light clear portions and dark
portions, as though two magmas had imperfectly mixed together.

Some large porphyritic orystals of felspar are triclinic. Some of the felspars
contain large enclosures of the ground mass which have mot entirely separated
from the main mass; whilst the dusty appearance described in the previous
pages is very prominent in the felspars of this slice. In some cases it makes
them resemble nepheline, but the angle of extinction and the twinning of the
sanidine and plagioclase (for the dusty appearance is seen in both classes of fels-
pars) usually prevent any mistake in their identification.

The ground-mass contains granules of greenish hornblende, whilst minute
foar and six-sided well-shaped prisms of a brownish hornblende project from
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the ground-mass into the vesicular cavities The prism of one measured exactly
124°, 30 !

Apatite is present, also magnetite and heematite or gothite. There are also
several large and small crystals of the orange red mineral, previously described.
Between crossed nicols it changes from a rich crimson colour to dark.

Several of the vesicular cavities are stopped with calcite.

No. 17—A greenish-grey fine-grained but highly vesicular lava, from the
vicinity of the Station Point Cemetery. It is distinctly magnetic and fuscs at
the edges under the blowpipe. The siliceous globules are abundant.

M.—This is more uniformly vesicular than the last specimen, and the vesi-
cular spaces occupy a considerable area relative to the ground-mass; consequently
very large crytals of felspar are wanting and medinm-sized ones are comparative-
ly rare. In other respects this specimen closely resembles the last.

There are siliceous globules, as in the last, but tridymite is also abundant and
occurs on the edges of the vesicular cavities. An overlapping of the plates is an
almost constant feature in the tridymite of this and other slices. The vesicular
cavities are occasionally plugged with a fibrous zeolite.

The red mineral is absent and the brown hornblende, of the last specimen, is
extremely sparse. Green hornblende in acicular prisms is very abundant.

Trachytic Pitchstones.

No. 18.—A compact brick-red lava with facets of felspar visible here and
there. From the vicinity of the Station Point Cemetery. Sp. G. 2'40. The
rock is magnetic and fuses, but not very readily, to a white blebby mass full
of air bubbles.

M.—The ground-mass is of such microscopic fineness that it requires powers
of over 100 diameters to make it out. It consists of a matted mass of felspar mi-
croliths and fine granular matter. In this are scattered felspar crystals of various
sizes, some hornblende and large magnetite grains. None of the felspars give
evidence of being triclinic. The large felspar crystals contain numerous en-
closures of the base. The slice contains countless crystallites of felspar that
closely resemble those described in my paper on the basalts of Bombay,* having
either frayed ends, or being mere skeletons enclosing the granular matter of the
ground-mass.

Hyalites are to be seen in a few vesicular cavities ; their outlines are semi-
circular.

This vitreous lava may, I think, be described as a devitrified trachytic pitch-
stone. A sketch of a portion of this slice is given at fig 3.

No. 19.—A reddish compact rock from the vicinity of the Station Point
Cemetery. Sp. G. 2:38. This looks more like a rotten schist than a lava. Though
not visibly porous or vesicular, yet when plunged into water it gives off a stream
of minute air bubbles that lasts' for some hours. It is not magnetic. Under the
blowpipe it fuses with difficulty and becomes frothy.

M.—The ground-mass consists of micro-crystals of felspar interspersed with »

1 Rutley’s Study of Rocks, p. 152, 2ud Ed. 3 Records, Vol XVI,, p. 42.
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micro-grains of quartz, and an amorphous opaque red ferrite. It is of much
larger grain than the last specimen.

All the porphyritic crystals of felspar are sanidine. They contain stone and
glass enclosures. Ome of the latter is depicted at fig. 14, and is seen to contain
three fixed bubbles and three crystals. Fig. 15 represents a cavity within a glass
enclosure; the outer glass enclosure containing a large fixed bubble and a small
crystal. The inner cavity appears to contain a minute bubble. Enclosures that
have deposited dusty matter on cooling ; and glass'enclosures, each of which con-
tains a large fixed bubble, are not uncommon. The slice contains no hornblende.

This lava seems to be intermediate between a quartz-trachyte and a pitch-
stone, but must, I think, be classed as a devitrificd trachytic pitchstone.

Pumice.
No. 20.—A light grey pumice obtained in the vicinity of the Station Point
Church.
M.—The vesicular cavities are filled with calcite, a zeolite, and I think some
aragonite,
The pumicious part consists of a glass containing millions of air bubbles;
some of these are round, whilst others are elongated, and are drawn out in the

direction of the flow,
Conclusion.

Though I cannot suppose that my collection of the lavas of Aden afford com-
plete examples of all the varieties to be obtained in the mneighbourhood of
that extinct voleano, still it is sufficient to show that the now silent craters,
in the days of their activity, poured out basic, intermediate, and acid lavas. We
have presented to us inside the main crater of Aden an unbroken succession
of lavas, from acid pitchstones, on the one hand, to basaltic rocks on the other.
Pitchstones shade into quartz-trachytes; quartz-trachytes into trachytes; whilst
tho laiter pass into andesites, and through them, into basalts. On the whole, the
acid rocks seem to have predominated.

Many of the lavas described in these pages have a mottled, and even a brecci-
ated appearance, and it is difficult to say positively whether this is due to segre-
gation, or to an imperfect blending of basic and acid magmas.

It would be interesting to know the order of succession in which the basic,
intermediate, and acid lavas appeared ; but on this point I have no information.

The specific ‘gravity of each class of lava is low. I did not attempt to deter-
mine the specific gravity of the vesicular specimens, and though it is possible that
hidden vesicles may, to some extent, have vitiated the determination of the specific
gravity of some of those examined, yet, on the whole, I am disposed to attribute
the low averages to the predominance of the acid element in the Aden lavas.

The following averages were obtained :—

Basalt Sp.G. . . . . . . 278
Andesite » . . . . . . 262
. Trachyte » . . . . . . 2658
Quartz-Trachyte ,, . . . . . . 255

Pitchstone » . . . . . . 289
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The pitchstones yield a somewhat abnormally high specific gravity, indicating
their connection with the quartz-trachytes; but all the others, noted above,
though within the minimum limits, are below the normal average specific
gravity usnally given for each class of rock in our text books.

The ground-mass of the intermediate and acid lavas, described in these pages,
is micro-aphanitic; in no instance is it micro-felsitic. There are, except in the
extremely vesicular specimens, and in the pitchstones, always three generations
of felspar ; micro-crystals in the ground mass, and medium and large-sized por-
phyritic crystals.

In the basalts and andesites the felspar is, almost without exception, plagio-
clase. Amongst the trachytes, those on the border line of the andesites, as No. 9,
contain more porphyritic crystals of plagioclase than of sanidine; whilst those
that approach the quartz-trachytes contain scarcely any plagioclase.

In intermediate varieties, as Nos. 8 and 10, the porphyritic crystals of tricli-
nic and monoclinic felspar are pretty equal in number. In the quartz-trachytes,
themselves, plagioclase is either wanting or is subordinate to the sanidine ; whilst
in the pitchstones plagioclase is wholly absent.

Augite is prominent in the basaltic lavas, but only stray crystals of it are
present in the other lavas, namely, in Nos. 6, 9, 10, and 13.

Hornblende is abundant in the trachytes and in most of the quartz-trachytes;
whilst it is sparse or wanting in the pitchstones.

Magnetite is present in all except No. 20, and every specimen, except Nos. 19
(pitchstone) and 20 (pumice), distinctly attracts the magnetic necdle ; some of
them acting powerfully on it.

Hematite or gothite is found in all the specimens except the pumice; whilst
apatite is commonly present, sparsely in some, but abundantly in others.

An isotropic mineral which I doubt not is garnet is to be seen in several
slices, namely, in Nos. 8, 9, 12, and 14.

There is nothing in the appearance of the mineral to lead me to suppose that
it is hauyme, a mineral frequently mentioned in connection with trachytes.
Zirkel, in his Microscopic Petrology of the Fortieth Parallel, notes the occur-
rence of garnet in rhyolites and trachytes; and seeing that this mineral so com-
monly occurs in granite and syenite, its presence in the lava form of those rocks
is hardly surprising.

Mica is conspicuous by its absence ; but there is, however, a notable excep-
tion in slice No. 11 (quartz-trachyte), in which a thin string of crypto-crystalline
mica, similar to that which takes so prominent a place in the gneissose granites
of the North-West Himalayas,! is seen meandering through the slice. This link
between acid volcanic and acid plutonic rocks seems to afford an indirect confirm-
ation of the correctness of the conclusion regarding the affinities of the gneissose
granite arrived at on other grounds.

Stone and glass enclosures are common in the felspars ; also cases of magne-
tite forming upon and embracing microliths in a way that indicates a viscid, or

1 Records, Volume XVI, p, 129,
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fused, condition, and consequent freedom of molecular action,—facts which also
form interesting points of contact with the gneissose granite of the Himalayas.

The general absence of fluid cavities is generally considered characteristic of
the quartz of lavas, as compared with that of granite ; but exceptions to this rule
do not appear to be altogether uncommon. Dr. Sorby notes one in his Ann.
Address, Q. J. G. 8 XIV. p. 84; another instance will be given in my forth-
coming paper on the Traps of Dalhousie; whilst yet another will be found
n this paper in my description of slice No. 15.

EXPLANATION OF THE ILLUSTRATIONS.

Fig. 1.—A quartz-trachyte, slice No. 13. The central felspar is imperfectly
formed, and contains enclosures of the gronnd-mass.

Fig. 2.—A trachyte, slice No. 9; with a group of felspar crystals, in the centre
of the field, round which magnetite and ferrite have collected. The felspars
enclose portions of the ground-mass alligned in general correspondence with
the direction of cleavage.

Fig. 8.—A devitrified trachytic pitchstone, slice No. 18,

Figs. 4 & 5.—Stono enclosures, slice No. 13.

Fig. 6.—Enclosures in felspar of slice No. 13. The matter deposited is partly
mineral and partly gaseous.

Figs. 7 & 8.—8tone and glass enclosures that have deposited mineral matter
on cooling.

Fig. 9.—A glass cavity taken from slice No. 12 which contains an enclosure
of gas.

Fig. 10.—A stone enclosure, slice No. 12,

Figs. 11, 12, & 13.—Magnetite and opacite forming on belonites.

Fig. 14.—Glass enclosure, slice No. 19, containing crystals and fixed bubbles.

Fig, 15.—A glass cavity containing an inner enclosure, slice No. 19.

Fig. 16.—An enclosure taken from No. 12, which has deposited mineral matter
and also contains gas.

Note on the Probable Occurrence of Siwalik Strata in China and Japan. By
R. Lyoesksr, B.A., F.G.S,, F.Z.8S.

I have lately received from Herr L. v. Loczy, of the Royal Geological Survey
of Hungary, a letter in which I am informed that during a recent expedition
to China he observed extemsive tertiary formations on the Upper Hwangho
(Hoang-ho) river, in which he collected fresh-water shells and numerous bones of
Proboscidia and Rodentia! (sic). In Western Kansu? he acquired from a native
dispensary other large fossil bones, and the lower molar of an elephant which
he considered very similar to the teeth of the Siwalik Stegodon clifti; this molar

¢ ! ? Ruminantia.

? A province on the Upper Hwangho, due north of Burma,
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is described as being brown and highly mineralized, and apparently in very
similar condition to the Siwalik fossils.

Iam promised an opportunity of examining a cast of the molar, but the
description given leaves little doubt that the strata whenoe the fossil was obtained
correspond to the Siwaliks. It will be remembered that Professor Owen has
described * the milk-molar of a Stegodon, said to have been obtained from * marly
beds near Shanghai,” which he referred to a new species under the name of
8. sinensis, but which I have seen® no reason $o separate from the Siwalik
8. clifti. The mineralization of this specimen (now in the British Museum) is
precisely similar to that of the Siwalik fossils, and leads me to conclude that
the beds from which it was obtained, together with the Hwangho beds, almost
certainly correspond, at least in part, to the Siwaliks. The geographical position
of the Hwangho beds, due north of Burma, lends a strong support to this conclu-
sion, as it i8 well known that the Siwaliks of that country, whence Crawfurd’s
original specimens were brought, extend far up the valley of the Irawadi, and
thus are only separated by Yunan and Sechuen from the Kansu district.

In the same paper Professor Owen also described various other Chinese fossil
mammals, belonging to the genera Chalicotherium, Rhinoceros, Tapirus, Stegodon,
and Hyena, and said to have been obtained from a cave in the provinge of Sechuen
(Sze-chuen), or between Kansn and Yunan and Burma. The mineralization
of these specimens is much less complete than that of the Shanghai and Siwalik
fossils, but the difference in the manuer of the entombment of the specimens is
probably quite sufficient to account for this. The genera are all characteristic
of the Siwaliks, and although Professor Owen has assigned all the specimens to
distinct species, yet it has appeared to me® to be highly probable that the
Stegodon is the same as onge of the Siwalik forms; while work on which I am
now engaged leads to the conclusion that the Sechuen hymna is identical with,
or very closely allied to, one of the Siwalik hymnas. Whether or no the species
be the same, it appears to be most probable that the Sechuen mammals belong
to the same period as those of the Siwaliks, and connect those of Burma with
those of Kansu.

Turning to Japan, it may be observed that in 1881 Dr. Edmund Naumanu
figured and described * various remains of fossil elephants from that country,
which he referred to the following species, viz., Stegodon colifti, 8. insignis,
Elephas namadicus, and E. primigenius; the two first being Siwalik species, the
second (or the allied 8. ganesa) also ranging up into the Narbada beds, and the
third being characteristic of the latter. These fossils indicate pretty conclusively
that representatives of the mammaliferous beds of India, which probably corre-
spond both to the Stwaliks and the Narbadas, exist in Japan, and are probably
the continuation of the Chinese deposits.

3 «Quar. Jour. Geol. Soc,” Vol. XXVI, p 417.

2 « Pulmontologia Indiea.” 8er. X, Vol, I, “ Siwalik and Narbada Froboscidia.”

3 Ibid.

4 « Ueber japanische Elephanten der Vorzeit.” ‘Puliontographica,” Vol. XXVIIL pt. 1, pl’.
I—"IL
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Since the publication of Dr. Naumann’s memoir, another paper on the same
subject has appeared by Herr D. Brauns,* which is certainly a very remarkable
peper indeed. In that paper it is first of all attempted to prove that the
Siwaliks are entirely of miocene, and the Narbadas of pliocene age, while
the Japanese (and presumably the Chinese) mammaliferous deposits are all
referred to the pleistocene. Now it is not my intention on the present occasion
to go again into the question of the age of the Siwaliks and Narbadas, but there
are two points in relation to Herr Brauns’ treatment of this question, to which
it is almost impossible to omit referring. It happens to be inconvenient to his
jine of argument that any of the Siwalik species should occur in the overlying
Narbadas, and therefore, when such is stated to take place he adopts the very easy,
but scarcely scientific, method of doubting the evidence. Thus in the case of
the occurrence of Stegodon insignis (or the allied 8. ganesa) in the Narbadas, it is
stated® that the two specimens of broken teeth figured in the “ Fauna Antiqua
Sivalensis®” from those deposits are mnot sufficiently perfect for determination,
and therefore that S. insignis does not exist in the Narbadas. Even if those
specimens are insufficient evidence, if the suthor had but taken the trouble to
refer to page 117 of the first volume of the “ Palmontological Memoirs,” he would
have seen a very perfect specimen of the lower jaw of 8. insignis (No. 1) from
the Narbada described by Dr. Falconer ; this specimen, which is now in the Indian
Museum, where there are others from the same beds, leaves not the slightest duubt
that Stegodon imsignis (or 8. ganesa, which, as far as teeth are concerned, is the
same) occurs in the Narbadas. From this may be gathered the value of the
following dogmatic statement of Herr Brauns, viz.,-—

Elephas namadicus  solely phoeeng.
Stegodon insignis » niocene.
»w  clifti ”» »

In the case of the occurrence of the Narbada Bubalus paleindicus in the top-
most Siwaliks, it is argued that the specimens are mot properly determined. It
happens, however, that they are unquestionably the same as the Narbada species.
I have not figured them because there are so many other specimens of more
importance. Similarly doubt is thrown upon the authenticity of the stone imple-
ments from the Narbadas. If this sort of reasoning be allowed, of course any-
thing can be proved.

Leaving now the Narbadas and Siwaliks which Herr Brauns has proved to
his own satisfaction are respectively pliocene and miocene and contain no
species in common, attention may be re-directed to the Japanese fossils. Con-
sidering, a8 Herr Brauns does, that the beds from which these fossils were
obtained are entirely pleistocene, and therefore altogether newer than the Siwaliks
and the Narbadas, it would never do that any of the fossils from them should

1 « Ueher japanische diluviale Siugethme.” Zeita. d. Deutsch. Geol. Gesell., 18%3, pp. 1—88.
2 Ikd, p. 9.
& P 86, fig«. 10, 11.
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be the same as those of eitherof the latter. Accordingly the fossils described
and figured by Dr. Naumann are re-named as follows, viz.—

Elephas meridionalis, Nesti, = Stegodon insignis, Naumann, pls. 3-5.

Dlephas antiquus, Fale. = Hlephas namadicus, Naumann, pls. 6-7.

Stegodon sinensis, Owen = Stegodon clifti, Naumann pls, 1.2,

Now there is not the slightest shadow of a doubt that the specimens figured
by Dr. Naumann under the name of 8. insignis are true Stegodons, and belong
either to the Siwalik Stegodon insignis or 8. bombifrons; they have nothing what-
ever to do with a Lozodon like K. meridionalis. The molars of H. antiguus® and
E. namadicus are so alike that it is difficult or impossible to distingnish them,
and there is therefore at least a probability that Dr, Naumann’s determination
may be correct. The specimen figured by Dr. Naumann as Stsgodon clifti is a
typical specimen of the last lower molar of that species, like many in the
Indian Museum. I cansee not the slightest reason why this tooth should be as.
sociated with the Shanghai milk-molar of the so-called Stegodon sinensis and so
separated specifically from 8. cliftt of the Siwaliks.

There accordingly seems not the slightest doubt but that Dr. Naumann is per-
fectly correct in referring two of the fossil Japanese elephantsto Indian Siwalik
species ; while it is not impossible that a third is a Narbada form ; a fourth species
is, however, referred to the European and North American Hlephas primigentus,
and to this Herr Brauns adds the European Bison prisous, Bojanus.

These determinations lead to the conclusion that the mammaliferous beds
of Japan in all probability correspond both with the Siwaliks and Narbadas of
India (which may there be in normal sequence), with the former of which they
are connected by the Shanghai, Kunsu, Sechuen, and Burmese deposits; and
that they also contain an admixture of European palearctic forms, which have
probably reached Japan through northern America. In place of the fauna of
the Japanese beds being distinct from that of the mammaliferous beds of India
and affording any argument for the latter being pliocene and miocene in place
of pleistocene and pliocene, all the evidence points very strongly to the equiva-
lency of the two, and to the confirmation of the latter view of their age.

The Lodge, Harpenden, Herts.

Note on the Ocourrence of Mastodon angustidens in India. By R. LYDEEKER, B.A.
&c., &c.

Several specimens of the * intermediate molars” of a trilophodont \mastodon
collected by Mr. W. T. Blanford in the lower Manchhars (Siwaliks) of the
Dera Bhugti country (Eastern Baluchistan), are absolutely indistinguishable
from the corresponding teeth in the British Museum of Mastodon angustidens,
Cuvier, of the upper miocene of Europe.

The occurrence of a European species of mastodon on the extreme western

11 am indebted to Herr Brauns for pointing out that in “ Siwalik and Narbada Proboscidis’
1 have inadvertently given the age of Klsphas antiguss as pliocene instead of pleistocene.



162 Records of the Geological Survey of India. [voL. xv1.

limits of India is & fact of great importance, indicating that we may look for
s commingling of the faunas of the Siwaliks, and of the European upper
mioocene and lower pliocene in Persia and Asia Minor.

These important and interesting specimens will be figured in the * Palmonto-
logia Indica” at no very distant date.

Notes on a Traverse between Almora and Mussooree made in October 1882 by R. D.
OvpaaM, A.R.S. M., Geological Survey of India.

The following notes were made on a rapid tourbetween Almora and Mus-
sooree during the month of October last ; they cannot of course pretend to be a
detailed description, but are of some interest in view of the question of the
continuity of the Himalayan rocks in the Almoraand Simla regions.

At Almora the rocks are gneiss and schists of various descriptions, lying nearly
horizontal on the east of the Kosi, but on the ascent to Bainskhet the dip in-
creases to 45°, the direction being N. 10° E., a dip which continues steady in
direction, though varying in amount, till the Gagas is reached. Here the road
runs over alluvium for a couple of miles, but rock again shows up on the hill called
Buridunga ; it is & porphyritic gneiss, similar in structure to the central gneiss.
As the road runs near the northern boundary of this exposure cutting across it
in several places, it is seen to be fairly straight and presumably a fault, the schists
in contact with the gneiss dipping sonth-south-east ; at Dwarahat, where the road
outs across the exposure here mot a mile broad, the dip of the foliation of the
gneiss has bent round to south-west and, though I was not able to trace the gneiss
further to the north-west, I have no doubt that it does extend along the ridge
gince in the streams flowing down to the Khurrogadh blocks of it are not of
infrequent occurrence.

Along the road between Dwarahat and Ganain the only exposure of slates
seen was below Naugaon on the south-west side of the valley where they dipped
W. 80° 8., while near Ganain the dip was south-west.

On the eastern side of this valley, the ridge is capped by limestone (krol),
which, apparently forming the peak of Dunagiri, descends further north, at
the village of Damtola, almoat to the bottom of the valley, and is seen to extend
northwards from Ganain as far as the eye can reach, being confined to the eastern
side of the valley with the exception of two patches capping the spurs above
Bushbira and Naugaon respectively. As is generally the case,no dip was ac-
curately determinable in the limestones, but they evidently dip somewhere about
north-west.

Beyond Ganain, where the road leaves the alluvium, slates come in with a dip
to W.10° N. and on the ascent become more and more schistose ; the dip at
the same time becoming flatter, till near Jaurasi the porphyritic gneiss again
comes in with almost horizontal foliation; this is not improbably a continu-

. ation of the Dwarahat exposure,
The guneiss continues to near Bongdhar, the only interruption being below
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the Makroli hill, where a narrow strip of black crush rock is let down by faulting.
Near Bongdhar the slates come in again, at first with a N. 50° E dip at 45° but
this soon bends round to the mormal N, 10° E. dip, the schistose slates con-
tinuing beyond this with a dip varying between N, 10° E.and N.80°E.; at
the bridge over the Nyar a thin band of porphyritic gneiss, probably here merely
a more metamorphosed band among the schists, is exposed ; opposite Gwalkura
quartzites overlie the slates and continue to the bridge between Chifalghat and
Pauri. On the crest of the ridge crossed on the road to Pauri quartzose
rocks come in again, while beyond this the slates are much disturbed, but keep
a pretty steady E. 10° N. and W. 11° 8. strike.

Beyond Srinagar there is not much of interest to note; the quartzites show
up on the ridge below Maniknath which is itself capped by limestone, but for
the most part the rocks are of a recognisable infra-krol type.

Beyond Tiri, where the road runs along the Mussooree ridge infra-krols, quart-
zites, limestone (krol) and in one place the Blaini are seen, but the structure, as is
the case everywhere on the outer ridge, is far too complicated to be unravelled
by a simple traverse along the strike of the rocks.

I have reserved for separate notice the alluvial deposits, of which I shall
now mention the more important.

Between Bainskhet and Dwarahat near the village of Kapalna the road runs
along the surface of an old lake deposit, of which a narrow strip has been left
uneroded, the streams on either side having cut deep into the deposits; in both
the other valleys crossed before reaching the Gagas traces of extensive deposits
are seen but forming a mere skin on the rocks below, having been almost entirely
removed by the streams. At Kapalna the gradual raising of the deposits has
given the drainage an easier escape over a saddle in the watershed into the
next valley to the west; hence the lower part of the deposit has been exposed
to the erosion of its own drainage only, while in the other valleys the streams
flowing down from the hills to the north have almost entirely washed away
the alluvinm.

In the Gagas valley there is another alluvial deposit, which, having come
mostly from the hills to the west, has by its slope forced the river to the eastern
margin of the plain, where it has now cut for itself a new channel in the solid
rock of about 60 feet in depth.

This deposit extends up the Pokhy valley, and some of the drainage of its
western extremity flows into the Chundas. Here again there has evidently
been a diversion of the drainage, due to the gradual raising of the surface of
the alluvinm to the level of one of the saddles in the original watershed.

Near Dwarahat there is another broad expanse of lacustrine deposits sitnat-
ed at the head of the Baiaru river. These deposits which, be they lacustrine
or no, are at any rate formed in true rock basins situated at the very heads of
the drainage areas, and rising almost to the level of the watershed have never, so
far as I am aware, been adequately explained. They are by no means of
merely occasional occurrence, but are scattered throughout these hills; one very
good example being at the head of the Blaini river near Solan on the Simla road.
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The three rivers which meet at Ganain have all broad alluvial bottoms, part
being close down to the present level of the streams, the rest forming a terrace
raised some 30 to 60 feet, but the low level ground seems to be merely due to the
erosion of the stream, and not to a more recent deposition.

Near Ganain is a very interesting lake known as the Turag Tal; it is situated
at the head of one of the streams flowing down to Gunain. In the valley of
this stream an alluvial flat extends right up to the foot of the barrier, which is
most clearly a landslip, for not only is the gap in the hill from which it has
descended most evident, but the only other possible explanation, viz., & moraine,
is at once barred by the absence of any other rock but limestone in the barrier
which is composed entirely of fragments and notof rock n situ. Above the
barrier is & broad alluvial surface, the lower end of which is covered by water
probably not of any very great depth. The level of this alluviom is about 200
feet above that in the valley below the barrier which itself rises 50 feet above
the upper alluvinm ; the total depth of the landslip is therefore 250 feet, and
the time that bas elapsed since its fall has been that required for the formation
of allavium 200 feet in thickness.

Near the head of the Binan river there is a small deposit of alluvium as
also at Chopryon end Kandura near Powri.

At Srinuggar and Tiri there are extensive terraces covered with a thin coat-
ing of river gravel, but in the main merely carved out of the solid rock.

The above-mentioned alluvial deposits are all in true rock basins, but only
the throe first mentioned, viz., those near Kapalna, in the Gagas, and at Dwarahat,
scom, from their uniformity and fineness of texture, to be of lacustrine origin.

Though there was never much doubt as to the propriety of correlating the
rocks on the Almora section with those of the Simla region, such shadow of it as
there was may be held to be now dispelled, for in the region crossed between
Almora and Mussooree the rocks are seen to become gradunally less metamorphie,
and the distinotions of the sub-divisions but obscurely seen near Almora become
more and more marked till the rocks assume the normal character which they
are found to maintain from Mussooree to the north-west.

Note on the Oretaceous coal-measures at Borsora in the Khasia Hills, near Laour
n Sylhet, by Tom D. La ToucHE, B.A., Qeological Survey of India.
I have visited and examined a section of the coal-bearing rocks situated at
the foot of the Khasia Hills to the north of the district of Laour.
The section examined occurs in a ravine, at the mouth of which stands the
" Garo village of Borsora, about 5 miles west of the point
Position of the sectlon. where the Panatibh or Jadukhata river leaves the hills.
At the edge of the plains on either side of this village nummaulitic limestone is
® From this a large exposed dipping to south-south.east or towards the plains
amount of stone hasbeen 8% an angle of 38°.* On proceeding up the ravine along a
E::"&f"&’“mus' path on the west side of the stream no sections of rock in
situ are seen, but the path is covered with blocks of
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a coarseish yellow and brown sandstone. The path rises for about half a mile
until the mouth of a small steep ravine on the west is reached, in the sides of
which the coal seams are exposed.
At the junction of the two ravines carbonaceous shale is seen in the bed of
. the stream dipping to south-south-east at an angle of 12°.
gopesoription of the #60-  7p0n this rests & seam of good coal 3 feet 10 inches
thick extending for about 20 yards along the side of the
ravine. This is overlaid by 5 feet of shaly sandstone, upon which rests a second
seam of coal 3 feet 4 inches thick. This seam has been disturbed by several
small faults or slips, and parts of it have been denuded to some extent before the
deposition of the overlying sandstone, so that its thickness is not so constant as
that of the lower seam. Proceeding up the ravine about 60 feet of fine yellow
sandstones are passed over, and a third seam of coal is met with, cropping out
on both sides of the ravine, The thickness of this seam could not be determined
exactly, as a small landslip has occurred in the rocks above, and has partly
covered it, but it is at least 4 feet thick, thongh not quite free from shaly
partings. Above this the ground is covered for 50 or 60 feet with the debris
from the slip above mentioned, consisting of fine yellow sandstones and shales
with many fragments of coal, and above this again, at the top of the section, is &
fourth seam, of shaly coal, 2 feet thick. In the whole section therefore of about
150 feet there are about 12 feet of good coal, distributed in three seams as shown
below, in descending order :—

Ft. Ins.
Shaly coal . . . . . . . about 2 O
Fine yellow sandstone and shal . . . . » 60 0
Coal .seam, No. 3 . . . . . . »w 4 (1)
Fine yellow sandstone . . . . . s 60 O
Coal seam, No. 2 . . . . . . ” 3 4
Shaly sandstone . . . . . . » B 0
Coal seam, No. 1 . . . . . . » 3 10

Carbonaceous shale, thickness unknown.
TorarL . ,» 138 2

.

The coal of seams Nos. 1 and 3 is much disintegrated by exposure, so that it is
i difficult to get specimens for analysis, but it appears

Quality of the coal. 1) be & vezg-; gg::g coal, with a brighty fracture and black
colour, containing numerous specks and nests of a kind of fossil resin. This re-
sinous substance, which is characteristic of the coals of this region occurring in
cretaceous rocks, together with the position of the seams below the nummulitic
limestone, shows that the coal is of the same age as that of the Garo hills and
the small basin at Maobelarkar, and is therefore distinet from the coal of Cherra
Poonjee, which occurs above the limestones. The coal of seam No. 2 is more
compact and browner in colour, and is traversed in all directions by small joints.
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It also contains specks of the fossil resin. Samples assayed in the Survey labora-
tory by Sub-Assistant Hira Lal gave the following satisfactory results :— .

Seam,
—e—
No. 1. No. 2.
Moisture . . . . . . . 584 302
Other volatile matter . . . . . 38516 3958
Fixed carbon . . . . . . 65040 50-80
Ash . . . . . . . 8 60 6-60

100 00 10000

No. 1 does not cake ; ash pale red.
No. 2 cakes ; ash red,

The section examined is very similar in some respects to ome described by
. Captain H. H. Godwin-Austen (Jour. As. Soc. Bengal,
gorrobable extent of the o) ¥XXVIII, Pt. II, No. 1, 1869) as occurring on &
small tributary of the Umblay near the village of Nong-
kerasi, about 10 miles to the north-west of Borsora ; but to determine whether
the coal-measures are continuous between these points would require a more de-
tailed examination of the district than I was able to make. The only means of
getting sections in such a country is to follow up the hill streams in which frag-
ments of coal are found to the outerop of the seam, and at this season (June)
these streams are liable to sudden floods and become quite impassable. If it
should be found that the coal does’extend between these points, its amount must
be very large.
The outcrop near Borsora is very favourably situated for being worked. It is
Position of the seams 1Obmore than half a mile within the hills and at a low eleva-
as regards extraction of tion above the plain. The coal rises from the outcrops so
the coal. that mines or quarries could be easily drained. The foot
of the hills is only 1 mile from the Patlai river, a branch of the Jadukhata, and
during the rains boats can come up to within a few hundred yards of the hills.
Even now great numbers go close to the spot during the rains to carry away
limestone from the numerous quarries between Borsora and Lakma.

ADDITIONS TO THE LIBRARY.

Feou 1sr APrIL T0 30TH JUNE 1883.
Titles of Books. Donors.
ANDEE, GRORGE G.—Practical Treatise on Coal Mining, Vol. II (1876), 4to, London.
Bari, V.—Catalogue of the Examples of Meteoric Falls in the Museums of Dublin (1882),
8vo, ph., Dublin.
TER AUTHOR.
Bra~roep, H, F.—Rudiments of Physical Geography for the use of Indian Schools, 9th
Edition (1881), 8vo, Loundon.
BrANFILL, CoL. B. R-—On the Sivandurga rude stone cemetery, Central Maisir, 4to, ph.
TeE AvTHOB.
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Titles of Books. Donors.
Bronx’s.—Klassen und Ordnungen des Thier-Reichs,
Band II, Porifera, Lief. 2.
Band VI, Abth. IIT, Reptilien, Lief. 1 and Lief. 36-37.
Band VI, Abth. V, Siiugethiere: Mammalia, Lief. 26 (1879—1883), 8vo,
Leipzig.
Classified List of Indian Produce contributed to the Amsterdam Exhibition, 1883, (1883),
flsc., Calcutta.
REVENUE AND AGRICULTURAL DEPABRTMENT.
Evrror, Sie H. M.—History of India as told by its own historians, edited by John Dowson,
Vol. II (1869), 8vo, London.
Encyclopsdia Britannica, Vol. XV, 9th Edition (1883), 4to, Edinburgh,
FouQug, F. er Lévy A. MicHRL,—Minéralogie Micrographique Roches Eruptives Frangaises,
with plates (1879), 4to, Paris.
GaRE1s, A. und Becker, A.—Zur Physiographie des Moeres (1867), 8vo, Triest.
GAUDRY, ALBERT.—Les Enchainements du Monde Animal dans les temps géologiques :
fossiles primaires (1883), 8vo, Paris.
THE AvuTHOR.
GEIKIE, ARCHIBALD.—Text book of Geology (1882), 8vo, London,
GrEeN, A. H.—Geology, Part I, Physical Geology (1882), 8vo, London.
HeNMANN, De. KaiRL.—Anleitung zum experimentiren bei Vorlesungen iiber Anorganische
Chemie (1876), 8vo, Braunschweig.
Harer, FrERDINAND.—Histoire de la Physique et de la Chimie (1872), 8vo, Paris.
Lock, ALFRED G.—GQold : its occurrence and its extraction (1882), 8vo, London.
MiLNE, J.—The Peruvian Earthquake of May 9th, 1877, 8vo, ph., Tokio.
THE AUTHOR.
Mogsssovics, E. V. und NEomaye, M.—Beitrige zur Paldontologie Osterreich-Ungarns,
Band III, heft. 1—2 (1883), 4to, Wien.
Novak, Dr. OrroMas.—Zur Kenntniss der Bohmischen Trilobiten (1883), 4to, Wien.
THE AUTHOR.
Paléontologie Frangaise, 1re Série, Animaux Invertébrés, Terrain Jurassique, Tome X,
Pp. 1—176 and livr, 61; XI, livr. 60.
Terrain Crétacé, Tome VIII, pp. 385—432 and livr. 29.
2nd Série, Végétaux, Terrain Jurassique, Tome ILI, pp. 465—5 14,
and livr. 32 (1873—1883), 8vo, Paris.
PeaRsoN, A. N.—The development of the Mineral Resources of India (1883), 8vo., Bombay.
THE AUTHOR.
Quexnstept, FR. Avc.—Handbuch der Petrefaltenkunde. Auflage III, Lief. 8-9 (1882),
8vo, Tiibingen.
REcLus, EL1sie.—The Earth, Vols. I.IT, 3rd Edition (1877), 8vo, London.
Reirr, CH. PE.—Parallel Worterbuch., I. Russischer Theil (1880), 8vo, St. Petersburg.
RicETHOFEN, FERDINAND FREIHEREN voN.—China, Band I1I and IV (1882-83), 4to,
Berlin,
TeE AUTHOR.
RoeMER, FEED.—Lethaea Geognostica. Theil. I, Lethaea Palacozoica, Lief. 2, textband
{(1883), 8vo, Stuttgart.
Vireix, C. A—Kongliga Svenska Fregatten Eugenies resa omkring Jorden. Botanik I,
Fysik III, and Physique III (1857, 18568, and 1874), 4to, Stockholm.
‘WoRTz, AD.—Lecons Elémentaires de Chimie Moderne, 4th Edition (1878), 8vo, Paris,
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Titles of Books. Donors.

Zx1LLER, R.—Examen de la Flore Fossile des Couches de Charbon du Tong-King (1882),
8vo., Paris.

THE AUTHOBR.

PERIODICALS, SERIALS, &c.

Annalen der Physik und Chemie, Neue Folge, Band XVIII, No. 4; XIX, Nos. 5.7 (1883),
8vo, Leipzig.
Annales des Mines, 8™° Bérie, Tome II, livr. 5—6 (1882), 8vo, Paris.
L’ApMiNs, DEs MINES.

Anuales des Sciences Natarelles, 6™ 8érie, Botanique, Vol. XV, Nos. 2.4 (1883), 8vo,
Paris.
Do. do. 6™ Série, Zoologie et Paléontologie, Tome XIV, Nos.1—6,
(1882), 8vo, Paris,
Annals and Magazine of Natnral History, 5th Series, Vol. XI, Nos. 64 to 66 (1883), 8vo,
London.
Archiv fiir Naturgeschichte. Jahrg. XLVI, heft 6; XLVIII, heft §; and XLIX, heft 2,
(1880, 1882, and 1883), 8vo, Berlin.
* Athenmum, Nos. 28892002 (1883), 4to, London.
Beiblitter zu den Annalen der Physik und Chemie, Band VII, Nos. 2 to 4 (1883), 8vo,
Leipzig.
Bibliothdque Universelle. Archives des Sciences Physiques et Natarelles, 3™ Période
Tome VIII, No. 12, and Tome IX, Nos. 1—4 (1882-83), 8vo,
Gendve.
Bibliothdque Universelle et Revue Suisse, 3™° Période. Tome XVII, Nos. §0-51; XVIII,
Nos. 52-63 (1888), 8vo, Lausanne.
Botanisches Centralblatt. Band XIII, Nos. 8—13; XIV, Nos. 1—9 (1883), 8vo., Cassel.
Chemical News, Vol. XLVII, Nos, 1215—1228 (1883), 4to, London.
Colliery Guardian, Vol. XLV, Nos. 1167—1170 (1883), fol., Londen.
Das Ausland, Jahrg. XVI, Nos. 9—28 (1883), 4to, Miinchen.
Geological Magazine, New Series, Decade II, Vol. X, Nos. 4—6 (1888), 8vo, London.
Iron, Vol. XXI, Nos. 630—543 (1883), fol., London.
Journal de Conchyliologie, 3™ Série, Tome XXII, No. 4 (1882), 8vo, Paris.

Journal of Seience, 8rd Series, Vol. V, Nos. 110—113 (1883), 8vo, London.
Tee Epiron.

Just, DR. LEoroLD.—~Botanischer Jahresbericht, Jahrg. VII, Abth, T, heft 2, and Abth. II,
heft 3 (1888), 8vo, Berlin.
London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 5th Series,
Vol. XV, Nos. 94—98 (1883), 8vo, London.
Mining Journal, with Supplement, Vol. LIIT, Nos. 2480—2498 (1883), fol., London.
Nature Novitates, Nos. 5—10 (1888), 8vo, Berlin.
Nature, Vol. XXVII, Nos. 697—706 ; XX VIIIL, Nos. 707710 (1883), 4to, London.
Neues Jahrbuch fiir Mineralogie, Geologie und Palaeontologie, Band I, heft 2-3 (18883), 8vo,
Stuttgart.
Do. do. Beilage-Band II, heft 8 (1888), 8vo, Stuttgart.
Palacontographica, Band XXIX, lief 8-4 (1888), 4to, Cassel.
Do. Supplement ITI, lief 1, heft 2 (1877), and lief 10—~11 (1882), 4to,
Caasel.
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Petermann’s Geographische Mittheilungen, Band XXIX, Nos. 4—6 (1883), 4to, |
Do. do do. Supplement, No. 71 (1883), 4to., Gotha
Quarterly Journal of Microscopical Science, New Series, Vol. XXIII, No. 90 (1s53), svo
London.

GOVERNMENT SELECTIONS, REPORTS, &c.

AssaM.—Report on the Administration of the Province of Assam for 1881-82 (1883), 8vo,
Shillong.
CHIEF COMMISSIONER, AssAM.
BoMBAY.~—BaA1NEs, J. A.—Imperial Census of 1881. Operations and Results in the Presi.
dency of Bombay, including Sind, Vols, I.1I (1882), flsc., Bombay.
BoMBAY GOVERNMENT.
» Gazetteer of the Bombay Presidency, Vol. XIII, Parts 1—2, and Vol. XIV
(1882), 8vo, Bombay.
BoMBAY GOVERNMENT.
CENTEAL PROVINCES.—DRYSDALE, T.—Census of the Central Provinces, 1881, Vols, I.1II
(1882-83), flsc., Bombay.
CH1ier CoMMISSIONER, CENTRAL PROVINOES.

INDIA.—~Annual Settlement of the Trade and Navigation of British India with Foreign Coun-
tries and of the Coasting Trade of the several Presidencies and Pro-
vinces in the year ending 31st March 1882, Vol. II (1883), 4to,
Calcutta.

SUPERINTENDENT, GOVERNMENT PRINTING.
” Braxrorp, Hexry F.—Report on the Meteorology of India in 1881, (1883), 4to.,
cutta.
Cal METEOROLOGICAL REPORTER, GOVERNMENT OF INDIA,
9 Registers of Original Observations in 1882, reduced and corrected, March—May
1882, (1883), 4to, Calcutta.
METEOROLOGICAL RRPORTER, GOVERNMENT OF INDIA.
»  General Report on the Operations of the Survey of India comprising the Great Tri-
gonometrical, the Topographical and the Revenue Surveys under the
Government of India during 1881-82, (1883), fisc., Calcutta.
SurRvVEYOR GENERAL OF INDIA.
”» List of Civil Officers holding Gazetted Appointments under the Government of
India in the Home, Legislative, and Foreign Departments, as it stood
on the 1st January 1883, (1883), 8vo, Calcutta.
HoME DEPARTMENT.
»  Note on Census Operations in Central India, and Statements showing the popula.
tion, &c. (1882), fisc., Bombay.
REVENUE AND AGRICULTURAL DEPARTMENT,.
»  Report on the Political Administration cf the Territories within the Central India
Agency for 1881-82, No. 188 (1883), 8vo, Calcutta.
Forelex OFryICcE.
»  Selections from the Records of the Government of India, Foreign Department,
No. 192. Report of the Political Administration of the Rajputana
States for 1881-82, (1882), 8vo, Calcutta.
Forerex Orrice.

¥
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Titles of Books. Donors.
Inp1a.—Statistical Tables for British India, 7th Issue (1883), 4to, Calcutta.

GovERNMERT PRIRTING OFFICE.
Mapnas.—BraNDIs, D.—Suggestions regarding Forest Administration in the Madras Pre-

sidency (1883), flsc., Madras.
HoMe DEPARTMENT.

N.-W. Provinces.—~Census of North-Western Provinces and Oudh in 1881 : Sex Statistics,
(1882), fisc,, Allahabad.
REVENUE AND AGRICULTURAL DEPARTMENT.

TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES, SURVEYS, &c.

Batavia,—Catalogus der Numismatische Afdeeling van het Museum van het Bat. Genoots.
van Kunsten en Wetenschappen, Tweede Druk. (1877), 8vo, Batavia.

TrE SoCIETY.

” Natuurkundig Tijdschrift voor Nederlandsch Indie. Deel XLII, (1883), 8vo,
Batavia.

TuE SoCIRTY.

Notulen van de Algemeene en Bestuurs-vergaderingen van het Bataviaasch
Genootschap van Kunsten en Wetenschappen. Deel XX, Nos, 1-4
(1£82), 8vo, Batavia.

»”

TeE SocreTy.
Tijdschrift voor indische Taal—Land—en Volkenkunde. Deel XXVII, No. 6,
and XXVIII, Nos. 1.4 (1882-83), 8vo, Batavia.

”

THE SoCIETY.

Verhandelingen van het Bataviaasch Genootschap van Kunsten en Wetens-
chappen. Deel XLII, Stuk 2 (1881), 8vo, Batavia.
Tz Socikry.
BeLrasT.—Proceedings of the Belfast Natural History and Philosophical Society for Session
1881-82, (1882), 8vo, Belfast.

TaE SOCIETY.

BerLIN.~—Sitzungsberichte der Konig. Prouss. Akademie der Wissenschaften, Nos. XXXIX-
LIV (1882), 8vo, Berlin.
THE ACADEMY.
Zeitschrift der Dentschen Geologischen Gesellschaft. Band XXXIV, heft. 4
(1882), 8vo, Berlin.

Tae SOoCIETY.

Brussers.—Annales de la Société Malacologique de Belgique. 2™ Série. Tome I-IV, 3™
Série, Tome I (1876-81), 8vo, Bruxelles.

TeE SocIETY.
” Annales du Musée Royal d’ Histoire Naturelle de Belgique.
Tome III, pt. 1. Text and atlas, 1878 and 1881.
- » VI[ , 8. Do. 1882,
” X , 1 Do. 1882, 4to, and fol, Bruxelles.
TeE MUsEUM.

" Bulletin de 1a Société Royale Belge de Geographie. Année VI, No. 6; Année.

VII, No. 1 (1882-83), 8vo, Bruxelles.
THE SOCIETY.
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Titles of Books. Donors,
Carcorrs.~Calcutta University Calendar, 1882.83, (1882), 8vo, Calcutta.
H. B. Mepricorr, Esq.
” Journal of the Agricultural and Horticultural Society of India, New Series,
Vol. VII, pt. 1 (1883), 8vo, Calcutta.
TaE SoCIETY.
- Journal of the Asiatic Society of Bengal, New Series, Vol. LII, pt. 1, No. 1

(1883), 8vo, Calcutta.
TrE Socimry.

» Proceedings of the Asiatic Society of Bengal, Nos. II-IIT (1883), 8vo, Calcutta.
TaE SOCIETY.

» Records of the Geological Survey of India, Vol. XVI, pt. 2 (1883), 8vo, Calcutta.
GEoLOGICAL SURVEY OF INDIA.
CaMBRIDGE, Mass.—Bulletin of the Museum of Comparative Zdology, Vol. X, Nos. 2.4,
(1882), 8vo, Cambridge.
Tur MusEuM OF COMPARATIVE ZOOLOGY.
CoPENHAGEN.—Qversigt over det Kong. danske Videnskabernes Selskabs, 1882, No. 8, and
1883, No. 1 (1882.83), 8vo, Copenhagen.
THE AcCADEMY.
EpinpueeH.—Transactions of the Royal Scottish Society of Arts, Vol. X, pt. 5 (1883), 8vo,
Edinburgh.
Tre Sociery.
FRraNKFURT-AM-MA1NE.—Abhandlungen der Senckenbergischen Naturforschenden Genells-
chaft. Band XIII, heft. 1, (18838), 4to, Frankfurt-am-Maine.

HavrLe.—Leopoldina. Heft. XVII (1881), 4to., Halle.
THE ACADEMY.

v Nova Acta Academie Cmsarree Leopoldino-Caroline Germanice Natura
Curiosorum, Vols. XLII—XLI1II (1881-82), 4to, Halle.
THE ACADEMY.

KO~1asBERG.~—Schriften der Physikalisch-Okonomischen Gesellschaft, Jahrg. XXI, Abth.
2, and XXII, Abth. 1—2 (1881-82), 4to, Konigsberg.
Trr Socrry.
LavusaNNE.~Bulletin de 1a Société Vaudoise des Sciences Naturelles, 2™ Série, Vol. XVIII,
No. 88 (1882), 8vo, Lausanne.
Toe Sociery.
Likge.—Adresse aux Chambres Législatives au sujet de la carte Géologique de la Belgique
(1883), 8vo ph., Lidge.
Georoaicar Society, BELeIum,
Liverroor.—Proceedings of the Liverpool Geological Society, Vol. IV, part 4 (1883), 8vo,
Liverpool.
THE SocIETY.
LoNpoR.~Journal of the Anthropological Institute of Great Britain and Ireland, Vol. XII,
No. 3 (1883), 8vo, London.
” Journal of the Iron and Steel Institute, No. IT (1882), 8vo, London.
THE INSTITUTE.

[ 4
» Journal of the Royal Asiatic Society of Great Britain and Ireland, New Serios,

Vol. XV, parts 1—2 (1883), 8vo, London.
TaE Sociery.
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Titles of Books. Donors,
Loxpon.—Journal of the Society of Arts, Vol. XXXI, Nos. 1581—1693 (1883), 8vo,

London.
Tag SocIeTY.

» Proceedi of the Royal Geographical Society, New Series, Vol. V, Nos. 2—5.
uguu 883), 8vo, London, P y

THE SocIEry.

. Procsedings of the Royal Society of London, Vol. XXXIV, Nos. 222—223 (1883),
8vo, London,

Tax Socirry.

" Quarterly Journal of the Geological Society of London, Vol. XXXIX, Nos. 153—
154 (1888), 8vo, London.

Tae Sociery.

Maparo.~Baletin do Ia Seciedad Geografica de Madrid. Tomo XIV, Nos. 1—4 (1883), vo,

THE SocIETY.

MancrasTeg.~—Transactions of the Manchester Geological Society, Voi. XVII, pte. 5~7
(1883), 8vo, Manchester,

Taz SociETy.

MrLsousxe.~Report of the Chief Inspector of Mines to the Honourable the Minister of
Mines for 1882, (1888), flsc., Melbourne.

MiNiNG DEPARTMENT, VICTORIA.

» Reports of the Mining Surveyors and Registrars for quarter ending 31st
December 1882, (1883), flsc., Melbourne.

Mixine DeraRTMENT, VICTORIA.

Moscow.—Bulletin de 1a Société Impériale des Naturalistes. Tome LVIII, No. 2, livr, 1—2
(1882), 8vo, Moscow.

TaE SocClETY.
MUNcHEN.— BAUER. GUsTAV.—Gediichtnissrede auf Otto Hesse (1882), 4to. pb. Miinchen.
THE AcCADEMY.

” Meteorologische und Magnetische Beobachtungen der k. Sternwarte bei Miinchen,
Jahrg, 1881, (1882), 8vo, Miinchen.

THE ACADEMY.

. Sitzungsberichte der Mathematisch-Physikalischen Classe der k. b. Akademie der
Wissenschaften, 1881, heft. IV ; 1882, heft. 1—4 (1881.82), 8vo,
Miinchen.

THE ACADEMY,

N3w Zraraxp.—Seventeenth Annual Report on the Colonial Museum and Laboratory, New
Zealand (1882), 8vo, New Zealand.

TaeE MuseuM.

Pagis.—Bulletin de la Société Géologique de France, 3™ Série, Vol. XI, Nos. 1—3 (1883),
8vo, Paris.

THE SOCIETY.
»  Mémoires de la Société Géologique de France, 8™ Série. Tome II, Nos.3 & 4

(1882), 4to, Paris.
Taz SocIETY.
Pamaverraia.~Journal of the Franklin Institute, 3rd Series, Vol. LXXXV, Nos. 3—5
(1888), 8vo, Philadelphia.

Tae INsTITUTE,
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Titles of Books. Donors.

Pi1sa.—Atti della Societa Toscana di Scienze Naturali, Momorie, Vol. V, fasc. 3 (1883), 8vo
Pisa.

TaE SocikTY.

PLYMoUTH.— TavLOR. WILLIAM AMBROSE.—Catalogne of the Library of the Royal Geo-
logical Society of Cornwall (1882), 8vo, Phymouth.
THE SoCIETY.
Roue.—Atti della R. Accademia dei Lincei, Série Terza, Memorie, Vols. IX.X (1881), 4to,
. Roma,
THE AcCADEMY.

Atti della R. Accademia dei Lincei, Série Terza, Transunti, Vol. VII, fase. 4—10,
(1883), 4to, Roma.

Tiug ACADEMY.

Bollettino del R. Comitato Geologico d'Italia, Vol. XIII (1882), 8vo, Roma.
THE COMMISSION,

”

SarLeM Mass.—ABBorT, CHARLES C.—Primitive [ndustry (1881), 8vo, Salem Mass.
PEABODY ACADEMY OF SCIENCE.

Proceedings of the American Association for the Advancement of Science,
30th Meeting (1882), 8vo, Salem.

”» ”»
THE ASSOCIATION,

SincaPorE.—Journal of the Straits Branch of the Royal Asiatic Society, No. 10 (1888).
8vo, Singapore,
Taz Sociery.
SrockHoLM.—SvENONIUS. FREDR. V.~Bidrag till norrbottens Geologi (1880), 8vo, ph.
Stockholm,

GEOL. SURVEY OF SWEDEN,

Sveriges Geologiska Undersdkning. Ser. A.a. Kartblad med beskrifningar,

Nos. 70, 80—83, 85—86. Ser. B.b., Nos 1—2. Ser. C., Nos. 4552
(1880—82), 8vo and 4to, Stockholm and Lund.

GEOL. SURVEY OF SWEDEN.

Sr. PETERsBURG.—Bulletin de 1'Académie Impérinle des Sciences. Tome XXVIII, No. 2
(1882), 4to, St. Pétersbourg.

”

THE ACADEMY.

Mémoires de I’Académie Impériale des Sciences de St. Pétersbourg, 7™°
Sédrie, Vol. XXX, Nos. 9—11 (1882), 4to, St. Pétersbourg.
THE AcCADEMY.

Schriften der Russisch-Kaiserlichen Gesellschaft fiir die Gesammte
Mineralogie, Band I, abth. 1—2 (1842), 8vo, St. Pétersbourg.

Verbandlungen der Kaiserlichen Gesellschaft fiir die Gesammte Minera-
logie zu 8t. Pétersbourg. Jabrgang 1862—1863, (1862-63), 8vo,
8t. Pétersbourg.

Verbandlungen der Russisch-Kaiserlichen Mineralogischen Gesellschaft
zu St. Pétersbourg, Vols. I—VII (1842—51), 8vo., 8t. Pétersbourg.

ToniNo.—Atti della B, Accademia delle Scienze di Torino, Vol. XVIII, disp. 1—4 (1882—

1888), 8vo, Torino.

”

THE ACADENY,
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ToxroN10.~Proceedings of the Cauadian Institute, Toronto, Vol I, fasc. 3, (1882), 8vo,
Toronto.

THx INSTITUTE.

Vizwna.—Jabrbuch der Kais. Konig. Geologischen Reichsanstalt, Band XXII, No. 4, Band
XXXI1I, No. 1 (1882—88), 8vo, Wien.
THs INsTITUTR.
” Verhandlungen der K.K. Geologischen Reichsanstalt, No. 18 (1882), Nos. 2~7.
(1883), 8vo, Wien,
TaE INsTITUTE.
» Register zu den baenden 81 bis 85 der Sitzungsberichte der Kais. Akad. der
‘Wissenschaften, (1882), 8vo, Wien.
THE ACADENMY.
» Bitzungsberichte der Kais. Akad. der Wissenschaften. Band LXXXYV, Abth. I,
heft. 1-—5; Abth. II, heft. 3 -5, and Abth. III, beft. 1-—5. Band

LXXXVI, Abth. II, beft. 1., and Abth III, heft. 1—2 (1882), 8vo,
Wien.

TaE ACADEMY.

Yoxomama.—Mittheilungen der Deutscnen Gesellschaft fiir Natar und Vilkerkunde Osta-
siens. Band III, heft. 28 (1883), 4to, Yokohama.

TaE SocIsTY.
July 18th, 1883.












