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NEW SIWALIK PRIMATES AND THEIR BEARING ON THE
QUESTION OF THE EVOLUTION OF MAN AND THE.
ANTHROPOIDEA. By Guy E. PILGRIM, D.Sc,, F.G.S,,
Ofjficiating Superintendent, Geological Survey of Iudia.
(With Plates 1 to 4 and two text figures.)

OME of the material, now described, was in my hands as long ago
as 1910 and formed the basis for the establishment of one new
genus, Sivapithecus, and two new species, Dryopithecus punjabicus and
Semnopithecus asnoti. Time did not then allow me to do more than
publish the briefest notices of these forms!. TFurther material has since
been from time to time discovered, which abundantly confirms my
first conclusions, and the time seems now to have arrived, when a
full and detailed account of the whole should be published. The
material now at my disposal obliges me to establish two additional
species of Dryopithecus, D. chinjiensis and D. giganteus, and another
new genus, Palzosimice, with the specific name of rugosidens.

When Lydekker investigated the Indian fossil Primates between
the years 1879 and 1885, very little was known about the age of the
beds which had yielded them, or of their correlation with the mammal
horizons of Furope. Fresh facts on this subject have accumulated
during the last six years, and the results so far obtained have been
summarised by the present writer? in a paper published in 1913.

! Pilgrim, Notices of new mammalian genera and species from the Tertiaries of
India, Rec. Geol. Surv. India, X1, . 63 (1910).

Pilgrim, The correlation of the Siwaliks with mammal horizons of Europe, Rec.
Surv. Indie, XLIIT, p. 264 (1913).

B



2 Records of the Geological Survey of India. [Vor. XLV,

Although the exact locality, from which the specimens, belonging to
the earlier collections, came, is still doubtful, yet the following is the
most probable horizon of the various Indian fossil Primates now
known :—

Presbytis (Semnopithecus) entellus (?) Karnul caves Pleistocene.
Simia ¢f. satyrus . .
Papio falconeri Lyd. . . .

Upper Siwalik  Upper Pliocene.

i nus Mey
Papio subkimalayanus Meyer (upper zones.)

Presbytis (Semnopithecus) paleindi-
cus Lyd. '

Macacus (?) sivalensis Lyd. . . }

—

Cercopithecus (?) asnoty Pilg. .

Dhok Pathan Pontian.
_Pal@opithecus sivalensis Lyd.

zone.

Dryopithecus giganteus Pilg. . Nagri zone . Lower Pontian.

Dryopithecus punjabicus Pilg. . ) Nagri and Chinji
Stvapithecus indicus Pilg. . zones.

} Sarmatian.
Palwosimia rugosidens Pilg. .

: AR * & Chinji zon . Sarmatian.
Dryopithecus chinjiensis Pilg. . } ) ¢

The most interesting features connected with the recent dis
coveries are:—

1. The evidence afforded of the widespread distribution of the
genus Dryopithecus, which supports the theory, already
prevalent, as to the closc affinity of African and Asiatic
anthropoid apes with the genus Dryopithecus.

2. The knowledge of the complete upper dentition of Dryopi-
thecus, now for the first time discovered, and hitherto
known only by isolated molars. :

3. The possession by the genus Sivapithecus of characters,
which more nearly resemble those of Man than is the case
in any other genus of anthropoid living or fossil, except
perhaps, the Pleistocene Pithecanthropus and Eoanthropus.
The occurrence of such a type as far back as the sarma-
tian is strong evidence that the line of Man’s descent
diverged from that of the other anthropoids at a very
early date. The co-existence of these essentially human
characters with others which are no less certainly primitive,

" though they have persisted in the apes, and have even
been retained in some small degree by eaxly specimens
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of mankind, points to some closely allied form to Siva-
pathecus indicus as the direct ancestor of Man.

In that case it would seem that we may quite reasonably antici-
pate the discovery of true Man, at least in Pliocene strata,
since the differences between Palaeolithic Man and his

- assumed sarmatian predecessor are not so great as to
render it unlikely that the interval of time occupied by
the pontian stage should be sufficient to obliterate them
from a generic point of view.

4. The characters common to the Gibbon and Sivapithecus and
not shared by the other living apes, point to Sivapithecus,
and therefore Man, being an early offshoot from the
Gibbon line. '

The evidence for these conclusions is amplified and diseussed at
the end of the present paper. We shall be in a better position to
estimate its value when the detailed description of the specimens
has been given. I shall, therefore, proceed at once to the systematic
portion, in which the Cercopithecidae will be treated separately to
the anthropoid apes.

CERCOPITHECIDAE

CERCOPITHECUS (?) ASNOTI Pilgrim

Prate 1, F168, 1-—3.

1910. Semnopithecus asnoti Pilgrim, Notices of new mammalian genera and species
from the Tertiaries of India, Rec. Qeol. Surv. India, vol. XL, page G4,

"The fragment, upon which this species was founded, was very
briefly noticed by the writer in 1910 in the paper quoted above. It
was there referred, on exceedingly feeble evidence, to the genus Sem-
nopithecus (now to be known as Presbylis by virtue of the laws of
priority of nomenclature), and the specific name of asnoti was given
to 1t. :
£ T may preface my remarks by suggesting the extreme probabi-
lity that the fragment is generically indeterminable. It consists
only of a portion of the immature right maxilla of a Cercopithecid
monkey (Ind. Mus. D. 120), containing the first molar (unworn), the
last milk molar (greatly woin) and the last premolar, which has
been developed out of its position in alveolo, by cutting away the
side of the jaw beneath the last milk molar.

B2
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A left maxilla (Ind. Mus. D. 121), containing two unworn molari-
form teeth, the larger of which is identical in si?e, shape and structure
with the milk molar in the last mentioned specimen, probably belongs
to a very immature individual 0;5 the same species, the two teeth it

tains being then mm® and mm® '
conThese spgcimens were collected by Sub-Assistant M: Vinayak
Rao from the neighbourhood of the village. of Hasnot, in the galt
Range area, and from the nature of the matrix ‘Were_almos{? certainly
derived from the Dhok Pathan zone of the Mlddl.e .Slwahks.

_Another tooth (Ind. Mus. D. 182), exactly 51111}lar to thf: first
molar in the type maxilla, was collected from a lgcah_’cy which is well
known to me, about 1 mile north-east of Domeli railway station on
the road to the village of Chakwa. This is situflted nezjxr'ly 20 miles
to the north-cast of Hasnot and its stratigraphical position is, un-
doubtedly, in the Dhok Pathan horizon.

The dimensions of these teeth are as follows:—

L Ind. Mus. | Ind. Mus. | Ind. Mus.
— ¢ D. 120. D.121. | D.182.
| -
!
{length . 1 82 . 85
| .,
M2 breadth l 8-0 .. 74
height | 59 I 504
{length . . . . . . . 6-9 6-5
Mmé< breadth . . . . . . . 7-0 67
height . . . . . . . - 46
(length . . . . . . . 6-8
l :
Pm*< breadth . . . . . . . 6-8
height
(length 56
: Mm'J breadth 55
{height 34

The four cusps of the molars, connected in pairs by e).zactly
transverse vidges, and the shape of the premolar leave us in no
doubt that we have to deal with a member of the Cercopithecidae.
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Since, however, the teeth of the different genera belonging to this
family are remarkably like one another, differences in the proportion,

which the individual teeth bear to one another, form often the only

means by which their dentition can be distinguished. In the
absence of the two hinder molars we are debarred from such a com-
parison.

On the assumption that the specimen belonged to Presbytis
(Semnopithecus), then the presence of the broad anterior shelf,
projecting slightly on the external wall of m! as well as mm4, afford-
ed a marked difference from the corresponding teeth of any species
of Presbytis known to me. This was indicated in my preliminary
note on the specimen. This shelf is formed by the continuation of
ridges which run forward from the two anterior cusps. In the
present species the external portion of the shelf is separated from
the cxternal cusp by a furrow which runs vertically half way down
the external wall of the crown.

I have since discovered that this feature is a constant character
of the African genus Cercopithecus. Tt does not seem to be shared
by  Macacus, Colobus, Cercocebus, Mesopithecus, Libypithecus or
Dolichopithecus any more than by Presbytis. In  Dolichopithecus,
indeed, such a shelf would appear to be altogether absent, the
anterior cusps standing quite near the edge of the toothl.  On the
other hand in that genus there is a distinet external cingulum,

having no connection with the anterior cusps and situated nearer
the base of the crown.

An additional point of distinction is afforded by the shape of
pm?, which had not been exposed when I wrote my preliminary
note.  This tooth in the specimen under consideration is charac-
terized by the long distance from the summit of the transverse crest
to the posterior border of the tooth, as compared with that between
the summit and the anterior border. 1In Macacus the two dis-
tances are the same and the tooth as a whole is rather short. In
Presbytis the tooth is longer than in Macacus, and the posterior is
longer in proportion to the anterior part of the tooth, but not so
markedly so as in the Hasnot tooth. Neither Dolickopiihecus
nor Mesopithecus show this feature. ~ On the contrary something
of the same kind is found in Cercopithecus.

! Depéret, Les animanx ptiocénes du Roussillon, Pal. Mém. Soc. Géol. France,
3 (1860) p. 11,
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In weighing the evidence in favour of assigning the specimen to
one genus rather than to another, I consider that we are bound
to take account of these two features, trifling though they may
seem, which it shares in common with the genus Cercopithecus, but,
as far as I am aware, with no other. Supposing it were ancestral
to the living African monkeys, which are placed in C’ercopitl?eclts,. we
should, perhaps, hardly expect it to have the large dimensions
which are actually the case. Consequently, it is more probable that
it represents a lateral branch from the Cercopithecus stock. In
calling the specimen Cercopithecus (%), I, therefore, only mean to
draw attention to what seem to be its most probable affinities, whll‘e
admitting the likelihood that more complete material would show it
to be distinct generically from Cercopithecus. The pontian age of tpe
Hasnot specimen would indeed a priori incline us to a belief that its
genus is not the same as the recent one, but it is necessary to await
further material before giving effect to such a belief.

The geological significance of such an affinity with an Mrigan type
in an Indian pontian species is noteworthy, in so far as it points to a
period in the lower Miocene, when free intercommunication existed
between the two continents. From a species, which was then common
to the two areas, may have sprung on the one hand the modern
African Cercopithecus and on the other Indian forms, of which this
pontian species may be the first representative that has so far
come to sight.

The fauna of the lower Miocene beds of the Bugti hills in
Baluchistan! affords the best proof at present known of the close
similarity at that geological period between the mammalian faunm of
India and Africa.

MACACUS (?) cf, SIVALENSIS, Lydekker

Prate 1, F16. 4.

1878. Mucacus sivalensis Lydekker, Notices of Siwalik Mammals, Rec. Geol. Surve
India, vol. XI, p. 66.
1886. Macacus sivalensis, Lydekker, Indian Tertiary and Post Tertiary Vertebrata, Pal.

Indica, series 10, vol. 1V, p. &.

In 1878 Lydekker described under the name of Macacus sivalensis
two fragments of maxille belonging to a Cercopithecid monkey,

1 Pilgrim, The Vertebrate fauna of the Gaj scries in the Bugti hills and the Punjab,
Pal. Indica, new scries, vol. IV, meu. 2 (1912), pp. 1—83.

Parr 1.] Pingrix: New Siwalik Primates, cte. 7

which were obtained by Theobald in the neighbourhood of the vil-
lage of Hasnot in the Salt Range. From the character of the
matrix still left on the specimens, there is little doubt that they
were derived from the Dhok Pathan horizon of the Middle Siwa-
liks. ‘

- I suppose the author of the species would be the first to admit
the possibility that more abundant material would oblige us to
separate it generically from the living genus. He, however, has ad-
duced arguments which render it probable that the affinities of these
maxille lie with Macacus, and it is, therefore, obviously unreasonable
to refer them to any other genus, though one may be allowed to
regard the reference as provisional.

A few years ago Sub-Assistant M. Vinayak Rao obtained from
the middle Siwaliks of Hasnot a fragment of the right mandibular
ramus of a Cercopithecid monkey (Ind. Mus. D. 184), which is the
subject of the present notice. It is figured in Plate I, fig. 4, and
contains two perfect, well worn, molariform teeth, of which the
smaller is in a more advanced state of wear than the larger. Behind
the latter is the alveolus of another double-rooted tooth, and on the
other side of these are the alveoli of two roots pointing to the former
existence of at least one tooth, as large or larger than the one behind
it, forming a slight curve with the hinder three.  Immediately
beneath the anterior margin of the smaller of the two perfect teeth,
a sharp curve may be noticed in the lower edge of the ramus, which
evidently marks the beginning of the symphysis. Behind this
point, the side of the ramus drops almost vertically from the base of
the tooth crowns to the lower edge of the ramus, without any bulge
or ledge such as is often present on the inner side of the mandibles
of monkeys. On the outer side, the mental foramen is visible
73 mm. from the base of the ramus, beneath the alveolus of the

foremost of the four teeth, of which more or less distinct traces are
left.

It may be gathered from this description that there can be mno
doubt that the dentition in this mandible is the permanent one,
which is confirmed by the absence of any permanent premolars
in the jaw below the two teeth which are preserved. The latter
are therefore m, and m, and the tooth in the front of the jaw is

pm,.
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The dimensions in millimetres of the mandible and of the
individual teeth are as follows:—

Thickness of ramus beneath ma 6-8
Depth of mandible below my 18-3
AL §length . . . 6-6
1% 1 breadth . . 59

(Iength . 5-8
M Jbreadth . . . . 52
Approximate Iength of pmy . 72

On comparing this with the maxilla of 3acacus sivalensis, figured
by Lydekker, it is evident that the animal to which it belonged
must have been almost of the same size. TFurther, the proportionate
dimensions of the teeth are identical, so far as can be gathered,
with those of the corresponding upper tecth of Lydekker’s specimen,
so that, other things being equal, a provisional reference to the species
Macacus sivalensis is reasonable, since the specimens came from the
same locality and horizon.

The most striking characters of this mandible are its depth and
slenderness. These eminently characterize Macacus as distinguished
from Presbytis. I am wunable, however, to find that these charac-
ters enable us to distinguish it from Cercopithecus.

Some significance may be found in the apparent narrowness of
the shelf in front of the anterior crest of the molars. This is a
character of the genus Dolichopithecus as seen in the species D.
ruscinensis from the Pliocene of Rousillon!. It is however much more
pronounced in that genus. The advanced state of wear of the
molars in the present mandible tends to cause the anterior cusps to run
into this shelf and so appear nearer the margin than is really
the case. The actual breadth of this shelf is probably almost the
same as in the upper molars of the maxilla of Macacus sivalensis,
in which it is narrower than in many macacques and decidedly
more so than in the genus Cercopithecus.

A cingulum at the antero-external corner of m,, and in the middle,
externally, between the two crests, is similar to that which is present
in Dolichopithecus. 1 have, however, seen a similar cingulum in
specimens of Macacus nemestrinus.

The long alveolus of pm, in the Hasnot mandible points to a
tooth which is rather longer than is wusually the case in Macacus,
and 1s more like pm, of Dolichopithecus.

1 Déperet, 1. c.
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In conclusion, I have very little hesitation in referring this man-
dible and the maxilla from Hasnot, described by Lydekker, to the
same species, and there seems no justification for removing them

* from the genus in which Lydekker placed the latter. The species

may be rezizled as showing features which indicate some affinity
with the Kuropean Pliocene genus, Dolickopithecus.

SIMIIDAE
DRYOPITHECUS PUNJABICUS, Pilgrim

Prate I, Fies. 5, 6. Prate II, rFics. 4, 5. Prate IIT.

1910. Dryopithccus punjubicus, Pilgrim, Notices of new mammalian genera and species
from the Tertiarics of India, Rec. Geel. Surv. India, XL, p. 63.

1913. Dryopithecus indicus (lapsus calami), Pilgrim, The correlation of the Siwaliks
with mammal horizons of Europe, Eec. Geol. Surv. India, XLIII, p. 311.

1013. Paleopithecus sp.  Pilgrim, The correlation of the Siwaliks with mammal
horizons of Evrope, Lce. Geol. Sure. India, XLIII, p. 320. :

The types of the present species are portions of the right and
left ramus of the same mandible, the former containing m, with
half the broken crown of m, and the latter m, with the broken
crown of m, The specimens were found near the village of Chinji
by Sub-Assistant Vinayak Rao, and though their exact locality has
not heen recorded, there seems very little doubt that they came
from the Chinji zone of the Lower Siwaliks. There is some ground for
supposing that they occwired at the very summit of that zone,
partly because the matrix attached to them counsisted of a hard
reddish clay, free from concretions and similar to a fossiliferous
ciay, which is known to ocecur to the west of Chinji, near the boundary
between the Lower and Middle Siwaliks, partly, also, because the
maxilla found at Haritalyangar in the Simla Hills, which seems
almost certainly to belong to the same species as the mandible,
oceurs in beds, which are known both by their fauna as well as their
stratigraphical position to be newer than the Chinji zone, though
they represent a low horizon of the Middle Siwaliks, to which the
name of the Nagri zone has been given!.

The species may therefore be referred in terms of Tuaropean
geolqgical horizons, either to the upper sarmatian or the lowest
pontian.

! Pilgrim, The corrclation of the Siwaliks with mammal horizons of Euro Ree.
@eol. Suwrv. India, XLIII, pp. 270, 319, TP e
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Mandible,

The mandible, ev1dently did not belong to an old animal, as m,
is half concealed, in side view, by the aseendmf7 ramus, while thls
tooth is inclined at a slight angle to the one in front of it. The
breadth of the ramus at m, is considerable —19-8 mm. The depth
at m, is only 23-4 mm., but might no doubt have increased a little
as the animal got older. As the ramus is broken off immediately
in front of m,, it is impossible to perceive if the depth of jaw increased
anteriorly as in Dryopithecus fontani.

Last lower olar—~The dimensions of this tooth are as follows:
length 12-5 mm., breadth 104, height 6:7. It is thus longer than broad,
its greatest breadth being near the front end, whence the sides of the
tooth converge backward to a rather narrow hinder tip, so that the
veneral shape of the tooth might almost be described as sub-triangular,
differing in this way from Diyopithecus rhenanus, but still more from
D. fontani and D. darwini. The inner side of the crown descends
steeply to the base, but the outer side less steeply, still by no means
so gradually as in D. darwini. From both edges the slope towards
the centrum of the tooth is extremely gentle. The five main cusps
of the anthropoid lower molar are well marked, though, as in Dryo-
pithecus generally, they are not high. The least worn and there-
fore the highest is the metaconid. The entoconid is smaller and
lower than the metaconid. The protoconid and hypoconid are
about equal in size and height. The mesoconid is both smaller and
lower than either of the other two outer cusps. These three outer
cusps are arranged in a curve, the hypoconid being situated mor:
inwardly than the protoconid, and the mesoconid more so than
cither. The entoconid also lies nearer the centrum than the meta-
conid, so that the tooth tapers symmetrically.

Besides the main cusps there are two secondary cusps, which
may be distinguished from the numerous swellings on' the main
cusps by the fact that fairly deep furrows running from the edge of
the crown to the centrum delimit them from the five main cusps.
" These occur between the metaconid and the entoconid and between
the entoconid and the mesoconid.

The main furrows, which separate the cusps, already mentioned,
from one another, are precisely similar to those which Abel' has de-
scribed so fully in the case of Dryopithecus darwini. As in the case of

1 Abel, Zwei neue Menschenaffen aus den Leithakalkbildungen des Wiener Beckens,
Sitz, kais. Akad. Wiss. Wien CXI, Abt. 1 (1902) p. 1185.
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that species, the furrows between the three outer cusps only descend
on the external wall of the tooth as far as a cingulum, which unites
the cusps in question at rather less than half the distance from the
cusp summit to the base of the crown. Here they dichotomize
within tic -ingulum. On the other hand, the furrow between the
entoconid and the secondary cusp which intervenes bhetween it and
the metaconid, runs right down the wall to the base of the crown.
The fuwrrow, however, which separates this secondary cusp from
the metaconid is very faintly marked on the internal wall of the
tooth. "The remaining furrows, which are very numerous, are natu-
rally associated with and equal In number to the various enamel
ridges, and their course, where necessary, will be described in con-
nection with the latter.

These enamel folds are much more plainly to be seen on the
inner side than on the outer side of the tooth, and are especially well
marked on the metaconid. If, however, the outer cusps were less
worn, there is no reason to suppose that the folds would be any
shallower or less numerous. Both protoconid and metaconid send
a strong crest obliquely to the front edge of the tooth, which is
raised into a somewhat weaker ridge, behind which is a hollow.
Another pair of ridges run from protoconid and metaconid towards
one another, curling round into the just mentioned hollow. There
are no less than four other folds on the sides of the metaconid. One
of these produces a cusp, visible in side view on the inner side of the
tooth and separated from the main cusp of the metaconid by a deep
furrow, which starting from the edge runs towards the centrum.
It soon dichotomizes and its branches run into the turrow, which
separates the metaconid from its secondary cusp. The two remaining
folds, of the four mentioned above, produce two 1idges, which start
some way down from the summit of the metaconld and run as far
as the centrum. The anterior secondary cusp is also divided by one
fairly strong and two weak furrows, running towards the centrum.
Similar fuu*owa but much more feebly marked, are to be seen on the
entoconid ; traces of these can also be seen as furrows on the external
wall of the tooth. Both the hypoconid and {he mesoconid are too
much worn to show any very distinet trace of folding.

Beyond the folds mentioned and a few others of hmlted extent,
but all of which are visible to the naked eye, there is no trace of
the fine 1ufr051ty with which the entire surface as well as the sides
of the tooth in Dryopithecus darwini would appear to be covered.
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On the contrary the surface of the tooth, even on the little worn
metaconid, is quite smooth and polished between the various
furrows. . )

The cingulum still remains to be mentioned. This exists only
in the form of a broad shelf or ridge, which links the bases of the
protoconid and hypoconid and to a smaller extent of the hypoconi_d
and mesoconid. It does not extend beyond these limits; there is
consequently no trace of the cingulum which in Dryopithecus darwini
goes right round the antero-external angle of the tooth.

The hinder root of this tooth is strongly produced backward.
There is a distinet oval polished face on the front wall of the tooth
caused by the contact against it of the tooth in front.

Second lower molar—This tooth is shorter than m,, but. broadeT
in proportion, its dimensions being, length 11-6 mm., breadth 9-9 mm.,
height 54 mm. It is much more worn than m,, and thejrefore the
various folds, which are plainly visible in that tooth, are either very
indistinetly so or are even entirely 2ffaced in this. It does not possess
the tapering shape of m,, because the hypocqnld is not nearer the
centrum than the protoconid nor the entoconid than Fhe‘ metaconid.
Thus the sides of the tooth are parallel. The mesoconid is, howeve.l,
strongly displaced inwaid, so that the hinder end of the tooth is
narrower than the rest of it, but lacks the symmetry of- mg. The
sccondary cusp between the entoconid an@ the mesoconid is very
wealk ; in consequencs, the hollow at the l%lnd.er end of the tooth is
much more pronounced. The cingulum, linking together the bas.es
of the protoconid and hypoconid and of the hypoconid and mesoconid
18 quite distinet. _ .

A comparison of these two molars with those ass;gned to one or
other of the three previously known species of Df‘yopztlz'ecus leayes no
doubt in my mind as to the propriety of referiing this 'm‘andlble to
the same genus. From Man, as well as from each of the living genera
of anthropoid apes, Dryopithecus differs in the greater excess of length
of m, over m, This is shown in the table on page 72.

From Man, the Chimpanzee, Orang, Gorilla and .also from ’?he
fossil genus Sivapithecus, the molars of Dryo;gz'z‘lw.cus differ by being
less broad in relation to their length. This is rendered clearer
by the breadth indices tabulated on page 70.

: The hindermost cusp, mesoconid, 1s more strongly developed
in Dryopithecus than in Man, the Glbboni, Chlnlpfxxlzee ax'ld Omng.
This weakness of the mesoconid Is especially noticeable in mg in
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fact in the genera mentioned the mesoconid in m, is often altogether
wanting. )

The folds or wrinkles on the surface of the crowns of the teeth
offer a means of distinction, although it seems likely that this is
often a character which varies within the same genus according to
its stage of development, and may, therefore, only be of specific im-
portance. Thus, although the teeth of Caucasian man are not charac-

“terized by more than a few strong wrinkles, those of the fossil man? of

Krapina and some of the lower races have the surfaces of the molars
rather richly covered by them. Moreover, the wear of individual
fossil specimens may easily deccive one as to the strength of the
feature in question. Nevertheless, their strong development in the
Orang distinguishes that genus not only from Dryopithecus but also
from every other so far described. Equally the absence of wrinkles
distinguishes the Gibbon as well as Pliopithecus. The folding of the
enamel I Dryopithecus is very much less in intensity and frequency
than in the Orang. The wrinkles in the Chimpanzee are often
numerous but are very much finer than those of Dryopithecus. The
Gorlla has sometimes very numerous and very strong folds on the
molar surfaces. In Man, as observed before, the wrinkling appears to
be variable, but the folds, though occasionally as strong or even
stronger than in Dryopithecus, are not go numerous. In Sivapithecus
the folding of the enamel is, like Man, coarser, but less frequent
than in Dryopithecus. Neopithecus brancoi has much feebler wrinkles.
Moreover it is distinguished from Dryopithecus by the much greater
length of m,.

Each one of the distinctions enumerated above is as applicable to
the teeth under consideration as it is to Dryopithecus. They agree
in every detail relating to the arrangement of the cusps and the folding
of the enamel, with the lower molars of Dryopithecus rhenanus, as de-
scribed and figured by Schlosser® and to a smaller extent with Dryopi-
thecus darwini as described and figured by Abel®. I am quite un-
able, therefore, to refer the Punjab mandible to any other genus. I
may, however, point out some additional features, in which my speci-
men may be distinguished from certain genera which approach it
somewhat nearly in regard to the characters already detailed. Thus,

! Gorjanovie-Kramberger, Der diluvialo Mensch von Krapina, At d. Anthrop.
Gesclls. Wien., XXXI, (1901), p. 190, pl. 2, 3.

2 Schlosser, Beitrage zur Kenntniss der Saugethierreste aus den sud deutschen Bohner-
zen, Geol. «. Pal. Ablandl. IX, (1902), pt. 2, p. 124,

8 Abel, 1. ¢, p. 1185.
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the breadth index of the Gorilla sometimes does not exceed that of
these teeth by much, while the folding is sometimes equally intense.
The Gorilla is, however, easily distinguished by the exceedingly deep
furrows which separate the main cusps, apart from the inferior
length of m, in relation to m,. Besides the points already men-
tioned, Sivapithecus differs by the higher cusps, the complete absence
of a cingulum and the absence of secondary cusps.

A comparison with Palwopithecus is much more difficult, both
because that genus is known only by the upper dentition, and also
because the upper tecth are in such an advanced stage of wear that
one cannot be certain either of the height of the cusps or of the
nature of the enamel folding. The enamel is, however, very much
thicker than in the mandible now before us, and it seems almost
certain that the cusps in the unworn tooth of Palwopithecus were
higher and more massive, while the wrinkling of the surface must
have been of an altogether coarser type. It may, perhaps, be
permissible to be influenced by the fact that the maxilla from
Haritalyangar, to be described later, shows much clearer evidence of
belonging to a different genus from Pal@opithecus. On the other hand
this maxilla exhibits a structure and details of sculpture so analogous
to those of the lower molars from Chinji as to oblige me to assign
them to the same species.

It remains now to see how this mandible differs from those
which have hitherto been assigned to the genus Dryopithecus?,

These may be said to be four in number, since, as Abel has empha-
sized, there are two distinet types of tooth referred to D. fontani,
which in my opinion cannot be regarded as belonging to the same
species, if even the same genus. These four species may be given as
follows. Droypithecus fontani, type 1, Lartet. D. jontani “type 2,
Harlél, D. rhenanus, Pohlig, D. darwini, Abel. Of these D. fontani,
type 2 has the greatest breadth index; next to this comes D. darwint,
the breadth in the case of this species being due to the strong cingu-
lum ; D. fontani type 1is the next highest, if Harlé’s measurements

1 Harlé, Nouvelles piéces de Dryopithéque de Saint-Gaudens, Bull. Soc., Géol., France,
(3) vol. XXVT, (1899) p. 304, pl. 4.

2 T regret that Dr. A. Smith Woodward’s paper on a lower jaw of Dryopithecus fontani
from the upper Miocene of Lérida (Spain), published in the Quart. Jour. Geol. Soc. Lond.,
vol. 70, p. 316, Dec. 1914, did not reach me in time to enable me to insert in the text any
reference to this specimen or to Dr. Woodward’s interesting remarks on the symphysis
of Dryopithecus, These do not, however, appear to be inconsistent with the views on
anthropoid evolution expressed by me in the latter portion of the present paper. The
approxin’lzate dimensions of the molars in the Lérida specimen are included in the table
on page 70.

‘e

Parr 1.] Piveemxr: New Siwalik Primates, etc. 15

were intended to be quite accwrate; D. punjabicus comes next,
while D. rheorsnus is the lowest of all. These, however, form such a
aradual series that no serious specific distinction can be based on
this character, though it is interesting to observe that the order is
in é}greement with the supposed geological age of the different
species.

It secems more important to observe that the length of m, as
compared with m, is much greater in D. punjabicus than it is il? D.
fontani. This may be correlated with the taper shape of m, in
D. punjabicus, due to the displacement towards the cent:'jrum
both of the mesoconid as well as of the entoconid. M, of D.
fontani is distinguished by being but little narrower in its pgosterior
than in its anferior part, the three outer cusps forming a straight
line. The displacement of the mesoconid towaids the centrumC is
greatest in the species D. shenanus; D. darwini and D. punjabicus
are, perhaps, equal in this respect. On th: other hand, m. in
D. rhenanus does not taper in the symmetrical fashion so char;ctergistic
of D. punjabicus, because the entoconid in the former species is not
displaced and is larger than in the latter. M, of D. darwini would
really, be far more lik: the Punjab species in this, were it not for it;
very broad and pronounced cingulum. This cingulum is present
but less strong in D. fontani, but is generally absent in D. r]zenanus’
though Schlosser! mentions a molar which shows what appears to b(;
a connccting shelf between the protoconid and hypoconid similar
to what oceurs in D. punjabicus. 1 is perhaps permissible to em-
phasize the greater distinctness of this external cineular shelf
between” each of the two pairs of outer cusps in the Puncjab speci‘es
tha'n in D. rhenanus. It would seem that D. darwini has fewer
main foldings on its molar swrface than D. rhenanus, bub that it is
cl{aracterized by the presence of a fine series of wrinkles indiscri-
minately over the surface of the tooth as well as on the sides. This
type of:wrinkling is absent from D. punjabicus, as it is from D
rhenanus. The Punjab species, however, seems to possess an equalli
strong.and numerous series of large scale foldings, althouch diﬁei
ences 1n the stage of wear make it difficult to estimatecihe real
strength of the foldings, especially when the actual specimens are
not at hand for comparison. In D. punjabicus a series of rather
deep furrows on the internal side of the tooth, which extend a shoft
way down the wall of the tooth and in side view produce a dis-

¥ Schlosser, 1. c. p. 126,
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tinct serrated margin on both the metaconid as well as the entoco-
nid, appears to be especially characteristic of this species.

The height of the molars is greater in D. punjabicus than in the
other species. On the other hand, the individual cusps appear to be
slightly lower than in D. rhenanus, although a comparison with a
cast of m, of Dryopithecus darwini, which Professor Abel has been
kind enough to send me, shows no difference between my species
and Professor Abel’s.

In conclusion, although this mandible is near enough to each of
these other species of Dryopithecus to leave no doubt as to its generie
position, there are such differences as to render it impossible to
place it in any one of them rather than another, and justification
seems to be afforded for specific distinction.

Macxilla.

Some years later than the discovery of the mandible just de-
scribed, Sub-Assistant Vinayak Rao found at Haritalyangar, in
Belaspur, one of the Simla Hill States, a beautifully preserved right
maxilla (Ind. Mus. D. 185), containing the two premolars and the
front two molars; this specimen is figured in Plate III. T at
first referred it to the genus Palaopithecus, as a species more primi-
tive than the species P. sivalensis. This, liowever, was before I had
been struck by the remarkable analogy in structure and ornamenta-
tion between these molars and those of the "Chinji mandible. In
addition to the four teeth mentioned, the fragment shows the
adjoining portions of the alveoli of the canine and of m?® as well as
the base of the jugal process. The edge of the maxilla above the

canine is intact. The following are the dimensions in millimetres of

the four teeth ;—

3
—_ # Mz, J ML Pm¢ ' Pms.
| T
Length . . . . . . . .l1e 104 | 66 | 70
Breadth . . . . . . . ‘ -4 113 97 | 95
Height . . . .+ .| 56 | 53 55 | 6-2
Breadth Index . i 107-5 | 108-6 1469 I 1357

Penultimate upper molar.—This tooth is constructed on the usual
plan of anthropoid upper molars and consists of four main cusps.
Of these, the paracone is slightly stronger than the metacone and
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the protocone considerably stronger than the hypocone. All the
cusps 1l very gently towards the centrum and steeply away from
it, the outer walls of the tooth being distinctly steeper than the
inner walls. The protocone and the metacone are connected by a
strong ridge, running obliquely across the tooth, and the protocone
and hypocone by an equally strong one, which forms the inner edge
of the tooth. The protocone and paracone are also connected by a
continuous ridge, paralle]l to and mnot far from the front edge of
the tooth. Besides this, an oblique crest runs from the outer
corner of the paracone towards the front edge, where it meets
another similar but slightly weaker one proceeding from the
protocone.  Between this and the last mentioned ridge is a
deep furrow, which is continued, though weakened, over the para-
cone and a small way down the external wall of the tooth. Six
smaller folds run down from near the summit of the paracone
towards the main valleys which separate that cusp from the protocone
and metacone. The corresponding furrows run a short way down
the outer wall of the tooth and produce in side view a serrated edge,
which reminds one of the similar appearance on the internal edge of
the lower molars. Three corresponding ridges, but less distinct
owing to the greater wear on that side, run from the protocone to-
wards the centrum, anterior to the connecting crest between the pro-
tocone and metacone. The metacone has three folds which produce
crenations on the outer edge. The folds on either side of the crest
uniting the protocone and metacone are almost entirely obscured
by wear. A strong ridge runs backwards from the metacone to the
hinder edge of the tooth and meets a corresponding and equally
strong one from the hypocone. One or two obscure folds descend
on the front side of the latter ridge into an exceedingly deep cavity,
from which a deep furrow proceeds between the hypocone and the
connecting crest between metacone and protocone. On its way
towards the inner edge of the tooth this furrow dichotomizes. The
front branch runs up towards the protocone and does not reach the
edge, but the hinder branch runs down to the base of the crown.
The main furrow between the paracone and the metacone also runms
down the external wall to the base of the crown. Between these
various folds the enamel surface is absolutely smooth and polished.

A faint trace of a cingular connection between the protocone and
hypocone can just be made out.

This tooth has three roots.
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Furst upper molar—This tooth wants the postero-external corner
of the metacone. It is slightly inferior in length and breadth to
m?, but is broader in proportion to its length. Almost exactly the
same sculpture can be distinguished on the surface of this tooth as
on the last, only it is not always so plain on account of its more
advanced wear. The only important differences are the somewhat
stronger hypocone and the presence of a very strong ridge, in addi-
tion to those mentioned for m?2, which connects the hypocone with
the metacone, running right across the hinder cavity of the tooth.
A faint trace of a cingular connection between the paracone and
the metacone can also be just made out. M! is three-rooted.

Hinder upper premolar.—This tooth is much broader than long,
and consists of an inner and an outer cusp, both of which fall
equally steeply towards the sides and the middle of the tooth.
The outer cusp is higher than the inner one.  Both have strong
ridges, running forward and backward from the summit, though
they are stronger in the case of the outer than of the inner
cusp. Two strong ridges run from each, parallel to the hinder wall
of the tooth, to meet in the mid lne. The foremost of these
two ridges is continuous right across the middle of the tooth,
but the hinder one is cleft by a median furrow. Two additional
transverse ridges run from the ends of the anteroposterior ridges
mentioned above and form the front and back edges of the
tooth respectively. Three deep cavities, one median and the
others anterior and posterior are formed between these ridges.
These two latter stand at a lower level, that is nearer the
base, than the median cavity.  The posterior one of these is
continued by a furrow, which passes over the outer edge of the
tooth and can be seen on the external wall. An additional short
fold runs down from the summit of the outer cusp into the hinder
cavity. This tooth is three-rooted, the roots being divergent.

Front upper premolar—The front wall of this tooth is not
parallel to the hinder wall, owing to the forward prolongation of
the antero-external angle, which makes the external side of the
tooth longer than the internal side. The internal side is actually
shorter than the corresponding side in pm%, while the external
side is longer than in pm% In other respects, the structure of
the two premolars is very similar. There are the same four
cross ridges, of which the hinder of the two central ones is cleft
by a median furrow. The foremost cavity sinks, however, to a
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lower level *han in pm?, while the foremost of the ridges is con-
tinued as a strong crest on the external wall of the tooth, with
a corresponding furrow in connection, which runs down to t.he
‘base of the crown. Additional short ridges run from the summits
of both cusps into the central cavity. This tooth has also three
divergent roots.

The dimensions of these teeth, the moderately low cusps, the
complexity of the folding of the enamel, and, above all, the pecu-
liar serrated outer edge of the molars incline one so sf;rongly to
the opinion that we have before us a maxilla and mal}dlble _whlch
belong to the same species, that, unless fairly conclusive evidence
were forthcoming of a close affinity to another genus, or of t‘jhe
existence of features in the maxilla, which told against an afﬁn#;y
with Dryopithecus, 1 should feel fairly certain that the similarfty
mentioned between the mandible and the maxilla indicated specific
identity.

The only upper teeth of Dryopithecus known are the two molars
from the Suabian Bohnerz of Melchingen, figured both by Branco?
and Schlosser? and described in detail by the latter. One of these
is almost unworn and shows the foldings perfectly; the other is
badly worn.  Certain details of the enamel sculpture are not as
plainly shown on the Haritalyangar specimen as on the Bohnerz
tooth, owing to the more advanced wear of the former, but,
apart from minute differences, the two agree so closely as to
make it fairly certain that they belong to the same genus.

I know of no other upper molars, which approach these at all
nearly in structure. Those of Man and the Chimpanzee are dis-
tinguished by their much less complicated system of folds, especially
in the hinder part of the tooth. Man and the Orang have
distinetly broader molars, the excess of breadth over length being
particularly marked in m2% The upper, like the lower molars of
the Orang, are clearly distinguished from these by the profuseness
of the wrinkles, with which the whole surface of the crown is
covered. Gorilla approaches these teeth somewhat in the com-
plication of the folds, but can easily be distinguished by the elevated
cusps and the deep furrows which separate them from one
another. The molars of the Gibbon exhibit not only the same

} Branco, Die menschenahnlichen Zahne aus dem Bohnerz der schwabischen Alb,
Jahresheft. d. Vereins f. vater. Natur, Wuritemburg, LIV (1898), pp. 1-144.
% Schlosser, 1. ¢, p. 125,

c?2
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deficiency of the main folds, which has been noticed in the case
of Man and the Chimpanzee, but the secondary folding is almost
entirely absent. The latter character prohibits any near affinity
with Pliopithecus. Neopithecus® is known only by the last lower
molar, but the smaller breadth index of this is indicative of
narrower upper molars than is the case in Dryopithecus. Its folds
are also feebler. Griphopithecus® is clearly distinguished from the
present specimen and from the upper molars of Dryopithecus
rhenanus, by its exceedingly large breadth index, by its very m}lch
simpler structure and by the absence of the finer system of folding.
Pithecanthropus has molars at least as broad as Griphopithecus.
Pal@opithecus has a very massive hypocone, which, however, is 50
closely approximated to the protocone and to the ridge connecting
the protocone with the metacone, as to leave no room for the 'comp1}-
cated system of ridges and folds which Dryopithecus shows in this posi-
tion. In consequence of this, also, the breadth index of the Palewopi-
thecus molar is considerably in excess of what it is in Dryopithecus.
The badly worn condition of the maxilla of Palwopithecus occa-
sions a doubt as to the details and intensity of the sculpture, but
it is likely that in the unworn tooth the cusps were higher, the
folding less, but coarser, and the enamel thicker than in the Hari.-
talyangar species. The differences in the premolars of Palaf'opz-
thecus will be commented upon later. Sivapithecus alone remains;
this is known only by lower teeth, which are also little worn.
Judging, however, by the massiveness of the cusps, the greater
coarseness of the folds, the high breadth index and other mandibular
features, which indicate a nearer affinity to Man than other apes
exhibit, it is unlikely that the Haritalyangar maxilla belongs to the
same genus as the Sivapithecus mandible.

Having reached the conclusion that this maxilla belongs to the
genus Dryopithecus, the differences from Dryopithecus rhenanus, the
ouly species of Dryopithecus, in which the upper m(?lars are
known, may be summed up as follows. The breadth index of
the molars is greater. The cusps are probably lower. The outer
cingulum is less clear. In the Haritalyangar maxilla the furrows
on the outer cusps cross the edge of the tooth, and so produce
in side view a serrated appearance, which appears to be absent

from Dryopithecus rhenanus.

1 Neopithecus-Anthropodus brancos, Schlosser, L ¢, p. 119.  Abel, L. c., p. 1173,
2 Abel, L c., p. 1177, ’
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We may now proceed to discuss the affinities of the premolars—
the first upper premolars of the genus Dryopithecus, which have so
far come to light. The most characteristic feature of these teeth
is the existence of the two well marked central ridges which connect
the inner and outer cusps. This character is quite in accord with
the intensity and number of the folds which the molars of Dryopi-
thecus exhibit. In Man and the Gibbon, there is no trace of them,
the single central cavity being bounded solely by the anterior and
posterior ridges, which form the front and back edges of the tooth.
Palwopithecus seems to show a trace of the same structure, so far
as it s possible to make out the details on a crown that is nearly
worn down. In Palaopithecus, the anterior and posterior ridges
are on a distinctly lower level than the middle of the tooth, as is
the case in Dryopithecus, while in the raised convex median portion
there is a faint furrow. I am not, however, inclined to think
that either the central ridges or the median cavity were ever
so prenounced, as is the case in the Haritalyangar maxilla. There
seems to be an approach to the same conformation in pm? of the
Chimpanzee, though I have not had the opportunity of examining
an actual unworn specimen. 1In the Gorilla we have essentially the
same structure, with the important difference that the two folds
do not meet in the mid line of the tooth, so that the central cavity
are less well defined. A trace of an analogous condition is, how-
ever, visible in the hinder ridge of the Haritalyangar premolars, which is
bisected by a median furrow. As a whole, in the Gorilla the folds
are not thrown into such strong relief as is the case in Dryopithecus,
duc to the successive alternation of continuous ridges and deep
hollows.  In the Orang the arrangement of the main folds of the
premolars is the same as in the present species, but the ridges and
the central cavity are less clearly defined, on account of the com-
plicated system of secondary folds and wrinkles, which are absent
in the fossil tooth. The breadth of both the premolars is - very
much behind what obtains in Palwopithecus and the Chimpanzee,
though this measurement seems to be somewhat variable in the
latter ; it is in excess of that of the other living apes and Man.

The breadth index of pm® in Dryopithecus is less than would be
the case, were not the length increased by the prolongation of the
antero-externalcorner.  No anthropoid species has hitherto been dis-
covered, which has its pm® extended to such a marked degree at
the antero-external angle, so as to be almost triangular in shape,
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Such a pm?® occurs in some of the Cercopithecide, and an undoubted
trace of a similar conformation exists in the Gorilla, and the
Orang with even the small ridge on the outer cusp, to which atten-
tion has already been called. Pm® of Palwopithecus, though it has
lost the major portion of its crown, is shown by what remains
to have had quite a different shape.

The three divergent roots of both the premolars arc similar
to those of the Orang, Gorilla, and Gibbon. The Chimpanzee has
a threc rooted pm3, but its pm?* has three roots only very occasion-
ally. In Man both premolars have two parallel roots. The pre-
molars of Palwopithecus have three roots, but they are more parallel
than in Dryopithecus.

Isolated upper molars,

The last two specimens, which I have to consider under the head
of Dryopithecus punjabicus, are Ind. Mus. Nos. D. 186 and D. 187,
which were found in the Chinji zone of the Lower Siwaliks near Chinji,
without any more exact record of their locality being preserved.
No. D. 186 is a 3rd left upper molar and No. D. 187 one of the
two left front molars.

Front upper molar—The dimensions of this tooth are: length 10-0
mm., breadth 109, height 57, breadth index 109-0. It is figured in
PL1I, fig. 4. Though less worn by attrition -during the animal’s life
than the Haritalyangar molars, it is not so well preserved, but in
all essential respects, it resembles them very ‘closely. The cusps
are slightly higher, and they slope more steeply towards the
centrum, and less steeply on the inner side of the tooth, so that
they are rather more pyramidal in shape than in the maxilla. The
two ridges, which proceed from the paracone towards the pro-
tocone and parallel to the front edge of the tooth, end in a small
but distinct cusp, adjacent to and in advance of the protocone.
This small cusp recalls that described by Schlosser! in an upper molar of
Dryopithecus rhenanus. No doubt if the Haritalyangar maxilla were
less worn a similar cusp would be visible. Even as it is, in certain
lights there is a faint trace in the latter specimen of a furrow in
this position. The furrows on either side of the connecting crest
between the metacone and the protocone are rather deeper than in
the Haritalyangar teeth, and the main fwrrow between the proto-
cone and the hypocone is rather more intense. I do not, however,

t Schlosser, 1. c., p. 125.
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regard the differences as sufficient to prohibit the inclusion of it in
the specics Dryopithecus punjabicus.  As its dimensions accord more
with those of m! in the Haritalyangar maxilla it is probably to be

- referred to that position in the jaw.

The occurrence of an upper molar in the Chinji area similar to
the molars in the maxilla from the Simla region is interesting as
affording further testimony in favour of referring the maxilla in
question to the same species as the type mandible.

Last upper molar——The tooth, just described, is also important,
for the reason that the features, which I have mentioned above
as different from those of the molars in the maxilla, are shared
by the isolated m® (D. 186), which does not carry on it the
ball-mark of identity with the maxilla. Hence any feature, which
this m® shares in common with D. 187, may be regarded as an
argument in favour of assigning the former to the species Dryopithecus
punjabicus. Still the reference must be regarded as quite provisional.

The tooth, which is represented in Pl II, fig. 5, is not much
worn, but the conditions of fossilization have not been such as to
preserve the details of the specimen so well as the maxilla. The
cusps are higher than those of the co-type, and more pyramidal in
shape, because they slope more abruptly to the centrum and less
abruptly towards the base of the crown. Its dimensions are : length
9-6 mm., breadth 11-3, height 5-8, breadth index 117-7. Its antero-
posterior, therefore, greatly exceeds its transverse diameter. The
latter is greatest at the front of the footh, and diminishes rapidly
backward.

The usual four main cusps of the anthropoid upper molar can
be easily distinguished. Of these, the profiocone is the largest. the
paracone falling slightly bebind it in point of size. Both the
metacone and hypocone are much reduced. The paracone has a
ridge running backward and forward from the summit, and two well
marked ones in the direction of the protocone, of which the frons
one forms the anterior edge of the tooth. Between these two ridges
is a deep furrow, similar in character to that in the molars of the
Hanitalyangar maxilla. Both of these ridges end in a secondary
cusp, adjoining and in advance of the. protocone. This is more
distinct, but similar in character to the one, just referred to in the
isolated m? in precisely the same position, and recalls the similarly
situated cusp described by Schlosser in the upper molar of Dryopi-
thecus rhenanus. In the present tooth a furrow runs down the wall



94 Records of the Gcolngicaz Survey of India. [Vor. XLV.

of the crown, at the antero-internal corner, between this secondary
cusp and the protocone.

The other folds on the paracone and protocone are very obseure.
The ridge connecting the metacone with the protocone is cleft
by two furrows, both of which are more deeply cut on the side
which enters the main valley between the protocone and paracone,
thus producing another secondary cusp in the very middle of the
tooth. The hypocone is connected with the metacone by a single
ridge, forming the posterior edge of the tooth, as in m? of the
Haritalyangar maxilla, and different from m! of the same maxilla,
where there is a double ridge. In the present tooth this ridge is
cleft by two furrows, which unite into one towards the centrum, to
form the valley between the hypocone and the connecting protocone-
metacone ridge. These two furrows just cross the edge of the
crown, thus producing a third secondary cusp, adjoining the hypocone
and behind the metacone. :The hypocone contains some addi-
tional obscure] folds, which®end in thefmain‘lvalley between it and
the protocone-metacone co‘rmecting?iridge. This latter valley dicho-
tomizes into two furrows, in precisely the same manner as has been
described in the case of the molars of the Haritalyangar maxilla.
The foremost of these branches runs up towards the protocone and
again dichotomizes, the one of these secondary branches running
info the furrow mentioned above, by which the protocone-metacone
ridge is cleft, the other running to the inner edge of the tooth which
it just crosses. The hindermost of the two branches of the main
posterior valley runs vertically down to the base of the crown as a
deep furrow, separating the protocone and the hypocone. On either
side of this furrow, a cingular connection hetween the protocone
and the hypocone is very distinct, far more so than the similar
feature in m? of the Haritalyangar maxilla.

Comparing this tooth with the corresponding one of other genera,
it differs from Man and Pithecanthropus by the much smaller reduc-
tion. In both the Chimpanzee and Gorilla, although the reduction
of the hinder portion of m® seems, as a rule, to be no less than in
this tooth, yet that reduction has not afiected the metacone much,
which is very much larger than it is in the Chinji tooth. This is equally
applicable to the m?® of Palwopithecus. M3 of the Orang approaches
this somewhat more nearly in structure, but the complex system
of wrinkles in that genus prohibits any very near affinity, From
the Gibbon as from Griphopithecus it is distinguished by the absence
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of folding in those gencra. The corresponding tooth frpnl Chinji,
which ras been assigned to the new genus Pal@osimia, differs from
this, both by its exceedingly strong series of wrinkles, and by its
inferior breadth index.

" In conclusion the intensity and disposition of the folds of this
tooth do not agree with any other genus so well as with Dryopithecus ;
molreover, the dimensions, as well as many details of structure, accord
with those of the Haritalyangar maxilla and with the Chinji upper
molar. I have, therefore, no hesitation in assigning it provisionally
to the species Dryopithecus punjabicus.

DRYOPITHECUS CHINJIENSIS n. sp,

Prare II. Fies. 6, 7.

The type of this species is a last left lower molar, Ind. Mus.
D. 179, figured in PL IL, fig. 6, which was found in the Chinji horizon
of the Lower Siwaliks, in the neighbourhood of Chinji, by Sub-Assist-
ant M. Vinayak Rao.

It is with some doubt that I assign this tooth to the genus
Dryopithecus, since its cusps are rather higher than one would
expect, bub as its other characters do not seem to ally it to any
other genus and are closer to those of Dryopitiecus, I propose to
provisionally place 1t here.

Its dimensions are as follows : length 14-7 mm., breadth 12-7, height
7.8, breadth index 86-4. The greatest breadth lies in the anterior
portion of the tooth, but it hardly begins to diminish appreciably
until the hinder third, differing in this respect from D. punjabicus.
The hypoconid, thus, does not lie internally to the protoconid, but
on the other hand the mesoconid is more displaced from the line
of the other two external cusps than is the case in the last
species : in this respect 1t recalls D. 7henanus. The folding
of the enamel is fairly distinct on the internal cusps, but has
been largely affected by wear on the external ones. The weta-
conid is the largest of the cusps, but the other four cusps are appro-
ximately equal in size; thus, the entoconid and the hypoconid are
larger than in D. punjabicus, again showing a greater resemblance
to D. rhenanus. The cusps slope gently towards the centrum, but
more abruptly towards the sides of the tooth, much more abruptly
on the internal than on the external side. There is a distinct
cingular connection between the protoconid and the hypoconid,
situated about half way down the base of the crown, though not quite
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so broad as in D. punjebicus, and the faintest trace of one
between the hypoconid and the mesoconid. There is a small
secondary cusp between the entoconid and the mesoconid, but
it is not possible to say that there is one between the metaconid
and the entoconid, although a short furrow on the metaconid in-
dicates a region, which corresponds to the secondary cusp in D.
punjabicus.

Two parallel ridges connect the protoconid and the metaconid,
one along the front edge of the tooth and the other immediately
behind it. The cavity between these two ridges is a slight one. Be-
hind this again there are three other folds on the metaconid : the
furrow, associated with the middle one of these, just passes over the
cdge of the crown and produces a serration in side view. Traces of
four folds are visible on the entoconid. The furrow, which separates
the hinder secondary cusp from the entoconid, is only faintly visible
in side view.

The breadth index of this tooth agrees very well with that of
Dryopithecus, being a little higher than D. rhenonus and punjabicus,
though not so high as in D. darwini.

The only other genus with which it might be compared is Sivapi-
thecus, with which it agrees in the height of its cusps. The much
higher breadth index of m, in that genus is sufficient to distinguish
it, together with its greater simplicity both as regards folding
and general structure of the tooth, the smaller size of the metaconid,
and the more backward position of the mesoconid.

1t can be distinguished from Dryopithecus fontani, in which the
cusps are higher than the other species of Dryopithecus, by the more
inward position of the mesoconid and the smaller cingulum. From
this, as well as from every other species of Dryopithecus hitherto
known, it differs by its greater absolute dimensions.

. I have in my collection from the Lower Siwaliks of Chinji two

lower molars, (Ind. Mus. Nos. D. 180 and D. 181), of which the
former is figured in Plate 1I, fig. 7, which seem to belong here. They
are, obviously, front molars, both on account of their shape and on
account of the presence of facets of wear on the hinder as well as
the anterior wall of the tooth.

Their dimensions are as follows :(—

D. 180. D. 181.
Length . . . . . . . 114 11-7
Breadth . . . . . . 100 10-2
Height . . . . . . . 67 52
Breadth index . . . . . 873 87-1
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The cusps of the former of these teeth are too high to permit
us to assign it to the species D. punjabicus. Moreover, its simpler
structure, the absence of a cingular shelf between the outer cusps
and its higher breadth index militate against the possibility of its
being m, of that species. Its greater absolute size, apart from
the other differences mentioned above, would prevent us from con-
sidering it as m, of Dryopuithecus punjabicus.

From its general character and breadth index it might well be
the left m, of Dryopithecus chinjiensis. 1t is a little smaller than
one would perhaps have expected, but the dimensions of m, of
Sivapithecus bear almost the same ratio to those of m, as is the
case here.

The second tooth is on the right side and is in an extremely
advanced stage of wear and beyond the fact that it agrees perfectly
in general structure with the last specimen, nothing more can be
said about it. It seems to have belonged to a larger individual
than the owner of D. 180.

DRYOPITHECUS GIGANTEUS n. sp.

Prare II. Frg. 8.

The isolated tooth (Ind. Mus. D. 175), figured in Pl II, fig. 8, was
obtained from a bed of cream-coloured, concretionary sandstone on the
northern edge of a hill, which is situated close to and north of the
small village of Alipur in the eastern part of the Salt Range area
on the south-eastern flanks of Diljabba ridge, on the meridian
73° 14" and is therefore 3 miles north of the map, which accom-
panied the author’s paper on the Correlation of the Siwaliks with
Mammal horizons of Europel.

It is very near the boundary between the Lower and Middle
Siwaliks, but as the typical red concretionary beds of the Chinji zone
are well exposed below the bed in which the tooth was found, and
as this bed does not differ materially from certain beds of the Middle
Siwaliks at Nagri, 10 miles east of Chinji, I have little hesitation in
assigning it to the Nagri horizon of the Middle Siwaliks2.

The specimen is merely the crown of a tooth, without any roots
attached thereto. Its dimensions are as follows: length 19-1 mm,

! Pilgrim 1. c. PL 27.
% Pilgrim 1. c. p. 267, 318.
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breadth 15-3, height 85, breadth index 80-1. It is, thus, much longer
than broad and contains the five typical cusps of the anthropoid
lower molar. It does not taper at all within the limits of the two
external or the two internal cusps and only very slightly on the
external side at the level of the mesoconid. It is thus almost a
rectangular tooth. The cusps descend steeply to the base of the
crown on the internal side and more gently on the external side.
Trom both sides the descent to the centrum is gradual.

Of the main cusps the metaconid is the largest and highest, the
protoconid and hypoconid are about equal in size and height, the
entoconid is a little smaller, and the mesoconid is the smallest of
all.  The general height of the cusps is slightly in excess of what
is probably the case in Dryopithecus punjabicus, but in defect of D.
chinfiensis.  There is no trace of a cingulum or of a cingular con-
nection between the outer cusps, the furrows between them as
between the other main cusps being deep and running right down
to the base of the crown.

In its general structure and the nature of the enamel foldings,
this tooth can be easily seen to correspond fairly exactly with the
species Dryopithecus punjabicus and, as far as I can judge, with the
other previously described species of that genus. The secondary
cusps, which Schlosser has described for D. rhenanus and Abel for
D. darwini, exist in this tooth as what may be described as a series
of small cusps or in the case of the hinder, between the mesoconid
and the entoconid, as a crenulated ridge. The appearance of this
tooth in side view is, in fact, almost identical with the correspond-
ing one in D. pumnjabicus, except that here four crenulations are
visible instead of three. This tooth is, no doubt, less affected by
wear than those of D. punjabicus, and its greater absolute size
also tends to make the wrinklings appear stronger than they other-
wise would ; still there seems no doubt that the folds and furrows,
though occupying precisely similar positions to what they do in D.
punjabicus, are both more numerous and more intense than in the
latter species.

The specimen must be the last right lower molar, both because
of its shape and the absence of any posterior facet of wear.

It is very considerably larger than any hitherto described species

of Dryopithecus, but it does not seem possible on that account to

separate it from them generically.
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Its low breadth index separates it from every other genus except
Neopithecus and Pliopithecus. The m, of the former is still more
elongai. 1 than in my specimen and differs besides by the much weaker
cusps and folds. The latter genus differs by the entire absence of
wrinkling and by the strong cingulum.

"M, in the Gorilla, besides being broader, has much higher, more
isolated cusps, much fewer wrinkles and generally a more simple
structure.

By its size alone it can be distinguished from all other species of
Dryopithecus. 1t seems to agree more nearly with D. fontani, by
its rectangular shape, its higher cusps and its crenulated internal edgé.
The mesoconid in m, of that species is, however, more in a line
with the protoconid and the hypoconid than in D. giganteus, and
there is a distinct cingulum in the main type of D. fontani.

From D. darwini my species differs by its absence of backward
taper, and of a cingulum as also by its more elongated shape, the
greater frequency of its main foldings and the greater inward dis-
placement of the mesoconid.

The breadth index would seem to approach more nearly that
which cobtains in D. rhenanus, but in that species m, tapers more
and the mesoconid is more inwardly displaced, while the folds appear
to be less numerous than in D. gigantews. The sub-triangular shape
of D. punjabicus, its greater breadth index, its lower cusps and
the cingular shelves are the most noteworthy points of difference
from D. giganteus.

D. chinjiensis differs by its greater breadth index, its higher
cusps and its altogether simpler structure.

PALAOSIMIA RUGOSIDENS n, gen. n, sp.

PLAT_E II. Fia. 9.

This genus and species is founded upon a last right upper molar
(Ind. Mus. D. 188), figured in Plate II, fig. 9, which was obtained
from the Chinji zone of the Lower Siwaliks in the neighbourhood of
Chinji, though its exact locality is unknown.

Its dimensions are as follows, length 10-8 mm, breadth 11-9, heicht
63, br?aqth index 110-1.  The tooth is broadest in its front port?on
and dn¥unishes fairly rapidly backward, both inner and outer sides
converging at approximately equal angles. The four main cusps of

‘the anthropoid upper molar can be easily distinguished, the largest
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being the protocone, the paracone falling considerably behind it in
point of size ; the metacone is somewhat smaller than the paracone,
while the hypocone is much reduced. The crown is but little
worn and the sculpture of the surface is perfectly preserved.

It will be most convenient to compare this tooth with the isolated
last upper molar (Ind. Mus. No. D. 186), which has been described
under the head of Dryopithecus punjabicus (p. 23), and I may at
once say that the question of referring these two teeth to the same
oenus has been strongly in my mind, and has caused me a consider-
zble amount of hesitation.

The two anterior transverse ridges, connecting the protocone and
the paracone, are present and end m a distinet cusp in advance of
the protocone. The front one of these ridges is slightly crenulated.
The paracone has five strong folds in addition, and each of these has

numerous crenulations across it. The protocone has an additional

four, the metacone seven, the hypocone two and all of these have
the same cross crenulations. The connecting ridge between the
metacone and the protocone is cleft by deep furrows, which separate
its median portion as a distinct central cusp even more markedly
than in the m3 of Dryopithecus punjabicus referred to above. Thls
also possesses folds both in front and behind. There are two cre-
nulated secondary cusps behind, between the hypocone and the
metacone. All the cusps are low, but, in spite of the numerous
secondary folds, the main boundaries between them can be distin-
guished better than in the Orang. The furrow between the proto-
2éone and the hypocone only just crosses the edge of 'the tooth, and
is no more pronounced than those hetween the two hinder secondary
cusps or the furrow separating them from the hypocone.

Thus it will be seen that the characteristic feature of the present
tooth is the number and intensity of the wrinkles on the enamel
surface. In this respect it can only be compared with the Orapg
among recent or fossil anthropoid genera. It seems to me quite
impossible that the m® (No. D. 186), refe?rred to above, could have
possessed so strong or so numerous wrinkles. The ge.neral struc-
ture of the two teeth is rather similar, but the same might be said
of the Orang, which in regard to the character and arrangement of
its folds is nearer to Dryopithecus than to any of the hvmg‘ genera.
Certain other differences, moreover, seem to support the view that
the two teeth belong to generically different animals, and tha.t the
present genus was derived from a hypothetical marginal species of
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Dryopithecus, perhaps somewhat nearer to D. darwini than to the
later species, and in any case with characters approximating more
nearly i those of the Orang.

These differences are as follows :—

3

(1) The breadth index of this tooth is very much greater than
that of No. D. 186.

(2) The protocone is much larger proportionately, while the

' metacone is not so reduced.

(3) Corresponding to the reduction of the metacone in D.
punjabicus, the outer edge of the tooth runs inward much
more obliquely than is the case in the present specimen.

(4) The cingular connection between the protocone and the hypo-
cone in D. punjubicus is wanting in the present specimen.

(6) The inner edge of this tooth forms a sharp rounded curve
extending from front to back, much as in the Orang.
This edge of the m® of Dryopithecus punjabicus is practically
straight.

PALZEOPITHE CUS SIVALENSIS, Lydekker

1879, Palwopithecus sivalensis Lydekker, Further notices of Siwalik Mammalia, Ree.
Geol. Sure. Ind., XII, p. 33.

1886. Troglodytes sivalensis Tiydekker, Tndian Tertiary and Post-Tertiary Vertebrata

Pal. Ind., ser. X, vol. IV, pt. 1, p. 2.
1897, Palwopithecus sivalensis Dubois, Ucber drei ausgestorbene Menschenaffen, Newee
Jahrb. f. Min. Geol. w. Pal. Stuttcart, vol. 1, p. S4.

The maxilla, on which the present species was founded, has heen
described both by Lydekker and Dubois. The latter writer ques-
tioned Lydekker’s later attribution of the species to the same genus
as the Chimpanzee and resuscitated his earlier generic name. 1 have
carefully examined the specimen and remeasured it, with the result
that I entirely agree with Dubois as to its claim to generic distinet-
ness. I may add that my measurements of the individual teeth have
been made for each tooth separately without regard to its relation
to the other teeth in the series: they are taken in the direction which
anyone would naturally adopt. supposing they iwere isolated teeth.
In this way they should be more accurately comparable with the
humerous anthropoid teeth which are found detached from their
mandible or maxilla. The measurements are tabulated, for comparison
with other genera, on page 68. 1 may also remark that all the teeth
are so much worn that it seems unfair to base any conclusions either on
the apparent lowness of the cusps or the absence of crenulation on
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the enamel. I should, on the contrary, conclude from the few traces
of sculpture still left on the left m® and by the general appearance
of the teeth that in both of these respects they do not differ at all

from Sivapithecus and early types of Man. The cusps are, therefore, -

higher than in most species of Dryopithecus, while the fol(%ing is
pr;)babl}' coarser than it is in that genus, though not so complicated.

The differences of Pal@opithecus from the Chimpanzee may be
summarized as follows:— '

(1) The palate is narrower than in the ‘Chimpa.nz.ee. .

(2) The molars and premolars are brgader m‘pmport_lon to their
Iéngth'; this breadth is especially noticeable in the front
portion of the series. .

(3) In spite of the breadth of m?, tl}e degeneracy, as esh{nated
by the disappearance or reduction of the hypocone, is less
than in the recent genus.

(4) In Paleopithecus both pm?! and pm?® are 3-rooted. In the
Chimpanzee pm? is never 3-rooted and pm® only occa-
sionally so. ' .

(5) The height of the cusps is probably greater than in the
Chimpanzee. .

(6) The crenulation of the enamel is probably much less than
in the Chimpanzee, although it is coarser,

(7) The incisors are smaller than in' the Chimpanzee.

(8) In pm?* of Palwopithecus- the ridges are probabl-y more con-
tinuous across the crown of the tooth than in the Chim-
panzee. '

(9) The canine is larger in Pal@opithecus. .

(10) In Pdalaopithecus the line of the teeth is not convex out-
wardly as in the Chimpanzee. -

(11) The two premolars lie inside the line of the othel: teeth,
and the configuration of the maxilla above them is more
like that in Man than the Chimpanzee.

From Man Palaopithecus differs in many respects of which some
of the most Important are the following :—
narrow palate.
g; ;I[“llxlg greatly ?nferior breadth ipdex of m? and m® due to the
degeneracy of these teeth in Man, '
(3) The greater reduction in length of the front portion of f.;he
molar-premolar series in Pal@opithecus.
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(4) In Man both the premolars are 2-rooted teeth.

(5) The premolars, though broad, are more complicated in Paleo-
sthecus than they are in Man.

(6) The much greater size of the canine in Paleopithecus.

(7) The more forward position of the incisors in Palcopithecus

’ and consequently the much slighter concavity of the front
portion of the palate.

Paleeopithecus is more nearly allied to Dryopithecus than to either
Man or the Chimpanzee. Its narrow palate and its small incisors
resemble very closely these parts in Dryopithecus.  Differences from
Dryopithecus may however be seen in the following particulars :—

(1) The greater breadth index of the molars and premolars:
more particularly marked in the front molar and the two
premolars,

(2) Probably the cusps in Palcopithecus are higher and the
folding of the ename! less complicated, though coarser,
than in most species of Dryopithecus.

() If the m® (Ind. Mus. No. D. 186) is correctly referred to
Dryopithecus  then Palaopithecus differs by the greater
breadth of the posterior portion of that tooth and by the
larger metacone. This tooth is in fact more degenerate
i Dryopithecus.

Paleeopithecus differs from both the Orang and the Gorilla by the
large breadth index of the front molar and the two premolars, while
the former of these senera can be distinguished by the number and
intensity of its enamel folds, and the latter by its high cusps sepa-
rated by deep furrows,

Differences from the Gibbon may be found in—

1) The greater breadth of the teeth.
2) The more complicated although broader premolars.
3) The absence of wrinkling from the teeth of the Gibbon,

(4) The cusps in Palwopithecus are probably higher than in the
Gibbon.

(3) The palate in Paleopithecus is much narrower.

(6) M in the Gibbon is more degenerate than the corresponding
tooth in Palwopithecus.

(
(
(

.The differences of Paleopithecus from Stvapithecus will be de.
talled under the head of the latter genus.

D
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An undoubted resemblance may be traced between Paleopithecus
and Pliopithecus. This has been noticed by Dubois* and is due to
the shortness of the premolars and the front molar in both genera, in
addition to the narrow palate and the small incisors. ‘

They differ by the absence of wrinkling in the enamel in Pliopi-
thecus, and by its strong cingulum, a very distinct trace of which can,
however, be detected in Paleopithecus.

By the great breadth index of m® Griphopithecus recalls Palco-
pithecus. 'That genus, however, may be distinguished by the simpler
structure and absence of wrinkling, without, however, any reduction

in the number or size of the cusps.

HOMINIDAE

SIVAPITHECUS INDICUS, Pilgrim

Prate I, Fes. 7-9. Prate II, ries. 1-3.

1910. Sivapithecus indicus, Pilgrim, Notices of new Mammalian genera and species
from the Tertiarics of India, Rec. Geol. Surv. Ind., XL, p. 63.

This genus and species were established on a last right lower
molar (Ind. Mus. D. 176), wrongly stated to have been found at
Alipur, and really picked up by a villager in the Chinji zone of the
Lower Siwaliks in the neighbourhood of Chinji. As this tooth
was. rather misleadingly and in any case very insnfficiently described,
I am taking as the type of the genus and species a right mandibular
ramus (Ind. Mus. D. 177) from the same locality, containing my, and
m,, pm,, and the broken crowns of m, and pm, with a part of the

alveolus of the canine.

Type mandible.

There is no doubt that the isolated last lower molar belongs to the
same species as this mandible, but in case of any question arising in the
future as to the characters of the genus it is to the mandible (Ind.
Mus. D. 177) that reference should be made. The matrix attached

to the specimen is a reddish sandstone similar to much that

* Dubois, 1. ¢, p. 97,
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oceurs in th.e Chinji zone, where the specimen was obtained by Sub-
Assistant Vinayak Rao. The base of the ramus is everywhere broken

| . v 2
and the actual symphysis is not shown any more than the in-

"cisors. The depth of the fragment below the crown of m, is 26-4 mm,

and below that of pm, 29-3. The thickness of the ramus is much greater

-than 19 mm. but is unknown on account of the absence of much of the

postero-external portion. At pm, it is about 15 mm. It is probable
that the broken margin of the mental foramen is visible at the broken
edge of the f}'agment immediately below the level of the posterior part
of pmy, but in any case this foramen is not situated higher than this
point, so that the- depth of the ramus in front is considerable
and was, probably, in excess of that of the hinder portion, judﬂirlr:'
by. the apparent narrowing of the sides of the ramus in Othz
neighbourhood of the broken lower margin. If this is true, then
the slllape of the mandible in this particular resembled t,hat of
Dryopithecus and Man. The actual loss of the lower marcin does
not, however, allow us to be certain as to the point. ”

1‘?lth0}1g¥1 most of the important portion at the front of the mandi-
ble is nussing, still enough is left to show certain most remarkable
features, which not only clearly differentiate it from any hitherto
Ifnow?l genus but provide us with what seems to be an important
link in the descent of Man from the lower Primates. Tirst it mav
be noticed that the jaw curves strongly outward from about tzhve
Ieve.l of .trhe first molar. The three molars are more or less in a
straight line but pm, stands markedly outside this line and pm stiil
more strongly so. To a very slight desree this outwardrcunﬁlfguro
of the premolar portion of the jaw is pﬁzsent in the Gorilla bl(lt in‘
no way comparable to that which occurs in the present 11;alldible
Strange t.o say, this unusual curvature in the one direction i";
accompanied by a curvature in the other, which is equally unusual
among the apes, though present in Man. At least, such a co;-
;htlon st be mfe.rred £r9m the position of the canine, internal
0 pm, instead o.f dlrfactly in advance of it. This internal displace-
gl‘er;t n(;f Ehe dczm,me 1s comparable only with what occurs, thouch
]iu greater egxefz,. in Man. Inthe apes the canine is in the same
bned as the molars an_d premolars : the ramus only besins to
bend_ rou.nd to the inside with the incisor portion so that the
endmg is far more abrupt than is the case in Man. It scems
probable tha_t such a constitution of the front part of‘tho 1"amus
must  have involved a more outward position of its hindc;r pm't:

D2
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so that the angle included by the two mandibular rami would be
larger and therefore the distance between them greater than in any

hitherto known genus of anthropoid ape, the structure in fact

approaching what we find in Man.

Possibly, though not necessarily, correlated with this structure
is another feature of the mandible of the Chinji genus. This is
the shortness of the mandibular symphysis. Although the sym-
physis cannot be actually seen, vet the portion of the ramus left
below pm, is sufficiently great to make it certain that if the sym-
physis had extended back as far as in the Orang, the Gorilla, the
Chimpanzee or even the Gibbon it would have been evident in our
specimen. The inward curvature of the base of the ramus does
not begin until a level midway between pm, and pm, whereas
in the living anthropoid apes it begins opposite to m, or even
behind it, although the curvature is more gradual in the case of
the Gibbon than in the others.

When such a condition coexists with a more inward position
of the canine, which implies a backward shifting of the entire incisor
portion of the jaw, it is evident that the conformation of the sym-
physis in the genus Sivapithecus must have more nearly resembled
that of man than of any other of the genera of anthropoids.

Fig. 1. Ideal restoration of the mandible of Sivapithecus indicus, in left side view:
about two-thirds natural size, .
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An ideal restoration of the mandible of Stvapithecus is shown in side
and surface view in figs. 1and 2. It should be clearly understood that
this 1s not L.iended to represent any specimen, but is merely an attempt
to embody the conclusions at which I have arrived after a study of the
actual Chinji fragment, considered in the additional light of the two
fragments obtained from Haritalyangar, which are described on pages
42 to 46. My conception of the jaw to which the type ramus may have
belonged can be conveyed more readily by a pictorial illustration of
this kind than by a verbal description. I have, however, no wish to
insist on the details of the restoration, which from the fact that the
specimens on which it is based do not all belong to the same individual
and probably not to the same species, could only by a coincidence be
absolutely cortrect.

Fig. 2. Ideal restoration of the mandible of Sivapithecus indicus, view from above ;

about two-thirds natural size
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The reconstruction of the angle and ascending ramus of the jaw
is imaginary, Their size and general structure are mainly based on those
of Heidelberg and Chapelle-aux-Saints ; indeed one would expect a
considerable extent of surface for the attachment of the powerful mas-
ticatory muscles which such an animal must have possessed.

In the case of Dryopithecus the symphysis is well known fo
have extended further back than even in the Orang. The symphysis
of Pliopithecus is equally well known to have extended as far back
as m,. Paleeopithecus from its palatal structure is most unlikely
to have had a short symphysis.

The symphysis in Eoanthropus, as is clearly shown in Smith
Woodward’s restoration of the Piltdown mandiblel must, certainly,
have been longer than in the Chinji specimen, as the actual symphy-
sis appears to have extended back to the level of the middle of pm,
while the inward curvature of the ramus began still further back.
The actual length of the symphysis in Eoanthropus would seem to
have exceeded that of the Gibbon, although the inward bending
of the ramus begins further back in the latter genus. This abrupt
passage of the ramus into the symphysis and the accompanying
absence of any sort of shelf internal to m, and pm, are features shared
alike by FEoanthropus and Sivapithecus and are, no doubt, to be
correlated with the greater breadth in the anterior portion of the
jaw. The latter character is evidently a later development as it
is certainly not primitive. Schlosser considers that the symphysis
in Propliopithecus probably only extended back as far as the canine.?
We may, however, gather that the jaw of Propliopithecus was
extremely narrow in front, as was the case with the better known
Pliopithecus from the middle Miocene, and therefore presented an
entirely different appearance from that of the mandible of Sivapi-
thecus.

We may now pass to the structure of the individual teeth.

Last lower molar—The dimensions of the isolated tooth (Ind.
Mus. D. 176), figured in Pl 1, fig. 7, are : length 14:-3 mm., breadth
13-4, height 7-3, breadth index 93-7. The dimensions of the m, in
the type mandible as calculated from the alveolus are length 14-5,

 Smith Woodward. Description of a Palmolithic human skull and mandib e, from
Piltdown, Bussex. Quart. Jour. Geol. Soc. Lond., vol. LXIX (1903), pp. 133138

2 Schlesscr, Beitriige zur Kenntniss der oligocinen Landsiugethiere ans dem F ayum
Agypten Beitr. z. Pal. «. Geol. Ust-Ung., Vol. XXIV (1911), p. 52.
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breadth 13-4, breadth index 92-4. These arc near enough to amount
to evidence in favour of the isolated tooth belonging to the same

* species as the n.andible, especially when both exhibit a hreadth which

15 found in the m, of no other anthropoid except Man and the
Gibbon. The roots in this tooth are not only long and large, but
they show no tendency to diverge: on the contrary their great
development seems to have led to a certain tendency towards fusion.
The surface, though not much worn by attrition, has been corroded in
the course of fossilization, so as to obscure the finer sculpture of its
surface. The tooth possesses the usual five cusps, of which the
hypoconid is the largest ; next to this in size comes the -metaconid ;
the protoconid and entoconid are about equal, and the smallest of the
five is the mesoconid. The broadest part of the tooth is opposite the
hypoconid, thence it narrows slightly in front and rapidly behind. The
mesoconid is very considerably displaced to the inside of the line
joining the protoconid and hypoconid, thus presenting an appearance
entirely different to that of the Gorilla, Orang, Dryopithecus, Pliopithe-
cus and Neopithecus. In Man and the Gibbon the mesoconid is fre-
quently wanting, and in the Chimpanzee is minute, but where, as in
some of the lower races of mankind, a 5th cusp is present, then the
general aspect of the tooth most resembles that of Man, except for
the larger actual dimensions, the main cusps and the furrows being
more pronounced than they are either in the Gibbon or the Chim-
panzee. Though the details of the tooth are obscure, it is evident
that there was a valley in the front of the tooth, just behind and
parallel to the anterior edge, and a small cavity behind, between
the mesoconid and the entoconid.

Second lower molar.—This tooth is almost a replica of m_, except
for its inferior length and its greater proportionate breadth. Its
dimensions are : length 13-0 mm., breadth 123, height 7-2, breadth
index 94-6. The breadth of the tooth is no’ greater at the hypoconid
than at the front of the tooth and the hypoconid is rather weaker
than in m_. On the internal half of the tooth the ornamentation is
fairly distinct, while on the external half the surface has been
corroded just as in m,.

Two parallel ridges unite the protoconid and the netaconid, as
is the case in Dryopithecus, but the cavity between them is by no
means so pronounced as it is in that genus. An additional fold
Is seen on the protoconid, behind these, running to the centrum,
while on the metaconid are some five short coarse folds: the
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entoconid has also a few short folds. There are no secondary cusps
and no cingulum.

First lower molar—This tooth has suffered more from attrition’
than the ones behind it, so that even though the entoconid and
the hinder portion of the metaconid have escaped corrosion, the
furrows vwhich once existed on them have been worn away. Its
dimensions are : length 115 mm., breadth 10-6, height 6-2, breadth
index 92-1. This tooth is thus both shorter and narrower than
m, or m,.

Last lower premolar.—The dimensions of this tooth are : length 85
mm., breadth 9-9 height 6:5. It has two divergent roots in which
respect it differs from the corresponding tooth of Man, which has
only a single root, and that of the Chimpanzee, where the two
roots are more or less fused. The outline of the tooth forms
roughly a parallelogram with a convex outer side. It consists of
an inner and an outer cusp, each with a ridge running backward
and forward. The cusps are united by three transverse ridges, of
which the foremost and the hindermost form respectively the front
and back edges of the tooth. The middle ridge is cleft by a
furrow. There is nearly twice the distance between the front ridge
and the second one as between the second and the third. The
hinder ridge also stands at a lower level than the others, the
antero-posterior ridges sloping down from the summit of the cusps
to meet it.

Alternating with the ridges are two cavities of which the fore-
most is smaller and shallower than the hinder one. The latter
is not only deeper but stands at a lower level than the rest of the
crown. A small fold runs into the front cavity from each of the
cusps. The hinder ridge and the cavity in front of it may be
known as a talon.

This tooth differs markedly by its greater breadth in proportion to
its length from the Gorilla, Orang, Gibbon, Dryopithecus and
Pliopithecus. Man does not differ from it so much as the other genera
mentioned, but the difference is still marked. The Chimpanzee
varies, but its pm, has often an extremely high breadth index.
The nearest resemblance in structure to pm, of Sivapithecus Is,
however, to be found in the corresponding tooth of the Gorilla.

1 The breadth of pmy has been measured at right angles to the axis of the jaw, which
at this point bends outward, away from the molar portion. If it were nieasured atb right
angles to the axis of the molars the breadth would be 104 mm,
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The higher breadth index distinguishes Sivapithecus, althoush the
recent genus seems subject to some variation in this ch;mcter.
The two inner angles of the tooth in Sivapithecus are less rounded
than in the Gorilla, and in the recent genus the talon is more
prerounced, therein approaching the Orang, Chimpanzee, Gibbon
Dryopithecus and  Plopithecus. The length of the talon and thé
qu}"espoxlding length of the tooth is evidently a primitive con-
dition, which is seen even more plainly in the catarrhine monlkevs
in which the talon consists of two distinet cusps. Sz'mpz'tleec:m,
therefore, shows a distinct approximation to Man. v

Front lower premolar—As this tooth is known only by its
alveolus, it is impossible to formn very exact conclusions as Eo its
structure. It was of considerable size and two-rooted, the hindermost
root being as broad as the posterior voot of pm, and equally com-
pressed antero-posteriorly. The foremost root is on the contrary
compressed transversely and is situated to the outside of the hinder
root to the extent of half the long diameter of the latter. The
antero-posterior diameter of the tooth as estimated by its roots was
approximately 12-6 mm. This tooth thus seems to agrec in shape
‘mth that of Dryopithecus and the Gorilla. The P, cpin the Ol‘alll)"
18 rather shorter, and the anterior root is situated further to t:h:z>
outside of the posterior root.

In the Chimpanzee this tooth is smaller in proportion to the
rest of t}le dentition, and the two roots have g tendency to fuse:
?;he an.temor root, however, lies less to the outside and its bréadtli
lnldex In this genus is, therefore, lower than in the others. In the
Gibbon the apterior root is only slightly displaced to th;a outside
of the? posterior one and pm, is therefore longer and narrower
than in any of the others. In Man, however, the breadth index
of pm; far exceeds that of any of these other genera and in hir;)
alone, moreover, it is one rooted and approximately rectangular

g’lze lower canine—This was evidently a large tooth, the z(jh'am;ater
;;f 1t§ alveolus !ﬂ)eir}g about 10 mm. There is no dia;tema between
tiozsd g)glgrec.tnd 1t lies wholly on the inside of that tooth ag men-

Since the preceding portion of this paper was written, in fact
fro/?:d}iltzixgpt:ll specimens When the whole of it had been already sent t(;

an Yﬂ“gﬂf-. press, two additional fragments of a Primate
gl.andxble were discovered amongst the material which Sub-Assistant
Vinayak Rao collected at Haritalyangar in Dbeds which proba;bly
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belong to the Nagri zone and are, therefore, slightly newer than
those of Chinji, whence the type mandible of Sivapithecus indicus

was derived.

There seems little doubt that thesc belong to the same genus
and possibly the same species as the Chinji types, but in that case
their owner must have been a slightly larger individual than the latter.
Tt is worth noting as evidence of the absence of bias that before
the existence of them was known to me I had provisionally referred
a lower m, obtained at Haritalyangar to the same species.

Although the recent discovery has hardly necessitated the altering
of a single word, vet its importance can not be overestimated,
as confirming the conclusions drawn from my examination of the type
mandible, and disposing of any objections, which might conceivably
have been raised to them on the score of the specimen being patho-

logical or deformed by pressure.

Symphysis.

The first of these additional specimens (Ind. Mus. D. 189) is
ortion of the left ramus of the mandible, containing the canine,

a p
and showing the

the roots of two incisors and of the front premolar,
front and back surfaces of the symphysis, being broken at the base
365 mm. below the base of the crown of the canine. The correct
orientation of the fragment in the horizontal plane is settled by
the position of the root of the front incisor, and in the vertical plane
by the base of the crown of the canine, apart from the analogy from
all other Primates in regard to the direction of the cusp of the canine
relative to the horizontal axis of the jaw. In considering the Chinji
ramus and the Haritalyangar symphysis as parts of the same mandible,
there is a limit to the amount of forward tilt, which can be allowed
to the canine in the latter, determined by the position of the canine
and the curve of the inner side of the ramus in the former of these
two fragments. In constructing the ideal restoration, figured on
pages 36 and 37, this limiting value has been chosen. We gather, there
fore, that not only was the backward slope of the hinder symphysial
surface very slight, with an entire absence of any shelf and passing
abruptly back laterally into the body of the jaw, but also that the
front surface of the symphysis was almost vertical for a considerable

5 ) .
ATRVT “ . 7 ;, N v
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filst.anc.e. At the very margin of the fragment, there is the slichtes

indication of a backward curvature. This front ,surface from th'S c t?St

to the front incisor is slightly concave both laterally and verti He' camme

angic between this latter portion and the side of the ramus (dej ol The

forms an obtuse angle, considerably removed from the vight a]nrlr;];niﬁ);éi:;
o

- we find in the anthropoid apes. The approach to a human conforma

tion 9f this part of the jaw may be realised when it is stated th
anterior root of pm,, the front half of the canine a;lde t e
Incisor are in a straight line, forming an angle of 01’11 r 20° 18"8(}30011(1
line joining corresponding points on the two ‘rami as a}(r ins e e
vature of thisline in the anthropoid : e o
e of thisline in the o p ‘ ap;?, with an approximate average
. me angle. There is i

in f'rc.mt, near the median line, acf)out 19 nmlls. selgfv?ltliisent fOTflmCll
position of the neck of the first incisor. Such a fora a'p'pmxm'latc
ally found in the Orang about halfway betweeil tl b ofls alventt aad
the base of the an 1e tooth alveoli and

) On the hinder face of the symphysis about 19-5 mm
'lz‘xslg 10f the crowns of the front teeth the surface curves.
: Ijgflt y towards the median line of the symphysis. In following tl
tal1ea:e Ve?tl(l:zzll){) f€0m above downwards, near the median liﬁe lt(j
takes a shght bend backwards at the sa i ;
1t evidently bends forward i e B Trom g this
. agam, as can be scen from the sur

gﬁ ttlllle ]{md.pres?rved nearer the basal margin but a Iittle toe t?llgfla sz
¢ median line. This would seem to jndi ( | :

. o ndicate the pres i
Z?g:li de%ree of a spina nientalis in this position, similarI zf)betllllc et H;
mod }r1n' 1 anl, but in any case a conformation of the hinder face oil? tlo
tiatpozsflj aftogethe:;I different not only from the apes but also f o
e famous Heidel i This i i i Lot
e elberg mandible. This is shown in fig, 1 d of

From the above it i i
15 evident that the ramj i

v . : . m1 must have divervec
mo})ar(;OHSJd?iably, Inas great a degree in fact as in Man. The Ill‘bteltar d
» the, ;jl shown by the type mandible, do not lie within tl;e l'“U
er teeth as they do in man. Consequently the distarizg

bet“'eell th on y 5‘
€ cor d ICS Hlust have ee ()ll.SId(}] i]l) ore
b S ¢! 1
. I cl‘ ater tha

below the
backward

The .
front po iiegxfhi of t;lhe symphysis and of the jaw, at all events in itg
ot e t,o Séhe Es,‘tvgr)lr greit In proportion both to the size of th:

A . nited length of the tooth series j
This o g oth series in the t .
positiélsl er}tlrily In accord with the inference drawn fron};pet}mmub.

of the mental foramen in the type ramus, with refer:l‘l3 IOtW
) nee to
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the base of the crowns. This is one of the characters of the mandible
of Krapina man, in which this dimension is much in excess of what
obtains in other palaolithic types. It is noticeable that® Krapina
man also agrees with Sivapithecus in regard to the distance between the
condyles, in which, however, it falls considerably short of the fossil
Indian genus.

The stoutness of the jaw, as measured by the ratio of the height
at the mental foramen to the thickness at the same point, is rather
less than the mandibles of Chapelle-aux-Saints and Heidelberg. The
former of these two measurements in the Haritalyangar species can
hardly be more than 39 mm. and the latter is about 19 mm., which
gives the ratio as 487 compared with 52'9 for the Heidelberg jaw, 50
for that of Krapina and 42 for that of a modern negro.!

Lower canine.—The lower canine is a conical tooth, having the fol-
lowing dimensions : height of crown 19-0 mm., length 13-9 mm., breadth
10-2 mm. It more nearly resembles the lower canine of the Gibbon
than that of any other anthropoid known to me; there is a very
distinet indication of a posterior cusp or heel, although the hinder
edge of the tooth is so deeply worn by contact with the upper canine
that it 1s impossible to say exactly how prominent this cusp was. The
external side of the root, however, exhibits clearly a hollow which is
continued up the crown, pointing to the former existence in some
ancestral type of a strongly developed hinder cusp on a separate root.

Such a heel is present in the Gorilla, the Orang and the Chimpan-
zee, but very much feebler than either in the present species or in the
Gibbon. In Man it is apparently absent, though even in this case
the basal bulge on the internal side of the crown may be a remnant
of an original cusp which has been displaced due to lateral shifting
of the tooth. A sort of triangular facet is present at the base of the
crown internally, the apex of which seems to be prolonged into a
narrow ridge running up the crown, although the fracture of the
internal upper quarter of the crown does not allow this feature
to be followed to the summit. Posteriorly, the upper margin of
this facet is continued as a faint cingulum backward and downward
to the hinder heel.

Incisors.—These, as shown by their roots, are elongate in a direc-
tion parallel to the axis of the jaw and very narrow laterally. The
distance from the internal margin of the canine to the median line

1 'These measuzements are taken from Boule, L’'Homme fossile de Ia Chapelle-anx-
Saints, dnnales de Paléontologie, vol. VII (1912), p. 82.
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measgre(_l through the incisors is 137 mm. The dimensions of the
first incisor are: length 6'6 mm., breadth 3-8 and of the second

] incisor : length 9'3 mm., breadth 4°7.

Front lower premolar.

The second of the two specimens from Haritalyangar (Ind. M
D. 190) is a left lower pm,, the correct orientation of \?’hich is 'clA uls'
proved by the existence of a facet on the inner hinder edge caiilsreil
by the contact of pm, and by the preservation of the outfar’ horti
of the alveolus of the same tooth, while on the antero-internal }mar:;n
can be seen a part of the alveolus of the canine. The roots, vwhe .
S0 pl.aced, correspond identically with those  of pm,; in th, t'en
mandible described on page 41, and also, as far as cim be jidrfelcjle
;\:;;;T!:Etgse of the same tooth in the Haritalyangar symphyosial'

_ Thus p.laced the tooth may be described as beina very broad
I proportion to its length, with a very convex outer silrfacg e
bacl.{ gradually, without any abrupt change in the contour ]_IZHSSIEE'
straight hinder wall. The inner wall of the tooth forms n ?
acute angle with the hinder wall and proceeds obli uely 3 'veg
the outside, where it forms ap equally abrupt aclllﬁlé W'zﬁ‘arhs
outer wall of the tooth, only in this case the angle Ois l "the
i?gi? fThus the actual front wall of the tooth is reducec{l t:ghet
dth ol a rarrow ridge. The main cusp is situated in the centr |
zﬁ:pto(ﬁfﬁl;;tz;;di;sts:;;riefte% b}; zlz sloping ridge to a faint secolzitliuf
_ , 1 10 15, while a second ridge runs from th i
directly forward to the front point of the toot] “its hin ot e
the former of these ridges falls abruptly i too l.h o e side
the raised posterior edoge of the ton)tﬁ Z;g E:)n O?OW bom}ded o
: ts anterior side
:ggaili)é":bf;lptlﬁr Into another much smaller hollow just internaISISo
vl e reslct ru'ns forward fr(?m the summit, A slight cingulum
- in{;m;&n ei;\f:ernally, but in any case it is obliterated in the
corner of the t;(?th }le:e s:;r?i%u? reaf ﬁ_“’eaf b i g tero-esternal
. ’ © '

with pm, in the Gorilla and the Orgng. nslt t(zi(;lg:arsls ffgllvlls t}f:;: praable

D by it .
(1) by its .muc.h greater transverse diameter and corresponding
diminution in length, 7

(2) by the bicuspid character of the transverse ridoe
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In respect of the second of these it agrees with the Gibbon and
with Man. In the former genus pm, is much more elongated antero-
posteriorly and is very narrow, while in the latter the breadth index

is even greater; further, the tooth is one-rooted, much smaller and °

more rectangular in shape, the crown is less elevated and the
internal cusp much more clearly defined, approximating in size to
the main one and separated from it by an almost continuous
antero-posterior valley.

From these two specimens it is possible to
deduce some information with regard to the
structure of the wupper jaw.

It is clear, that the wear on the hinder portion of the lower canine
and on the antero-external corner of pm, are both due to the attri-
tion of the upper canine, which would, therefore, show signs of wear
slightly to the inside and to the outside of its front margin, but poste-
riorly and on the greater portion of its internal side the wear would
be nil.

This point is of interest as affording an important distinction
from the apes, and will be referred to later in discussing the pos-
sibility of the maxilla of Palaeopithecus belonging to the same
genus as Sivapithecus.

The upper canine must have bitten slightly inside the lower
canine in order to produce this wear, at the same time it must
have been situated internally to pm, otherwise the upper and
lower teeth series would not be in the same line. Moreover, there
must have been a considerable amount- of lateral movement in the
lower jaw, to account for such intense wear in two teeth situated in
the position which the lower canine and “front premolar of Siva-
pithecus occupy.

Unlike Man, the canines interlocked, which was also the case in
Eoanthropus. In the latter genus, however, the fact that the upper
canine worked wholly on the internal side of the lower canine seems
to imply the absence of a diastema in the upper jaw between the
canine and the incisors, an inference, which Smith Woodward
has in fact drawn in his reconstruction of the upper jaw.! On the
other hand, it seems equally certain that Sivapithecus must have

had a diastema in the upper jaw.

Deductions as fo
upper dentition,

1 See, however, the remark on page 51 below, regarding the possibility that the
canine of Eoanthropus belongs to the upper dentition. This, if true, may necessitate some
revision of Dr. Smith Woodward’s view as to the absence of a diastema in the upper jaw.
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Lower molar,
A lower molar (Ind. Mus. No. D. 178), which may be referred

* to the present species, was also found in the samo beds at Hari-

f2lyongar,

‘Its dimensions are as follows : length 119 mm., breadth 109
height 59, breadth index 91-6. Tt Is in a very advz;nced stage of’
‘wear but shows the simplicity of structure, the inward dig )Iaceinent
of the mesoconid and the absence of a cingulum, which arle chara
teristic of Sivapithecus. Tts breadth index is nearer to that of Ehco;
]a.tter genus than to any other, and its dimensions agree (
with those of the m; in the just described mandible t?houw
have belonged to a slightly larger individual. ’ 7

fairly well
h it must

Upper molars.
1A ﬁnalq fragment from Haritalyangar contains the much worn
m! and m?  These, though obviously Primate, are, probably. generi-

;:alllly indeterminable.  Their dimensions in  millimetres are as
ollows (—

M! Length

Breadth Il‘gf ?
Breadth index . 108; E'?;
M?2 Length los
Breadth o
Breadth index Iiig

‘ The absolute size and breadth index of these teeth aoree well
Wl.th !:hose O.f the corresponding teeth in the type mancdible‘of
Su-ap'zz:.becus indicus. The crown pattern of both teeth is, however
50 entl.rely obliterated by wear and by dental decay t’hat it i;
impossible to‘ distinguish any similarity of structure to the IOWE‘;‘
molars of §zmp2'ﬂzecus. I should, indeed, be unwilline to den"
that they mlght belong to a species of Palaeopithecus sliihtl g bimre}r
!:han Pdlacopithecus stvalensis, although the breadth, in?le*c} ofm;ni
is much. greater than that of the corresponding tooth of Puir(;o vithee
stralensts, which militates against generic id;ntitv. o "

Upper canine.

The most recent specimen to be discovered, which

visionally referred to the genus may be pro-

Stvapithecus, is an upper canine,
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which I found amongst a collection of fossils from the Lower Siwa-
liks of Chinji. Though apparently Primate, it differs considerably
from that of any other genus so far known by the presence of a very
distinct cingulum at the postero-internal corner of the tooth. As'so-
ciated with this is a kind of longitudinal striation, producing a faint
crenulated edge to the cingulum, and thence running up a short
way in the direction of the summit of the tooth. The cingulum
ends in the prominent posterior ridge, which runs up to the summit.
There is also an anterior ridge, not so strongly marked. On the
inner side of the latter is the usual .deep groove seen in Primate
upper canines, caused by the abrasion of tl}e lower canine. The‘two
ridges divide the tooth in a vertical plane into two unequal por.tlons,
of which the outer is the smaller and has a surface only very slightly
convex, while the inner one is the larger and is very strongly convex.
The dimensions of this tooth are as {follows :—length 162 mm.,
breadth 106, height 19-4. The closest parallel to the structure
of this tooth is to be seen in the upper canine of the Ceb?'d(v. It also
is possible that something of the same kind i§ present in the upper
canine of Pliopithecus. The cingulum is possibly the remnant of a
primitive cusp on its way towards atrophy.

Considering this mandible as represent.ed by the f.ragments

Comparison with other from Chinji and Haritalyangar, which have
genera, been described, there can be no doubt as to
its claim to generic distinction. It remains to summarize its affinities
with and differences from other Primate genera.

First attention should be called to-the great excess of length
of m, over m,, the difference being, n fact, grex}ter than in any other
genus except Pliopithecus. Dryopithecus punjabicus does nob 'fall
so far behind it in this respect. It is very probable that this is a
primitive character. . . .

Although the living anthropoid apes agree WJt_h man in the
equality or excess of length of m, as compa‘red \Vlt}} m, yet they
differ from him in the relations of length which obtain between m,
and m, In Man m, is longer than m, whereas in the other genera
the reverse is the case. Swvapithecus also differs from man in this
respect. Considering the breadth index of the various molars,
whereas we find that in Dryopithecus this increases regularly from
m; to my, in Man and the living anthropoid apes the breadth index

of m, is greater than that of any of the other molars. Sevapithecus:

agrees Wlth the living genera in this.
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Other differences between Sivapithecus and Dryopithecus are
as follows:—

1. The greater breadth of the molars.

2. The simpler structure of the tooth crowns, the absence of
secondary cusps, smaller degree of folding and the greater
clevation of the main cusps.

. The greater displacement of the mesoconid to the inside.

. The short symphysis.

. The bending outward of the front of the mandible and the
consequently greater distance betwesn the rami.

- The inward position of the canine and the shifting back-
ward of the whole of the incisor portion of the jaw.

. The greater simplicity and larger breadth index of the Iast
premolar, pm..

8. The greater breadth of pmy in proportion to its length than is
the case in Dryopithecus, its bicuspid character, distinct
though slight in Sivapithecus, and the transverse position
of the ridge uniting the two cusps, as contrasted with the
obligue direction of the corresponding ridge in Dryo-
pithecus.

9. The more vertical front face of the symphysis and its more
abrupt passage into the lower margin of the mandible.

CU o=~ W2

(=2
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The points in which Sivapithecus differs from the Gorilla and the
Orang are the following :—

—

. The greater breadth of the molars.

. The greater inward displacement of the mesoconid.

. The short symphysis.

The inward position of the canine.

The outward bending of the premolm portion of the jaw.

The shorter premolars

The more vertical front face of the symphysis and its more
abrupt passage into the lower margin of the mandible.

.H';OOL\'.)
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From the Orang it differs in addition by the absence of the charac-
teristic rugosity.

From the Gorilla it differs by—

(1) the much lower cusps.

(2) the bicuspid character of pm, and the transverse dlrectlon
taken by the connecting nd(re
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From the Chimpanzee it differs by all the above except 1, and. in
addition by the higher cusps and the coarser nature of the folding
of the enamel. ' o

In certain respects Sivapithecus is nearer the Gibbon than it 1s
to any of the other living apes. The chief of the:se are the §hort
" symphysis, which is however shorter than in the Gibbon, the hinder
cusp in the lower canine, the bicuspid character ?f i, the inward
position of the mesoconid in the molars. . The &gmﬁcgnce of' the.se
special characters common to Sivapithecus and the Gibbon, is dis-
cussed on page Gl. o N

The differences between the Gibbon and Sivapithecus are striking
and may be summarized as follows :— o

1. The greater breadth of the front molars  in Su‘apztﬁecus.

‘ On account of the degeneration of m, in the Gibbon,

which has not occurred in Sivapithecus, that .tooth oftep
has a shorter breadth index than is the case in the fossil
genus. . '

The much greater length of the premolars in the ghbbon,

' and the greater height and distinctness of the internal
cusp in pm,. '

3. The extreme smoothness of the enamel in the .tee_th of t:,he
Gibbon. and the entire absence of the wrinkling which
is to be seen in those of Sizapithecus.

4. The outward bending of the premolar portyi.on of th?, jaw in
Sivapithecus. This may be correlated with the increased
breadth of the jaw. o

5. The symphysis is still further shortened in St.tapzt-hecus,
and the;e is an entire absence of the shelf, which in the
Gibbon lies internal to all the teeth in front of m,.

6. Thus the rami, instead of coming almost to a point as.they do
in the Gibbon, pass into a broad rounded margin.

7. The greater depth of the ramus and of the symphysis in
Sivapithecus.

&. The more vertical position of the front face of the symphysis
in Stvapithecus.

‘)

-

In all the respects in which Sivapithecus differs from the living
anthropoids, Dryopithecus and Pliopithecus, it either resembles Man
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.or makes a decided approach to the conditions which exist in the
latter.
In regard to the oubtward curvature of the premolar portion of

" the mandible, nothing of the kind is seen in Man, but it certainly

seems to e, as has been stated above, that the existence of such
a curvature must necessarily be correlated with a greater distance

“between the rami than exists in any other anthropoid genus than

Man. This opinion is confirmed by the examination of the symphysial
fragment from Haritalyangar. Agreement with man is shown by
the degree of elevation of the cusps, by the nature of the folding,
and in the comparative simplicity of structure.

The last two molars in Man, however, generally show a reduction
in the number of cusps. Further, the large canine with its poste-
rior heel, the longer pm,, in which the bicuspid character of the
transverse ridge is very much less pronounced, and the greater
complication of the premolars generally are not human characters.

The different shape of the mandible in Eoanthropus from that
of Siwapithecus has been mentioned above (page 38). We need
not necessarily assume that the restoration of the premolars and
of the upper portion of the jaw in advance of the molars is pre-
cisely as Smith Woodward has imagined it; it seems quite possible
that the premolars may have approximated more nearly in shape
and size to those of Sivapithecus. In this connection it may be
remarked that A. E. Anderson! considers that the canine tooth,
last discovered at Piltdown, belongs to the upper and mnot to the
lower dentition, as determined by Smith Woodward. If it be an
upper canine, then the peculiar condition of wear indicated that the
front lower premolar, which caused it, must have been elongate and
prominent, in fact much more like the pm, of the living apes and
of Sivapithecus. At the same time it seems certain that there was
no outward curvature of the ramus in the premolar region, and pro-
bable that the canine lay more in advance of pm, than is the
case in Sivapithecus. The two genera agree in the simple structure

of the molars. Their points of difference may be summarized as
follows :—

I. The longer symphysis of Eoanthropus.

2. The absence of the outward curvature of the premolar
region in  Eoanthropus.

1 dmerican Museum Journal, New York, Septemter 1914.

E2
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3. In Eoanthropus the canine is smaller and does not possess,
the posterior heel which is found in the canine of Siva-
pithecus.

4. In Eoanthropus the lower canine Is probably situated in -
advance of pm, instead of being internal to it as in
Stvapithecus.

5. The inferior depth of the ramus anteriorly in Eoanthropus.

6. The much narrower teeth in Hoanthropus.

7. The smaller premolars of Eoanthropus, possibly more marked

in the case of pm,!

8. The reduction in length of m; as compared with m, in Foan~
thropus. This has not taken place in Sivapithecus.

9. The internal wear of the lower canine' In Eoanthropus, a8
opposed to the posterior zome of wear in Steapithecus,
indicates the absence of a diastema in the former
genus between the upper canine and the incisors, in
the presence of which Sivapithecus probably agreed with
the apes.

10. Probably in Eoanthropus the front face of the symphysis
retreats more than in Sivapithecus.

In considering the propriety of referring this mandible to the

enus Palaeopithecus, we labour under the disadvantage of knowing
Since, however,

g

only the maxilla and upper teeth of the latter genus.
T am disposed to believe that the height of the cusps and the amount
and character of the wrinkling did not materially differ in these
two gencra, and since in Palacopithecus we find an exceptionally
high breadth index for the upper molars just as we do in Sivapithecus
for the lower ones, it will be as well to mention in detail certain
features in the mandible of Sivapithecus, which seem incompatible
with such a maxilla as Palacopithecus possessed.

1. The outward curvature of the premolar portion of the mandible
in Sivapithecus could not have been associated with such a maxilla
as that of Palacopithecus, as in that case the upper canine would
have been opposed to or internal to pm,, instead of biting -outside

it.
9. This outward displacement of the premolars in Stvapi-
thecus, umted with the inward position of the canine, must inevit-

1 See, however, the above suggestion that this tooth is the upper canive of Eoan-
thropus.
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ably. havelaccompanied a backward divergence of the mandibular
rami, resulting ‘2 a breadth of jaw, which i ite 1

¢ > which is quite incompati
with the narrow palate of Palwopithecus. ! patible

3. ATl}e Inward position of the canine argues a backward shifti
of the incisors, so that even supposing the richt and left -
tooth series to be parallel as they are in Palchpiﬂzecusl the uPPTI'
between the upper molar series and the incisor serics \\'oﬁld moro
nearly approach a right angle than is the case in PaZasopz't]zecuts'more

o 4. I;Fhe’ reductlon., Wl%lch has tak.en place in the front portion of
e cheek teeth series in the maxilla of Palaopithecus, 'is unlikely
to have. OCClll'I“ed in the maxilla of Sivapithecus judﬁﬂinrr by \tely
extraordinary dimensions of pm, in the mandible of’the Iaott:;r ﬂezlus .
genus.

O .
fronul. i'{shea st;llsxderable' §horteni1?g‘ of the symphysis in Sivapithecus
. assu ed primitive condition, and the widenine of the jaw
in the direction followed so markedly in the Homz'n?dw : bll{)’f
must be ‘correlated with a palate more concave anterimil 'piﬁ n b
the case in that of Palwopithecus. Yo

t} G.I 0}1 page 46, from the observation of the zones of wear on
Sildeere(slw.:r camneﬁand the front premolar from Haritalyangar, con
In connection with the position of t i ith refe .
o fon ion 1e canine with reference
miﬁﬁ?sb :n;i\ptehet (llnc_lsorsl,l I have predicated certain features which
g xpected 1 the maxilla and especially i
he - ‘ y i the u
s}zlx(l)une, P{flwppzlizecus does not fulfil these, since its upper caﬁ?sz
WS a distinet zone of wear iorly,
- ar posteriorly, such as would be -
;Iu;eo(i_tp} a pmy situated immediately behind the lower c'mll?rrlz
won quite at variance with that ‘ ,
: ! hat of ¢ T i
i the mandible of Sicapithecus. the coresponding tecth
: .
brofa[:;’om 1Plzopztlzecus thfa present genus is distinguished by its
oo Cinin(; ars, by the wrinkling of the enamel, by the absence of
pe ¢ cau 311;), vby the greater length of the premolars, by the larcer
a(rreed, w;lt ! ii ?;heﬂslhoxlr)t slymphysis, It is probable that Sivapz't]ze;us
g .. In the backward divergence of th i i
pa . avergence ot the mandibular rami. -
featuri:(;pzi\lfle.czi dl.ﬁe'rs f'I'OHl .Proplzopzﬂzecus In respect of most of the
o Shor)éc ' dlStnlgulS}} 1t from Pliopithecus, with the exception
o o broaders;;;:ph;s1s, The m.olars of Propliopithecus are, however
brendtl e é\an ;hos}? of Pliopithecus, and in the case of m, the’
, X excee i ‘
ds that of the corresponding tooth of Sivapithecus

1 Such a suppositi i
18 b position, unlikely enough before, i i
covery of the symphysial fragment ftom%inritﬁiizril:ﬁfD (“In((lleﬁ\rll:ltsc 151') llifg'g;lvcd by tho dis.
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The breadth index of the premolars is less, while pm; is a much
smaller tooth proportionately to the size of the jaw than in Siva-
pithecus, the canine is much smaller, m; shows a reduction in length,
and the front of the jaw was probably much narrower.

As Pithecanthropus is not known by any portion of the mandible
or by lower teeth, no comparison is possible with the Miocene genus.
The great degeneracy of the last upper molar and the considerable
amount of wrinkling of the enamel, militate against generic identity.

EVOLUTION OF THE ANTHROPOIDEA.
It may not be out of place to discuss the bearing of these new

discoveries on the question of the evolution of the Anthropoidea
and the relation of Man to the Simian stock.

The remarkable characters possessed by the mandible of Siva-
pithecus, which, as we have seen, ally it in many respects rather to Man
than to any of the Simiide, lead us at once to enquire whether
the evidence is strong enough to place Sivapithecus on the direct
line to the Hominide.

From the material previously at our disposal it might, I think,
be justly concluded that the long and deep symphysis, which is pre-
sent in all recent apes except the Gibbon and also in Dryopithecus
and Pliopithecus, is a later development from a primitive short and
shallow symphysis, such as we find in the lemuroids and many other
mammalia and also in the immature mandibles of forms which
in the adult stage have long symphyses, implying a descent from
ancestors with a short symphysis. The primitively short symphysis
is seen in the earliest known member of the Anthropoidea, Proplio-
pithecus from the lower Oligocene of the Egyptian Fayum. The
extreme shortening of the symphysis seen in Man is as obviously a
special development. We may thus conclude with certainty that
Steapithecus should take its position somewhere on the main line,
from which diverged the cluster of genera which developed a long
and deep symphysis, of which Dryopithecus is the earliest and perhaps
the most typical so far as concerns this particular feature. We
have, however, to decide whether the place of Sivapithecus on this
main line should be before or after this divergence. From the
combined evidence of the two mandibular fragments, from Chinji and
from Haritalyangar, we may safely conclude that Sivapithecus has
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left the primitive condition and has begun that excessive shortening
of the symphysis which is characteristic of Man. This opinion
seems to find s.pport in the co-existence of other characters in
Sivapithecus, which are not found in the Dryopithecus to Gorilla line,
but which I shall try and show approximate to certain human
features.

The outward curvature of the prémolar region of the mandible
is certainly peculiar to Sivapithecus, but, in my opinion, it involves
the co-existence of a breadth of jaw and a degree of separation of
the mandibular rami which is essentially peculiar to Man. I would
suggest that the outward curvature of the premolar portion of the
mandible with its accompanying backward shifting of the incisor
region was the first attempt to widen the juw, that the gradual
moving outward of the premolar region was succeeded by a correspond-
ing outward movement of the molar region. We, no doubt, have
in the present species of Sivapithecus a degree of premolar displace-
ment which no ancestor of Man could have possessed, since a dis-
placement of the molars sufficient to bring them into line with the
premolars would result in a breadth of jaw far greater than is found
in Man. But it may well be that Man has descended from a marginal
species of Sivapithecus, in which this premolar displacement was
less intense. Once begun, as seems to be the case in many other
nstances, such an adaptation sometimes tends to become exaggerated,
but there is no reason to suppose that it became equally exaggerated
in every other species of Sivapithecus.

With equal or greater justice it might be contended that the
short bicuspid pm, of Man could not have been evolved out of the
pm, of Sivapithecus, where the internal cusp is no more than a slight
prominence on a transverse ridge sloping downward internally
from the summit. If, however, we are willing to admit that the
bicuspid character of pm, is a later development from a primitively
unicuspid tooth, there should be nothing discordant in the fact that
a sarmatian ancestor of Man does not show the bicuspid structure
as plainly as his more modern descendants. Indeed, if both
the cusps in the pm, of Sivapithecus were rather lower and the
inner one were a little farther removed from the main one, it would
be little different in essential features from that of Man. A species
possessing such a pm, might easily be included in the genus Siva-
pithecus, and then an inward movement of the external face of the
tooth and especially of the antero-external angle, accompanied by
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g general diminution in size of the whole tooth and atrophy of the
anterior root would lead to a type identical with that of modern
Man.

Amongst the teeth of Krapina man, figured by Gorjanovic-Kram-
berger!, is a pm; which shows a very decided approach to the hypo-
thetical condition described above. That specimen is triangular in
shape, is strongly developed on the externalside, and the inner and
outer cusps are connected by a ridge, which is not only prominent
but also oblique. '

That the front premolar in the Primates was originally unicuspid,
may be conjectured from the fact that the modern representatives
of the more primitive family of the Cercopithecide all possess a
single cusp to pm,. The same is the case in the Lemurs. Further,
none of the fossil types show any trace of a second cusp, if we except
the vestigial one which Schlosser records in Propliopithecus. The
latter genus shows evidence in other ways of being on a line which
developed precociously in the directions followed by other lines
in much more recent times. The Xocene Primates exhibit a very
distinet heel in the premolars, but no trace of a cusp internal to the
main one. Such an inner cusp is a well marked and fairly constant
feature in the Gibbons, but we have no reason to suppose that 1t
dates back from any more remote period than the Pliocene. Slight
traces of this second cusp in pm, are occasionally met with in
the Gorilla, Orang and Chimpanzee.

The Cebide, it is true, have this inner cusp i pmg, but in many
respects they are an extraordinarily advanced family. Moreover,
it must be remembered that in this family there are three lower pre-
molars, and this fact' may, for physiological reasons, have led to the
carly molarization of pms.

On the whole, then, it seems that we may consider it possible
that the human ancestor might have belonged to the same genus as
the mandible of Sivapithecus indicus. We must of course be prepared
for such a hypothetical Mioeene human ancestor, when found, proving
to be in the process of evolving a broad jaw by a rather different
way, or to be too near Man to make it possible to include it in the
genus Sivapithecus. In this case Sivapithecus would not be on the
main line of man’s ascent but would represent a special adaptation.
For the present, however, I prefer to consider the human ancestor

1 Gorjanovic-Kramberger, Der diluviale Menseh von Krapina, Mitt. d. Anthr. Gesells
Wien., vol. XXXI, p. 190, PL III, fig. 3.

) 'v . . . ,
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as a marginal species of Sivapithecus. This is represented in the
accompanying table in Plate 4 by the line to Man passing through
the end of the name Sivapithecus and not' through the middle of it.
The characters by which Sivapithecus differs from Man and
resembles the apes or Dryopithecus do not militate in the least acainst
such a view, since these are obviously primitive charac’cers,C and
there is absolute proof that many of them were but lately acquired
by the human stock. Such characters are the large canine, which
has been shown to occur even in a genus possessing skull characters
50 nearly resembling those of Man as Foanthropus. Certain of the
prnnit.ive Australian races have a slightly larger canine than is the
case 1 normal mankind. The same is true of the Palwolithic
species, Homo mneanderthalensis. Moreover the milk canines of modern
Man exhibit amongst the various featires, which distincuish them
from the permanent canines and which have been detailed by
Sx_nith Woodward,! that of slightly superior size. The question of the
hinder cusp of the lower canine, by which Stvapithecus agrees with the
apes and especially with the Gibbon and differs from 3Man is discussed
on page 59. It seems likely that this is also a primitive character
a‘nd that its gradual atrophy has taken place on more than oné
Iime. The chin, which is such a striking feature in the jaw of
modern  Man, is wanting in some of the more ancient Palaolithic
types; hence the fact that Sivapithecrs does not possess it proves
;)nly t.hat Ithath genus is in an early stage of development. The
ncreasing length of the ‘ e o award 1 j
is foundoin m?my of thta folgsfﬁa;iozzsz?z;(‘lz’ Czn(;)ac;(l)\(:;ulnit 5 ﬂ'le Yoy
! . @, . prove any
near affinity of Sivapithecus to Dryopithecus. The recent apes
h?ve proceeded along the same lines as regards this reduction in size
qugigb;clcia Sl(r:oiz;rs.l at’zcl‘hseizlslse of Ythe mesqconid in.the human g is
| generacy found in the Gibbon and Chim-
panzee as well as Man. In Man however this degeneracy has
lll'VOIVed m, as well as my The large breadth index of the Siva-
pithecus molars as well as its diminution going from m, to m; may
however, be talen as evidence that Sivapithecus has reached a furtll:e;
lsltearizee Zia(ie\éilgpflgflnl’cer tjlanﬂ the primitive Dr).'opiFhecoid ancestor,
aftor the diveres, el foenub tstands on the main line to Man long
g of Dryopithecus had taken place.
Stress may also be laid on the resemblance between the molars

1 Smith Woodward, &
1 )Gward, Supplementary note on the diseove f 2 ithi
skull ‘ U y dwiseovery of a paleolithic hums
kull and mandible at Piltdown, Quart. Jour. Geol. Soc. Lond., Vul. LIEX (1)914), P'H;)r}l‘"m
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of Sivapithecus and my of Man, which has not degenerated like the
two hinder molars. The position of the mesoconid, the general sim-
plicity of structure, the higher cusps, and the coarseness of the
folding scem to approximate to similar features in the human stock.
The reduction of pmy also recalls what has occurred though to a
greater degree in Man. The large pmy would scem to be a primitive
character, judging from the similarly large pm, in the Cercopithecide
and the Lemuroids, and by the reduction of the same tooth in the
Chimpanzee and the Orang.

A comparison of the m‘mdlbles of Szvapztbecus and Eoanthropus
seems Inevitably to suggest that the latter genus is farther removed
than the former from the direct line of human ancestry. The
longer symphysis, in which there is certainly no trace of any shorten-
ing comparable with that which has taken place in Man, the narrower
teeth and the position of the canine, entirely in advance of the
premolar series, seem to be primitive characters, which have been
retained by the Pleistocene genus Foanthropus, though lost in the
Middle Miocene Sivapithecus. The human characters of the skull of
the former are sufficient reason for assigning it a place on the
line of the Hominide. 1t necessarily follows that the two lines of
Eoanthropus and Sivapithecus diverged long before the appearance
of the latter genus.

"The reduction of pm,, m, and possibly of the canine are features
of an advanced stage of evolution in the Anthropoidea, such as
might be expected in any Pleistocene anthropoid genus quite
independently of its particular line of descent.

Before finally deciding the respective claims of these two genera
for a position on the direct line to Man, we must investigate the
structure of the lower canine, which may tell altogether against the
conclusion to which I have so far been leading.

As has been described, the lower canine of Sivapithecus seems
by the possession of a hinder heel to be more like that of the Gibbon
than that of any other of the anthropoids. This prolongation,
however, occurs though less strongly in the Orang, the Gorilla and
the Chimpanzee. Dr. Smith Woodward seems to imply, though he
does not actually state it, that he infers from the fact that the milk
canine in the apes does not show this hinder heel so markedly as the
permanent canine that the heel is a later development in the race
and that primitively the Primates were without it2 I hope I have

1 Smith Woodward, L c., p. 91.
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not misunderstood him, but in any case if this were so, then, obviously’
Sivapithecus could not have been ancestral to Man, since it would

* possess A character more advanced than in the latter. I think,

however, that Dr. Smith Woodward would be the first to admit that
undue stress must not he laid on the milk dentition as evidence of
phylogenetic development and more especially on canines. On
the other hand such a heel is found in the primitive Cercopithecida
and Cebide. In Pliopithecus it actually takes the form of a basal cusp.
Such a structure would be perfectly explainable if we accept the
theory! that the canine was originally a premolar which has taken
on the functions of the former. The heel would then be the remnant
of the hinder cusp which is present in the premolars of Primates both
primitive as well as advanced, this remnant being largest in the
Gibbon, tending to disappear in Gorilla, Orang and Chimpanzee and
having entirely vanished in Man. I think therefore that such a
canine is what might be expected in a Miocene ancestor of Man.
The obvious conclusion to be drawn from the facts is that
Eoanthropus represents a collateral stem which did not lead to Man as
we know him from any of the recent and most of the fossil types,
being, so to speak, only one of Nature’s experiments at producing
the higher human type. An exception, possibly the only one, to this
is seen in the mandible found in the Mauer sands, near Heidelberg,
and described by Otto Schoetensack.? The symphysis and general
structure of this famous relic remind us more of Koanthropus than any
other human mandible so far known. Boule suggested, indeed, that
the two are specifically inseparable.® It has not been suggested, so
far as I know, that the Heidelberg jaw should be ascribed to any
other genus than Homo, but it is believed by many scientists that
the species of Homo, which it represents, has no connection with
modern Man. If my ideas as to the evolution of the anthropoid
symphysis are sound, then we seem justified in going farther than
this, and placing Eoanthropus on the line which led, possibly by
degeneration according to Smith Woodward’s view,* to Neand-
erthal Man, and Sevapithecus on that which led to modern Man.

! Compare M. Schlosser, Beitrige zur Kenntniss der oligocinen Landsiugethiore
aus dem Fayum: Agypton Beifr. z. Pal. u. Geol. Gst-Uny., Vol. XXIV (1 011) p. 52,
and see page 64 below.

20. Schectensack, Der unterkiefor des Homo Heidelbergensis aus den Sanden von
M"m(r bei Heidolberge. Leipzig, 1908.

3 M. Boule, L’Homme fossile de la Chapelle-aux-Saints, Annales de Paléontologic
vol. VIII (1913), p. 246.
¢ Smith W oodwa.rd L c, p. 139.
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After all, when once we have admitted the polyphyletic origin of
Man, this hypothesis only places the separation of the two or more
branches of humanity rather farther back in the geological record.

A possible alternative to this theory is that Eoanthropus stands on
the direct line to Man and that the shortening of the symphysis, the
increase in width of the jaw, the backward shifting of the canine and
incisors, and the broadening of the molars all have taken place
since the beginning of the Pleistocene, while Sivapithecus is an
instance of precociously developed human characters in a Miocene
genus, which, nevertheless, evolved no further and did not proceed as

far as Man. “
On the whole the former of these two views seems preferable,

since the period which has elapsed since the Middle Miocene seems
ample for some marginal species of Sivapithecus to have undergone
considerable reduction in regard to its canine, pm,; and my, - while,
on the contrary, the long symphysis and narrow teeth of the Pleis-
tocene FEoanthropus seem as if they could hardly have given rise
to Pleistocene forms of Homo sapiens, or even of modern Man, in

the required time.
There is indeed a third alternative that the human ancestor was
on a third line, distinct from that of either Eoanthropus or Sivapi-
~ thecus. This, though far from improbable, need not at present be
considered as it entirely enters the region of guess work.
Accordingly it is the first of these views which I have tried to
express diagrammatically in the table of descent forming Plate 4.
The short symphysis of the Gibbon is perhaps closer than that
The Gibbon, of any other ‘of the living anthropoid apes to
what I conceive to be the ancestral form, before
its shortening in the Sivapithecus line or its lengthening in the
Dryopithecus line had commenced. The symphysis has, undoubtedly,
deepened considerably, and its front edge has become more vertical.
It is even conceivable that it may have shortened, but in any
case much of its primitive appearance has been retained. When to
this we add the narrow palate and mandible, the simple, generally
narrow teeth, showing neither cingulum nor crenulation, the clongate
crown of pm,, the strong hinder cusp in the lower canine, not to
mention other characters which are not so much in question in the
present paper, I see no other probable theory than that the Gibbon is
the somewhat advanced representative of an ancient type more
nearly allied than the other living apes to the original lemuroid
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stem, from which the Sivapithecus—>Man and Dryopithecus lines
diverged. It seems to me likely that these similar characters in the
Gibbon and Sivapithecus, which we have good reason to believe are
primitive, puss.3 an important significance and indicate a closer
connection to one another and to the original anthropoid stock for
these two genera than is the case with the other living apes and
Dryopithecus. Possibly also at an earlier date both the Cebidew and
Uercopithecide separated from the same primitive stock.

In deciding as to the position which Pithecanthropus erectis,
. Dubois, from Trinil in Java, is to occupy in
Pithecanthropus, . .

our genealogical scheme, we are met with nu-
merous difficulties, arising not only from the meagre nature of the
material, but also from the doubt whether all of it should be referred
to the same species. Assuming that the human features presented
by the femur and the skull cap, as well as to a smaller extent by the
fragmentary teeth, entitle this genus to rank as one of the Hominide,
it seems to me that we should be quite prepared to find also features
which it shares In common with the Gibbon ; these latter features it
might owe partially to retention from a primitive gibbonoid ancestor,
partially to development along the same lines as the Gibbons; both
of these suppositions are rendered easier, if the belief, which seems
to the author so plausible, is accepted, that the human and Gibbon
lines are more closely connected than those of other anthropoids.
The gibbon-like affinities of Pithecanthropus were originally noticed
by Dubois, and have later been discussed by other scientists, espe-
cially amongst the Germans. More recently Boule has seen in them
a strong argument for removing Pithecanthropus from the Howinide
and placing it on a special side branch of the Hylobatide. The
human characters of the Javan specimens he would then attribute
to convergence. Although I am not prepared to deny this hypo-
thesis, yet In view of the explanation offered above, it seems to me
not only unnecessary, but improbable, when one takes into account
the dimensions of the Javan remains, which greatly exceed those
of the Gibbons, as well as the entire absence of evidence that many of-
the human characters of the teeth and of the calvarium cver deve-
loped on any other anthropoid line than that of Man. I am, therefore,
inclined to consider Pithecanthropus as an early offshoot from some

species of Sivapithecus.

1 3L Boule, 1.c., p. 263.
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Dubois has treated in detail the question of the affinities of

Pliopithecus and pro. Pliopithecus and has advanced cogent reasons

pliopithecus, for not accepting the general view that it is

ancestral to the Gibbon!. I am in complete agreement with his con-
clusions. The differences between Pliopithecus and the Gibbon may
be summarized as follows :(—

1. The greater proportionate breadth of the teeth in the front
of the jaw in Pliopithecus, particularly marked in the
case of pm,, but noticeable in all the premolars, upper
as well as lower, and in the first molar above and
below. -

2. The much longer symphysis in Pliopithecus.

3. The greater divergence of the mandibular rami.

4. The unicuspid character of pm, in Pliopithecus, in contrast
to the two cusps which this tooth possesses in the Gibbon.

5. The narrowness of the jaw in front, as shown by the much

smaller united breadth of the incisors than in the

Gibbon.
6. The much smaller height of the canines in the fossil genus.

7. Whereas i the Gibbon the depth of jaw increases from
behind forward, in Pliopithecus the depth is uniform.

8. The greater elongation of m, in the Gibbon, and the more
complicated talon of the same tooth.

9. The greater length of m,; as compared with m, in the

Gibbon. ‘ '
10. The presence of a strong cingulum in the fossil genus whicl

" is absent in the Gibbon.

Of these 4 to 10, though, in my opinion, sufficient to justify
generic separation, are not incompatible with the supposition, which
appears to be generally held, that Pliopithecus represents an ancestral
type from which the Gibbon directly descended, since we either
may be certain or have strong reason to suppose that they are primi-
tive characters: 10 may be primitive, but in any case we are not
justified in regarding it as essential. On the other hand it seems
impossible to suppose that a genus possessing characters 1 to 3
could have been on the direct line of ancestry of the Gibbon.

With regard to 1, most of the primitive Primate types, except the

1 Dubois, Ueber drei ausgestorbent Menschenaffen.
Pdl., vol. 1. (1897), p. 97.
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" Cedidm, possess long premolars, while in the modern anthropoids the
length of these teeth is very decidedly less. Moreover such facts as

" are at our disposal regarding the course of development of the anthro-

poids, showr Jor example in the genera which fairly obviously may
claim descent from Dryopithecus and in the prehuman genera
Eoanthropus and Sivapithecus, lead us to imagine that the tendency
has been for the breadth index of the premolars to increase rather
than to diminish.

With regard to 2, nothing points otherwise than to the conclusion

that such a symphysis as that possessed by Pliopithecus is a later
development, seen in no single case amongst primitive Primate types.

Additional evidence in favour of the view here advocated is
afforded by the Oligocene genus Propliopithecus from the Egyptian
Fayum. Schlosser has expressed the opinion that this genus is so
nearly allied to Pliopithecus that it can be regarded as its direct an~
cestor.! There seems to be hardly anything against this. It is, at all
events, separated by so great a time interval from Pliopithecus that
even if it be not its direct ancestor we may yet gather from it the
direction of evolution followed in the Pliopithecus line. Accordingly
we may note the short symphysis and the lesser divergence of the
rami of Propliopithecus as supplying evidence in favour of the view

set forth above.

The extremely large breadth index of all the teeth, but especially
of the front premolars, is apparently opposed to it. Equally so,
however, would the fact that mj is shorter than m,. There can,
however, be no doubt that the latter character is typical of an
advanced stage of evolution. Consequently, I am of opinion that
the large breadth index in the dentition of Propliopithecus is also
a precocious development, and points to Propliopithecus being an
early offshoot from the main Pliopithecus line, in which certain

features, generally characteristic of a much later stage, have pre-

It may be observed that features of a precisely

maturely arisen.
of

similar advanced type occur in the otherwise primitive family
the Cebidre.

The question of the canines in this branch merits consideration.
Are the small canines In Propliopithecus an instance of precocious
reduction, similar to what has occurred at an extremely recent
period in the case of the Hominide, or were the canines of the

1 Schlosser, 1. ¢., p. 54.
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Anthropoidea primitively small 2 The answer to this can only be’
hazarded as a guess. One is, however, inclined to presume that the
reduction of the canines in Man is too recent to be regarded as other
than a physiological adaptation, associated with his upward progress
towards civilization and possibly adoption of tools. Further the
milk ecanine in the anthropoid apes tends to be smaller than the
permanent canine, just the reverse of the condition observed
in the milk canine of Man, which is larger than the permanent
canine, suggesting that what occurs in the history of the individual,
has also occurred in the history of the race; in cach case it is the
characters of its more recent ancestors which are reproduced in the
milk dentition. Schlogser' has sugoested that in the Primates gener-
ally the canine may have originated as a front premolar which
oradually assumed a caniniform shape, the original canine coming
to function as an incisor. This transformation is generally believed
to have taken place in the Lemurvoidea, and such a hypothesis
for the Simiide would explain the small size of the canines in Pro-
pliopithecus. Even in Pliopithecus, which 1s the next oldest of the
Anthropoidea to Propliopithecus, the canines are relatively small,
but for the most part the various anthropoid lines must by that
time have acquired canines of the mnormal type, assuming that
oricinally they had small ones. Subsequently in the Hominidw
alone a recent reduction has occurred.

On this series of facts and deductions therefrom rests my con-
clusion that Pliopithecus cannot be on the main line of ascent to
the Gibbon, but must have branched off at a comparatively early
date, rapidly specializing on certain lines of its own and on other
lines which were to be followed at a much later period by other
groups of the anthropoid apes and Man.

The long symphysis, the outward position of the mesoconid
and the more complex mg equally prohibit us from placing it on
the Stvapithecus line and make it clear that it musi, at all events,
have started on the line of development followed more completely
by Dryopithecus. On the other hand, the increase of the distance
between the hinder portions of the two mandibular rami, the entire
absence of wrinkling of the enamel and above all the reduction in
length of the front portion of the ramus, including the front molar
as well as the two premolars—a reduetion which in a lower Miocene

L Schlosser, le., p. 54.
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form is especially striking and significant—is entirely opposed to
any idea of a long continuance on the Dryopithecus line. Pliopithecus,
then, in my opinion represents an early ofishoot from the line of
Dryopithecus ws.) the recent African apes.

The same arguments, which have been stated above against
the theory that Propliopithecus was the direct ancestor of Pliopi-
thecus, apply equally against assigning to it any position on the lines
to the Gibbon or to Sivapithecus and Man. There remains, therefore,
the most probable supposition that it started on an early branch
from the Dryopithecus line in common with Pliopithecus, but separa-
ted from the line of the latter genus almost immediately, specializing
in the most remarkable way by the broadening of the premolars and
the reduction in length of m,.

Palwopithecus is, unfortunately, known only by the palate and
upper teeth. It is, however, evident that
its narrow palate points to a primitive con-
dition and, therefore, that the species must either be on the
Dryopithecus line or be a later representative of a form which was
on the main line previous to its division into the Sivapithecus and
Dryopithecus branching. The small size of the incisors in this species
is cqualled only by that of Dryopithecus. Although the structure of
the mandibular symphysis is unknown, yet the flatness of the front
portion of the palate proves that no shortening of the symphysis,
such as has taken place in Man and to a rather less extent in
Sivapithecus, can have occurred. The most striking difference from
Dryopithecus consists in the great breadth of the teeth. If this
large breadth index were due to reduction from the hinder end of
the series, as has taken place in the Orang and the Gorilla, then
the first molar should have a smaller breadth index than the
second and third. We do not, however, find this to be the case In
Paleopithecus. Further, m® in Paleopithecus does not show many
signs of advanced .degeneration, and m® none at all. It would
seem, then, that the teeth have broadened without degenerating.
The large breadth index of the premolars as well as that of the
first molar shows that the shortening has occurred in the anterior
portion of the jaw. The condition, in fact, recalls that in Pliopithecus ;
this affinity has already been suggested by Dubois!, and it certainly
seems reasonable to regard Palwopithecus as a later and more

Palzopithecus,

* Dubois, Le., p. 96.
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advanced representative of a branch, from which Pliopithecus had dives-
ged earlier. The vestigial cingulum is reminiscent of Pliopithecus,
while on the other hand the folding of the enamel and the greater
reduction of pm3 are later developments. Judging by analogy
with Pliopithecus, it is likely that Palwopithecus had an equally
long symphysis.

~ Griphopithecus, known only by the last upper molar, may con-
jecturally be placed on this line in virtue of its
exceptionally large breadth index, unaccompanied
by any particular reduction in the number or size of the cusps.

The Gorilla bears obvious signs of being descended from Dryopi-
thecus by its narrow mandible, its long and
deep symphysis, its elongated premolars, and its
comparatively low breadth index. It was probably descended from a
marginal hypothetical species of Dryopithecus with higher cusps and
a lesser amount of wrinkling. Evidence for the existence of such a
marginal species, may be found in the species D. giganteus and D.
chinjiensis, the latter of which, indeed, might even be the direct
ancestor of the Gorilla.

The Chimpanzee shows a reduction in the upper tooth series,
greater than that of any of the other recent
genera except Man; this is, however, a Ilater
development. The greater degree of wrinkling of the cenamel and
the lowness of the cusps would suggest that it is not on the same
subsidiary branch from Dryopithecus as the Gorilla, and the broader
mandible and shorter symphysis than Dryopithecus inclines me to
the opinion that it sprung from an ancestral form, farther back
on the main Dryopithecus line than the genus Dryopithecus itself.

The existence of a last upper molar at the same horizon as

Palmosimia and the Dryopithecus, which has an enamel so crenulated
Orang, as to bear comparison only with the Orang,
inclines us to consider its owner as the ancestor of the Orang, The
structure of this tooth .admits of at close ‘comparison with Dryo-
pithecus, but it is difficult to regard it as generically identical with
the latter. It has, therefore, been assigned to a new genus, which
has been called Palwosimia. The structure of the other teeth and
of the mandible in Dryopithecus and the Orang are very similar,
There are, however, differences in cranial structure from both the
Chimpanzee and the Gorilla, which point to a lesser degree of
specialization in the Orang. It is necessary, therefore, to consider

Griphopithecus,

The Gorilla,

The Chimpanzee,
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- Paleosimia as branching off from the Dryopithecus line previous

to the Chimpanzee and the Gorilla and passing through a marginal
hypothetical species of Dryopithecus.
- Followine Duboist, the affinities of the femur from the pontian beds
Pliohylobates, of Eppelsheim may be considered to lie rather
with the Gibbons, and that author’s name for
1(7 of Pliokylobates eppelsheimensis has an equal right with Pohlig’s
Pazdopzﬂzex rhenanus to be accepted as the name of the genus and
species, since both were published at the same meetmfr.2 Dubois’
name appears to have attained a certain vogue, while Pohlig’s name
of rhenanus has been employed by Schlosser for a species of Dryo-
pithecus, in which the Eppelsheim femur is included by that
author. It seems better, therefore, to adopt the name of Pliohylobates
eppelsheimensis for this specimen, as long as it continues to hold
any title to separate generic and specific recognition.
. As Neopithecus, Abel, (Anthropodus, Schlosser) is known only by a
last lower molar its affinities are very obscure.
On account of its low breadth index, and low
cusps, accompanied by a folding of the enamel which is certainly
less complicated than in Dryopithecus, and is no greater than in
some early types of Man or in Pithecanthropus, 1 place it provi-
sionally on a branch which left the Eoanthropus line at an early
date, and has retained many primitive features of the anthropoid
stock.
Anthropodus, Lapouge’, being founded solely on an isolated
upper incisor and a jugal, is too little known to
Anthropodits. .y, “ineluded in this phylogenetic survey.

Neopithecus,

! Dubois, L. ¢., p. 97.
% Société Belge de Géologie, Pal. el Hydrol. séance dn 29th Oct. 1895,
* G. de Lapouge. Note sur un nouveau singe pliocéne, Bull. Soc. Scien. et Med. de I

Ouest, du 4° trimestre 1894, Rennes, p. 202— 203.
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Table of dimensions and breadth indices of «anthropoid upper molars and premolars.
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Table of dimensions and breadth indices of . : anthropoid lower molars and premolars.
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Table of ratios of lengths of last two Molars of Anthropoids. =~ . : . Fic. 5.—Dryopithecus punjabicus Pilg. Tigh_t mandibular ramus with m, and
. the broken m, 5 surface view, 5a side view, natural size, 5b m, in
: the same specimen x3. Irom the Lower Siwaliks of Chinji,

Length of Lengthof | . Salt Range (Ind. Mus. D. 118) Page 9
—_ m3x 100 m® X 100 : F16. 6.—Dryopithecus punjabicus Pilg. left mandibular ramus of the same
Lengthofmz | Length of m? individual with m, and the broken m,, 6 surface view, Ga side view
. of m, in this specimen, natural size. From the Lower Siwaliks

Dryopithecus punjabicus . . . . . 1077 90-6(2) ‘ of Chinji (Ind. Mus. D. 119) Page 9
Fi16. 7.—Stvapithecus tndicus Pilg, last right lower molar, surface view, natural

Dryopithecus fontani (Saint Gaudens) . . . 1041 size. TFrom the Lower Siwaliks of Chinji (Ind. Mus. D. 176)

. v e - Page 39
Dryopithecus fontani (Lérida) . ) ) ) ' 1043 » N Fro, 8.—Sivapithecus ¢ndicus Pilg. right mandibular ramus with gm2 to pmy
Sivapithecus indicus . . . . . . 110-0 .. and the broken m; pm; and the edge of the alveolus of the canine,

L ) . 8 surface view, 8a side view from the outside, 8b side view from
Palzwopithecus sivalensis . . . . . . . 86-6 the inside, natural size, 8¢ m, in the same specimen x3. [j=
Propliopithecus haeckeli . . . . . ) 96-4 .. mental foramen] From the Lower Siwaliks of Chinji (Ind. Mus. D.

. 177) Page 34
Pliopithecus antiquus . . . . . . 110-1 928 F16. 9.—Sivapithecus cf. indivcus Pilg. right front lower premolar, 9 surface view,
Simia satyrus . . . . . . . 049 90-0 9a external side view, 9b back view, all figures x 2. From
the Nagri zone of Haritalyangar, Belaspur state, Simla Hills.
Gorilla savagei . . . . . . . 101-2 83-8 ) (Ind. Mus. D. 190.) Page 45
Hylobates leuciscus . . . . . . 881 80:0
PLATE II.
Hylobates agilis . - . . . . . 80-9 692
Fic. L.—Sivapithecus cf. indicus, Pilg. left half of the mandibular symphysis
Anthropopithecus niger . . : . : . 967 with the canine and the roots of two incisors and of the front pre-
Eoanthropus dawsoni . . . . . . 91-7 (2) . S molar, 1 surface view, la front view, 1bback view, lc outer side
view, 1d inner side view, all natural size. [er=front root of pmy
Man . . . . . . . . . 100-0 93-5 pr=hinder root of pm,] From the Nagri zonc at Haritalyangar,

Belaspur state, Simla Hills. (Ind. Mus. D. 189.) Page 42
Fia. 2.—Sivapithecus indicus (?) left maxilla with two front molars, surface
view natural size, from the Nagri zone of Haritalyangar, Belaspur
) ; state, Simla Hills. (Ind. Mus. D. 191) Page 47
: Fia. 3.—Sivapiihecus indicus, (?) left upper canine, 3 external view, 3a front
EXP LANATION OF PLATES- view, 3b back view, 3¢ internal view, all natural size, from the
Lower Siwalike of Chinji. (Ind. Mus. D. 192) Page 47

PLATE L : : Yie. ¢.—Dryopithecus punjabicus Pilg. left front upper molar, surface view
Fio. 1.—Cercopithecus (1) asnoti Pilg. right maxilla with m!and mm.* 1 x3. From the Lower Siwaliks of Chinji. (Ind. Mus. D. 1087)
side view, la surface view x2. From the Middle Siwaliks of : - . i L. ] Page 22 )
Hasnot, Punjab (Ind. Mus..D. 12 ) - Page 3 { Fia. o.-——Dryopzlbeimw cf punjabicus leg: last Itift' upper molar, surface view
Tie. 2.—Cercopithecus (1) asnoti Pilg. last upper premolar developed out of X3. Irom the Lower Siwaliks of Chinji. (Ind. Mus. D. 186)
the specimen in fig. 1, 2 side view, 2a surface view x3. : . L Page 23 i
Frc. 3.—Cercopithecus (2) asnoti Pilg. left maxilla with mm® and mm?, 3 side Fic. 6.—-Dryopzthecus_ chinjiensis n. sp. last 'lefb. lower n%ol.z}r, surface view
view, 3a surface view x 2. From the Middle Siwaliks of Hasnot, niltural size. From the Lower Siwaliks of Chinji (Ind. Mus. D.
Punjab (Ind. Mus. D. 121) Page 4 '«‘ 179). S Page 25 .
Fia. 4.—2Macacus (?) cf. sivalensis Lydekker right mandibular ramus with m, : Fic. 7.—Dryopzlhecu§ chinjiensis n. sp. ﬁr.st I.th lowe.r .z'nolar, surface view
and m, 4 side view, 4a surface view x 3. Form the Middle Siwaliks natural size. From the Lower Siwaliks of Chinji (Ind. Mus, D. 180)

of Hasnot, Punjab (Ind. Mus. D. 184) Page 6 , Page 26
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Tic. 8.—Dryopithecus giganfews n. sp. last right lower molar, surface view
x2. TFrom the base of the Middle Siwaliks near Alipur, Bakrala
ridge (Ind. Mus. D. 175) Page 27

¥ra. 9.—Paleosimia rugosidens n. gen. n. sp. last right upper molar, surface
view x3. From the Lower Siwaliks of Chinji. (Ind. Mus. D.
188) Page 29

PLATE IIL

¥16. 1l.—Dryopithecus punjabicus Pilg. right maxilla with m,, m,, pm, and
pmg, surface view x3. From the Nagri horizon of the Middle
Siwaliks at Hari Talyangar, Belaspur state, Simla Hills. (Ind.
Mus. D. 185) Page 16

T1a. 2—Dryopithecus puniabicus, Pilg. same maxills, side view X 3.

PLATE 1V.

TaBLE showing the suggested evolution of the Anthropoid apes and Man,

-1
[ 4

Parr 1.] Bucxymax: Bracliopoda of Namyauw Beds, Burina.

THE BRACHIOPODA OF THE NAMYAU BEDS OF BURMA:
PRELIMINA: 7 NOTICE BY S. S. Buckman, F.G.S.

THE Brachiopode from the Namyau Beds be]dng to the families
- Rhynchonellidee and Terebratulide, the number of specimens of
the former greatly predominating. At first sight the material appeared
to be unsatisfactory and uninteresting; but closer investigation
showed that the specimens were certainly of considerable interest,
though many were in a somewhat unsatisfactory condition from
crushing.

It happened that the specimens had with few exceptions been
burnt : thus their tests flaked off and exposed to view certain
internal details, such as muscle-marks, dental plates, etc. Then it
became obvious that it was necessary to burn known species for
comparison. As the burning proceeded it was seen that the in-
vestigation was by no meons a simple one; but that the results
obtained were furnishing most important data both for a classifica-
tion of the families concerned and for ascertaining dates of species
of unknown age. ‘

It soon became evident that the Namyau Brachiopoda were
from strata of Jurassic age, and that a clossification of the Jurassic
Rhynchonellidee and  Terebratulide would be necessary to explain
their affinities. The following is an outhne of the classification
projected.

Family, REYNCHONELLID .

The Rhynchonellide are divisible into three mein series—
Leves, Capillatw, Ornate. Leaves are smooth and develop ribs
directly on a smooth stage; Capillatw have hair-like lines (striee)
and then may develop ribs; and Ornate have additional ornament,
like imbrication, or spines.

The type of Rhynchonella, R. loxia, Fischer, is one of the Capillute.
The acuta group, which so much resembles it, belongs to the Leaves, .
and so must be removed. The result is that Rhynchonella, which
once covered hundreds of species from Ordovielan to Recent,
must now be confined, so far as present knowledge goes, to one
species, R. lozia. Cretaceous developments may be looked for;
but many Cretaccous species belong to Cyclothyris, M<Coy, distin=
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guished by obsolete or obsolescent dorsal septum and broad dovsal

muscle-scars.

General

Genotypes.®

REMAREKS.

* Pisirhynchia

* Holcorhynchia
* Gnathorhynchia
* Calcirhynchia

* Sphenorhynchia
* Kallirhynchia

* Tropiorhynchia
* Piarorhynchia

* Cunetrhynchia

* Curtirhynchia

* Homeorhynchia
* Rhynchonelloidea
* Costirhynchia

* Grandirhynchia
* Tetrarhynchia

* Quadratirhynchia
* Qibbirhynchia

* Rudirhynchia

* Stolmorhynchia
* Ptyctorhynchia

* Qlobirhynchia
Burmirhynchia

LAEVES.

R. pisoides, Zittel

R. standishensis, S. Buckm.
G. liostraca, S. Buckm. sp.
C. calcaria, nov.

8. plicatella, Sow. sp.

K. yazleyensis, Dav. sp.
T. thalia, ’Orb. sp.

P. radstockensis, Dav. sp.
C. dalmasi, Dum. sp.

C. oolitica, Dav. sp.

H. acuta, Sow. sp.

R. ruthenensis, Reynes sp.
C. costigera, nov.

G. grandis, nov.

T. tetraedra, Sow. sp.
Q. guadrata, nov.

@G. gibbosa, nov.

R. rudis, nov.

S. stolidota, nov.
P. pentaptycta, S. Buckm.
Sp.
Lzves?
G. subobsoleta, Dav. 8p.
B. gutta, nov.

R. calcicosta, Dav.
series

R. subringens, Dav,
series

R. amalthei, Dav,
series

T. calcicosta, Quen.,
series

1 Names with asterisk were proposed in 2 leaflet “ Gen. of some Jurassic Brachio-
poda,” published by Messrs. Wesley & Son, London, June, 1914, Names in heavy

type are new.

® Genotypes are written with sp. to denote that the species to be subsequently
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Genera.

* Rhactorhynchia

* Gontorhynchia
* Russtrhynchia
* Cymatorhynchia

* Kutchirhynchia

* Mazillirhynchia

* Parvirhynchia
Rhynchonella,
Fisch.

* Trichorhynchia

* Capillirhynchia

* Furcirhynchia

* Lineirhynchie

* Rimirhynchia
* Prionorhynchia

* Squamirhynchia
* Flabellirhynchia

Genotypes.

REMARES.

* Granulirhynchia
* Cryptorhynchia
* Namnirhynchia

* Striirhynchia
* Acanthorhynchia
Acanthothiris,
d’Orb.

LEVES?
R. rhacta, nov.

G. goniea, nov.

R. fischeri, Rouillier sp.

C. cymatophorina, S. Buckm.

sp.

K. kutchensis, Kitchin sp
CAPILLATA,

M. implicata, nov.

P. parvula, Desl. sp.

R. loazia, Fischer

R. deslongchampsi, Dav.
C. wrighti, Dav. sp.

F. furecata, nov.

L. cotteswoldiee, Upton sp.

CAPILLATE ?
R. rimosiformis, nov.
P, serrata, Sow. sp.

ORNATE,
8. squamiplex, Quen. sp.
F. lycetti, Dav. sp.
@. granulata, Upton. sp.
C. pulcherrima, Kitchin sp.
N. subpygmea, Walker MS.

S. dorsetensis, S. Buckm. sp.
4. panacanthina, B. & W. sp.
4. spinosa, d’Orb. sp.

{
|
|

R.  subtetrahedra,
Dav. and R. 0bso-
leta, Dav. series

R. boueti, Dav.
series

R. furcillata, Dav.
series

BR. rimosa, Dav.
serles

R. pygmea, Dav.
series

Family, TEREBRATULIDE.

These are divisible like the Rhynchonellide into Lepves, Capil-

figured in the memoir in the Palzontologia Indica will be the actual types, in case of

questions of misidentification. late and Omata;, with the advantage that there are no Leves or



78 Records of the Geological Survey of India. |Von. XLV.

Capillaie of doubtful origin, because the prior stage has not, as with
several Rhynchonellide, been obscured by development of multi-

plication.

.

In addition to these groups it has been convenient to malke
one of Rugose, for species with strong transverse ornament.

Geuera.

Orthotoma, Quenst.
Pseudoglossothyris,
3. Buckm.

* Linguithyris
Nucleata, Quenst.
Antinomia, Cat.
Pygope, Link
Pygites, Haan
Euidothyris

* Ptyctothyris
Heimia, Haas.
Charltonithyris

* Lobothyris

# Cererithyris
Stiphrothyris
-Stroudithyris

* Loboidothyris
Kutchithyris

* Lophrothyris
Tubithyris

* Spharoidothyris

* Goniothyris
Epithyris, Phillips
Plectothyris

* Plectoidothyres
Tegulithyris

Terebratulina,

d’Orb.

Disculina, Desl.
. Trichothyris
Holcothyris

Clenotypes.

LAEVES.

L. bifida, Rothp. sp.

k. afi. euides, S. Buckm. sp.
P. stephant, Dav. sp.

C. uptoni, S. Buckm. sp.

L. punctata, Sow. sp.

C. intermedia, Sow. sp.

S. tumida, Dav. sp.

S. pisolithica, S. Buckm. sp.

L. perovalis, Dav. sp. i
K. acutiplicata, Kitchin sp. !
L. etheridgii, Dav. sp.

7. wrighti, Dav. sp.

8. spheroidalis, Auctt. sp.
G. gravida, Szajn. sp.

P. fimbria, Sow. sp.

P. polyplecta, S. Buckm. sp.

T. bentleyi, Dav. sp.
CAPILLATZ.

T. compressa, Kitchin sp.

M. angulata, nov.

REMARKS.

Glossothyris, Dou-
villé

T. globata, Auctt.
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GQenera. Genotypes. REMARES.
Rucosm.
Rugithyris R. subomalogaster, S. Buckm.
, ORNATZ.
Chenlothyris - C. morieri, Desl.-Dav. sp.
Dictyothyris,
Douvillé

In the above classification the genus Burimirhynchia is created
for the bulk of the Burma Rhynchonellide ; but a few of them
may belong to the genus Sphenorhynchia—the doubt that exists is
owing to the poor condition of the specimens.

The genus Burmirhynchia has outwardly some resemblance to
the genus Rhactorhynchia, of which the Bathian (Great Oolite and
Bradford Clay) species have usually been called collectively the
obsoleta~series :  Davidson’s identification, however, is certainly in-
correct. Internally Burmirhynchia differs decidedly from Rhacto-
rhynchia. Externally also it bears much resemblance to Kalli-
rhynchia, a genus now proposed for what has hitherto been known
colloquially as the concinna-series, appertaining principally to the
Bathian (Cornbrash). Internally there is good distinction.

A further European Bathian (Great Oolite) series, to which
Burmirhynchia bears a general resemblance, is that of Rh. hopkinsi,
Davidson. Here, however, there has been some difficulty in ob-
taining good internal details. But when investigation was extended
to various other Huropean Rhynchonellids of the Bathian, loosely
grouped under the names R. obsoleta or R. concinna, it was found
that these species showed internal characters agreeing with those
of Burmirhynchia. It was seen that the burning process, by reveal-
ing internal details, afforded what have hitherto been lacking —
satisfactory data for the separation of a large body of species of
Rhynchonellids of the Bathian,—a mess of species practically un-
known to science, because there had been no efficient method of
discrimination. '

On the evidence of these species the Burma Rhynchonellids
are of Bathian (Great Oolite) date, and the Namyau beds are a
formation of Great Oolite times, possibly earlier than the Patcham
strata of Cutoh.
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There are about 40 species of Burmirhynchia from the Namyau:
beds, divisible into several series, showing good sequences of devel-
opment. :

The Terebratulide from the Namyau strata do not give any good
evidence for geological date, because they are not comparable
with any Jurassic species yet discovered ; but in regard to brachiopod
evolution they are more interesting. than the Rhynchonellide.

For the Namyau Terebratulidee it has been necessary to make
a genus Holcothyris; and the name was given because they show
the method by which dorsally sulcate species like Pseudoglossothyris
can develop into biplicates. This is the first lesson which the
Namyau Terebratulide taught, but it has led to a whole series
of discoveries. However these Namyau forms are separated from
other Jurassic biplicates by the fact of possessing good capillate
ornament : this places them in the restricted series of Terebratule
capillatee in the above classification.

Search for European Jurassic species comparable to Holcothyris
resulted in a remarkable discovery: that there is in the Bradford
Clay of England a whole series of species showing the same sequence of
development as the Burma Terebratulids, but they are not capillate,
and they therefore take their place among the ZTerebratulide leves.
But what is also remarkable about them is that they are, with the
exception of one small species, I. bradfordiensis, Walker-Davidson,
wholly new to literature: this shows how little is really known
about the geological fauna of a country supposed to be well-
explored ; and, therefore, no surprise need be felt that the Burma
brachiopods are new to science. I found these English species
chiefly in the cabinet of Mr. J. W. D. Marshall, but their recognition
must be credited to the Burma Terebratulids : they gave the clue.

There are about 20 species of Burma Terebratulids of the genus
Holeothyris, which can be arranged in several series showing interest-
ing evolutionary changes. The manner in which they have, directly
and indirectly, enlarged the field of knowledge with regard to
Terebratulid morphogeny can hardly be exaggerated.

It will be noticed that in the above classification certain genera
have been founded on species described by Dr. F. L. Kitchin from
the Jurassic strata of Cutch.? These genera are, among Rhynchonel-
lids, Kutchirhynchia and Cryptorhynchia, among Terebratulids, Kut-
chithyris and Trichothyris. It was necessary, seeing that the Pat-

1 Pal. Ind. {9) T1I, 1900,
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cham beds of Cutch were presumably so nearly of the same date as
the Namyau strata of Burma, to investigate the Cutch species;
and my cordial thanks are due to Dr. Kitchin for placing specimens
at my disposal. as well as for the kind encouragement which he has
always so readily given. This Burma investigation has therefore
been the means of adding to a knowledge of the Cutch species.

Summary,

The Namyau beds of Burma have yielded about 40 species of
Rhynchonellids and about 20 species of Terebratulids, all new to
science. The evidence points to these beds being of Bathian age,
about the date of the Great Qolite. Between them and the under-
lying Napeng Beds of Rhatic age there must, therefore, be a non-
sequence of some 8 or 9 ages.

The burning of the Namyau brachiopods has suggested a new
method of investigation for internal characters, and this has led to a
detailed classification of Jurassic Rhynchonellide and Terebra-
tulidee. This method of investigation must in the future become
particularly important, since it affords much surer grounds for
discrimination of species.
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MISCELLANEOUS NOTE.

Gypsum in Dholpur State.

While I was in Dholpur in November 1913, the Maharaj Rana showed
me some small pieces of selenite of local origin, which were being sold in the
bazar under the name ghurddntli hartdl. Hartdl is the usual Hindustani
name for orpiment, sulphide of arsenic, which is used in Indian medicine
as a depilatory. Of ghurdintli I was unable to geta translation from local
informants or from dictionaries, but I suggest that its meaning is ““ horse-
toothed ” (Hindi ghur horse, and déniilz toothed) on the analogy of * dog-
tooth spar.”” The selenite was said to be used medicinally, but for what
particular purpose in this case I could not ascertain.

The situation of the deposit from which it came is midway between the
small villages of Ghuriakhera and Kathumri, about a quarter of a mile
from the Chambal river. The latter village only, Kathumri, is indicated
on the Indian Atlas (26° 41/, 78° 6), and lies about eight miles east of
Dholpur city.

The occurrence is similar to that in the Hamirpur district, deseribed
by La Touche! though quite distinct in origin and is probably analogous
to the much larger deposits in Jodhpur and Bikanir. The type of country
is the same as that in which the Hamirpur gypsum was found, a wilderness
of tortuous, deep, and vertical-sided ravines, cut back by monsoon torrents
in the kankar-bearing alluvium, the surface of which lies far above the highest
flood-level of the Chambal at the present day.

In a small hillock of this nodular alluvium, isolated by denudation, a
dark carbonaceous layer, a foot thick, is seen to outerop horizontally nearly
all round the circumference of the hillock at a depth of about thirty feet
below its top, but much farther below the uppermost surface of the undis-
sected alluvium. The selenite, in imperfect crystals of a maximum length
of 1} inches, usually considerably less, is scattered sparsely through this
dark layer, and is associated with freshwater mollusea of which my colleague
Mr. G. H. Tipper has very kindly given the following determination :—

* They are dwarfed forms and do not show any decided evidence for
an age older than recent—

Unio sp. allied to corrugatus Miiller.
Corbieula sp. allied to occidens Benson.
Melania tuberculata var.

Vivipara sp.

Succinea sp.

Planorbis sp.”

1 Rec. Geol. Surv, Ind., XXX VI, Pt. 4, pp. 281-5.
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iferous bed is a coarse sand, succeeded in turn by {1ormal
alluli'?l]l(;]\z g}}?i({:;}}l’%slgo overlies the bed to the top of the section. Eyldc;nily
the gypsum has been deposit_ed during the dessication of a sma.ll saline 3 e.
The bed was not traceable into the adjacent masses of alluvium nor does
the gypsum occur throughout the stratum. o .
The occurrence is of no economic importance but is interesting as an
example of a mineral unusual in Indian rocks of post-Tertiary age.

A. M. Herox.
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RECENT : ORANG GORILLA CHIMPANZEE . ’ GiBBON ‘, MAN

(Homo sapiens)

* PLEISTOCENE , . Homo neandertaiensis
. /
. ‘| EOANTHROPUS
PITHECANTHROPUS
PLIOCEXNE

(o)

PONTIANR

. rhe‘nanus PALAEOPITHECUS PLIOHYLOBATES NEOPITHECUS
. gigantsus

o

D. pu;\jabicus
. fontani
SARMATIAN . fogeani
D. chinjiensis

PALAEOSIMIA SIVAPITHECUS

TORTONIAN
PLIOPITHECUS (antiquus)
_ D. darwini
HELVETIAN DRYOPITHECUS GRIPHOPITHECUS
BURDIGALIAN

PLIOPITHECUS (sp.)

UPPER OLIGOCENE

LOWER OLIGOCENE PROPLIOPITHECUS

€. 8. 1. Calentta,

SUGGESTED EVOLUTION of MAN and the ANTHROPOID APES.
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Silurian of Northern Shan States: Ordovician and
Silorian of W. Yiinnan : Namyau brachiopods of N.
Shan States: ITFauna of the Gieumal Sandstone of
Spiti: Upper Ranikot lamellibranchs of W. Sind:
Echinoids of the Bagh beds: Cretacecous and Eocene of
-Central Tibet . . . . . . . H—65 106

Paras. Pacre

Ecoxoyic EXQUIRIES—
Bauzite :—Central India and Central Provinces ; Coal :—~Wetwin, -

N. Shan States; proposed borings in W. India;

Limestone —Upper  Assam;  Janganese :—C.  Pro-

vinces Polassiuan Salts :—Stassfurt and Punjab; Road

Metal —for Caleutta; Tater —Berar, C. Provinces ;

Bombay, Ranchi, general questions . N . . 6691 111
ENGINEERING QUESTIONS—Darjeeling Iandslips . . . 09293 119
GEOLOGICAL SURVEYS—

Bombay, Central India and Rajpulana :—Mr, H. C. Jones, Tonk

State ; Mr. A. M. Heron, Jaipur, Karauli, Kotah and Tonk ;

Mr. N, D. Daru, Sunth, Banswara and Dungarpur; 94—110 120
Burma :— Mr. G. H. Tipper ; Mr. G. de P. Cotter, Pakokku ;

Mr. H. S. Bion, Minbu; Sub-Assistant S. Sethu Rama

Rau, Thayetmyo . . . . . 111123 124
Central Provnzces —Dr. L. L. I‘ermor, \Ir C. X Fox, Chhind-

wara ; Mr, R, C. Burton, Seoni and Balaghat ; Sub-Assist-

ant M. Vinayak Rao, Sconi and Mandla . . 124135 197
Rashmir :—Mr. H. 8. Bion . . . . 136—141 134

- . -

TRAXS-FRONTIER EXPLORATION—
Dr. H. H. Hayden, Chitral,Chinese Turkestan and Pamirs . 142—148 135

DISPOSITION LIST.

1. During the period under report the Officers of the Depart-
ment were employed as follows :—

Superintendents.
Mr. C. S. MIDDLEMISS . Returned from leave on the after-
‘ noon of the 8th January 1914.
At Head-quarters, appointed to
officiate as Director, Geological
Survey of India, from the 6th
April 1914,

Part 2.] General Report for 1914. 87
Mr. E. VREDENBURG . At head-quarters, engaged on the
description  of Indian  fossils.
; Placed in charge of Bombay,
Central India and Rajputana

Party.

Dr. L. L. Feraor . Returned from leave on the 18th
October 1914, Placed in charge
of the Central Provinces Party
and left for the field on the B5th
November 1914,

Assistant Superintendents.

Dr.G. E. Prrgrir . At head-quarters as Palmontolo-
¢ist and in charge of office.

Mgz. G. H. T1pPER . Returned from the field on the 14th
April  1914. Deputed on the
22nd  November 1914 to inves-
tizate  the  building  materials
at  Simla. Returned to head-
quarters on the 15th Decem-
ber 1914, Placed in  charge
of the Burma Party.

Mr. H. WALRER . . Returned from leave on the 24th
April 1914, Posted to  the
Central ~ Provinces Party and
left for the field on the 14th No-
vember 1914.

Dr. E. H. Pascoe . Returned from the field on the
11th  January 1914,  Granted
privilege leave combined with
furlough for 11 months and 3
days with effect from the 20th
January 1914, Returned from
leave on the 8th  December
1914, Deputed to  carry  out
the investigation of the oil-
bearing regions of the Punjab and
North-West Frontier Province.

B2
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Me. K. A, K. HAaLrnowEs

Mgr. G. oE P. CoTTER

Mer. J. CoaaiNy Brown

Mz. H. C. JonEs .

Mr. A. M. HErox

Dr. MURRAY STUART

At head-quarters. Deputed on

the 11th July 1914 to collect fos-
sil remains in Patiala. Returned
to Calcutta on the 18th July
1914, Posted to Central Pro-
vinces party and left for the field
on the 29th October 1914.

Returned from field on the 28th
May 1914. Reposted to the
Burma Party and left for the field
on the 18th October 1914.

At head-quarters as Curator. De-
puted to carry out the geological
investigation of the Bawdwin
Mines and District. Left for
the field on the 1st November
1914,

Returned from the field on the
20th  May 1914.  Appointed
Curator, Geological Museum and

Laboratory, from 1st November
1914,

Returned from the field on the 23rd
April 1914, Acted as Lecturer
on Geology, College of Science,
Poona, from May till September.

Reposted to  Bombay, Central

India and Rajputana Party and
left for the field on the 21st Oc-
tober 1914,

Returned to head-quarters on the
8th July 1914 on termination of
the period of his deputation as
Professor  of Geology at the
Presidency College, Madras.
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Mg. N. D. Darv .

Mz. H. S. Brow

Mr. C. S. Fox

Mr. R. C. BurToN
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Deputed on the 25th August
1914 to report on certain road
metal quarries in Bihar and
Orissa. Returned to head-quar-
ters on the 31st August 1914,
Posted to  Bombay, Central
India and Rajputana Party and
left for the field on the 21st Oc-
tober 1914.

Returned  to  head-quarters on
the 16th May 1914. His sgervices
permanently transferred for
employment in  the  Indian
Educational  Service as  Pro-
fessor of Geology at the DMadras
Presidency  College, but  on
probation for one year with
cffect  from the 23rd  June
1914,

Retwrned from the field on the

23rd  April 1914, Deputed to
Kashmir for field work from June
till October 1914. Reposted to
Burma Party and left for the field
on the 20th December 1914,

Returned from the field on the

27th  May 1914, Granted pri-
vilege leave for 3 months with
effect from the 18th September
1914.

Returned from the field on the 1st

May 1914. Deputed to Dar-
jeeling to wvisit the Happy Valley"
landslip and surrounding arcas
for the purpose of making a geolo-
gical map aud to report on the
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stability —of the slopes in the
vicinity during May 1914,  Re-
posted to Central Provinces Party
and left for the field on the 10th
October 1914.

Me. R. W. PaLMER . At head-quarters. Granted extra-
ordinary leave for 6 months with
effect from the afternoon of the
G6th August 1914,

Chemist.

Dr. W. A, K. CurisTIE At head-quarters.  Granted privi-
lege leave combined with study
leave for 9 months with effect
from the afternoon of the 16th
April 1914,

Sub-Assistants.

S. SerHu Rana Rau . Returned from the field on the 17th
May 1914, Granted privilege
leave for 2 months with effect
from the 25th July to 24th Sep-
tember 1914, Attached to the
Burma Party and left for the field
on the 27th November 1914.

M. Vinavag Rao Returned from the field on the 9th

May 1914. Granted one month’s
privilege leave with effect. from
the 8th June 1914, Returned
from leave on the 8th July
1914. Deputed during Novem-
ber to report on limestone in
Mikir Hills, Assam. Posted to
make collections of vertebrate fos-
sils from certain horizons in the
Siwaliks of Sind and to make
stratigraphical observations in con-
nection therewith, and left for the
field on the 9th December 1914,
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Assistant Curalor.

Mr. A. K. BaNgrJ1 At head-quarters,

Field Collector.

Bavkin Bigart Guerta Returned from leave on the 19th
January 1914. At head-quarters.

ADMINISTRATIVE CHANGES.

2. Mr. C. S. Middlemiss, Superintendent, was appointed to officiate

Appointments  and  as Director, Geological Survey of India, during

Promotions. Dr. Hayden’s absence on leave from 6th April
1914.

3. Di. G. BE. Pilgrim, Assistant Superintendent, was appointed to
officiate as Superintendent, vice Dr. L. L. Fermor, on leave from 15th
May 1913 and continued to do so vice Mr. C. 8. Middlemiss from 18th.
October 1914,

Mr. G. H. Tipper, Assistant Superintendent, was appointed to
officiate as Superintendent, vice Mr. Middlemiss from 6th April 1914
but reverted to his substantive appointment on return of Dr. Fermor
from leave on the 18th October 1914.

4. Mr. H. C. Jones was appointed to act as Curator from the
Ist November 1914.

5. Dr. II. H. Hayden, C.I.LE., Director, was granted privilege leave
for 3 months combined with furlough for 6
months with effect from the 6th April 1914.

Dr. E. H. Pascoe granted privilege lecave for 2 months and 3
days combined with furlough for 9 months from 29th January 1914

Mr. C. 8. Fox was granted privilege leave for 3 months with effect
from the 18th September 1914,

Mr. R. W. Palmer was granted extraordinary leave for 6 months
from 7th August 1914.

Dr. W. A. K. Christic was granted privilege leave for 3 months
combined with study leave for 6 months from 17th April 1914,

S. Sethu Rama Rau was granted privilege leave for 2 months
with effect from the 25th July 1914.

M. Vinayak Rao was granted privilege leave for one month from
8th June 1914.

Leave.
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WAR SERVICES,

6. Mr. C. S. Fox, while absent on privilege leave, was granted a
commission in the Royal Engineers, and is at present in training
at Aldershot.

Mr. R. W. Palmer, who had remained on the Special Reserve of
officers, was recalled to his regiment on the outbreak of war, and, on
joining the Kast Lancashire Regiment, was sent to the front in Sep-
tember. He has alrcady camed great distinction, and has notonly
been mentioned in despatches but has been awarded the Military
CTOSS.

PUBLICATIONS,

7. The publications issued during the year under review comprise
one volume of Records, four of Memoirs and one memoir of
Palewontologia Indica.

LIBRARY,

8. The additions to the library during the year 1914 amounted to
2,954 volumes, of which 1,161 were acquired by purchase and 1,793
by presentation and exchange,

DRAWING OFFICE.

9. Since the rearrangement of the offices in 1912, it has been
found possible to bring all the departments of
the Drawing office together on one floor. A
larger, fully equipped dark-room has been built, and electric arc lamps
of high power installed to enable photographic work to be carried on
independently of weather conditions.

10. This better organisation has enabled us to continue on the lines

started in 1908, when we began reproducing

Prﬂ;li';?ﬂe and Colour  our own plates by halftone process, and to

’ experiment recently with the production of our

geological maps in printed colours, instead of continuing the lengthy

and costly process of hand colouring. A first experiment in colour

printing has proved entirely successful, as is shown by Plate 10,
published in the last volume of these Records.

11. This work has been done without the aid of any new appliances
and it is hoped that, with a larger printing machine, colour printing
can be undertaken on the ordinary 1 inch and } inch=1 mile sheets
of the Survey of India.

Increased facilities.
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MUSEUM AND LABORATORY.

12. Mr. J. Coggin Brown was Curator of the Museum and Labora-
tory until the end of October, when he left for
Burma, Mr. H. Cecil Jones taking over the
duties of Curator. Mr. Ajit Kumar DBanerji was Assistant Curator
throughout the year. Babu Durga Sankar Bhattacharji continued
to work as Museum Assistant, Mineralogical Section, till he was
attached to the Central Provinces party for collecting early in
November. M. R. Ry. S. Subba Iyer continued to work as Museum
Assistant, Paleontological Section, and accompanied Mr. Bion during
the summer months to Kashmir for collecting purposes.

Staff.

13: The number of specimens referred to the Curator for examination
and report was 417; of these assays and ana-
Determinative  and  Jyges were made of 40. The above includes the
Chemical work. determinations of 76 rock specimens for the
Forest Department, Bombay, and the petrological examination of
rocks from the Aka and Mikir Hills, Assam., The chemical work
included the proximate analyses of 22 samples of coal from the
Pakokku District, Burma.

14. Only one, but a rather large, meteoric fall was recorded during
the year. It fell on the 6th April 1914, near
the village of Kuttippuram in Ponnani Taluk,
Malabar District, Madras. Altogether 11 fragments, aggregating
37,837 grammes in weight were recovered through the Collector of
Malabar ; three pieces, forming one individual weigh 32,599 grammes.
There were also two other additions to the meteorite collection.
The first of these is a piece of the Shopian (Shupiyan) meteorite,
weighing 305:29 grammes, which fell in Kashmir in 1912. We are
much indebted to His Highness the Maharaja of Kashmir for pre-
senting this piece to us. The other, presented by the Mysore Geo-
logical Department is a piece weighing 1,1097 grammes of the Kam-
sagar meteorite which fell in Mysore in 1902. A description of these
meteorites by Mr. J. Coggin Brown will be published in the Records.
During the year pieces of the Karkh, Chainpur, Khohar and Kuttip-
puram meteorites were presented to the British Museum ; also frag-
ments of Manbhoom and Lodhran meteorites were sent for exchange
to Professor G. P. Merrill of the United States National Museum,
Washington, who had asked for them for purposes of study. The
material in exchange has not yet been received. '

Meteorites.
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15. Mr. J. Coggin Brown found time among his other duties to
compile a new descriptive list of the collection of

New Catalogue of  meteorites in the carc of the Geological Survey,.

Meteorites. up to August Ist, 1914. This much needed

catalogue will be "published in the Records, and will also appear
printed separately for the convenience of arranging exchanges and
purchases. 1f we consider that this collection, as mentioned by
Mr. Brown, “is the largest in Asia, and by reason of the number,
variety, beauty and rarity of its specimens, one of the most import-
ant in the world,” we shall appreciate this effort to organise our
knowledge of it, which had not been brought up to date since the
issue of Mr. T. R. Blyth’s appendix to Mr. F. Fedden’s catalogue of
August 1901,

16. The new features of the present catalogue are the alphabetical
arrangement of the material for ready reference, and the adoption
of the taxonomic classification of Rose-Tschermak-Brezina, subject
to inor modifications by other authorities; a classification which,
as stated by the author, though weak in certain features, is yet
the best one available, and the one followed in nearly all the great
collections of Europe and America. In that classification meteo-
rites are first divided into achondrites, chondrites and siderites.
The achondrites are sub-divided into a number of groups
characterised by more or less definite mineralogical composition.
In the case of the chondrites the subdivisions are based mainly on
physical appearance and structure after the separation of the en-
statite-anorthite chondrites and the siderolites. The siderites, after
the separation of the lithosiderites are grouped into octahedrites,
hexahedrites and ataxites, cach of which is still further sub-divided.
In addition to the work being an elaborate compilation, the verifica-
tion of much of the material has entailed considerable petrographical

research, which has had to be pursued with scrupulous economy in the .

case of rare falls,

17. In order that this fine collection may continue to grow and
worthily represent all Indian meteorite falls, attention may be
drawn to the fact that by a Government Resolution, recently re-
affirmed, all falls in British India become the property of Government,
and should be at once reported to the local authorities and the
specimens sent to the Geological Survey Museum.

18. The Geological Survey, by means of portions sent in exchange
to all the great collections, and by means of its own display in the
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Calcutta Musuem, enables these objects of world-wide interest to
be adequately distributed and placed on view for the Dbencfit of
evervone.
19. As in past years requests were received
Donations te Muse-  for specimens of mineral and rocks and dupli-
;‘{i’}ﬁ}imﬁfz‘fﬁf'”"“‘ fa- cate material was presented to the following
institutions :—

)y Cochin Museum.

) Prince of Wales College, Jammu.

) St. Mary’s Convent High School, Naini Tal.
4) D. J. H. E. School, Sherpur, Bogra.

(5) St. Joseph’s High School, Calcutta.

A typical series of charnockite rocks and of Deccan Trap were
presented to Dr. H. 8. Washington of the Carnegie Institution,
Washington. The other donations include uncut agates, ete., from the
Deccan Trap, sent to Dr. T. L. Walker, Royal Ontario Museum of
Mineralogy, Toronto, Canada, and a specimen of sapphirine-bearing
rock presented to Professor A. Lacroix of Paris. A set of specimens
illustrating the kodurite and gondite series together with specimens
of Indian manganese minerals was sent to the Mysore Geological
Department in exchange for the piece of the Kamsagar meteorite
presented to the Geological Survey.

[3) T SN Y o t 3

Exchanges of Indian 20. The following are among the specimens
minerals and rocks. acquired by exchange :—-

(1) Fossils and rocks typical of New South Wales with a small
type collection of Antarctic rocks, from Professor J. W.
Edgeworth David, University of Sydney, New South
Wales.

(2) 19 specimens of laterites from Professor A. Laecroix, illus-
trating his memoir on the laterites of Guinea.

(3) 10 specimens of copper ore, copper-nickel ore, silver-copper
ore and gold ore from wvarious localities in the United
States and Mexico, from the United States National
Museum, Washington.

(4) 25 New Zealand mineral specimens from the Auckland
Grammar School, Auckland, New Zealand. :

(5) 15 specimens of . minerals and alkaline rocks from Mount
Royal, Montreal, from the Redpath Museum, McGill Uni-
versity, Montreal, Canada.
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New specimens ace 21. The following are among the specimens
guired by donation. acquired by donation :—
(1) Small rings of gold from Dhalbhum, presented by Mr. Bil-
linghurst.

(2) Native bismuth from Tavoy, Burma, presented by Messrs.
Sechroder, Smidt & Co.

22. All the rock cases have now been provided with printed
labels, leaving only a few cases with specimens illustrating physical
geology, without such labels. It is hoped that
by the end of next year all the cases will have
printed labels to cach specimen. A model of a rig in use in the
Burmese oil-fields has been set up in the gallery; and a statue of
Buddha made of marble from the Sagyin Hills, Mandalay District,
has also been placed there. '

23. Babu Bankim Behari Gupta, Field Collector, was employed
during the season in collecting various igneous
rocks of the Giridih coal-field. These include
eurites, granites, diorites, dolerites, mica-apatite-peridotites, norites,
anorthosites.

24. The re-arrangement of the Invertebrate Fossil gallery, which

was begun a year ago, is now nearly completed.

Fossil  Invertebrate The final shape of the Permocarboniferous and
Gallery. . . .

Tertlary collections, however, awaits the com-
pletion of the palecontological examination to which the fossils
belonging to these systems are being subjected. For the same
reason the labelling of the Tertiary invertebrates remains inade-
quate.

Mineral Gallery.

Duplicate collections.

INDIAN SCIENCE CONGRESS,

25. Under the auspices, and with the co-operation, of the Asiatic

Society of Bengal, the inaugural meeting of a Congress under the -

above title was held in Calcutta in January of the year under report
with the object of bringing together those societies and individuals
engaged in scientific research in India for mutual co-operation and
exchange of ideas, somewhat on the model of the British Association
for the Advancement of Science. The meeting was well supported
by the Geological Survey, among other well-established scientific
bodies. Dr. Hayden was chairman of the scction devoted to geo-
logy, and papers on geological and allied subjects were contributed
by Messrs. Vredenburg and Coggin Brown.
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POPULAR MUSEUM LECTURES.

26. One of the series of popular lectures in the Indian Museum,
started during the cold-weather of 1913-14, was delivered by Dr.
G. E. Pilgrim, on the subject of the Xxtinet Mammals of India.

GEOLOGICAL SOCIETY AWARD.

97. At the Annual Meeting in February, the President and
Council of the Geological Society of London were pleased to bestow
the honour of the Lyell Medal on Mr. C. 8. Middlemiss, in recog-
nition of his work in advancing the knowledge of the geology of
India during a period of service extending over 30 years.

OBITUARY,

98. I regret to record the death on April 26th, 1914, of the
veteran geologist, Dr. Eduard Suess, late Pro-
fessor of Geology in the University of Vienna.
To the younger generation of geologists he will be best known as the
author of the monumental work, Das Antlitz der Erde, the English
translation of which, The Face of the Earth, edited by Professor Sollas,
has rendered it available to all English-speaking students. To the
older past and present members of the Indian Geological Survey
Eduard Suess will be much better remembered as the constant friend
and helper of the Department, for he had been closely connected
with it for nearly 30 years at the time of his retirement from the
Chair of Geology in Vienna in 1902.

29. It is only necessary in this note to draw special attention to
his labours on our behalf during that time. Privately since the early
seventies, and officially since 1886, he had undertaken the care and
description of the large Himalayan fossil collections made from time
to time by this Department. The sorting, classification, the distri-
bution of them to a devoted band of fellow-workers for description,
the supervision of the plates, and the translation of the reports, were
all undertaken by him as a labour of love through the above long
period ; and for this on his retirement, he received the appreciative
thanks of the Government of India. It is melancholy to reflect, that
the recent outbreak of war, following a few months after his death,
has now brought to an abrupt end this long co-operation of our De-
partment with the University of Vienna the details of which were
so efficiently organised by Dr. Suess during his life-time.

Dr. Eduard Suess.
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MINERALOGY AND PETROLOGY,

30. Whilst on study leave at Cambridge, Dr. Fermor made a crys-
tallographic investigation of two minerals col-
lected some years ago at the Kajlidongri man-
ganese mine, Jhabua State, Central India. One
of these was hematite in small erystals possessing the habit of co-
rundum, the principal faces present being the basal plane (111) and
the hexagonal pyramid of the second order (614). In addition to
these _the folloi\'ix1g forms were identified :—(513), (715), (29.1.27)%,
(51.1.49)% 5 (101), (100), (221), and (28.28.13)*—of which the three
marked with an asterisk are new forms. Doubtful readings were also
obtained for some 9 other pyramids and 7 other rhombohedra, the
majority of which would be new forms.
31. The other mineral investigated was hollandite, described, in
. _ 1906, as a new species having a composition
”dlofx?gﬂr?.“dlfe from Kaj-  corresponding to a salt of the acid HMnO,.
The crystallographic study proves this mineral
to belong to the pyramidal group of the tetragonal system, of which
scheelite is the type. The crystals examined, which vary in length
from § inch to 1} inches, are tetragonal prisms of the first order (110),
with the corners modified by the second order prism (100) and a
series of hemiliedrally developed ditetragonal prisms, of which the
chief 1s (210). These prisms are terminated by a very flat pyramid
taken as (111), modified in one case by the additional form (331).
The accepted value of pp” is 32° 9’, which gives the length of the
vertical axis as 0.2880. If it be considered desirable to orient the
mineral to show its relationship with scheelite, then the form (111)
becomes (105) and the other faces suffer appropriate changes.
The value of the vertical axis becomes 1.4400 compared with 1.5356 for
scheelite, whilst the value of the angle pp” for hollandite, which is
32° 9, is seen to approximate to the angle dd” of scheelite, which is
34° 9, d being the form (105) in scheelite. The ecrystallographic
relationship of these two minerals is significant in view of their
chemical formulie, which may be written as R MnO, and CaWO,
respectively. : i ’

32. Whilst at Cambridge Dr. Fermor also made a detailed micro-
seopic study of thin sections of the following Indian
meteorites :—Bori, Donga Kohrod, Sindhri, Karkh,
Bholghati, Chainpur, Mirzapur, Bilaspur (Baroti),
and Khohar, his object being to study the characters of chondrules,

Hematite from Kaj-
fidongri.

The origin of chon-
drules in meteorites.
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in view of his hypothesis that they represent former garnets. The
results of this work have not been entirely as expected and leave
unsettled the question of whether the chondrules were once garnets
or not. This is due to an unexpected feature which seems to be
common to all the meteorites examined and to have escaped previous
notice in the literature of the subject. This feature is so unexpected
and, if accepted as true, carries with it such obvious difficulties
that it is only mentioned with diffidence. Dr. Fermor states
that had these thin sections been put before him as slices
representing terrestrial ore deposits he would have had no hesitation
in affirming that both the minerals, nickel-iron aund troilite, had
been formed later than the other constituents of the rock and
had in many cases reached their present position by a process of
metasomatic replacement. Each of these minerals, whilst also oc-
curring with the silicates in the general ground-mass of chondritic
meteorites, is often particularly abundant towards the periphery of,
but actually within, the chondrules. TFrom a study of the structures
of these meteorites it is concluded that many at least of these
chondrules consolidated in their present position. There is no evi-
dence to show whether the metallic minerals in the chondrules have
been metasomatically introduced from without, or have been taken
into solution from the material of the chondrules themselves and
re-deposited in the peripheral portion. If the latter alternative could
be upheld it would be possible to maintain the garnet hypothesis in
an amended form, according to which, Instead of supposing that the
garnets suffered a dry fusion on release of pressure, water impri-
soned in the rock gave the fusion an aqueo-igneous character, so that
certain constituents of a chondrule were temporarily taken into solution
in water possibly above its critical temperature. One of the meteo-
rites examined, Khohar, contains a great number of chondrules
exhibiting polygonal outlines strongly suggestive of a mineral with
the symmetry of garnet; whilst in another meteorite, Karkh, one
slide showed an obscure patch of a colourless, isotropic, highly re-
fracting mineral, strongly suggestive of garnet itself. Some ten
other slides of this fall were cut without the discovery of any further
patches of this mineral, so that it has not proved possible to confirm
the determination. The presence of unchanged garnet in a chondritic
meteorite would place an obvious difficulty in the way ofaccepting the
garnet hypothesis of the origin of the chondrules. One certain point
appears to arise from this investigation, namely, that although stony
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meteorites are not known to carry water, yet at some time in their
past history water played an important part ; and that changes have
taken place within the meteorite since the formation of the
chondrules is proved not only by the relationship of the meteoritic
minerals to the silicates, but also by the cases, noticed in the Khohar
meteorite, for example, in which intergrowth has taken place across
the boundary of two chondrules in contact. Of the meteorites
examined, all were chondritic except Bholghati and Bilaspur, and
of these Bholghati proved to be a rather rare type, namely, a carbon-
aceous hypersthene-cucrite, analogous to the terrestrial norite ; whilst
the Bilaspur slide differed from Dr. Prior’s description of the fall in
being free from chondrules and not breccia-like. Of the chondritic
meteorites Karkh contains abundanee of an interstitial mineral that is
possibly maskelynite, whilst Bori as well as the Bilaspur fall contain what
18 probably apatite, a mineral but rarely recorded from meteorites.
33. The work now being carried out in the Central Provinces has
raised once more the debatable question of the
The origin of cale-  origin of the crystalline limestones, caleiphyres
ﬁﬁf;iiﬁ;e‘s‘f‘d erystaliine ond calc-gneisses of India. Professor Judd in 1896
advanced reasons for believing that the crystal-
line limestones of Upper Burma were chemically formed from
pre-existing pyroxenic gneisses,!

34. Dr. Fermor, in 1903, when studying the manganese ore
deposits of the Chhindwara district, Central Provinces, examined incid-
entally some of the numerous occurrences of calcareous rocks found
in this region, and, in a paper published in 19062, advanced the
hypothesis that the crystalline limestones of this area have resulted
from the chumical alteration of pre-existing rocks containing an
abundance of lime and magnesium silicates, and similar to or identical
with the calc-gneisses (quartz-pyroxene-gneisses) with which the lime-
stones are associated ; the agent by which the alteration was effected
being presumably CO, in solution. These calc-gneisses are a curious -
banded series of granulitic rocks constituted of some or all of the
following minerals—diopside, hornblende, quartz, labradorite, microcline,
cpidote, garnet, sphene, zircon, ilmenite, and magnetite, and in
special cases scapolite. In spite of the.abundant felspar the obviously
unusual chemical composition makes it difficult to regard them as
formed from an igneous magma. For this reason Dr. Fermor in

Y Phil. Trans. Roy. Soc., London, Vol. 187 A. p. 205.
2 Rec. Geol. Surv. Indic XXXUI, pp. 168-171,
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19091 accepted these rocks as metamorphosed sedimgnts, but still
supposed that the crystalline limestones had b_een derived from the
calc-gneisses, and suggested that t!le CO, which c_aused the c}}a}\ge
was a portion of that liberated during the conversion of the o'rlgmal
impure calcareous gediments into cale-gneisses. The formation of
the crystalline limestone was then supposed to be $h.1e to reversal
of the reaction on alleviation of the pressure conditions. In 1908
Dr. A. W. G Bleeck? in deseribing the occurrence of rubies in the
Kachin hills, Upper Burma, showed that the accessory minerals in
the crystalline limestones of that region were probably introduced
as thé result of the piezo-contact metamorphism of Weinschenk
caused by intrusive granite. In 1913 Dr. Fermor fluring his geo-
logical survey of the Chhindwara district was’able again to attack th1§
problem in the field and mapped in the neighbourhood of Mohpani
(21° 47" ; 78° 57’) and Nautal (21° 47" ; 78° 54') a l'arge number of
irregular patches of marble enveloped in .ortho-gnelss and torn to
shreds by intrusive granites and pegmatites. Where the contact
with the enclosing gneisses could be observed thin shells of diopsidic
pranulite were observed, and this, taken in conjunction with the
;resence of the fluorine-bearing minerals chondrodite and phlogg-
pite, was regarded as evidence of limited contact 311etamorphlc
action produced by the enclosing ortho-gneiss. Later in the same
year in a paper read before the 12th International Geological Congress
at Toronto® Dr. Fermor accepts as a more probable view that the cale-
ameisses, caleiphyres, and marbles, represent a banded series of (':a‘l-
careous sediments of various degrees of purity ; but at the same time
in order to explain numerous cases of replacement of gneisses by
calcite he tepeats his hypothesis that the CO, liberiitet’ during the
formation of the calciphyres and gneisses may have re-attacked these
rocks on release of pressure. In January 1913, W. L. Uglow, in
“ A review of the existing hypothesis on the origin of the secondary
silicate zones at the contacts of intrusives with limestones ' Initiated
a valuable discussion of the merits of the rival hypotheses to explain
the formation of the silicate minerals in such metamorphosed cal-
careous rocks. According to one set of views the formation of these
minerals is due to the re-crystallization of the impuritiez in the ori-
ginal sedinients with later introduction of metallic and preumato-

- -
L Mem. Geol. Surv. Indie, XXXVIL p. 200. 7 23~
2 Rec. Geol. Swry. India, XXXVI, pt. 3, p. 1 g :
3 (. R. dela XIIE Session, Canada, p. 273
4 Leonomic Geology., VIII, p. 19-50, £
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Iytic constituents; according to the other, their presence in the
metamorphosed rock is due to the direct contribution from the invading
magma not only of the metallic constituents, but also of the material
required for the formation of the silicates,

35. Mr. Burton in his progress report for 1912-13 gives a full
account of the metamorphic calcarcous series as developed in the
Seoni district. He regards the crystalline limestones as derived
from sedimentary limestones of various degrees of purity, and
accepts the formation of mica, pyroxene, amphiboles, and chondrodite,
as due to the re-crystallisation of the original impurities in the
limestone, with pneumatolytic addition of fluorine ; but the felspar
in the quartz-pyroxene gneisses he regards as in part of pneuma-
tolytic origin. He thus favours in the main the re-crystallisation
hypothesis. During the past season’s work (1913-14) Mr. Burton
had the opportunity of devoting further attention to these
calcareous rocks as developed in the Balaghat district. This led
to an interesting development of ideas, so that whilst Mr. Burton
‘still supposes that the calc silicate minerals of the calc-gneisses
(calc-granulites) were in part derived from original impurities in the
calcareous sediments, he lays stress on the fact that the predominant
felspar is microcline with varying amounts of orthoclase, plagioclase
being present only in small amount or altogether absent. He
deduces that this microcline was derived from the associated ortho-
gneisses during folding, when the latter became re-fused and attained
the condition of an igneous magma containing gases and pneumatolytic
agents. The felspars both of the calc-gneiss and of the ortho-gneiss
show quartz inclusions (quartz de corrosion), and this, Mr. Burton
thinks, indicates that the cale-gneiss and the ortho-gneiss must have
crystallised under the same conditions of pressure, indicating that
the calc-gneisses are really mixed gneisses which have re-crystallised
under plutonic conditions.t

36. In his account of the manganese-ore deposits of India? Dr,
The origin of the JLermor givesa list of th'e roc]fs intrusive into
kodurite series, Vizaga- the rocks of the gondite series. These intru-
patam. sive rocks are .all varieties of granite, pegma-

1During the present field season (1914-15) Dr. Fermor has accepted Mr, Burton’s
idea that these rocks are mixed gneisses, and both he (in Chhindwara) and Mr. Burton
(in Balaghat) have arrived at the conclusion that the hybridism has, at least in part,
been effected by the lit-par-lit intrusion of the calcareous rocks by an acid magma.
In Chhindwara however, labradorite is as abundant as mierocline in the cale-gneisses;

2 Mem. Geol. Surp. India, XXXVII, p. 336.
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tite, or telspar-rock, and many of them carry in addition one or
more manganese-bearing minerals, amongst which may be enumer-
ated spessartite-garnet, blanfordite, juddite, brown manganese-
pyroxene, a yellow manganese-amphibole, braunite, and greenovite,
the manganesian variety of sphene. Since these acid intrusive rocks
carry mangancse-bearing minerals only where they pierce manga-
nese-ore or associated gonditicrocks,it cannot be doubted that the
manganese has been taken into solution from the invaded rock and
incorporated in the intrusive whilstit was still in the molten condi-
tion. These manganesian acid rocks must, therefore, be regarded as
hybrids. The highly manganesian composition of the kodurite series
of Vizagapatam, described by Dr. Fermor as igneous intrusive
masses, which, by differentiation have resolved themselves into
whole series of rocks ranging from ultra-basic to ultra-acid, has always
been a matter of surprise. For it has been difficult to understand
how the ordinary processes of segregation within the Iarth’s
crust could have led to the development of a magma so high in
manganese as the kodurite series, which stands alone as a unique
series amongst the rocks of the world as at present known. We
have indeed, the remarkable case in India of two series of rocks, each
rich in manganese, each characterised by an abundance of manganese-
garnets, and yet one of them, the gondite series, undoubtedly a
metamorphosed sedimentary series, and the other, the kodurite
series, an intrusive igneous series. The relationship of these two
series one to the other is unfortunately not at present known owing
to our ignorance of the geology of certain tracts of country inter-
vening between the regions where the two series are respectively
developed. Dr. Fermor now suggests that the kodurite series may
perchance be an example of hybridism on a large scale, in which,
instead of a small pegmatitic or granitic intrusive having taken up
a small portion of an ore-body, as in the manganesian pegmatites
intruded into the manganese deposits of the Central Provinces,
a granitic intrusive of some magnitude has bodily assimilated
entire manganese-ore deposits. It does not follow that the con-
stituents of the dissolved manganese-ore bodies became uniformly
distributed throughout the magma ; each patch of koduritic rock
as we now see it enshrouded in apatitic quartz-felspar-rock may"
represent the approximate locus of one fragment of the incorporated
ore deposit, and the gradation from the ultra-basic garnet-rock in
the centre, through basic kodurite, to acid kodurite at the periphery

c2
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would then represent the results of the gradual diffusion of the dis-
solved body of manganese-ore into the granitic magma. The apatite
so characteristic of the kodurite series would probably have been
supplied by the invading magma. This idea can of course, at present
be regarded only as an interesting speculation needing for its con-
firmation the discovery in the kodurite country of older sedimen-
tary manganese-ore deposits or manganese-silicate-rocks. Such rocks
have not yet been satisfactorily identified, but certain manganese-
pyroxenites, which are closely associated with presumed meta-
morphosed sediments (khondalites and calc-gneisses) at Tadurn
and Chintelavalsa,! and which Dr. Fermor was not able satisfac-
torily to connect with the kodurite series, may represent such sedi-
mentary manganiferous layers modified perhaps by contact meta-
morphism.

37. Unfortunately very little analytical work has yet been carried
out on the garnets of these two manganiferous series ; but such
material as is available indicates that the garnets characterising the
gondite series must be regarded as varieties of spessartite with a
low percentage of lime ; whilst those characteristic of the kodurite
series, for which the name spandite has been suggested, carry a
relatively high percentage of lime. If there be any truth in the
idea that the kodurite masses are to be regarded as a product of
hybridism, then the high lime contents of the spandite will pro-
bably be due not to the solvent magma having been rich in lime,
but to calcareous rocks having been picked up along with the manga-
nese-ore body. Such rocks are seen in actual contact with the manga-
nese-pyroxenites of Taduru and Chintelavalsa, and xenoliths of
crystalline limestones are actually enclosed by the koduritic masses
of the Kodur mine.

38. Associated with some of the gonditic ore bands of the Central
Provinces we frequently find (especially where the country of the
ore body is ortho-gneiss instead of the more customary mica-schist
or quartzite) a small amount of spessartite-bearing gneiss or of
orthoclase or apatite-gondite. Such rocks are probably to be regarded
as hybrids between the manganiferous sediments and the enclo-
sing ortho-gneiss, and it is to be noted that apatite-orthoclase-
gondite is closely comparable with quartz-kodurite, each rock car-
rying quartz, orthoclase, and apatite, but with different varieties of
manganese-garnets. No analysis has yet been made of the manga-

L Mem. Geol. Sury, India, XXXVII, pp. 21, 22.
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nese-garncts in the pegmatitic intrusives into the gondite series,
but in habit and colour they are indistinguishable from the manga-
nese-garnets in the gonditic rocks and thus are probably spess-
artite. In his progress report for 1913-14 Mr. Burton attaches the
name quartz-kodurite-pegmatite to a rock from the Netra mine,
Balaghat district, but this term will only be strictly applicable if
the garnet be high in lime.

39. If future investigation should support this idea that the kodu-
rite rocks are really hybrids, it will introduce a pleasing homoge-
nity into the.whole question. It will also suggest the possibility
of correlating a portion of the manganiferous rocks and associated
sediments of the Central Provinces with the manganese-pyroxenites
of Taduru and Chintelavalsa and their associated sediments, which
are khondalites and calc-gneisses. Mr. Burton has already sug-
gested the correlation of the calc-gneisses of the two regions on the
basis of the associated sillimanitic rocks found both in Balaghat in
the Central Provinces and in the Vizagapatam district.

40. While on study leave in Burope this summer Dr. W. A, K.
Christie, besides making a study of the assaying methods in use at
the Royal Mint, London, was engaged chiefly in microchemical
work during the summer session in the labo-
ratory of Professor F. Emich at the Technische
Hochschule of Graz, Austria, and during the autumm in that of
Professor N. Schoorl at the University of Utrecht, Holland.

41. At Graz the quantitative methods worked out by F. Emich and
J. Donau were studied in detail. The chief difficulties hitherto
encountered in India in quantitative microchemical analysis have
beer the making and repair of the delicate apparatus required,
more particularly in connection with the Nernst-Emich microbalances
of quartz fibre and the Donau platinum filters. The technique of
manufacture and manipulation having been acquired, attention was
chiefly directed to such determinations as would be most useful
from a mineralogical point of view, and latterly to new methods for
the micro-analysis of silicates, a subject on which, up till then no work
had been done. The results obtained were distinctly encouraging.

42. In Utrecht a study was made of the microchemical reactions
and separations already worked out with systematic complete-
ness by Professor Schoorl, and advantage was taken of the latter’s
wide experience in applying the methods to the analysis of com-
plicated ores and rock-forming minerals.

Microchemistry.
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43. The application of microchemical methods and particularly of
quantitative ones, has hitherto been greatly neglected in geological
work not only in India and a knowledge of them cannot fail to be of
service in many instances where only minute quantities of material
are available for investigation.

PALZONTOLOGY.

44. Dr. G. B. Pilgrim acted as Palxontologist throughout the
year. He was engaged in the revision of the
Tertiary Mammalia :  Sjwalik Primates, including both the specimens
Siwalik Primates. . . . Cy.
on which ‘the species Dryopithecus punjabicus
Pilg., Sivapithecus indicus, Pilg. and Semnopithecus asnoti Pilg. were
originally founded but with no more than a brief preliminary notice,
as well as additional material obtained since 1910.
4b. The results of his examination are contained in a paper pub-
lished in part 1 of the present volume of these Records. A maxilla
and upper teeth of the species Dryopithecus punjubicus have been
described, and two new species of Dryopithecus established. A mnew
genus, Palacosimia, which Dr. Pilgrim considers ancestral to the
Orang, has been described and the species Semnopithecus asnoti has
provisionally been assigned to the African genus Cercopithecus.
Several additional lower teeth and portions of the mandible of
Sivapithecus have been discovered, which, in the author’s opinion
display a decidedly human affinity. These, ocourring as they do in a
Miocene species, point to their owner being an eally member of the
Hominidae.
46. Dr. Pilgrim has also written papers, pubhshed in the last
volume of these Records, descriptive of a new
SOL’;Z;”,’; ‘:t"s and Dis-  genus of bear, Indarcios from the Middle Siwaliks,
and of a new creodont genus, Dissopsalts, from
the Lower Siwaliks. The latter represents a curious survival in
India of a type, which had become extinet elsewhere, its nearest
relatives being found in Eocene genera of Europe and North America.
47. The present part contains a paper by Dr. Pilgrim on two
: new genera of cats from the Lower and Middle
Pj_’;"fggl;ggm dusl.md Siwalik.s, Sz'vacluru‘s and Paraznacha.erodus. These
are allied to species from Pikermi and Maragha
and seem to afford evidence of a special line of development nub
hitherto rechgnized. '
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48. Mr. G. de P. Cotter towards the end of the year announced
the discovery in Burma of mammalian remains
Middle Eocene Mam- in beds which he believes to correspond to the
malia of Burma.
Pondaung Sandstone and to be of Upper
Focene age. If this proves correct these are the earliest reported
land mammaha in Asia.

49. Mr. Hallowes was deputed during last July to examine a

- bone deposit which was reported to oceur in

Upper Siwalik bome  the neighbourhood of Kalka. Mr. Hallowes
bed near Kalka. H . - .

located it near Baddi, some 15 miles north-

west of Kalka. The locality is known to Dr. Pilgrim, who assigns

the beds to the Pinjor zone of the Upper Siwaliks. Mr. Hallowes

brought back a collection of mammalian remains, of which the most

interesting are some teeth and vertebree of Stvatheriwm and a tooth

of Equus. The latter genus has not previously been recorded from

this horizon, and Dr. Pilgrim suggests that its occurrence here may

make it necessary to shlft these beds to a somewhat later position
in the geological scale than had hitherto been suspected.

50. Mr. E. W. Vredenburg is still engaged on his description of

the Oligocene and Miocene mollusca of North-

Tertiary Mollusca of  VWegt India, which, however, is now approach-

North-West India. . . . ; pproach
ing completion.

51. Amongst the fossils of the Spiti Shales, which were in the late
Palzontological work Professor Uhlig’s hands, were a few ammonites
in Europe : Spiti Shales left undescribed by that author as well as the
fossils. whole of the Brachiopoda. A memoir on these
has now been published by Miss Paula Steiger of Vienna as fascicle
5 of the Fauna of the Spiti Shales, Pal. Indica, series XV, Vol. TV,
With the collection of the Geological Survey of India she has
included in her examination certain specimens collected by the
Brothers Schlagintweit and now in the Palxontological Museum of
Munich. The ammonites belong to the genus Perisphincies. Amongst
them are 11 new species, of which G are referred to the subgenus
Aulacosphinctes and 2 to the subgenus Virgatosphinctes. Some of
these are, however, rather fragmentary. The Brachiopoda are poorly
preserved, and Miss Steiger has referred them to the groups of
Rhynchonella lacunosa Quenst., Rhynchonella trilobata Zeiten. and
Rhynchonella Asteriana D’Orb., merely suggesting their respective
affinities, but without venturing actually to 1dentxfy them with pre-
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viously known species. The results of her examination aic in entire
agreement with those obtained by Uhlig, -

52. Mr. F. R. Cowper Reed has completed a supplementary memoir

Ordovician and Sile- ©1 new Ordovician and Silurian fossils col-

gitz::et:i Northern Shan  lected in the Northern Shan States by Messis, T.
= D. LaTouche, J. Coggin Brown and others in
the~}'eur 1904—07. This will be published very shortly.

53. The species described not only augment the lists pﬁblished in
the author’s previous memoir of 1906 to the extent of rather more
than 100 species, including one new lamellibranch genus; Shanina, and
99 species which are new to science, but also provide evidence of a
miore complete stratigraphical sequence than was at first recog-
nised. A more satisflactory correlation has been rendered possibole
by the discovery of well-known European zone graptolites, and of
other fossils showing affinitics to species of known ::;eolonical horizons.

54 As Mr. LaTouche had the advantage of Mr. C?)wper Reed’s
provisional detcrminations, the majority of the latter’s stratigraphical
results have been embodied in his memoir on  the Geolow; of the
Northern Shan States published in Mem. Geol. Sure. I(;zcl. Vol
XXXIX, pt. 2 (1913). ’ .

55. The ‘fuunul affinities of the Upper as well as of the Lower
Naungkangyi beds are clearly shown to lie with the Ordovician of
110}'t}191’u Euyope and not with that of America. The whole facies of
this f.auna Is different, both from that of the Central Himalaya, of
Tonkin and of Sze-chuan in China, but shows certain resemblances to
that collected by Mr. Cogain Brown in Western Yiinnan. Mr. Cowper
Reed refers the Naungkangyis, both in their upper as well as in their
lower portions, to the lower Ordovician. The fossils of the Hwe
M.uung or Upper Naungkangyi beds of the eastern area indicate a
slightly difterent age to those of the western arca, but the paleon-
tological evidence is insufficient to decide which of the two is the
older. The Panghsa pye beds are shown to be of Lower Llandovery
age, and ha‘ve‘ equally a European stamp in which they agree with
beds of a similar age from the Central Himalayas.

56. Mr. Cowper Reed has also completed his description of the fos-
sils collected by Mr. J. Coggin Brown from the
Ordovician and Silurian beds of Western Yiinnan.
This will be published within the next, few months,
The results of Mr. Cowper Reed’s provisional determinations have already
been made known in these Records in a short paper by Mr. J. Coggin

Ordovician and Silu-
rian of West Yunnan.
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Brown, Records Geol. Surv. India, XLIII, p. 327. Some 70 species are
described in addition to 25 species of graptolites identified by Miss Elles
with previously known forms. Of these, 20 are new to science, including
two new cystidean genera, Sinocystis and Ovocystis. The Ordovician
fauna may be assigned to the lower portion of that system, though
probably occurring at four or five slightly different horizons. Like
that of the Northern Shan States, its affinities are with the North
Buropean rather than with the American type, and present an al-
together different facies from the Ordovician fauna of Eastern Yiin-
nan and Tonkin described by MM. Mansuy and Deprat. His failure
for the most part to recognize any species, which are actually iden-
tical with those of the Naungkangyi beds, inclines Mr. Cowper Reed
to place them, however, on a slightly different horizon. The fauna
which most resembles that of the Northern Shan States is that found
at Shihtien, which recalls that of Sedaw.

57. The Silurian is represented only by the graptolites from
Shihtien, which Miss Elles regards as of Llandovery age, though of
two horizons not far apart from one another, of which the higher
belongs to the base of the zone of Monograptus sedgewicks.

58. A large memoir on the Namyau Brachiopoda of the Northern
Shan States by Mr. S. S. Buckman is drawing
ofl;{aolll’]l{l?:n gll;?lillllst)tl;(t)eda near to completion. A preliminary notice of this
memoir and a brief summary of its contents
were published in part 1 of the present Volume of these Records.
Its most striking feature seems to be a proposed new classification
of the genera Rhynchonelle and Terebratula, based on the internal
characters as displayed by burning off the test. The original genus
Rhynchonella is sub-divided into 44 genera, and Zerebratula into
32. The Burmese species of Rhynchonelle are about 40 in number
and have for the most part been referred to the new genus Burmi-
rhynchia, while the Terebratulids amount to some 20 species belonging
to the genus Holcothyris. Mr. Buckman considers that the beds are
of Bathian age about the date of the great Oolite.
59. Dr. A. Spitz’s description of the fossils from the Gieumal Sand-
stone has been translated by Mr. Vredenburyg
Sat!l:l;islfl(l)‘tl;e()fe:gc o(fiigl;?:;ll and published in Vol. XLIV, part 3 of the
T " Records. 'The  specimens described were
originally collected by Stoliczka, Griesbach, Krafit, and Hayden.
They include principally bivalves (mostly Cardium and Pseudomono-
tis), mostly peculiar to this formation, and a few incomplete ammo-
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nites  (dstieria, Parahoplites, and Stoliczkaia). The fauna is too
localised to allow a very definite determination of the age of the beds
which may range from Upper Neocomian to Gault.

60. Dr. Spitz has also described and figured the foraminifera from
the overlying Chikkim Limestone of Spiti, including Nodosaria, Cris-
tellaria, and Textularia, none of which, however, are of definite
stratigraphical value.

61. The paper finally contains a description of some fossils from
Griesbach’s so-called Chikkim Limestone of Hundes (Mem. XXIII,
p. 80) including Cucullwa, Astarte, and a belemnite related to B.
Gerardi, which are evidently not of Upper Cretaceous age (the pro-
bable age of the genuine Chikkim limestone), and may indicate the
presence of an exotic block of Upper Jurassic or Lower Neocomian
age.

62. Messrs. Cossmann and Pissarro’s description of the lamelli-

Upper Ranikot lamet-  Pranchs from the Upper Ranikot of Western
libranchs  of Western  Sind, is being translated by Mr. E. W. Vreden-
Sind. burg. When ready, it will be published in the
Palaontologia Indica, and will complete the molluscan fauna of the
Lower Kocene of Sind of which the Gastropoda were published in
Vol. 1L, part 1 of the Pualwontologia Indica (New Series)

63. As might be expected from the gencrally wider geographical -

distribution of bivalve molluscs as compared with gastropods, the
Ranikot lamellibranchs do not represent quite so isolated a fauna
as the previously described gastropods. In addition to certain
forms cither previously described by d’Archiac and Haime, or newly
established by Messrs. Cossmann and Pissarro, that are peculiar to
Sind, several species previously known from the Eocene of Egypt or
Europe have also been recognised, such as Ostrea multicostata Desh.,
and 0. Pharaonum Oppenheim,
64. A revision of Dr. P. M. Duncan’s types of the echinoids of
Echinoids of the Bagh  the Bagh beds by M. Fourtau has been received
beds. and at present is in process of translation
from the original French by Mr. G. H. Tipper.
65. A description of Dr. H. H. Hayden’s collection of Cretaceous
and Kocene fossils from Central Tibet by M.
Cretaccous and Eocene  Henri Douvillé has also been received. As the
of Central Tibet, . . . . S
translation of this, also by Mr. Tipper, is still in

progress, the review of the contents is postponed till the next
General Report.
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ECONOMIC ENQUIRIES.

Bauxite.

66. In 1913, at the conclusion of his work in Korea State, Dr.
TFermor visited Amarkantak (3,500 feet), forming
Central India and  the culminating eastern peak of the main Satpura
Central Provinces. range, in order to ascertain whether this great
height was due to a greater thickness of the Deccan Trap than usual
or to the existence of a pre-Trap peak of erystalline rocks. On the
way up the Ghat he found that the surface of the gneiss rosc to a
lieight increasing from 2,570 to 2,660 feet, the lower poﬁmn being
overlapped by a hundred feet of Talchir-like rocks. Resting on the
Talchirs, ““Lameta ” limestone was found through an elevation of
90 feet, this excessive thickness indicating perhaps a continued rise
of the underlying gneissic surface. This limestone was succeede‘d
by about 670 feet of Deccan Trap lavas, capped by laterite. This
was scen through a difference of elevation of 140 fect; but as the
laterite was obviously covering a rising surface of trap its actual
thickness was much less than this ficure, probably not more than
65—70 fect. Amongst the detritus obscuring the exposures on the
Ghat road was a great abundance of fallen laterite blocks, many of
which consisted of bauxite, often pisolitic and apparently of the best
quality. On the plateau of Amarkantak a considerable quantity
of bauxite of variable quality was noticed, and even the numcrous
temples congregated round the source of the sacred Narbada river
were mostly constructed of this material. There is a considerable
area of ground covered by laterite in this neighbourhood, both in
Rewah State and in the Mandla and Bilaspur districts, Central
Provinces ; and should a careful examination of these hills lead to
the discovery of bauxite deposits of any size they might prove to be
of ecomomic value ; for although the locality is somewhat remote,
yet a good site for water power is close at hand.

67. In 1912 Sub-Assistant M. Vinayak Rao discovered bauxite of
good quality, on the Amagarh scarp seven miles south-east of Seoni
town in the Seoni district ; this he further investigated the following
year. No excavations have been made, but blocks of bauxite were
traced for about two miles and a representative block examined
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in the Geological Survey laboratory gave the following results on
analysis :—

Si02 . . . . . . . . 1-36
Ti02 . . . . . . . . 12.08
AlbOs . . . . . . . . 5478
Fea0y . . . . . . . . 317
H20 . . 2825

99-64

68. In 1913 Mr. R. C. Burton, working to the south of Amagarh, dis-
covered blocks of bauxite in ferruginous laterite at many localities,
e.g., Senduria, Amutpani, Patrai, and west of Salai. Near Atarwani,
still further to the south in the same district, Mr. Burton found a
small hill containing a deposit of bauxite estimated to be twenty feet
thick, and lying between beds of ferruginous laterite. Blocks of
70—80 cubic feet in volume lie on the hill sides, but the area covered
by the outerop is small. The quality was apparently good.

Coal.

69. At the instance of the Government of Burma, Mr. J. Coggin
Brown during December examined the coaly
Sh:\xets‘;?(lc; Northernn  material of Wetwin, 9 miles (as the crow flies)
) cast of the Lashio branch of the Burma Rail-

ways at Wetwin station.

70. Mr. Brown was unable to determine whether the coal seams
were comparable with those carbonaceous shales which are interbedded
with the limestones belonging to the Plateau limestone (Devonian)
of LaTouche (see Geology of the Northern Shan States, Mem. Geol.
Surv. of India, Vol. XXXIX, pt. 2, p. 255) or to the Tertiary strata
of the Shan States and Upper Burma, to which latter it has a
remarkable resemblance. The high dip of the strata is, however,
against the latter interpretation, if the Shan States only be consid-
ered, although in Southern Yiinnan, according to the Indo-China
geologists, exactly similar deposits often exhibit a steep dip.

71. Three outcrops are described, all lying, as Mr. Brown thinks, at
about the same horizon. The coal is a dull black colour, resembling
carbonaceous shale. On exposure to the air it quickly crumbles to
powder. Three carefully sampled lots of the material have heen
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assayed in the laboratory of the Geological Survey with the following
results :—

| |
s | e | Yol Bt | Gl s
| | S
1 1744 37:84 ! 33506 | 11'6 | Brown. !Doesnotmke.
2 16-04 3919 | 3443 i 944 | Do. ) Do.
3 14-80 38;10 32-73[’ 1432 | Bufi. ‘I Do.

In considering these analyses it is necessary to remember that they
were all performed on exposed and weathered material, but, taken
as a whole, they all show a high percentage of moisture and ash,
and that preponderance of volatile matter over fixed carbon which
is usually associated with the lignites or brown coals of Tertiary
age.
) 72. No estimates have been made of the total quantity of the coal
available, as this could not have been done without extensive opera-
tions and possibly borings. Apparently the coal has not been suc-
cessful as a boiler fuel, and all the objections brought forward by
LaTouche and Simpson to the Shan States coal (Rec. Geol. Surv.
of India, Vol. XXXIII, pt. 2, pp. 117, 125) apply with equal force
to this Wetwin material, and in addition there is the long lead to the
railway over bad country. For these reasons, and because briquet-
ting would be necessary, Mr. Brown thinks that the coal possesses
very little economic interest at the present time.

73. The speculative question of the existence of ineropping coal

measures in Western India beneath the cover-
Westernt India : pro~  jng of Decean Trap (on the analogy of those
pased borings. beneath more recent formations in Kent and
Northern France) dates back to enquiries put before this
department in 1907. The matter came definitely to a head
in June of the year under report by the forwarding to this
department, by the Agent to the Great Indian Peninsula Railway,
of certain correspondence with the Board, wherein Mr. F. L. G. Simp-
son, Manager of the Mohpani Colliery, put forward the specific
localities of Kalyan, Bhusaval and Khandwa, as those at which he
considered the overlying Deccan Trap might be thinner than else-
where, and so be suitable for experimental borings in the hope of
reaching coal at no greater depth than 250 feet,
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74. The subject, in spite of its discouragingly problematical char-
acter, was referred to Mr. C. S. Fox, who was more familiar with the
geological conditions of this area than any one else in India at the time.
His investigation of the geological literature of the subject indicated :—
(1) that the deposition of the Gondwana coal-bearing rocks began
In a series of isolated depressions, roughly arranged in definite lines ;
(2) that a partly water-worn mountain chain stretched in an easterly
direction across the Peninsula, corresponding with the present posi-
tion of the Satpura range and its castern extension ; and (3) that this
mountain chain had been breached in at least three places from north
to south. The Narbada-Son-Himalaya group jof basins lay to the
north of the old mountain chain, the basins of the Damodar, the
Mahanadi and the Wardha-Godavari rivers crossed eastwards and
south-eastwards through the breaks in the chain. The coal-fields
were formed at the time when the basins had probably become
connected by large sluggish rivers winding their way outwards,
west, cast and south-cast, from the high ground of the uplands over
modern Mandla. Not till very latest Gondwana times, however,
had the streams a continuous flow, connecting the central regions
with the sca. The old basins were probably fault rifts, and at a later
date when the voleanic eruptions of the Deccan Trap arrived, fur-
ther movements along the fault planes appear to have taken place,
In some cases preserving whole coal-ficlds within the limits of their
original deposition.

75. The possibility of the existence of coal under the trap of the Bom-
bay Presidency depends upon the existence of another line of Gond-
wana basins under the traps. This seems a possibility in view of
H. B. Medlicott’s opinion that the Satpura basins almost certainly
had an outlet to the west.

76. After considering the altitude and situation of various localities
proposed for borings, Mr. Fox’s conclusions, with which I am in
agreement, are summarised in the final paragraph of the note put
up by him, in which he writes :—“ It will, I think, be a waste of
time and money to sanction borings that are to be restricted to a
depth of 250 fect. If the intention is to exploit the area in a purely
experimental manner, then two borings of 1,000 feet each should
be put down, one at Bhusawal or Dhulia and the other at Kalyan.
In cach case the whole operations must be treated in the spirit of
sheer pioneer work. If a timid boring of 250 feet is all that can be
considered, 1 have little hesitation in saying that it is not likely to
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get through the traps, and very little information for future guidance
will have been obtained ; whereas, a -boring carried through the trap,
even if it does not hit a coal seam at once, will give information that
should definitely settle the prospects of finding coal under the trap
of Western India.” .

77. Itis to be hoped that this critical opinion of the proposals will
not deter, but rather stimulate, the Board to sanction the deeper
borings (proper care being taken of the cores brought up) for it cannot
be denied that as regards Western India such trials will have to be
made sooner or later in the interests of water, coal or both.

Limestone.

78. The demand for limestone for certain parts of Upper Assam has
long been a pressing one, owing to the scarcity
there of such deposits. Numerous enquiries
from time to time have been received by this department from the
Assam  Government, the Railway authorities and private firms .
regarding suitable stone for agricultural and building purposes, and
one more readily accessible than that of the celebrated, but distant,
Sylhet quarries. .

79. The majority of these enquiries centred round the locality of the
Mikir Hills, where Nummulitic limestone of the same formation as
the Sylhet stone, has long been known. Finally this department was
definitely asked by the Assam Government to depute an officer to
make a detailed examination of the depesits of these hills, with the
particular object of selecting a locality where a limestone industry
would have the greatest prospects of success, and be favourably
situated as regards the railway. At the end of October, I was able
to depute Sub-Assistant M. Vinayak Rao for this purpose before
taking up his regular cold weather work. Notwithstanding the
adverse climatic and other conditions he succeeded in selecting three
localities in the Disboi Jan, Meyongdisa and between Borojan and
Deopani, where a suitable quality and amount of the limestone could
be best obtained.

Upper Assam.

Manganese.

80. In the course of his work in western Balaghat, Central Provinces,
Mr. Burton visited several manganese quarries
and collected notes about five deposits not
described by Dr. Fermor in his memoir on the subject, namely, Gola

 Central Provinces.
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Hurki, Netra, Biahtekor, Bukoda, and Chibarghat nala, north-west
of Budbuda, of which the last three had been abandoned owing
to the poor quality of the ore. The ore bed at Gola Hurki and
Netra is 15 ft. and 16 ft. thick respectively and carries a fair quan-
tity of ore of good quality. A pegmatite at Gola Hurki contains well
developed crystals of braunite, wp to 2 inches in diameter, and
often twinned.

Potassium Salts,

81. In July Dr. W. A. K. Chuistie, in the company of the Chief In-
spector of Mines in India and the Assistant Commissioner, Northern
India Salt Revenue Department, Khewra,. visited the Prussian
potash mines at Stassfurt to study the mineralogy of the deposits and
the methods of mining employed, with a view to utilising the know-
ledge gained in connection with the possible development of the
potash deposits at Khewra and Nurpur in the Punjab Salt Range,
the investigation of which formed the subject of a report already
published in the Records in the year under review. The Prussian
deposits differ markedly from those found in India. They are, of
course, incomparably greater in extent, but mineralogically there is
also a wide difference ; although both were probably similar at the
time of their deposition, the Punjab deposits have been affected to
a much greater extent by thermal metamorphism, so that carnallite,
for instance, one of the chief produects mined at Stassfurt, is unknown
in India.

82. Since the outbreak of war the subject has assumed an added
importance, for the main sources of the world’s supply—the deposits
in Germany and Austria—have been cut off. Although no real
potash famine has supervened, chiefly owing to the reopening of
many neglected sources in Furope and America, the possibility of the
economical exploitation of the Indian deposits has been enhanced,
and the subject is now engaging the attention of the Covernment

of India.
Road Metal.

83. In July 1914 the Chairman of the Calcutta Corporation, after
some correspondence on the subject, asked for
the services of an officer of this department to
inspect certain localities within a reasonable distance of Calcutta,
with a view to selecting quarries that would yield a suitable stone for
road metal for the Caleutta streets. The Corporation required

For Calcutia.
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about 20 lakhs of cubic feet per annum of stone for at least 20 years
for this purpose, or in other words 40,000,000 cubic feet altogether ;
and, for reasons connected- with efficient breaking and screening,
desired to acquire or lease a quarry in preference to the old method
of giving out contracts from year to year for supplying the stone, -

84. Dr. Murray Stuart, who had recently returned from deputation
to Madras, was opportunely available, and was instructed to comply
with this demand. During the latter part of August he inspected 12
localities from which offers of leases had been made, ard he eventually
selected the hill of Deccan Trap called Malphari near Pakur inithe
Sonthal Parganahs, as being the most suitable, because it would allow
a quarry to be excavated with a face of rock at whick to work.
Mention was also made in his report of other less desirable localities,
where it was probable that a large supply of boulders could be ob-
tained, with the likelihood of solid rock being found a short distance
below the surface, though there was no proof of this and water
troubles would be sure to occur in the rainy season.

Water.

85. Larly in the cold-weather season of 1912-13 enquiries were made
of this department by the Sanitary Engineer
to the Central Provinces Government regard-
ing the probabilities of obtaining a supply of water from tube wells
sunk in Berar and Nimar districts of the Central Provinces, where
existing wells were shallow, and rock encountered comparatively
near the surface. In particular, our opinion was asked if there was
a reasonable chance of success if some trial borings were made with
two or three hand-power diamond drills suitable for boring to a
depth of about 250 feet. This began a correspondence which, early
in the summer of 1914 resulted in my deputing Mr. C. 8. Fox, who
was geologically surveying the neighbouring districts of the Central
Provinces, to visit the area at the close of his field seasor. Mr. Fox
accordingly spert the latter part of April till the middle of May
examining the water-supply conditions in what is known as the
“Saline Tract ” and neighbouring parts of Akola district, Berar.
A very full exammnation was made, and a detailed reportTsent in
early in August. Mr. Fox’s results and conclusions tended to
shatter the hope that deeper wells in the alluvium would be likely to
yield sweet water, or that still deeper wells piercing down into the
trap rock would, as a matter of course, yield water under artesian

D

Berar, Central Provinces.
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or semi-artesian conditions. The procedure which he suggested
was to utilise and systematise the present fresh water supplies as far
as possible, supplementing them if necessary, from other sources
drawr from the better watered northern tracts, and distributing
the whole throughout the saline tract by pump and pipe.

86. During the year reviewed a fresh impetus hasbeen given to the
. study of water questions in the Bombay Pre-

Bombay. . . . .
Y sidency. This subject, which for many years

in the past had been under consideration from time to time, came

prominently forward in July 1912, when the Hubli municipality
purchased a boring plant and proposed sinking to a depth of 1,000
feet. Since then, in consequence of the activity of the Agricultural
and Banitary departments in the matter of well-boring operations
for water in different parts of the Presidency, the Bombay Govern-
ment in October of 1914 appointed a committee to examine the
results already attained, with the object of laying down a policy to
be pursued in the future; and they asked this department for the
services of Mr. A. M. Heron (who is deputed annually to the
Engineering College, Poona, for lecturing or geology) to advise the
Committee on any points on which they may require his assistance.

87. As Mr. Heron was ther in camp, carrying on his ordinary cold-
weather geological duties in Rajputana, he was only able to do so by
correspondence. Mr. Heron, after referring to the known capa-
bil'ties of the aliluvium and Tertiary beds of Sind and Gujrat, and
also possibly the gently folded strata of the Kaladgi and Bhima beds
for retaining artesian water, was unwilling to criticise the boring sites
as recommended by the Committee without local knowledge and a
careful personal exploration with the aid of large-scale geological
maps. He also drew attention to the speculative nature of all deep
borings in the Deccan Trap, either above or below the ghits, and as
to the desirability of preserving the cores brought up for examina-
tion by this Department.

88. It may very well be that besides fissures in the Deccan Trap,
water also finds its way along the separation planes of the
different trap flows, owing to the presence of porous intertrappean
beds. The partially confirmed success of the Hubli boring is also of
considerable interest. Although the yield of water was not stated,
the fact that in a 300 feet boring water rose to within a few feet of the
surface and recovered rapidly at 20 feet below that surface, seems to
show that it may be necessary to revise our notions as regards the
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steeply folded Dharwar rocks being too compact and impervious for
the free passage of water and for artesian or semi-artesian condi-
tions to exist.

89. At the request of the Public Works Department of Bihar and
Orissa, Mr. C. 8. Fox in May proceeded also
to Ranchi to report on the water-supply of the
new Central Lunatic Asylum at Kanke, 4 miles north of Ranchi.
For this investigation he was well-qualified by his previous experience
of water questions in that locality during the preceding year, when
in a very full report he had made various suggestions for deepening
wells, increasing their yield by tunnels and a filter-crib in the bed
of the Doranda stream, and for a small storage supply, in order to
meet the increased demand of a growing town.

90. In the present enquiry 50,000 gallons daily were required to be
assured. His suggestions for a reservoir, tube-wells and filter-cribs
in the stream beds, were considered by him sufficient for the purpose.
But, whatever the source or sources finally adopted, Mr. Fox re-
commended that the water should be supplied to the Asylum through
small reservoirs to meet any sudden demand, such as from fire, and
that aero-motors should be used to work the pumps in the wells.

91. It would seem from the above examples that the question of
well water is one which is becoming a pressing one
in many of the rather dry and well populated
areas in India. In view of this, and of the undoubted fact that
much obscurity still envelopes the problems of underground springs
and water-caturated zones, it may be advisable in a future field
programme (as suggested by my predecessor) to detail an officer
to exhaustively examine the whole general question during one or
more field seasons. This would not only conduce to a more
scientific and complete settlement of the immediate question, but,
incidentally, by the examination of the cores brought up by
drilling, would be fruitful in geclogical and other data.

Ranchi.

The general question.

Engineering.

92. Early in May Mr. R. C. Burton was deputed to Durjeeling to
make a geological survey of the Happy Valley
landslip area, in continuation of similar in-
vestigations made in previous years by Dr. Havden and Dr. Fermor.
Furnished with a topographical map on the scale of 20 inches to the
mile and showing 10 feet contours, which had meanwhile been com-

Darjeeling Landslips.

D2
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pleted down to the base of the slips, Mr. Burton was able to bring
the geological examination of this area to an entirely satisfactory
conclusion. He submitted a copy of the map with details inserted
on it showing the structural condition of the rock, whether shat-
tered or firm, the dip of the bedding and foliation planes, and the
direction and localities of the folds and faults, cracks and fissures,
traversing it. A descriptive account, supplementary to those of
Dr. Hayden and Dr. Fermor, and embodying suggestions for pro-
tective measures, accompanied the map and was well illustrated by
sections and photographs. ‘

93. Whether or not the particular protective suggestions made by
the Geological Survey, and which were afterwards discussed at a
meeting of the Darjeeling Safety Commistee, be finally accepted
by the Government of Bengal, there can be no doubt that the
completion of this structure map marks a step forward in the inves-
tication of the Happy Valley slips.

GEOLOGICAL SURVEYS.

Bombay, Central India and Rajputana.

94. Mr. Middlemiss remained in charge of the party at work in

Messrs. C. S. Middle.  these arcas, bub did not himself take the field.
miss, H. C. Jones, A. M. The remaining members of the party, as noted
Heron and N. D. Daru, A

year.

05. Mr. H. C. Jones continued the survey of the Nimbahers
Mr. H. C. Jones, District of.Tonk State, which he began in the
Ninbahera District, present writer’s company towards the end of the
Tonk State. previous season. The area worked lies between
lat. 24° 25’ and 24° 45’ and long. 74° 18" and 74° 51" and is included
in the 1”7 to 1 mile Standard Sheets, Nos. 172,-173, 203 and 206 of the
Central India and Rajputana Topographical Survey.

96. As noted in the last General Report this area is broken up by
large patches of territory belonging to Udaipur State in which work
cannot be carried on at present and large tracts of the area are covered
with alluvium. These combined with the disturbance caused by
the intrusion of granite and basic dykes, makes the interpretation
of the geology of the older rocks difficult. The area gone over
rapidly by Mr. Jones and myself last scason, together with the

in the margin, are the samec as those of last -
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surrounding area was mapped by Mr. Jones in detail, and the general
results once more confirm those made last scason, that there is a con-
tinuous sequence of Vindhyan rocks stretching conformably down-
wards from the Kaimur sandstone, through the Suket shale, slabby
limestone, purple shales and grits with the boulder bed near Binota
at the base.

97. The geology to the south and west of the arca is much
more complicated, but there seems to be no doubt that Hacket’s views
of two older series 1s correct.—(1) the massive quartzites mapped
by him as Delhis and (2) the schists, phyllites, shales, siliceous
limestones and thin bands of quartzite, which he has mapped as
Aravallis.

98. These massive quartzites, which occur as long ridges striking
and often dipping in a similar manner to the Aravalli rocks, in
places appear, owing to folding, to be interbedded with them, but in
several places where the rocks have been cut across by streams,
undoubted unconformities are seen. These quartzites are more of
the nature of a hard sandstone than a quartzite and the oldest beds
are usually conglomeratic in character.

99. Near the centre of the area the Aravalli rocks are intruded
by a mass of granite and also by basic dykes, and in the extreme
south-west of the area by granite veins. West of the granite, which
runs in a roughly north and south direction through Pind, these
Aravalli rocks are fairly well defined. They strike in a north-north-
west direction but near the granite they are penetrated and disturbed
by it, and are therefore somewhat confused. Working from it in a
westerly direction there is a fairly well marked sequence from red-
purple shale passing up into dark grey shales and phyllites, above
which come chloritic schists. Then comes a band of gneiss, which 1s
followed to the west by typical Aravalli schists,—at first dark mica
schists, with occasional thin bands of homblende, quartz and
chlorite schists. Towards the west, the mica schist becomes full of
small garnets, and still further to the west it contains excellent
crystals of staurolite and chiastolite with some kyanite.  Both the
schists and the gneiss contain granite and quartz veins. Between
the shales and the phyllites noted above there is sometimes a band of
fawn-coloured siliceous limestone. This wvaries considerably both
in character and thickness and in parts seems to be entirely absent.
It is largely covered and is much disturbed and cut up by the
granite.
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£100. The gneiss, which appears to be a paragneiss, is very much
crushed and altered. It is penetrated by numerous granite veins,
which have also suffered from crushing, and which are probably of
the same age as the granite near Pind.

101. The relationship of the rocks which outcrop between the
granite and the Vindhyan boundary to the east is still doubtful and
will probably remain so until the adjoining area of Udaipur State
can be taken in hand.

102. The granite seldom makes any surface feature and is almost -

always covered with soil and alluvium. It is occasionally seen in
river beds, and at the foot of the quartzite hills, where it has been
protected by the harder rock. It is sometimes seen as small veins
and veinlets running in all directions through the Aravalli rocks,
but, with the exception of being broken up, no metamorphic action
seems to have taken place. The rock is usually of a pink colour,
containing very little ferro-magnesian minerals, and practically
none of the accessory minerals commonly found in granites. A
peculiar pinite granite occurs in parts and is similar to a rock found
by the writer in Idar State.

103. Running roughly through the centre of the area in a north
and south direction is a large basic dyke, which in parts seems to
have spread out as a sill or flow. The rock is a coarse ecrystalline
dolerite, but near the edges it becomes very fine grained and almost
glassy in appearance. The dyke is of later age than the Aravallis
and the granite, but its relation to the massive quartzites was not seen.
Very little metamorphic action seems to have taken place between the
dolerite and the Aravalli rocks, but near its junction with the lime-
stone, south of Pind, it is associated with a vein of yellow green
epidote, quartz and reddish idocrase. ~Where this large basic dyke
is seen in contact with the granite a peculiar hybrid rock sometimes
occuis,—there appears to have been a partial refusion of the granite,
resulting in an intermixture of the granite and dolerite. The re-
sulting rock, which has characters between the two, often shows
remains of the oplitic structure of the dolerite, whilst there is also
a micro-graphic intergrowth of the quartz and felspar.

104. Copper pyrites in small quantity was noted at several places
in the schists, and alittle galena was found in a thin band of Aravalli
chert near Chikara, but with the exception of the flagey limestone
noted last season nothing of special economic importance was
found.
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105. Mr. Heron spent the early portion of last cold weather in
Mr. A, M. Heron: ©Xamining sundry mineral occurrences which
Jaipur, Karauli, Kotah have already been noticed in last year’s General
and Tonk. Report. His survey proper in the States noted
in the margin was included within the 1”-1 mile Standard Sheets
of the Central India and Rajputana Survey, Nos. 291 to 294, 318 to
391 and 341 to 343. -Of these Nos. 291, 292, 293, 318, 319 and 341
have now been completely geologically surveyed.

106. Mr. Heron found the rock series to be composed of (a)
Aravallis and (b) dark foliated granite or gneiss of unknown age. The
Aravallis () build isolated hills and consist of quartzite and mica
schist, obscurely stratified, dipping irregularly and very highly
altered. They contain numerous masses of intrusive granite iden-
tical with that already mapped by Mr. Heron as intrusive in the
Delhis in Alwar and north Jaipur. It is very distinctly foliated in a
direction coincident with that of the folding. There are also more
recent veins of coarse tourmaline pegmatite, cutting through the
granite, and which is never foliated. The hill at Koharsina (lat. 260°
54/, long. 75° 4') exposes much schistose conglomerate unconfor-
mably overlying the Aravallis and which Mr. Heron thinks may be
of Delhi age, though he was unable to settle this.

107. The dark foliated granite (b) found in the neighbourhood
of Sakun (lat. 26° 42’ long. 75° 8') is the same as that described by
Mr. Heron in 1911-12, being very dark, micaceous, strongly foliated
and visibly porphyritic or augen-bearing, the foliation planes being
almost horizontal. It is traversed by pegmatite veins, quartz veins
and by trap sills, the latter parallel with the foliation. A hint of its
relative-age is given by a small exposure just south of Asilpur Station
(lat. 26° 54’, long. 75° 28’) where a very black micaccous augen
gneiss, resembling the above, is intrusive in quartzite. The augen
phenocrysts of pink felspar are so evenly arranged in straight lines
with the foliation that the rock can be spilt into flage. Veins of
normal pegmatite traverse it and also the quartzite.

108. Mr. Heron has included the work outlined above in a paper,
which has been submitted for the Records, entitled “ The Geology
of Dholpur, Karauli and Southern Jaipur.”

109. Mr. Daru completed the survey of Sunth State, Rewa Kantha

Mr. N. D. Daru: Agency, part of which he had a}ready surveyed
Sunth, Banswara and in 1912-13. Mr. Daru describes the whole
Dungarpur. State as practically occupied by schist-like
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phyllites underlying massive quartzite, which in turn is overlain by
phyllites. These three are said to be conformable. The lower or
schistose phyllites often contain large proportions of quartz and
hornblende, and, while the upper phyllites also at times have simi-
lar bands, they are generally argillaceous and include a few baunds of
quartzite. They are disposed in highly dipping anticlinal ridges.
In the north-east parts of Sunth, and extending into Banswara State,
there is a very soft, coarse sandstone, coarsely conglomeratic at the
base, uncomformably overlying the phyllites, and having almost
certainly the structure of a synclinal trough. Its age is uncertain,
but as none of the pebbles appear to be derived from the neighbour-
ing Bagh beds or Deccan Trap, but consist of quartzite and its
associates, the soft coarse sandstone may be older than the latter.

On the south-east and east boundary of the State the Bagh
calcarcous conglomerate, 20 to 50 feet thick, forms a horizontal cle-
vated platform on which appear hillocks and ridges of Deccan Trap.
No minerals of economic importance have been met with.

110. Towards the end of the cold-weather season, in March and
April of 1914, Mr. Daru revised certain portions of Banswara and
Dungarpur States. The results he proposes to embody in a connected
report on the whole, which he is now preparing.

Burma.
111. The Burma party consisted of Messrs. G. H. Tipper, G. de P.

Cotter, H. 8. Bion, and M. R. Ry. Sethu Rama Rau, Sub-Assistant. -

112. Mr. Tipper, who was placed in charge of the party, visited
Yenangyaung, the Minbu-Ngape section, the Yaw river (in company
with the Director and Mr. Cotter), Ngah-
laingdwin, and the Sinbaungwe township.
113. Mr. Cotter continued the systematic survey of the Pauk town-
ship and the Saw township, Pakolku district.
- Part of the field season was devoted to an
investigation of certain coal seams discovered by him in this neigh-
bourhood ; the results of this have been published in the Records,
Vol. XLIV, part 3. At the end of the scason he made a traverse in
the Pakoklku hill-tracts as far as Kanpetlet (sheets 84 K. 3, 4 6,7, 10

Burma Survey).
114. Mr. II. S. Bion worked in the Saw and Salin subdivisions

Mr. G. H. Tipper,

Mr, G. de P. Cotter,

of the Minbu and Palkokku districts (sheets 84 L

Mr. H.§. Bion. 1, 5, 6, K 4, 8 Burma Survey).
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115. The area investigated by these two officers forms a long
strip of undulating country comprising the foot-
hills of the Arrakan Yomah between latitudes
207 30" and 21’ 45” and running north and south parallel to, and cast of,
the main range.

116. In this tract the structure is in general a normal sequence
of Tertiary beds dipping towards the east below
the Irrawaddi sandstones and faulted against the
older rocks of unknown age composing the main range of the
Arrakan Yomah. This sequence is broken by asymmetric anticlines
with their corresponding synclines near Ngahlaingdwin (94°22740” ;
20° 41”7 15”) and at the Yaw river (94° 217 ; 21° 17'). The asy mmetry
is on the western flank and associated with it is reversed faulting,
In the case of the Ngahlaingdwin anticline the reversed fault
after running north for some distance as a strike fault, curves
round and probably dies out as a dip fault near Saw.

117. The principal results of the joint work of Messrs. Cotter and
Bion may be thus briefly indicated :—

Area investigated,

Structure,

(1) The recognition that the Tertiary series of strata underly-

ing the Irrawaddi sandstones is more extensive

than was formerly thought to be the case. At
present no definite estimate can be given of the thick-
ness, but it is probably approximately 24,000 feet.
The series consists of alternations of sandstones, shales
and clays, the basal member being composed of conglo-
merates and ashy sandstones. It shows no uncon-
formable break. The lithological resemblance between
the different shale and clay bands is very striking.
Local names have been adopted temporarily for many
of the divisions and further work will show how far
these are capable of wider adaptation.

(2) Traced from south to north, there is a gradual change from
marine to fluviatile and estuarine conditions. Clay
bands which are prominent in the neighbourhood of
Ngahlaingdwin have become sands in the region of the
Yaw river and are indistinguishable from the overly-
ing sandstones. As a consequence of this lithological
chanwe, ‘the faunal and lithological subdivisions are not
in agreement from south to north. It is quite clear
that the gulf, in which it may be assumed this series

Main geological results,
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of beds was laid down, silted up at an earlier period
in the north, the shallow water beds of the north thus
being contemporaneous with deeper sater deposits
further to the south.

(3) The ““ Red Bed,” usually taken as the boundary between
the Irrawaddi sandstone and the underlying forma-
tion, and which has proved of such value in unravel-
ling the stratigraphy of the oilfields, is not of the same
age throughout. The ““Red Bed ” no doubt represents
an old land surface and as such indicates an interruption
of sedimentation, but such conditions were established
at an earlier date in the north than in the south.

(4) Tt is not possible at present to say definitely the limits of
age represented by this series of beds. Fossils occur
at many horizons, but the collections have not yet
been completely studied. A few fossils collected by
Mr. Cotter on his traverse to Kanpetlet seem to indi-
cate an upper Cretaceous age for the lowest beds.

118. In the course of his survey, Mr. Cotter found a very good
bone bed near the village of Chaingzauk (sheet 84
K. 10). The remains, chiefly teeth, have been
identified by Dr. G. E. Pilgrim, and include :—

Stegodon clifti (molars).

Sus giganteus.

Hippopotamus sp. cf. irravaticus (molars).
Rhinoceros sp. cf. sivalensis.

Amphibos sp.

A large antelope allied to Hippotragus.

Teeth and horn cores representing a new genus of antelope
allied to Boselaphus.

119. The Irrawaddi river, the Salin chaung and the Yaw river have
all in recent times changed their courses as
indicated by the distribution of the older
river gravels. In the case of the Salin chaung the cowrse has
been greatly lengthened by the change.

1920. Sub-Assistant Sethu Rama Rau was engaged during the

earlier part of the field season in mapping the

Sub-Assistant Sethu  Tertiary beds of the Sinbaungwe and Allanmyo

Rama Raw. townships of the Thayetmyo district (sheet
No. 158 Burma Survey).

Irrawaddi sandstone. '

Recent river changes.
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121. The major part of this area is occupied by rocks of the
Pegu series folded into three approximately
parallel anticlines and synclines running in a
N. W., 8. E. direction. Local folding and crumpling accompanied
by faulting are common. On lithological grounds Sub-Assistant Sethu
Rama Rau thinks it is possible to make four sub-divisions in this
area. - It has not been possible to correlate these with any of the
sub-divisions established in the north as, although the beds are fossili-
ferous, the collections made were lost in a village fire. Except on
the banks of the Irrawaddi and in some of the stream-beds, exposures
are evervwhere poor, the rocks being concealed under a thick alluvial
covering.

122. The Irrawaddi sandstones and the more recent formations
present no features of interest.

123. In the latter part of the season, Sub-Assistant Sethu Rama
Rau was engaged in assisting Mr. Cotter in opening up coal-seams
in the neighbourhood of the Yaw river, Pakokku district and in
collecting fossils from the lower Tertiary beds of the same district.

Pegu Series,

Central Provinces.

124. The Central Provinces party during the vear consisted as
br. L L. Fermor, before of Dr. L. L. Fermor, Messrs. H. Walker,
Messrs. H. Walker, €. 5, C. S. Fox, R. C. Burton, and Sub-Assistant
‘}\’{X,Vifé;)g-kﬁégffﬂ and Q[ Vi:layak Rao, of whom Dr. lj’ermor and
‘ Mr. Walker were absent on leave in Kurope
during the field season of 1913-14, but returned to the party in
November. Mr. K. A. K. Hallowes was then also attached to the
party for the ensuing field season, being deputed t> the Mandla dis-
trict.

125. During parts of November and December Dr. Fermor visited
Messrs. Burton and Hallowes in the field,
examining with Mr. Burton some of the in-
teresting features in western Balaghat eluci-
dated by the latter during the previous field season, particularly
the relationships of Mr. Burton’s Sonawani series to the Chilpi Ghat
series, and the sedimentary and crush-conglomerates bounding
the south-eastern margin of the Chilpi outcrop in this region, as seen
at Kaspur Tola and other localities. The undoubted autoclastic
character of some of these conglomerates led Dr. Fermor to re-
examine the rock underlying the Balaghat manganese-ore deposit,

Dr. Fermor’s inspec-
tion tour.
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which he had previously described as a schistose conglomerati'c
grit, and to agree that it also must be regarded as an aujcoclastlc
rock. These crush conglomerates consist now almost entirely of
sericite and quartz, but every stage of the transition from fels-
pathic gneisses can be traced.

196. In his visit to Mr. Hallowes in the Mandla district, a com-
mencement was made in the detailed mapping of an area of I?GC(:}all
Trap lava flows in the north-western portion of the Mandla district.
Seven flows were identified, of which the middle five had an average
thickness of 98 feet. A system of faulting with small throws up to
about 30 feet was also detected ; and, in the Balein Nadi, a nearly
cireular pateh of voleanic agglomerate, 25'x17’, strongly sugges-
tive of a small volcanic plug, was detected in a water-worn ex-
posure of the second flow from the base. . .

127. The work in the Central Provinces is leading to the discovery
of a surprising number of cases of faulting of post-Deccan Tr:?p
ace. Barlv in 1913 Mr. Burton discovered a case, near Alesur in
tﬁe Seoni district, of the preservation by block faulting, with a doxf'n-
throw of 40—50 feet, of a strip of Deccan Trap resting on gneiss.
In the same ‘year Messrs. Fermor and Iox, w}.1ilst revising their
map of the Deccan Trap lava flows in the Linga area, d.ete(.:ted
a small fault with a throw of about 50 feet and found indications
of other faults, whilst in the past field season Mr. Fox discovere?d
numerous examples of faulting of post-Deccan Trap age, 1n
Northern Chhindwara. Dr. Fermor now reports the discovery near
Utckata in the Chhindwara district of a spindle-shaped strip .of
Deccan Trap, about two miles long and threg—quarﬁers of a mile
wide in the middle, and resting on biotite-gneiss and calc-gneiss,
that has been let down 250 feet by block-faulting. The fault'ed
block is itself much faulted by a system of smaller faults with
throws of 15—30 feet. The majority of faults referFed to above
have strikes lying between L. 30°N. and E.30°S. This suggests the
possibility that to a certain extent the present elevation of the
Satpura range above the plains to the mnorth and south may | be
due to a system of block-faulting of post-Deccan' Trap age. Mr.
Burton also deduces the existence of block-faulting of compara-
tively recent age from a study of numerous small hangglg \./alle'ays
on the southern edge of the Satpuras in the Seoni district.
A fine example of such a hanging valley is also afforded by the
Nakta nala in the Chhindwara district. From a study of the
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base of the Deccan Trap on the two sides of the Kanhan valley
from Ramakona southwards in the Sausar Tahsil, Chhindwara
district, Dr. Fermor deduces thas this valley must lie along a fault
of approximate N. N. W. strike with a down-throw of about 250
feet to the west.

128. Mr. 'C. S. Fox continued his survey of the Chhindwara
district, working as before in the Chhindwara
and Jagir Tahsils. In the previous year Mr. Fox
had divided the Archman crystallines into three
main zones :—(1) a zone of acid ortho-gneisses lying to the south of the
latitude of Lawaghogri; (2) a zone of gneisses and schists of obscure
origin lying between the latitudes of Lawaghogri and Chhindwara ;
and (3) a belt of intrusive porphyritic and fine-grained granites run-
ning through Chhindwara town. This season’s work has led to the
discovery of a fourth large group of rocks, namely a considerable
area of metamorphosed sediments of Dharwarian facies, composed of
grits, quartzites, phyllites, and flags, and exposed around Bhatoria
and along the southern edge of the Chhindwara coal fields. These
sediments are intruded not only by the Chhindwara granitic batho-
lith, but their strike is also interrupted by two smaller batholiths
of similar nature, named by Mr. Fox the Raini and Kunkal
batholiths after peaks rising to 2,986 and 2,905 feet respectively,
which are the highest summits yet detected amongst the Archman

Mr. C. S. Fox : Chhind-
ward. '

exposures of this® district. ~ Mr. Fox’s mapping shows beautifully

the way in which these granitic batholiths have modified the
strikes of the ancient sediments. Since with increasing intensity
of metamorphism the rocks of Dharwarian facies are seen to pass
into the rocks of the second zone referred to above, thesec latter
are now regarded by Mr. TFox as para-gneisses. Great masses of
intrusive basic rocks have also been mapped. They are older
than the granitic batholiths and intrusive with reference to all the
other crystalline rocks. They are now mostly in the form of epi-
diorites and amphibolites, and were introduced as dykes and
sills of dolerite and gabbro, sometimes carrying olivine, remnants
of the original pyroxenic rocks Dbeing sometimes found. Instead
of the characteristic alteration into amphibole, the pyroxene has
occasionally been echanged to biotite, as near the village of
Gorakpur (22°6"—78°37'). The amphibolites, where subjected to
intense shearing pressure, have sometimes become garnetiferous.
Mr. Fox also describes a case near the village of Mankughati
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(22°7'—78°32") in which a band of amphibolite has been marginally
converted into erystalline limestone.

129. Mr. Fox also extended his survey through the Jagir country
along the Chhindwara-Narsinghpur road to the northern margin
of the district, this route lying for the most part on Deccan Trap ;
but in the northern corner of the district the Shakar and Hard
rivers have eut through the Trap and exposed the underlying Gond-
wana beds of Jabalpur age. These Gondwanas are pierced by
dykes of olivine-dolerite, and a great intrusive sheet of the same rock,
which shows the effects of repeated post-Trappean step-faulting.
In the high tracts of Deccan Trap lying between these Gondwana
outcrops and the latitude of Amarwara, to the south, Mr. Fox
estimates the existence of 1,200-1,500 feet of lava, with the complete
absence of fossiliferous Intertrappeans. South of the latitude of
Amarwara and Singori the Deccan Trap never cxceeds about 500
feet in thickness, and is built up of seven to eight flows with one
to three fossiliferous Intertrappean horizons. Mr. Fox suggests that
the upper part of the Jagir traps corresponds with the middle traps
of the classification given on page 262 of the Manual of Geology
of India (2nd Edition), and that there was either an overlap of the
flows from south to north, or that the granite ridge formed by the
three batholiths already mentioned sharply separates the two
areas. The belt of Gondwana rocks underlying the Jagir traps,
and which are exposed as the Chhindwara coal fields along the
southern edge of these traps, has, according to Mr. Fox, been pre-
served by trough faulting; and in conadeunw the posqlble extension
of the Gondwanas to the east Mr. Fox thinks that there is little doubt
that the upper Gondwanas are continuous under the trap eastward
to Jabalpur. The question of the extension of the Gondwana rocks
under the Deccan Trap of Western India is considered on page 114,

130. During the season 1913-14 Mr. R. C. Burton completed
the survey of those portions of the Seoni district allotted to him,
thus, with Sub-Assistant Vinayak Rao, completing the survey of this
district. As in the previous season, the chief formations examined
were laterite, Deccan Trap, and Archwan guneisses and metamor-
phosed sediments, the results being a continuation of those of the

previous season. In the northern parts of
Segm' fﬁd C'Ba[l}z:gltn?l?.: the district Mr. Burton records eight Inter-
trappean horizons, which, if really distinct, in-
dicate the presence of nine flows of trap, with a total thickness of
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775 feet, and an average thickness for the lower eight flows of 92 feet ;
but in view of the existence of block faulting in the Satpuras, the
above figures' may require some modification. Mr. Burton des-
cribes some interesting cases of amphibolites passing into hornblende-
gneiss, apparently by absorption of quartz from the associated
older granite.

131. ¥rom the classificatory point of view the geological survey
of the Balaghat district will probably prove to be of critical
importance in the establishment of the true sequence of Archeean
formations of the Central Provinces. West of the Wainganga are
the alluvial plains of the Katangi-Waraseoni area of western Balaghat,
fringed on the north by the foot-hills of the main Satpura range;
whilst to the east of this river lies a hilly plateau tract, forming a
southward projecting spur of the main Satpura range and known
as the Maikal range. This spur has an average elevation of about
2,000 feet and forms the natural continuation on the strike of the
highly metamorphosed Archaan gneisses: and sediments constitu-
ting the 1,000 feet Nagpur-Balaghat plain; and as it contains the
same formations in a less metamorphosed form it will probably
afford better material for the deciphering of the stratigraphical
succession. During this season Mr. Burton surveyed a consider-
able portion of the Katangi-Waraseoni plain and the hills to the
north, but at the end of this season he crossed the Baihir plateau
forming part of the Maikal range and examined at Chilpi Ghat
the type locality for the Chilpi Ghat series established by Dr. King
in 1885. This section shows a great thickness of phyllites and slates
with tufaceous quartzites, separated by coarse felspathic grits from
a basement conglomerate 450 feet thick, which rests unconformably
on a gneissic complex. Thereis also a great thickness of intrusive
basic rocks. The conglomerate carries rolled pebbles of quartzme
gneiss, jasper, granite, and phyllite ; and indicates the previous exis-
tence of a still older sedimentary series. The Chilpi Ghat series, as
is known from the work of P. N. Bose, extends into Westein Bala-
gh’zt where Mr. Burton finds it to be composed of the same rocks
as in the- type locaht}, including the tufaceous quartzites, but
without the basic intrusive sills and with a relatively insignificant
basal conglomerate. In the hills north of the Balaghat plain Mr. Burton
finds an important development of ancient metamorphosed sedi-
ments cdmposed in descending order of (1) pbyllitic schist and
quartz-muscovite-schist, (2) felspathic quartzite, (3) quartz-mus-
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covite-schist, (4) calc-gneiss and crystalline limestone, the base of the
serles not being seen. Although the evidence is not yet clear,
Mr. Burton thinks that this series of sediments must be situated
unconformably below the base of the Chilpi conglomerate. He
consequently proposes to call it the Sonawant series, after the village
of Sonawani situated on one of the largest outerops of these
rocks. If this two-fold sub-division of the Archewan sedimentaries of
Balaghat into the Chilpi Ghat series and the Sonawani series can
be definitely sustained it will be a great step forward. At present,
however, owing to the intense folding and thrusting which the
rocks of Western Balaghat have undergone, the existence of this
unconformity, although probable, has not been definitely proved.
Dr. Fermor regards the Chilpi Ghat'series as the local equivalent
of portions of the Dharwar system of Southern India. Whether
the Sonawani series is to be regarded as a lower sub-division of the
Dharwar system or as a district geological system as widely separa-
ted from the Chilpi Ghat series as the Grenville series is from the
Temiskamings of Canada, will depend upon the value assigned to this
unconformity. Another interesting point arises from this suggested
separation of the Sonawani series. In his account of the man-
ganese-ore deposits of the Central Provineces Dr. Fermor has dis-
tinguished two modes of occurrence of manganese-ores and asso-
ciated manganese-silicate-rocks. The chief mode is the gondite
series of rocks situated near the base of the Chilpi Ghat series;
as an important but distinct mode of oceurrence he records the
existence, in association with crystalline limestones, of manganese-
ore deposits with associated spessartite, rhodonite, and piedmon-
tite-bearing rocks. Since Mr. Burton assigns to the calcareous
rocks a position near the base of his Sonawani series, we apparently
have the interesting case of two distinet series of Archean sedi-
ments, each distinguished by the deposition of manganiferous sedi-
ments close to the base. In a table in his progress report, attempt-
ing the correlation of the Archwan rocks of India, Mr. Burton
suggests the equivalence of the calc-gneisses of Vizagapatam with
those of the Central Provinces. Thls is in accord with the asso-
ciation of manganese-pyroxenites with cale-gneisses at Taduru and
Chintelavalsa alrcady referred to (see page 104), and suggests
that the material for the formation of the koduritic rocks, if they
really be hybrids as suggested by Dr. Fermor, has been derived
from manganiferous rocks of age corresponding to the lower man-
ganese horizon of the Central Provinces,
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132. The ideas advanced by Mr. Burton concerning the origin of
the calc-gneisses and the crystalline limestones of the Sonawani
series are referred to on page 102.

133. In addition to the sedimentary conglomerates Mr. Burton
has discovered numerous cases of crush-conglomerate and related
rocks developed in the Archman formations of this area. The most
peculiar of these takes the form of flattened ellipsoidal ard tab-
loid-like bodies developed in biotite-gneisses and granite and evidently
due to crusking. These bodies, which are autoclastic portions of
the rock in which they lie, now consist almost entirely of quartz
and sillimanite. The conversion of the potash-felspar of the original
rock into quartz and sillimanite is supposed by Mr. Burton to have
taken place in two stages during dynamic metamorphism, mus-
covite being first formed under more moderate pressures and be-
coming converted into sillimanite as the metamorphism became
more intense. The biotite apparently may bave passed direct
into sillimanite. The alteration processes involve the removal of
potassium, magnesium, and iron in solution, probably as carbonates,
as can be shown by chemical equations.

134. The work in the Central Provinces is confirming the old
idea that the Satpura range, as we now know it, is the denuded
remnant of an ancient mountain chain and that its elevation is
connected with the folding of the rocks constituting it. This idea is
supported both by Mr. Fox and Dr. Fermor and the latter has
maintained! that the intrusion of the granites which formed such
a large portion of the Satpuran core was intimately bound up with
the tectonic movements to which the Satpuras owe their elevation,
suggesting that the intrusion of the granite was the cause of the
upheaval. Mr. Burton, from a study of the evidence in Balaghat
and Seoni, indicates that the folding movements preceded and
permitted the intrusion of the batholithic granitic rocks, and that
the intrusion was succeeded by thrusting movements, of which there
is abundant evidence in the form of the erush-conglomerates already
referred to.

135. Sub-Assistant M. Vinayak Rao continued his work in the
Sub-Assistant  p. Seoni districh, mappirg parts of sheets 70, 78,
;;jga{‘ak%lRao: Seoni 87, 88, 89, and at the close of the season
mandia. commenced work in sheets 109, 110 in the Mandla

v Mem. Qeol. Sure, India, XLI, p. 165
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district. The formations examined were Archean gneiss, granite,
Deccan Trap, Intertrappeans, laterite, and alluvium, by far the
greater portion of the area being covered by Deccan Trap. A great
thickness of trap was found towards the western border of the district,
where there may be as much as 1,500 feet of lavas. Near Arjunjhir
(22°18'—18°0") six Deccan Trap dykes from one to six feet thick were
discovered, ramifying and joining together to form a multiple dyke.
Six Intertrappean bands were detected, but they yielded mno
fossils. In the Mandla district in addition to Deccan Trap, the
Narbada alluvium proved to be of considerable importance. It
is in places as much as 150 feet thick and near Cheolia (22°50'—80°2)
yielded an implement faghioned from Deccan Trap flint.

Kashmir.,

136. Mr. Bion followed up his work of last year in a north-west

Mr. H. S. Bion direction between the Sind‘_ river at Souama}rg

B *  and the Wular lake at Bandipur, a region which

includes the Haramuk massif and the extensive watershed of ridges

separating the Jhelum and Kishenganga drainages (I inch = 1 mile
sheets 43 N-3, 43 J-15 and parts of 43 J-11 and J-16).

137. During the survey of this rough mountainous tract he has
filled in a good many gaps in the evidence (previously referred to in
the Ceneral Report for 1912, Records, Geological Survey of India,
Vol. XLIII, pt. 1, p. 38) tending to show that within the distance from
the Lidar valley to the Wular lake the Punjab Trap has shifted its
position from one confined to a pre-Permian horizon to one extending

up to the base of the Upper Trias. The evidence may now be consi- -

dered to be conclusive on this point, as also regarding the manner
of that transgression, which all the circumstances of the case favour
being one ordinary voleanic effusion (with production of amygdal-
oidal bands ard also pumiceous and ashy beds) and as baving taken
place at progressive times in different localities, so that the whole
set of lavas, dovetailed with the respective sedimentaries, belong
to one connected and continuous phase of vuleanicity. As interest-
ing steps in the proofs supplied by Mr. Bion may be mentioned
the finding of flows interbedded with the Permian of Nichinai and
of a limestone mass containing typical Muschelkalk fossils, such
as Buddhaites Rama, entirely surrounded vertically and laterally
by bedded traps. The same chain of observations makes it pro-
bable that the Imbersilwara limestone, about which doubts have

Parr 2.] General Report for 1914. 135

prevailed, is of Lower Triassic age, and is also an isolated lenticle
limited in every direction by trap.

138. Over most of the area the Panjal Trap immediately
Of'erlies the Slate Series, the Muth Quartzite and Syringothyris
leestone having died out by rapid overlap of the Panjzl Trap
in the neighbourhood north-west of Gagangiyer, to which place they
were originally traced by Mr. Middlemiss.

139. The fossils of the Nagmarg horizon coming below the traps
of that place, and originally mentioned (loc. cit. p. 38), have
been largely worked out by Mr. Bion and will be deseribed in a
separate paper. They are considered by him to be of Uralian age,
and separated from the Zewan beds only by the Artinskian placnt
beds of the Guryul ravine, Nagmarg and the Golabgarh pass. The
large number of Spirifers found at that horizon, such as Sp.
nev. sp., and varieties of the Australian Sp. Stokesii Koenig, which
show closely related and ancestral characters to Zewan ‘f%rms is
greatly in favour of this. ’

140. In his detailed progress report Mr. Bion has also deseribed
the local modifications of the Permian and Trias horizons, and
has added many notes on trap dykes, and on the granite of Wangat
an.d Margund, the latter being considered to be of Devonian a?re.
His observations on the glaciology of the area round Haramuk ::re
of much interest; a great many large and fine moraines have been
mapped, some descending to 6,500 feet altitude and perhaps even
to 1,000 feet lower than this. Mr. Bion has been led to suspect the
former existence of two glacial periods in Kashmir separated by
a long interglacial one. '

141. Museum Assistant A. Subba Iyer was placed with Mr. Bion
for collecting purposes and for instruction in field-work. Mr. Bion
found him very willing and anxious to do his best but the nature of
the work was perhaps too difficult and complicated for one untrained
in the rudiments of field-work.

TRANS-FRONTIER EXPLORATION,

Chitral, Chinese Turkestan and the Pamirs.

142. In the course of a recent journey to Europe through Chitral
and. the Russian Pamirs, Dr. Hayden made
collections of rocks and fossils, which reached
Calcutta from Kashgar towards the end of the year. Irom notes

Dr. H. H. Hayden.

E2
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supplied by Dr. Hayden it would appear that the hills of Dir and
Swat consist chiefly of basic igneous rocks followed by a series of
unfossiliferous, and often metamorphosed, sediments resembling the
Purana rocks of the Himalaya. These are separated by a wide belt
of granite from a group of agglomerate and trap, evidently the
western representatives of the Panjal trap and Agglomeratic Slate
of Kashmir. This group of beds is well seen below Drosh in the
valley of the Chitral river.

143. In Upper Chitral an interesting stratigraphical series,
extending probably from Cambrian to Cretaceous, was found along
the Yarkhun river, Interruptions by faults and by intrusive masses
chiefly of granite, render the sequence discontinuous, but it was
found possible to make fairly extensive collections of fossils; the
Upper Devonian beds, from which specimens had already been
described by Hudleston in 1902! yielded an especially fine collection
of brachiopods and corals. At the head of the Yarkhun valley, on
the divide between Chitral and the Afghan province of Wakhan,
Carboniferous and Permian beds near the DBaroghil and Shawitakh
passes contain an interesting fauna comprising Brackiopoda, Bryozoa,
Fusuline (with Schwagering) and Nauldli.

144. In the Yasin valley, between Gilgit and Chitral, a slaty
limestone full of hippurites was found among highly metamorphosed
sediments, and Dr. Hayden is inclined to regard the metamorphic
rocks of Gilgit, Hunza, Nagar, and N.-W. Kashmir as to a great
extent mereiy the altered representatives of the sedimentary beds of

Chitral and as ranging i age from Lower Palwxozoic to Cretaceous..

145. Interesting collections were also made in the Pamirs, and
Chinese Turkestan, where Dr. Hayden met with the greatest kindness
at the hands of the respective Russian and Chinese officials, and
particularly at the hands of Sir George Macartney, British Consul-
General at Kashgar. In the Russian Pamirs the most persistent
and conspicuous stratigraphical element is a very thick limestone
series (“ Pamir Limestone ”’) containing well-preserved Jurassic am-
monites in its upper beds. It was probably from the lower beds
of the same Pamir Limestone that Stoliczka collected the Triassic
genus Halorella near Nezatash in 1874. The limestone is under-
lain by a great series of shale, sandstone and conglomerate full of

intrusions of basic rocks.

1 (leological Magazine, Vol. IX, 3-8, 40-58 (January, February, 1902)
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146. In the northern Pamirs, at the eastern foob of the Ak
Baital pass, which lies between the Rangkul Pamir and Great Kara
Kul (lake) a limestone near the roadside yielded a small fauna
of Upper or Middle Devonian age.

147. Dr. Hayden’s collections also include Gryphea Kaufmanni
(=Ostrea turkestanensis Rom.) from the Ierghana stage of the
Tertiary of Chinese Turkestan and the Alai, and TFusulina limes-
tone from the latter range.

148. The chief interest of the observations made in Chitral and
the Russian Pamirs lies in the fact that, as had been anticipated,
they serve to a great extent to explain the differences between the
Afghan and Himalayan stratigraphical provinces. The strike of the
rocks conforms completely to the general structural conditions indicated
by the deep re-entrant bay of alluvium in north-western India ;
in western Chitral it is approximately S.W.—N.E. gradually bending
round, in the mountains surrounding the upper Yarkhun valley,
in Yasin and in Gilgit, to W.-E. and finally trending onwards to
N.W.—S8. E. in the Taghdumbash pamir and Sarikol. It would
appear, therefore, that the basin in which the fossiliferous series of
Upper Chitral were deposited is the westerly continuation of the
geosynclinal of Spiti and Ladakh, and unless obliterated by intrusive
igneous material, ought to be found again in the Karakoram range.
Indications of its presence there are, indeed, said to have been met
with by members of the Filippi expedition during the course of
their recent researches.
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NOTE ON THE NEW FELINE GENERA S/VAELURUS AND
PARAMNACHAERODIS AND ON THE POSSIBLE SURVIVAL
OF THE SUBPHYLUM IN MODERN TIMES. By GuY E.
PILGRIM, D.Sc., F.GS, Officiating Superintendent,
Geological Survey of India. (With Plates 5 and 6.)

In the year 1888 Weithofer! founded the species Machaerodus
schlosseri on two mandibles from the pontian of Pikermi, which
possessed a moderately long diastema behind the canine and a charac-
teristic 1idge adjoining the symphysis,'and in which an abrupt
passage teok place from the under to the front margin of the ramus,
although the descending symphysial flange of Machacrodus was
absent. He suggested the specific identity of a fragmentary mandibular
ramus, described and figured by Kaup 2 under the name of Felis
ogygia, from Eppelsheim, with the Pikermi species.

In 1885 Kittl 3 described the front portion of a skull from Maragha
in Persia under the name of Machaerodus orientalis. In this case the
size of the upper canine was in defect of that of previously lnown
species of Machaerodus, but Kittl considered that the crenulated
edge of the canine and certain other characters entitled it to a
position in Machaerodus rather than in Felis.

In 1901 Boule!, in reviewing these forms, remarked that the absence
of a downward symphysial expansion and the approximation in size
between the upper and lower canines clearly separated them f{rom
Machaerodus, and he referred them all to Felis.

A series of mandibles found in the Tertiaries of India extending
in age from the sammatian to the top of the pontian and a maxilla
from the sarmatian throw a certain amount of light upon the evolu-
tion of this peculiar type and seem to justify its generic separation
from Machaerodus and Felis. .

1 \Weithofer. Beitrage zur Kenntniss der Fauna von Pikermi bei Athen, Beltr, 2.
Pal. Ost-Ung. Wicn, Y1 (1888), p. 233.

2 Kaup, Ossemens foss. Darmstadt (1832), p. 21, Pl 2, fig. 3.

3 Kittl, Die fossile Sangethicre von Maragha, dnn. ko ko naturhist. Hofmuszums,
Vienna, I (1886), p. 5.

4 Boule, Revision des espdees Européennes de Machairodus, Bull, Soe. Géol. France,
(4), I, (1901), p. 569. ’
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The writer has already referred to the matter! and has proposed
the new generic names of Siveelurus for the maxilla and one of the
mandibles which occupy the lowest stratigraphical position in the
series and that of Paramachaerodus for the Indian mandibles of
higher Jevels and the Pikermi, Maragha and Eppelsheim species of
Weithofer, Kittl and Kaup respectively.

The study of these forms has suggested to me certain specula-
tions as to their origin and subsequent history, which will however
be better discussed when the various Indian specimens have been
described, and the evidence has been brought forward for regard-
ing them as representing continuous stages of evolution from Sivae-
lurus chinjiensis to Paramachaerodus schlossert and orientalis.

PARAMACHAERODUS cf. SCHLOSSERI Weithofer, sp.

i838.  JMachaerodus schlosseri Weithofer Beitrage zur Kenntniss der Fauna von
Pikermi bei Athen, Beitr. z. Pal. Ost.-Ung. Wien, VI, p. 233,

The first of the specimens under examination was obtained from
the neighbourhood of Hasnot and although the precise locality of
the specimen was not recorded by Sub-Assistant Vinayak Rao, who
collected it, yet the character of the matrix makes it practically
certain that it came from the Dhok Pathan zone ard not from the
Tatrot beds, which are also fossiliferous in the neighbourhood of
Hasnot. This is a red ferruginous sandstone, which is plentiful
at this horizon of the Middle Siwaliks. The specimen (G. S. I. No.
D. 140) is a portion of the left mandibular ramus, broken off short
immediately behind m, but showing well the front part as far as
the symphysis.

Subsequently to the fossilization of the specimen the contour
of the individual teeth has become considerably worn and the
points of some of the cusps have been entirely destroyed. It is
therefore fortunate that another specimen (G. S. I. No. D. 141)
s in existence, which, though coming from another locality, near
the village of Bahitta,> belongs to essentially the same horizon,
being if anything slightly older. This is a little smaller and shows
certain slight differences from the Hasnot mandible, both in respect
of the depth of jaw and in the contour of the ramus in front of pm,

! Pilgrim : The correlation of the Siwaliks with mammal horizons of Europe. Rec. Geol.
Surv. India, XLIIT (1913), pp. 291, 314.

®This village is marked in the map which accompanied the author’s paper quoted
above L. c., P 27. (lat. 32°47’; long. 73° 18').
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both on its upper and lower margin, which approximate to those
of Paramachacrodus sivalensis and Sivaelirus chinjiensis.

' I have, indeed, considered the question of referring it to a dis-
tmc't species from the Hasnot mandible, but having regard to the
variations which occur in the various mandibles referred to the one
species Paramachacrodus schlossert, 1t seems'impracticable to separate
the Bahitta specimen specifically from the others, unless one were
to make two additional species at the same time. But in any case
f:here can be little doubt that the structure of the teeth is the same
in both mandibles, and it is therefore essential that they should be
considered as supplementary to one another.

I have compared my specimen both with the figures which accom-
pany Weithofer’s description and also with original specimens of
this species obtained by Dr. A. Smith Woodward from Pikermi
al}d now in the British Museum, and find that the differences are so
trifing as to be quite within the limits of individual variation. It
may be observed that Weithofer distinguishes two types of jaw
belcfnging to this species, while the British Museum specimen differs
again slightly from both of them. A

The dimensions of this specimen are tabulated on p. 154
alongside those of the Bahitta mandible, of the Pikermi specimen
of Paramachacrodus schlosseri and the mandibles assigned to Para-
machaerodus  sivalensis and Sivaelurus chinjiensis. _

The lower margin of the ramus is almost straight except for the
slightest bowing midway between m, and pmw,. The depth of the

ramus is little if at all less in its front than in its hinder part. In

the Pikermi mandibles the depth diminishes slightly towards the
frf)nt. The Bahitta specimen agrees with the Pikermi rather than
with the Hasnot form. The passage from the lower edge to
the front edge of the ramus is abrupt, the angle between them being
precisely the same as in the case of the Pikermi mandibles of Para-
machaerodus schlosseri. This portion of the Bahitta mandible is
defective, but it is likely that it is very similar to the Hasno! speci-
men though rather more slender. The outer face of the ramus
passes as abruptly into the front face, the two being separated by
a prominent ridge so that the anterior surface of the ramus is con-
cave. This agrees perfectly with thecondition in Paramachaero-
dus schlosseri, though perhaps in the Pikermi speecies the ridge is
slightly more pronounced. The upper border of the ramus ascends
but slightly from pu, to the base of the canine and less so than
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either the specimens from Bahitta or Pikermi. The space between
the inner margin of the canine and the symphysial suture is the same
as in the Pikermi species, about 6 m.m. Two mental foramina are
visible, one bencath pm, and the other beneath the diastema. Of
these the latter is much the larger.

M, consists of two lobes separated by a moderately deep notch
of which the posterior one is the longer. At the base of the latter
in the Bahitta mavpdible is a minute, backwardly projecting heel
precisely as in the Pikermi mandible. I have very little doubt that
a similar feature is present in the Hasnot species although on account
of breakage it cannot now be seen in my specimen.

In pm, the enamel on the postero-internal surface has been
badly worn as well as the whole of the anterior portion of the tooth,
but by comparison with the in some respects better preserved pm,
of the Bahitta mandible we can arrive at its structure with but
little chance of being in error. The primary cusp is much taller than
either the ones in front of and behind it. It is probable that the
anterior of these two cusps is weaker than the posterior one and less
strong than it is either in the Pikermi mandible or that from Bahitta.
This will account for the proportionately inferior length of pm?! in
the Hasnot mandible. Behind the posterior cusp is a well-marked
cingulum, which is continued as a broad shelf on the postero-internal
corner of the tooth. The existence of this shelf males the diametter
of the tooth much greater behind than in front. The shape of the
tooth 1s here identical with that of the Pikermi mandible.

Pm, is rather smaller than pm, but is constructed on a similar
‘plan. The anterior cuspis, however, very slightly pronounced, and
the shelf internal to the posterior cusp is weaker than in pm,. This
tooth seems to differ in no respect from the corresponding tooth
of the Pikermi species.

Another feature deserving of notice about pm, is the presence of
a series of crennlations on the anterior edge of the tooth, which,
though minute, are very distinct. These crenulations are not
recorded in the case of the Pikermi mandible, but since a very
small amount of wear might dispose of them it does not follow that
they were not present originally in the species. Further their
presence on pm? strongly predisposes us to assume that similar
crenulations existed on the canine, and this in its turn is suggestive
both of the Machaerodonts and of the upper canine of Parama-

chacrodus orientalis, which shows them plainly.
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The canine in my specimen appears by its root to have been
a moderately large, slender tooth with a posterior ridge. It is larger
than the canine in Weithofer’s mandibles but equal in size to that of
the British Museum specimen from Pikermi, which I have examined.
In conclusion the only certain differences between the Indian

mandibles and that of Paramachaerodus schlosseri of Pikermi are the
following :—

(1) The symphysial ridge seems to be slightly weaker in the
Indian form ;

(2) The proportionate length of the premolars is rather
different in the Indian mandibles, pm, being pro-
portionately shorter. Since the British Museum speci-
men comes half way between the Indian mandibles
and those figured by Weithofer, it scems difficult to
make a specific distinction on this character,

The amount of the diastema bhehind the canine lies between
that of Weithofer’'s mandibles A and B, while that in the British
Museum specimen is the largest of all. The ratio of the diameter
of the lower canine to the length of the diastema is the same in the
Hasnot mandible as it is for Weithofer’s mandible A, though less
than in either of the other two specimens. The Bahitta mandible
agrees with the two mandibles which have this ratio larger.

Since the species appears to be variable in thess chavacters,
whatever the explanation may be, it is quite impracticable to establish
another species for the Hasnot or Bahitta mandibles distinct from
that to which the three Pikermi mandibles have been assigned.
At the same time, considering the imperfect state of preservation of
the Indian specimens, I hesitate, until further material is obtain-

able, to give to them the unqualified appellation of Paramachaerodus
schlosseri.

PARAMACHAERODUS SIVALENSIS Lyd. sp.

1877, Pscudadurus sivalensis, Lydskker, Ree. Geol. Surv. India, Vol. X, p. 53,

1884. Aelurogale sivalemsis, Lydekker, Indian Tertiary and post-Tertiary Vertabraty,
Pal. Ind., ser. 10, vol. I, p. 317, PL. XLIV, fig. 7.

1013, Sivaedurus () sivalensis, Pilgrim, ‘Tac  correlation of the Siwaliks with
mammal horizons of Europe, Rec. Gzol. Surv. Lidiu, Vol. XLIIIL pp. 232,

201

The mandible which is the type of this species has already been
admirably described and figured by Lydekker, and little need be
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added to this except conclusions as to its .gcneric position, based en-
tirely on specimens which were not discovered when Lydekker
wrote his description. Considering the fragmentary nature of 't}.le
mandible Lydekker’s determination of it as delurogale (=Aclunclzs:‘)_
was the soundest possible in the circumstances, .und Matthew’s
reference of all species of elurictis to the genus Nunr(wu.s removes
any generic significance which might have attached to certain feat.ur.es
in which this mandible differs from European species of Aelurictis,
since these species are now merged in tolu?. genus Nimravus, other
species of which do not exhibit thcs_'e dlsl’lll'(JthIlb‘.

The very close affinity which this mandible undoubtedly sl}OWS
to the spe(ﬁes of Paramachaerodus which bave just .been descn}?ed,
enables us to infer the existence of certain characters in the mandible
now under consideration which are not actually visible. The. most
important of these concerns the structure of the hinder portion of
m,. If we compare the lobes and alveoli of Iy in ﬁhe present man-
dible and that from Bahitta, it seems impossible to imagine tha.f.i the
lieel of this tooth was much more pronounced in the former specimen
than it'is in the latter. That itmay have been a little strongeL: in
Paramachaerodus sivalensis is  possible, but it cm’mot, I t.hmk,
have approached the dimensions which it exhibits 1'11'11‘]1 species of
Nimravus, including those referred formerly to A'el.urzclzs. It 1s not,
perhaps, possible to assert positively that a vest-lgm'l m, was 2.Lbse'ntv,
but that it fulfilled any function is extremely unlikely, considering
the entire absence of any trace of a root hehind m,. Tt seems
most probable that this tooth was entirely absent, as is the case in

the mandible of Paramachaerodus cf. schlosseri from Bahitta.

The greater length of the premolars in this mandible as compared
with the carnassial is certainly a distinetion between it and all species
of Nimravus.

It secms also allowable to attach some value as evidence to the
fact that two mandibles to which this shows distinet affinity, namely
that of Paramachaerodus schlosseri and that of Sivaelurus chinjiensis
may reasonably be associated with maxille, which are obviously
distinet generically from Nuomravus not only by their shortness
and absence of a diastema between pm, and the canine, but also
by the presence both of a parastyle and an anterior cingular cusp
to the upper carnassial. :

There seems no need to consider inany further detail the differences
of this mandible from other genera. Those generic distinctions which
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separate the genus Paramachaerodus from other genera apply equally
in this case. It is necessary, however, to mention my reason for
assigning it to Paramachaerodus rather than to Sivaelurus, which was
my first opinion. I was at first inclined to attach considerable im-
portance to the presence both in this mandible as well as in that of
Sivaelwrus chinjiensis of a vestigial pm, The investigations of
Matthew and others have, however, shown that the mere presence or
absence of vestigial teeth is an inconstant feature and often individual.
Under these circumstances the mere fact that a pmg is present in both
these mandibles and absent in those from Bahitta and Hasnot should
not be regarded as a valid reason for necessarily placing the two
former into the same genus, and the two latter into another. At the
same time the long diastema in Lydekker’s specimen points to an
affinity with the Chinji mandible, and there scems little doubt both
that the former represents a stage intermediate between Sivaelurus
and Paramachaerodus and also that other species, still undiscovered,
might easily so bridge over the interval that separates them, as to
render  generic  separation extremely difficult. Since the Chinji
mandible is so fragmentary, many important characters which
might have afforded a means of distinction are unknown to me. I
rely therefore upon the following as indicating a generic difference
between it and Lydekker’s species :—

(1) The very small dimensions of pm, and the very different
proportions hetween pm, and pm,;

(2) the entirely different appearance of the front portion of
the jaw due to the much larger angle which the front
surface of the mandible makes with the lower surface.
This causes the canine to project forward in the most
striking degree. In both of these points Lydekker’s
species does not differ essentially from either of the
mandibles of Paramachaerodus schlosseri.

It remains to detail the particulars in which this species is to be
distinguished from the other forms of Paramachaerodus.

(1) The ramus is decidedly shallower, though, if anything,
stouter in proportion than in any of the forms referred
to Paramachaerodus schlossert.

(2) The diastema is proportionately longer than in any other

species of Paramachaerodus, even in the British Museum
specimen, in which it is longer than the others. The
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ratio between the length of the diastema and the
antero-posterior diameter of the canine ranges in Para-
machaerodus schlossert from 1.2 to 1.5  but in the
present mandible this ratio is as high as 1-62.

(3) A vestigial pm, is present about 9 mm. in front of pm,.

(4) The space left for the incisors between the canine and
the symphysis is more confined than in Paramachaero-
-dus schlossert.

(5) The upper margin of the ramus slopes upwwrd between
pm, and the canine more steeply than is generally the
case in the other forms, although the Bahitta mandible
and that of Paramachaerodus ogygia considerably mini-
mize this distinction.

SIVAELURUS CHINJIENSIS Pilgrim

1910.—Pscudaelurus chinjiensis, Pilgrim, Not'ces of new mammalian genera and
species from the Tertiaries of India, Rec. Geol. Surv. India, vol. XL, p. 65.

1913.—S8ivacdlurus chinjiensis, Pilgrim, The corrclation of the Siwaliks with
mammal horizons of Europe, Ree. Geol. “Sure. India, vol. XLIII, pp- 314 footnote and
291.

The type of this genus and species is a right maxilla (G. S. I., No.
D. 150), which I formerly referred to the genus Pseudaelurus. It
was found in the Chinji horizon of the Lower Siwaliks in the neigh-
bourhood of Chinji, and has attached to it some of the characteristic
red concretionary sandstone of the Chinji beds. The maxilla appears
to be almost complete, the specimen showing in addition the broken
base of the jugal and the anterior margin of the orbit.

The height of the maxilla is about 52 mm. and the length 51.6
mm. The distance between the infraorbital foramen and the front
edge of the maxilla is 24 mm. and the height of the orbital
margin above the crown base of pm?® is 28 mm.

These dimensions together with those of the teeth are tabulated
below :—

Height of maxilla . . 52
Length of maxilla 516
Distance between 1nfraorb1tal foramen and front edne of
maxilla 24
Height of orbital murgm ‘1bme bn%e of pm“ . 28
{Iength . . . . . . . . . 46
breadth . . . . . . . . . 112
length . . . . . . . . 20-6

4
Pm {breadth . . . . . . . . . 92
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s §length . . . . . . . . . 11-5
breadth . . . . . . . . . 6-2
R {lcngth . . . . . . . . . 3-9(7)
Pm? breadth . . . . . . . . . 1-7(7)
{anteroposterior diameter . . . . . . 11-0
C transverse diameter . . . . . . 7-8

Pm? is a one rooted, probably functionless tooth, of which the
alveolus completely fills up the space between pm® and the canine
g0 that there 1s no diastema.

Pm®  consists of a tall principal cusp, a distinct metastyle and
a rudimentary parastyle. Behind is a heel which passes into
a faint cingulum on the postero-internal half of the tooth.
It is noteworthy that on the anterior blade of the principal cusp
there are quite distinct traces of -serrations, which no doubt were
once much stronger. There certainly seems to be some signifi-
cance in the fact that similar serrations exist on pm, of the Chinji
mandible referred to this species and on the corresponding tooth in
the Hasnot mandible of Paramachaerodus cf. schlosseri.

Pm* consists of a principal cusp (paracone), an elongated hinder
shear (metacone), a well marked anterior cusp (parastyle) and a
fairly strong inner cusp (protocone) on a level with and separated
by a distinct broad valley from the parastyle. On the blade of the
paracone a series of striac may be scen which obviously are the
remains of serrations corresponding to those referred to above in
the case of pm, A small but clearly defined cusp lies in front of
and external to the parastyle, which seems to be homologous with
the anterior cusp developed in some of the Machacrodonts and may
be known as an anterior cingular cusp. There is a cingulum on the
internal side of the metacone.

M! is a transversely elongated tooth, its long diameter forming
a little less than a right angle with the axis of the carnassial and the
tooth series. It consists of an external elongated transverse blade
and an internal cusp. ‘

The canine which is broken off at the base of the crown is a per-
fectly elliptical tooth, compressed transversely but without any
indication of a posterior ridge.

The cat-like features of this maxilla are apparent at a glance,
while the large, transversely elongated m! and the small pm? equally
bespeak its primitive constitution.
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Although in some respects this maxilla reminds. one of Ps.eudc.ze-
lurus, vet the following distinctions are amply sufficient to justify
generic separation :— ’ .

(1) The entire absence of a diastema anywhere in the tooth series ;

(2) The inferior size of pm?® in Sivaelurus and the lesser pro-
minence of the postero-internal cingular shelf ; .

(3) The smaller size of the canine in Sivaelurus, its entirely
elliptical shape in cross section and the absence of the
postetior trenchant edge which the canine of Pseudaelurus
possesses ; .

(4) The presence of a stiong antero-external cingular cusp
in pm?; . .

(6) The greater depth and lesser length of the maxilla in
Sivaelurus.

Sivaelurus differs from Nimravus, so far as the maxilla is con-
cerned :— -

(1) by the presence of a strong parastyle and antero-external
cingular cusp in pm?;

(2) by the smaller pm?;

(3) by the absence of a diastema;

(4) by the greater transverse diameter of m!;

(5) by the weaker protocone in pm®. ‘

These points serve equally to distinguish Siveelurus from Aeluric-
tis, placed by Matthew in the genus Nimravus.

Sivaelurus differs from Dinictis :—

(1) by the presence of a parastyle and antero—externa} cingu-
lar cusp, and by the less prominent protocone in pm?;

(2) by the more robust canine. .

Hoplophoneus may be distinguished from the Indian genus :—

(1) by its rudimentary parastyle ;

(2) by the larger pm?; .

(3) by the exceedingly slender canine ;

(4) by the lesser transverse elongation of m!.
Sivaelurus differs fron. Felis in the following particulars : —

(1) the larger dimensions and the transversely e.longated shape
of ml. Aslight approach to thisis seen in a few modern
cats such as Felis temminckic of Sikkim, but the
difference is still marked and indicates an earlier and
more primitive constitution.
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(2) The shortness of pm?® distinguishes Sivaelurus from most
species of Felis, but in Felis caracal this tooth is equally
short,. :

(3) The presence of a pronounced antero-external ecingular
cusp in pm* In Felis caracal an evidently homolo-
cous structure exists, but faintly and in quite a rudi-
mentary condition. A similar but also rather rudi-
mentary cusp is found in pm? of Felis brevirostris of
the Middle Pliocene. It appears also that such an
anterior cusp is found in the upper milk carnassial
of Felis spelaea, from which we may infer that its
presence is primitive and that it atrophied later.

(4) The larger upper canine, which, though elliptical in cross
section like Felis, more resembles the Machaerodont
canine than that of any known cat.

Cryptoprocta, although possessing a very similar m! to Sivaelurus,
is distinguished by the completeness of the premolar series, apart
from other more or less obvious features.

Machaerodus, equally with Felis, differs from Sivaclwrus by the
small m?, while pm?® is even smaller as compared with the carnassial
than in the Chinji maxilla. Other still more obvious differences
are the rudimentary nature of the protocone in pm? and the larger
canine.

Coming to Paramachaerodus as -rvepresented by the maxilla of
Paramachaerodus orientalis from Maragha, one cannot fail to be
struck by the resemblances, allowing for its greater size, between it

and Sivaelurus, The structure and proportionate dimensions of °

pm?® and pm? are almost identical, the anterior cingular cusp only
differing in the Maragha maxilla by being situated a little more in-
ternally. Both forms have equally short muzzles; the diastema be-
tween pm3 and the canine in Paramachaerodus orientalis represents
the exact equivalent of the space filled by pm? in Sivaelurus. The
upper canine is even larger in the Maragha than in the Chinji species
and has the trenchant edge which appears to be lacking in the latter
species. The transversely elongated m! and the existence of pm?,
though amply sufficient to justily generic separation, are merely
ancestral characters which one might expect to find in a sarmatian
or tortonian form and to disappear in its pontian descendant. The
depth of the maxilla is also proportionately greater in the Chinji
than in the Maragha specimen.
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Mandible.—The mandible now to he described (G. 8. 1., No. D 151)
is mercly referred provisionally to the species Stvaelurus chinjiensis.
It was found in the same beds and agrees well in size with the type.
maxilla. At the same time it is extremely fragmentary, and it is
just possible that the hinder portion might contradict the deductions
as to its affinities which I draw from its anterior portion.

It is broken oft behind pm, and the front half of the latter tooth
is broken off nearly level with the root. The specimen is figured in
PL 2, figs. 2,2a, 2b, and its various dimensions are given in the table
on page 154

Pm, is a rather long tooth, with a strong metastyle behind the
principal cusp and an equally pronounced cingulum developed be-
hind and on both sides of the metastyle, but decidedly broader in-
ternally. In Paramachaerodus this cingulum is chiefly developed
on the internal side, but there is little if any difference between the
proportionate breadth in the front and hinder portionsof the tooth
as compared with Sivaelurus. There is room fora slight parastyle
in front of the principal cusp, but it is impossible to say whether

" such was present or not.

Pm, is a small tooth with a metastyle behind the principal cusp
and an encircling cingulum similar to but weaker than that on pm,.
The tooth however tapers behind, unlike pm _ and unlike the cor-
responding tooth in Paramachaerodus. There is no parastyle.
The front edge of the blade of this tooth shows a very distinct series
of fine serratiors, which recall those on the teeth of the maxilla just
described.

About half way between pm,and the canine is the alveolus of a
small pm,, which was evidently functionless. The upper margin of
the ramus ascends hetween pm, and the canine. The lower margin
of the ramus passes abruptly into the front surface in a precisely
similar way to what is the case in Paramachaerodus, only differing
by the smaller departure from the horizontal, the angle between the
two surfaces being about 59° as against 65° in  Paramachaerodus cf.
schlosseri and Paramachaerodus sivalensis. A ridge of about the
same strength as the corresponding ridge in Paramachaerodus cf.
schlosseri separates the lateral surface from the front surface of the
ramus. The root of the canine is elliptical in cross section without
the distinet indication of a posterior trenchant edge which is found
in Paramachaerodus cf. schlosseri. The space between the inner
margin of the canine and the symphysial suture is about the same as in

F
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Paramachacrodus sivalensis and less than it is in Paramachaerodus
cf. schlosseri. The actual symphysis is also longer than scems to be the
case in either of the mandibles of Paramachacrodus. There are two
mental foramina, of which the anterior one is the larger and is situated
beneath the diastema, while the posterior one lies beneath pm,.

It will thus be scen that the anterior portion of this mandible
agrees in shape with the various mandibles referred to Parama-
chacrodus. These all differ equally from Pseudaclurus as from Felis
by the presence of a symphysial ridge and by the abrupt passage
from the under to the front surface of the ramus. It is true that
similar characters are found in Nimravus, but the long svmphysis and
the forward inclination of the front portion of the ramus is unlike
that genus. DMoreover the small size of pm, in comparison with
pm, is unlike any known species of Nimravus.

Machaerodus, and the Machaerodont phylum generally, agree in
respect to the small size of pmy but may easily be distinguished. by
the descending symphysial flange and by the smaller lower canine.

The points in which this Chinji mandible differs from the mandib.les
of Paramachaerodus from Pikermi, Bahitta and Hasnot are not in-
consistent with an older form ancestral to the pontian species. The
vestigial pm, is, obviously, a primitive feature, while the slenderness
and shallowness of the ramus and the small size of pm, are charac-
ters found alike in Oligocene forerunners of both the Feline and
Machacrodont phyla, such as Dinictes and Hoplophoneus. When in
addition there is preserved to us such a mandible as that of Parama-
chaerodus sivalensts, which in most of these particulars is inter-

mediate between the sarmatian and pontian forms and serves to

bridge the interval, we have strong evidence that the Chinji mandi-
ble is closely allied to the actual ancestor of Paramachaerodus.

The affinity between the maxilla of Stvaelurus chinjiensis and that
of Paramachaerodus orientalis from Maragha has already been noted.
There seems strong reason to suppose that the Chinji maxilla belongs
to an animal which was closely allied to the actual ancestor of the
Maragha species. There scems equally strong reason for ass?ciat-
ing the mandible of Paramachacrodus schlosseri at least genemcally
with the Maragha maxilla.  Zittel! and Schlosser 2 even identify the two
specimens specifically, but in any case the proportions existing between

1 Zittel, Handbuzh der Palzontologic, Vol. IV, p. 674, i .
2 M. Schlosser, Die Affen, cte. des Europiischen Tertiirs, Beilr, = Pal. Ost-Ung.
Wen, VIIT (1890), p. 52.
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the diastema in the mandible and the upper canine, the crenulated
canines in both and the general correspondence between the two
teeth series justify us in considering them as generically the same.

Assuming that the Chinji mandible is ancestral to Peramachacrodus
schlosser: and that the Chinji maxilla represents a correspondingly
carlier stage on the line leading to Paramachaerodus orientalis,
it seems useless to refrain from provisionally uniting the two Chinji
specimens specifically. The close agreement in size and the
serrations on the edges of the premolars in both, furnish additional
arguments in favour of this decision.

The Phylogeny of Sivaelurus and Paramachaerodus.

W. D. Matthew in his paper on the Phylogeny of the Felida! has
very clearly set forth the evidence for the existence of two perfectly
distinet lines in this group —

(1) the Machaerodonts, originating from the Oligocene Hoplophoneus ;

(2) the Felines originating from the Oligocene Dinictis.

In the former line Matthew supposes that progressive enlargement
of the upper canine has been accompanied by progressive reduction
of the lower canine. The inner cusp of the upper carnassial has
aborted gradually, and pm?® in the upper jaw and pm, in the lower
jaw are reduced. In the Feline line progressive reduction in the
upper canine and progressive enlargement in the lower canine has
taken place, the internal cusp of the upper carnassial remains strong,
pm?® in the upper jaw is large while pm, in the lower jaw enlarges
to subequality with pm,. It may be added that, according to this
theory of descent, while the downward symphysial expansion is present
n the earliest known members of both lines, in the Feline line
this disappears although a symphysial ridge remains in the Miocene
Nimravus, which vanishes in Pseudaelurus and Felis. In the
Machaerodont line, on the contrary, the symphysial expansion tends
to strengthen, up to the final extinction of the line with the Sabre-
tooths of the Pleistocene.

Matthew, however, has mnot entered into the exact relations
between the upper Miocene members of the Feline line and the
genus Felis, nor has he remarked upon the presence at such a late
date as the pontian of forms like Paramachaerodus schlosseri and
orientalis, which, while possessing a large pmy, still retain a symphy-
sial ridge and moderately large upper canines. Equally has he

Y Rull, dmer. Mus. Nal. Hist.,, XXVIIT (1910), pp- 289-—316.
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offered no explanation of the origin of certain short-faced species of
Felis which have a small pm?® and pm,, like Felis brevirostris of the
Pliocene and the recent Felis caracal, or of such a form as the recent
Felis nebulosa, in which not only is pm, small, but also a certain
squarencss of chin is distinctly traceable, while the size of the upper
canines exceeds that of any other known modern species of Felis.
In the hope that the material, now described for the first
time, may throw some little Jight on the answer to this and kindred
problems, and may indicate the lines on which further palmontolo-
aical discoveries and research may eventually succeed in completely
elucidating it, T am tempted to offer a few tentative remarks on the
subject.

Assuming that the evidence detailed above is sufficient to justify
us in connecting Sivacelurus through the intermediate links of Para-
machaerodus sivalensis and variants of Paramachaerodus sehlosseri
with Paramachaerodus orientalis of Maragha, the origin of Sivaelurus
first claims our attention. Can we place it on the one or the other of
Matthew’s two main groups of Machaerodonts or Felines or can we
ascertain its relations to the main line of development in either case
as stated by that author? An endeavour will be made by selecting
for comparison with Sivaelurus those forms on either line which we
have reason to regard as representing synchronous or at all events
equivalent stages of development. The sarmatian (possibly tortonian)
age of Sivaelurus is the first consideration ; next the absence
of a descending flange to the symphysis provides us with definite

proof of a stage much later than that of Dinictis and Hoplophoneus.

Therefore we may, perhaps, compare the Indian genus with Miocene
types of Machacrodus and Nimravus. We need only to notice the
large m! of Sivaelurus, the prominent protocone of its pm?, the
absence of any exceptional enlargement of the upper canine or of the
upper carnassial as well as of a descending flange to the symphysis
to convince us that the genus can find no place on the Machaerodont
line of evolution. On the other hand in all these respects it con-
forms to the Feline line. It obviously represents a stage as primi-
tive as that of Pseudaelurns and Nimravus, judging by its large m!
and the absence of any great degree of reduction in the dentition.
Sivaclurus like Paramachaerodus shows by the absence of a descend-
ing flange to the symphysis and the larger lower canine a consider-
able advance on Dindelis, though it is not possible to assert posi-
tively that like the Middle Siwalik forms, Stveelurus has lost all
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vestiges of an ancestral metaconid in m?!, this portion of the mandible
being unknown in the latter genus.

On the other hand, when consideration is taken of its short
muzzle, the short diastema in the upper dentition, the small size
of pm, and the large upper canine and carnassial, one is disposed
to regard it as representing the outcome of a branch of evolution
parallel to that which led to the genera Nimravus and Pseudaelurus,
and taking its origin as far back as the genus Dinictis, some species
of which, somewhat allied to D. squalidens, might not have been far
removed from the hypothetical Oligocene ancestor of Sivgelurus,
if we accept Matthew’s phylogenetic theory. As in the case of
Nimravus, the descending flange of the symphysis has disappeared,
but the remnant of it remains in the abrupt passage of the chin into
the lower margin of the ramus and the expansion of this portion of
the jaw.

In the course of the evolution of this type into that of Parama-
chaerodus, the chief changes which have taken place are the equali-
zation in size of the carnassial and the premolars, the shortening of
the diastema in the lower dentition and the reduction in size of the
upper molar. ‘

The history of this line in the Pleistocene is unknown, and there
seems reason to think that the type of Paramachaerodus itself has
left no descendants in modern times. This belief is based on the
failure to find, at all events amongst species, sufficiently large to be
descended from Paramachaerodus schlosseri and orientalis, such a
combination of characters as are met with in these pontian species.
Even though the angularity of chin may have been on the way to
disappearance, still such modern species as have an equally large
upper canine differ in the relations of size existing between the
carnassial and the premolars.

In the common Indian and Malay species Felis nebulosa, we find
many peculiar features in the mandible and in the dentition which
are shared by the sarmatian Sivaelurus, but by no other living
species. Felis nebulosa possesses a larger upper canine than in any
other species of Felis. This tooth has also a sharp trenchant poste-
rior edge. Although the skull is elongated, the muzzle is short.
The mandible is characterized by a long diastema between the
canine and pm,, in which a vestigial pm, often exists ; pm, is very
small compared to pm, and the carnassial; m, has a distinct talon;
while occasionally on the carnassial as well as the canine I seem to
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see a faint vestige of a former crenulation of the blade. Last of all
the chin passes more abruptly into the basal margin of the ramus
than I have found to be the case in other species of Felis. The species
is much the same size as Sivaelurus chinjiensis, but the height of the
maxilla is greater in the latter, the muzzle is shorter in proportion
and the upper carnassial is proportionately larger. Still it seems to
me possible that Felis nebulosa may be descended from some such
form as Sivaelurus, though no doubt the hypothetical ancestor was
of inferior dimensions to the species Sivaelurus chinjiensis.

I do not propose to enter into the history of the genus Felis,
but would merely suggest that the differences between the various
modern species of cat are too great to lend much support to the theory
of the monophyletic origin of the genus, or to render it likely that
Nimravus or Pseudaelurus is to be regarded as the common ancestor
of them all. The discovery of Sivaelurus, whichreveals what we
suspect to be a direct connection between Felis nebulosa and a
sarmatian ancestral type may but herald that of numerous other
phyla which evolved on parallel lines,

Measurements of mandibles of Paramachaerodus and Sivlaeurus.
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EXPLANATION OF PLATES.

PLATE 5.

T1e. 1.—Paramachacrodus cf. schlosseri Weith, sp. left mandibular ramus, 1
surface view la external side view. ¥rom the middle Siwaliks of
Hasnot, Punjab (G. 8. I. No. D. 140) Page 139
¥ig. 2.— Paramacharodus cf. schlosseri Weith. sp. left mandibular ramus, 2
surface view 2a external side view. Trom the Middle Siwaliks
of Bahitta, Punjab (G. S. L. No. D. 141) Page 139

All figures natural size.

PLATE 6.
Try. 1.—Stvaelurus chinjiensis Pilg. right maxilla, 1 surface view la external
side view. From the Lower Siwaliks of Chinji, Punjab (G. S. I,
No. D. 150) Page 145
Fra. 2.—Sivaelurus chinjiensis ? Pilg. left mandibular ramus front portion, 2 sur-
face view, 2a external side view, 2b internal side view. From the
. Lower Siwaliks of Chinji, Punjab (G. S. I. No. D. 151) Page. 149
All figures natural size.
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G. 8. I. CaLcuTTA.
PARAMACHERODUS cf. SCHLOSSERI, Weith.

(@l figures natural size. J
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Page 241, column 4, line 10, for (3351) read (55-10-2).
Page 246, lines 6 and 7 from bottom, for n read 7.
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HERBERT STANLEY BION.

T is with great regret that I have to record the death, on June 6th,
at the age of 27, of Mr. H. S. Bion, Assistant Superintendent,
Geological Survey of India. Although- he joined the Department
so recently as January 18th, 1911, Mr. Bion had already shown
that he was a geologist of mno ordinary ability. Trained in London
under Professor K. J. Garwood, his bent lay chiefly towards the
paleontological and stratigraphical aspects of his subject, and on
these he was mainly employed, although he also took his share
of current economic investigations. During his association with
Mr. Middlemiss in the geological survey of Kashmir, his ready grasp
of the most difficult stratigraphical problems gave promise of a brilliant

. future, and his subsequent work in Burma, both scientific and

cconomic, showed that he possessed, in addition to ability,
conscientiousness and perseverance. He had, in faet, all the
qualities which go to make a geologist of the first order.

During his short term of service, his attractive disposition en-
deared him to all his colleagues, and through his untimely death
every member of the Geological Survey has to deplore the loss not
only of a brilliant collaborator but also of a warm personal friend.

H. H. Havpen,
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THE MINERAL PRODUCTION OF INDIA DURING 1914. BY
H. H. HAYDEN, C.LE., F.RS., Director, Geological
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1V.—MixERAL CONCESSIONS GRANTED DURING THE YEAR .

{.—INTRODUCTION.,

HE method of classification adopted in the first Review of Mineral
Production published in these Records (Vol. XXXII),
although admittedly not entirely satisfactory, is still the best that
can be devised under present circumstances. The methods of
collecting the returns are becoming more precise every year and
the machinery employed for the purpose more efficient. Hence

the number of minerals included in Class I—for which approxi- .

mately trustworthy annual returns are available—is gradually n-
creasing, and it is hoped that before long the minerals of

Class IT—for which rtegularly recurring and full particulars cannot .

be procured—will be reduced to a very small number. In 'th.e
case of minerals, such as tin-ore, still exploited chiefly under primi-
tive native methods and thus forming ‘the basis of an industry
carried on by a large number of persons each working indefpe.u-
dently and on a very small scale, the collection of reliftble statistics
is impossible, but the total error from year to year is not impro-
Dably approximately constant and the figures obtained may be
accepted as a fairly reliable index to the general trend of the m-

dustry. In the case of gold, the small native alluvial industry
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contributes such an insignificant portion to the total outturn that
any error from this source may be regarded as negligible.
Table 1 shows the values of the production of minerals for
which returns are obtainable. It has not been
du'crt?:::xl. value of o~ oustomary hitherto to include in this table
such materials as building stones, road metal,
and clay, since the returns are incomplete. To omit them altoge-
ther, however, is even more misleading than to include the returns
in their imperfect state, and as the value is not inconsiderable,
the figures have been added to the table; they probably represent
less than half the actual production of those materials.

TssLe 1.—Total Value of DMinerals for which Returns of Production
are available for the years 1913 and 1914.

Mineral. 1913. 1914, \ Increase. | Decreasc. ‘;;zilttef:
£ £ 1 £ £
Coal . . . .1 38,798,137 3,907,380 109,243 + 2.9
Gold . . . . 2,291,917 2,338,355 46,433 .. + 20
Petroleum . . . 1,034,586 958,565 | .. 76,021 — 7-3
I\Iaxxg{mcse-ore (a} . 1,211,034 877,264 | 333,770 | — 276
‘ga%i (D] N . . 541,447 483,289 . .. 58,158 -— 107
altpetre . . . 200,803 272,462 71,659 .. + 357
Mica () . . . 347,451 237,310 | .. 110,141 | — 317
Building materials and 243,493 214,421 1 20,072 — 119
road metal. !
Lead and lead-ore . 113,023 202,330 | 89,307 790
Tungsten-ore . 127,762 178,543 ' 50,781 .. i 307
Ruby, : sapphire  and 55,542 43,133 | .. 12409 | — 223
spinel.
Monazite . o 42,012 41,411 .. 601 — 1.4
Iron-ore . . l 39,680 40,665 | 983 . 2:5
i + y
Jqdestone (c)_ . - 24,093 40,002 | 15,009 .. 4+ 664
Tin-ore and tin i 46,401 38,203 | .. 8,198 | — 17.7
gl.lver. ’ 15,338 | 26,896 11,558 .. + 754
linc-ore . ! 14,871 10,762 ¢ 5,801 .. 120-9
Copper-ore . “ 8,650 ) 7,204, .. 1,356 i 157
ﬁ?rnet i 1,288 4,806 | - 3,518 .. 4 2731
um . . o 3,794 4,649 835 .. 22.5
Steatxt'e . . . ] 6,700 4,131 2,569 j— 38-;
C}%romlte . . 2,435 2,611 176 .. 4 72
Clhy . : f 20741 2567 . 177 ] — 6%
Gy‘psum 1,071 J 979 ¢ .. 92 — 8-6
Diamond \‘ 1,791 [ 01 .. 1,000 | — 558

(@) Value f.0.b. at Indian ports.
(8) Prices without duty.
(¢) Export values.
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TanLt 1.—Tolal Value of Minerals for which Returns of Production
are available for the years 1913 and 1914—contd.

Mineral. b e, 1914. 1! Tierease, | Decrease. ‘;“fr"é‘c‘;’;‘
£ e | £ £
Magunesite . . . 4,776 457 1 | 4,219 { — 883
Corundum . . . 2.215 147 \ 1,768 — 798
Amber . . . 29 274 : 23| + 8448
Platimam . . . 324 213 | | 1| — 343
Amte .. . 250 175 L | — 30
Ochee . . . 919 | 157 o 762 | — 820
Samarskite . . 7 ‘\: 121 114
Bauxite . . . 331\1 32 .. 1 — 30
Asbestos . . . .. } 23 23
Pitchblende . \‘ 13 . 13
Triplite . . . 1 .. ‘ 13 13
e ‘ —— k
Total . 16,174,616 | 9940934 406,818 | 640,500 | — 23
} ? 233682

There has been a small decrease in the value of production in
1914 as compared with the preceding year. This is due mainly
to the serious depression in the manganese market which has resulted
in a fall in the value of production of over £300,000 or more than
97 per cent. The production of mica has also fallen by nearly
32 per cent., while petroleum and salt also show decreases of about
7 and 11 per cent., respectively. On the other hand there have
been considerable increases in the production of lead (79 per cent.),
wolfram (40 per cent.) and saltpetre (36 per cent.), while the value
of the outputs of coal and gold respectively have risen 3 and 2 per
cent., respectively.

. The number of licenses and leases granted
g”‘:;it'és‘:al coneesslons - quring the year amounted to 363 as against
495 in 1918.
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. -MINERALS OF GROUP 1.

Chromite.  Iron-ore. Manganese-ore.  Platinum. Saltpetre.

Coal. Jadeite. Miea. Ruby, Sapphire Tin-ore.

Diamonds. Lead-ore. Monazite. and Spinel. Tungsten-ore,

Gold. Magnesite. Petroleum. Salt. Zinc-ore.
Chromite.

There was a slight rise, amounting to rather less than 4 per
cent., in the output of chromite in the year 1914 over that of the
previous year. As will be seen from table 2, the output both of
Baluchistan and of Bihar and Orissa fell to a slight extent, but

the increase in Mysore more than compensated for the loss else-
+
where.

TaBLe 2.—Quantity and Value of Chromite produced in India during
‘ 1913 and 1914.

! 1913. 1 1914,
— [ ’ |

Quantity. Value. | Quantity. Value.

Tons. : £ ' Tons. £
Baluchistan . . . . 3414 } 1,162 i 3,006 1,052
Bihar and Orissa . . . 848 { 452 : 552 301
Mysore . . . . 1414 821 | 2,330 1,258
Total .| 5676 2435 % 5,888 2,611

Coal.

o There was a small rise of 1} per cent. in quantity, and about
3 per cent. in value, of the Indian output of coal, which has now
reached nearly 16; million tons with a value of £3,907,380. The
pit’s mouth value varied from Rs. 3 in Central India to Rs. 9-9
in Baluchistan, the figures for the chief coalficlds, however, being
Rs. 3-3-4 for the fields of Bihar and Orissa and Rs. 3-13-10 for
those of Bengal. There has been a very marked rise in recent
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vears in the case of Assam coal, which has risen from under
Rs. 5 in 1912 to Rs. 7 in 1914, The pit’s mouth value has
risen both in the Jherria and Raniganj fields, but has fallen in
Central India and in the Nizam’s Territory, and has remained
steady in the Punjab.

TaABLE 3.—dverage price (per ton) of Coal extracted from the Mines
i each province during the year 1914.

Provinee. ©Average price per ton..
]

‘ Rs. a. ».
Assam . . 701
Baluchistan . . . . . . . . o 9 9 0
Bengal . . . . . ‘ 31310
Bihar and Orissa . . . . . . . . 304 4
Central India i 20 0
Central Provinces . . £ 7 3
Nizam’s Territory . . . : 5 0 0
North-W¥est Frontier Province . 300
Panjal . . i 5 30
Rajputana (Bikaner) 31409

The amount of coal produced by the Gondwana fields was, as
usual, over 97 per cent. of the total Indian output. -

TasLe 4.—Origin of Indian Coal raised during 1913 and 1914.

Average of
_ b last five 1913. 1914.
years.
; - ‘ }
! Tons. Tons. Tons.

Gondwana Coalficlds . . . . .0 13,108,137 15,814,304 16,039,261
“Tertiary Coalfields . . . . L 101,335 303,705 425,002
Total . | .. J 16,208,009 | 16,464,263

Exports fell off considerably during the year 1914, as will be
seen from Table 5. This was due in part to the difficulty of ob-
taining tonnage during the latter part of the year.
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TasLE 5.—FEzports of Indian Coal.

1913. 1914,

Quantity. Value. Quantity. |~ Value.
Tons. £ Tons. £

Ceylon . . . . 425,165 276,312 | 340,289 203,810

Straits Settlements (including 107,385 132,374 | 111,024 61,230
Labuan). ;

Sumatra . . . . 102,718 65,626 | 83,608 47,838

Other Countries .. . . 32,218 20,610 | 42,033 26,737

Total . 757,486 494,922 577,944 339,615

Coke . . . . 1,669 1,516 1,802 1,500

Total of Coal and Coke . 759,155 496,438 ‘ 579,746 341,124

There was also a considerable decline to nearly 50 per cent.
in the imports of coal during 1914 as compared with the previous
year. The most marked reduction was in the imports from Natal,
which fell from nearly 137,000 tons in 1913 to under 40,000 during
the year under review.

TaBLE 6.—Imporis of Coal, Coke and Patent Fuel during 1913 and

1914,
1913. l’ 1914.

| -

Quantity. Value. Quantity. Value.
Tons. £ | Tons. £

Australia  (including New 51,344 54,382 33,419 36,543

Zealand). ‘
Japan . . . . . 93,103 99,663 32,232 33,427
Natal . . . . X 136,730 102,330 39,140 | 47,066
Portuguese Fast Africa . . 77,579 01,140 58,742 69,650
Transvaal . . . . 31,104 39,169 40,355 53,560
United Kingdom . . . 169,213 235,689 | 156,863 229,160
» Other Countries . . . 63,586 76,432 39,612 | 49,865
Total . | 622,659 758,805 - 400,363 | 519,271
Coke . . . . . 17,121 41,911 12,729 ‘ 28,215
Patent Fuel . . . 5,154 10,336 5,666 6,116
Government Stores . . 212,941 280,757 54,738 i 83,904
Total . | 857,875 | 1,091,809 473,496 { 637,506
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There was a considerable increase in the output of the Bihar
and Orissa fields, amounting to over 400,000 tons, but a decrease

of over 225,000 tons in Bengal.

With the exception of Baluchistan

and Rajputana, all other provinces show an increase in output.
The percentage of coal produced by the Tertiary coalfields to
the total output was only 258; it was, however, a little higher

than in the previous year.

The chief Tertiary coalfield is still

that of Margherita, the output of which rose from a little over
270,000 tons to mneatly 304,000.

TABLE 7.—Provincial Production of Coal during the years 1913 and 1914.

Province. ! 1013. 1914. Increase. Decrease.
}
Tons. Tons. Tons. Tons.

Assam . . 270,862 305,160 34,298 ..
Baluchistan . . . ! 52,932 48,234 e 4,698
Bengal. . . . . 4,649,985 4,424 557 . 225,428
Bihar and Orissa . 10,227,557 10,661,062 433,505
Central India . . . I 148,978 152,900 3,028
Central Provinces . | 235,651 1‘ 244,745 9,094
Hyderabad . . . . 552,133 | 555,991 3,858
North-West ¥rontier Province | 90 94 4
Punjab . . i 51,040 | 54,303 3,263 ..
Rajputana (Bikaner) ! 18,781 | 17,211 . 1,570

; t

Total ! 16,208,009 - 16,464,263 487,950 231,696

TaBLE 8.—Qutput of the Gondwana Coalfields for the years 1913 and 1914.
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TaBLe 8.—OQutput of the Gondwana Coalfields for the years 1913 and
1914—contd. ’

1013, 1914.
Coalficlds.
Per cent. of Per cent. of
Tone. Indian Total, Tons. Indian Total.
Central India—
Umaria . 148,978 02 152,906 -03
Central Provinces—
Ballarpur . . . 80,959 -50 80,202 54
Pench Valley . . 89,805 55 95,679 58
Mohpani . . . 64,887 40 59,774 37
H yderabad—
Singareni . . . 552,133 341 555,991 3-38
15,814,304 97-57 97°42

Total

16,039,261 l

|

| 1913. 1914.
|
Coalficlds. i i
. Per cent. of P Per cent. of
Tons. Indian Total. Tons. Indian Total.
Bengal, Bikar and Orissa— }
Daltonganj . . 835,345 -5¢ 81,680 | -50
Giridih . . . 806,810 498 825,026 - 501
Jherria . . 8,608,310 5311 9,146,653 5550
Bokaro-Ramgarh 3,319 114 04 1 16,920 } 15
Rajmahal 3,672 I3 8,145 2
Raniganj . . . 5,327,248 32-87 4,946,295 30-04
Sambalpur (Hingir-Ram- 42,800 26 60,883 37
pur).
Darjeeling District (non- 133 17 | .
act). {
|

TABLE 9.—Quiput of Tertiary Coalficlds for the years 1913 and 1914.

Coalfields.

Assam—
Makum . . .
Naga Hills . . .
Khasi and Jaintia Hills

Baluchistan—
Khost . . . .
Sor Range, Mach, ete. .

North-West Frontier Province—
Hazara . . .

Punjab—
Jhelum .

*  Mianwali
Shahpur

Rajputana—
Bikaner . . .

Total

1913. 1914
Per cent. of . Per cent. of
Tons. iy dian Total]  TOMS | {pdian Total.
270,364 | ) (303500 |y
. 1-67 778 | & 186
498 5 ( 492 | )
45,585 .28 30,557 o4
7.347 -05 8.677 05
00 |y 94 |y
| | -
46,155 |> 31 45,867 f 33
.. J 1,557
4,885 6,870 |
18,781 12 17,211 10
393,705 243 425,002 258
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The total number of persons employed in the coalfields rose
from 144,966 in 1913 to 151,376 in the vear under review. The
output per person employed, however, was smaller than it had been
in recent years, having been only 108-76 tons. Altogether there
were 170 fatal accidents, indicating a death-rate of 1-12 per thousand
persons employed.

TapLe 10.—dverage nwmber of persons c;)z,])lbyed '(Zaz'ly w the Indian
Coalfields during 1913 and 1914.
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TasLe 11.—Quantity and Value of Diamonds produced in India
during- 1913 and 1914.

: 1913. 1914,

f Quantity. Valuo. Quantity. Value.

f, U

! Carats. £ Carats. £
Central India . . . F 7870 1,769 54°63 791
Madras . . N 37 22 .. .

l

Total . f 11570 1,791 54°65 791
Gold.

The output of gold rese by about 2 per cent.

The increase is

chiefly due to the Anantapur mines in Madras, the output of which
increase in  the Mysore
mines being about 3,000 ozs.; there was a decline of nearly 1,700
ozs. in the output from the Myitkyina district, the dredging opera-
tions at Myitkyma not being so successful as had been hoped.

increased by mnearly 9,000

0zs., the

TaBLE 12.—Quantity and Value of Gold 7)7'oducé(l m India during
1913 and 1914

i Output | Number chath-ratc
Number of persons i per person| of deaths . per 1,000
| employed daily. | om- by acci- persons
Province. i | ployed. vents. employed.
? 1913. ] 1914. ‘ 1914. 1914. 1914.
e e |
Assam . 1 2478 2,888 | 10566 16 554
Baluckistan . 1,087 1,001 48'18 5 4-99
Bengal . . 38,561 38,882 1 11379 41 1-05
Bihar and Orissa 87,452 90,855 117-34 78 -85
Central India 1,593 3,038 l 50-33 1 -32
Central Provinces 2,684 | 3,254 | 7521 3 92
Hydorabad . . 10,028 10,141 54:82 24 2:36
North-West  Frontier 6 7 13-43 ..
Province. i
Punjab . . 892 1,161 | 4677 2 1-72
Rajputana (Bikaner) 185 149 {11551 oo
i
Total 144,966 : 151,376 ’ 170
| | e
Average '; % b 10876 112
H |
&
Diamonds.

There ‘was a further decline in the output of diamonds, which
foll from 1157 carats in 1913 to 54-65 carats, valued at £791, in
the year under review. The attempts to. work diamonds in the
Madras Presidency seem to have been given up.

1913, 1 1914, f
o Lalour.
Quantity. Value. Quantity. Value.
| -
Oz. i £ Oz. l £ 1
)
Burma— i
Myitkyina . .| 532977 20412 | 363560 13,905
Katha and Pakokk 2031 100 12:59 ’ 2‘7’ !Z
Upper Chindwin 1345 255 4560 268 | 159
Shwebo o .. .. i 1055 53 u\
Myderabad . .. [ 20,0124 77,228 | 21,200 80,479 1,775
Madras ..l 101 43,194 | 10,873 82950 | 2,038
Mysore . . .| 53919708 | 2,150,194 562,355 | 2,159,604 |  26.200
Punjab . . . 134 517 | 24998 994 70
United Provinces 4-2 17 575 241 35
|
Total 595,761°11 | 2,291,917 =607,388'07 2,338,3-551 30,767
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Iron.

There was a further increase in the total amount of iron-ore
produced, which rose from nearly 371,000 tons in 1913 to nearly
442,000 in the year under review. Singhbhum increased its out-
turn by over 50 per cent., whilst the outputs in Burma and the
Central Provinces rose by about 8,000 and 15,000 tons respectively.
The inerease in the production of iron-ore in Burma was due to
more active smelting operations conducted by the Burma Corpora-
tion at Bawdwin. The output of iron and steel amounted to 234,726
tons of pig-iron and 66,603 tons of steel including 45,659 tons of steel
rails, the latter produced by the Tata Iron and Steel Company.

TasLeE 13.—Quantity and Value of Iron-ore produced in India during
1913 and 1914.

‘ 1913. | 1014,
- |
Quantity. Value. Quantity. | Value.
— |
Tons. £ Tons. ’ £
Bengal— ;
Burdwan . . . 8,926 1,278 1,204 * 171
i
Lihar and Orissa— !
Singhbhum 98,196 10,808 | 1516623 ¢ 15,083
Orissa . 247,081 23,125 ; 240,958 ! 16,674
Other Districts 610 281 G617 : 278
Bonbay D .. 75 ..
Burmu 11,480 3,061 19,482 5,195
Central Indin 418 111 3265 59
Ceniral Provinees . 3,774 $30 18,402 ! 3,198
Hyderabad 249 66 .. ‘ ..
Rajputana 975 26 .. |
United Provinees 13 4 217 7
Total 370,845 30,680 | 441,674°25 140,665

* Decrease in output is due to the Ramnagore Colliery areas being under water

for part of the year,

Jadeite.

The condition of the jadeite industry in Burma is still far from
satisfactory, although the output, which had fallen in 1913 to 3,281
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ewt., was nearly trebled in 1914, rising to 9,925 cwt. The increase
in quantity, however, was mnot accompanied by a corresponding
rise in the value of the output, which increased only from £12,780
in 1913 to £12,976 in the year under review. This was due no
doubt to the production of inferior material. On the other hand,
exports of jadeite by sea decreased by 2 cwt. from 2,961 cwt. in
1913 to 2,959 in 1914, while the value of the latter was £40,092 as
tgainst only £24,903 in the previous year. Evidently, therefore,
the price of jadeite has risen very considerably, and the value re-
turned for the output for 1914 shows either that the value was
understated, or else that the material being won is so inferior that
the industry will soon become too unprofitable to be continued.
In view, however, of the great rise in the export value, it seems
more probable that the value has been grossly understated by the
miner.

Lead.

There was a very marked increase in the output of lead-ore
and slag from the Bawdwin .mines in 1914, the output of ore rising
from 3,939 tons in 1913 to 8,769 tons in the year under reviewtj
The amount of slag treated also rose from 16,360 tons to 24,901
tons. The slag heaps left by the old Chinese miners are gradually
becoming exhausted, and in a short time this source of lead will
no longer be available. The output of ore however, has increased
considerably, and ore-bodies of great size are said to have been
proved, The amount of lead extracted was 10,548 tons in 1914
as against 5,858 tons in the preceding year. The estimated value
of the production of lead is based on the market value of that metal
during the year, and the values given in the tables do not represent
the pit's mouth value of the ore and slag. These materials being
treated on the spot, it is impossible to assess their value accuratcl;i
and it seems preferable to base estimates of the value of the output
on the market price of lead.

. The Bawdwin slag and ore also yielded 236,446 ozs. of silver
In 1914 as against 125,209 ozs. in the preceding year.

In the processes of mining with Bawdwin ores a considerable
amount of zinc-ore was recovered, the chief ore-bodies being com-
posed of intimate mixtures of zinc-blende and galena. The figures
showing the amount of zinc-ore won will be found on page 179.
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TABLE 14.—Production of Silver-lead-ore during 1913 and 1914.
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TapLe 15.—Quantity and Value of Manganese-ore produced in India
during 1913 and 1914,

1913. 1914,
Quantity. i Value. Quantity. Value.
{ |
Lead-ore | Lead-ore | .. Lead-ore | Lead-ore Toar
and slaz. | and lead. ; Sitver. and slag. | and lead. Silver.
! ;
;‘ Tons. £ . £ Tons. £ £
Burma— ) ; |
; 3,039 9 49,3742) | 10,585 g 8,769 27,346(d) 13,039
Northern Shan g {ore) (! (ore)
States. z 16,360 ( © 63,563(b) 4,753 z 24,901 € 1 174,933(e) 13,857
‘ (slag) (slag)
Southern Shan ! 2427 5 12 32
States. ; ‘ |
Central  Pro- ;
vinces— |
Drug . .| 15 =) 325 19
! i
Total . E 20,324'77 i113,023 ’ 15,338(c) | 33,685°25 | 202,330 26,896(f)
i

(@) Value of 2,561 tons of lead extracted.
(5 Value of 3,207 tons of lead extracted.
(¢) Value of 125,200 ozs. of silver extracted.
(d) Value of 1,426 tons of lead extracted.
(e) Valuo of 9,122 tons of lead extracted.
(f) Value of 236,446 ozs. of silver extracted.

Magnesite.

There was a very marked fall in the outturn of magnesite, which
fell from over 16,000 tons in 1913 to a little less than 1,700 tons
in the year under review. This was chiefly due to a decrease in
the output from the Chalk Hills, which fell from 14,086 tons, valued
at £14,153, to 399 tons, valued at £130. There was also a fall
in the output from Mysore from 2,112 tons valued at £623, to 1,281
tons valued at £427. ’

Manganese.

The manganesc-ore industry has suffered from severe depres-
sion during the year 1914, the output having fallen from 815,047
tons valued at £1,211,034 in 1913 to 682,898 tons in 1914, valued
at £877,264,

1913. 1914.
—_ ; Va{;w i Valuo
. . 0. b. at s f. 0. b. at
Quantity. Tndian Quantity. Indian
ports. | ports.
) ‘ : T -
i Tons. £ Tans. £
| .
Bilar and Orissa— |
Gangpur . . 11,215 16,168 | 6,070 7,613
Bombuy—
Chota Udepur .. . 7,735 9,701
Panch Mahals . 40,914 58,984 ! 19,488 24,441
Central India— ‘ l‘
Jhabua . 6,814 8,461 | 6,642 6,144
Central Provinces— ! ;
Balaghat ; 219,139 336,926 221,159 | 206,722
Bhandara : 89,818 138,095 82,055 110,090
Chhindwara - 78,583 120,821 . 87,114 116,878
Nagpur L 261,767 102,467 174,562 234,904
i
Madras— :
Sandur . . 52,169 385 33,643 29,858
Vizagapatam . 44,127 52,769 26,375 23,408
Mysore 10,501 13,958 18,055 18,205
Total . l 815,047 1,211,034 l 682,898 877,264
Mica.

During 1914, the outturn of mica was about 5,000
than that during the previous year, while the value of
fell from over £115,000 to £88,000.
Vhere the output fell nearly 50 per cent.

cwt. lower
the output

The chief fall was in Madras,

On the other hand,

there was a slight increase in the output of the Koderma mines
in Bihar and OrLsa the increase in output, however, in that pro-
vince was accompanied by a fall in value of about £16,000, while
the total amount of mica exported fell from 62,474 cwt. valued
at £347,451 in 1913 to 40,502 cwt. valued at £237,310 in 1914,
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TasLe 16.—Quantity and Value of Mica produced in India during
1913 and 1914.

| 1913. 1914,
Quauntity. Value. Quantity. Value.
e [ I
) Cwt. £ Cwt. £
Bihar and Orissa . . . 32,579 62,624 33,275 46,796
AMadras . . . . 11,200 47,491 5,989°5 36,140
Rajputana . . . . 1,953 3,102 1,192-1 4,968
Mysore . . . . 20 109 50 186
Total . 45,761 115,329 | 40,506'6 i $8,000
i 1
Monazite.

The output of monazite from Travancore State was 1,185-65
tons valued at £41,411 in 1914 as against 1,234-75 tons valued at
£42,012 in 1913.

Petroleum.

It 15 very rarely that we have to record a fall in the output of
petroleum, which rose from 118} million gallons in 1904 to over
277 million in 1913. In 1914, however, production fell to a little
over 259 million gallons. The output of 1913 had marked a very
considerable increase on all previous years, while the output for
the year under review is still more than 10 million gallons higher
than that for the year 1912. The total value of the output for
1914 was £958,565 as against £1,034,586 in 1913. There was a
considerable decrease in the output from the Yenangyaung field, which
fell from over 200 million gallons in 1913 to about 175 million gallons
in the year wnder review, On the other hand, there was an in-
crease of about 10 million gallons in the output of the Singu field,
while both Yenangyat and Minbu show considerable decreases.
The output of the Digboi ficlds in Assam was almost exactly the
same in 1914 as in the preceding ycar. Recent prospecting opera-
tions in the Punjab have resulted in the discovery of what is believed
to be a promising field in the neighbourhood of Pindigheb to the
north of the Salt Range. Hitherto all attempts to exploit oil in
the Punjab have been unsuccessful, owing chiefly to the unfavour-
able structure and disturbed conditions of the Tertiary rocks.

The structure of the Pindizheb area, however, is said to be highly

favourable to the retention of oil,
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The amount of paraffin wax exported rose from 272,996 cwt,
valued at £401,857 in 1913 to 362,678 cwt. valued at £1,534,740 in
the year under review. ‘

TaBLE 17 —Quantity and Value of Petroleum produced in India dupr-
ing 1913 and 1914,

1013. 1914,
e
Quantity. Value. Quantity. | Value.
S
Burma— Gallons. | £ Gallons. f £
Akyab . ) 14,023 27 ;

3 . . ,023 | 270 12,018 2
Kyaukpyl} . . . 29,254 | 821 25,987 | 7 ;g
M.‘nge (X cn‘:_\.ngya,\mg) . ] 200,555,668 771,962 | 174,081,799 ! 673,525
Myingyan (Singn) . .| 63,538,710 211,820 | 735400518 1 241608
Pakokku (Yenangyat) . | 5409101 20,731 | 4516685 | 16,720
%*\P[mh_u L .1 3,198,311 [ 13,326 { 1,683,100 ; 7.013

hayetmyo . .. 30,210 | 168 22,836 | 95
1

Assam— | }
Digboi (Lakhimpur) . 4,688,628 ; 15,466 4,688,547 ] 15,466

Punjab— ‘ J
Mianwali . . . 1,200 . 13 1,200 | 13
_________ B
Total | 271,555,225 | 1,020586 | 259,342,710 | 958565

! i

. There was a considerable increase in the imports of lkerosenc
Into In‘dla during the year, the total being mnearly 84 miliion gallons
as against only 66 million callons in 1913,

TaBLE 18.—~Imports of Kerosene oil during 1913 and 1914,

1913, f 1914,
—— | T T
. , \ i
Quantity. Valne. | Quantity. | Value.
N e R 1 :
! allons., 3 <
From— : 0 £ ! Gallonx } £
Born.oo . . . i 16,995,348 429,880 \ 26,966,642 | G61.2.4+
Persia 27 58 | 5.855 | ; ‘ o
> . . . . 2710458 83,855 | 2,765,685 S1,287
Roumania . . . 1,413,659 ! 24,451 ¢ -
Russia, . DAa3L221 | 13380 61,57 it
L uss \ . . . L3622 23.826 1,661,870 433,662
Straits Scttlements  (in- ! 3,061,404 | 79,4806 ‘ "),553,2;58 : 14'4: l";:
- cluding Labuan). | | ! o
Inited States. [ 37.392.084 | 1220 46031601 L
Qzllmr((‘g ':tt(,‘i' ‘ ( }11?.30%1 | 1,0»1?:.'1_’.’ i 46,831,641 ‘ 1,528,352
untries | RORATHY B 6,369 428 15

Total .| 66,759,805 | 7802595 | 83,879,534 | 2.%57.500
| \ . 2

c
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Platinum.

36-G9 ozs. of platinum, valued at £213, were won during the
course of the gold dredging operations at Myitkyina. This con-
stitutes a decrease on the outturn of the previous year, which was
57-68 ozs. valued at £324,

Ruby, Sapphire and Spinel.

The output of the Ruby Mines shows a slight increase in quan-
tity, but a considerable fall in value. As will be seen from Table
19, the welght of rubies won fell by about 10,500 carats, while there
was a rise of nearly 35,500 carats in the output of sapphires.

TasLe 19.—Quantity and Value of Ruby, Sapphire and Spinel pro-
duced in India during 1913 and 1914,

|
1913. L 1914.
— . |
I f
Quantity. \ Value. \} Quantity. Value.
S, |- | ——
Carats. £ | Carats. £
Burmn—
Mogok . . . . 203,925 50,941 193,333 40,781
Rubies) ) . {Rubies)
Do. . . . . 21,353 | 4,028 ¢ 56,709 2,052
(*wpplm@) \ " (Sapphires)
Do. 570 31,830 300
(Spmeh) : i {(Spinels)
Total . } 278,706 55,512 304,872 43,133
Salt.

There was a slight decrease in the output of salt, which fell
from 1,473,189 tons valued at £541,447 in 1913 to 1,348,225 tous
valued at £483,289 in 1914. The outturn of rock-salt amounteé
to 156,650 tons. There was also a decrease of the imports of salt,
which fell from 590,431 tons to 562,018 tons. Imports from
the United Kingdom fell by nearly 40,000 tons, from Germany by
20,000 tons, from Asiatic Turkey by 10,000 tons, and from Spain
by 5,000 tons. On the other hand, there were appreciable rises
in imports from Aden and Egypt.
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TaBLE 20.—Quaniity and Value of Salt produced in India during
1913 and 1914.

|
]‘ 1913. 1914.
— —
Quantity. Value. Quantity. Value.
Tons. £ Tons. £
Aden . . . . . 173,908 69,402 144,463 57,636
Bengal, . . . . 25 4 6 2
Bombay and Sind .. 467,578 109,877 486,898 113,453
Burma, . . . . 30,109 102,034 21,522 75,536
Gwalior State . . . 114 310 99 271
Kashmir |, . . . 73 46 73 55
Madras . . . . 348,287 115,292 | 208,862 115,494
Northern India . . . 453,095 144,482 i 396,302 120,842

Total 1,473,189 | 541,447 1 1,348,225 ‘ 483,285
! ] |

]

TaBLE 21.Q—cha7ztz'ty and Value of Rocl: Salt produced in Indiq
during 1913 and 1914.

’ 1913, ’ 1914,

. !

j Quantity. Value. 1‘ Quantity. Value.

i —

i Tons. £ ; Tons. £
Salt’Rango . . . . 138,542 1,755 135,519 19,113
Kohat . . . - 19,099 1,896 ¢ 18,239 1,810
Mandi . . . . . ‘ 3,642 4,218 : 2,792 3,325

! \ T

Total .. 16LIS3 |- 23889 | 156,550 24,248

c2
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Tasre 22.—Quantity and Value of Salt imported

|
i 1913. 1914,
—— ‘ e e 1
© Quantity. Valuo. Quantity. E Value.
SR SO S
, |
| Tons. £ Tons. | £
| ‘
From.— i |
Aden and Dependencies 124,008 115,955 ‘ 153,163 ‘ 146,790
; o
Egypt \ 86,853 82,299 93,775 ( 100,263
Germany ‘\ 55,124 65,123 | 35,014 40,174
| | |
S]m,in . A 73,514 66,209 68,273 | (4,538
Turkey, Asiatic . | 72,966 66,020 62,255 ' 60,396
i ‘
United Kingdom 140,728 140,192 103,038 101,395
Other Countries 37,038 l 33,669 46,500 2,299
H
Il N - -
— ! S ,,{
Total 590431 | 570,457 562,018 © 559,355
Saltpetre.
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TanLe 23.—Quantity and Value of Saltpetre produced in India during
1913 and 1914.

1913. 1914
Quantity. Value. Quantity. | YValue.
[ o . o -
Tons. £ Tons. 1 £
Bihar . . 5,342 71,844 4,806 | 76,046
Bombay (Cutch) 3 26 1| 11
Central India . . 24 208 '
North-West Frontier Provineo 75 247 262 ! 51
Punjab . 2,064 56,433 3,520 | 73,404
Rajputana 363 3,197 40570 | 4,232
United Provinces 5,758 68,848 6,664 ‘ 117,818
Total 14,461°5 200,803 15,4891 272,162
]

TaBLE 24.—Distribution of Saltpetre

exported during 1913 and 1914.

The amount of saltpetre produced in Tndia during the year 1914
was nearly 15,500 tons valued at over £272,000 as acainst a little
less than L1,J00 tons valued at over £200,000 in 1913. This shows
an increase of nearly 36 per ecent.  On the other hand, the exports
deercased from 15235 tons in 1913 to 14,157 tons in the year
under review, the decrease in  value Dbeing over £4,500. There
was a considerable change in the distribution of the exports, nearly
half of the total quantity woing to the United Kingdom, thus con-
stituting an increase of more than 100 per cent. on the amount
taken b\ that country in previous vears. There was, however,
a considerable decrease in the exports to China and to the United
States, and a slicht decrease in these to Mauritius.

1913. : 1914.
—_ {._,, - -
Quantity. ‘ Value. f Quantity. Value.
——e i-_,__ - -
Cyt. £ | cw g
!
Coylon . . 43,813 30,177 | 44,085 928,674
China . . . . 80,574 65,277 | 49,266 40,305
Mauritius and Dopendencies 38,200 27,714 | 23.406 17,778
Un_itcd Kingdom . 56,430 44,651 | 125,918 111,076
United'States of America 50,920 | 40,149 | 19,163 15,006
Other Countriez . 34,755 29,613 ’ 21,298 19,987
—
|
Total . 304,692 | 237,581 k 283,136 232,916
Tin.

,While the value of tin and tin-ore produced in Burma fell from
over £46,000 in 1913 to a little over £38,000 in the year under re-
view, there was a small increase in the imports during the same
period. Owing, however, to the lower price of tin in 1914, the
value of the quantity imported in that year was nearly £80,000
less than that of a similar quantity imported in the preceding

year.
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There has been an incrcase in the amount of tin-ore produced
in the Southern Shan States. The chief producer, however, is
still the Tenasserim Division, Mergui and Tavoy contributing more
than three-fourths of the total production.

TanLe 25.—Quantity and Value of Tin and Tin-ore for the years
1913 and 1914.

1013, 1914.
I . ]
Brock Tix. TIN-ORE. Brock- Tix. | Tix-oRE.
- T
Quan- | Quan- Quan- iQuan-
tity. Value, tity. | Value. ltit,_v. Value. \ tity. Value.
l Cwt. £ Cwt. . £ Cuwt. £ Cwt. £
Bilar and Orissq— | ‘
Hazaribagh . é 1 17 R 1 16
Burma— ‘\ {
Mergui . L2536 24419 1,717 7,703 1 1,963 | 16,235 | 1,861 9,263
Southern Shan ! .. 1,675 5,861 .. .o 12,767 8,993
States, “ . !
Tavoy . . 1,314 8,279 21 L 122 767 3,696
‘.’_’_—_' TV y ]
Total . 13,651 | 32,715 3,413 ' 13,686 1,064 | 16,251 !5,395 21,952
| ! '

TasLeE  26.—Imports of Tin, unwrought (blocks, ingots, bars and
slabs), into India during 1918 and 1914.

1013. 1914,
Quantity. ] Value. Quantity. ,‘ Value.
e i e e e e ‘ ——————e - - — -
Cwt. ‘ £ Cwt. 9 £
. | <
Trom United Kingdom . . 5,336 ; 59,042 5,113 | 40,806
»  Straits Scttlements  (in- 35,200 371,532 35,340 ¢ 312,318
cluding Labuan). } "
y» Othor Countries . . 93 1,057 254 1,969
' o |
Total . 40,640 ' 431,631 40,707 i 355,003
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Tungsten.

\The output of wolfram in Burma rose from 1,688 tons valued
at £127,762 in 1913 to 2,326 tons valued at £178,543 in the year
under review. Had it not been for temporary dislocation of the
arrangements for disposing of ore during the latter part of last
year, the output would probably have heen considerably higher.
The industry, however, subsequently recovered itself, and, owing
to the demand for wolfram for the manufacture of tungsten-steel,
the year 1915 should be an extremely prosperous one so far as this
industry is concerned. The greater part of the output comes
from Tavoy, while Mergui shows a slight falling off, and the Southern
Shan States (Mawchi) a slight increase. A mnew source of wol-
fram appears for the first time, vdz., Thaton district to the north
of Tavoy, whence 17 tons were obtained.

TasLe 27.—Quantity and Value of Tungsten-ore produced in Burma
durtng 1913 and 1914.

1913. ’ 1914,
Quantity. ; Value. Quantity. | Value.
Tons. l £ Tons. i £
Burma— J !
Mergui . . . . 2055 t - 17,092 194 16,647
Southern Shan States . } 837 # 5,861 1384 ! 8,993
Tavoy . ; 1,309 104,809 1,976'6 152,333
| |
Thaton . ; ] 17 ‘ 570
i N
Total . & 1,688°2 127,762 2,326 l 178,543
’ ZinC.

The Burma Corporation produced from their Bawdwin mines
8,553 tons of zinc-ore valued at £10,762 as against 3,871 tons, valued
at £4,871, produced during the year 1913, The ore is found in
association with galena in the DBawdwin mines, large ore-bodies
being composed of the latter mineral and zine-blende.
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1IIL.—-MINERALS OF GROUP II,

101 tons of agate, valued at £175, were won

in the Rajpipla State during the year.
There wus a slight rise in the output of alum from 7,842 cwt.
valued at £3,794 in 1913 to 8,731 cwt. valued
at £4,649 in the year under review. Nearly
the whole of this output was derived from the Salt Range.

The output of amber was still insignificant, being only 13 cwt.
in 1914 as against 10 ewt. in the preceding
vear. The quantity however was better and
the value was £274, or about £21 per cwb., as against £29 or rather
less than £3 per cwt. )

A small quantity (about 5 tons) of asbestos was won in the

Hassan district of Mysore, but the total out-
put was valued at only £23,
H14 tons of bauxite were produced as against 1,184 in the previ-
ous year. The value, however, was esti-
mated at only £1 less, wiz., £32 as against
£33 for the larger quantity. Bauxite is used in the manufacture
of cement at Katni

The value of building-stone and road-metal produced during
the year 1914 was £214,421 as against £243,493
in the previous year (see table 28). These figures,
however, only vepresent a fraction of the total output. It has
been found impossible to obtain reliable returns.

The production of clay is returned at 54,740 tons valued at

. £2,567 as against 47,422 tons valued at £2,744
Clay, . oA .
in 1913, The figures are very incomplete, and
probably do not represent even the twentieth part of the total
production.

5,324 tons of copper ore, valued at £7,294, were won during the
year as against 3,810 tons, valued at £8,650
during the preceding year. Almost the whole
came  from the Cape  Copper Company’s mines in Singh-

Alum,

Amber,

Asbestos,

Bauxite,

Building stones,

Copper.

of this
bhum,

There was a marked fall in the output of corundum from 8,924
ewt. valued at £2,215 in 1913 to 2,360 cwt.
alued  at L4047 during the  year
review,

Corundum,
under

g
2]
&

TanLE 28 —Production of Building Materials and Road Metal in India during the year 1914.

] Havoen: Mineral Production, 1914. 181
A < —_ = sy
l'g & g 8 . @ . =y s F-
o quBA | w1 0 1 & @ . L & o)
2 E @ 3
E g 8 g e 2s2 g
8 4 & 5§ .8 . & . Exc|=2
° “£41uend 5 = ar . 5": . o5 <o el of
=
g a ] 2 -
. B TL X S S = M . . [ S
= g ~
-t i ———
&
i ~”
=l : 8 . .. . .|=
-£3nusnd g ;‘. DR : P >y
[ = (-]
5 A 2 12
b g . E!‘ : (e o] o~ <«
. oney | oW e : hics : 2 2
g S
g - o T T = — o | =
& | g g 3E .. 3 . %%
- 5 g = L3s : S T
fpueny | § e ~% = < ~
= ’
~ b= [~
? 21 a F I
: : . N : i P -
= wamy | w1l el o= : : :'_ R S
’g o = — 2] w
= - e — —
i e, o
g | ; z g 2 g2 (g
'2 } a . . 2 e . . © & 3 =3
Lpquvu L L g L : Pk SN P
% ] mnd & a 2 s & o =]
=
SR - p S
. « . - . - - . « . g% @,.
= “anjvA « PO . . . . : . . . l o
=
] — P SV,
3 g S . -
= *Ajr3uend g oo S : : e i o
1 -3 w «
a © 8 -2 3 3 c_ . & E =~ o~ S Py
] @ < S : oo - . :2
s o n >, % >
: & onjrA & = S ~ o el o ]
8% | 5 e8°E 28c& 28 2 R2|3
P 28 & &4k =Y =832
= "AjLuEn g 0 g g g @ g < g -+ 8
E E ¢l Ll -
L= ©
; ! . . . . . . . . . . ] ()
i B L A R : MM :
g0 1 —
- N =
A a . .. . . . P4 3
L cAnuznd g vor ot : . : MM
isd ™~
- 8 . .. S
4 nep | w1 1 S S . =
B -
=
= = [~} b
>} (I 5 I o 5
- g . . .8 @ . . S . [ 2
= -£313u8n 8 + LG g . . g - g
H -
2 )
g 2 .. 2 . -
. “anje « oL worol " . e 3
4 neA 5 % &, 3
= A ™
7z > -
= 3 : = Y 3
S A b 2 - . - E . Cl - - . . o
~£313uen 8 O S : = - : : 8
. ) 2
{ B a S
= 2 ., . Ce st o R
e T ~ g LS
Z E CE. 3 g.; = 3 & -
= § 5 2 BEcE a 4 &
k| 2 - =% = w TET 2 & 8 @
- = = 7 = 7 g & £ 2585 8 3 Fg &
E T g mst 2 £ Ea © [T~ = & S8
¢ 2 % 25 £ £ 5 T 2 BEA T 2 =%
i 7 =2 £ 20 B g E¥ &m» a8 EZE
<« g AaRrR A YO B &a =<




182 Records of the G’eoiogical Survey of ania, [VOL, X‘LV

The output of garnet increased considerably from 334 cwt.
valued at £1,288 to 21,906 cwt. valued at
£4,806. Of this quantity Madras produced
21,440 cwt. valued at only £464, whereas the Kishengarh State
produced 464 cwt. valued at £4,333. The latter State is the chief
source of the garnet used in the manufacture of cheap jewellery in
India.

The output of gypsum was much the same as in the preceding

year, being 22,268 tons valued at £979 as
against 24,961 tons valued at £1,07%.
The production of ochre has fallen very considerably in recent
years and the output now is quite insignifi-
cant, being only 608 tons valued at £157 dur-
ing the year 1914. The output during the previous year was 5,067
tons valued at £919.

A small quantity of pitchblende was won from the Singar Mine

Pitchblende in the Gaya district. The total amount, how-
) ever, was only 16 lbs. valued at £13.

43 cwt. of samarskite, valued at £121, were recovered as against

3 cwt. valued at £7 in the year 1913. This
comes from the Nellore mica mines.
There was a very marked decrease in the production of steatite
during the year under review, the total output
being only 999 tons valued at £4,131 as against
2,524 tons valued at £6,700 in the preceding year. The decrease
was most marked in Karnul in the Madras Presidency and in Hamir-
pur in the United Provinces.

Garnet,

Gypsum,

Ochre,

Samarskite,

Steatite,

TasLe 29.—Quantity and Value of Steatite produced in India during
1913 and 1914.

1913, | 1914,
Quantity. Value. Quantity. ! Value.
Tons. £ Tom.z. ‘ £
Bikar and Orissn—
. Singhbhum . . . 800 160 {a) 400
Seraikela . . . 150 9
Mayurbbanj . . . 66 200 60 173
|

(a) Quantity not returned.
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TasLE 29.—Quantity and Value of Stealite produced in India during
1913 and 1914—contd.

1913. 1014,
Quantity. Value. Quantity. Value.
e B -
Ceniral Provinces—
Jubbulpore 661 378 502 420
Hyderabad . . . (a) 12
Madras—
Belary . . . . 14 1 25 2
Kurnool . . . 545 4,436 210 1,576
Nellore . . . . 20 52 GO 715
United Provinces—
Hamirpur . . . 200 1,335 i 120 744
7 22 92
Jhansi . . . . 28 117 |
Total . 2,524 6,700 l 999 ! 4,131

{a) Quantity not returned.

A small quantity—10 tons valued at £13—of triplite was pro-
duced during the year in the neighbourhood
of Singar in the Gaya district of the province

of Bibar and Orissa.

Triplite.
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IV.—MINERAL CONCESSIONS GRANTED.

[Vor. XLV.

Tasre 30.—Statement of Maneral Concessions granted during 1914.

ASSAM.

|
. Tk { Date of
V1O 1 N H H N > ¢ <
DisTrICT. Grantee. i Mineral }::l]l;"{m { in \.xrccx?em eonmence- Term.
! i ; ment.
N T — f— —
I hasiand Jain- | (1) Mr, B, D, Cogaan ! Gold and certain | P. L. \‘ 12,704 14t Apri e
tia Hills, ! other atlied R 10'114, vl , Lyear
| mincrals, ‘
Do. L) Do. .| Tin and wolfram . | P. L. 12,704 Do. I Do.
(renewul). 1 i
Ito, - {3) Do. : Gold, tin and cer- | P L. 8,160 “ Do. ! Do
i tain other allied (renewal). i i ]
i mincrals, k !
Do. . (4) Messts, Tata Sons & . Alineraloi) . L 7,040 5 31st Qctober } years
. Co. i 1013, '
Lakhimpur . i (3) Assam Oil Co., Ltd. . ' 0oil ., . P. L. 5,5466 ‘ 12th January ‘ 1year.
i : ; 1914, )
BALUCHISTAN.
Kalat . . {(6) ‘G. C.  Whigham, % ot . . . PO L. . i i3 different | 18th Decem- | 1 year.
}usq., . Representative | areas mea-' ber 1014,
in India of the Burma | ! l suring
il Co. \ | 100,640 acres.
|
Do.. .| (7) Mian Mohamed Is- | Coal . .{ML , 20 ¢
mail of Quetta J | Y nuy | S0years.
Loralai . (8) K. S. Abdulia Asgar | Do. . Ll '\ 8 | 1st January | Do
Alli. ! i ©1915.
Quetta . . | (9) Mian 3ohamed Is- | Do. . LML L 80
mail of Quetta. | } / lgtéu-{anuary De.
| !
Do. a0 Do. { Do.. . .IML : 2840 1st  July | Do
| | 1914
sibl . .| (11) Ehan Bahadur B r Do.. . M.L. . 80
D. Patel, C.LE. ! D bo-
, : . J
Zhob . .1 (12) Do. ! Chromite . LML o 80 1st January Do.
| ' ! 1915,
BIHAR AND ORISSA.
Hazaribagh i (13) Ananga Ranjan | Mica . . . l M. L. . ] 70 9th Septem- ; 30 years
| Cbatarii. J ber1913. ’
! !
Do. ., ., {14) Babu Lakshmi Na- Do. . .| PLL. . 28¢) ;
' " rain Sukhani, 4 50 .i!élhlAugusr, 1 year.
| | ‘
Do. . . y(xo) Messts. F. F. Chres- 1 Do. . rL . } 17323 10th Septcm- Do.
? .

tien & Co.

ber 1914

P. L= Prospecting License.

M. L.=Mining Lease,

Part 3.] Hayoex: Mineral Production, 1914. 185
BIHAR AND ORISSA—coneld.
. Nature of Area Date of
DiISTRICT. Grantee. Mineral. grant. in acres. commencement. Term,
Hazaribagh . ! (16) Sardar Govind Singh. | 3Miea . P L. 320 lit)li October . 1 year.
Do. . | (17) Babu ILachmi XNa- Do. . < | M. L. . G | 15th Septem- | 30 years.
rain Shroft. . er 1914.
Do. . | (18) Babu Sarada Pra- | Do. R 5 1 45 120 | 2vth Novem-| Do.
sanna Majumdar. ber 1014,
Sambalpur . | (19) Mr. Thomas Pres- Coal . .| P. L. 1,300 27th Novem- | 1 year.
sick Yeomnan. (renewal). ber 1913.
Santal Parganas | (20) Binode Bihari De . Do. - .} ML . 2 liglljebmnry 3 years.
Singhbhum (21} Babu Krishna | Manganese . . P. L. 2196 18th Juty | 1 year.
Chandra De of Calcutta. (renewal) 1913,
Da. . ] (22) Mr. L. P. B, Tugh | Chromite P.L. . 3,136 | 5thJune 1914 | Do.
of Caleutta.
Do. (23) The Indian Manga- { Manganese . .t P L. . 121-68 13th May Do.
nese Co., Ld., ’\T'wpur 1914,
Da. (21) Rai Srinath Pal | Do. R . I P L. . 1,920 6th Novem- Do.
Bahadur of Calcutta. : ber 1014,
Do. . 1 (25) Mr.XL.Luxman Rao | Chromite P.L. . 1,621-18 16th October Do.
Naidu of Nagpur. - 1014.
Do. (26) Do. . . 11 Do. . .1 P.L. 927-38 Do. Do.
BOMBAY.
] f % !
Panch Mahals . | (27) The Bamankua | Manganese . . PRI 330 + 1st January | 1 year.
I Munganese Co., Tad : | 1014.
BURMA.
Amherst . » 1 (28) Mr. 8.2 Solomon . ! AM minerals (ex- . L. 2,240 ] 23rd January l 1 year,
cept oid). I 1914,
Do. .1 (29) Mr. L. Sisman Do. . P. L. ¢40 | 10th June [ Do.
(renewal). v 1914,
Do. L1 (30) Mrs. M. M. Hla Do. P. L. 2,880 | 28th July Do,
Oung. (renewal). l 1914.
Do. » (31) Mr. €. E. Law Gold, silver, tin, | P, 1. 960 Sth \'owmhcr Do.
copper, woliram (renewal). !
atd antimony. !
TKatha . . | {32) Maung Nyvo . TLead and silver P L 960 l| 20th  March | Upto 31st
(renewal). t 1914, Decem-
‘ ber 1914,
Lower Chindwin  (33) Messes. The Burma | Mineral oil . .1 P L 960 | 1st May 1914. ; 1 year,
Ik Qil Co., Ltd. (renewal).

P. L.=Prosperting License. M.

L.=ining Lease.
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[Vou. XLV.

Parr 3.]

HAvDEN :

BURMA~—contd.

Mineral Production, 1914.

187

I 1
| | ] Nat of N Date of
Distrier. | Grantee. .; Mineral. : P'g‘lf;ﬁt. in ‘s cozrnnlcunctnce- Ternt.
R b |
|
Lower Chindwin | [ (34) Mahomed Husscin | All minerals (ex- . L. 1,440 } 1st August r 1 year.
and Jama) Bros. & Co. i cept oil), {rencwal). 1914, |
Magwe . (35) Messrs. The Indo- | Miperal oil . . L. 280 acres "4th Jammry Do.
| Bunna Petroleum Co., | (BlocksS S. }
] Ltd. | and 4 8.) [
i |
Do. . . ) (26) Do. . Do. . .| P. L. . 1,280 acres | 14th February; Do.
i (Bloeks 5 8. | 1014,
i and 68.)
Do. . .18 Do. | Do . .jpL . 1,280 | 18th  March | Do.
i I 1914,
Do. . .[(39 Do. b o frL 640 | 12h Novem-| Do.
| | (renewal). © oy ber 1913,
t
Da. . .1 (39) Ma KinTe . | Do. . . ) 383 ]’ 7th November; Do,
i | (rencwal). ! | 1913,
vo. . l (40) Tho Burma Ol Ca. ' po. . {pL ; 2,240 | 19th  Feb-| Do
! (rene\\-al) { ‘f ruary 1914,
|
Do. | (41) Maung Po Tan | Petroleum . .| P.L. L 1,520 } 16th Septem- ! Do.
% j C | ber 1014. |
Mandalay .| (42) Mr 1. M. Parry ! Copper, lead and | P. L. é 610 | Gth February Do.
5 other  minerals I 19
J | (except mineral ; ;
oil). |
AMeiktila . I (43) Mr. R. L. Smith Wolfram . .1 P L. 3,200 { March Do.
914,
f
Mergui . } (44) Messrs, Bume  and Y All minerals (ex- | P. L. . 435-20 | 29th January Do.
! Lieif. cept oil). I i “1914.
Do, [ (45) Do. . Do. . .| P. L. l 1,235-32 | 3rd Janvary | Do.
[ i { 1914,
Do. . { (46) Maung Shwe Thi . | Do. . .| P L. \‘ 81:60 ] 18th I‘meanf Do.
bo. . ' 7 Do. R L 18 1 J Do.
!
Do. . ‘ (43) M. E. Bhymeah Do. . [ B 0 PN i 2,135-04 Dth I‘ebruary Do.
(renewal). | e
Do. . (39) Maung Shwe I . Do. . .} P.L. { 1,423-36 “ Do. . Do.
(renewal). } '
Do.. .| (50) ¢.80Don . . Do. . .|P.L. %814 | Do. .| Do.
{renewal), i
Do. . 11) \hw:rx Bume angd Do. . . { . L. 517-84 20th January Do.
; (renewal), 1914,
Do.. . Do.. .. Do . .IPI 2,862:03 Do. .| Do
. (renewal). ¢ «
Do. . .| (33) Maung Shwe Yaitt - Do. . . P.L. 2,406-20 { 1st November] Do,
) ; (renewal), 1913.
Do. . . ! (54) U Ne Gyi . Do . DL 3,000 | 6th December; Do.
| i , (rencwal). 1913.
Do.. .](55) MaungShweYaitt | Do. . . P.L 2,30400 | 2Ist Decem-| Do.
| i (rene“ al). ber 1913.

P, L.=Prospecting License, M. L.=Mining Lease.

DISTRICT.

Grantce. i

Mergui .

Do. .

Do. .
Do. .

Do. .

(56) Maung Shwe Yaitt
(57) MaungPo Gyi .

(58) Lim Aw Kyi .
(59) U Shwel . .

(60) Mr, G. H, Hand .

(61) Messrs. Schroder

Smidt & Co., Lid.

(62) Maung Shwe Don .

(63) Messrs, Bume and
Reif.

(64) Do. .

(65) Maung Mya . .

{66) Mr. J. Kinloch .

(67) Maung Po Thaik

(08) Do. .

{69) Maung Sasy Maung

(70) G. 8. Alweshwar

(71) Messrs. Moolla Da-
wood Sons & Co.

(72) Maung Saw Maung

(73) G.Shwe Yin .

(74) Maung Eyaw Din .

(7¥5) The Great Tenasse-
rim Coal Mining Syn-
dicate, Ltd.

(76) Messrs,
0.

&

Wightman

(77) 8it Kwet . .

(78) L. Ahmed . .

-, ‘ o Date of
Mineral. '\’“g‘]_‘igt. of ‘ in A:(fr“[\ i colrggﬂcm
B ) a
i \ —
Al minerals (ex- | P. L. | 714-56 ' 21st Decem-
cept oib). (renewal). \ ber 1913.
Do. . .| P.L. 3,159-04 12th Yeb-
(rencwal). ! ruary 1914,
Do. . . >, L. i 207-36 | 24th July
. (renewal). | ] 1913,
Do. . .| P.L . 389-12 ' 13th  June
| ‘ 1914,
1
Do . P.L 125-44 \ 11th May
TS TR
Gold . . .| 2L X 1,454-08 | 12th  June
‘l i 1914,
All minerals (ex- ;| . L. | 793-60 1 ch I‘cbruary '
cept oil). (renewal). ‘
Do. . N . L. 1,336-32 ; 10th Novem-
(renewal). ber 1013,
Do. . . |P.IL 1,518.08 } Do. .
{renewal). ;
Do. . .}PL I 1,809-02 | 16th February
(renewat). ¢ 1014.
Do. . . L. 1,039-36 26th  Aarch
{rencwal). 1914.
Do. . . . L. 814-08 21st  March
(rcne\\:\l) : 1914,
Do. . .| P.L. l\ 1,766-40 Do. .
(renewal) .
Do. . ! 1,920 f 10th  May
(rcnc\ml) 1914
Do. . . PUL. l 3,200 i 2.'th October
Do. . JPL .l 2500 | o1t 1Dle_3cem-
: er 19
Do . fre. o] 181248 |1 1o July
i i
Do. . .|P.L . 1,002-52 i t July
i
!
Do. . P L. . 1,428-48 ]l 1st Au"ust
i i j
Coal . . .|P.L o 2,362:83 k 1 August
All minerals (ex- | P. L. o 1,550 ! "Cth August
ceptb oil). . 1014,
I
Do. . .|P.L .| 137328 . 24th  July
1914
| .
Do. . .|P.L ' 2,749-44 ; 27th  July
(renewal). l [ 1014,

Term.

—_—

1 year

Do.

Do.
Do.

Do.

Do.

6 months.

P. L.=Prospecting License.

M. L.= 3Mining Lease,
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BURMA-—contd.
| ]
[ Date of
DISTRICT. Grantee, Mincral. Nature = of Area commence- Term.
grant. in acres. ment.
. \ o T |
Mergui . (79) Saw Leng Lee « | Al minecrals (ex- | P, L. 60-48 2nd Septem- & 6 months
cept oil). (renewal). ber 1914.
1
Do. . « ' (80) Messrs. Moola Do. B . ! P.L. 3,140-63 | 24th Septem- © 1 year.
Dawood Sons & Co. (renewal). ber 1914, |
Do. . . (81) E.Atmed . Do. . - | P.L. 2,316:80 | 30th October = 6 months,
| (renewal). 1014. .
Do. . . (82) Maung Ne Gyi . Do. . . ( P.L. 3,200 | 6th December L..
! (renewal). 1914. '
Minbu . « (87) Maung]Saing . | Mineral oil . . ‘ M. L. i 7859 2nd  March 80 years.
" . 1911,
Do. «  {84) Dadar}Soomar v Do. . P. L. . 355-84 | 30th January 1 year.
acres(western: 1914,
half of 17R. !
southern por-,
' tion of 17N. ;
and northern !
! portion of
i 18N). Jt
Do. . (85) Captain H. Fenton Do. . .‘I P. L. 2,560 | 27 h Au"ust Do.
| (renewal). |
Do. . . . {86) Messrs, The British- Do. . , L. 61440 | 1 Ith December - Do.
Burma Tetroloum Co., (renewal). i 1913,
Ltd. i
Do. . . (87) Mr. H.P.Camcron Do. . ..P.L 493 | 23rd October . Do.
. (renewal). acres (Block | 1913.
\ ' 200). ‘
Do. . « . (83) Maung Taik Gyi Do. . P. L. k 201 Do. Do.
! (renewal). | |
Do, . (89) Messra, The Manset ! Do. P. L. 4 532.24 14th Novem- Do.
Co., Ltd. ! (rencwal). ‘ ber 1913,
|
t
Do. . . (90) Elahl Buksh N Do, . P. L. o 860 21;t February  Do.
' 1014,
! |
Do. . - (91) Maung Twa . . Do. . . P.L . G40 . 1lth  April ;| Do.
i . 1914, !
Do. . . [ (92) Maung Lu Pe . Do. . P L. 1,020 22nd May | Do.
; 191
Do. . . \ (93) Maung Ne Dun . ' Do. . P. 1. 320 2nd May 1914 ‘ Do.
! (renewal). ; !
i i
Do. . . ' (94) Measrs. The British- Do. . . P.I. 440- 27th Novem- Do.
i Burma Petroleum Co., {renewal), ber 1913,
S ! , I
1 I
Do. . . (93) Do. . Do. . . P.L . 174 | 20th Novem-  Do.
a . (renewal). her 1918, K
i 1 ‘
Do. . .1 (96) Do. . Do. . . ILL. G140 7th December . Do
1 (rvnc“'ll) 1013.
Do. . .| (07) Maung Talk Ayi Do. . P L. 2769

{renewal).

28th January . Do.
1914.

1. L..= Prospecting License, M.

L.=Aining Lease,
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o | .
g i Date of
Distaicr. | Grantee, Mineral, }‘“;r“ﬂrﬁt_ of in A‘,‘rgg'cs‘ commence- | Term.
| ment.
! | _
Minbu . i (98) Messrs. The Indo- ( Mineral oil . L. . 320} 28th January 31 year.
Burma Petroleum Co., (rencwal), 1014,
Do. .. (99) Maung Tun Aung Do. . .lmn. ., 1,200-54 ‘ 28th February| Do,
Gyaw, ! (renewal), 1014, N
Do. . | (100) Abn Bucker ., Do. . .|P.L 960 27th July 1914 Do,
Do, l@ony Messss. M. B0 Do, . LlDiL. 640 | 13th Novem- | Do.
{  Bhymeah & Co. : ! ber 1913,
! | !
Do. .1 (102) Maung PoKin . ' Do. . . |P.L. . 320 ] 14th October Do.
! i acres (west- 1014 j
: ! ern half of !
i Block 118.o0f )
| i the MMinbu !
i oil field). ]
Do. . (103) Messrs, M. E. Do. . RIS . 640 ' 13th Novem- . Do
Bhymeah & Co. (renewal), | acres (eastern’  ber 1914,
§ | half of Block
ON. and
] i western half ¢
| . of Block 38, |
: . of the Minbu
; E i oil ficld), |
Myingyan . | (104) British-Burma Pe- Do. . .{P.L. : 640 E 12th July 1914° Do.
‘\ troleum Co., Ltd. (renew al) acres {Block ;
' H2N. in the :
‘ Singu  oil | |
\ ficld). | |
! ; !
Do. . 1 (105) Maung Tun Aung Do, . . L. .. 208-10 ; 4th  Septem- ' Do.
‘ Gyaw. (renewal). U ber 1914
( B
Myitkyina . v‘ (106) Mr. M. . Halley Gold . . .| P. L . 4,940-8 ‘ Sgglfanuary To.
‘ i ’
Do. . (107) AMr, . L. Cramer , Do. . . PUL, . 1,280  20th May 1914 Do.
Do. ‘ (108) Do. .| Do . | PL . 1,280 Do. . Do
Do. B ; {100) Do. . Do. . . .| P. L. . 960 Do. . Do.
Do. » { (110) AMr. B. A, Baldwin | Gold, platinum | P. L. 4,500 10th Decem- Do.
and minerals of (rcnc“al) ber 1013,
platinum group.
Do. (111) Mr. A. . Ober- | Copper, silver and | P. L. . 610 13th July 1914 Do.
lander. iron. '
Do. « [ (112} Mr. B, A. Baldwin | Gold and allied | P. L. . 3,600 13th August  Do.
niinerals. - 1914
Northern Shan { (113) Hkun Hseng Awn | Lead, silver and | P. L. G40 11th  Mspch | Do,
States. N allicd mietals, (mmul) 1014, ;
Do. . (114) Mr. A, R. Ober- | Gold, silver, lead, | P. L. . 3,200 Oth April 1914 | po.
fander. iron and zine. :
Do. « 1 (113) Mr. L. Borm . | Copper, galena and | P. L. . 2,560 23rd  July 1 Do.
allied minerals. i 1014, !
Do. < | (116) Suw Ilke, Hsipaw | Antimony, lead { I, L. . 2,569 1 25th Novem- | Do,
Sawbwa, and silver. i ber 1914, ‘

P. L.= Prospecting License,

M. L.== Mininy feuse.
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: Date of ‘
: : Nature  of t Arca .
DISTRICT. Grantee, Mineral. | crant. | in ncres. : cm;}lﬂc;{l.cc ] Term.
i l 2,000 ‘118t1 Marel '71 cer
7 Mincral oi : " i 2 arch .
Pakokku . (1317) Mr. J. C. Cross , | Jineraloil . n P.1 : 500! ‘ 1914 ar year,
—_— PM.T. .0 218922 | 1st  October | Up to31st
Do. . . (118) Messrs. The Burma Do. . <D ] 483-22 o ;
il ¢ i (renewal). acres (State 1012, July
Oil Co., Ltd. ( oil wells, \ 1926.
\ ' Yenangyat). '
i D
Messrs, The - Do. . PR LA PR 1,440 i 17th October | 1 ycar,
Do ' ) (lll?])lr_]\lllzs:ra. 11*2{}011[913& (ronc“.‘ll) acres (enstcrp 1913.
Co., Ltd halves  of i
v " Dlocks 20 and
21 and cer- |
tain adjoin-
ing area). !
i grs. T . i P * 1,020 | 24th January | Do.
. , | (120) Messrs. The Nath | Do. . . P PL 1,02 12 ¥
vo. o Six)xgh 0il Co., Ltd. | 1 (renewal). | | 1914,
‘\ T P T .)ﬂ . 8th Aarch Do.
.. . | (121) Mcssrs. The Indo- | Do, . . P.L L :
De ¢ Burma Petraleum Co., | I (renowal). } (east, ’ 1914.
' Ltd. ! Tlocks 19,
| | and
, lemn"\at) f
3 : l
Messrs ' ) . . DL Block D 2 in | 24th July | Do.
bo. . : (1%‘?1 i\}r‘j("s’sfm’:l“lxc Burma ' Do Yenangyat. | 1914
. . 123) Messrs. The Nath Do. . . I.L 12,960 ! 7th February |2 years.
vo- ( &gwh oil Co., Ltd. * “(renewal). i 1013,
21) Messrs. vo. . . DI.L. 2560 | 22nd July | 1 vear.
Do .. (1(3?1 i‘%.jﬁamm Burma (renewal). i | Tols
25) Messrs. The Indo- Dao. . . D.L. 1,440 l 17th October | Do,
bo. : uf&ruﬁf?itroli}ﬁml;:‘c?,, (rcno\ml) ( acres (castern’ 1914,
I Lta. halves of |
‘ Blocks 20
and 21, ¢
5 chnng\,.\t) t
) . 126G) Messrs. The Dritish- Do. . P.L. 61440 | 23ra July | Do.
Do ( Burma Yetroleum Co., (rcnc“:xl) { | 1914,
Ltd. i i
a7 Do. . Yo. . . P.L . 21 | Do. .| Do.
bo. . - 1,‘1 2 ¢ (renewal). : ]
Do. . ‘ {128) The Myaing Petro- Do. . .| AL L. ol 8§50 Ist July 1913 | 30 ycars.
i lewn Syndicate., : .
" 5 'he N I 3,840 28th Octaber | 1 year.
Do, . . 1 (129) Messts. The Nath Do. . .| PoL. . A 3
° i Singh 0il Co., Ltd. } 1914.
] 4 a Da. . P A L O . [ Two picces of, 14th Novem-] Do.
N 001)1 sllhxlfdjgjrtlt, Ju Burma | land measur- | Der 1014,
ing 76-80
acres  and
| 37120 acyes,
!
) aung . . Do. . .| P. L. . 1,862-4 5th Marci. | Do.
Trome . : I (131) Maung Gyl (renewal). j 1914,
Shweho . .| (182) Messrs. The Indo- Do. . .| DL < 3,424 19th February| Do,
Hwen : nurma Pctroleum Co., . ‘ 1914,
Do. I (133) Mr A.D'ortez . ANl minerals (ex- | P. L, . 3,200 30th June | Do.
l cept oil). l 1914,

Part 3.]
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Nature of .

DISTRICT. ]‘ Grantee. Mineral. grant,
I
Southern Shan | (134) Mr. B. E. Smith . | Wolfram and | PJL.
States, other minerals
; (except mineral
i oil).
Do. . . [ (135) Mr. A. C. Martin . | Wolfram, tin and | PAL.
| other minerals
(except mineral
I oil). .
Do. . ’ (136) Ko Law Pan All minerals (ex- | I L. .
| cept oil). :
1
Do. . G Bi)) Do. - Do. .| P.L.
I
!
Do. . . ’ {138) Mr, L. Borm . | Antimony and | 2. L. .
allied mincrals.,
[
|
Do. L (139} Mr, John Terndrup | Woliram, tungsten,| P. I
! gold, galena, (rene\\al)
| copper and tin.
Do. . - | (140) Do. . . Do. .| DL
: (rcnena])
Tavoy - ¢+ (141) E. Abmed . . | Al minerals (ex- | P. L. .
cept oil).
Do. . < (142) 3r. 8. Crawshaw . Do. .U PLL, .
Do. . . | (143) En Shwe Swe . Do. . P L. .
|
Do. . % (144) Maung LuPe . Do. .| PoL .
Do. . . f (145) Mr. 8. Crawshaw . Do. .| P.L. .
!
Do. . « . (146) Ma Thaw . . Do. .| P.L, .
I
Do. . < 1 (147) Mr. G. E. Elburn . Do. L.
Do. . - (148) Maung Ni . . Do. P. L. .
Do. . « + {149) Leibaoak Syndicate Do. P. L .
Do, . . | (150) Lim Kywe Yan Do. .| P.L. .
i
Do. . - (151) Kyong Nga . . Do, . PL
R : (renew al)
Do. . . ¢ (152) Khoo Tun Byan Do. .
R (mxc\\al)
Do. . < (153) Igani (Tavoy) Do.
Mining Co., Ltd, (rcncwal)
Da, . + . {(1581) Teong Shwe Sin . Do. .
(rene“al)

|
|
|
!

Area
in acres.

3,040

3,200

360

1,600

640

3,078-20

3,100

Date of
commcnce- Term.
ment.
lath June | 1 yem,
1914
15th May 1914 Do.
21st  August | Do,
1014,
4th  Septem- | Do,
ber 1914,
20th August | Do.
1914,
30th June Do.
1914,
15th July Do.
1914.
20th January | Do,
1914. &
14th February| Do,
1014,
19th  March | Do.
1914,
18th February| Do.
1914,
14th February] Do.
1914,
4th February | Do.
1014,
20th February| 6 months.
1014,
2nd  March | 1 year,
1914,
28th February] Do.
1914,
4th  March | Do.
1014,
27th May 1913 Do.
19th  August | Do,
1913,
1st December | 6 months,
1913.
8th December | 3 months,
1913,

P. L.es Prospecting License.

M, L.==Mining Lease.

te

P. L.=Prospecting License.

M. Lo=JMining Lease,
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Y Date of
I f Nature of Area
DIsTRICT. i Grantee, Mineral. grant. in  acres. cox;l]x;lctuce- Term.
l T |
Tavoy . 1 {153) Onz Hoe Kyin . | All minerals (ex- ‘ P. L. B 822 23rd Decem- | 1 year.
1 eept oib). i {renewal). ber 1013,
Do. 1 (156) Messrs, The Tenas- Do. . 1 P. L. . 1,011-2 3rd Januvary Do.
! serim Concessions Ltd. i {renewal). 1914,
Do. . . ‘ (157) Messrs. The Her- Do. .| P.L. . 2,099 23rd Decem- Do.
ningy Mining  Co., {renewal), ber 1913.
Ltd. l
Do. . 1 (158) Messrs, The | Do. .1 PL. . 3,200 24th Decem- | 3 months.
Rangoon Mining Co., ; (rencwal). ber 1013,
1.td.
Do. . . | (159) Messre. The Burma ‘ Do. . L. . | 2,400 26th Decem- | 1 year.
Malaya Mines Ltd. ! (renewal). N ber 1913.
1
Do. . . | (160) Mr. ¥, G. Titzher- | Do. P. L. . 320 31st  October; Do.
bert. ( {renewal), 1913.
H Y. M.D.
Do. . (161) Mr. S, Crawshaw | Do. .| P. L. . 620 3rd January 19 ¢
’ {renewal) , 1913,
i
Do. . (162) Messrs, The Do. P L. . 3,200 21th  March | 6 month
Yanzoon Mining Co., (rencwal). 1914.
Ltd.
Da. . . (163) Ma Thaw . Do. .| P. L. . 850 19th Novem- | 9 month
(renewal). ber 1013,
Do. . .| {(164) M G. E. Elburn . Do. U5 P 3,100 28th  Aprit | 1 year.
(rencwal), 1914,
Do. . .} (165) Lim Shain . Do. . P L. 1,000 2nd Scptcm-’ Do.
ber 1914,
Do. . .} (166) Mr. Y. G. Fitzher- Do. . L. . 1,000 Tth  August Do.
Lert, 1014,
Do, . . | (167) €. 800 Don . Do. P, L. . 533 8th Septem- Do.
! Vver 1914,
|
Do, . . ] (16%) Messrs.  Radellif | Do. P. L. . 300:5 22nd July 1914\ Do.
& o, Ltd. !
|
Do. . . 1 (169) Messrs. The Burma | Do. P T . 1,544 19th  August | Do.
Malaya Mines Ltd. i 19014, i
Do. . o 1 (170) Messrs. Crawshaw Do. . . L. . 09535 22nd  March ! Do.
and Gaah Cheng Guan., (rencwal). 1014, ;
1
Do. . . ] (A7) G. It Giltillan « | Gold and tin P, L. . 2,172:52 25th Novem- | Do.
{renewal). ber 1913, i
Do. . o | (172) Messrs. Lo Thaung| ANl minerals (ex- | P L . 274 22nd January! Do.
Dros, & Co, cept oil). (renewal ). s 1914 !
R
Do, . . 1 (173) Messrs, The Burma Do. . PULL . 2,710 13th January Do.
Malaya Mines Ttd. (renewal), 014, ‘
i t
Do. . . [ (174) Ko dnung Gyi Do. .| P. L. . 4355 16th February; Do.
| (renewal), 1014, ‘
‘
Do. . . 1 {175) Maung E. Zin® . Do. .| P. L. . 1,000 22nd July © Do.
; (renewal). 1014,

P. L.= Prospecting Lirenge,

M. L.=Mining lLease,
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DISTRICT. Grantee Mineral Natute of | Area mcne
N . grant. f in acres. corlnnel?uc_nce- Term,
— ; ! e
Tavoy . (176) Messrs. The Egani | Al mincrals (ex- | P. L. . 2,560 j 22
(Llétlvoy) Mining Co., cept oil). {renewal). ' ’ i -niIOH.JUIy § months.
. 1
Do. . (177)  Messrs, The Do. . , L. . ! G40 0 ‘e
Tenasserim Concessions (reoewal), | é lltt)lll-L June {1 year.
Ltd. [ )
Do. . (178) Messts, M.  A. Do. den ! 2th Novem-
s B, o 1‘ 737 | li’gt)llxﬁmcm 3 months,
Selvey. ! | ’
|
Do. . (179) San Saing Tin . Do. P.L. .0 2100 | 20th October | 1 year.
‘ i , 1914, )
Do. . {180) Messrs. A. C, Martin Do. .{ B. L. . j 6 5
and C. H. dePaulsen, ] f 7o | .);Isllitzccmbcr Do
Do. . (181) Maung Ni Toe . ; Do. .{P.L . ‘ 1,375 22nd Decem- | Do.
| f ber 1914,
Do. . (182) MaungLuPe . ! Do. e, 780 | 4th December| Do.
! 1014,
Do. . (183) Afr. G. E. Elburn , ¢ Do. .| P.L. g ] 20th Novem- | Do.
\‘ ; her 1914,
Do. .. (184) Tan Chong Yean . | Do, L., 275 | 9th November| Do
| (renewal). I 1914. '
Do, . (185) Mr. W. H. Edwards | Do. R L. 2400 | oond ax
of Messrs. Watkins & (renewal). ’ | Fnd May 1914 Do.
Co., Calcutta, the |
Trustees for Dlessrs, |
Turnbulls. Ltd. (Glas- |
gow) and the Leibaoak | ‘
Syndicate. !
Do, . (186) Moolla Gollam Do, . | P.L. 2,320 23rd J
Mohamed. i (renewal), ’ i 1014, ane Do.
Do. . (187) Mr. 6. E. Etburn . | Do. .| P. L. . 910 19th  August | 6 months.
[ 1 (renewal), ‘ 1914,
Do. . ! (188) Messrs, Ung Kyl Do P. L 279 ]
. . . . L. . 2 15th Septem- of
f TPe Bros, & Co. [ (reneval). | ber 19;)4.6"1l 1year.
Do. . (189) Ung Hoe Kyin . Do. . . 1. . 258 5th  Novem- | Do.
(renewal), ber 1914,
Thatén . (190) M. Ah Khee . } Do. .| P.L. . 20:66 | 2nd January | Do.
1014,
Do. . (191) Maung Seln Swe . ‘ Do. .| P. L. . 3,840 2nd Novem-| Do.
! ber 1913.
Do. . (182) Maung Po Tha . | Do. .| P. L. . 3,008 12th October Do.
? 1914.
Thayetmyo (193) Ellahi Buksh . Mineral oil . .| P L. . 1,280 20th Decem- | Do.
{ ber 1913,
Do. (194) Mr. 3. A, Murmay . ¢ Do. . . |P.L. . 3810 | 20th Novem- | Do,
! {renewal), ber 1013.
Do. {193) Messrs, The Burma | Petroleum P. L 1,020 26th i
) . . . . L. . 492 2 April .
0il Co., . (rencwal). 1914, v Do

t

P. L= Prospecting License.

M. L. Mining Lease,
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CENTRAL PROVINCES—contd.

Date of
MISTRICT. Gitantee, Mineral. . Nature of | Area commence- | Term,
grant. | in acres. ment.
Thayctmya . (196) Mesers, The British-  Petroleumn . . DL 0472 “ 22nd May | 1 year.
}BHmu Petroleum Co., : (rcnc“al) ©1914,
At
| :
Do. (107) Abn Bucker Do. . . P.L 1,920 ' 24th June Do.'
I 1914, |
Do. (198) Ixmail Aboo Ahmed. Do. . . DL . 1,920 oth June ' Do.
1914, |
Dao. « (199 Dessrs, The Burma ‘ Do. « . DI . 640 . :
0il Ca., Ltd. ‘ Do - Do
|
1
Do. (200) Do. Do. . . DL . 1,440 28th  August ! Do.
! 1914, |
Do. (201) Maung Tun . . Do. . . PL . | 222,50 | 13th Decem- | Do.
(rencwal), ! ber 1918, !
Do. (202) Messrs, The Burma Do. . . P.L | 9 ‘ ;
Oif Co., Ltd. (rcnc“n]) | o0 3 6th Junc 1914, Do.
. : i i
Do. . (209 Do. . Mineraloil. . P.L. .| 3,810 | 24th Scptem- | Do.
i ber 1914, i
Upper Chindwin  (204) Messrs. The Indo- Do. . . I.IL. 11,520 i 12th Septem-';  Do.
%;tnhrm:\ Petroleum Co., (zenewal). | ber 1913, }
Lt | i
; i i
Po. . (205) Do. . Do. . . P.I. 12,800 Do. . Do.
(renewal), ] |
Do. . (206) Do. Do. ., P.L. 12,800 i 12th Septem- ! Do.
(rcnc“al) v ber 1914, )
Do. . (0D Do. .1 Do, . . DL 1520 | Do | 1o
! (renewal). ! "
Do. RIS Do. . Do. . . ¥.L . 3,200 | 1st  October | Do,
; (renewal). | 1014, ‘
Da. (209) Do, . Do. . . P.L 5,200 | Do . \ Do.
(renu\al} . ‘
. 1 i
CENTRAL PROVINCES.
Balaghat . (—L(])) BIf\PJu Kripa { Mangancse , . ] r. 1L 54 17th June l 1 year,
Shanker. 1014. ‘
Po. . . | (211) Seth Ramchandra Do. L[ PL. 62 18th May 19].4l Do.
Do. . b Do. Do. T P, L. . 01 Do. . Do.
Do. . « | (213) Messts, Lalbelari Do. . M.L 25 24t i 50 ye:
Naray 1s and %{:llu- { ° -;‘.t)ll’ Jdac { 30 years.
charan Shankerlal. i '
Do. . B (2]1;1?t AMr. Byramii Do. . <ML . 25 7th = August Do.
’ vstonji. \ 1014,
Do. L1 (215)  DBalbu Kripa Do ‘ I 126 14th Se g
. 5) B . . . L. . 2 ptem- | 1 yearn
| haker, J] ] ber 1914, ?

D, L.=Prospecting License.

A, L.=Mining Lease,

{
| l Yature of I 1 Date of I
DISTRICT, | Grantee, Mineral, Aot [ Avea in acres. | commience Term.
| grant. ' ment. !
e |
Balghat | ‘ (216) Central India | Mangancse . .| P. L. . I 156 ' 14th Septem- { 1 year.
‘. Mining Co., Ltd ; ' E Ler 1914, ‘
| \ ; a
Do. . . E (217) Mr.P.C. Dutt . | Bauxite . . 1P.L. .| 8978 e De. .| Do.
[
Do. . . | (218) Messrs. Lalbehari | Manganese . . ) M. L. - 12 20th June | 5 years.
| Narayandas and Ram- i | 1014,
| charan Shankerlal. ) ~ | 1
Do. . . ; (219) Indian Manganecse Do. . . PL. 34 ' 318t Qctober | i 1 year,
i Co., Ltd. ! ‘ 1914,
Betul . (220) Rao Bahadur D, R. { Mica . . i . L. . 1‘ 83 } 11th May “ Do.
Shrikhande and BMr. i | 1914, |
B. L. Rai. : )
Do. . . 1 (221) 8haikh Shahabuddin‘ Do. . . L. 74 ; 11})11140ct0bcr Q Do.
: ; i : \
Do. . . (229) Do. . . | Copper . | P. L. . 147 " 9¢th November | Do,
\ i | 1914, i
| | ‘
Bhandara - 0 (223) Mr.  Byramjee | danganese . ., M.L. W 13 14th October \ Will  ex-
|~ Pestonji. { | 1013. | pire with
i ) . !  the origin-
| { ! ! | al Tease,
i i dated the
i : 12th April
i i 1913, to
{ ! which it
! } is supple-
i i [ mentary.
Do.. . |(228) Do. Do. . 5 A 13 15th Deeem- | 1 year.
; ¢ {renewal). ber 1913, ’
i s | '
Do. . .| (225) Seth Gowardhan- ! Do. . . | P. L. . 97 12th  March { 6 months.
i das. | i (remewal). 1914 ;
, ; i
Do ‘ 226) Sir I’anturchand Do. . . } P. L. . 83 22nd April | 1 year.
| Da"a E.C ' : ¢ 1914,
| |
Do. . . ‘ (22d7) Seth  Gowardhan- “ Do. B .| L 96 Do. . Do.
: as. i '
| |
Do . \} (228) Do. Do, . .| P. L . 47 Do. . Do.
’ ; : i
Do. . . 1 (229) Mr. T. D, Ram- Do. . . \ P. L. . 122 24th April{ Do
I‘ chandra Naidu. \ : 1014, \‘
Do. . < (230) Nagpur Manganese Do. . . ‘\ I L. 462 Gth June [ Do,
\ Mining Syndicate. i 1914, J
Do, i (231) Messrs. Lal Behari | Do. . . l . L. . 67 29th  June . Do
i Narayan Dasand Ram-! W 1014, |
» | charun Shanker Lal. ! ‘
] ' .
Do. . | (232) Seth Gowardhan- - Do. . . ML . 54 20th  May | 30 years.
‘ ag. % [ 1014,
\
Do. . : (233) Mr, Byramji Pes- 4 Do. . .M. L. 75 2Gth June | 5 years.
1 tonji. { 1914, i
Do. , (234) Seth  Gowardhan- é Do. . P. L. . 270 ond July 1014 i 1 year.
as.
, ! \

P. L.=Prospecting License. M. L.=Mininy Lease.
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DISTRICT.

Bhandara

Do.

Do.

Do.

Do,

Do.

Bilaspur

Chanda

Do.

o,

Chhindwara

Do.

Do

Do.

Do.

Do,

)
i
! Grantce.
|
1
i
\

(235) Scth Mahadeo .

. ?(236) Do. . .

I

(237) Rai Sahib D. Lak-
shminarayan.

208) Mr. Byramji Pes-
tonji.

‘(2:;0) Scth  Gowardhan-

das.

(240) Seth Mahadeo

(241} Central India Min-
ing Co., Ltd,

(242) Nagpur Manganese
Mining Syndicate.

(243) Messrs.  Lalbohard
Narayandas and Ram-
charan Shankarlal.

(244) Seth Mahadeo

(245) Seth Gowardhan-

das.

(246) Mr. W. J. Consi-
dine,

(247) Mr. H. Verma and
Munshi Kanhaiya Lal

(248) Mulle Hasan Ali
Nathubhoy.

(219) Mr. Musthyalu
Venkat Krishiniab.

(250) Mr. 3. B. Dada-
bhoy, C.LL.

(251) Do. . .

(252) Mr. H, Verma and
Munshi Kanhaiya Lal.

(233 Do. . .

(254) Do. . .

(253) Mesers, 1.V, Low
& Co.

i
|
|
[
|

!

Mineral.

Manganese .

Do. .
Do.
Do. .
Do.
Do.
Do, .
Do. .
Do. .
Do.
Do. .

Coaland Iron

Coal .
Do. .
Copper .
Manganese.
Do. B
Coal .
Do. .
Do. .
Do. .

{
o | Date of
I\atunz of | Areainacres. | commence- | Term.
grant. ment.
P, L. . 200 3rd  Augush | I year.
1014.
P.L. . 47 Do. . Do.
T L . 65 13th August Do.
1014,
P. L. . 10 4th Septem- Do.
ber 1914,
r.L. . . i) 25th Septem- Do.
; ber 1914,
rL. .| 22 sth  August | Do
1014,
P.L. . 19 28th August | 2 years.
(renewal). 1014,
P. L. . 33 23rd October | 1 year.
. 1914.
I L. 2 4th  Dececem- Do.
Ler 1014,
. L. . 602 18th Novem- Do.
ber 1914.
. L. . 97 16th Novem- Do.
ber 1914,
P. L. . 11,623 26th  3Aarch Do.
(renewal). 1014,
P.L. . 7,064 20th June Do.
1914.
L. 4,005 2nd June 1914 Do.
Y. L. . 982 16th Decem- Do.
ber 1914,
!
P. L. . 58 27th Decem- | 2 months.
(renewal). ber 1913,
P, L. . 159 20th  Janu- Do.
(rencwal)., ary 1914.
P. L. . 1,048 Ist June 1914 | 1 year.
P L. . 5,495 23rd July Do.
1914,
M, L. . 376 26th  August | 30 years.
1014,
ML L 27 16th  July Do.
E 1914,

P. L.=Prospecting License.

M. L.=Mining Lease.
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CENTRAL PROVINCES—contd.
[ i {
: B Date of
DISTRICT. Grantee. i Mineral. ! l\at}xr? of | Arcain acres. | commence- Term,
| . grant. ment,
i ,
f ? S N
Chhindwara . | (256) Indian Mangancse @ Manganese . - M.L. . 4 18th Novem- ! Will ex-
0-, j i ber 1014, | pire with
(; ; | the origi-
| i i nal lease,
.i ! dated the
! ‘ i 6th Feb-
5 : i ruary
. ‘ [ 1904, to
F ) + which it is
] ' supple-
i | mentary.,
i H i
Do. . . | (257) Messts, ShawiWal- | Coal . ' P. L. . 1,193 Ist.  October | 1 year,
lace & Co. . | 1014,
Do, . . | (258) Mr. H. Verma and | Manganese . ' P.L. . 164 13th Septem- Up to 30th
Munshi Kanhaiya Lal. {renewal), ber 1914. June 1915,
Do. 259) Do. . « | Coal . 1 PoL. . 618 22nd October | 1 year,
i 1014,
I
Do. . . ] (260)  Xon'ble Sir | Manganese . . { P.L. . 142 10th October Do.
Kasturchand Daga, l 1914,
C.LE. !
Jubbulpore . | (261) Mr. 8. P. Dutt . | Manganese, mica, ‘ P. 1. . 565 17th May 1914] Do.
bauxite, barytes i
and copper. !
Do. . . | (262) Mr. . C. Dutt Bauxite ) PLL. . 67 3rd May 1914 Do.
Do. . . | (263) Mr. George Fores- | Iron . . [ M. L. [ 10th Septem- ! 21 years
ter. ber 1914. :
Do. . ] (264) Mr. P. ¢. Dutt . | Bauxite - | P.L. . 1,352 20th  August | 1 year,
(renewal). 1014,
Do. . 1 (263) Do. . . { Irop apnd Bauxite. | P. 1., . 281 2;.’ud October Do.
914,
Do. . . 1 (266) Do. . « | Bauxite . .| P.L. . 558 Oth  Qctober Do.
1914
Do. . . | (2067) Do. . Do. . .| B L. . 1,006 Do. . Do.
Do. . . | (268) Katni Cement and | Soapstone, steatite| P. L. . 142 14th Qctober Do.
Industrial Co., Lid. and Talc. 1914.
Nagpur . « | (269) Nagpur Manganese | Manganese . < | P L. . 71 4th  Novem- Do,
Mining Syndicate. (renewal). ber 1913.
Do. .| oy Do. . . Do. . .| P.L. . 114 31st Decem- Do,
(renewal). ber 1913,
Do. . . (27 Do. . . Do. . . P L. . 30 Oth February Do.
, . (renewal). 1014.
Do. . < | @) Do. . . Do. . .| P.L. . 127 31st  March Do.
1014,
Do. « | (273) Mr. H. Verma and Do. . .1 P.L. . 200 12th June Do,
Munshi Kanhaiya Lal. 1014, -
Do. . . 274) Messrs. Balibhadra Deo. . R L R . 81 22nd  April Do,
Mohanlal. 1014,

Y. L.=DPrcsgecting License,

- M. L= Aening Lease.
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| f ]
- Date of
Grantee. ' Mineral. | )ggfﬁ of | Arca in acres. | commence- Term.
! " I ment.
(275) Nagpur Mangancse | Manganesc . . DL .i 16 27th April | 1 year.
Mining Syndicate. . : 1914,
i ;
276) Do. . . Do. . . PL . 66 Do. . Do.
(277) Do. Do. . . L . 84 Srd June Do.
1914,
i (279‘) Indian Mangancse Do. . . ML 6 sth April | Wil ex-
/| Co., Lt 1014 pire with
. the origi-
{ . nal lease,
| dated the
i 6th  Feb-
i ; ruary
{ 1904, to
| ' which it
| is supple-
: i mentary.
i
(27\?2‘@3. I’. Balkrishna Do. . - r.L, . 103 Oth May 1014 | 1 year.
(230) MMr.  Lakshman Do. . .ipvL. ! 144 20th  Juae | De.
Damodar Lele, | 1914.
(281) Do. . . Do. . . & L. . f 130 1stMay 1014 | Do
(282) Do. . . Do. . .iPTL. . 17 20th  June{ Do
i : 1914,
283) Messrs. Ganeshram Do. . , P L. . 111 . . )
; Sheopratab & Sons. é Do Do
" (289) Messrs. | Goredgtt | Do. . | P. L. | 2 3rd Jupe 1014 |  Do.
D*Costa. ) ;
|
(285) Indian Manganese Do. . . ( P. L . 231 30th  August Do.
Co., Ltd, i 1914.
|
(286) Mcssrs, Balibhadra Do. . .| P.L . 35 24th July Do.
Mohanlal. i 1914.
mz&iﬁfﬁiis g;x(llbﬁligx Do. . .lami . 212 3;){:)}114 June | 3 years.
charan Shankarlal, i )
(288) Do. . . Do. . . i M. L, . 38 24th  June | 10 years.
: 1914.
(289) Do. . . Do. . .]AML . 224 25th Septem- | Do,
| ber 1914,
(zgﬁxznﬁggg))p;ﬁi:ggancsc Do. . .1 P.L. . 17 ltll‘t)h August | 1year.
=1 . . 1
(291) Do. . . I Da. . .+ ML, . 41 8th  August |5 years.
! 1914,
i
L (292 Do. . . Do. . . ML, . 86 8th  August Do.
\ 1914.
(203) Do. . . Do. . ., PL 129 10th August | 1 year.
! 1014.

P, L.m Prospecting License.

M. L.=Xining Lease.
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CENTRAL PROVINCES—concld.
I - Date of
DIstRICT. | Grantee. Mineral. l ‘\Ztrlﬁft of | Arcain acres, | commenee- Term.
| ? - t ment.
! J
) {
Nagpur . (294) Mr. Byramji Pes- | Coal . . POL. . ! 387 i 10th  August { 1 year,
| tomji. 3 [ 1914,
Do. . 1 (293} Babu JMadhulal | Manganese . - . ; P. L. 1 72 \ Do. . Do.
Dugar. . - i |
i |
Do. . { (206) Seth Ramcharan . Do. . . ‘; P. L. . j 227 l 5(115“ August Do.
; | ! .
: , ; : |
Do. (207 Do. . . Do. . .lrL. . 31 ! 23rd August | Do.
{ ‘ (renewal). ) [ 1914,
|
Do.. .| (298 Mr. Haritam Sita- | Do, . .| PL. .| 25 |ty July | Do,
1 ram Patel. \ | | 1014,
Dao. . | (299) Mr. T. B. Kantharia Do. . } P. L. . 16 2%!11 July Do.
H 4.
Do. . | (300) Mfl. L %akshmau Do. . . ) P. L. . ) 145 7%140«3{01)0: Do.
Damodar Lele. P .
i ‘ | .
Do .} (801) MMoessrs, Goredutt Do. B .| P.L. . 06 13th Novem- Do.
%:mcs{x Tal and M. \ { ber 1914,
'Costa. i
|
! i
Do. .| (302) Mr., Lakshman Do. . . 5 P. L. Wl 83 Tth  Qctober Do.
Damodar Lele. ; 1914,
Do. . | (803) Mr. Romkrishna Do. . .| P. L. . | 503 5th  Novems- Do.
Puri Gosai. ! ber 1914,
Do. . | (304) Babu Madhu Lal Do. . . { P. L. . 177 12th Decem- Do.
Dugar. \ ber 1014,
Do. .} {305) Mr. Ramkrishna Galena . - P. L. . 33 14th October Do.
Puri Gosai. 1914,
Do. . | (306) Do. . . Do. . ]P.L. L 18 Do. . Do.
Do. . ] o Do. . . Do. . . %P. L. . 125 Do. . Do.
Do. . . | (308) Mr, Lokshman | Manganese . . | P. L. o 105, 23rd  August | 4 months
Damodar Lele. i (renewal). | 1914, and 9
| days.
Nimar . . | (309) Rao Bahadur | Lead, copper and | P. L. o 358§ 12th October | 1 ycur.
I;lq%aram Sitaram Dik- | silver. | 1914,
shit. I
Yeotmal . « | (310) M. M. B. | Coal . . | M. L. . \ 1,247 ! 14th October | 30 years.
Dadabhoy, CLE, : | “1014.
MADRAS.
» ! | ;
Bellary . . " (311) A. Ghose, Esq. . é Manganese . . | ML L. B \ 1,609-30 ‘ 2111glgebruﬂry | 50 years.
| | : i
Guatur . . [ (312) Do. . . | Iron ores . . PL, . ] 50308 ! 6th April 1914t 1 year.
{
Kurnoot . i (31}32) W. A. Beardsell, | Barytes . . | ML . l 500 1 Igth Decem- | 30 years.
| Esq. i or 1913, |
Do. . . " (814) A Gbose,Bsq. . | Diomond . . |M.L . ; 2267 i 5th April 19141  Do.

P. L.= Prospecting License.

M. L.==Mining Lease,
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MADRAS—contd.
|
- Date of
DISTRICT. Grantee. ! Mineral. x\atr:;et of Area in acres. commence- Term.
! grant. ment.
: f T
Nellore . (313 M. R. Ry. Barla | Miea . .| ML . 40-50 } 2nd Yovem- | 30 years,
Venkata Subba Reddi. { ber 1913.

Do. . (316) ¥red. Cross, Esg. . ;  Do. . .| T L . 51-93 lflJ{t)!is July | 1year.
Do. . (317) M. R. Ry. K. Pen- | Do. . . B.L. . 17-76 26th July Do.
chalu Lcddl i 1913.

i ;

Do. . | (318)  Mossrs, Majec | Do. <ML, . 66-10 | 10th August | 30 years.
l Muhammad  Badsha ! 1013. .
| Sahib & Co. :

4
Do. . LRI ML R, Ry. P. Do. . . ML 68:31 \ 10th Decem- Do.
Krishpaswami Muda- ber 1913.
r liyar. !
Do. . (3200 M. R. Ry. K. buha.‘ Do. . .{ P.L . 13:80 | 19th July! 1 year
Reddi. | 1913
Do. . 1 (321) Muhammad  Zia- ! Do. . . PL . 12-30 | 26th October Do.
| uddin Ahmad Sahib ' 1913,
Ansari. ‘
{
Da. . .| (322) M. R. Ry. T. Chin- ; Do. . . P.L. . 2830 | 218t October Yo.
kondapa Nayudu. } 1913.
Da. . . | €323) H, A. Brandt, ¥sq. ] Do. . .| P.L. . 8340 Do. . Do.
Do. . (324) M. R. Ry. Y. Gua- J Do. . . M.L. . 672 | 16th Awugust | 20 years.
namuttu Nadar. [ (patta land) 1913.

Do. . .1 (323) Haji Muhammad Do. . .1 P L. . 1974 1st  October | 1 year,
‘ Hanif Sahib. l 1913.

Do. . . (3"6) M- R.Ry.M. Subba| Do. . L] M. L. . '89 | 26th October | Da.

Nayudu. i (patta land). 1913,

Do. . . [ (827) M. R. Ry. Chen-! Do. . M. L. . 6322 : 16th Decem- | 20 years.
( chu Krishpamma. I (patta land). ber 1913.

Do.. .| (329M R.Ry.K.Rama|{ Do. . .|PL . 1084 | 31st  August | 1year.
{ chandrayya. i b 1913.

{ i
Do.. .| (320 Do. . .| Do. . .|PEL. . 1795 |  Do. .| Do.
Do. . . (330) Muhammad Gulam Do. . .{ P.L. . 89-83 | 22nd Janu- Do.
Ali Gulam Husain. ]\ ary 1914. !
Do. . . | (331) Shaikh Muhammad | Do. . .| M. L. . 531 | 22nd Novem- I 20 years.
Ismail Sahib. ! (patta land). ber 1913.
Do. . .| (382 ) G Chenchu Subba ! Do. . .| P.L . 17-17 | 17th  Janu- | 1 year.
! ary 1914.
Do. . 1 {333) R. C. Dyrianada Do. . | PL . 11-36 215t January Do.
Mudaliyar. - 1914. A
H l
Do. . | (334) P. Venkatanarappa | Do. . .| P.L . 75-76 | 1st April 1914 | Deo.
Reddi. | ! }
]
Do. . (335) Ghulam Ali Gnulamf Da. . . ML o 89-88 Do. . ! 30 years.
Hueain. i . | :
oL i !
Do. . (336) Sankara  Mining f Deo. . .| M.L. . 214 19th  March i 20 years:
Syndicate. i (patta land).s 1914. ]
P. L.w=s Prospecting License. M. L.w=Mining Lease.

Part 3.] Haypen: Mineral Production, 1914. 201
MADRAS-——contd.
. Nature of Area Date of
DISTRICT. Grantee. Mineral, arant. in' acres. cornmences Term.
ment.
Nellote . | (337) Sankara  Mining | Mica . . { M.L. . 1995 ) 19th  March | 20 years.
sSyndieate. (patta land). 19t4.
Do. . (338) X. Rangayya Do. . < | M. L. B 312 Oth April 1914 Do.
Chetti. . i {patta land).
Do. . (339) H. A. Brapdt, Esq. Do. . I L VN . 52:93 | 29th  Japu- | 1year.
. ary 1914,
Do. . (340) Mosa Abdul Rahi- Do. B < | M. L. . 472 1st April 1914 | 20 years.
man Saheb. (patta land).
Do. . . | (341) M. R. Ry. G. Su- Do. . .| P.L. . 1770 Do. . { 1year.
bramaniam.
Do. . .1 (342) . Do. . . Do. . .y ML . 132:62 Do. - | 3D years.
Do. . (343) Khan Bahadur Do. . . | AL L, . 22473 Do. . Do.
Muhammad Safdar
Hussain Khan Sahib.
Do. . . | (344) The Sankara Mig- Do. . . | ML . 65-04 Do. . Do.
ing Syndicate.
Do. . . | (345) M. R. Ry. P. V. Do. . .| ML 1325 Do. . Do.
Krishna Rao.
Do. . . | (346) M. R. Ry. P. Krish- Do. . .} M. L. . 64-80 18t  Qctober Do.
naswami Mudaliyar. 1914.
Do. . . | (347) M. R. Ry. I’. Ven- Da. . . PAMLL, 103-22 Ist  August Do.
katanarapa Reddi. 1014,
Do. . . | (348) ML R. Ry. P. Krish- Do. . | M.L . 93:31 1st January Do
pasawmy Mudaliyar, \ 1915.
Do. . . 1(849) ML R. Ry. K. Ven- Do. . . | M.L. . 2479 1st November Do.
kataramanayya. ber 1914,
Do. . . | (850) 3. R. Ry. P. Ven- Do. . .| M.L. . 102-94 Do. . Do.
katarama Nayudu.
Do. (351) Messrs, Hajeo Do. . .| ML . 26-40 | 1st  August Do.
Muhammad  Badsha 1914.
Sahib & Co.
Do. . . | (852) M. R. Ry. P. Ven- Da. . LAPL . 175 | 8th Septcmber] 1 year.
katarama Nayudu. 1014.
Do. . . ] {(353) M. R, Ry. P. Kan- Do. . .| P L . .9-97 23rd Septem- Do.
nappa Nayudu. ber 1914.
Do. . < 1 (854) Raja Vasi Reddi Do . .| P. L. . 861 19th October Do.
Sri Chandramoules- 1914,
wara Prasad Bahadur.
Do. . 3+ | (855) Messrs. A. M. Jee- Do. . P.L. . 39-02 22nd Decem- Do.
vanjee & Co. ber 1914,
South Canara . | (356) Mr. Tinwothy Pinto | Corundum - .1 P L . 292:63 st August Do.
1914,
Tinnevelly . | {357) Sri Krishna Doss| Garnet . . | PL. . 2125 | Japuary 1914 Do.
ot Bikaner of Rajpu-
tana.
P. L.=Prospecting License. M. L.=Mining Lease.
-
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J Area ’ Date of g
DisTRICT. Grantee. Mineral. i Nggﬁ‘of in aeres. 5 commenc- | Term.
e —
Tinnevelly (858) Annavializs Ay- | Garnet R L1 P.L. . 6.2 .
%appal\adal' s Ay } 7 } 1?91 March j 1 year.
coi] s
Do. . . ! (339) A. Sankarakumara Do. . ML 8 15 | 15t 1
Chettiyar of Kotar, | {patta Janad). \ 51{ Au"ustl Do.
Nagarkoil. i ? I
| |
Do. . .| (360)S. Samuc! Nadar of Do. . L[BMML . 3- 2
Karaikoil, Nanzumeri i(pattaland), 1 '13534 Juze i Do
, taluk. : | }
i
Do. . . | (361) T.Ramaswami Na- Do. . .M. L. . o. | 3
| dar of Karaikoil. | ;(patta land). | 00 ‘ w September Do-
‘ i
Attock . (362) The Attock Oil Co., ' Petrolenm . . P L. . 5,7 [
Ltd., through Messrs." 5,760 légr] I%Cﬁtem | 1 year.
Steel Bros. & Co., Ran- .
goon. ' }
! |
Do. . (363) Do. Do. . .|DP.L . 3810 | Do . i Do.
P. L.= Prospecting License, M, L.=Jlining Lease.
SUMMARY.
. I |
. Prospecting i Mining tal H
PROVINCES. ‘ Licenses. i i.eascs. T(i’gov?xfxc(;:w
i
Assam . o . ‘ 5 5
Baluchiztan 1 i I } 7
Bihar and Orissa . 10 }) 4 ; 14
Bombay . 1 | i
| i 1
Burma . 179 ! 3 *' 182
Central Provinecs ‘ 84 E 17 ‘ 101
Madras . . . . 23 | 28 i 51
Purjab . . . . . . ‘ a o
Totals for cach Kind and Grand Total, 1914 . ‘ 305 58 363
Y T — T
. Prospecting | Exploring Mining
. Licenses. Licenses. Leases. | Total.
TOTAL FOR 1913 . | 383 53 \« 59 495
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CLASSIFICATION OF LICENSES AND LEASES.

TapLE 31.—Prospecting Licenses gramted in Assam during 1914,

\ 1914.
DISTRICT. | ' _} T o
No. ! :;rcer:;;'n 5 Mineral.,
| ?
‘ &
Khasi and Jaintia Hills . . 1 . 12,704 Gold and certain other
‘ I “allicd minerals.
Do. . . . . 1 C12,704 ! Tin and wolfram.
Do. . . . 1 3 8,160 5 Gold, tin and certain
{ | other allied minerals.
Do. . . . 1 ! 7,040 | Mineral oil.
Lakhimpur 1 ' 5,546°6 { Oil.
| - .

ToraL i 5 i

TaBLE 32.—Prospecting Licenses and Mining Leases granted in Balu-
chistan during 1914,

1914.
DIsTRICT. Aven i }
. Areain | .
) No. acres. i Mineral.
) |
Prospecting Licenses.
Kalat . . - 1 | 400010 ' oil.
Toyar . | i
Mining Leases.

2 Kalat . . . . . 1 80 { Coal.
Loralai . i 80 Do.
Quetta . 2 108-40 | Do.

Sibi . . . . 1 80 Do.
Zheh . . R . . 1 30 Chromite.

Toran .

|
|
|
|
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Tasre 33.—Prospecting Licenses and Mining Leases granted in Bihar

and Orissa during 1914. TaBLE 35.—Prospecting Licenses and Mining Leases granted in Burma

during 1914.

1914. |
, | 1914.
DisrrICT. P - _
Area in . DISTRICT. | |
No. Minerals, : i ;
acres. . | No. Aal;lzrisl.n ; Mineral.
| !
Prospecting Licenses.
specti icenses.
Hazaribagh . . . . 3 573-23  Mica. Prospecting L
S . by Amherst . | 3 5,760 All minerals except oil.
Sambalpur . . . . 1 1,300 [ Coal. Do. . i 1 960 Gold, silver, tin, copper,
) > volfram and antimony.
Singhbhum . . . . 3 2,201:28 | Manganeso. Katha . . | 1 960 Lc‘ad and sﬁvcr. ’
| . Lower Chindwin i 1 960 Mineral oil.
Do. . . . . 3 5,684°56 I( Chromite. Do. . ; 1 1,440 All minerals except oil.
t Magwe . . i 6 7,103 Mineral oil.
Do. ; 1 1,520 Potroleum.
Toran . 10 .. ‘ Mandalay | 1 640 Copper, lead and other
i ! minerals (except mineral
i oil).
Meiktila . . . . 1 3,200 Wolfram.
Mergui . . . . . 37 58,351'95 | All minerals oxcept oil.
ini Do. e e 1 L5408 | Gold.
Mining Leases. Do, S ‘ 1 2.362:88 | Coal.
. ; ; o : 03 | M i,
Hazaribagh . . . - 3 196 ! Mica. %gl:ggyan . . } ..g 13’232-(1)3 \Imer%ooll
‘ g . . . 2 .
al Parcanas i Myitkyina . . . 4 8,460-8 | Gold.
Santhal Parganas . . " 1 2 ‘ Coal. To. . . . L 1 1,800 Gold, platinum and mine-
| i ) rals of platinum group.
. ] l ‘ Do. . . r 640 Copper, silver and iron.
Toran . f 4 | Do. . . ) [ 3.600 Gold and allied minerals.
l : Northern Shan States . | 13 640 Lead, silver and allied
' minerals,
Do. . . . 1 3,200 Gold, silver, lead, iron
‘ and zine.
) . ) 25 \ i
TaBLe 34.—Prospecting Licenses granted in Bombay dwring 1914. Do. - [ ! 560 Colﬁ?g;ra%:lena and allied
Do. A 1 2,560 Antimony, lead and silver.
Pakokku . . . . 12 26,428:3G | Mineral oil.
1914, | L Prome . . . . . 1 1,862 4 Do.
N | i Shwebo . . . 1 3,424 Do.
DisrricT. i ‘« i ; ] Do. . . . . 1 3,200 All minerals except oil.
i No. | Areain ! Mineral B Sowthern Shan States . .‘ 1 3,040 Wolfram  and  other
i acres. i . ; . minerals (except mine-
1 e i o i i | ral oil).
| ] ! T Do. . . I 1 3,200 | Wolfram, tin and other
Panch Mahals . . [ 1 )‘ 530 | Manganese. \ ! minerals {except minc-
- [ & ! 5 ral oil).
| | i {
Toran ! 1 I ] e |
f 1 | Carried over . 105
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TaBLE 35.—Prospecting Licenses and Mining Leases granted in Burma
during 1914—concld.

: 1914
DistrIcr. i ! Arenin ‘ '
] No. E acres. | Mineral,
!
Prospecting Licenses—concld.
Brought forward . 105 } .. [
\
Southern Shan States 2 1.960 : All minerals except cil.
Do. . . . 1 640 i Antimony and allied mine-
| [ rals.
Do. . . . 2 5,020 “ Wolfram, tungsten, gold,
: i galena, copper and tin.
Tavoy . . . . . 48 ; 72,963-74 l All minerals except oil.
Do . . . . . 1 207252 Goldand tin.
Thaton . . . . 3 : 6,868:66 | All minerals except oil.
Thayetrayo . . . . 3 ; 8,960 1 Mineral oil.
Do. . . . . 8 5 9,117-52 | Petroleum.
Upper Chindwin . . . 6 l 54,040 1 Mineral oil.
i
. | {
TotaL . 179 l E

Mining Leases.

Minbu . . . § 1 ‘ 78-59 [ Mineral oil.
Pakokka . . . .| 2 } 1,00822 | Do.
g !
|
ToTAL . l 3
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TaBLE 36.—Prospecting Licenses and Mining Leases granted in the
Central Provinces during 1914,

% 1914.
DisTRICT. ! ; .
I No. A{Eﬁ:};n Mineral.
Prospecting Licenses.
Balaghat . . | 6 523 | Manganese.
Do. . . 1 3,978 i Bauxite.
Betd . . . . ] 2 162 | Mica.
Do. . . . . ; 1 147 Copper.
Bhandara . . . | 20 2,424 Manganesc.
Bilaspur i 1 11,623 (nal and iron.
Chanda . . A 2 11,159 ‘ Coal.
Do. . . . - 1 982 . Copper.
Chhindwara . . 4 523 Manganese.
Do. . . . o 4 8,354 (loal.
Jubbulpore . . . - 1 563 Manganese, mica, bauxite,
} barytes and copper.
Do. . . . . 1 281 Tron and bauxite.
Do. . . . o 1 142 Socapstone, steatite and
I tale.
Do. . . ’ 4 2,983 Bauxite.
Nagpur . . . 30 3,452 Manganese.
Do. . . . 1 387 Coal.
Do. . . . o 3 176 Galena.
Nimar . . . . o 1 358 Lead, copper and silver.
' —_
|
ToraLn 84 |
!
Mining Leases.
Balaghat . . . . 3 92 Manganese
Bhandara . . 3 147 Do.
Chhindwara . . 2 646 Coal.
Do. . . 1 4 Manganese.
Jubbulpore . . . 1 9 Iron.
Nagpur . . . . 6 607 Manganeso,
Yeotmal . . . 1 1,247 Coal
ToraL . 17 “
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TapLE 37.—Prospecting Licenses and Mining Leases granted in Madra-

during 1914,

1914.
DISTRICT. - ! Ao
T rea in AT
‘ No. \ acres. Mineral.
Prospecting Licenses.
! A R 503:98 | Iron-ores.
§L‘ﬁ‘$§‘§ N 19 ‘ 59017 | Mica.
South Canara 1 ! 202:61 | Corundum.
Tinnevelly 2 ! 2752 | Garnet.
Toran . J 23 J
Mining Leases.
g . . o 1 1.609-30 | Manganese.
;3{%111‘;’:2}01- ) . . . J 1 5-00 | Barytes.
Do . . . 1 92-67 | Diamond.
Nelloro . . . . - 22 1,222:86 | Mica.
Tinnevelly 3 526 i Garnet.
ToTAL 28 i

TaprLe 38.—Prospecting Licenses granted in the Punjab during 1914

DISTRICT.

1914.

Area in

No. acres.

Mineral.

Attock .

Toran

o

1o

E
|
l 9,600
i

Petroleum.
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THREE NEW INDIAN METEORITES ; KUTTIPPURAM, SHUPIYAN
AND KAMSAGAR BY J. CoOGGIN BROWN, M. Sc.,
F.G.S., Geological Suirvey of [India. (With Plates

-20.
4 ) THE KUTTIPPURAM METEORITE.

N the 10th and.11th of April 1914, accounts of a meteorite fall

appeared in various Indian newspapers. The following extract
from the Calcutta * Statesman > is typical of them all. It is dated
Calicut, April 10th, 1914: “On last Monday wmorning (April Gth),
a terrible rumbling noise in the sky was heard, and it was generally
believed that it was thunder which forecasted the early approach
of the south-west monsoon. Reports now received go to show
that meteorite stones, weighing about a hundred pounds, had fallen
immediately after the noise in Ponnani, Tirur, Trurangadi, Kuttip-
puram, Ottapatam, and other places in South Malabar, and that
they bad gone about five or six feet decp into the earth. All the
stones, which so {fell, are reported to have been broken to pieces,
owing to the extraordinary force with which they fell.”

All meteorites which fall in British India are the property of
the Government of India, and, as such, are added to the great
coliection in the Geological Museum, Calcutta. The Collector of
Malabar, who is in charge of the district in which the stones fell,
was requested, therefore, to obtain them, together with any available
particulars of the ocourrence.

Several Indian meteorites have previously been lost to science
wing to the veneration bestowed on such objects by superstitious
villagers, who regard the phenomena accompanying their descent as
supernatural manifestations, and place the stones themselves in the
temples, for public adoration, whence it is quite impossible to obtain
them.

The Geological Survey Department is greatly indebted to
Mr. C. A. Innes, the Officiating Collector of Malabar, for the trouble
he®took to secure the stones and for the completeness of the
enquiries which he instituted regarding them.

In forwarding eleven fragments Mr. Innes submitted the follow-
ing report which is reproduced below in his own words: —

“ Careful enquiries have been made and it has now been ascer-
tained that meteoric stones fell on the 6th April last only at the
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following places in the Ponnani taluk of this district : (1) Kuttayi,
(2) Triprangod, (3) Trikkanapuram and (4) Kuttippuram. These
four places are practically in a straight line and you will find
them all clearly marked in the Survey of India Topographical Shects
No. 49-N—13 and 58-B—1. Kuttayi is on the coast ; Kuttippuram
is 9 or 10 miles inland in a due easterly direction from Kuttayi.
At Kuttayi four small stones are reported to have fallen within a
distance of one mile. One of these stones is said to have measured
x4 %Y, but only one small stone has been secured. One stone
has been secured from Triprangod and six from Trikkanapuram.
At Kuttippuram one large stone weighing it is said some
71 lbs. fell. It is now in three pieces all of which have been
secured. }

“I summarize below such information as I have been able
to collect.  Accounts vary as to the exact time at which
the meteorites fell. At Kuttayi 6-30 am. is given as the
time ; at Kuttippuram 7 a.rn; while another account mentions
7-30 Aot

“ At Kuttayi there was a festival at the mosque on the morning
of the 6th April, and many people who had collected at the sea
shore had a good opportunity of observing the phenomenon. First
they heard two loud and almost simultaneous reports which they
compared to the noise made by kadinas. Kadinas are small mortars
which are much in favour in Malabar and which are exploded with
terrific noise at times of festival. A continuous roaring sound like
that caused by a volley of musketry followed and at the same time
there was a flash like a flash of lightning. (It is more probable
that the flash preceded or accompanied the first two loud reports,
but the account above is the one given by the Deputy Tahsildar
of Tirur in whose division Kuttayi is.) The direction of the flash
was from west to east and the people who saw it said that in appear-
ance it resembled a palm tree. The stones which fell at Kuttayi
penetrated only about 6 inches into the earth. They were slightly
warm when picked up and thers was no smell.

“ At Kuttippuram the stone fell in a paddy field, which ‘was
then dry, and penetrated some f2et into the ground. A cloud of
dust rose into the air, and this attracted people to the spot. But
they were apparently afraid to touch the stone, and it was not
till some hours later that it was dug out and then it was quite cold.
The people who gathered at the spot say that for some minutes
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after the fall there was a smell of backwater mud in the vicinity.
Backwater mud or silt is black oozy stuff which is full of rotting
organic matter and its smell, which Is familiar to everyone who
lives in Malabar, 18 most unpleasans. .

«Triprangod is about 3 miles from Kuttay1 ; Trlkkanapurfxm about
5 miles from Triprangod and Kuttippuram about 2 miles from
Trikkanapuram. .

« The noise of the first two loud reports is said to have been
heard at various places in Malabar. The Tahsildar heard it distinctly
at Ponnani which is 4% miles south of Kuttayi. A gentleman who
lives close to my own bungalow at Calicut (30 miles nor.th gf
Kuttayi), also says he heard the noise; while another enthusms.tlc
sontleman claims (I believe) to have heard it at Cannanore which
is 60 miles north of Calicut. ' :

«T am sorry I cannot give you more definite information on the
points referred to in your letter, but such informatiqn as my officers
have been able to get has been gathered from villagers who are
not exact observers of physical phenomena.”

The following list gives the weights of the fragments and the
names of the places in which they were picked up :-—

259 A .. .. ... 18,236 gms.
259 B . . . . . . . 10,989 ,
259 C R - 1 2 .
259 D . . . . . . . 3,993,
259 E . . . . . . . 738 ,,
259 F . . . . . . . 427
259 G 123 R
259 H 206,
259 1 121
259 J 63
250 K 6o ,,
259 L 9 ,, (Small frag-

ments and
dust.)

" -

959 is the number which the meteorite bears in the Geological
Survey register of meteoric stones. In the new catalogue its number
1s 194h

1 Phe new catalogue of the met orite collection is now in the press and will shortly
be published.
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A, B and C, which are parts of the same large stone and ecasily
fit together, fell in Kuttippuram. D, E, F, G, I and I fell in Trik-
kanapuram, J in Triprangod and K in Kuttayi. The map (Plate
20) shows the cxact position of each of these villages, all of which
are situated in the Ponnani taluk of the Malabar District in the
Madras Presidency. Kuttayiis on the coast in Lat. 10° 51" : Long.
75° 541, Triprangod in Lat. 10° 50} : Long. 75° 57, is 31 miles
further inland in a line 2° south of east. Trikkanapuram is 7}
miles from Kuttayi in a line 9° south of east and is situated in
Lat. 10° 4917: Long. 76° 1/, while Kuttippuram where the largest
stone fell is in Lat. 10° 504 : Long. 76° 2', 8% miles from the
coast at Kuttayi, in a line 2° south of east.

[t would appear therefore that a large meteor, travelling with a
low trajectory, approached the Malabar Coast from the Arabian Sea,
in a direction a few degrees south of east, and bursting into frag-
ments, scattered portions of itself over the villages mentioned, for
the greater momentum of the larger stones would carry them further
than the small ones. Confirmatory evidence is supplied by the
Deputy Tahsildar of Tirur who reported that the direction of the
flash which accompanied the fall was from west to east at Kuttayi.
From the small size of the Kuttayi fragments, and the large dimen-
sions of the mass which fell in Kuttippuram, it seems to me that
little if any of the material was lost by falling into the sea.

Description of the Kuttippuram Stone.

This large stone is broken into three pieces and part of the
front and lateral surfaces are missing. These injuries may have
been caused by its impact on reaching the ground, or they may
have been inflicted later by inquisitive persons. For this reason it
is impossible to describe exactly its original shape, but the larger
portions which remain give a very good idea of what that- shape
was. Standing on the broken area and looked at from the end
the meteorite has the appearance shown in PL 7, from = which it
seems to be somewhat prismatic. On the whole it is perhaps best
to deseribe it as a very Irregular tetrahedron, with one corner
replaced by the flat face seen in Pl 7, and modified of course by
the hroken and missing pieces. In this position it measures 28 cms.
(11 inches) in height, at the end shown in Pl 7, which is believed
to be the rear face, decreasing to 18 ems. (7 inches) at the front
face or * brustscite,” which is smashed. Its length is 32 cms.
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(12} inches), and its greatest breadth in a line approximately per-
pendicular to this is 31'5 cms. (12§ inches). It weighs 32,599 gms.
The specific gravity of this large mass has not been taken, but that
of the smaller piece 259 H is 3'558. As will be seen later, the various
fragments which comprise this fall are of a very uniform composi-
tion, and there is no reason to believe that the specific gravity of
the large mass differs very much from that of the smaller piece.

The peculiar form of the stone is due partly to fracturing, and
partly to the atmospheric erosion to which it has been subjected
during its passage through the air. Apart from the fact that the
edge which struck the earth first is marked by a thick deposit of
hardened, sandy soil, the general shape of the stone, its differences
of curvature, the rounding of its edges, the variation in the thick-
ness and structures of its crust and the distribution of the pittings
on its surface, all tend to prove that this edge was the front one
during the trans-atmospheric existence of the meteorite.

In PL 11, this front edge commences at the rounded corner in
the lower right half of the photograph where it is covered with the
brown, sandy earth, already referred to, and continues up to the erack
which divides the face into two picces, and by means of which the
portion marked A in the tracing has split off along a slickenside
plape. [ Plate 11, see tracing, for positions of A and B.] The
remainder of the front edge and face has been broken away after
the fashion indicated in Pl 8. After photographs had been taken,
part of the adherent earth was removed, and it was found to be
not entirely underlain by crust, some of which must have been
scaled 'off at a comparatively late period of the trans-atmospheric
flight. Near the corner, the edge flattens into a minor area 3 or
4 cms. across.

The greater part of the stone is covered with crust, the excep-
tions being the broken end shown in Pl 8, the missing portion
which comes between A and B in Pl. 11, the medial portion of B
in Pl 11, and the left hand lower corner in the same figure. In
addition to these, there are smaller patches where the crust has been
rénoved, usually in the vicinity of the cracks which separate the
three pieces.

The edge shown in PL 11, and also those made by the rear with
the other faces are comparatively sharp, the others are more rounded.
The sharp edge of the rear face in PL 7, and the flatness of its
plave, indicate an early fracture along this surface.
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The greater portion of the crust is corrugated with deep pits
or piczoglyphs, furrows and channels, caused by the differential
fusion of tbe upper layers of the stone and not by the combustion
of imcluded sulphide nodules. On the rear face they are only
faintly traceable and on the top of the stone they are absent. (See
the top line in Pls. 8 9 and 11.) They attain their maximum
development on the face illustrated in PL 11, though they are
also present on the lateral faces seen in PL 8, and in the lower
part of PL 10. )

The pits seen in PI. 11 have a circular, polygonal or irregular
outline, and are cither broad and shallow, with low 1ounded edges,
sloping gently off into a more or less flattened base, or deeper,
with steeper sides, making short sharp ridges{between them. They
do not possess any definite arrangement, except in the lower portion
immediately above the adherent earth, where a long, funnel-shaped
depression, with its mouth pointing towards the rear surface, seems
to have been produced by the fusion of the ridges of several pits,
the remains of which are still visible as low prominences. Klon-
gated depressions of approximately elliptical outline, produced by
two confluent pits, are also present. The average diameter of the
better-marked pits is about 2 cms. The minute lines of crustal
drift in the pits themselves show no particular distribution in the
great majority of cases, but occasionally they are seen to radiate
from the centre. Below the adherent earth in the lower right hand
corner of Pl. 9, there are two long furrows, one much deeper than
the other. The larger is 4 ems. in length, 1 e¢m. in breadth, and
over 1 em. in depth at the centre. In a general way both of them
point from the front to the rear of the stone, showing the direction
of the air currents by which they were produced.

The pits which are visible on the face seen in the lower left hand
portion of Pl. 11, and in the lower right hand part of Pl. 10, are
not so well developed as those just described. Instead of the deep
pits, broad shallow ones oceur, with diameters up to 4 cms. across
and ecircular or elliptical outlines. These are made up of smaller
depressions with badly defined edges. The minute irregular net-
work of the crustal drift is more in evidence on this side than on the
former one, but it does not exhibit any particular distribution.
The crust itself is thicker and has scaled off a slight promi-
nence. All these phenomena point to a diminished air resistance on
this face.
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«The opposite lateral face is scen in PL 8. The part which lies
in shadow on the upper left hand corner of the print contains
several shallow eclongated depressions, the long axes of which
point towards the rear end. The rest of the upper portion of this
face consists of a broad triangular area, next to the shadowed
portion just described, a rounded and smoothed surface above this,
and a larger space below and to the right, covered with depressions
the long axes of which are orientated at right angles to the direction
of flight. The lower part, below the crack, is rounded off into the
lower section of the rear face and is comparatively smooth. The
triangular area contains a deep groove, which has a length of 8 cms.,
a breadth of 2 cms., and a depth of 2 cms. below the general
surrounding level. It possesses a curious short continuation at
right angles to it on the left hand, evidently produced by con-
fluence with a deep pit. As the photograph shows, its lower
bounding ridge is steep and sharp, but the upper xidge is low and
gives place to four shallow pits of polygonal outlines. The central
swo of these are separated by a ridge from a confluent depres-
sion above them. On the upper surface, just visible in the
photograph, is a deep triangular pit, while on the extreme left,
a circular one with an inner crateriform ring is situated. Above

these again, there is a small, but deep, flat-bottomed depression, .

close to an elongated pit and surrounded by four smaller ones.
Although the elongated depressions which occupy the 1est of this
portion are distinctive and arranged with their long axes pointing
in the same direction, they have neither the depth nor the steep-
ness of those on the front face. (Pl 11)

The rear face is seen best in Pl 7. With the exception of a
patch on the left, it is crusted. It is crossed by two fractures,
which divide it approximately at right angles. Small shallow pit-
tings are found over the greater part of its surface, often merging
into one another. They are not uniform in shape or distribution.
Large areas on the top and at the upper right hand corner possess
" scooped out appearance, and are lined with small depressions of
an average width of } cm. The crustal drift lines are longer and
more thread-like than those of the other faces, but all they show
is a radial arrangement, as if they were produced by heaping up
from a centre of fusion. Here the crust attains its maximum
thickness and its greatest irregularity of surface. The face itself

P v
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appears to have been originally a fracture plane, and its edges are
more or less sharp.

The Crust,

' Tszen on the whole the crust of the stone is remarkably  uniform
in thlcknfzss and only the slight differences already mentioned have
been noticed. It is of a dull black, lustreless colour, with a few

small ecircular or elliptical patches of shining black. These when -

touched with a file prove to be fused metallic grains.  Sometimes
they project as small rounded knobs. The general appearance of
the crust indicates a nearly felspar-free stone of the olivine-pyroxene
type, which it has indeed proved to be on petrological examina-
tion. Even to the naked eye, the surface of the crust is rouchened,
and when examined with a lens the roughness is seen to be ccaused
by 'minute irregular threads, which form anastomosing systems, or
a kind of lattice work pattern, over the outer crust of the entire
stone. I term this structure “minutely scoriaceous,” because under
a lens it has a cindery appearance, which I vegard as the result of
fusion. Large areas of the crust are of a greyish-black tint, but
this is only due to the accumulation of dust particles in the minute
slaggy pores. Other parts show a few small scattered rust spots,

- and a certain amount of brown staining is present, which has been
caused by the contact of the crust with the soil.

[nternal Appearance and Structure.

The interior of the stone is of a uniformly light greyish-white
appearance. Under a lens, white and light grey minerals can
be seen, together with small, though well-distiibuted, metallic grains.
In places small globules of a light bronzy troilite occur. The
chondritic structure is hardly apparent to the naked eye, yet, very
rarely, small spherical chondri do project. Darker grey patches,
3 or 4 mms. long. are also found here and there. The stone
is traversed by very delicate black veins. In -the large mass,
eleven of these are present and at least seven of them are approxirI
mately parallel. They greatly rtesemble thin lines drawn by a
hard lead pencil. The stone is a typical veined white chondrite,
Cwa.

Perhaps the most interesting peculiarity of this stone is the
large slickensided surface along which the piece A, and the missing
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portion above it, have broken off. (See PL 11 and tracing.) PL
9 is a photograph of the stone with this part removed, and Pl 10
a similar representalion taken in a side light. This large slicken-
sided surface is approximately square, and has an area of at least
240 sq. ems. It is not an exact planz, as the surface exhibits a
little rolling. It must continue down and to the right, but there
is no indication on the crust to show where the two meet. The
slickensided surface is covered by a shining black, graphitic-looking
substance, stained a dull red in places by rust. Its patchy ap-
pearance in the photographs is due to fragments sticking to f{he
opposite sides after separation of the pieces. The parallel veins
described in an earlier paragraph meet the slickenside plane at an angle
of approximately 115°. Lines of weakness of this nature in a
stone would naturally cause it to shatter along such a position on
receiving a severe impact. It is curious to observe that the plane
approximately coincides with what I believe to be the direction of
flight.

An attempt was made to polish a surface of the piece numbered
959H, but owing to the friable character of the stone this was
found to be practically impossible. On the smoothed surface,
licht grey chondri with rounded outlines can be seen. They have
an average diameter of 175 mms., but occasionally reach 3 mms.
The groundmass is white and is abundantly sprinkled with small
sulphide and metallic grains. Light brown ferruginous staivs, al-
though usually found close to most of the metallic points, are more
strongly in evidence along a Dblack vein which traverses the speci-
men. ' This seems to prove that fine metallic particles are present
in the vein.

Composition and Microstructure.

Under the microscope in thin sections, the chondri are not seen
so well as they are on the smoothed surface of the stone. The
microstructure as a whole is a confused, fine-granular one (see
RL 15, fig. 1), with few chondri and fragments of chondri, not at
all well differentiated from the rest of the groundmass.

Olivine and enstatite, in about equal quantities, are the principal
silicates present. A monoclinic pyroxene which simulates the rhom-
bic form, and is only to be distinguished by its inclined though
low angle of extinction, occurs in small amounts. There are also
a few clear grains which I take to be felspar.
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Olivine ax.ld enstatite are also the chief minerals in the chondri
The former is found in the familiar monosomatic polysomatic r:i
ubbed forms. The latter, which is the more abu’ndant of th ? .
as far as the chondri are concerned, builds the usual fan-like re diwto
Ing structures, which are often broken and imperfect anda ?—
dense n.early crypto-crystalline masses. When these ar:) ex » S((l)
lllldel: high powers they are seen to be composed of closel ‘azui}ed
mosaics of small irregular particles of enstatite, with an o}c:cfz)sic el
ohvme. granule.  This structure is not like that of min On?
cFysitathng from a molten magma. Though not exactly anala:m S
sx.nular structures have been observed by Merrill in the)Hend oo
ville meteorite, though in this case the fragments are imbedde(riso'n-
a cement. Merrill is of opinion that the Ostmcturc in the ce H}
the .Amerlcan fall, is suggestive of a partial recrystallization afs eﬁo
detrital n.mterial as seen in sundry metamorphic schists.! o

Somet.lm.es the radiated enstatite chondri are edwed. with 1l
opaque grains of nickel-iron, troilite and specks of aoblack ara SII?:’
substanpe. One small olivine chondrus has a circular bZrdEr1 KE
th%s mineral and a band of it down the centre, the two ses (t?
pelxlg filled in with minute olivine and enstabi’te orains ftfn el11 ,
includes a few grains of metal and sulphide. A;onthex: as?
chondrule has rod-like olivine erystals set in an opa u: nll)llsuali
background, with a ragged irregular edge partly in cIc))nctlact flil:
the granular olivine and enstatitz of the sroundmass and “ll
sep.amted from it by a discontinuous t;()ne of clear fglizr !
grains. A similar form of polygonal outline is almost compl tp?r
surrounded by a zone of water-clear felspar grains, the centrepl;3 i
opaque for the greater part, though speckled in places with mirflmil:g
trallspz}renf points. Intergrowths of olivine and enstatite ]; ;
occur in .the chondri. In one case two series of long rods of at:}:slo
former mineral meet at a wide angle with interpenetratci’nn ends 5
the spaces between them occupied by enstatite. The Doutl' s <
the chondri occasionally seem to indicate compression as thmes .
flattened and not perfectly circular. The diameter of ’cheybare
dev.eloped ones is approximately 1 mm., a few are larser th o
majority are smaller than this. 8 T gt

A microscope  study of the groundmass in section revealed
exceedingly confused aggregate of olivine and enstatite grains azg

P G. . Merrill: Notes on the Compositi
ville, North Carolina, meteorite. Proc., U.ka;. ;\9;!. 31}28 S\;(r)lll\‘&‘(u{')x(ifl t;x; J}‘Iens(})erson-
1 4 < 1) W, » e 79— 2,
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interspersed with metallic nickel-iron, sulphide, and a

particles,
Occasionally there is a

few specks of a black, graphitic mineral.
small, monaclinic pyroxene grain and a little felspar in
nules which exhibit bright grey polarization colours.

grains are the largest, and although a few tend to show
outlines, the majority possess very irregular boundaries. Both
the olivine and enstatite grains are much broken and fissured,
though they are remarkably clear and free from clouding and inclu-
sions. 'The larger grains are set in a finer matrix, which under high
powers is resolved into the same minerals with the same confused
arrangement. No true glass was observed. The enstatite of the
groundmass sometimes builds flat tabular forms but is generally
present as anhedral grains, rarely showing a few opaque inclusions.

small gra-
The olivine
crystal

The Opaque Minerals and Veins.

The opaque minerals are bright metallic nickel-iron, a light
bronze sulphide and a black graphitic substance. They occur in
rounded or irregular grains, separated or in juxtaposition, and also
form larger irregular shapes. Sometimes the iron and sulphide
grains have a kind of broken linear arrangement. The graphitic
material has been scen to enclose portions of the fine granular ground-
mass, and it is evidently related to the substance which fills the fine
veins. The latter pierce both groundmass and: chondri indiseri-
minately. Sections cut especially for the study of the veins reveal
complicated systems which branch in a most irregular way, enclosing
the granular groundmass which does not appear to have suffered
any alteration thereby. (See Pl 15, figs. 3, 4) The broader veins
have a continuous inner lining of the opaque black graphitic mineral
and ate occasionally filled with sulphide and a little metal.

Petrographical Characters of the Crust.

The crust is usually ‘8—'9 mms. thick and easily divisible into
three zones. A well-defined outer layer approximately -05 mms.
thick. Tnside this there is a clear layer composed of olivine and
pyroxene grains, running into and not sharply differentiated from
the third and thickest layer, which has a porous slaggy appearance,
opaque for the greater part, but pierced with clear particles of the
same crystals, olivine and enstatite, in places. In one section which
was examined a large olivine crystal extends across the three



220 Records of the Geological Survey of India. [Vor. XLV,

zones. It is bordered by a black opaque rim on the outside: in
the second zone it is practically unaltered; in the third zon’e a
black substance has developed and spread out from the cracks
leavmg a network of clear unaltered material. The inner border of,
the third zone, where it joins the rest of the stone, is well differen-
tiated and no alteration continues beyond it. ’

Description of 259 D.

This is a big irregular piece broken from a still larger mass
Its general appearance is shown in Pls. 12 and 13. Standtijnn' on';té
ﬂat end. 1t measures 19'5 cms. (72 inches) long, 14 ems. (S%Ginches‘)
in maximum breadth, and 95 cms. (32 inches) in maximum thick-
ness. ‘The flat end shows a few, broad, shallow depressions, some
of which have been produced by the confluence of smalle,r pits
The opposite end is pointed, as the photograph shows, and is markeﬁ
with shallow confluent pits separated by broad gently sloping
ri.dges, and by a long funnel-shaped depression which is con’cinue(ti
}ﬂlgbt across the stone. Where this meets the face shown in PL 13
113 18 1 cm. across, but it widens out to over 4 cms. on the opp.osit(:,
side. It is bounded on the left by a sharp ridge, on the top of
which there is a thickening of the crust. The opposite ridoz is
more strongly developed at the lower end only. The drift Tines
when they possess any definite direction, cross the funnel. Belo“"
it the obtuse end sharply meets the face shown in PL 13. This
i1s covered with large and small pits, the broadest and deepest
of which on the lower part exhibit radial drift lines. The face
meets the flat end in a right angle, the edge being quite sharp
A recent fracture of the stone, crossed by the typical thil;
black veins which distinguish this meteorite, is shown on the left
of PL 13. The opposite side, not shown in the photographs
consists of larger and smaller faces running the entire le;ﬂth 0%
the stone. Depressions do occur, but the majority of them aore'so
broad and flattened out as to rather deserve the term undulu-
tions. The most interesting feature of this stone is the face
shown in Fig. 12, Itis a trans-atmospheric fracture over which
a thin crust just developed before its impact with the earth. The
irvegularities of the fracture surface are barely crusted over and there
was not sufficient time for a gencral smoothing down, or for the pro-
duction of pits. The irregularities are accentuated in the photograph
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by a light brown earth which adheres to the bottoms of some of
them and which was undoubtedly picked up when the stone fell.

As a whole the crust is not so dull as that of the larger specimen
and it contains more numerous and bigger,
brighter patches. The crust on the obtuse end
and on the side shown in Pl. 13 has a lustrous black colour and is
marked with drift lines, minute scoriations and small projecting
blebs of fused metal. The crust of the flat end has developed a
series of minute intersecting shrinkage cracks.

The general appearance of the interior of the larger stone and
this one is so much alike that a separate
description is unnecessary. The veins have
not the same parallel arrangement, producing rather an irregular
network, while one large spherical chondrus, 9 mms. in diameter,
projects from the fractured surface.

71 have attempted to fit this meteorite, which is so evidently part
of a much larger stone, on to the big one but it does not coincide
with any of its fractures.

The crust,

The interior,

Brief Descriptions of Smaller Specimens.

959 E, is a corner piece partly covered with crust showing pits
and depressions with very well-marked, radial, drift lines. Both
the crust and interior are very rusted. Veining and slickensiding
are present. See Pl 14, fig. 4.

959 F, which is illustrated in Pl 14, fig. 1, is partly covered
with a'smooth, rather shining, black crust. Its interior is not so
rusted as that of the previous specimen, while thick and thin black
veins and a small patch of slickensiding are present.

259 @&, H, I and K, illustrated in PL 14, figs. 7, 5, 3 and 6,
are interior fragments which present no unusual features. They
might be bits broken from the interior of one of the larger pieces so
far as appearances go, though neither they nor any of the other
smaller pieces can be fitted together.

2959 J, shewn in PlL 14, fig. 2, is a small crusted fragment
showing well-marked veins and troilite inclusions.

THE SHUPIYAN METEORITE.

Tn the swmnmer of 1913, Mr. C. S. Middlemiss and the late Mr. H, S.
Bion of the Geological Survey of India, noticed a meteorite in the

¥
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Srinagar Museum, Kashmir. When the desirability of having a speci-
men of every Indian fall on exhibition in the Imperial collection in
Caleutta, was represented to the Durbar, His Highness the Maha-
rajah of Kashmir kindly presented the piece which is the subject of
this note. According to Mr. H. 8. Bion, who was working in Kashmir
at the time and who collected all the available information about
the stone, there are two other picces in the Srinagar Museum, a
large one weighing approximately 4,650 gms. and a smaller piece
about the same size as the one presented to the Calcutta collection.
The latter weighs 2945 gms. The large piece is said to be com-
plete with no broken surfaces of any size, covered with a black
crust showing thumb marks and lines of flow.! Mr. Bion believed
that the Calcutta specimen was broken off the smaller piece.
The fall is reported to have taken placein May or June 1913,
and from another source in April 1912, at Shupiyan, Lat. 74° 50 :
Long. 33° 43’, the specimens being collected by the local police
officers and forwarded to the capital of the State. As Shupiyan
is a large village with a post office, it is quite possible that the fall
may not have occurred in the place itself but somewhere in the
surrounding district. No further details of any kind are available.

Description of the Stone.

The general appearance of the specimen can be seen from the
photograph, Pl 16, fig. 1, which is about natural size. It measures
9'4 cms. in greatest lenath, 6 cms. in greatest breadth and 3 cms.
in maximum thickness. It has a specific gravity of 3:670. The
surfaces seen in the photograph are crusted, with the exception of
the upper right hand corner. The undersurface shows the fracture
where it was broken away from the larger mass. This surface
though dirty and discoloured is sufficient to prove that the stone
is a brecciated grey chondrite, Cgb. The interior is of a light
ash-grey colour and the texture firm, exhibiting a few small chondri
and rust spots. Since the photograph was taken, the piece has
been cut in two for further study, and the smoothed surface of one
of the sections clearly shows a fine brecciated structure together
with abundant, small, shining grains of nickel-iron collected into a
~short metallic vein in one place. The chondri are of a darker

1 After these notes were written Mr. Bion obtained photographs of the big
pirce.  See Pls. 18 and 19,
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shade than the groundmass. The large face shown in the shadow
on the photograph is covered with a thin, dull black crust which
adheres firmly to the interior. Under a lens the crust appears
minutely roughened and traversed by a few cracks. The only
pittings visible are those on the narrow side face. They consist of
two large depressions, approximately 3 cms. in maximum diameter,
made up of groups of smaller pits.

Microstructure of the Stone.

Thin sections prove that the stone is coarse-grained, with the
chondri, which are mostly circular or nearly so, well differentiated
from the groundmass. The latter consists of a coarse granular
aggregate of the usual silicates, olivine and enstatite, in the majority
of cases considerably rust stained. Irregular grains of nickel-iron
are well distributed through the mass, while a few troilite granules
and small amounts of a black amorphous substance are also pre-
sent. [Enstatite in felted masses of radiated needles, or minutely
crystalline grains, with an occasional inclusion of an olivine granule,
and olivine in the grate or barred variety are the common minerals
of the chondri. One of the latter contains a tabular, porphyritic,
enstatite crystal and a prism of olivine together with smaller
orthorhombic pyroxene individuals. A polysomatic chondrule of
olivine has the borders of each individual marked off by a narrow
opaque zone of greyish inclusions. Fragments of broken chondri
have been seen in the groundmass.

THE KAMSAGAR METEORITE.

The Kamsagar meteorite is roported to have fallen in Kamsagar
village of the Channagiri taluk, Shimoga District, Mysore, about
1 rar on the 12th November 1902. It is stated that a rumbling
noise was heard and that the meteorite was quite hot when picked
up. With these remarks Dr. W. F. Smeeth, State Geologist in Mysore,
forwarded the meteorite to the Geological Survey of India, a gift
from the Government of His Highness the Maharajah of Mysore to
the Calcutta collection. We have to tecord our indebtedness to
Dr. Smeeth and our obligation to His Highness the Maharajah for
this interesting and valuable donation.

The stone is an almost complete individual, of tetrahedral
shape, broken into two pieces. It weighs 1,293 gms., and has

F2
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a specific gravity of 3:526. Resting on the rear face which is the upper-
most one in PL. 16, fig. 2, it measures 9'5 ems. in height, 12 cms. in
breadth and 93 cms. in thickness, approximately. The gencral
appearance of the stone is perfectly indicated by the photographs
and need not be described. The angle of the tetrahedron which
formed the front, and which points downwards in the photographs
is replaced by a flattened face, marked with a few circular or elon-
gated shallow pits. The crust on two of the tetrahedral faces,
seen on the right in Pl 17, figs. 1, 2, is fairly smooth. On the
lateral face scen to the left in Pl. 17, fig. 1, the actual crust sub-
stance is smoother than elsewhere and there are four well-marked
grooves Tunning from the front to the rear of the stone. The crust is
thin and dull black with minute, glossy black blebs. On the rear
face 1t is thickened and rougher and has a more scoriaceous appear-
ance. The usual minute shrinkage cracks are well developed and occa-
sionally the crust assumes a brownish-black tinge, more particularly
at the bottom of the grooves on the lateral face previously mentioned.
The interior of the stone is light ash-grey in colour, with light
chondri, fairly abundant specks of nickel-iron and some troilite.
The latter mineral tends to congregate in patches, a large one of
which 1s visible at the fracture. It is a typical intermediate chon-
drite with the formula Ci. Tt is of a firm texture and takes a good

polish.

Composition and Microstructure.

The stone is composed of the silicates olivine and enstatite,
with small quantities of a monoclinic pyroxene, and perhaps a
little felspar. The other constituents are nickel-iron, tvoilite and
grains of a black, opaque substance which may be of carbonaceous
origin. Sections show that the structure as a whole is much
coarser grained than that of the Kuttippuram fall. The separation
of the chondri from the groundmass is usually evident enough,. but
not by any means as sharp as in the case of the Shupiyan stone.
The chondri are in most cases filled with enstatite (see Pl. 15, fig«2),
in coarse or fine radiated crystal forms; sometimes a filling of
cryptocrystalline grains of the same mineral occurs, or even a
combination of both these structures. Olivine chondri are rarver,
of more irregular outline, and smaller dimensions than the enstatite
ones. They are either granular or ribbed and in the latter case
appear to be built up of alternatine layvers of olivine and glass. In
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the groundmass large porphyritic olivine crystals are common with
pieces of chondri, set in a paste of fine silicate grains. Targe
crystals of enstatite with sharply-defined outlines also occur in the
groundmass. Troilite is easily recognised by its bronzy lustre, and,
though usually separated, it is sometimes in contact with the irre-
gular nickel-iron grains. Staining of the silicates by decomposi-
tion of the nickel-iron is quite common. The black, amorphous sub-
stance is found in minute grains and larger irregular pieces, which
in one instance includes small olivine grains. When in contact the
sulphide sometimes partly envelopes the nickel-iron and thus ap-
pears to be secondary to it. Linear inclusions of the black, amor-
phous body were noticed in one olivine crystal. Minute olivine
orystals are also included in the nickel-iron.

Crust sections show three zones: an outer opaque black layer,
very thin, and generally removed in the preparation of the slide:
an indefinite inner layer, opaque to translucent, containing the
remains of silicate grains; and an inner opaque layer with a few,
small slag-like pores containing silicates. The inner edge of the inner-
most layer, although irregular and crenulated, is sharply separated
from the rest of the stone. TFlattened blebs of nickel-iron occa-
sionally penetrate the crust.

EXPLANATION OF PLATES,

Prares 7-13.—The Kuttippuram meteorite,
Parre U4, Frgures 1-7.—Small fragments of the Kuttippuram meteorite.
Prire 15, Freure 1—Microphotograph of the granular groundmass of the
Kuttippuram meteorite.
IFigure 2.—Microphotograph of chondri in the Kamsagar meteorite,
TFi¢eres 3, 4—DMicrophotographs showing the intricate vein system
of the Kuttippuram meteorite.
Prare 16, Fravre 1.—The Shupiyan meteorite.
F1gure 2.—The Kamsagar meoteorite.
Prare 17, Frevre 1.—The Kamsagar meteorite.
Freure 2.—The Kamsagar meteorite.

» Prare 18.—The Shupiyan meteorite,

Prare 19.—The Shupiyan metcorite.
Prate 20.—Dlap of part of Malabar district, where meteoric stones fell on
April 6th, 1914,
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THE DENTITION OF THE TRAGULID GENUS DORCABUNE
BY Guy E. PILGRIM, D.Sc., F.G.S., Assistant
Superintendent, Geological Survey of India. (With
Plates 21 to 23.) ’

The genus Dorcabune was founded by the present writer! in
1910 for certain upper and lower molars occurring in the Lower
Siwaliks of Chinji, referred to the single species Dorcabune anthra-
colheroides. |

An additional species was added to the genus in 1912 when
I stated® that the mandible (G. S. I. No. B.106) figured by Lydeckker
in Pal. Ind., (10), Vol. II, pt. 5, Pl 24, fig. 1, under the name of
Anthracotherium silistrense Pentland, should rather be considered as a
species of Doreabune more closely allied to the genus Dorcatherium
than the species Dorcabune anthracotheroides.

The description given by me was brief and it is time that a fuller
account of the dentition should be published, especially since much
more material has accumulated, and the place of the genus is no
longer in any doubt, which might in the first instance have been the
case.

The discovery of lower premolars of a species intermediate in
size between D. antlhracotheroides and the one figured by Lydekker
by their structure amply confirms my first opinion that the genus
was related to Dorcatherium. 1 did not however realize until
later how nearly certain forms of the European species Dorcatherium
crassum Milne Edwards, resembled the Indian genus Dorcabune in
regard to their brachyodonty and bunodonty. The existence of the
double fold in the protocone of the upper molars seems, however,
too important a difference from Dorcatherium crassum to permit us
to place these Indian forms in the same genus as the European
species.  Moreover the other species of Dorcatherium and in particular
the Indian species differ markedly by their hypsodonty.

! Pilgrim, Notices of new Mammalian Genera and Species from the Tertiaries of India,
Bee. Geol. Surre. India, XL, p. 8.

* Pilgrim, The Vertebrate Fauna of the Gaj Series in the Bugti Hills and the Punjab,
Pal. Ind., New Series, 1V, Mem, 2, pd7.
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It is possible that this double protoconal fold represents a vestige
of an ancestral protoconule, serving to connect the genus Do;:ca-
therium with the genus Cryplomeryr Schlosser, an affinity which
Schlosser has already suggested.! 1 have elsewhere expressed' -the
opinion that the 5-cusped molar arose from a 4-cusped condition,
but I am now inclined to defer to Osborn’s contrary theory. The
similar protoconal folds of Telmatodon, Hemimeryz and Choeromerys
suggest by comparison  with Brachyodus, Merycops and Hyob'oops a
distinct possibility of a fusion of a former protoconule with the
protocone,

I propose to assign the various specimens referable to the genus
Dorcabune to five distinet species, of which the names and strati-
graphical horizons may be taken as the followmng:—

(1) ‘Dorcabune sindiense, which occurs in moderate abundance
near the base of the Lower Manchhar zone of Sind,
but has not been found at higher horizons. It may,
therefore, be considered as a tortonian species.

(2) Dorcabune anthracotheroides, fairly plentiful in the Chinji
zone, but apparently also present in the Lower Man-
chhar zone of Sind, judging from a fragmentary m,.
It therefore ranges from the tortonian to the sar-
matian.

(3) Dorcabune hyaemoschoides, also fairly plentiful in the Chinji
! zone and thercfore sarmatian in age.

(4) Dorcabune nagrit, apparently clxaracter{stlc of the Nag.m
horizon of the Middle Siwaliks, which may be consi-
dered as lower pontian.

(5) Dorcabune latidens  (Syn. Anl/zmcotbc.rium silistrense
Pentland pars, Lydekker). This species 1s kno“;'n by a
single mandible figured by Lydekker. As its loca_l-

* ity is recorded as Hasnot it scems probable that it
occurred in the Dhok Pathan zone of the Middle

: Siwaliks and may therefore be considered as upper
pontian In age.

! Schlosser, Beitrage zur Kenntaiss der Saugethicrreste aus den Siid  deutschen
Bohnerzen.  Grol. w. Pal. Abhandl. TX (1912), p. 83.



228 Lecords of the Geological Survey of India. [Vou, XLV.
DORCABUNE ANTHRACOTHEROIDES, Pilgrim.

Pr. 21, Fres. 1, 2, 7, 8. PL. 22, Figs. 4, 5.
Rec. Geol. Sure. Ind., x1, p. 68 (1910).

This is the largest of the species of Dorcabune and far exceeds
In size any species of Dorcatherium. The type maxilla containing
the three molars is figured in PL 21 fig. 1, while lower teeth are
figured in Pl 21 figs. 7, 8 and P1. 22 figs. 4, 5. The dimensions of
these teeth are tabulated on pages 235 and 236 along with those of the
other species of Dorcabusie and Dorcatherium.

Upper molars—The most striking feature of these is their
brachyodont and bunodont character, which gives them a different
appearance from most species of Dorcatheriwm and reminds one
rather of an Anthracotheroid such as Zelmatodon. Even in such a
species of Doreatherium as D. crassum, in which the actual height
of the crown is no greater than in Dorcabune, yet a difference is
noticeable in the height of the cusps and the shallowness of the
valleys which separate the main cones. While the inner cones are
truly selenodont the outer ones are quite bunodont and absolutely
conical in shape. The rib on the outer side of the paracone and meta-
cone is so broad and prominent as to occupy almost the whole
space between the styles. This is especially the case with the rib
of the paracone in which the outer surface is in fact entirely rib.
This feature is very much less marked even in the most bunodont
species of Dorcatherium. The parastyle and mesostyle are massive
and isolated. The metastyle is much less pronounced. This pro-
minence of the outer styles is characteristic rather of the Anthra-
cotheroids than of Dorcatherium. At the same time with wear
the mesostyle, instead of showing the loop connecting the para-
cone to the metacone and belonging equally to both of them, clearly
displays its closer union with the metacone, tending to complete
with it the postero-external crescent which characterizes Dorcatherium
and the later ruminants. I am bound to say that the species Dorca-
therium crassum approaches the genus Dorcabune in this particulay.
The most important distinetion between Dorcabune and Dorca-
therium is in the construction of the protocone. This instead of
being a simple crescent is more pyramidal in shape and displays
three equally strong folds, one proceeding forward and outward,
the second backward and outward and a third backward with
a tendency sometimes inward and sometimes outward, This struc-
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ture is identical with that of the upper molars of Zelmatodon, Hemi-
meryz and Gonotelma and, as I have observed above, possibly
represents a vestige of an ancestral protoconule, such as Cryptomeryz,
according to Schlosser, the ancestor of Dorcatherium, possesses.
It remains only to notice the strong cingulum, which runs on the
hinder and front edges of the crown as well as on the inner side,
but which is very much more pronounced round the protocone.
This often rises into a tubercle between the protocone and the
hypocone. The whole surface of the enamel is adorned with a
series of moderately fine branching strie.

Lower molars.—These exhibit almost every essential fold of the
enamel which characterizes the lower molars of Dorcatherium. The
differences between the two genera may be summed up when we
say that Dorcabune is more brachyodont and bunodont than Dorca-
therium. This distinetion, however, tends to vanish in the species
Dorcatherium crasswin.

The following are the main structural features visible in the
various cusps of the lower molars of Dorcabune. The two anterior
cusps are each so folded on their posterior edges as to form two
short ridges, of which the one adjoining the mid line of the tooth
joins its fellow of the other cusp. The ridge on the internal side
of the tooth soon stops short, that on the external side joins the 2nd
external cusp. The anterior arm of the antero-external cusp ends
in o broad shelf parallel to the anterior margin of the tooth.
Of the two hinder cusps the internal one is conical, sending out
only a short process anteriorly in the direction of the mid line
between the two anterior cusps, while the external one is crescentic.
The anterior arm of the crescent joins the external process of the
antero-external cusp; the posterior arm runs inward and completely
encircles the posterior base of the postero-internal cusp.

As far as the present species of Dorcabune goes, it may be noticed
that the fold of enamel which connects the hinder portion of the
antero-external cusp to the postero-external cusp is slightly weaker than
i, any species of Dorcatherium. This equally, however, separates this
species from the other three species of Dorcabune. In Dorcatherium there
is a tendency for the internal portion of the valley between the first
and second lobes of the tooth to be partially blocked by a strong process
which connects the inner (z.e., nearer the centre of the tooth) part of
the antero-internal cusp with the postero-internal cusp. In side view
this process can be seen to. project backward from behind the small
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marginal wing of this cusp. While the inside part of the valley
is thus blocked in Dorcatherium the marginal portion of the valley
is open almost down to the base of the crown. This is less markedly
the case in Dorcatherium crasswm and in Dorcabune is not atall so.
In the present species of Dorcabune the process mentioned above
in fact runs toward the inner branch of the antero-external cusp
rather than towards the postero-internal cusp.

The species Dorcabune anthracotheroides differs both from Dorca-
therium crassum and from the three other species of Dorcabune
by its shorter and broader 3rd lobe to m,. It faces almost entirely
forwards and its internal branch almost rests on the base of the
internal cusp in front of it, leaving space only for the most minute
crenulated tubercle which is slightly extended transversely, but
in any case does not display the elongation which occurs in the case of
the corresponding inner tubercle of all the species of Dorcatherium and
also in the other three species of Dorcabune. In the Indian species
of Dorcatheriwm, D. majus and D. minus, this 3rd lobe of m, faces
almost entirely inwards, and its inner branch is much lower than
its outer Dbranch, while in Dorcabune the two branches are of equal
height. This as well as the other characters of Dorcatheruim majus
mentioned above can be noticed in the mandibular ramus figured
in Pl 23, fig. 2 of the present paper and collected from the Nagri
horizon of the Middle Siwaliks at Nagri in the Salt Range.

There is a strong anterior and posterior cingulum on the two
front molars and an anterior one on the 3rd molar. Median tuber-
cles are also present at the external entrance of the valleys in m; and
m, and smaller ones in the valleys in m,.

Lower premolars.—The only positive knowledge we have of the
lower premolars in this species is afforded by the 3rd lobe of pm,
which is in alveolo in front of m, and m, in the specimen (G. S. L
B. 583) figured in PL 21, fig. 7. This exhibits a sort of crescent facing
inwards and backwards, which seems to agree moderately well with
pm, of Dorcatherium crassum except that the hinder arm of the
crescent does not run so far to the inside of the tooth as in that
species. It is ecqually distinct from the pm, of Dorcabune hyae-
moschoides for the same reason. Dorcatherium majus and minus have
a very much smaller and less massive 3rd lobe, which moreover is
not crescentic. Still more important is the fact that no inner wing
is visible. In Dorcathertum such a wing runs backward from the
guminit and bounds the inner side of a deep elongated cavity, which
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opens on the postero-internal angle of the tooth. It is of course
possible that such a wing exists in Dorcabune anthracotheroides, but it
does not reach the 31d lobe. It is, perhaps, more probable that the
shape of pm in Dorcabune -anthracotheroides is more like that of
pmg in Dorcatherium and in  Dorcabune hyaemoschoides.

We may, perhaps, provisionally assign to this species the fragment
from Chinji, figured in PL 21, fig. 8 (G. S. I. No. B. 588), which is the
front portion of a Tragulid pm, as it seems too broad to have
belonged to any other.

DORCABUNE HYAEMOSCHOIDES n. sp,

Pi. 21, r1¢. 6. Pr. 22, F1c. 23. Pr. 23, Fic. 1.

The type of the present species is the mandible figured in Pl
23 fig. 1 containing the molars and the last two premolars.
The species is decidedly smaller than D. anthracotheroides. In the
respects in which it differs from that species it approximates to
Dorcathervum crassum. The depth of the ramusis proportionate-
ly greater than in Dorcatherium crassum. There is a fairly deep
groove starting beneath pm, and running backward behind the teeth.
Such a groove exists in  Dorcatherium majus and minus and in
Dorcabune latidens, but not in D. nagrii.

Lower molars—The cusps are less bunodont than in D. anthra-
cotheroides. The front arm of the antero-external cusp does not
end in a similar broad flat shelf. The 3rd lobe of m, is narrower,
longer and more pointed. It is also more distant from the 2nd
lobe sinee in addition to the elongated internal tubercle an external
ridge connects it with the 2nd external cusp.

Lower premolars—There is not the same disproportion in
length between pm, and pm, that is the case in Dorcatherium
crasssum, pm, being only slightly inferior to pmg in this respect.

It should however be observed that pm, in Dorcatherium majus
is also longer than in D. crassum.

Pm, is a broad tooth consisting of three lobes of which the middle
ong is the highest and longest and the first and last are nearly equal
in length though the 3rd lobe is probably higher when unworn.
The latter is very massive and is somewhat crescent-shaped, the
crescent facing inwards and forwards, its hinder arm running out
to a level with the internal margin of the tooth, in which respect
1t differs from the corresponding tooth of Dorcabune anthracotheroides.
A small ‘notch separates this arm from a long wing which runs
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backward from the summit of the principal cusp and forms the
inner wall of the tooth. This wing is separated by a deep, elongate
cavity from the crest which connects the principal to the hinder
lobe.  The stoutness of this 3rd lobe constitutes an important difference
from  Dorcatherium.

Pmg is a slightly longer tooth than pm,. It consists of three
lobes, of which the middle one is the highest and longest and the
other two arc equal in height and size. Neither of them is as
stoutly built as in pm,, but this applies especially to the 3rd lobe.
This is crescent shaped, but the hinder arm is much less strong than
m pm,. There is no inner wing on the inner side of the 3rd lobe
as 1s the case in pm  although the commencement of an analogous
structure may be seen as a slight groove on the hinder side of the
prineipal cusp. On the whole the structure of this tooth would
appear to be similar to that of pm in the species D. anthraco-
theroides, so far as we Lknow the latter. The 3rd lobe is however
much stouter in the latter species.

Upper molars.—The upper molars of this species seem hardly
to differ at all from those of Dorcabune anthracotheroides except by
the possession of higher and slenderer cusps and a rather less promi-
nent parastyle. The specimen (G. S. I. No. B. 587) figured in Pl 21,
fig. 6, has a small additional fold on the hinder side of the protocone
in addition to the three main ones characteristic of the genus.

DORCABUNE LATIDENS n. sp.

Prate 22, Fies. 7, 8.

1883, cludlracotheriwm silistrense Pentland purs; Lydckker @ Indian Tertiary and
Post Tertinry Vertebrata, Pal. Ind. [10], vol. 11, pt. 5, p. 151, PL 24, figs. 1, L

10120 Dorcnbune sp.—Pilgrim : The Vertebrate IFauna of the Gaj Series in the Bugli
Hills and the Punjab, Pal Ind., new series, vol. IV, mem, 2, p. 47.

I have referred above to the mandible (G. 8. I. No. B. 106),
on which this species is founded. It remains only to state my
reasons for separating it from the mandible (G. S. I. No. B. 104),
which Lydekker first described under the name. of Anthracotherium
punjabiense, but subsequently veferred to dnthracotherium silis-
trense Pentland. The latter mandible was figured for the first
time by the present writer! in 1912 while a better figure
is now given in PL 22, fiz. 6. That specimen is undoubtedly

1 pilgrim, The Vertebrate Fauna of the Gaj Series in the Bugti Hills and the Punjab,
Pal. Ind., new series, IV, mem. 2, PL. 14, fig, 2, 2a.
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Anthracotheroid and probably belongs to the same species as
Anthracotherium (?) Microbunodon silistrense Pentland. The last lower
molar of ancther mandible (G. S. I. No. B. 596) is shown, double
the natural size in Pl 22 fig. 9. This may also be referred to
the species Anthracotherium Microbunodon(t) silistrense and can
readily be compared with m, of the present species of Dorcabune
which is reficured with a similar magnifieation in Pl. 22, fig. 8.
The following important differences exist between the two mandibles.
The one which I assign to Dorcabune is much deeper and the molars
arc much broader. The antero-external cusp of the molars pos-
sesses on its hinder side the double fold characteristic of Dorca-
therium and Dorcabune, of which the external one runs across the
valley to unite with the anterior branch of the postero-external
cusp. In the other mandible, as in BMicrobunodon, there is no
such double fold on the hinder side of the antero-external cusp,
while the anterior branch of the postero-external cusp sends a
fold of enamel not to the antero-external cusp, but diagonally across
the valley to the antero-internal cusp. Iurther, in the 3rd lobe
of m, in the latter mandible the external branch of the crescent
runs more inward than in the other so that the arms of the crescent
arec more squeezed together; moreover there is no inner tubercle.

In structure it corresponds exactly with Dorcabune lyaemoschoides,
differing from Dorcatheriwin by its bunodonty and brachyodonty,
although the distinction between it and Dorcatherium crassum is not
a great one. It is entitled to specific distinction from D. anthracothe-
roides and D. hyaemoschoides on account of its much smaller size.
The breadth of its molars and the depth of the mandible distin-
guish it from each of the other species of Dorcabune including D.
nagrit, which is of approximately the same size.

The upper molars of this species are unknown.

DORCABUNE NAGRII n. sp.
PL. 21, F1¢. 5. Pr. 22, Fic. 1.

o This species is represented by three mandibles showing the molars,
and an isolated upper molar. The structure of all these specimens
leaves us In no doubt as to its generic identity with Dorcabune
liyaemoschoides. It is hard, indeed, to find any difference between
the two species, except one of size. The cingulum on the upper
molar is, however, very faint and the fold on the inner side of the
protocone is less’ well defined. The cusps of the lower molars are,
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perhaps, rather higher and more slender, approximating to the con-
dition of Dorcatherium crassum.

From D. latidens, with which it agrees in point of size, it can
be distinguished by the smaller breadth of the molars and the in-
ferior depth of the mandible.

DORCABUNE SINDIENSE n, sp.
Pr. 21, rigs. 3, 4.

This species is founded upon two upper molars, two fragmentary
last lower molars and five specimens of front lower molars, which
were obtained during the field season of 1914-15 from near the base of
the Lower Manchhar zone of Sind in the neighbourhood of Bhagothoro
by Bankim Behari Gupta, field collector to the Geological Survey. It
is approximately the same size as the species Dorcabune nagrii, but
differs markedly from the Nagri species by its much lower more
bunocdont cusps, by the stronger development of the parastyle and
by the presence of 2 strong cingulum especially well pronounced on
the protocone. The brachyodonty and bunodonty of the genus is
much greater in this species than in D. anthracotheroides and the
parastyle is stronger than in the latter. In fact the resemblance of
the upper molar figured in PL 21, fig. 3 to an Anthracotheroid such
as Telmatodon is more than fanciful. The lower molars differ hardly
at all in structure from those of the other species of Doreabune.
The anterior arm of the antero-external crescent is, however high,
rather sharp-edged and narrow and encircles the antero-internal
cusp instead of terminating in a low, broad cingulum-like area as is
the case in D. anthracotheroides and the other species of this genus
which have been described above.

The characters of the genus Dorcabune may be summarized as, follows :—

Artiodactyl allied to Dorcatherium, but bearing traces of derivation from a
more primitive type such as Cryplomeryx gaudryi Schlosser ; attaining about

twice the size of the largest known species of Dorcatherium ; dentition more
bunodont and brachyodont than Dorcatherium.

Upper molars ; protocone with a triple fold (? vestigial protoconule), as in
some Anthracotheroids e.g., Telmaiodon, Hemimeryr, outer styles and ribs strohig
and prominent, but mesostyle in wear attached to the metastyle, with a tendency
to form a pustero-external crescent.

Lower molars ; with the double fold on the hinder side of the antero-external
cusp characteristic of Dorcatherium ; process from the hinder side of the antero-
internal cusp not prolonged so as to block the inner eatrance of the median valley
as in Dorcatherium ; 3rd lobe of mg with a inner tubercle, both branches of the
crescent equal in height and facing mostly forwards,

e : onr
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Lower premolars ; pmy 3-lobed ; 3rd lobe massive, crescentic; a .\vclld(.lctﬁncc(i
wing procecding backward from the summit of the 2nd lobe to a \'ary'{ngf is artlh
from the hinder margin of the tooth, and separated by a groove or cavity ron{) d?
crest which connects the 2nd and 3rd lobes.  pms slightly longer tl.lan pn14,03-]o e] ;
3rd lobe much less massive than in pm,; wing not present behind-the 2nd lobe,
only a shallow groove on its hinder face.

Measurements of Dorcatherium and Dorcabune lower teeth.
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Measurements of Dorcatherium and Dorcabune wpper molars.
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t Height J ’
EXPLANATION OF PLATES.
PLATE 21.
Pace.
Fi1e. 1.—Dorcabune anthracotheroides Pilg. left maxilla with m; to mj
1 side view from outside, la surface view, natural size-
From the Lower Siwaliks of Chinji, Salt Range (Geoal.
Surv., Ind., No. B. 580) . . . . . . 228
Fie. 2—Dorcabune anthracotheroides Pilg. last left upper molar,
surface view, natural size.  Trom the Lower Siwaliks of
Chinji, 8alt Range.  (Geol, Surv., Ind., B. 581) . . 228
Fic. 3.—Dorcabune sindiense, n. sp. last left upper molar, 3 surface
view 3a side view from outside natural size. From tho
Lower Manchhar horizon of Bhagothoro, Sind (Geol
Surv., Ind., No. B. 598) . . . . . 234
F16. 4.—Dorcabune sindiense n. sp. a front right lower molar, surface
view, natural size, From the Lower Manchhar horizon of
Bhagothoro, Sind.  (Geol. Survy., Ind., B. 601) 231
Fia. 5.—Dorcabune nagrii n. sp. last right upper molar 5 surface
viow ba side view from outside, natural size. From the
Middle Siwaliks of Nagri, Salt Range. (Geol. Surv., Ind.,
No. B. 590) . . . . . . . . 233
Fra. 6.—Dorcabune hyamoschoides n. sp, last right upper molar surface
view natural size. TFrom the Lower Siwaliks of Chinji,
Salt Range (Geol. Surv., Ind., B. 587) . . . . 231
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Fia.

Fig.

Fia.

Fra.

T'ic.

T1a.

F1c.

T1a.

Fic.
E

F1a.

7.—Dorcabune anthracotheroides Pilg. right mandibular ramus
with m; and m, and the hinder portion of pm, in alveolo
7 side view from outside 7e surface viow, natural size.
(Geol. Surv., Ind., No. B. 583). TFrom the Lower Siwaliks
of Chinji, Salt Range . . . . . . .

8.—Dorcabune anthracotheroides Pilg. (?) front portion of right
pm, surface view natural size . I'rom the Lower Siwaliks
of Chinji, Salt Range. (Geol. Surv., Ind., No. B. 588)

PLATE 22.

1.—Dorcabune nagriz n. sp. left mandibular ramus with m, and
ms, 1 side view from outside, la surface view, natural size.
From the Middle Siwaliks of Nagri, Salt Bange. (Geol
Surv., Ind., No. B. 591) . . . . . .

2.—Dorcabune hyemoschoides n. sp. last right lower molar 2
surface view 2a side view from outside, natural size. From
the Lower Siwaliks of Chinji, Salt Range. (Geol
Surv., Ind., No. B. 586) . . . . . .

3,—Dorcabune hywemoschoides n. sp. 2nd right lower molar surface
view natural size. From the Lower Siwaliks of Chinji,
Salt Range (Geol. Surv., Ind., No. 589) . . . .

4.—Dorcabune anthracotheroides Pilg. last left lower molar 4
surfaco view d4e side view from outside, natural size.
Trom the Lower Siwaliks of Chinji, Salt Range. (Geol.
Surv., Ind., No. B. 582). . . . . . .

5.—Dorcabune anthracotheroides Pilg. 2nd left lower molar,
surface view, natural size. From the Lower Siwaliks of
Chinji, Salt Range. (Geol. Surv., Ind., No. B. 584) .

G.—Anthracotherium (? Micrebunodon) silistrense Pentland right
mandibular ramus with m, and mj surface view, natural
size. From the Middle Siwaliks of the Punjab. (Geol.
Surv., Ind., No. B. 104) . . . . . .

7.—Dorcabune latidens n. sp. (?) left mandibular ramus with
m, and m, surface view natural size. From the Middle
Siwaliks of the Punjab. (Geol. Surv., Ind., No. B. 106a)

8.—Dorcabune latidens n. sp. last right lower molar from the
type ramus with m,—m; surface view x2. From the
Middle Siwaliks of Hasnot, Punjab. (Geol. Surv., Ind.,
B. 106). . . . . . . . . .
9.—Anthracotherivm (7 Microbunodon) silisirense Pentland last
right lower molar from a ramus with m,—m, surface
viewx 2. Trom the Lower Siwaliks of Chinji, Salt Range.
(Geol. Surv., Ind., No. B. 596) . . . . .
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PLATE 23.

Fio. 1.—Dorcabune lhyawmoschoides n. sp. right mandibular ramus
with m to pm 1 surface view la side view from ontside
natural size. Trom the Lower Siwaliks of Chinji, Salt
Range.  (Geol. Surv., Ind., No. B. 585).

e, 2.—Dorcatherium majus Lydekker left mandibular ramus with
ny; to pm; only the roots of pm, present 2 side view from
outside, 2a surface view, natural size. From the Middle
Siwaliks of Nagri, Salt Range. (Geol. Surv., Ind., No.
B. 593).

Pacr.
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ON HEMATITE CRYSTALS OF CORUNDIFORM HABIT FROM
KAJLIDONGRI, CENTRAL INDIA. By L. LEIGH FERMOR,
D.Sc., A.RS.M., F.GS., Superintendent, Geological
Survey of India. (With Plate 24.)

The crystals that form the subject of this note were collected
by me at the Kajlidongri manganese-ore quarry ecarly in 1903.
They were found in an excavation near cross-cut No. 1 (see Plate
19, Mem. Geol. Surv. Ind. Vol. XXXVII) as a small patch in a
quartz vein at its junetion with the manganese-ore penetrated
by the vein. Except at this one spot the quartz vein carried crystals
of hollandite.

The crystals were investigated ecrystallographically in Calcutta
and found to belong to the hematite group of minerdls. The total
amount of material in my possession was very small, but one crys-
tal was sacrificed and examined by the ordinary methods of quali-
tative chemical analysis, iron being the only eclement detected.
From this it was concluded that the mineral must be hematite
In spite of its unusual crystallographic habit.

In 1914, when at Cambridge on Study Leave from India, I
took the opportunity to resume my examination of this material;
and at this point I must take the opportunity to express my indebt-
cdness to Prof. W. J. Lewis for the facilities granted me of work-
ing in the Mineralogical Laboratary, and to Dr. A. Hutchinson
for kind help given me in the study both of these hematite crystals
and of the hollandite crystals to be discussed in another
paper.

» The material available consists of (1) a specimen about 3- cm.
square showing about 10 ecrystals of hematite, which range up to
3% mm. diameter on the basal plane and 5 cm. in iengh, and rest
In association with quartz on very fine-grained inanganese-
ore, consisting of psilomelane with a little admixed finely crys-
talline braunite; (2) a small piece measwing 14 mm. x 8 mm.
and showing about a dozen hematite crystals ranging from 1 to

G2
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3 mm. across the basal plane; and (3) some half a dozen loose
crystals broken off the foregoing specimen for purposes of measure-
ment.! The whole of this material is registered in the collections
of the Geological Survey of India as J. 956.

As will be seen from the sequel, these crystals show a series
of steep hexagonal pyramids truncated by the basal plane, with a few
minute bevelling rhombohedral faces, and a narrow equatorial zone of
prism faces of the same order as the pyramids. The ecrystals are
mplanted and, therefore, only singly terminated, with one single
exception, where the crystal is lying on its side on the surface of
specimen No. 1. The lustre of many of the crystals is splendent,
particularly on the basal plane and the faces of the chief pyramid
z (614): consequently, in spite of a network of fine lines due to
lamellar twinning parallel to the fundamental rhombohedron, these
crystals have afforded excellent images, giving data suitable for
the calculation of the value of the axial ratio.

The goniometric measurements are summarised in the two
following tables, the first giving the data
relative to the zone (ca) or [121], which
may be termed the bipyramid zone, and
the second the data vrelative to the rhombohedral zomes c¢r or
[011] and (en) or {110]. In the bipyramid zone the principle forms
present are the basal plane ¢ (111) and the bipyramid of the second
order z (61+4). In addition there is a succession of bipyramids of the
sccond order represented by a series of narrow faces and parallel
striations. Amongst these the form = (715) 1s at times well developed,
whilst the forms X (513), (20-1-27) and (51-1-10), are almost certainly
present: the two last are new forms to which the letters S and
[ have been assigned. In addition there are numerous other linear
reflecting  bipyramid faces, giving images that are usually very
faint and blurred, rendering the readings uncertain, and making
it difficult to decide to which of two possible forms a given
reading should be referred. Consequently, although it is almgst
certain that some of these additional forms really exist on
the crystals studied, yet each of them must be regarded as
doubtful. :

The forms identified,

L These are refer red to ws erystals Nos. 1 to 6 in this paper, and a erystal measured
on specimen (2) is No. 7,

e
[
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TasLe 1.

List of faces in the bipyramid zone ca.

Bazal plane

Hexagonal bipyranids of
the second order

Hexagonal prism of second
order

I
! \ Angle with cor 111.
I
;
i Symbol Symbol - I
Letter | referred to referred to MEASULED, i
" symbol. rhombohedrall hexagomal ‘
R axes. .
| axe ‘ Number i CALCULATED
] Iof Range. Mean.
! readings |
R _ i ) [
' . 4 \
i c (111) {0001) L —_ — 1 00’ ] Present.
| ) o [ i
- — | ]
| X (513 (1483 | 3 TI49—T75°8" | 747587 ! 74°28" | Present,
* | ;
| - - !
I arzd (G362 | 1 76°2° 76°2° | 76°8' | Uncertain
z GH) @10y |17 TTI—TTEAY | 7728 77280 | Present
| ! ;
"‘ ; 8 77°16°—77°55" | 77°367 | 77°28" | Below equator
| |
\ (13-29) (11132:6) i 1 78°17'—78°45 | 78°30° | 78°34’ | Uncertain: new
! _ o
Pz (715) (2241) \ 20 T9°7T—80°3" 79°36" | 79°30’ | Present.
| !
“ “ (15'2'1—) (13'13'2_6'6) | 3 80°21'—80°35’ 80°29" 80°18’ | Uncertain : new
| | | ‘
I H — — :
LY (816) @73 |5 80°47°—81°0" | 80°58" | 80°5% do.
E [ ! :’
' Loares) B3 | 1| 81°31° s1°31° | 8103 | do. new
‘ . = 1
|k (017) | (8816-3) 2 82°4°—g2°23’ | 82°1¢ | 82°53" do.
( a119) | £10:10:20' 3} 2 83°19—83°30° | 83207 | 83°30 do. new
| i l
foz1lny | (qr1res) 1 ) 84°25 84°25" | 84°14’ do. new
[
[ ; l‘ |
@181°16) | (17'17-34'3) 3 86°17'—86°22’ | 86°19’ | 86°16° do. new
| |
Py s (20°1°27) : (28:28°56-3) 7 } 87°18"—83°9’ 87°40° 87°43” | Prescnt @ new
| | | -
I 5114 }('050-1’0—0-3) 5| 88°0'—88°18' | €8°M4 | B84 do. new
t i i -
. e i ! I I
I a ‘ (101) t (1120) 12 89°37'—00°36° | 90°2 90°0° do.
| |
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TABLE 2.
List of forms in the rhombohedral zones cr and cx,.
i i Angle with ¢ or 111,
\ Symbol ! Symbol !
Letter | feferred to o referred to MEASURED.
: ::‘\'mbul tthombohedral’  hexagonal. I
LR axes. : axes. . | ! CALCULATED.
| , INumber ! j
1\ ’ ! o Range. | Mean
i ‘rc:\din"s ‘ I
, e e
Basal planc | ¢ (111 | ooy P — — ‘ — ‘ 0°0" ! Present,
| : | ! } |
e [ == SO \ — _
Rhomboliedra :— ! _ i !
Direet | r [ oy ! aoiy 3| aT20—beces| 5765 | 57187 Present.
- ! |
Toverse| i (o1 oin | oz SB50'—30744" | 68°1T 57187 do.
Do I aries) | $0TBy |1 25033 L3 23°36° ¢ Uneertain : new
1 . . i i
Do, i U ,‘ (25°2813) ! (5> 0r5°23) } 8 18“15’—]8“52’j 18°37° | 18°43° [ Present: new
Do T (25735°13) | (30321 ’ 1| 16718 | 16718 | 16752 | Uneertain : new.
Du. | @2l | arertey | I 15%6* I 1sser 149 do. new
Do. 4 GO {(1016) L 1 ’ 145367 j 136" 14| do, new
Do, | | (B5-3d-20) 301386 | 1 13°29° |20 asrs do, new
\ - ‘ H | i
bo. | (883) | (1017) 1 12ear R 12| do.
Do. | (32) | (1018) 1 10°42 [i 10°42° ¢ 117 do.

The prism of the sccond order « (1061) is represented by one of
these narrow faces, and separates the pyramid faces above the
equatorial section of a crystal from those below, where develop-
ed. In the table No. 1 on page 241, the readings for pyramid faces
below the equator have been grouped with those above, except in the
case of the form z (G1+), where the two sets of readings have been
scparately averaged. In the equatorial zone of these hematlte Crys-
tals there is often an oscillation of forms causing re-entrant angles,
and the resultant repetition of the same form he]pq to blurr the
goniometric reflections.

Indications were obtained of the presence of no less than 11
thombohedra, amongst which are both the direct and inverse
forms of the fundamental rhombohedron, very  minutely deve-
loped when present and consequently giving very poor reflections.
The sorting of these readings between thc duect and inverse forms
r (100) and % (227) s, of course, a matter of convention. The
presence of twinning lamellae parallel to the fundamental rhom-
bohedron has already been mentioned : it was decided to regard
these as parallel to the direct form, this convention converting

Part 3.] Feryor: Hematite Crystals of Corundiform Habit. 243

all the other rhombohedra present into inverse forms, of which one
is conspicuously developed on several of the crystals. The faces
of this form are dull and striated as shown in Plate 24, fig. 2, but
there is little doubt that they represent a new form (28.28.13) o

(5.0.5.28), to which the letter U may be assigned. The other, very
uncertain, rhombohedra mostly lie between the above form and
the basal plane and are apparently the cause of the striation of U.

Plate 24, fig. 1, is a stereogram of the Kajlidongri hematite, in
which are inserted all the forms the presence of which is fainly
certain. The most important of these are shown in figure 2
illustrating the habit of the mineral.

As has already been mentioned the faces of these crystals are
traversed by fine striations, which, as seen
on any face of the form z, consist of three
parallel series ; study with a lens shows that
the three series are parallel to the three faces of one of the
fundamental rhombohedra, which is taken as the direct form » (100).
This observation was confirmed by calculating the angles made by
the traces of each of the faces 100, 010, and 001, on the face 031,
with the edge between 641 and 111, and comparing the calculated
with the measured values. The measurement was effected by
supporting a crystal with wax on a glass slide on the stage of
a rotating-stage microscope. The horizontality of the face to be
observed was judged by eye and the angles measured by means of
the ordinary cross-wires of the microscope. The measurements,
though somewhat rough, were sufficiently accurate to confirm the
conclision that the striae are due to twinning parallel to the
fundamental rhombohedron, as may be judged from the following
statement :—

Twin lamellae,

Angle with cdge between 61 and 111,

e
Striations on 611, { MEASURED.
l Calculated
; values.
™ ‘ Number of 1
readings. } Range. : Mean.
, I I
arallel to » {100) - 7 i 47°12°—350°24" | 48°597 48°44”
do. 7 (010) . 7 31023 —32°1¢ 3128/ 31°32/
do. " (001) . 6 57°58'—59°30” 58°247 37°551

| [ ‘

The measurements were carried out on crystals Nos. 1 and 2.
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The faces of the form z (G14) often show a few striae parallel
to the edge between 614 and 111. Whether these are du(.a to an
oscillatory combination with other forms in the bipyramid zone
or are due to parting parallel to ¢ is unknown.

The faces of both the chief forms ¢ and = have given many
fine images, and consequently the angle cz has bgen selected for
use in the computation of the axial ratios of the mineral.

On the 7 crystals measured 21 readings of the angle cx were

obtained above the equator. Of these

The axial ratio of hematite. (o rejected ; the remaining 17 were :—

Crystal No. 1 77°20%, 21/
., No. 2 713, 207, 307
» No. 3 7701V, 35, 397
, No. 4 77°407, 3017, 317
. Xo.s 77024,
No. 6 77°35Y, 31
No. 7 1700, 1YL 3

These give a mean of 77°28". If only 7 Of.. these readings,
namely 77°30’, 301", 31", 31", 29/, 3117, 327, be utilised, the average
becomes 77°31".

Considering the brilliance of some of .these cryst»a'ls and .t«he
fine images in mauy cases, the differences in the foregoing rea(%mgs
are surprisingly large. Of these readings 77°20%" and 77°21" on
crystal No. 1, and 77°303" and 77°31" on crysta} No. 4, are very
good values indeed; and it appears, unlikely as it may seem, that
there is a distinet difference between these two cryst_als. . The average
figure 77°28' has consequently been adopted. This gives a value

for the ratio @: ¢ of 1: 1-3495, and for the fundamental angle cr

of 57°18” 26".21 As a check on the angle 77°28” we have the measured
values of zz', which are 58°40", 24’, 267, 397, 267, 11/, 317, 31, 27, 47, ‘18',
3’ with a mean valne of 58°27. Of the above, the four best readings
W;,re 58°247, 25/, 31/, 31’, with a mean value of 58°28".2 The
value of zz’ calculated from cx =77°28" is 58°26.

It will be interesting to compare this value for ‘the axial rati§
of the Kajlidongri hematite with the corresponding figures for

- ings s ' v, 77°20%, gives

1 The an of the two fine readings on crystal 1\9. 1, namely, 7 , gives

the \3110 !?%362, whilst the mean of Dthe two ﬁl}e readings on crystal No. 4, namely
=759037 sives a value of 1:3546, for the vertical axis. | o

“ %Off t%\li‘s(were the true va]u’e then the value of ¢ would be 1:3664, which is close

to Melezer's value {see page 245).
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hematite from other localities; and for this purpose we cannot
do better than consult G. Melczer’s paper ¢ Ueber die Symmetrie
und das Axenverhiltniss des Himatit .2

He first compares the -results of previous investigators, showing
that their results do not agree, the best previous values heing :—

According to Kokscharow 1 : 1.36520:0005.

Do. Vater 1 @ 136421 0°0015ca.
~ Do. . Schweitzer 1 : 1.3605
Do. Miller 1 : 1.3594

In view of this disagreement Melezer secured hematite crystals
from several well-known localities and determined their axial
ratios. He summarises the results as follows (Le., p. 599):—

Locality. a. c. Observer.
Framont, Alsace 1 1.3608 Schweitzer and Melezer
- Altenberg, Saxony 1 : 13619 Melezer
Artificial crystals 1 13642 Vater
Dogndeska, Hungary 1 : 13651 Melezer
Elba 1 : 1.3652 do.
Cavradi, Switzerland 1 : 1.3652 do.
Vesuvius 1 : 13632 Kokscharow
Do. 1 : L3654 Melezer
Do. 1 : 13656 do.
Hargita, Transylvania 1 : 1.3655 do.
Tavetseh, Switzerland 1 :  1.3693 do.

From the almost identical values obtained for the hematites
from the five localities, Dognéceska, Elba, Cavradi, Vesuvius, and
Heargita, Melezer deduces the mean value of the axial ratio to be
1:1-3654+00002, and on the basis of analytical data relative to
the hematite from Elba and Hargita he deduces that the fore-
going figure is the axial ratio for pure hematite. It seems neces-
sary to suppose, therefore, that the hematites with different axial
ratios, such as those of Framont, Altenberg, and Tavetsch, must
contain an appreciable amount of enclosed impurity. Unfortunate-
ly, enough material was not available to allow this point to be
tested satisfactorily.

¥ the axial ratio of the Kajlidongri hematite be compared with
those in the foregoing list it will be seen that it is considerably lower
than any of those recorded by Melczer. It must, therefore, he
assumed that the Kajlidongri crystals contain some impurity,
which, considering their mode of occurrence, may well be an oxide

Y Zeitsch. Kryst., XXXVII, pp. 580—602, (1903).
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of manganese in solid solution. But, again, it would be difficult
to confirm this point, firstly because of the small amount of material
in existence, and secondly because, if some of the crystals were
sacrificed for this purpose, it would be impossible to be sure that
the material was free from mechanically enclosed manganese
minerals.

Although none of the values of @ : ¢ listed above is very close
to the Kajlidongri value, it is interesting to notice that the mean
(57°191") of the values of the angle ¢r (ranging from 56°42" to 57°52)
recorded by Biicking for 6 types of hematite from the Binnenthal
is close to the value caloulated for Kajlidongri (57°181")L

A comparison of figure 2 of Plate 24 with the figures of hematite
given in text-books (e.y. Dana) shows at
Comparison with French gnece that we have to deal with hematite
hematites of corundiform . ,
habit, of unusual habit: and in fact a search
in likely places has not led to the dis-
covery of any figure of this mineral showing the form = (614), which
is the dominant form in the Kajlidongri cystals. The nearest
habits figured are two given by Prof. Lacroix in his ° Minéralogie
de la France et de ses Colonies’. Fig. 29 on page 273 of Vol
IIT shows a hematite ecrystal from Blattenberg near Sainte-Marie
aux-Mines in France, the principal form present being the less
steep - bipyramid of the second order n (3171), a form not detected
on the Kajlidongri crystals. Fig. 19 on page 266 of the same volume,
representing a crystal of hematite from Pouzac in the depart-
ment of Hautes-Pyrénées, is very similar in general aspect to the
Indian crystals; but, in place of the form z (611) so characteris-
tic of the Indian crystals the principal form in the mineral from
Pouzac is z (715), which is a subordinate form on the Kajlidongri
hematite, whilst z is absent. The Pouzac hematite also shows
the prism ¢ (101), the basal plane ¢ (111), and the direct and
inverse rhombohedra r (100) and » (221), all present in the Indian
crystals, and in addition thin bevelling faces of the form = (311,)
absent from the Kajlidongri mineral. The resemblance between 'the
hematites of Pouzac and Kajlidongri is so striking because the
forms z and z are very close to one another, making angles of 77°28'
and 79°30" respectively with ¢. The resemblance of the hema-
tite crystals from both tuese localities to a common form of

1 Zeitsch. Kryst., I, pp. 565-574, (1877), and II, p. 421, (1878).
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~corundum is evident at once, and the likeness is heightened in the

Indian case by the presence of twin lamellae parallel to r, and of
the horizontal striae, not shown in my figure, which may represent
parting planes parallel to ¢. Lacroix compares the Pouzac hematite
with corundum from Haute Loire.

In spite, however, of this striking resemblance of the
Kajlidongri hematite to corundum, it is interesting to notice that its
principal and most characteristic form ® (611) has not yet been
satisfactorily identified on corundum ecrystals.
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ERRATA.

PaGe 76, niNe 29, for quadrata read quadrata,

» 1T, 18, place R. furcillata Dav. series opposite Furci-
rhynchia.

» 17T, 1,2 from bottom, for Capilalee read Capillater.

n 18 » 28, for spheeroidothyr vead spharoidothyris.

» 18, 31, for Plectothyri read *Plectothyris,

» 18, 32 for Plectoidothyr read Plectoidothyris.
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GEOLOGY OF THE COUNTRY NEAR NGAHLAINGDWIN,
MixsBu DistTrICT, BUiRMmA. By DR. CESARE PORRO
(WITH GEOLOGICAL MAP BY C. PORRO AND R. LEWER
Jormerly Geologists to the  British Burina Petroleum
Co.,) AND WITH FOOTNOTES AND APPENDIX BY G.
DE P. COTTER, Guological Survey of India).  With
Plates 25 and 26.

INTRODUCTION,

F'JYHIS paper is accompanied by a map and sections showing the
sequence of strata, and the structure. The various subdivi-
sions, which will afterwards be correlated with the lorizons of
other mapped areas of Burma, are as follows in ascending order :—

Subdivision 1. Massive sandstones of the Nwama Taung.

Subdivision 2. Lignite-bearing shales, with sandstones.

Subdivision 3. Alternations of saudstones and shales with beds
containing foraminiferz.

Subdivision 4. Sandstones and shales.

Subdivision 5. Massive sandstones with interstratified shales,
forming the foothills of the Nwama Taung.

Subdivision 6. Kinmungyon shales, probably equivalent to the
Lepidocycling theobaldi clays in south Minbu, which (&
deP. Cotter * regards as the equivalents of the Sitsayan
shales of Theobald.

»

! Tam indebted to the British Burma Petroleum Co,, Ld., for permission to publish
this paper.—EopiTon,

2 See G. deP. Cotter, the Pegu-Eocene Suceession in the Minbn district near Ngape,
Ree. Geol, Sur. Ind., XLI, p. 232 Theobald, Mem. Geol. Sur, Ind., X.

B
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Subdivision 7. Upper alternations of sandstone and shale. Only
the lower part of this subdivision is shown on the map.
It consists from base upwards of (1) a zone of sandstones,
(2) shale, (3) sandstones and conglomerates with shales,
(4) a thick series of sandstone and shale, which is overlain
by the basal conglomerates of the Irrawaddi series.

Stratigraphically the area may be divided into :—
(@) The Nwama Taung monocline.
(b) The median syncline.
(¢c) The Ngahlaingdwin anticline.
Fossils were collected only from subdivision 3.2
The topographical map published by the Survey of India being
of too small a scale (1 inch=1 mile) for our purpose, the chief lines,
such as roads and streams were surveyed with a plane table by
our eassistant Mr. Rosario, while the remaining details were filled in
by Mr. R. Lewer and myself by means of pacing and pocket-com-
pass.®  Our measurements, after due checking, proved to be suffi-

ciently approximate.
(a) THE NWAMA TAUNG MONOCLINE.

1. Watershed.

The main ridge of the Nwama Taung extends in a straight line
from south south-east to north north-west, and rises about 1,200 ft.
from the surrounding country. Ifis built of massive sandstones (sub-
division 1) of grey colour, and of a uniformly medium grain struc-
ture. Beds of hard rock with a thickness of from 1 yard upwards,
are more prevalent than thinner strata, while shale and marl was
The character and dip of the rocks determine the sur-

not seen,
Only this massive sandstone outcrops on the main

face relief.

1 Dr. €. Porro’s seven sub-divisions of the Tertiaries near Ngahlaingdwin can now
e correlated, (thanks to the work of my late colleague H. S. Bion) with the sub-divisions
adopted by the Geological Survey for the Burma Tertiaries clsewhere.  Thus his sub-
division 1 is the Pondaung sandstone stage (see Ree, Geol, Sur. Ind., XLIV, p. 164),
his 2 and 3 taken together constitute the Yaw stage (Ree. Geol. Sur. Ind., XLIV,
£p. 52 and 164), his 4 and 5 are the Shwezetaw sandstones (Ree. Geol. Sur. Ind.,
XLIV, p. 164), his 6 is the Padaung Clay (Ree, Geol. Sur. Ind., XL1V, p. 164), aad
his 7 is equivalent to the Pegu stage, using this latter term in a restricted sense (sve
Ree. Geol. Sur. Ind., vol. XLIV, p. 164), while if the term Pegu be used in the broad
sense defined by E. H, Pascoe (IMem. Geol. Sur, Ind., XL, p. 14) or by myselfin a
previous paper (Ree. Geol. Sur, Ind., XLI, p. 221), it would include both the Padaung
Clays and the Shwezetaw sandstones, G. deP. C.

® Nore.—This horizon is characterised by Nwmmuliles yawensis and Orthophragmina
sella (Ree, Geol. Sur. Ind., XLIV, p. 81). G.de P. (. )
# The mayp, which was originally drawn to a scale of 87 == 1 mile, has been reduced

for reproduction to a scale of 27 = 1 mile —EbnrToR,
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ridge, the strike coincides with the direction of the range, that is, it
runs to about north 25° west and dips to east 25° north at an angle
of from 50° to 80°. On the precipitous western scarp, the sand-
stone beds are well exposed, east of the ridge the ground is less
steep, and one sees numerous subsidiary ridges capped with sand-
stone rising parallel with the crest.

2, Section E.—E. (Plate 25) from west to east through Kinmungyon
village.

This section commences a short distance north of the trigono-
metrical point 1950. and on the eastern slope of the Nwama Taung
passes through the sandstopes of subdivision 1, in which large pieces
of fossil wood, similar to that so frequently seen in the Irrawaddy
series, were found. '

The dip is steep to vertical in an easterly direction. A tributary
of the Kinmungyon Chaung! shows in this area the frequent water-
falls that characterise this subdivision. Some springs which have
incrusted the sandstones with travertine were here observed.

This tributary, after passing over a bed of massive sandstone,
commences to traverse the low-lying ground underlain by sub-
division 2, which is mainly shale. The shales break with a con-
choidal fracture and are either not visibly stratified, or else, more
frequently, thin-bedded, with very thin intercalations of sandy shale ;
the colour is dark to light bluish grey.

Lignite layers from 1 to 3 feet in thickness characterise this
subdivision.  The lignite is a bright black and Dbreaks into small
pieces ; sometimes it contains intercalations of clay partings, and
changes laterally and gradually into shale. Such shales are for
many yards of a dark colour and highly ecarbonaceous. Outcrops
of lignite beds are marked in our sections in black.

Intercalations of siliceous limestone are also frequent in the
shales; they are from 1 to 2 feet thick and project with sharply

defined contours from the soft shale; the colour at the surface is
vellowish red, but in the interior is dark blue.

The sandstones which are occasionally interbedded with shale in
subdivision 2 do not materially differ from those of sub-division 1.
They occasionally show lenticles of lignite, a few inches in thickness.
Sandstones are never thick in subdivision 2. The dip in this area
is at about T0° to east-north-east.

! Chaung, stream.,

B2
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Subdivision 2 contains oil. In the above-mentioned stream
section, an oil seepage was found about 150 feet above the highest
lignite layer. The oil issues from a bed of sandstone of medium

grain. There is no sign of bituminous matter in the rock. The"

oil is seen in an iridescent film lying on the surface of a pool of
water. The smell is distinct. The seepage was previously un-
known to the Burmans. The dip is about 50° to east 25° north.

In a small tributary stream, we found another oil seepage at a
distance of about 600 feet and in a direction north 20° west from the
former. Here is a small pool with thick iridescent films between
two beds of sandstones dipping steeply to east 25° north. One of
these is dry, while the other shows numerous irregular veins of
blackened sand and bituminous mnatter. ,

This oil-bearing sandstone is on the same level as the former
seepage, but if the strike were continued, it should be about 20 feet
higher in the sequence.

Efflorescent salt is also seen in the oil horizon. It is also found
in the upper part of subdivision 1, in which (as we shall afterwards
see) the earliest oil indications occur.

950 feet below the oil seepage, the chaung enters subdivision 3.
This consists of shale and sandstone in repeated layers. The
shale resembles those of the underlying subdivision.  The sand-
stones are characteristic through their red colour, their weathered
surfaces, and the abundance of foraminifera, corals and molluscs.
Small nummulites and orthophragmine were found.

The chaung now passes through sub-division 4. This is also a
succession of shale and sandstone. with some hard siliceous layers.
Here also the ground is low-lying. Subdivision 5, composed of
massive sandstones, forms a prominent ridge of foot-hills; this ridge
is continuous for longer distances than is indicated in the topo-
graphical. map (sheet 84 TL.-6 Burma Surveys). In reality only
large chaungs such as the Kinmungyon and Kywe-u chaungs break
through this chain. Here are exposed massive sandstones coated
with efflorescent salt.  They occasionally contain fossil woqd.
There is a shale band 20 feet thick in their middle.  The total
thickness may be about 1,000 feet. Above this a flat belt of country
about 400 feet wide is probably underlain by shale. Above this
comes another sequence of massive sandstones about 750 feet thick,
through which the Kinmungyon Chaung forms a gorge, whence
it emerges into the open country around Kinmungyon village, which
is underlain by the so-called Sitsayan Shales of subdivision 6,
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3. Section N.—N. from west to east, as far as Kywe-u village.

This is also a good section ; subdivision 3 is highly fossiliferous
here.  Subdivision 1 shows the same features as in the preceding
section. In subdivision 2 the intercalated sandstones are moroe
p‘re.vz.tlent resulting in increased height of the foot-hills. Sub-
d1v1519n 4 is badly exposed. In -subdivision 5 the sandstones
C(.)ntgm more intercalated shale; hence they do not form the typical
hill-ridges seen in the former section. The angle of dip has be-
come more gentle; it is 50° at the watershed and diminishes to
34")". 'in subdivision 5. Kywe-u is built upon the shales of sub-
division 6 as is the case with Kinmungyon village; in either case
the open plain is formed by the underlying shales.

4. Section M.—M. from west to east (southern part of map).

Subdivision 1 was visited, but lies outside the limits of our
map. It presents the usual features. Above the lignites of sub-
‘dl.VlSiOIX 2 was found an oil seepage. forming a water-pool with an
iridescent film of floating oil. Proceeding eastward down stream
subdivision 3 is seen to contain fossiliferous beds, especially sand-
tone filled with coral, but owing to the short time at our disposal,
we could not make a search for foraminifera.

‘Bclow this, the stream traverses sandstones and shale which we
assign to subdivisions 4 and 5, after which the open country is
reached.

(b) THE MEDIAN SYNCLINE.

1. Section E.—E.—continued.

The plain of Kinmungyon, although not much more than 1,500
feet in width, extends several miles in a south-south-east—north-north-
west direction. At Kinmungyon village, the exposures of sub-
division 6 show merely bluc grey shale and marl without evident
stratification, and breaking with conchoidal fracture. But occa-
sionally some thin intercalations of sand occur; these show a dip
8f about 40° to east-north-cast.

The total thickness is over 1,000 feet. TFrom the stratigra-
phical position of this subdivision with respect to subdivision 3
J believe it to correspend to the Lepidocyclina theobalds shales of’
G. deP. Cotter (see ante). This subdivision continues without laterai
change throughout the entire area examined, forming flat or low-
hilled, country, which contrasts with the sandstone slopes on bhoth
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sides. The valley formed by the shales runs from Kinmungyon to
Kywe-u between the foot-hills of the Nwama Taung and the ridge
formed by the sandstones forming the base of subdivision 7.
Kinmungyon pagoda lies upon these sandstones, which there dip
at 35° to east-north-east.

To the sandstones of the base of subdivision 7 succeeds a very
continuous band of shales, then sandstones again containing layers
with cherty red pebbles and with white quarry pebbles, passing
into red conglomerates. These layers are about 500 feet from the
base of subdivision 7.

At the junction of the Kinmungyon and Thayu streams, the dip
has diminished to about 5°.

Proceeding up the Thayu stream from the junction, the eastern
limb of the syncline is exposed and about 750 feet distance from
the junction, dips of 45° to 50° are seen in massive sandstone.

In order to continue the section, the exposures in the stream
which runs from the oil wells westward to the Thayu stream may
now be described.

Proceeding up this tributary from its confluence with the Thayu,
one sees the sandstoves of subdivision 7, dipping westwards at
angles of from 40° to 50°. Further east the shales of subdivision
6 are found.

The correspondence on both sides of the syncline is complete,
except that I have not found thé conglomerates of subdivision 7
in the eastern limb, There is supposed to be an indication of
oil in this stream from the sandstones of the base of subdivision 7
exposed on the eastern limb of the syncline, but we did not find
clear indications. ’

2. Along the synclinal cxis.

South of its junction with the Kinmungyon stream, the Thayu
stream flows for two miles along the syncline, repeatedly crossing
and recrossing the axis. The correspondence of both sides is
distinet. The bend is very sharp, so that in the space of about
2 yards the almost flat strata acquire a dip of about 43° The
strata are here in thin beds; on the east one observes a remarkable
reduction in thickness, due to squeezing and slickensiding ; real

~faulting does not exist.

For three quarters of a mile south of the junction, we have
not seen the strike lines converging on either side of the synclinal
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axis ; therefore we suppose the axis to be horizontal. But further
south convergence is noticeable, As the measurements are far
f{‘om being geometrically exact, we cannot say how much the axis
Iises, although we know it to be rising. North of the section
L.-L.3 on the east-west bend of the stream, the sequence from the
synclinal a:x:is eastwards to the base of subdivision 7 is very clear.
On comparing this section with that described above (page 253),
we conclude that the axis rises about 500 feet between the two
points.

This figure, however, is approximate, since the strata, being
squgezed by pressure, do not show the true thickness. In this
SQthOﬂ,' where the Thayu stream runs east-west, on both sides of
.the axis sandstones with reddish yellow cherty pebbles, passing
nto red conglomerate similar to that meniioned above, can be
observed.  Similar conglomerates were found in the lower part of
the Thayu Chaung east of Ngahlaingdwin, beyond the limits of
zrﬁ‘ map. These horizons approximately correspond with one an-

er.

Further south, the country south-south-east of the Thayu Chaung
has not been sufficiently explored, but we have observed that at
least as far as our section M.—M. the synclinal axis continues to rise
steadily.

(c) THE NGAHLAINGDWIN ANTICLINE.

The map and sections clearly show the rise of the anticline
to the north, the convergence of each geological subdivision to
tl.le south, and its division northwards into two outcrops flanking
e1the1: side of the anticline. It will therefore be convenient to
describe each subdivision, beginning with the newest, and starting
from the southern part of the map.

Subdivision 7 (The sandstones overlying the Kinmungyon shales).—
SOl}fh of the section M.—M., these sandstones are folded in an arch
which forms the southern end of the Ngahlaingdwin anticline, the’
crest of which sinks to the south at an angle of about 10°.  The
sindstones slope gradually southwards under a covering of shale,
b}lt. to the north the emergence of the Kinmungyon shales (sub-
dlesxon. 6) from beneath them gives rise to an abrupt scarp. From
th1.s point it is easy to follow the sandstones east and west of the
axis,

On the eastern side, the outcrop runs north-north-cast till it
passes the Thayu Chaung; it dips here at angles of from 20° to 25°.
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East of the sandstones the ground is low owing to the presence of
shales overlying. On the west is a steep slope from them to the
low ground of the Kinmungyon shales. In the Thayu Chaung the
dip of the sandstones is from 35° to 40° to east.

North of the Thayu Chaung the scarp and dip slopes of these
sandstones enable them to be easily traced, and the ridge which
they form can be seen from the hills to the west. In the north
of the map, they are cut through by the Zaha Chaung, the dip in this
area is greatly increased, being about 88° to east. On the western
limb of the anticline, the outerop of these sandstones extends first
west-north-west, then north-west, then north-north-west. The dip
is steeper upon this side and gradually approaches 80°. In this
area the sandstones do not form a ridge, but there are numerous
small billowy outcrops.

Northwards from section L.—L., the sandstones are not indi-
cated by the orography as is the case in the eastern outcrop. One
repeatedly observes this difference in orography between the east
and the west of the anticline ; in the west also the tributary streams
run to the dip, while on the east they run along the strike of the
rocks. They flow into the Zaha Chaung in the north and the Thayu
in the south. It follows that west of the anticlinal axis, the oro-
graphy is less distinct.

Subdivision 6.—1 have already described how these shales
emerge in the south from the capping arch of sandstones, and how
their upper boundary is indicated by the sandstone scarp.  Out-
crops are rare, since there is a heavy soil cap, and dense bamboo
jungle. The ground is flat or has irregular low hills. & Only the
Thayu Chaung cuts deep enough to show really good exposures.
The section recalls that of the Kinmungyon Chaung. The section
through the Thayu Chaung shows clearly the marked asymmetry
of the anticline, since these shales dip much more steeply on the
west than on the east. As a result the outcrop is much narrower
on the west. On the eastern flank, although outcrops are rare,
the Kinmungyon shales can easily be recognised owing to the topb-
graphy.

They form the cultivated ground at Ngahlaingdwin and are
continued in a valley to the north.

This valley is 1,500 feet wide approximately. If the shales dip
at 40°, as may be assumed from the dip of the sandstones above
and below, their thickness must be about 1,000 feet.
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About 2 miles north of Ngahlaingdwin, the valley if ter-
minated by a ridge uniting the sandstones of subdivision 7 with
those of subdivision 5. But further north another longitudinal
depression continues to the Zaha Chaung along the outcrop of
shales. The dip here increases from 40° to 88° at the Zaha Chaung.

On the western flank of the anticline, from the point where
the shales cross the Thayu Chaung northwards the shales continue
regularly and can be traced in many exposures, but as has pre-
viously been pointed out, the topography is complicated and the
shales do not form long valleys similar to those on the eastern
flank. The dip varies from steep to vertical. In the north of
the map however a long depression or valley marks the position of
the shales (see section C.-C.).

Subdivision 5.—The sandstones of this subdivision touch the
Thayu Chaung about 3,500 feet west-south-west of Ngahlaingdwin.
Although they seem to dip gently south, they show irregularity
of structure and sharp bends.

Since it seemed possible that these irregularities might tum
out to be of importance and might seriously modify our views of the
value of the anticline, we investigated the crestal area with parti-
cular attention. But we eventually came to the conclusion that
the irregularities seen in the Thayu Chaung section are more or
less local, and are followed to the north by a regular axial arch.

The ground rises gradually from this section in the Thayu
Chaung, which is about 580 feet above sea-level, to heights of 752
feet, 840 feet (see trigonometrical points on map) and upwards,
forming a distinct hill-range.  The anticlinal axis follows the watershed.

The crest (secen in sections of streams running east from the
watershed) dips south at about 10°

The arch is clearly seen ; to the east the dip increases to angles
of 30° or 35° near the base of the Kinmungyon shales at a distance
of between 2,300 feet and 3,000 feet from the crest; westwards
the strata dip more steeply, so that 800 feet from the crest the
dip averages 50°. .

The junction of the sandstones with the Kinmungyon shales is
more clearly seen (owing to the topography) on the east than on
the west.

In the Nwama Taung area, the sandstones of subdivisoin 5
are for a long tract markedly prominent over the strata of sub-
division 4. In the Ngahlaingdwin anticline, the difference in hard-
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ness of the two subdivisions has little influence upon the orography ;
nevertheless a difference exists, thus at the pi.nt where subdivi-
sion 4 emerges upon the axis, and subdivision 5 forms two out-
crops on either side of the anticline, the watershed follows the eastern
outcrop of 5 and leaves the axis. It lies east of the trigonometrical
point 890,

The two outerops were scen in many cross sections and are always
distinet.

Subdivision 4.—The axis from point 890 to the oil wells passes
through this subdivision. The strata are thinly stratified shale
and sand alternations, with occasional limestone bands. Shales are
predominant in the Zaha Chaung section, while the sandstones are
occasionally lignitic.

Subdivision 3.—The point where this subdivision emerges from
the rising crest is interesting, owing to the indications of oil—the
highest observed' in this area.

This is illustrated by the sketch given below, scale 4 inches
=1 mile.

Fia. 1.—Geological sketch-map and sections near oil well.
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Subdivision 3 may be defined as commencing by a bed of shale
exposed in the oil wells stream east and west of the crest. The
highest sandstones of this subdivision are seen south of the stream
and contain foraminifera. They dip south at about 10° The
outcrops of this sandstone bed form small ridges on both sides of
the crest. There is no marked lithological boundary between the
two sub-divisions and the sandstones above mentioned have been
included in sub-division 3 owing to the presence of foraminifera.

The oil wells stream gives a very clear section through the anti-
cline. It is needless to describe it in detail, since the dip of the
rocks is clearly marked on the map and sections (Plates 25, 26).

The oil seepage and the hand-dug wells.

South of pits 1, 2, 3, is a bed of oil-stained sandstone and a pool -
of water covered with a scum of brown oil. The bed dips to the
south.

There are five pits or hand-dug wells, marked 1, 2, 3, 4, 5, on
the map, No. 1 is 36 feet deep. From it 4 gallons are said to have
been obtained in 19 days. There is abundant gas. The strata
(sandy shale) dip to 25° west of south at 3° or 4°.

No. 2 showed only water and a smell of gas.

No. 3, 15 feet deep, smelt of gas.

No. 4, 21 feet deep, contained water and some gas.

No. 5 is 45 feet deep and contained water with an iridescent
film of oil. Some bottles of oil were said to have been extracted.

Pits 1, 2, 3, are on the crest and below the highest sandstones
of subdivision 3. No. 4 is dug in sub-division ¢ and probably
fails to reach the highest sandstones of sub-division 3. No. 5 is
entirely in subdivision 4, and on the eastern flank.

It follows that the oil does not come from exactly the same
horizon in each well.

Continuation of notes on subdivision 3.

® The sandstones of this subdivision are very characteristic, owing
to their red and yellow hue-and rough unevenly weathered surfaces.
Foraminifera are abundant. North of the oil wells is a bed of
white crystalline limestone crowded with corals, this is about 3--6
feet thick. This coral reef forms a good horizon and can be follow-
ed for long distances. It was found at section D.-D. on the western
flank.
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The outcrops of subdivision 3 are clearly exposed and recognis-
able in the Zaha Chaung section (see section Plate 26). Here the
sandstones contain bivalves and corals as well as foraminifera.

There is a striking difference in thickness of subdivision 3 in
the two outcrops of this section, the western outcrop being nearly
twice as thick.

There is a bed of Velates! in the western outcrop.

The dips of both these outcrops are steep.

North of the Zaha Chaung these two outcrops are easily followed
and recognised by means of the beds of corals and foraminifera as
far as the limits of our map (sections C.-C. and B.-B.}).

Subdivision 2.—The upper boundary is vague, but I take the
lowest nummulite-bearing bed as the base of subdivision 3.  The
top beds of subdivision 2 are alternate layers of shale and sand-
stone with lignite in thin layers. The strata on either side of the
axis bend very sharply, but the bend is still unbroken and not
faulted. Along the section D.-D. the dip on the east flank is
from about 45° at the upper boundary of subdivision 2, to about
15° at the crest. On the west flank, the strata dip at 75° at the
crest, and increase further west to vertical. There is an oil see-
page here in the stream, which was hitherto unknown. In this
section there is an abrupt change of dip -at the crest, and lignite
layers which are present on the east flank are not to be found on
the west. It scems probable that a fold-fault is beginning here.

The oil seepage appears to be at a lower horizon in subdivision
2 than that found in the Nwama Taung section (see ante page 252j.
The structure becomes more complicated towards the north.
In the Zaha Chaung section, there is no crest; the antlicine has
become a crushed and faulted one. =~ A section through the Zaha
Chaung is shown on Plate 25. There is a striking want of corres-
pondence between the succession of strata exposed on the east and
on the west of the anticline, indicating faulting.

Proceeding up the Zaha Chaung, we find that after cutting
across the centre of the anticline and reaching the western flank
the stream in its upper portion traverses subdivision 3 and the
top of 2 of which the top lignite layers are exposed here and there.

To the north another section (B.-B.) across the anticline shows
the lignite layers of subdivision 2 exposed on either flank.

L This Velates is probably a variety of V. schmiedcli Chemnitz ; the differences between

it and the Cuise-la-Motte type are stated by Dr. F. Noetling, Rec. Geol. Sur, Ind.
XXVII, p. 103. Sce also Rec. Geol. Sur. Ind., XLI, p. 226. G. deP. C.

Parr 4.] Porro : Country near Ngahlaingdwin. 261

Subdivision 1.—In section B.-B. the topmost beds of sub-
division 1 are just emerging in the centre of the anticline, which
1s here again an arch.

Owing to the increased intensity of folding, the anticlinal flanks
are steeper and closer together. It is a well known fact that there
often appears to be discordance, due to subsequent folding, between
massive and thin-bedded strata (e.g., between massive sandstones
or limestones and shale). In such strata, the limestone or sand-
stone may show large bends, while the shales on the contrary are
corrugated and contorted, and many slides are visible near the
junction of the two. TPerhaps then the arch of sandstones
seen in the crestal exposure of subdivision 1 may be continued
southwards unbroken beneath the faulted and corrugated strata of
subdivision 2. If this conjecture be correct, it would seem that
this arch of the sandstones of subdivision 1 represents the ultimate
stage of resistance of the arch to the continually increasing tangen-
tial folding forces, since north of the section B.-B. the arch ceases to
exist.

The axis of this arch coineides with the watershed.

Immediately west of the watershed, along the section B.-B., at
the source of a small stream (see map) is a water-hole in massive
sandstone showing a film of oil, while the sandstone’is impregnated
with oil at the margin. Here was dug a well about 45 feet decp,
which yielded water with an iridescent film of oil.  Following
down the stream westward, one observes thick, sandstone strata,
dipping south-south-west. At about 60 yards distance from the
first oil-show, the section shows beds of sandstones with frequent
patches of oil-impregnated rock. The oil is very noticeable and
the section of strata showing oil is over 15 yards in length. This
section is succeeded to the west by the interbedded sandstones and
shales of subdivision 2. The dip rapidly increases and hecomes
very steep at this horizon.

% East of the watershed, the beds show a gentle dip to south-east,
and here at the source of an casterly strecam are pools of water
with films of floating oil; further ecast is scen the overlying sub-
division 2.

The oil-impregnated strata on the western flank were followed
north-west along the strike, and at a distance of about 600 feet
another exposure showing slight traces of oil was found.
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Tle point on the crest where subdivision 1 emerges to the sur-
face is interesting through the change in orography as a result of
the greater hardness of its sandstones as compared with the more
shaly subdivision 2. South of this point to the Zaha Chaung
the watershed is low, but northwards it commences to rise and
form higher and higher hills with steep slopes on either side.

A somewhat similar change in surface relief was observed at
the point where subdivision 5 "emerges on the anticlinal crest.
Here the massive sandstones of subdivision 1 form the long and
high range of hills (the Yeyodaung) which extends northwards out-
side of the limits of our map. Outcrops are exclusively of sand-
stone not unlike those of the Nwamataung (see ante). The highest
hill examined is about 1,300 feet above sea level.l On its northern
slope is found a stream running east, and a path leading to the
village of Kongya. Here the section shows a continuous series of
sandstones dipping steeply east, and two oil seepages very close to
one another, The sandstones are more or less massive, but espe-
cially so in their upper strata exposed on the east which are steeply
dipping to the east and form a waterfall many feet in height. This
locality is some 100 feet distant from the oil seepages, and also
marks the top of subdivision 1. To the east, I found the lignites
of subdivision 2 and the foraminiferal sandstones of subdivision 3.

To the west of the oil seepage the section shows vertically dip-
ping sandstones, and it is certain that there is mo anticlinal arch.

Summary.

From north to south the features of ~this anticline may now
he summarised as follows :— ’

Subdivision 1, consisting of massive sandstones forms a high
hill-range ; the structure being a crushed anticline with-
out an arch, except in the south end of the outerop
where an arch exists, and where there are important oil
seepages. *

Subdivision 2 shows no anticlinal arch, the rocks being crushed and
broken at the centre of the fold. The anticlinal axis
sinks steadily, and the tectonic disturbance is le.ss. in-
tense. There is an oil seepage in this subdivision.

 Perhaps this hill is to be identified with the trigonometrical point 1213 of the Survey
of India map, sheet 84 L. 5. C. Porro, -
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At the point where the outcrop sinks on the line of
axis, there is an unbroken anticlinal arch. The asym-
metry of the fold is remarkable, the dips being very
steep on the west.

In subdivision 3 the anticline still sinks regularly and is notice-
ably asymmetric. At its top is an oil seepage and the
Burmese hand-dug wells.

The sinking of the anticline continues steadily southwards, the
angle being 10°—11°. The asymmetry is evident, but less notice-
able owing to the increase in amplitude of the arch.

South of the Thayu Chaung the anticlinal fold diminishes and
commences to die out in the sandstones at the base of subdivision
7. From the section B.-B. to this point the anticline has sunk
not less than 6,000 feet.

It is to be observed that north of the Burmese hand-dug wells
the anticlinal crest runs to north, 16° west, and that south of this
point it gradually curves to an almost north—south direction. Thus
1t approaches the Nwamataung hill-range while sinking. South of
the area shown in our map it is probable that the anticline changes
to a terrace structure or belt of gentle or horizontal dipe forming a
simple flexure in the easterly dipping beds seen from the Nwama-
taung eastwards in such parts of the country to the south as have
been examined.! '

The relationships of the orography to the geology are also clear.
The hill-range in the north sinks with subdivision 1 (massive sand-
stones), On both sides longitudinal valleys are found correspond-
ing with the outcrops of subdivisions 2 and 8. The upper portion
of the Zaha Chaung follows the outerop of subdivision 3; thus it
gradually approaches the axis and eventually cuts across the strike
to join the Salin River in the east,

Two circumstances ¢dz., (1) the asymmetry of the anticline
which is steeper on the west flank, and (2) the proximity of the
Thayu Chaung explain the reason why the watershed does mnot
cBincide with the anticlinal axis, but has been shifted to the ecast.
The asymmetry of the fold has bfought about on the west an oro-
graphical relief showing steeper gradients. Subsequently a number
of tributaries have cut back from the Thayu Chaung, and thus
caused the displacement of the watershed. The asymmetrical anti-

X This conjecture is correct 3 the area. to the south has now Leen e

mple 1 a ¢
by the Geological Survey. G. deP. C ompletely mapped
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cline of Yenangyat and others® show a similar but more marked
orography. .

These are the causes of the orographical difference on either
side of the fold, of the number of cross streams on the west, and
the continuous longitudinal depressions and ridges on the east
(see ante page 256). . .

In subdivision 5 the watershed and anticlinal axis more
or less coincide, because the more massive and resistant character of
subdivision 5 balances the influence of the two circumstances men-
tioned above. In other words: the watershed was not displaced,
because it consists of layers cf more resistant character. ‘

To the oil-prospector, the underground structure of the anti-
clinal arch, and the question whether owing to the asymmetry the
underground arches may lie east of the surface arch, is a consider-
ation of great importance. The axes of the subterranean arches
of strata of the Ngahlaingdwin fold, without doubt are s.hlfted to
the cast of the surface axis. The aumount of displacement is related
to two factors, (1) the different dips of either flank, and (2_) 1Ehe
reduction in thickness of the upturned strata on the steeply dipping
flank. o _ .

In the Ngahlaingdwin anticline, the reduction in thickness oi
the vertical and steeply dipping strata of the west flank is an un-
doubted fact, which we have proved by our geological survey, and
which can be approximately estimated at the surf.ace. ThlS. l:educ-
tion may perhaps be due more to the mutual ghearmg anq sliding of
strata over one another than to actual plastic compression. Thus
for these reasons the amplitude of the anticlinal arch is subject to
variation ; when therefore we take into consideration both these
factors, it must be admitted that we can construct sections only
with a limited degree of approximation, which decreases as the depth
Increases. . .

These explanations will perhaps justify my sections. as ag.aups’o
those drawn after the method of Dr. E. H. Pascoe for_ deter.m.mm%
the displacement of subterranean crests of asymmetric anticlines,?
which method, if followed, would have led us to assume a greater
amount of displacement to the east. Dr. Pascoe determines t}}e
“ apex-locus ” of the anticline as the bisectrix of the angles of dip

1 les of this structure are found ncar Grozni, Rugsiq. C. Porro.
2 }Eg.xiir.ui)iscoe :—Asymmetry of Yenangyat-Singu anticline, Rec. Geol. Sur. Ind.

XXXIV, p. 253. :
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of both sides of the anticline, without considering the effect of any
reduction of strata; with all due respect and acknowledgment of
his geological results in Burma, I cannot share his opinion on this
matter.

As far as I know it is generally admitted that the orogenic move-
ment which formed the mountain-chains of Burma running north—
south, was propagated from east to west.l

Without discussing the cause of the orogenic movement, or
examining the relationships of the former Gondwana continent and
the Tethys, I also agree with both authors referred to in my footnote
in postulating an east—west strain and movement.

Admitting this general supposition, we must conclude that the
anticline of Ngahlaingdwin was folded by a stress from east to
west, and where the asymmetry occurs, the strata of the west,
reacting against this pressure, must have been forced into a ver-
tical position by the eastern flank. Had the folding force been
exerted with greater intensity, we should have expected an overslide
to the west.

Here T must make a short digression and allude to a much
more asymmetrical anticline,—I mean that of Yenangyat.

This anticline contrasts with that of Ngahlaingdwin, in that it
has a very gently dipping western flank, but a steep, vertical or
reversed eastern flank: along this steep eastern limb runs a great
longitudinal dislocation leading to the west.2

As a consequence of my foregoing remarks, one must assume
that in the case of this anticline also the eastern side has moved
against the reacting western side, while partly sinking and under-
sliding it.*

Thus in the Ngahlaingdwin anticline there is a tendency
to overfold, while at Yenangyat there is on the contrary a tendency
to underfold and underslide, although the tangential forces were
mmvboth cases propagated from the same direction.

1 Sce Suess, Antlitz der Erde, T, p. 768 ; E. H. Pascoe, Men. Geol. Sur. Ind., XL,
pt. 1.—The Qil-fields of Burma.

* Sce G. deP. Cotter : The northern part of the Yenangyat Oilficld. Ree, Geol, Sur,
Ind., XXXVIII, p. 302.

* I rurveyed the Yenangyat anticline in 1911, and my results confirmed the investi-
gations of Mr. Cotter, excepting that I consider that the angle of inclinatior of the
fold-fault with the horizontal is greater than Mr, Cotter supposed, (. Porro.

c
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Questions relating to Oil.

It is superfluous to mention here such oil occurrences as are
known to belong to the Pegu Series, and I merely wish to remark
that in 1912 a deeper horizon of oil-bearing rock was found in beds
of Khirthar (Lutetian) age.l

The locality is close to the village of Peinhnebin, Minbu district.
An examination of the map and orography shows that the same
horizon is probably continued to the north-north-west up to the
Nwamadaung exposures in our area.

The localities where oil seepages have been found have already
been described. To recapitulate, oil seepages have been found at
_ the following horizons :—

(1) In subdivision 3 near its upper limit.

(2) In the upper part of the lignite-bearing subdivisions 2.

(3) In the upper part of the massive sandstones of subdivi-

sion 1, and also some 100 feet below this seepage.

Probably the horizon numbered (2) corresponds with that re-
corded by Mr. Cotter from Peinhnebin, where also coal strata
occur. The oil from (3) would correspond then to a still deeper
horizon, in fact the deepest yet found. Considering the above
seepages, there is certainly not sufficient evidence of oil to prove
the existence of continuous and important oil horizons, but one
would be taking too pessimistic a view, if one did not contemplate
the possibility that these important oil horizons exist and that
there are chances of finding large accumulations of oil at points
favoured by the structural conditions. Alternations of shale and
sandstone bring about good conditions of storage.

Localities favourable for prospecting must be chosen on the
anticlinal crest, in places where the anticline forms an arch,
and where the oil can accumulate, on being forced up by water
pressure from the anticlinal flanks.

The angle at which the anticline rises (10°—12°) is in my opinion
not large enough to preclude the possibility of storage of oil alofig
the axis, There are other cases of similar anticlines which are
productive, e.g. the Coalinga fields in California.2  There, one of the
producing areas is a monocline with a moderate angle of dip.

1 G, deP. Cotter : The Pegu-Eocene Succession in the Minbu district near Ngape.

Rec. Geol, Sur. Ind., XLI, p. 230,
2 See Bulletin 357 and 398, United States Geol. Survey.

Parr 4.] Porro : Country near Ngahlaingdwin. 267

If the anticline is to be tested, the following points should be
taken into consideration.

At section B.—B. there is an anticlinal arch in the sandstones
of sub-division 1, and good oil seepages. 300 feet on either side
of the axis, the strata dip steeply, the westerly flank being the
steeper ; the arch is consequently narrow.

Wells might also be drilled along the axis from section B.—B.
towards the north and towards the south. Towards the north
one should drill to test the horizon from which seepages were observed
in section A.—A., and one should extend operations from section
B.—B. towards the north as far as the anticlinal arch exists: we
know that this arch does not reach section A.—A. An unfavour-
able point is the absénce of shaly beds between the sandstones.
Transversely the drilling area is very narrow and practically coin-
cident with the crest of the anticline:

Towards the south, one should explore the oil observed in abun-
dant seepages in section B.—B. I have already explained the possi-
bility (see ante) that the arch may be continued intact underground
southwards from section B.—B. under the disturbed and crushed
strata of the overlying subdivision. One should not, however,
on the basis of my purely theoretical suggestion, risk a well too far
south of B.—B. in the crushed area, but if the wells to the north
were to prove successful, this theory might be corroborated by a
gradual extension of wells southwards.

A surface arch is again seen near section D.—D. and this is
continuous to the south. At section D.—D. itself there is a slight
fault and a seepage. Here, even if the arch exists, it is too com-
pressed and irregular to present favourable conditions of structure.

Between sections D.—D. and E.—E. the anticlinal arch bends
at a short distance east of the axis at 45° and then increases to
60° of dip. On the west the dip increases rapidly to the vertical.
Tests may be made very close to the axis and a little to the east
of it. Thus there might be some hope of striking the horizon from
which seepages were observed along section D.—D.-

At section E.—E. subdivision 3, which is oil-bearing at its top,
crops out on the axis. For the shape of the arch see sketch on
page 258. It would be practically Impossible to reach subdivi-
sion 1 and the oil connected with it, but the oil horizon of sub-
division 2 could be reached at a depth of approximately 800 feet
at the axis and at a greater depth on the eastern flank.

o
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South of section E.—E. the oil of the horizon of the hand-dug
wells would give a good objective for drillng down to. This
might be tested both along the axis and on its eastern flank. Its
depth of course increases to the south owing to the sinking of the
anticline.

Briefly, oil-bearing strata may be expected at a reasonable
depth, but the narrowness of the arch makes the location of wells
difficult since one cannot be certain of striking the underground
arch accurately.

One must not lose sight of the underground transgression of the
anticline arches to the east.

From the section G.—G. southwards, the structural conditions of
the anticlinal arch are better, since the arch increases gradually in
width and the strata east of the axis do not dip steeply. On the
other hand the oil-bearing horizon is at a greater depth, and with
the depth increases the uncertainty regarding the structure, and the
position of the subterranean axis. ~ We must not, however, leave
out of consideration the possibility that higher oil-sands may exist
although no seepages were found. We know that oil in paying
quantities is found in the Pegu Series.

APPENDIX.

By G. deP. Cotter.

Dr. Porro has asked me to write a note upon the age of the
rocks at Ngahlaingdwin. This task has become an ecasy one owing
to the advances in mapping ‘made by the Geological Survey since
Dr. Porro’s visit to this field in 1912. In spite of the hopes at one
time entertained of the prospects of this area as an oil-field, it has
not yet been tested. The poor results obtained from the Minbu field,
which is a narrow anticline like that of Ngahlaingdwin, and the dis-
tanice of the Ngahlaingdwin anticline from the river, make the testing
of it a costly ard highly speculative undertaking.

The seventh subdivision of Dr. Porro contains a fauna described
in considerable detail by Dr. ¥. Noetling (Pal. Ind., New Ser., I (3).
Fauna of the Miocene Beds of Burma). There is no doubt as to its
approximate correlation with both the Gaj beds of India and the

Java beds, the fauna of which has been worked out by K. Martin.

In the uppermost part of this subdivision Ostraeca Verneuili, O,
digitalina, O. crassissima, O. gingensis, and O. crassicostala, have been

found, while oysters are usually badly preserved and not identifiable in
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the lower part. Other species are Vicarya callosa Martin, Venus aglaurae,
Voluta dentata, Cypraea granti, Aricia humerosa, etc. Foraminifera are
usually absent and zchinoids are rare.

Dr. Noetling regarded this fauna as of Miocene age. Thisis prob-
ably as close an approximation as we can get at present.

Underneath this stage lic the shales and clays of Dr. Porro’s sizth
subdivision. They are the same clays as those from which I collected
specimens of Lepidocyclina theobaldi in the south of the Minbu district.

The specimens from this stage at Ngahlaingdwin are on the whole
somewhat poorly preserved. Specimens of a Lucina, the same species
as that which L. V. Dalton identified as L. globulosa Desh. (Q.
J. G 8., LXIV, page 604) and which is unquestionably closely
allied, although perbaps not identical with, the Italian species, have
been collected. Other molluses appear for the most part to range up-
wards into the stage above. The foraminifera are of help in deter-
mining the age in south Minbu. Lepidocyclina theobaldi is the same
species as is found in the Nari of India, and is probably identical
with L. elephantina Tourn. There are also present some sub-micros-
copical nummulites and a large Ieferostegina with which is associated
a smaller megaspheric form (sce Rec. Geol. Surv. Ind., XLI, page 231,
Plate 20, fig. 1).

If we accept the views of H. Douvillé and J. Boussac regarding
the range of the Orbitoides and Nummulites, we should probably place
these shales in the Chattian stage. These clays and shales have been
called the Padaung Clays.

Dr. Porro’s sub-divisions 4 and 5 form one stage, which we have called
the Shwezetaw Sandstones. They have yielded very few fossils in
Ngahlaingdwin. In south Minbu at this horizon specimens of an
Ampulling, which my colleague Mr. Vredenburg regards as identical
with A. crassating, have been found (Rec. Geol. Swrv., XLI, p. 226),
Accompanying this are:—a species of Ficarya and a species of Cardita.

In the same stage is found a species of Clypeaster. In the Pakokku
district, this stage is,as far as surveyed at present, represented by
freshwater beds, which yield two species of Cyrena, ane of which is
very close to, if not actually identical with C. borneensis Bottger.

The fauna of this stage is so scanty, that if we do not take into
consideration the fauna of the stages above and below, we should be
gpite uncertain of its age.

Dr. Porro’s subdivisions 2 and 3 taken together form what we
have called the Yaw Stage. This stage has yielded a large fauna
which I am at present studying. Amongst other species may be
mentioned Orthophragmina sella D’Arch., Nummaulites yawensis Cotter,
Velates schmeideli var. cf. description by F. Noetling in  Rec. Geol.
Surv. Ind., XXVII, page 103. Volutilithes sp. «ff. ambigui Sol., Gosa-
via birmanica Dalton, and many other characteristic species. These
clearly indicate an Upper Eocene age. .
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Dr. Porro’s subdivision 1 is equivalent to our Pondaung Sand-
stones. This stage has yielded few fossils,! but amongst those collected
1s a species of drea allied to the Cretaceous form T'rigonoarca abrupta Forbes.

Dr. Porro’s map shows no rocks of older age than the Pondaung
Sandstones. In the Yaw River section in the Pakokku district how-

ever, a full sequence has been worked out downwards from this horizon
to the Upper Cretaceous.

Below the Pondaung Sandstones come the Tabyin Clays, which
contain nummulites and the Arca which is so frequently found in
the__beds above: Below these are found in most sections another
seriés of the sandstones which we have called the Tilin Sandstones;
these also contain small nummulites.

Below these is a very thick series of shales with numerous bands
of cqnglomerate at the base; this we call the Laungshe Shale. It
contains Operculing and Oithophragmina and is probably basal Eocene
In age. Below this I have found beds containing Exogyra, Nerinaea,
Trocalia, and some Cretaceous-looking Orbitoides showing four central
chambers.  With the exception of the Yaw stage, the fauna has merely
been glanced at and there remains a very large amount of palmonto-

logical work and description before we can fix the exact age of each
stage.
o

In the above notes I have made a few allusions to the age of
these various stages in terms of European nomenclature. But the Indian
Empire probably possesses in its Burma, Baluchistan, Sind, and Kachh
sectlons some of the finest sections of Tertiary rocks in the world ; more-
over the fauna is a tropical one rich in nummulites and other fora-
minifera. Indian geologists have, therefore, little need to enquire
whether such and such a stage is to be correlated with the Latdorf
beds or the beds at Ludes. We must work out our own sections
with open minds on such doubtful questions as the occurrence of
Orthophragmina in the Oligocene or of Lepidocyclina in the Eocene.
I do not propose at present, therefore, to offer any opinion as to the
correlation of the Burma Tertiaries with those of Europe.

EXPLANATION OF PLATES.

PraTe 25.—Section across map Plate 26,
Prate 26.—Geology of the Country near Ngahlaingdwin.

! In December 1934 I discovered vertebrate remains (teeth, ete.), in rocks of this
horizon. These include two new genera of Anthracotheriide, one Titanothere, and one
Metamynodon ; a CQescription will shortly be published by my colleague Dr. Pilgrim and
myself. G. del. C. . :
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NOTES ON THE GEOLOGY OF CHITRAL, GILGIT AND
THE Pamirs, By H. H. Havpen, C.LE., F.R.S,
‘Director, Geological Survey of India. (With Plates
27 to 32.)

HESE notes are the outcome of observations made during a
journey to Europe on leave through Chitral, Gilgit and the
Pamirs between April and August, 1914. Owing to the conditions
under which it was made, involving marches of from 10 to 40 miles
daily with but rarely a complete day’s halt, the journey constitutes
only the barest geological reconnaissance, and the results are necessarily
incomplete, disconnected, and often inconclusive ; so much so that I
should have hesitated to publish them were it not that they embody
the only observations on the geology of Chitral, and perhaps also of
the Pamirs, that are likely to be made for some time. They may
also be of some assistance to future workers in those regions.

I have to express my indebtedness to all officials, British, Russian
and Chinese, with whom I came in contact during my journey, for
their unfailing courtesy and kindness. I am especially indebted to
Monsieur C. Nabokoff, Imperial Russian Consul-General in India,
whose energetic assistance was responsible for the generous
treatment accorded to me in Russian territory and to Sir George
Macartney, K.C.L.LE., British Consul-General at Kashgar, for help
in Chinese Turkestan and for innumerable acts of kindness and
hospitality.

Chitral is best known for its orpiment mines, which have been
described more than once,! but beyond this nothing was known

. of its geology until Major I. H. Grant in 1899
Ch‘i)trri‘l,fous observers: gent to the Geological Survey of India some
Devonian? fossils collected at Showar Shur in

the Yarkhun valley. Subsequently Captain (now Colonel) B. E. M.
Gurdon obtained a further series of Devonian fossils from the hills
opposite Reshun ; they were described by the late Mr. W. H. Hudleston

1 Aninteresting description of them will be found in Col. P. L. Kennion’s fascinating
book Sport and Life in the Further Himalaya (1910), p. 144,

2 Mem. Geol. Surv. India, XXXVI, p. 31 (1904). The locality has hitherto been
erroneously described as the Baroghil Pass ; the actual locality lies in longitude 73°35°
and latitude 36°5¢r.
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in the Geological Magazine,! and geological notes, made by Sir Henry
McMahon, together with a discussion of the latter by General
C. A. McMahon, were included in the same paper. It is a curious
coincidence that the fossils collected in both cases were Devonian,
although they were derived from localities more than a hundred miles
apart. Those from Showar Shur, however, are regarded by Mr. Cowper
Reed? as Lower, whereas those from Reshun are Upper, Devonian.

The presence among the Chitral fossils of specimens of Spirifer
Verneuily var. Archiaci Murch. identical with {orms collected by me
in Afghanistan some years ago,® led to the hope that the strati-
graphical conditions in Chitral might perhaps combine features
both of the Afghan and of the Himalayan province. Onthe one side,
the western, the most characteristic among the few stratigraphical
features known are the presence of a well developed Devonian fauna,
a great thickness of Fusulina limestone and a littoral and shallow-
water facies of the Trias-Jura. The Himalaya, on the other hand,
are characterised by the general absence of Devonian fossils, the
absence of Fusulina limestone, and the presence of a very finely
developed deeper-water facies of the Trias.

My journey through Chitral and the Pamirs was undertaken
with a view to elucidating the relationship between the above
stratigraphical provinces. The route followed lay from Dargai vid
the Malakand, through Swat and Dir, over the Laorai pass to Drosh
and Chitral ; thence up  the Mastuj river vig
Reshun to Mastuj, and up the Yarkhun river
to the Baroghil and Shawitakh passes on the frontier of Wakhan.
From Yarkhun I crossed the Darkot pass into Yasin, thence wid
Gupis to Gilgit and Hunza, and over the Mintaka pass to the
Taghdumbash Pamir and Tashkurghan. From TashkurghanI followed
Stoliczka’s route over the Nezatash (Shakhlakh) pass to Aktash,
thence through the Great and Alichur Pamirs to Murghabi and along
the Ak Baital and Musko!l rivers to Great Kara-kul ; then eastward
over the Kiziljiyiq pass to Rang-kul and finally out by the Haramut
(Aramuth) pass to Muji in Chinese Turkestan and over the Ulug-4rt
to Kashgar. The distance thus covered was about 1,300 miles, and

Route followed.

as the time occupied was only 125 days, the opportunities for

! Decade IV, Vol. IX, pp. 3-8, 40-58, January and February 1902.
2 Rec., Geol. Surv. India, XLI, 86 (1912).
. 2 F. R. Cowper Reed: Rec., Geol. Surv. India, XLI, 105 (1912). H.H. Hayden:
Mem., Geol. Surv. India, XXXIX, pt. 1 (1912).

- Gilgit.

ParT 4] HaypEN : Chitral, Gilgit and the Pamirs. 273

mapping were extremely small, and the map published with this
paper is, therefore, merely diagrammatic and is intended to show
only the general distribution of the broad stratigraphical divisions

With regard to Gilgit, petrographical notes by Professor T. G.

Bonney and Miss C. A. Raisin on specimens
Previous observers : - ;o)locted by Sir Martin Conway were pub-
lished in the latter’s “ Climbing and Explora-
tion in the Karakoram-Himalayas.”? Captain (now Sir Henry)
McMahon and Captain (now Sir James) Roberts also made col-
lections of rocks in Yasin and Gilgit and notes on them were
published in the Quarterly Journal of the Geological Society® by the
late General McMahon in the year 1900. General McMahon cor-
related the limestones of Gilgit with the Carbo-Triassic series of
Kashmir and the North-Western Himalaya, and the underlying schists
he attributed to either the Lower Carboniferous or the Silurian
system.

Until last year we were dependent for practically the whole of
our knowledge of the geology of the Pamirs on the work of Stoliczka,
who travelled from Yangi Hissar near Yarkand through Tashkurghan
and the Little Pamir to Kala Panja on the Oxus,
returning by the Great Pamir and Istik.® He
described the greater part of the country as
consisting of slate, conglomerate and gneiss, with thick masses

Previous observers :
The Pamirs.

_of limestone at Nezatash, Aktash and Istik. In the limestones he

found Upper Triassic fossils between Nezatash and Aktash and
crinoids at Istik. He regarded the Istik limestones as Carboni-
ferous. Further geological observations are to be found in the
writings of D. L. Ivanow, a Russian mining engineer, who
travelled in the Pamirs about ten years after Stoliczka.? The
petrographical and stratigraphical observations are not given in
great detail in the only paper by that author which was accessible
to me, but it contains much valuable information on the tectonic
aspects of the Pamirs. Ivanow was,’in fact, the first to ap-
*. 1 Maps and Scientific Reports (1894).

2 Vol LVT (1900), p. 337-368.

3 Scientific Results of the Second Yarkand Mission, Geology ; by W. T. Blanford, 1878.

4" A short report on geological investigations in the Pamirs.”  Trans. Russ, Imp.
Min. Soc., ser. 1, Vol. XXTI, p. 255 (1886). See also “ Notes on fossils collected by

Messrs. Regel, Smimow, Severtsow, Ivanow and von Schultz by G. D. Romanowski H
id., Vol. XIX, p. I (1884).
The original papers are in Russian and I am greatly indebted to Monsieur P. A.

Rogalski of the Imperial Russian Consulate General in Calcutta for his kindness in getting
them translated for me.
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preciate the true structure of the Pamirs and to realise that they
consist of a parallel series of equatorial mountain ranges, and he
showed conclusively that none of the ranges was, as had formerly
been claimed by Semenow, meridional. He observed that the
trend-lines were north-easterly on the western side of the Pamir,
almost equatorial through the Pamirs, and south-easterly on the
east. His observations have been entirely borne out by such
further examination as I have been able to make. At the same
time he did not neglect the purely geological aspect. He describes
the Pamirs as an immense massif, with a granitic and gneissose
core. He points out that the granite has intruded into and
metamorphosed sedimentary rocks, which he records as prevailing
in the northern part of the Pamirs and which he refers to slate,
dolomite, limestone and arkose. He alsc mentions oolitic lime-
stones, which he refers to the Devonian system. He records the
presence of rock-salt near Rang-kul; and infers from information
obtained from a guide that the depression constituting the Baroghil
pass between Chitral and Wakhan is due to the presence of gypsum ;
he further makes an ingenious suggestion that the name of the pass
should not be Baroghil but Bor-agyl, t.e., the pass of gypsum.l
The guide’s information has now proved to be incorrect, as I
examined the Baroghil pass carefully and found no signs of
gypsum there. The depression itself is, in fact, an old glacial valley.

I have already pointed out that the geological map published
with this paper is only diagrammatic and aims merely at -separating
the broad stratigraphical divisions. Even so, boundary lines are
only approximate ; nor, indeed, could they be
more, since the topographical maps which were
available to me are far from accurate. Circumstances made it
impossible for me to obtain Russian topographical maps in time,
and I was dependent on such maps as had been published in England
and India. I had also with me a map recently published in
Petermanns Mittheilungen® by Dr. Arved von Schultz and said to be
based on Russian maps on a scale of 1: 420,000,  with furthex
additions from the newest sources and from the author’s own
observations.” I found, however, that in most respects this map
was inferior to those published in India more than 20 years ago
and marked no advance on Lord Curzon’s map ; even in those

Maps.

1 See also Suess : The Face of the Earth, 111, 298.
? Vol. 58, 190-193, 261-265 (1912).
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parts of the Pamirs that the author claims to have visited himself,
the map frequently proved to be inaccurate. I have, therefore, in-
serted the geological observations on the most recent map- published
by the Survey of India on a scale of 1”=32 miles.

I.—Swat, Dir and Chitral.

The outer hills from Dargai through Swat consist chiefly of

dark hornblendic rocks, with much intrusive granite, and occa-

sionally  slate and  dolomitic  limestone.

or;%;‘:oz‘?n:"d metam:  Between Dargai and the Malakand, the rock

is chiefly hornblende-schist, much foliated and

crushed, and full of quartz veins. Below the Malakand, on the road to

Chakdara, the hornblendic rocks are replaced by granite. To the

north of Chakdara, the hills consist of gneiss and schist, the foliation

planes of which dip approximately to the north-east. To the south
of Chakdara, the dip swings round to the east.

At about 9 miles from Chakdara, on the road to Sarai, beds of grey
and yellowish-white crystalline limestone are interbedded with quart-
zose and hornblendic schists, associated with a certain amount of
foliated granite. The metamorphic beds appear to be of sedimentary
origin and recall the metamorphic series of the Jagdallak ruby
mines. The limestones, however, do not contain any accessory
minerals. From Sarai northwards, the road runs through an allu-
vial valley for some distance, subsequently rising on to the rocky
hills on the north side of the valley; before leaving the plain, it
crosses a small stream, which has cut through a hard layer of com-
pact grey nodular kankar.

The hills consist of the usual hornblendic schists, with a good
deal of foliated granite and here and there some ecurite. The
schists are usually hornblendic, but occasionally contain siliceous
bands resembling fine-grained quartzite. Near Sado, bands of coarse
amphibolite are common. ;

From Sado northwards, the road follows the left bank of the
Panjkora river. The prevailing rocks are still hornblendic, but are
usually gneiss rather than schist. A thick band of hard dark-
grey crystalline limestone is seen for some way along the road
above Sado. Beyond this, the schists and gneisses are replaced by
quartz-diorites resembling gabbro in appearance; the ferro-mag-
nesian mineral, however, is a fresh dark-green ophitic hornblende.
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The felspars, which are considerably kaolinised, include albite and micro-
cline with some labradorite; chlorite and epidote are also present ;
the hornblende is probably secondary and derived from a pyroxene.
The diorite is penetrated by numerous veins of coarse pegmatite,
consisting of felspar and homblende with some quartz. Coarse
basic b'tnds, consisting almost entirely - of large crystals of horn-
blende, and similar to the rock already recorded to the south of Sado,
are fairly common.

The above igneous rocks continue the whole way to Rabat, and
appear to form all the ranges on either side of the river. This Panj-
kora igneous mass is clearly intrusive in, .and responsible for the
metamorphism of, the schist series. To the north of Rabat, along
the river, the same coarse diorites continue, with basic pegmatites
and great masses of amphibolite, which is often very coarse and
Whlch at first sight looks like a coarse diallage rock. The series is
interrupted here and there by comparatively insignificant patches
of hornblendic schist, relics no doubt of the metamorphosed sedi-
mentary series already referred to. At about three miles south of
the Levy post of Warai, the basic series is pierced by occasional
veins of eurite, which increase in number northwards and subse-
quently pass into a coarse biotite-granite. The change in the nature
of the rock is reflected in the topography, and the steep, dark,
rugged hills of the basic series are replaced
by rolling hummocky country with a white
sandy surface. This belt of granite is only about 3 miles wide, and
gives place at about a mile above Warai to schists and gneisses
full of granite veins. In places the rock looks almost like phyllite, but
1s always black and hornblendic. Similar rocks (ampkibolite and horn-
blende gneiss) continue northwards for some miles, penetrated
everywhere by granite veins. The dip of foliation of the schists is
usually high to WNW. Occasionally, however, it is quite low,
almost horizontal. The strike is almost always ENE or NE
by E. Near Darora Levy post, granite comes in again and extends
northwards for a considerable distance. It is subsequently re-
placed by schistose and gneissose beds, which, near the junction of
the Panjkora and Baraol rivers, become hard and dark and very
compact, gradually passing into quartzite at Chutiatan bridge.
Slates soon make their appearance, and quartzite and slate (chiefly
the latter) continue all the way to Dir. The strike is approximately
E-W, with a variable dip usually northerly and sometimes very

Granite at Warai.
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steep. The slates approach phyllite, and the series recalls parts of
the Purana group of the Himalaya.
A short distance above Dir the slate and quartzite series gra-
dually becomes more highly metamorphosed,
Lag::i"ilt,‘;;:.mr andthe  finafly  becoming gneissose. About a mile
above Panakot the sedimentary series is re-
placed by a medium-grained granite, two spurs of which run down
from the hills on either side and almost close the valley. This
granite continues all the way to Gujar at the southern foot of the
Laorai pass. Between Gujar and Ziarat, the whole country was
under deep snow when 1 passed through, but, to judge from such
rock as could be seen, the Laorai pass and surrounding hills are com-
posed of granite and gneiss, the latter prevailing on the northern
side. The gneiss is granitic and dioritic, and often rather basic.
Below Ziarat it becomes fine-grained, resembling quartzite, and is
associated with mica-schists, which at half a mile above Ashreth are
replaced by a thick bed of crystalline limestone with slate. The
latter beds are almost vertical, dipping to the north-west at about
85°. Further down the valley, below Ashreth,
an'(?s;};et'eh limestone 4} Jimestone is followed by slate, phyllite and
schistose grit, succeeded by quartzite and slate,
the latter rocks sometimes brwht red. The whole of this latter
series bears a striking resemb]ance to the rocks seen at the mouth of
the Ghorband valley in Afghanistan and believed to be Lower Palwxo-
zoic. The structure is complicated by considerable folding and pro-
bably also by faulting.

About 3 mile below Ashreth a large block of sheared conglome-
rate is seen lying by the roadside. It is not in situ, but the same rock
is found a little further on, on the hill-side above the road, and forms
the greater part of the high hill to the south of Mirkani post. The

series in  which this conglomerate occurs is
ofvﬁiﬁﬂﬁiﬁ ;"gglomeme here 800 or 1,000 feet thlck The lower beds
a " consist of a true agglomeratic slate composed
almost entirely of fragments, rolled boulders and huge angular
blocks, of volcanic rocks. Higher up it becomes gradually finer,
passing into a slaty conglomerate and finally into a grit. Both
above and below, this agglomerate seriesis cut off at Mirkani by an
intrusive granitic rock, consisting of quartz, felspar, chlorite and
epidote. The quartz contains many inclusions,

ranjte intrus.ve in it. .
Grani ™ but under the microscope appears very fresh
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and clear in comparison with the felspar which has been almost
completely changed into secondary products. The felspar is usually
idiomorphic, but its extreme state of alteration makes it impos-
sible to determine its species with any certainty. It appears, how-
ever, to have been orthoclase for the greater part, with, perhaps,
some albite. Chlorite is common throughout the rock, and may be
an alteration product of mica. Both above and below the agglo-
merate series, this igneous rock lies in apparent parallelism with it,
but schistose beds, occur in both cases at the junction and the upper
grits have been converted near the boundary into a gneissose schist.
No apophyses were observed running from the igneous mass into the
agglomerate, but, in spite of this, the rock must be intrusive. It
1s certainly intrusive into a schistose sedimentary series, apparently
older than the agglomerate, exposed at Mirkani post.

Up to this point, from the Malakand to Mirkani, the road to
Chitral has run across the strike of the rocks. At Mirkani it turns
and follows the Chitral river, which up to Drosh runs almost parallel

Two conglomerates With the strike. On the way to Drosh, how-
l[:)erto\:vﬁen Mirkani and ever, a few higher beds are seen. A good
y . section is found at Badurgal, where the ag-
gl.orn.erate serles, greatly crushed, is seen striking NE-SW, and
dipping at 65° to NW. The rock has been cleaved to such an
extent that the original bedding has been. completely obliterated
and can only be traced by means of the pebble bands. Where these
are not present, one is very liable to mistake cleavage for bedding. At

Badurgal the agglomerate series passes up into slate, and a little .

farther along the road to Drosh numerous blocks of quite a different
conglomerate are found lying by the road-side, having evidently
fallen from the cliffs above the road. The latter conglomerate,
which is also sheared and slaty, is composed for the greater part of
small pebbles of limestone, but contains also some granite and trap.
The rock is extremely like a conglomerate, to be subsequently re-
ferred to, which is found at Reshun (p. 284).
About 1} mile above Badurgal the Mirkani agglomerate series
Volcamic series be. Passes up into a bed of trap, which is followed
tD“:)esl}lr Mirkeni and by a great thickness of conglomerate and
. volcanic breccia with occasional trap-flows,
but by far the greater part of the series is either breccia or conglo-
merate. The fragments of which the latter rocks are composed oare
usually angular and consist of trap. The road runs along the voleanic
rocks for some miles, skirting the river along the left bank.
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At about two miles below Drosh the trap suddenly gives place to
slaty beds again. Among these, about 30 feet above the road, there
is a large outcrop of a finely laminated limestone full of fragments of
comminuted foraminifera. I took this at first for a crushed Fusulina
limestone ; exumination with a pocket lens, however, showed that
the long narrow sections were not Fusuling, and I referred them
provisionally to a Bryozoon. Tt was not till I
returned to Calcutta and was able to examine
slices of the rock under the microscope that I discovered that the
supposed Bryozoa were fragments of Orbitolina. The rock has been
so crushed that the foraminifera have been broken into small frag-
ments and I have not found any complete specimens. There is no
doubt, however, that the fragments belong to Orbitoline, as 1 have
found similar fragments in o shale containing undoubted Orbitolina
and associated in Yasin with a bed containing hippurites. The
latter tocks lie unconformably on a trap series, which is almost
certainly the Panjal Trap, and which I am inclined to regard as
equivalent to the trap of the Drosh-Mirkani section.

On the left side of the river, there is an ascending sequence
from the Ashreth limestone, through the agglomerate, up to the top
of the Trap series. Along this bank the prevailing dip is north-
westerly and the voleanic series appears to extend across the river
high up into the hills on the opposite bank ; a bed of brilliantly
white rock which caps those hills was subsequently found to be
crystalline limestone and to be separated from the volcanic series by
a belt of gneiss. If I had known at the time the real nature of the
Orbitolina limestone, I should have spent some time at Drosh and

Relation of Otbitolina examined the section thoroughly, but the general
Limestone to volcanic resemblance of the volcanic series to the Panjal
series. Trap, and the presence of the supposed bryo-
zoan limestone associated with it seemed to fall in with the assump-
tion of a steadily ascending sequence, for the dip on the right bank
of the river was quite clear and seemed to be everywhere north-
Westerly also. The subsequent discovery that the latter part of
the section comprised the metamorphic rocks above referred to did
not necessarily preclude the straightforward interpretation of the
sequence, although it certainly introduced an element of doubt and
suggested the possibility of a fault along the valley. The evidence
of disturbance, which is considerable on the left bank of the river,
taken together with the apparent position and schistose character of

Orbitolina Limestone.

o
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the Orbitolina Limestone, lends further support to the idea that an
important fault runs along this valley and its structural continua-
tion the Shishi valley. I do not know the exact relationship of the
Orbitolina Limestone to the volcanic series, but where I saw it on
the hillside, it appeared to overlie the latter. The conditions,
bowever, are complicated by local disturbance and there is some
doubt as to whether the apparent sequence is the true one; a
persistent snow-storm during my examination of the outcrop
added still further ‘to the confusion, but in view of the section
subsequently found in Yasin, the most plausible view is that the
limestone overlies the volcanic series unconformably and that the
latter is the equivalent of the Panjal Trap. A little way beyond
the limestone, but separated from it by an outcrop of trap, I noticed
on the roadside a cliff of schistose, much crushed quartzite which
appeared to dip into the hill, that is to say, in the opposite direction
to the prevailing dip.

Before describing the rocks met with above Drosh, it will be
Tertiary sandstone of well to refer to a nn'lch younger deposit ob-
Drosh and the Shishi served for the first time in the valley of the
river. Chitral river some miles lower down. This is
a coarse sandstone, often containing pebbles, which is first seen
at the stream above Galatak and thence continues all the way to
Drosh. It is a coarse grit or sandstone with bands of con-
glomerate, and is seen at intervals on the hill-sides above the
river running up to 80 feet or more above the present river
bed. It is false-bedded and clearly of fresh-water -origin, and
exactly resembles typical upper Siwalik deposits. It dips inwards
slightly towards the hills, and recent river deposits lie on it
unconformably at Drosh, where it underlies the fan on which the
village stands. Similar deposits, presumably of younger Tertiary
age, are seen at the junction of the Shishi and Chitral rivers, where
they include also yellow and lavender clays. They are found also
up the valley of the Chitral river, towards Chitral, sometimes as
much as 500 feet above the present river-bed, though they have
been to a great extent removed in recent times by denudation.

A short distance above Drosh the Shishi valley joins that of the
Chitral river. The former valley is the structural continuation of

the valley of the Chitral river between Drosh °

thc[)isst:?srl:’ief-allz(yks °f and the Afchan frontier. Above the junction
’ of the two streams the Chitral river cuts
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across the strike of the rocks. For the first few miles of the road
from Drosh to Gahiret the section is not clear, since the solid geology
is hidden by a broad fan. A short distance below the point at which
the Shishi stream enters the Chitral river, rock again crops out on
the road-side; this consists of trap, some schistose beds (possibly
ash), and thin beds of a grey limestone with thicker bands of cream-
coloured crystalline limestone. The beds dip steeply to WNW,
and are underlain by the Trap series along the road up to the bridge
over the Shishi stream. About a quarter of a mile up the stream
above the bridge, two bands of dark-grey semi-crystalline lime
stone with streaks of calcite crop out on either side of the valley.
The strike is approximately NNE-SSW, and the dip very high
to WNW. One of the outcrops of limestone forms an anticlinal
saddle standing on end, ¢.e., pitching vertically. This outerop occurs
on the left bank and appears to be represented on the right bank by
masses of broken and crushed rock showing no particular strike or
dip. The other outcrop occurs on both banks and forms a great
vertical wall about 400 feet high on the right bank. All these beds
are overlain unconformably by the younger—supposed Siwalik—sands
and clays.

A little way above the Shishi bridge on the road to Gahiret, the
path mounts to the face of a cliff overhanging th(? river, arfd is cut

Granite and gneiss OUb of a dark fine-grained biotite gneiss. The
petween Drosh and latter is much folded and crushed ; under the
Gahiret. - microscope the component minerals are all
found to be broken up into small fragments. The rock contains
veins of pegmatite, with felspar predominating, which share in the
foliation and crumpling of the gneiss. There are also infiltration
veins of quartz and reddish-brown calcite, which cut across the
foliation.

The belt of gneiss is some miles wide and is eventually replaced
between Kes and Gahiret by a thick band of grey and white crys-
talline limestone. This is the bed already .referred to as seen run-
nifig along the hill-tops on the right bank of the river opposite
Drosh. It dips steeply (60°—70°) to NW and crosses the river

below Gahiret, making a marked bluff on either
ofcéﬁ'ﬁﬁfw limestone  oj9e of the river. From this point on to about
half a mile above Gahiret the rocks are
almost entirely calcareous. The crystalline limestone is overlain
by a schistose rock, composed of fragments of slate and limestone,

D
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which is succceded by a thick mass of grey crystalline limestone
less highly metamorphosed than the rock at the base of the series.
Just before reaching Gahiret, the road is carried on a gallery along
the face of a cliff of this limestone, which is here dark-grey with
light veins and masses of yellowish calcite.

The total thickness of the calcareous series appears to be very
considerable, probably between 2,000 and 3,000 feet. About half
a mile above Gahiret, on the right bank of the river, the limestone

. . gives place to schistose slate (phyllite). Some
Slate series of Chitral. zalcarelt))us beds are associated(pwi};h t)he slate
but the series subsequently becomes one of slate, chiefly with some
quartzite. The latter rock is seen on the right bank of the river
just below Urghuch. A little further on, at about the 22nd mile,
where the road ascends and crosses a cliff, a fine-grained diorite
is intrusive in the slate and quartzite.
~ The relationship of the gneiss series to the trap and Orbitolina
Relation of crystal- Iimest'one'of Drosh is obscure. The covering
line zone to voicamic of Siwalik and younger beds leaves only
series. patches of the older rocks visible here and
there, and no continuous section is to be seen along the road. I
have no doubt that clear sections could be found higher up the
Shishi valley, but as the chief object of my journey lay in the
Pamirs, 1 hesitated to deviate from the main road through Chitral.
The rocks at the mouth of the Shishi valley are so disturbed as to
give little clue to the true sequence. The gneiss also has been
intensely folded, and its relationship to the Trap series is not clear ;
1 think, however, that it represents an intrusive granite. The
true relationship could no doubt be ascertained on the fine section
exposed in the hills on the right bank of the Chitral river opposite
Drosh, which I had not time to visit.

Trom Chitral to Koghazi on the Mastuj river the road to Mastu]
lies on the slate and quartzite series, which is intensely folded and
faulted and in numerous places contains bands of an intrusive dioritic
rock. Just beyond Koghazi, the crystalline limestone, which “has

Metamorphic  rocks hitherto been conspicuous pigh up on the hills
between Chitral and on the left bank of the river, comes down to
Reshun. the road where the stream from Golen joins
the Mastuj river. It is completely crystalline, and forms enormous
cliffs sometimes with a sheer face of a thousand feet or more. The
Golen stream has cut a deep and narrow gorge through the limestone,
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which, some little way up the stream and at a short distance below
the small village of Golen, abuts against granite, which latter
appears to form the higher hills at the head of the valley.

Above the Golen stream the limestone again draws away from
the river which runs through slate almost all the way from Reshun,
the limestone being higher up in the hills on the left bank. Opposite
Baranas the lower slopes on the right bank of the Mastuj river ap-
pear, from the opposite bank, to consist of dark slates with reddish

. bands passing up into a great thickness of a
The Reshun section. y own I;ock ofornIiing very Cthick beds. A few
miles below Reshun, where the Owir valley debouches into the main
valley, this brown rock comes down to the road. The underlying
slates are hard, dark, often quartzose, and are overlain by a dark
conglomerate of quartzite pebbles in a coarse slaty matrix. This
passes up into brown sandstone and grit followed by a thin bed (2
fecet thick) of intensely black carbonaceous shale. Over _this again
is more grit and sandstone, the grit having strings of pebbles in
it and passing into a conglonierate.
In the valley behind Reshun there is a good section of this series.
_ About 4 miles up the valley the slate series is
vaﬁg;’lgllggmineshum overlain by the conglomerate. The latter
must be at least 1,500 feet thick (Pl 28 fig. 1).
It passes up into a thick series of red shale several hundred feet
thick. This is overlain by quartzite, followed by hard compact
limestone, which at Reshun village contains sections of large
brachiopods, but the limestone is so hard that no fossils can be
extracted ; the rock merely splits up into rhomboidal fragments.

Higher up the Yarkhun river, opposite Shugram and also in the
high bhill behind that village on the 1ight bank of the river, the hard
Reshun limestore is overlain by silicecus lime-
stone and quartzite. The limestone often con
tains crinoids. On the very top of the high hill behind Shugram,
this is overlain by limestone containing- a fairly large fauna, com-
prising ckiefly corals and brachiopods. These are the beds, and
this is prokably tke lccality, from which Colonel Gurdon’s fossils des-
crited by the late Mr. Hudleston! were derived. As already stated,
their age is Upper Devonian. Hence the underlying quartzites
and siliccous limestones presumably represent the lower part of that
system and prokably part at least of the remaining older Palxozoic

Devonian system.

1 Geol. Mag., Decade 1V, Vol. 1X, pp. 3-8, 49-68, January and February, 1902,
D2
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systems. In the absence of fossil horizons it is impossible to sub-
divide these lower rocks except on a broad lithological basis. The

siliceous limestone and quartzite, however, recall the upper part of

the Silurian and lower part of the Devonian systems as seen further
east in the Himalaya, and may include the Muth quartzite, which
is such a persistent feature of Himalayan stratigraphy.

So far, the sequence from the gneiss between Drosh and Gahiret
up to the Upper Devonian of Shugram seems
to offer no difficulties, and appears to be a
continuously ascending one, at least from the apparently lowest
crystalline limestone upwards. In fact, the sequence seems to be—

. Upper Devonian limestone ;

. Siliceous limestone and quartzite ;
. Red shale;

. Conglomerate ;

. Slate with some quartzite ;
Crystalline limestone ;

Granite and Gneiss.

Between the mouth of the Owir valley and Reshun, the most
conspicuous rock is conglomerate ; blocks of it lie in the river-bed
and the ground on either side of the road is

gh;rl:l‘:mfes“““ €of* strewn with it. All this® transported material
seemed to belong to the same rock, which is

made up chiefly of pebbles of grey or white limestone, often
crystalline, and quartzite ; trap was absent from the blocks 1
examined. Although there seemed to be some disturbance at the
mouth of the Reshun wvalley, the general impression of the
section was that of a continuous ascending sequence from the
conglomerate to the Upper Devonian limestone ; at the same time
both the shale and the conglomerate, though the latter is thoroughly
indurated, looked suspiciously young for older Paleozoic rocks ;
further ground for suspicion lay in the discovery among the
limestone pebbles of a fragment containing the same fossils, —
* then supposed to be Bryozoa but now known to be Orbitolina (Pl 31
fig. 4)—as I had found in the limestone associated with the
volcanic series mnear Drosh. The apparent position of the
conglomerate—below the Devonian—led me to infer that either
the supposed bryozoan limestone must also be older Pal®ozoic
and therefore older than the Drosh volcanics or that there
was either a fault of great throw or else an inversion in

Probable sequernce.

L N
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the valley behind Reshun. The crushed and slaty appearance of
the Drosh limestone was as favourable to one interpretation as
to either of the others, while the fossils gave mno clue, since
I could not determine them macroscopically and, if Bryozoa,
they might be of any age from Ordovician onwards. Tt was
therefore preferable to take the simplest explanation, namely,
that the sequence was normal and the Drosh limestone and the
Reshun conglomerate both pre-Devonian. I adopted this as a
working hypothesis during the remainder of my journey through
Chitral, though my faith in it was subsequently shaken by the dis-
covery of trap pebbles in blocks of what appeared to be the Reshun
conglomerate at Awi, a village on the left bank of the Yarkhun
river about twenty miles above Reshun. The rock was not in situ
at that place and I hoped to meet it further on, but did not come
across it again in association with beds of known age. There was
no time to go back, as I had to reach the Darkot pass" before it
closed for the early summer months and the true sequence conse-
quently remained doubtful. The discovery now that the supposed
Bryozoa are fragmentary Orbitoline and that the conglomerate is
consequently Upper Cretaceous or Tertiary necessitates complete revi-
sion of the sequence below the Devonian at Reshun, and this is only
possible in the field. A conceivable explanation is that there are
two conglomerates between which I failed to distinguish, one pre-
Devonian and the other Tertiary; otherwise the most reasonable
interpretation of the section is that there is a fault of great throw
between the Devonian and the Tertiary. Disturbance is very
pronounced along the valley on the opposite side to Reshun, and
the hill-side has in places been reduced by faulting to little more
than a rubbish-heap. I have also shown that there are indications
of probable faulting on a large scale in the neighbourhood of Drosh,
and the belt of gneiss—much of it a foliated granite——, which crosses
the valley of the Chitral river between Drosh and Gahiret is also
sxugges’cive of a zone of fracture. It is unfortunate that the true
sequence should be left in such a state of uncertainty. I may seem to
have entered into unnecessary detail with regard to my difficulties over
the Reshun section, but as there is no immediate hope of making
a systematic study of the geology of Chitral, we shall probably be
dependent for some time on the observations of travellers, who may
be as restricted as I was in the matter of time and it is advisable
to help them as far as possible to avoid the pit-falls by which I was
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entrapped and at the same time to specify the more important
points that require elucidation,

The Reshun conglomerate, or one very like it, re-appears among
crushed and foliated beds at several other points in Yarkhun, Yasin
and Hunza, and if it is really a single formation and does not em-
brace two rocks of widely different ages, it will serve as a valuable
guide in unravelling the structure of one of the most complicated
areas in the Himalayan region. At present we know merely that
to the north of the igneous and metamorphic belt of Dir and Swat,
limestone and slate are overlain by a volcanic series, consisting of a
coarse agglomerate below, followed by ash, trap and breccia and
probably equivalent in age to the Panjal Trap. Below Drosh the
volcanic series 1is associated—probably unconformably—with very
crushed Orbitolina limestone; beyond the Shishi river it gives place
to gneiss and crystalline limestone followed by a thick slate series
with some quartzite. The relationship of the gneiss to the volcanic
series is unknown, but the problem could be solved by detailed
study of the structural conditions in the Shishi valley and in the
neighbourhood of Reshun; the slate series was assumed by me
to be pre-Devonian, possibly Ordovician or Cambrian and the—
apparently underlying—crystalline limestone to be older still, but
this inference depended on the supposed pre-Devonian age of the
Reshun conglomerate, now a matter of considerable doubt since a
travelled block of apparently the same conglomerate has been found
to be not older than Cretaceous. The crystalline - limestone and
slate series may be equivalent to the Ashreth limestone and over-
lying slate which lies directly under the volcanic series at Mirkani;
and if the latter is of the same age as the Panjal Trap, the two
former must be Lower Carboniferous or older.

|In his interesting notes on the geology of Chitral already referred

to (supra p. 272), Sir Henry McMahon describes
HOII?CM““““’S correla- w6 groups of conglomerate-sandstone-lime-

' stone, one in the neighbourhood of Mirkani,
Drosh and Gahiret and the other at Reshun, and he is inclined ‘o
regard the one as the direct continuation of the other. The lowest
member of the Mirkani-Drosh-Gahiret group is evidently the Mirkani
voleanic agglomerate ; the second member I have not been able to
identify, as the only sandstone that I observed at Drosh was the soft
Tertiary rock; the Gahiret limestone is unmistakeable. From what
has been said above, it will be seen that it is not probable that the
Mirkani agglomerate is represented at Reshun, while the age of the
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Gahiret limestone is doubtful : it is, however, quite possibe that it
may include metamorphosed representatives of the Upper Devonian
of Reshun. At the same time the conditions have proved to be much
more complicated than was formerly supposed and in the presence
of the intervening belt of gneiss we should not now be justified in
grouping the Mirkani agglomerate with the Gahiret limestone.
The supposed simplicity of the sequence was further responsible
for leading General McMahon to suggest that the conglomerate-
sandstone-limestone represented the Blaini series of the Simla area.
Had he been able to study the Chitral rocks in the field he
would undoubtedly have realised that there were no grounds for
such correlation; there is indeed no lithological or stratigraphical
resemblance between the Blaini series and any rocks that I have met
with in Chitral. '
The Upper Devonian beds opposite Reshun and above Shugram
. are overlain by a thick series of paper- and
o boniferous  shale 1 oedle-shales and quartzite. One thin ‘bed of
crinoid limestone was also observed in the shales.
Further back in the hills, and below the village of Lun, the shale
series runs to the foot of a line of cliffs formed of the Upper Devonian
limestone evidently repeated by a fault. Above this is shale similar
to the series just referred to. Above the village of Lun, shaly and
slaty beds predominate, passing up eventually in the high ridge
above the village into quartzite with some slaty calcareous beds.
Above this the hills were completely snow-covered at the time of
my visit, and it was impossible to ascertain the nature of the rest
of the section. The shale and quartzite series is Lke a group of
Palzozoic beds subsequently found in the Pamirs, where it underlies
the great limestone series that I have called the Pamir Limestone.
I cannot say if the latter is represented in the hills above Lun as
they were under snow at the time of my visit, but the upper part of
the Mesozoic group is not far off, for I found on the rcadside at Mori
Lasht, about four miles above the Golen valley, a travelled block of
.hippurite limestone. It may have come from the Owir section.
From Reshun the road to Mastuj first of all follows the lower
Devorian of Koragh silicigus }imestone for some way, subsequently
spur. crossing it on the spur which juts out into the
river on its left bank opgosite to, and just above,
Shugram. Here it passes up into a brown limestone with quartzite.
The limestone is full of crinoid stems, all crystalline and not
sufficiently well-preserved for determination. There is considerable
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disturbance and probably faulting here, but the limestone appears to
pass up through alternation with shale into quartzite. On the ridge
which turns the river just below Koragh, there'is a good section of
the Devonian beds. The scree from the ridge is full of the same
fossils as were found by Col. Gurdon in the section opposite Reshun.
Sometimes Spirifer Verneuili composes whole bands of rock of a
thickness of as much as six feet; below these .are bands of coral,
and under that again a shaly bed with A#rypa aspera and trilobites.
Each of these fossiliferous bands is separated from the others by a
thin band of quartzite. Higher up the ridge the fossiliferous beds
are underlain by dark shales passing down into brown and grey
limestone full of corals. Below this again is a thick mass of pale-
vellow and white quartzite, which one is tempted to regard as
the equivalent of the Muth quartzite of the Himalaya.

The fossiliferous beds are overlain towards the end of the Koragh
spur by quartzite like the underlying rock just
referred to, and there seems to be a fault through
the spur. T found no fossils in the quartzite, but it would be advis-
able to examine the higher parts of the spur behind the fossiliferous
beds in the hopes of finding the rest of the Paleozoic group including
the Lower Devonian limestone of Showar Shur. So far as the Upper
Devonian fossils are concerned, this locality is a more prolific, as well
as a more accessible, one than that above Shugram. As a rale, too,
the fossils are very well preserved, and large collections can be made
in the course of a few hours. I mow regret that I did not spend
several days here in examining this section and that of Owir in
order to determine the complete sequence, but as I have already said,
T was pressed for time, since I wished to leave Chitral v+¢¢ the Darkot
pass, which is usually closed to traffic from the middle of April till
Julv. It was also reasonable to expect that a complete section
of the lower beds would be exposed further up the valley of the Mas-
tuj river, but in this respect the Chitral valleys generally are most
disappointing ; one is continuously buoyed up with the hope of finding
a good exposure of the sedimentary series round the next bend,
which, however, one turns only to find the sequence disturbed either
by extensive faulting or by intrusive granite.

Opposite Koragh the Mastuj river is joined by another broad

stream which drains Murikho and Turikho, a
TuI: ;’l‘z}’l‘;"’“ sequence in  Jar0e valley running up to the snowy peaks
opposite Kala Panja. The valley is the struc-
tural continuation of that of the DMastuj river from Koragh

Possible faulting.
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downwards, and the sedimentary series of Owir and of the hills behind
Shugram ought to be well exposed in it unless they have been
confused by the intrusive granite of the Tirich Mir massif.

Above Buni the Mastuj river flows from east to west, and the
Devonian beds appear to cross it and run along the high ridge between
Turikho and the Yarkhun. valley. At Awi the hillside is covered
with blocks of conglomerate which have fallen from the cliffs above;
the rock is superficially very like the Reshun conglomerate, but
contains pebbles of dacite and Fusulina limestone. From Awi

to Mastuj the rocks on the left bank of the river
Kora§§°k§n‘3et‘§§2';u. are crystalline limestone, slate and quartzite.

The crystalline limestone is apparently the same
as the rock found near Kes, between Drosh and Gahiret, and is
presumably a continuation of that series. It continues up the
Yarkhun valley to Jhopu, the prevailing rocks between Mastuj and
that village being slates (often schistose), crystalline limestone and
granite. The rocks are all highly altered, and the facies is a meta-
morphic one. In the neighbourhood of Jhopu, the strike, which
has hitherto been on the whole SW-NE, gradually swings round
and is almost W-E. From Jhopu the crystalline limestone runs up
towards the Tui pass; this observation, however, was only made
from a distance. Immediately below Jhopu the limestone forms
cliffis on the left bank of the Yarkhun river; these are often
beautifully polished and covered with glacial strice. »

Jhopu lies at the southern end of the Ishpirin defile, which is an
immense gorge cut through a range of granite

Granite and mefa- gnd eneissose granite, the westerly continuation
£%12h‘§;3°k§;’fk’,fﬂ,ﬁfﬁ“ of tl?: Sakez Jarab range at the iead of Yasin.
The gorge runs north-south and almost at right

angles to the strike of the sedimentary series found at either end of it.
The upper Yarkhun valley above the defile runs approximately
east-west. At the northern end of the defile, about 2} miles above
the small village of Dubarghar, granite gives' place to limestone,
which forms great cliffs on either side of the river and also on the high
hills on the right bank behind Turipotk, where the Koksum stream
from the Shah Janali pass enters the Yarkhun river. Just above
the small village of Yakhdan, rocks similar to the Reshun conglo-
merate, grit and crinoid limestone are found on the right bank of the
river. All the rocks are much metamorphosed, and granite seems
to prevail in all the higher hills, for it is the chief rock in the moraines
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and in the river-bed. Behind Lasht, which is on the right bank of
the river, the crinoid Imestone series, which presumably represents
the Devonian of Reshun, underlies a very thick series of black
slate and white quartzite, which forms the high ridge behind (north
of) the village. This extends up to the snow-line, where it is in
contact \\1th intrusive granite. It is probably the series already
observed above the Upper Devonian in the hills behind Shugram.
These 1ocks—conglomerates limestones and slate with intrusive gra-
nite—continue all the way to Petus, the last village in the Yarkhun
valley. The strike has gradually become more and more equatorial
and has determined the course of the Yarkhun valley. The high
peaks to the south of Petus arc probably composed entirely of the
granite and gneiss seen in the Ishpirin defile. At Petus there is a
warm spring, the temperature of which, however, is low, probably
between 60° and 70°.

Above Petus the prevailing rocks in the Yarkhun valley are slate
and quartzite, with some limestone and granite in the high hills on
either side. Granite is also intrusive in the sedimentary beds, where
the road to the Baroghil pass crosses the Yarkhun river, at the
bridge below Dasht-l-Barorrhll Here the river rushes through a deep
and narrow granite gorge, which is crossed by a small foob-brldﬂe

The Dasht-i-Baroghil is a shallow valley some four miles long
and half a mile wide, covered with moraine
material. It appears to have been once the
bed of ~a glacier which flowed from the snow-fields above
Petus,—now embracing the Chatiboi and Darkot glaciers—into
the Oxus in Wakhan. Huge erratics of granite, which must have
been derived from the high peaks to the south-east, are found strand-
ed on the slopes on elther side of the Dasht-i-Baroghil. On the right
bank of the river, and between the Dasht- 1-Ba10r7h11 and the Sham i-
takh pass, there is an extensive series of sedlmentary rocks undis-
turbed by granite. At the time of my visit (May 5th to 8th, 1914)
almost all thls country was under snow, and it was impossible to ﬁnd
a complete or continuous section. The Lower Devonian fossils
described by Mr. Cowper Reed (Rec. Geol. Surv. India, XLI, 86,
1912), which were collected by Major Grant in 1898, were found
near Showar Shur in the Yarkhun valley, about 8 miles beyond the
Baroghil pass. They occur in a dark and rather fetid limestone,
and I failed to find anything resembling this rock in the Baroghil
sections, nor could I find boulders of it among the moraines. It 18

The Baroghil Pass.

&
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probably obliterated by the granite at the southern end of the Dasht-
i-Baroghil ; the hills on the west, where it might also be found, were
maccesmble on account of snow; so also were the hills between
the Shawitakh and Karambar passes; they looked promising, how-
ever, and would certainly supplement considerably the Baroghil-
Shawitakh section.

The southern ascent to the Dasht-i-Baroghil is, as already stated,
over granite, The next rocks observed above the granite belong to
o series of quartzite and siliceous limestone, all much crushed and
often quite shaly. The limestones contain very badly-preserved
specimens of Spirifer, which are too poor for determination, but may
be Sp. Verneuili. They are found below a thick
bed of quartzite which forms the southern shore
of the small lakelet at the southern end of the Dasht-i-Baroghil.
On the northern shore of the same lakelet, crushed limestones and
quartzites were found, the former containing corals, which, however,
were not determinable. At Baroghil Allak this series passes up
through thin-bedded, grey, brown-weathermn limestone into shale
and quartzite, which continue for a conSIdemble distance along the
ridge separating the Dasht-i-Baroghil from the Yarkhun valley
The shale and quartzite series passes up through thin-bedded lime-
stone full of crinoid stems into shale and shaly limestone containing

Carboniferous and Athyris, Spirifer and Fenestella. An outcrop of
Permian of Yarkhun this fossiliferous bed is seen on the long ridge
:\lrlill-c Ze;:?ga\\%?;ﬁ%{“l running down into the valley above the stone huts

of the ﬁle grazing-ground on the right bank of
the Yarkhun river above Baroghil. About 30 feet above the first
fossiliferous layer, shaly limestones contain, in addition to a similar
fauna, also Spirifer rajah. The latter bed is overlain by hard and
splintery grey limestone full of small white specks, which are altered
Fusuline. About a hundred feet higher up, a dark grey, very hard
band of limestone contains corals and a Bellerophon very like B.
Jonesianus Kon. of the Salt Range. Above these there is a band
full of calcareous alge and \\ell-preserved Fusuline. The same
limestone extends for about 300 feet higher up, becoming shaly
above. It is full of the same Belleropkon and calcareous alge.
Corals are numerous, and include species of Michelinia and Lonsdaleza
(L. indica Waag. and Wentz). This limestone is followed by about
50 feet of quartzite overlain by a hard, dark grey, splintery limestone
with Producti, Chonetes and Fusuline. The Producti include P.

Devonian.
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semareticulatus Mart.,, P. Abiche Waag., P. Komincki Vern., and P.
cora d’Orb., and occur chiefly in one band about 50 feet above the
base of the limestone. The Chonetes occur about 2 feet higher up,
and are overlain by Fusulina limestone. About 10 feet higher up,
another band occurs with P. cora d’Orb. and Chonetes. Producti
and Chonetes then extend for some considerable distance wup
through the limestone, the next fossiliferous band being a shaly
limestone containing Derbyia sp. and Fusulina. Above this is a
solid mass of Fusulina limestone. The total thickness of the whole
of this fossiliferous limestone band from the top of the underlying
quartzite is about 500 feet. It is overlain by pale-grey limestone,
with one thin band full of corals. This is followed by a band
of dark ferruginous grit, which has the appearance of having been
brought in- by a fault. Above this again is dark grey limestone
like the lower part of the Fusulina limestone but apparently wun-
fossiliferous ; it is overlain by a great thickness of thin-bedded
pale-grey limestone, very hard and compact
Shzf:;‘&sf(;' limestone of 314 in beds of from six inches to a foot thick.
This limestone is part of the very thick series
which extends up to, and over, the crest of the Shawitakh pass,
sometimes pale grey and compact, sometimes darker, and occa-
sionally shaly. In its upper beds it resembles the upper Triassic
limestone of the Himalaya. It probably corresponds, at least in
part, to the Pamir Limestone. I failed to find any fossils in it, but
my examination of it was very cursory as most of the country was
under snow. Its position overlying the Fusulina limestone indicates
o Triassic age, at least for the lower part of it.
The fossiliferous series seems to ‘extend from Upper Devonian
to Permian, the beds at the small lake at
Paf ;g'z’;c‘l”i d:{"’ UPPET  the south end of the Dasht-i-Baroghil being
probably, as already stated, the represent-
atives of the Upper Devonian of Koragh and Reshun, while
the overlying slates and quartzites are presumably Carboniferous.
The fauna of the fossiliferous beds recalls in many respects that Of
the Productus Limestone of the Salt Range. The following partial
list of the fauna is based on a rough preliminary examination of
my collections, and includes all the fossiliferous horizons observed :

Productus semireticulatus Mart.
Abichi Waag.
Koninckt Vern,

bad

”
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Productus cora d’Orb.
Spirifer rajah Salt.
»  fasciger Keys,
Derbyia sp.
Chonetes sp.
Athyris Royssit Lev. -
,, subexpansa Waag.
Pseudomonotis sp.
Bellerephon cf. Jonestanus Kon,
Pleurotomaria sp.
Fenestella sp.
Protoretepora sp.
Fusulina sp.
Schwagerina princeps Ehr.
Lonsdaleia indica Waag. and Wentz.
Michelinia sp. and many other corals.

This fauna is evidently Upper Carboniferous to Permian.

This is the most extensive section that I found in Chitral, and
would well repay further stndy. My visit, however, was paid too
‘early in the year; in June or July the hills on the west of the
Dasht-i-Baroghil would probably be more or less free from snow and
ought to yield a fine section.

From the top of the Shawitakh pass the hills on the other side

‘ of the Oxus are clearly seen to be composed of
thf%‘;‘:&“f hills across 5 plack slate series which 1 subsequently ex-

: amined along the boundary between the Great
Pamir and Wakhan. It is the same as the shaly series underlying
the Pamir Limestone at Aktash, and is almost certainly Upper
Palmozoic. What its relationship is to the Baroghil-Shawitakh Pal-
@ozoic series has not been determined, but it presumably re-
presents the slate and quartzite series which 1 have referred to the
Carboniferous. The apparent absence from the greater part of the
Tamirs of the Fusulina limestone! and of the associated fossiliferous
beds seems to indicate that the calcareous facies of the Upper Pal-
@ozoic of Chitral is replaced further north, as it is in the Himalaya,
by a shallow water facies consisting of shale and sandstone (slate and

quartzite).

1 One fragment, a small pebble, of Fusulina limestone was found near Aktash in the
Russian Pamirs (¢nfra page 310).
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Il.—Yasin, Gilgit and Gujhal,
The Yasin valley is separated f

t .
the Sakez Jarap o e Upper Yarkhun by

: range of gneiss and grani
and its westerly N e

: continuation alread f
to. At the head of Yasin the Tange is crossed by th); r](;::}ii(z

Pass, which was formerly access;

and from north-.west alon)gr the twl())leDaI;izl; ;flx;l(;xix;r:he Tﬁlortfh-east
route, however, is now said to be no longer P?actical;le ed (I>fmer
proached the pass from' Petus. Owing tOOthe e ,f an ap-
shortly.after midnight, and also to ; Snow-storm le’_ hOr starting
some t{me bt?fore daybreak and continyed thmuf:h:utlc came on
1t was impossible to see the hills on either side of ct he Im}’ Ini;rcl-l,
P ro.bable, however, that they are Ccomposed of oneissga(zer. ffls
which was the rock found on the Darkot Pass an l‘?'nh S
down to the small village of Gakshi at the head of th;le:sineiglelltlSrs

: old frontier fortifications
ks give place to a series of black
underlain first by shaly
es of massive grey lime-
Fussling  mestone stone. The shaly limestone contains large num-
in Yasin. bers of Bryoza ang Fusuline. Tt also con-

tains bands full of Product: i
crushed almost flat. With the exception of uzﬁé grhylziloahafsdbiig

Fusuline, all the fossils in these beds

indeterminable specifically. The shalyaliinse:tgla;g bgsciss};?:(iiatisd i }t)}:
paper shales cc?ntaining Impressions of Derbyia and x;'hat a . d
to be a Lyftoma. In spite of the bad state of preservatioﬁpp;aag
faunaz 1 t.hmk there is little doubt that . this series repr : he
Fusuhnz.x limestone and associated beds of the Baronhilp rren. sf[t‘ .
u-nderlylng massive limestone, which forms high cfl?ﬂs 2:16& 'thhe
side of the Iiver, is grey and splintery, and yi:;lded no fossilse1 Aelll'
these ro.cks s:trlke west-east, and they almost certainl e : t
the continuation of the sedimentary series of the Yark);mn pfresl(fll
between Jhopu .and Mastuj. The strike, which, throu shout Chi 2‘1}7
followed approximately the trend of the chief ,hill-rangrres h e
c};uallyh.s]wung roun_dl from NE-SW t0o E-W with a terfde;lcya?xtgtr;(;
deaﬂr:& i;Land also ‘..1 Upper Yasin to assume a slight southerly
" The fossiliferous series of Darband a

to be underlain by a massive limestone, pgfl?glii :Zaiil,reiasd)l’m(slteﬁzii

The Darkot Pass.
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by slate, often calcareous. The series is intensely folded, and the
limestone is not really so thick as it appears to be. It is faulted and

brecciated, and in the absence of fossils it is
an?%ﬁ&“&ﬁi‘;g?rkm impossible to say whether if is younger or older

than the limestone with Fusuline and Bryozoa,
since the disturbance is such that the beds may quite possibly be
inverted. I have assumed, however, that the sequence is normal
and that the massive limestone underlies the fossiliferous beds. As
will be seen from the rough sketch-map, the sedimentary beds are
merely a fragment remaining in the midst of gneiss and granite.
The underlying calcareous slates are seen on the northern side of the
valley at Darkot, and appear to extend across into Ishkaman.
Below Darkot the valley is bounded on either side by steep cliffs
of metamorphic rock comprising hornblende gneiss and metamor-
phosed grits and pebble beds and subsequently granite, which latter
extends to Amurchat. The presence of metamorphosed grits and

- pebble. beds below Darkot suggests the continuation of the conglo-

merates and grits of Chitral, and at Amurchat the fans of the side
streams are full of fragments of rocks like the Reshun grit and con-
clomerate, while a little below the village immense blocks of the
conglomerate are seen in the river-bed. They appear to have been
brought down from the hills on the left bank of the river. A little
further down the main valley, the hills on either side are composed
of slate and quartzite very like the series prevailing between Gahiret
and Reshun in Chitral. These beds dip first to the north, but are
much contorted and faulted. At the junction of the Tui and Darkot
rivers, the quartzites are almost vertical, dipping, however, at a high
angle to morth-north-west, and are overlain by grey and whitish
crystalline limestone having a similar dip. Below these, again,
are quartzite, slate and, opposite Sandi, brecciated limestone. All
these beds are highly metamorphosed, intensely faulted and brec-
ciated, and no trace of fossils was observed.
_ The same series appears to continue through the Dasht-i-Taus
i .to the village of Yasin, and I at first regarded
Yalsjilgzey Cretaceous af tho heds in the cliffis immediately behind the
Rest House on the right bank of the- river as
part of the same metamorphic series. Closer examination, however,
proved that the latter beds were highly crushed and indurated sand-
stones with thin bands of equally crushed shaly limestone. The
‘shaly limesione, which is almost vertical, proved, on examination,
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to be full of Hippurites, which stand out in lumps all over the bed.
The fossils are intensely crushed, sometimes almost completely
flattened. This Hippurite limestone is underlain by indurated sand-
stone followed by calcareous shale with Orbs
overlies a conglomerate composed chiefly of pebbles of trap. Below
the conglomerate there is a great mass of trap, which, with granite,
extends practically all the way to Gupis at the junction of the
Yasin and Ghazar rivers. The trap is interrupted by the intrusive
granite between the villages marked Duman and Sundri on the map,~-
names, however, which appear to be locally unknown. The trap
seems to be of the usual type characteristic of the Panjal Trap of
Kashmir, and the lower boundary of the Yasin Cretaceous beds is
therefore an unconformable one, the whole of the
pre-Cretaceous portion of the Mesozoic group be-
ing absent. In fact we seem here to have found another point on the
line of the great cenomanian transgression with which we are familiar

Panjal Trap in Yasin.

in North-Western India and Afghanistan (Mem. Geol. Surv. India, -

XXXIX, 80, 81 [1911]). How these beds are bounded on the north
I cannot say. Only a detailed examination of the area will enable one
to determine this. Possibly they are separated from the slate and
quartzite series by the fault running along the valley of the Naspar
Gol (stream), which joins the main valley from the west at Yasin.

Below the village marked Sundri on the map, the intrusive gra-
nite gives place to trap again for a short distance, but this is soon
succeeded by vertical beds of crystalline limestone . penetrated by
veins of trap. This is succeeded to the south by a conglomerate
followed by metamorphic schistose and gneissose beds with intru-
sive granite and coarse dioritic rocks like those met with between
Sado and Rabat in Dir. The crystalline limestone and conglo-
merate may possibly represent the agglomeratic slate and associated
limestone of Kashmir. This is merely suggested as an impression
gained from the general lithological sequence between Yasin and
Gupis ; it is merely tentative and I lay no stress on it, for the futility
of attempted classifications based purely on lithological associatiow
is as patent in Chitral and the Pamirs as it is in the Himalaya.

In his “ Notes on the Geology of Gilgit,”* General McMahon has
Granite and meta- G€SCribed a numbe_r of specimens of rocks col-
morphic rocks of Gilgit lected, partly by Sir Henry McMahon and partly
and Hunza. by Captain (now Sir) J. R. Roberts, in the

' Q. J. G. 8., LVI (1900), 337-368.

folina, which, again,’
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Gilgit Agency including Yasin and Hunza. A .considerable numb.er
of 'these specimens came from the Gllglt-Gl}plS road, and consist,
of granite, diorite, amphibolite, crystalline hmestgnc anfl _various
schists. This series extends all the way from Gupis tO.Gllglt along
the valley of the Yasin river, which runs son.le‘what obliquely across
the strike. From Gupis to Roshan the prevailing rocks. arc.dlomtlc,
but at the bend of the river at the latter village crystalline hmest(zne
is found dipping south-west and pene?rated by bands of trap wln‘ch
sometimes run parallel to, and sometimes cross, the.plane.s of folia-
tion. There is a great amount of disturbance here, including appar-
ently an inversion, and the limestone and trap are oc-caswnally inter-
mingled in such a manner as to form a rock.r.esemblmg a calca;‘em}s
conglomerate, presumably of autoclastic origin. ’.l’he nletaxno%phlc‘
series, consisting of crystalline limestone, cale-schists, ca.lc-'gnelsses,
quartzites and amphibolites, continues all the way to Gl{glt, pene-
trated by, and sometimes giving place to, great masses of granite.
From Gilgit to Hunza, the road, which follows the valley of the Hu_nz.a
river, runs directly across the strike of the rocks and between Gilgit
and Nomal crosses the same metamorphic series. Betwaen‘ Nomal
and Chalt the prevailing rock is granite, \\.'ith hornblende schists a_nd
hard fine-grained gneisses. Associated with thgse are tocks which
appear to be metamorphosed traps and.also a highly metamorphosed
bed of conglomerate now almost a gnelss. .

Many of these rocks have already beer.l desc.rlbed by General
McMahon, and I agree with him in regarding this metamorphose‘d
series as the altered representatives, at least in part, of the sedi-
mentary systems of the North-Western Himalay.a. Between Chalt
and Nilt, the rocks of the Budalas hill-side consist o# a calcarcous
series dipping at high angles to the north and overlain by crushed

| conglomerate resembling the Reshun rock. Above Chalt, the valley

of the Hunza river follows the strike, and has been cut 9ut along a
crushed anticline. Crystalline limestone is scen on both sxd?s of the
river, and appears to be overlain by the conglomerate series.
The calcareous series continues on up the river to Ataz’fbud;:
from Aliabad onwards, it is full of granite intru-
Sedimentary rocks of iong  the “stink-stone” referred to by General
Gufbal. McMahon being a very coarse white and grey
erystalline limestone often containing phlogopite'. -From Ata.:’xbad
granite and schist continue all the way to Husaini, a small village

a short distance above Gulmit, where they suddenly give place to

b
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dark slates, chiefly caleareous, dipping at high angles to the south.
These continue most of the way to Pasu, with occasional bands of grey
quartzite which weather to a creamy yellow. At Pasu the beds
are much folded and faulted, and a thick limestone series forms high
clifis on either side of the river. In the hills on the right-hand side
of the Pasu glacier, there is a dark limestone resembling an altered
coral limestone and like the coral limestone exposed on the northern
shore of the small lakelet at the southern end of the Dasht-i-
Baroghil. This limestone also yielded some indeterminable frag-
ments of brachiopods. It differs from the massive limestone which
forms the high ‘clifis behind Pasu and which is a hard light-grey
splintery rock apparently the same as the main mass of limestone
forming similar cliffs at Darband inthe Darkot valley (see p. 294).
The latter limestone west of Pasu is underlain by slaty limestone
dipping at high angles to the south, but the junction appears to bhe
faulted. The slates are underlain by massive grey limestone,
and 'a short distance above Pasu a block of dark-grey limestone
found on the scree at the foot of the cliffs yielded a badly-
preserved fragment of ?Cyathophyllum. Further up thevalley the
ridge on the northern side of the Batur glacier is formed of slate
overlying limestone; the junction again appears to be faulted.
On the right bank of the river, about 1} mile above the Batur glacier,
an old river flat is covered with blocks of conglomerate exactly like the
Reshun conglomerate ; it is considerably crushed, but its resemblance
to the Reshun rock is otherwise most striking. Blocks of quartzite,
grit and pebble-bed also occur in the same locality, and all appear
to have fallen from the high hills on the right bank of the river.
About one mile below Khaibar, T found blocks of limestone very like
an altered Fusulina limestone, but, owing to their state of alteration,
the included bodies could not be definitely identified as Fusuline.
All the rocks in this locality have a steady dip to the south,
and a strike, for the greater part, of east-west. At Khaibar the
strike swings to WNW-ESE or even NW-SE, but this is only
local. Up to Khaibar, therefore, the whole of Gujhal consists
fn the main of an alternating series of calcareous and slaty rocks. In
the south, between Hunza and Husaini, they have been altered by
granite and converted into schists and gneisses. Above Husaini there
are slates and limestones, and apparently also the Reshun grit and
conglomerate. In view of the strike throughout the intervening area,
there is, I think, no doubt that these rocks represent the Paleozoic

and too greatly metamorphosed for determination.
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and Mesozoic beds of Chitral and Yasin. The conglomerate was not
seen 1n situ and its relationship to the slates and limestone not deter-
mined. At and above Khaibar, the Hunza river runsin a deep valley
between clifis of limestone which rise to several thousand feet above
the river. - Disturbance has been very considerable, and the limestone
is greatly folded and often converted into a fault breccia with a grey
calcareous ground-mass of the consistency of table-salt. Forabout
1} mile below Murkhun, on the left bank of the river, blocks of lime-
stone, evidently derived from the overhanging cliffs, contain white
calcite sections of large lamellibranchs which 1 attribute doubtfully
to hippurites. Just below Gircha, the cliffs on the left bank of the
river consist of dark grey limestone underlain by a black slaty
limestone alternating with beds of slate. These pass down into
slaty quartzite and the section recalls that of the Baroghil pass.
Unfortunately, however, such fossils as occur are too fragmentary
Just below Gir-
cha, a hard splintery dark-grey limestone is seen, with intrusious of
trap, and at Gircha itself the bills are composed of dark thin-bedded
slaty limestone. On the whole, the facies from Xhaibar to
Gircha i3 essentially a massive limestone one, and includes pro-
bably both Upper Paleozoic and Mesozoic beds. Here and there in
the river-bed, occasional boulders of the supposed Reshun conglomerate

are found, but they are all small and have probably therefore tra-
velled some considerable distance.

A féw miles above Misgar, a fan of the stream joining the Hunza
river at Sost contains many boulders of what appears to be a meta-
morphosed crinoid limestone.

Just above Khodabad, quartzites and slates are exposed in the
cliffs on the left bank of the river and dip at high angles to the north.

About 3 miles below Misgar, the hills on either side of the river

Slate  series apg 2'¢ composed of dark shales exactly like the
Pamir Limestone near series already referred to as
Misgar. Chinese Turkestan and the Russian Pamirs,
where they underlie the Pamir limestone and are almost certainly
of Upper Palzozoic age. No fossils were observed in them in the
neighbourhood of Misgar. On a moraine below that village, however,
I found a block of dark slaty limestone containing Spirifer and
many small Bryozoa. Other fragments of rocks found in the same
neighbourhood consist chiefly of limestone derived evidently from the
higher hills on the right side of the valley. These hills consist of

oceurring  in

E 2
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slate and - shale below and limestone above. The section, which
appears to be a good one and less affected by metamorphism than
most of the rocks in Gujhal, would probably be worth studying.
Slate is seen for some little distance above Misgar, but is soon
replaced by granite which continues all the way to thé Mintaka
pass.

[11.—The Taghdumbash and Russian Pamirs.

Immediately across the Mintaka pass the granite gives place to

_ a dark slate series, which extends throughout
(ngﬁi)el u"ds ﬁf,?ése)smﬁ? the whole of the south-western corner of
Chinese Turkestan. Chinese Turkestan, including the Karachukar

. - valley and its tributaries, such as Kukturuk,
Tagharmansu and others, as far down as, and to some distance
below, Beyik.” The series here consists in the main of slates, occa-
siopally calecareous as at Lup Gaz, quartzites, voleanic rocks,
needle-shales, and occasional bands of limestone. In the higher
hills, such as those surrounding the Mintaka pass and those at the
heads of the Kukturuk, Tagharmansu and probably also the Beyik
valleys, the series is chiefly slaty, owing to the neighbourhood of
intrusive granite and other igneous rocks; where, however, the
igneous rock is some little way off, needle-shales take the place of
slates and vividly recall the Spiti Shales of the Himalaya. The series
extends to the west, and is clearly the continuation of that seen from
the Baroghil and Shawitakh passes extending far to the north on the
right bank of the Ab-i-Panja (Oxus). It was, in fact, subsequently
met with by me in the mountains between the Great Pamir and
Wakhan—the Wakhan or Nicholas range,—whence it appeared to
‘be perfectly continuous through the Kara jilgha and Wakhjir passes
into the south-western extremity of the Taghdumbash Pamir. Here
and there thin bands of crystalline limestone run through it, one
such band being conspicous in the hills between the Taghdrmansu
and Karakokti valleys. A similar—possibly the same—band was met
with in the Great Pamir running from Salangur lake through the hils
on the right side of the Urtabel valley. '

A marked feature of this slate series wherever met with in the
Pamirs is the presence in it of great quantities
of igneous material. When I first met with the
latter in the Taghdumbash Pamir, I was doubt-
ful as to whether I was dealing with subsequent intrusions or with
- .contemporaneous flows.  In the Karakokti valley it is found-as a

Igneous rocks associ-
ated with the slate series.
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black band of trappean rock, which seems to be associated with
grdnite and overlies slate (altered needle-shale) and quartzite; it
appears to be interbedded, but is really a sill.  Further down the
Karachukar valley the hills on the left side between Mintaka and
Beyik appear from the opposite side of the river to be composed
of dark trap with no perceptible bedding, while on the right side- of
the valley grey and black igneous rocks replace the slate series,
which, however, is found again at the mouth of the Sarik (Sara)
jilgha, where the igneous element is clearly intrusive; the prevail-
ing type is the same as the Karakokti rock. In the Little Pamir
the slates are penetrated everywhere by intrusions of dark igneous
rock, which is perhaps the same, although I have no specimens
by which to verify this microscopically. 1 am indebted to my
colleague, Mr. H. Walker, for the following account of the micro-

-scopic characters of the rocks from the Karakokti and Karachukar

valleys in the Taghdumbash Pamir :

“ These rocks have undergone considerable alteration, but sufficient
of the original minerals and structure remains to enable one to iden-
tify them as belonging to the Andesite family.  Some contain
much more quartz than others, and this causes one to suggest that
the former should be regarded as dacites and the latter as quartz
andesites.

The rocks are characterised by excellent phenocrysts (Pl 31 figs. 1, 2).
The most obvious are quartz.  These are sometimes well-shaped
but are more {requently irregular with corroded edges, and with
inclusions of the ground-mass. The felspar phenocrysts are less obvious,
for, owing to the degree of alteration, they do mot stand up well
from the ground-mass. They are plagioclase, are idiomorphic, and
are usually well-formed. In all cases, they are much altered, with
the formation of sericite and calcite, but the alteration has not pro-
ceeded to such an extent as wholly to destroy the lamellar twin-
ning. .

In all the slides the ferro-magnesian phenocrysts are now repre-
sented by alteration products after hornblende (Pl 31 figs. 1,.3). In
the slide carrying the greatest number of quartz phenocrysts the origin-
al hornblende crystals are now aggregates of pale-coloured chlorite,
quactz and titanite (?); whilst in another slide it has altered to a
deeper-coloured chlorite 1sith “separation of a small amount of ferru-
ginous material. In the other cases, decomposition has proceeded
until only a little calcite and iron-oxides remain. In scveral cases
these oxides have leached into the ground-mass and stzained it ved,
In one case only (where there are few quartz phenocrysts) are there
indications of mica in conjunction with hornblende. The long narrow
crvstal forms with other shorter, broader, but jagged-ended forms
(all replaced by iron oxides) point to mica as an original mineral
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constituent. In those slides in which quartz phenocrysts are not
very abundant and where also the ferro-magnesian minerals are .now
replaced by iron oxides and not by chlorite, apatite is found (Pl 31
fig. 3). It occurs as short stumpy prisms. Oxides of iron are
included in the apatite, and are usually arranged peripherally. Oc-
casionally flakes of hematite are to be seen in the body of the
apatite crystal.

In all these rocks the ground-mass is micro-crystalline, in some
cases more coarsely crystalline than in others. In the dacites both
quartz and felspar can be recognised in the ground-mass. In the
more finely erystalline rocks it is not possible to recognise the younger
generation of ecither felspar or quartz. A certain amount of the
ground-mass contains secondary carbonates.”

Amongst the pebbles collected from the Reshun conglome-
rate at Awi I have found typical specimens of the andesite (Pl. 31
fig. 2), which is, therefore, pre-Tertiary. A lower limit for its
age Is given by the slates which are certainly as young as Upper
Palwozoic and may even extend up to Triassic. In the Little
Pamir the rock intrusive in the slate series near the mouth of the
Shindi valley has penetrated the uppermost beds of shale and has
even affected the lower part of the limestone; I have not found
the intrusive rock in the Pamir Limestone proper, but my examina-
tion of that formation was not extensive enough to justify the
statement that it is not penetrated by the andesite. The ques-
tion of the age of the latter must therefore be left in this unsatis-
factory state of doubt; it is unlike any of the members of the Panjal
Trap series, but resembles in some respects the so-called porphyries
and porphyrites of the Tian Shan! and Ferghana.? Both in the
latter province and in Bokhara an extensive voleanic series is
associated with the uppermost Palmozoic beds. '

Below Sarik jilgha granite replaces the sedimentary series and «
continues to about 3 miles below Beyik, where it gives place to
limestone which strikes ESE-WNW and dips at high angles to
NNE. At first the limestone is crystalline and associated with
gneissose beds, . but it soon passes into a hard grey and brown
rock containing many badly preserved remains of fossils which
include corals and lamellibranchs. This is the south-easterly con-
tinuation of the rock that I have named the Pamir Limestone
and which is the most conspicuous rock in the south-eastern

1 G. Romanowski: Materialien zur Geolegic von Turkestan. Lief. 1 (1880). .
* V. Weber: Recherches géolog'ques fa'tes en 1904 dans la provinee de Syr-Daria.
Bull. Com. Gésl., Petrcgrad, XXIV, 347 (1£05).
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part of the Russian Pamirs. In the hills on the left bank of the
river opposite Ujadbai,
the massive limestone is
overlain by thin-bedded
and shaly limestones
with shales, followed by
an unaltered dark false-
bedded sandstone with a
lateritic bed at its base.
The sandstone is evi~
dently a fluviatile one,
and is perhaps the re-
presentative of the Ter-
tiary beds of the Indus
valley in Ladak. The
rocks here form a sync-
line. The sandstone
which I have referred to
the Lower Tertiary is
underlain by beds con-
taining gastropods and
lamellibranchs, and
immense numbers  of
spines and other frag-
ments of cchinoids. The
fauna is so  badly
preserved and so frag-
mentary that I was un-
able to find anything
determinable ; the general
aspect of it, however,
scems to be Cretaceous.l
Below the shaly lime-
stones massive grey lime-
stone is again exposed in
the hills on the left bank
of the river below Ujad-
bai. It is underlain by
a bright-red, broken
limestone which passes
yellow beds into a black carbonaceous shale with

P. Cotter for

¢. Thin-bedded limestone at base of Pamir Limestone

a. Dark shale (Sarikol Shales)
z. Igneous sill in Sarikol Shales

b. Carbonaceous shalo

T1a. 1. Section on left side of Karachukar valley opposite Ujadbai.

c. Thin-bedded limestone and calcarcous shale {1 Cretaccous)

g. Recent gravels of Karachukar valley
d. Pamir Limestone

f. Park sandstone (? Focene)

1%

down through creamy-

1 [ am indebted to my colleagues, Dlessrs. G. H. Tipper and G. de
confirmation of this view.

»
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layers of quartzite. Below this again dark beds of shalewith carbonace ous

bands extend for miles along the river into the Taghdumbash .

Pamir. Here and there infolded masses of the Pamir Limestone
and what seems to be a lower belt of limestone are found among
the shaly series.

At Acheqgtash on the right bank of the river, there is a warm
sulphur spring, and here, as also in the hills
on the opposite bank, the black carbonaceous
shales are associated with gypsum and are so exactly like the
Angara (Saighan) series of Northern Afghanistan that I assumed
without hesitation that they were merely the easterly continua-
tion of that series. Their association, also in the hills opposite
Acheqtash, with black needle-shales full of concretions and apparently
perfectly identical with the Spiti shales of the Himalaya led me
to suppose at first that there was here a passage between the
freshwater Angara series and the marine shallow-water facies
of the Himalayan Jurassic. The resemblance to the Saighan
(Angara) series and associated rocks, was complete even to the
beds of gypsum and the red calcarcous bands at the base of the
massive limestone, exactly as at the junction between the Jurassic
and Cretaceous in certain parts of Afghanistan. It would be diffi-
’ cult to find a more complete exemplification
of the fallacy of attempting to base strati-
graphical correlation on lithological resemblance,
however complete. Anyone familiar with the Upper Mesozoic of
Northern Afghanistan could have no hesitation, in the absence of
fossils, in identifying the carbonaceous shales and the massive grey
limestone (Pamir Limestone) of the Taghdumbash Pamir with the
Saighan series and Upper Cretaceous limestone of Northern
Afghanistan ; and for some considerable period I was under the
delusion that this identification was the correct one, especially in
view of the fact that the only fossils that I had found in any part
of the limestone at that time appeared to be Cretaceous. Subse-
quent opportunities for studying both the shaly series and the
Pamir Limestone in the Russian Pamirs proved that this correla-
tion was incorrect and that the limestone was probably Cretaceous
only in its uppermost layers and included also Jurassic and Triassic
horizons.

The Sarikol Shales.

Deceptive resems
blance to Angara series.

-+ The Taghdumbash Pamir from ‘the.point at which the course

of the Karachukar river suddenly takes a right-angled bend to the
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north is to a great extent covered with glacial deposits, which
extend to a thousand feet or so above the present valley bottom.
The dark shaly serics and massive limestone, however, continue
on the left side of the river in the hills constituting the southern

part of the Sarikol range. The strike is NW-
shgl‘eestm;%:iphilsimestongg SE and the same beds appear to constitute
of Sarikol range. all the hills far to the east on the right side

of the Taghdumbash Pamir. Usually these beds

are greatly folded and disturbed and also unfossiliferous, for

although I examined them in considerable detail in the Pislang
and neighbouring valleys to the west of Acheqtash, I was unable
to find any determinable fossils. The needle-shales, which so
exactly resemble the Spiti shales, are full of concretions, but although
I broke open many dozens of them, I found no fossils; their centres
usually consist either of small nodules of marcasite or of limonite
pseudomorphous after marcasite. A few miles north of Dafdir
streams on either side of the river bring down fragments of slate,
schist, calc-schist, hornblende-schist and varlous dioritic rocks.
On the left side of the river, the high peaks of the Sarikol range
consist of granite, and the metamorphic rocks just mentioned are
the result of the modifications produced by its intrusion into the
sedimentary beds which have been altered and in places absorbed.
The hills on the right side of the valley between Jargal Gumbaz
and Tashkurghan consist entirelv of these metamorphosed sedi-
ments with intrusive —granite; they include biotite-gneiss and
schist, hornblende-schist, crystalline limestone and cale-schist, all
pierced by bands of coarse granite.

From Tashkurghan I followed the route taken by Stoliczka in
1874, going south-east vid Jangalak, Keng-

thgr}é?:illl(ionle r’;‘;f;s. °of shubar and Nezatash to Aktash on the right
bank of the Aksn (Murghab). From Tashkur-

ghan to Kengshubar one follows a narrow precipitous valley often
only a few yards wide and closed on either side by such steep
walls that it is often necessary to wade along the bed of the stream
for long distances. The valley cuts through the Sarikol range, the
rocks of which are here entirely crystalline. They consist chiefly
of granite, pyroxenite, gabbro and diorite in the centre passing out
into banded gneisses and schists full of granite intrusions. In the
neighbourhood of Kengshubar the sediments become less metamor-
phosed, and are represented: chiefly by slate. Apparently, this part
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of the range represents in the centre complete absorption of the
sediments by granite and the recrystallization of the whole in the
form of more basic varieties, such as gabbro, diorite and
pyroxenite. ~ Further out the absorption has been less
complete, but the sediments have been highly metamorphosed
and recrystallized. Still further away from the central core the
intrusive rock almost disappears, and the effects of the metamor-
phizm are chiefly dynamic. At Kengshubar slates again prevail,
and pass up. in the neighbourhood of Nezatash, into dark
slaty limestones and slates with some quartzite, overlain again
by needle-shales which are succeeded by the massive grey Pamir
Limestone. Disturbance is everywhere very marked, faults are
numerous, and for considerable distances the folds are occasionally
inverted. This appears to be the case at Nezatash. As already
recorded by Stoliczka, a black felspathic rock is found intrusive in
the shales about a mile and a half above Nezatash. It occurs

Sarikol Shales and Poth as dykes and sills. A little further up,
Pamir Limestone at the valley narrows considerably and is en-
Nezatash. closed everywhere by high walls of the grey
Pamir Limestone, which is greatly folded and dips at a high
angle.  Where the path leaves the main valley to follow a side
stream which comes down from the Lakhshakh (Nezatash) pass,
the stream is full of blocks of limestone with sections of lamelli-
branchs. Nothing could be extracted from the rock, but the
sections appeared to me to resemble those of hippurites. Stoliczka,
however, has already attributed them to Megalodon,—a view which
is more probably the correct one. The valley at the eastern foot
of the Lakhshakh pass is filled with black shales exactly like the
Spiti shales but no doubt the same as those already observed in
the neighbourhood of Acheqtash. On the left bank of the stream
they dip under the limestone and contain fragmentary Rhynchonel-
lide. Both here and higher up the valley, they are full of con-
cretions, from which, however, I failed to obtain any fossils.. The
same belt of shale runs westward and forms the low col crosséd
by the Lakhshakh pass leading into the Russian Pamirs, while the
valley below the col is completely surrounded by high limestone
clifis.  The shales on the ascent to the pass also contain many
concretions, which here for the first time yielded fossils; the latter
are badly preserved but resemble T'rigonia; there is also a small
lamellibranch like a Myophoria. Nothing, however, was definitely
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determinable. On the summit of the pass there is a bed of shaly
limestone almost entirely made np of small frag-
Halorella band. ments of brachiopods. From these I obtained
crushed specimens of Halorella. To the west of the pass the Shindi
valley, which leads down to the Aksu (Mwrghab) at Aktash, soon
opens out, and the hills on either side consist of dark shale capped by
grey Pamir Limestone. Folding and faulting have been very con-
siderable, but a clear section on the left side of the valley opposite
the mouth of Kizil jilgha shows the junction between the shales
and the limestone. The former resemble more than ever the
Spiti Shales and here too are full of concretions in which I found no
fossils.
The small stream (Kizil jilgha) which joins the main stream
from the pass at about 5 miles above the mouth of the latter, flows
in from the north approximately across the
mesrzr:g?fﬂ‘;z?{‘id“‘g‘yfh" strike of the local rocks. Near the head of
this valley the black shales are underlain by
very compact sandstone, with some shale, passing down into a
areat thickness of conglomerate, which Is coarse in places but
consists for the most part of a reddish-brown sandstone with
pebbly layers.  This is like the conglomerate seen in the hills
opposite Acheqtash. The sedimentary rocks in this valley are full
of dykes and sills, mostly fine-grained, but including also coarse
pyroxenite.
The presence of Halorelle on the Lakhshakh pass shows that
the Pamir Limestone there is at least in part Triassic, while the
associated shales probably belong also to the
Shﬁl%; of the Sarikol o500 system. None of the underlying rocks
in the Kizil jilgha yielded any fossils; the age
of the main mass of the shales and underlying conglomerates is,
‘therefore, unknown, but they must be presumed to include members
¢f the Upper Paleozoic group. This, indeed, is the conclusion to
which Stoliczka had already come forty years before, and, so far as
this part of the sequence is concerned, I have been able to add
nothing to his observations.
On the left side of the Shindi valley which runs from the Lakh-
shakh pass down to the Aksu, Stoliczka referred to another valley
which comes in from the south-east at a
valiarassic of Kekeheld Tittle way above the mouth of the Shindi.
This valley is known as the Kekchaki or,
alternatively, as the Kakcheki, and is about 10 or 12 miles long.
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At its mouth it runs across the strike of the Pamir limestone and
underlying shales, which on the left side of the Shindi valley have
a steady :outh-westerly dip. A few miles above its mouth the
course of the Kekchaki valley is north-westerly and parallel ‘o the
strike of the limestone, the total thickness of which in the ridge
between the Shindi and Kekchaki valleys is probably over 2,000
feet. The valley is fairly wide and for some miles above its mouth
is full of glacial deposits. At about six miles up, the first outcrop
of solid rock on the right bank of the river forms a small hillock
in the centre of the valley. It is composed of a hard grey silice-
ous limestone weathering brown ; it is thin-bedded and broken
up by joints into small cuboidal fragments. This limestone con-
tains crushed and rather badly preserved ammonites (Perisphinctes).
About two miles higher up the valley a small stream known as
Karakul-ashu comes in on the left bank. At a short distance
above its mouth this stream splits into two branches, in the more
northerly of which there is a fine section of the ammonite beds.

a. Sarikol Shales ¢. Pamir Limestone
. Thin-bedded limestone at base of d. Perisphinctes horizon
Pamir Limestone

Fic. 2. Section across the Kekchaki valley.

They have been considerably folded, and lie in a sharp synclinal of which
the more southerly limb is almost vertical in places. The limestone
stands up in great slabs, the surfaces of which are covered with
ammonites ; the latter consist chiefly of Perisphinctes most of which
would probably have formerly been referred to the comprehensive
form Per. polyplocus Rein. ; the work of later authors such as Choffat,
Siemiradski and others, has resulted in the restriction of that species
within narrow limits and my collection comprises several species,
but ‘T have not been able to examine it minutely enough to say
what they are; the material is not very erll‘preserved and 0 many

Part 4.] Havypexn : Chitral, Gilgrt and the Pamars. 309

_sub-genera and species have been created by Continental palgon-
‘tologists under this genus that the points of difference are so minute
as to make complete determination possible only in the case of
specimens that are perfectly preserved not only as regards shape and
surface ornamentation of both inner and outer whorls but also in
respect of the suture line, more particularly in the umbilical
region. A cursory examination of my material suggests the presence
of forms allied to P. frequens Opp. and also to P. Lothari Opp.,
though I doubt if either species is actually present. Other specimens
from the same bed appear to belong to the genera Oppelia and Reineckia ;
the latter determination is uncertain since the ventral area is not
visible on either of my specimens; one of them, however, exactly
resembles Steinmann’s figure of his R. Brancoi.! 1 regard the
general facies of the fauna as Callovian. ‘

At the head of the Kekchaki valley the Perisphinctes limestoné

' is overlain by massive limestone followed by
q';hncll;?tt'ﬁ?el;’s. of Kek* thin-bedded limestone and oolite. The latter
beds are often composed to a great extent of
spines and other fragments of echinoids, and contain also brachio-
pods, oysters and calcareous algae; all, however, are very badly
preserved, and I found nothing definitely determinable. The beds
are probably the same as those noticed at the top of the Pamir
Limestone in the hills opposite Ujadbai in the Taghdumbash Pamir,
and which I have referred to the Cretaceous system.

On the whole, the sections in the Shindi, Kekchaki and
Khanjuli valleys seem to be the most promising in that part of
the Russian Pamirs, and a detailed examination of them would no
doubt result in the discovery of other fossiliferous horizons, though
it must be admitted that, on the whole, the sedimentary rocks of
the Russian Pamirs are disappointing in this respect.

As one stands on the top of the Lakhshakh pass and looks west-
ward, one is surprised to see none of the broad open valleys that
,one has pictured as being characteristic of the Pamirs. Instead
“of these nothing is to be seen but a broken mass of rugged moun-
tains terminating in the far distance in snow-
capped peaks. The mnearer mountains which
are immediately across the valley of the Aksu,
separate that valley from the Great and Alichur Pamirs. They
consist of great masses of the limestone that I have called

Age and disiribution
of the Pamir Limestone.

1 Neues Jakrbuch, Beilageband I, 283 (1881).
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the Pamir Limestone, which runs approximately north-westwards

through Istik and across the eastern end of the Alichur Pamir
into the Bazar-dara range, beyond which I was unable to
follow it; but it presumably runs thence westward along the
Murghab valley. I found it again with the underlying slate series
on the south of the Rang-kul Pamir, whence it runs almost due west
into the Muskol mountains on the south of the -Ak Baital valley.
Stoliczka, who, on his return journey from Kala Panja and the
Great Pamir, travelled down the Istik valley, regarded part of this
limestone mass as Carboniferous, and it is possible that I have in
places included in the Pamir Limestone a lower limestone which
underlies part at least of the shale series. The absence of fossils,
and the intense folding to which all the rocks in the Pamirs have
been subjected, make it impossible to correlate with any confidence
Iimestone masses which appear to be lithologically identical. At
the same time I found near the mouth of the Kekchaki valley a
small well-rounded fragment of Fusulina limestone probably derived
from an old moraine. This fragment may have, and probably had,
travelled some distance, for the same moraines are full of blocks
of granite, a rock not found ¢n situ in the Kekchaki valley, the
boulders having evidently been brought to their present positions
when glaciers extended across the hills which now form the divides
between the drainage of the Murghab and the Karachukar rivers.

To the south of the main limestone belt the underlying Wakhan
slates extend throughout the Great and Little Pamirs and, as
already mentioned, into the Karachukar valley of the Taghdum-
bash Pamir; along the Nicholas (Wakhan) range, which separates
the Great Pamir from Wakhan, they are full of intrusive granite,
but the series on the whole is one of slate rather than of more
metamorphosed rock. There is, however, no sign of the black
needle-shales characteristic of what I believe to be the same series
on the opposite side of the belt of Pamir Limestone. At first,

indeed, I did not correlate this great slate series of the Southern,

Pamirs with the Sarikol Shales. I had seen them originally as
I looked across the Ab-i-Panja from the Baroghil and Shawitakh
passes, whence all the mountains to the north
of the river appear to consist of the same
black slates. I met them again to the north of the Mintaka pass,
and finally confirmed my observations by examining the Nicholas
range in detail from the Urtabel pass to Concord peak. " As in the

The Wakhan Slates.

PArT 4.] Havypen : Chitral, Gilgit and the Pamirs. 311

I){arachukar valley, so also in the Great Pamir and the Nicholas
range, the series is one of slate and quartzite full of igneous rocks,
which sometimes appear to be interbedded and sometimes to be
intrusive in the slates. I have not found the igneous rocks in the
Pamir Limestone except quite at its base and I am, therefore, disposed
to regard them as not much younger than the slate series. Associated
with the slate there is, in addition to quartzite, a certain amount of
limestone, sometimes dark and flaggy and resembling that interbed-
ded with the slate: and shale below the Pamir Limestone at
Nezatash in Chinese Turkestan. This may correspond to the
crystalline limestone seen in the upper Karachukar valley in the
Taghdumbash Pamir. In the latter area, however, it is more
highly metamorphosed. What is probably the same limestone
equally metamorphosed is found again in the various valleys on the
northern slopes of the Nicholas range. It is conspicuous at the
mouth of the Urtabel valley at Salangur. It is found again
at the mouth of the Sarikoram valley to the south-south-east of
Karadung lake, where altered flaggy limestones, associated with
black and dark-grey calcareous slates and cale-schists, are seen
dipping to the south. Similar beds are found in the hills between
the Barikoram and Chilab valleys. In the latter valley blocks of
a crushed . limestone-conglomerate, and an equally crushed red
pebbly sandstone were observed in both its main branches. The
rock was not seen in situ, but it presumably occurs in the ridge
between the main valley and its western branch. At the head
of the latter branch, dark-grey slaty limestone was found in situ
associated with dark schistose slates.

The general characters of the Wakhan Slates suggest that they

are merely the metamorphosed representatives
rep\:’ezléﬂaggge”"efid of the Sarikol Shales, which, like the slates,
Sarikol Shales, underlie the Pamir limestone. 1 have already

described the shales as they occur in Chitral
and in the Shindi valley. A dark flaggy Limestone, which occurs
in them at Nezatash a few miles above Kengshubar, is probably
the same as the limestone associated with the slates in the
Nicholas range. A limestone, which may also be the same, was
found associated with the Sarikol Shales at the mouth of the
Pislang valley opposite Dafdar in the Taghdumbash Pamir. When
I visited that valley, however, I was inclined to regard it—I now

think incorrectly—as an infolded outlier of the Pamir Limestone.
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Evidence that the Wakhan Slates are the altered representatives of
the Sarikol Shales is found on the northern slopes of the Pamir
range. That range, which separates the Great Pamir from the
Alichur Pamir, consists for the greater part of granite, which has
been intruded into, and has in many places absorbed, the slate
series. Throughout almost its whole extent, the range is com-
posed of muscovite-biotite granite and veins of pegmatite often
containing crystals of muscovite as much as 4 or 5 inches across.
The remains of the sedimentary series are to be seen in the form
of gneiss and occasional bands of hornblendic schists, but in the
centre of the range these are comparatively rare. They are more
conspicuous, however, on its northern flanks. On the east and
north-east of this massif the granite passes outwards through schists
and slates, which again speedily give place in the Gurumdi and
associated valleys—such as Urta-uch-kol, Kul-uch-kol, and Keng-
shubar-uch-kol—to the typical Sarikol Shales underlying the Pamir
Limestone. From this area the Sarikol Shales ought to pass into
the Wakhan Slate series horizontally in the neighbourhood of the
Kujigit pass. I was unable to confirm this by visiting that parti-
cular point, but 1 do not think there is any doubt about the con-
tinuation of the one set of beds into the other. On my rough
sketch map, therefore, I have ineluded both series in the same
division. -

As one looks northward from Aktash, the country on either

side of the Murghab river appears to be com-

Pamir Limestone bet-  posed chiefly of the Sarikol Shales and asso-
ween Aktash and Mur- . . ‘s ..
ghabi (Post Pamirski). ciated igneous beds. I dia not visit that

part of the Pamirs, and only had a distant

view of it from Aktash and again to some extent from the
hills to the south of Murghabi (Post Pamirski), which also over-
look the Aksu valley towards the east. All the great mass of
irregular hills between Aktash and the Sarez Pamir consists of
the Pamir Limestone, with the Sarikol Shales exposed in the
intervening valleys.

Fossils similar to those of the Perisphinctes horizon of the
Kekchaki valley, but fragmentary and badly

Perisphinctes beds on  preserved, were found about three miles west
ﬁi‘;&;‘},‘, poss and 2t ot the Ayujuli Kotal (pass), on the way from
Aktash to Salangur, and again at Karasu on

the main road from the Alichur Pamir to Post Pamirski. At
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the latter locality the fossils occur in dark thin-bedded limestones
oh the ridge on the right bank of the river just below Karasu post.
At both these places the fossils observed were impressions and frag-
mentary remains of the Perisphincles so characteristic of the Kek-
chaki bheds. '

In the Gurumdi and associated valleys, to which I have referred
above, there are good exposures of the Pamir Limestone and under-
lying shales. On the 1right side of the main valley opposite
Keng-shubar-uch-kol, the section consists of shale and sandstone—

Belemmite  beds  of the typical Sz%rikol Shales—passing up. through
Kengshubar-uch-kol. conglomerate into hard compact massive dark
limestone full of calcite veins. Some of the

bands of this limestone weather red. Above the massive limestone,
which is about 500 feet thick, are well-bedded limestones, dark-
grey, very hard and in places oolitic; they cccur in beds of one
foot or so in thickness. Above these is calcareous shale, verv
crushed and often slaty, Migher beds were not observed on this
section, the wuppermost beds of calcareous shale being faulted
down against the lower shale and sandstone series. The beds are
considerably disturbed, and intrusions of mica-lamprophyre {minette)
are not uncommon. The only part of the section in which I found
fossils was the uppermost band of caleareous shale which contains
very crushed and badly preserved belemnites; these are rare and
fragmentary and are composed of white crystalling calcite. Un-
fortunately I did not find the Perisphinctes horizon in this section,
and I was unable to ascertain to what part of the Kekchaki section
the belemnite bed ought to be referred, but as I found a fragment
of a belemnite in some shaly beds in the upper part of the Peris-

. phinctes beds in the latter valley, I amn disposed to refer the Belem-

nite shales to that horizon.

From Gurumdi I went due north across the Yangi-dawan to

- Mamazair-bulak and Nezatash which is on

be%&‘g:;"";fmn‘}?d rihnajz the main road through the Pamirs from Post
and Murghabi. ®" Pamirski to the Alichur Pamir. This took
me directly across the strike of the beds,

which is here E-W. The rocks consist almost entirely of
Pamir Limestone along the ridges, and slates and shales in the
valleys. There is the usual dearth of fossils throughout. I‘rom
Nezatash, which is not to be confused with the place of the same

name in Chinese Turkestan, the main road runs through a gorge
¥
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Eo(lllndefd on elthgr si.de by immense cliffs of folded and contorted
. 1‘13 s of the Pamlr lee.stone. As the road issues from the gorge,
he valley widens and is filled with bright-red horizontal beds of
false-bedded gravels. At Karasu post, as already stated, the
upper part of the Pamir Limestone is exposed in the hills o’n the
right su%e of the valley, where limestones, associated with shales
ylelded impressions of Perisphinctes. From a distance there appears’
to be a good section of the whole sequence from the Sarikol Shales
up through the Pamir Limestone in the hich and couspicuous
Lill about five miles to the east ot Karasu. At the northern
end of the hill the beds appear to be horizontal, but bend over
with a steep dip on the south. ’

From Karasu to M.urgha,bi the Pamir Limestone and the under-
lying shale series continue all the way. As
t};lc? Murghab river is approached, metamor-
) phism becomes pronounced, the limestones be-
come cale-schists, the shales slates, and the series rapidly assumes
a thoroughly metamorphic aspect.

Metamorphism at
Murghabi, P :

' To the north of Post Pamirski my observations are even more
1rlcomplete than on the south, since from that point T was tra;'el-
Img more rapidly,—on an average about 30 miles a dav. On the
mam road from Murghabi to Ak Baital post, rock is first meb with

Rocks of the Ak D the Ak Baital valley at abouf 4 miles from
Baital valley. the Murghab river. It consists of conglomer-
. ate and s.andstope associated with a zeolitic
rap, %nd forms part of a thick series which continues for about
two .mlles up the Ak Baital valley. It is much contorted, and is
associated with a series of slate and quartzite and with gn,eiss and
cr}.fstalhne limestone, the last-named rock being exposed at the
point where the road from Rang-kul enters the Ak Baital valley
The slate and quartzite series contains intrusions of basie itrneous.
roclf, and is possibly the altered representative of the Sarikol Shales.
I did not recognise the thick conglomerate series, but it may repre-
sent thg beds associated in Kizil jilgha with the Sarikol Shales:
the series seems to have been considerably metamorphosed in
places, for blocks of schistose and gneissose conglomerate are brought
down by f:l.le subsidiary streams flowing into the Ak Baital val]%y.
In the main valley, however, the conglomerate is not altered, and
is gssocmt?d with soft false-bedded sandstones and pebbly ,beds.
It is possible, therefore, that there are two conglomerate series

Part 4.] HavpeN : Chitral, Gilgit and the Pamars. 315

in this area—an older and a younger. Where first observed in
Sttu, the conglomerate is found in association with a zeolitic trap,
similar to that intrusive in the slates above Nezatash in Chinese
Turkestan.

The rocks of the Ak Baital valley above the post of the same
name consist, first of all, of a slate series and subsequently of lime-
stones. About 10 versts above Ak Baital post a hill on the right
side of the road (left side of the valley) is composed of a dark-green
igneous rock below with limestone above, and these probably

. represent the Pamir Limestone and underlying slate
Devonian below Ak . . . .
Baital pass. series. At verst 14 a ridge running down into

the valley is composed of grey brecciated lime-
stone, and the hills on the right (south) side of the valley are com-
posed of a limestone which appears to be the Pamir Limestone.
At verst 19 the road to the Ak Baital pass leaves the river-bed for
a short distance, and at this point there is on the left bank of the
river a small projecting headland of dark-grey limestone, which
is compact and hard, and contains veins of caleite. It dips at high

“angles (50° to 60°) to SSE, its strike bring ENE-WSW. The

limestone is immediately underlain by carbonaceous shale with
thin courses of limestone and occasional bands of sandstone. Both
Jimestone and sandstone courses are full of brachiopods over a thick-
ness of between 60 and 70 feet : the fossils include Spirifer Vernewili
Murch., Productelle subaculeata Murch., Strophalosia productoides
Murch. and many Rhynchonellide and corals; they are evidently
of Upper Devonian age. These fossiliferous beds are underlain
by coarsely pisolitic limestones containing small Rhynchonellide
and associated with hard compact limestones containing silicified
corals. :
The Upper Devonian limestone scems to pass up into a mass
of broken limestone, shale, sandstone, and finally into a conglo-
merate, all of which weather in brilliant .colours, including red,
) yellow, grey and black. Associated with these
Country between Ak beds are dark igneous rocks (diabase) and
Baital pass and Great
Karakul. much gypsum. To the south of the pass
the high hills appear to be composed of Pamir
Limestone underlain by the conglomerate already referred to. The
latter rock is seen in the stream on the way down from the pass
at about verst 29, and the descent into the Muskol valley is strewn
with blocks of conglomerate. The prevailing rocks on either side

F 2
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of the Muskol valley down to the post of the same name are slates,

often carbonaceous. I had hoped to determine the relative posi-

tion of this series with regard to the Devonian limestones of Ak
Baital, but a snowstorm rendered geological work impossible for
nearly a week, and my observations in this part of the country
were confined to such isolated masses of rock as happened to be
too steep for snow to lic on. Trom Muskol post I made a rapid
traverse as far as Great Karakul and back. Such rocks as I could
see on the road were slate and limestone, more or less metamor-
phosed and often replaced by schist and cale-schist. The high
ridge which runs out into the lake from the southern shore, con-
sists of granite at its northern end.

From Muskol I travelled east over the Kizil-jiylk pass vid
Chal Mirza Rabat to Rang-kul. The country was unfortunately
! From  Muskel fo still under snow, and rocks were rarely visible.
Rangkul, Here and there I found schists, slates, metamor=

phosed limestones, and a crushed conglome-
rate. Near the western foot of the Kizil-jiyik pass, beds of con-
glomerate and sandstone are found dipping to NE.  They
dip at quite low angles, and are not much crushed or disturbed.
The conglomerate series weathers to a brillilant red and extends
across the pass and down to Chal Mirza Rabat, where it forms the
clifis on the left bank of the stream; it contains pebbles of oolitic
and coral limestone, which are almost certainly derived from the
upper beds of the Pamir Limestone. At Chal Mirza Rabat it is
faulted against a series of thin flagey crystalline limestone and black
carbonaceous shale, the shale being similar in appearance to the
Devonian shale of Ak Baital but quite unfossiliferous here. The
conglomerate series is perhaps Tertiary. It is not unlike the Ak
Baital conglomerate, the apparent relationship of which to the
Devonian and to the supposed Pamir Limestone of that locality
may have been wrongly inferred by me since I crossed the pass
in the dusk and dwing a snowstorm, and my observations were
therefore hurried, and imperfect. It is possible that the Ak Baital
pass lies on a line of important faulting (infra p. 317).

From Chal Mirza Rabat eastwards the road to Rang-kul crosses
an open gravel-strewn valley, and no rock is found ¢n situ until
one reaches the hill at the foot of the Ishi pass, which consists
of hard, dark, brown-weathering crystalline limestone overlying
grey and black carbonaceous shale. Further to the east reddish-
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brown limestones in thin flagey bands and very thin pebbly beds
are interbedded with black carbonaceous shale. These beds con-
tinue to the east across the Tusdiin Beles (pass), and are well ex-.
posed along the left side of the small valley leading eastwards
down to the Rang-kul plain. About three miles below the pass
a bed of rock-salt is seen under some sub-recent river sands and
gravels. This has already been referred to by D. L. Ivanow in
his account of his exploration of the Pamirs. As mentioned
by him, the deposit is small and apparently of no economic
i_mportance; 1t seems to be exploited to a small extent, but only
In quite a superficial manner. The age of the carbonaceous slate
series could no doubt be determined by careful examination of the
country between the Ak Baital and XKizil-jiyik passes, for the
Upper Devonian supplies a known horizon from which to work.
In general appearance the carbonaceous beds resemble the Angara
series, but this lithological resemblance has already been found
to be so misleading in the Pamirs that I attach no importance to
it.  The carbonaceous shales seen between the Kizil-jiyik and

Rang-kul are equally like the shales associated with the Devonian
of Ak Baital.

On the southern side of the Rang-kul plain massive grey lime-
stone forms a high and conspicuous ridge running approximately
o E-W. At the edge of the plain the grey
Safii‘:l"Sh[;l?ses;(tmﬁa‘rl::r;-l fxnd black carb.onaceous shale series, which
Kkul. is here altered into slate and sometimes into
phyllite, contains thin bands of reddish-brown

limestone, and dips to the south, apparently under the massive
limestone. The shale series is so altered as rarely to contain any
fossils. A few fragmentary specimens were found, but were not
determinable. The junction of this shale series with the massive
limestone was not seen, being everywhere covered by scree, but
it appears to be a fault, since everywhere in the neighbourhood
of the junction the surface is covered with blocks of limestone
breccia, similar to that seen” at verst 14 in the Ak Baital valley.
Hence it is possible that an important fault runs along the southern
side of the Rang-kul Pamir and up the Ak Baital valley. The
massive limestone, however, which forms high cliffs, appears to be
identical with the typical Pamir Limestone, and the underlying
carbonaceous series may be a local development of the Sarikol

Shales.
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To the north-east of Rang-kul the hills separating the Russian
Pamirs” from the Muji valley of Chinese Turkestan consist of the
-carbonaceous slate series on the south-west, passing up into shaly

. and schistose limestones followed by cale-

HaFr;(:;lnut Ifgng“l;;l " schists, which extend almost up to the Hara-

mut pass. On the pass itself the rock is

2 hard dark-grey limestone, which gives place on the north of

the pass to granite. The latter rock predominates throughout the

Haramut valley, and extends on to the junction of the Karazak

and Muji valleys, where the prevailing rock is slate full of
granite intrusions.

. The Muji valley itself is a typical Pamir. It is bounded on the
north and north-east by the Kashgar range, which consists of a
striking series of sharp peaks, all of very
much the same height with intervening hang-
ing glaciers. In its westerly portions the Kash-'
sar range appears to be merely a continuation of the Trans-Alai
mountains ; it consists of metamorphic rocks including carbonace-
ous slate, crystalline limestone and hornblendic schist. The strike
of these rocks is approximately E-W, and along the northern
side of the Muji valley the range is a true tectonjc feature. At
the peak marked on Curzon’s map Bulun-sunin-tau at the head
of the King-su valley, most maps show the range as furning to south
or south-east. To the south of this point the range is no longer
a tectonic one, but consists merely of a mountain mass in which
the strike of the rocks still continues to be approximately E-
W. The origin of this part of the range—if range it can be called
—seems to be due to the presence of the great granite massifs to
the south, the intrusion of which has resulted in greater elevaﬁon
of the neighbouring areas and at the same time in the induration
of their component rocks. The Muji river, from its source to ‘the
King-su valley, originally carved out its course along an anticline,
still visible in the latter valley which lies on its axis. The course
“of the Muji river now lies to the south of the anticlinal crest, its
displacement being due probably to the immense fans and moraines
carried into the valley from the southern slopes of the Kashgar
range. These have pushed the river southwards and have forced
it to cut into the southerly-dipping slates of the Gurumdi hill-mass.

From Muji 1 travelled ecastward across the Ulug-art (pasg).
The rocks of the Ulug-art valley consist of slate, sandstone, grit,

The Muji valley a
Pamir.
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The Kash conglomerate and limestone, all very much
. shgar range .
and Ulug.art, crushed and schistose and usually metamor-
phosed. The strike is still easterly and the
dip to the north, both in the Ulug-art and in the neighbouring
Tuyuk-tar valleys. In the higher peaks granite “occurs in some
quantity. The pass itself (Ulug-art) lies on slate and quartzite,
while the hills surrounding it consist partly of white crystalline
limestone like that of the Kashgar range to the north of Muji. To
the east of the pass the strike of the rocks is still easterly, and
continues thus all the way down to the Kashgar plain. The
existing maps of the mountains between Muji and Kashgar are
incomplete, nor, so far as they go, are they accurate. They show a
continuous range with a clearly-defined narrow culminating ridge, which
does not in reality exist. Actually there is a broad mountain-mass
of approximately the same height over a width from east to west
of 10 or 15 miles and into this the streams have cut back their
courses, largely following the strike of the component rocks. This
part of the so-called Kashgar range, in fact, appears to be a broad
mass of highly folded and metamorphosed sediments compressed againgt
the great granite massif to the south.

To the east of the Ulug-art (pass) there is a steep descent to
Saraktash, whence the valley first crosses the strike of the rocks
for about four miles, and then follows it almost continuously all

Ulugeart to Kashe the way to Jolc.hi-main:atk: The r?cks seen
gar, : are all metamorphic, consisting of schists, slate
and quartzites. At Jolchi-mainak a dark-grey
more or less crystalline limestone forms high cliffs on the left side
of the valley. Similar rocks continue all the way to the gravel
fans which slope down from the mountains to the Kashgar plain.
The last outcrop of rock seen between Jolchi-mainak and Juluk-bash
is a small inlier of dark-grey limestone similar to that of Jolchi-
mainak. It occurs on the left bank and in the bed of the valley
about 3 miles from the point at which the river leaves the moun-
tains, It is practically horizontal, with perhaps a slight dip towards
the hills.

4. Kashgar and the Alai.

Between Kashgar and Russian Turkestan my route lay over
country that has already been traversed by other geologists, and
I did not attempt, therefore, to make any detailed observations.
Up to the Russian frontier at Irkeshtam, the road lies almost
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entirely on the Ferghana series, which is often full of excellent
fossils, especially from Kushuga onwards. 1 also noticed coal-
bearing beds, which, no doubt, were the true Angara series. Beyond
L . Irkeshtam the road to Osh 2i@ the Terek-
Fusulina limestone in .
Kokst. dawan passes on to older rocks resembling
those of the Pamirs, and I met with Fusulina
limestone at about one milé beyond the Koksu ford.
During my stay in Kashgar, Sir George Macartney kindly made
.. over to me a collection of fossils which had
Ferghana series in . . . .
Chinese Turkestan. for  some time been lying in the Residency.
. These consisted of Ostrea turkestanensis Rom.
said to have been brought from Tashmalik (Tashbulak) near the eastern
end of the Gez defile and about 40 miles south-west of Kashgar.
So far as I can ascertain, this locality was not visited by Stoliczka,
but the oysters no doubt came from his Artysh beds, which repre-
sent the Ferghana series of Russian Turkestan. Coal is also to
be found in the neighbourhood of Tashmalik, the occurrence being
indicated on von Schultz’ map of the Pamirs. This seems to point
to the presence of the Angara series.

5. Summary of Stratigraphical and Tectonic Results,

From the above notes, uncertain and imperfect as they are,
it will be seen that the general distribution of the. stratigraphical
groups between India and Russian Turkestan consists of, first of
all, a belt of igneous and metamorphic rocks running through

. . the outer mountains of Dir and Swat and
Main stratigraphical ..
{ones. continuing to the east across the Indus
and perhaps into Hazara. To the west the
igneous and metamorphic rocks of the Kabul viver below Jalala-
bad probably belong to the same group. Between Dir and Chitral
granite prevails, but to the north of the Laorai pass, which crosses
the granite belt, a group of sediments, including beds at least as
old as Devounian on the one hand and as young as Cretaceous on th:
other, extends throughout Chitral and into Yasin and Hunza. To
the north of this again we meet with a great belt of slates extend-
ing from the Wakhan (Nicholas) range into the Taghdumbash
Pamir of Chinese Turkestan, and followed still further to the north
by a calcareous group, which is the most prominent feature of the
Russian Pamirs and which I have named, for the sake of conveni-
ence, the Pamir Limestone. To the north of this, again, i1s a belt *

Parr 4.] Havypex: Clitral, Gilgit and the Pamirs. 321

of carbonaceous slates, probably in part representatives of the
Wakhan slates but associated with shales and limestones contain-
ing Upper Devonian fossils. Beyond this, again, in the valley
of the Kizil-su “here is a typical development of the Ferchana
series.
Each of these stratigraphical groups constitutes a belt which can be
Hindu Kush ang traced over a very cqnsidera.ble distance and
Pamir ranges true tec- which follows in the main the trend of the more
tontic features. important mountain ranges. Thus the general
strike of the rocks in western Chitral is SW-NE, following the
trend of the Hindu Kush. In Upper Chitral this direction gradually
bends round to W-E. Similarly, throughout the Pamirs, as already
noticed by Ivanow, the strike is almost consistently approximately
E-W. On either side of the Pamirs, the strike bends away
towards the south, being NE-SW on the west and NW-SE on
the east. In {fact, the strike of the rocks, as well as the trend
of the mountain ranges, follows in the main the outline of the great
re-entrant bay of the Himalayan mountain foot between the
longitudes of 70° and 77°. As might be expected, this feature is
reflected in the hinterland of the Himalayan system represented
by the Hindu Kush, the Karakoram and other mountain ranges of
Kashmir. The main ranges are therefore true tectonic features.
It is possible now to make some attempt to indicate the rela-
tionship between the fossiliferous basins of the North-Western
Himalaya and those of the Hindu Kush and
Relationship of  Afohanistan. Although our knowledge of the
_Afghanistan  {o . . . .
Himalaya. Palewozoic group both in Afghanistan and in
Chitral is very imperfect, yet the resemblance
between its component elements in those two areas respectively is
such that there can be no reasonable doubt that the Palwozoic group of
Chitral is merely the continuation of that of the mountains on either
side of Bamian. One would, in fact, expect the fossiliferous Palwozoic
beds to be continuous from one area into the other through Kafiri-
stan. Through Chitral this belt runs first north-east then practi-
cally due east into Hunza, after which it probably bends round
into the great mountain masses of Baltistan, passing perhaps on-
wards into the neighbourhood of Leh and Chang-chenmo, and
thus remaining outside the main Himalayan basin as represented
by Spiti, Garhwal and Kumaun. The latter basin finds its con-
tinuation, as we know, in the mountains round Srinagar, whence
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it probably passes westward, and is either obliterated by metamor-
phism and igneous action or is hidden under the younger Tertiary

deposits of the North-West Frontier Province and the Punjab.
Beyond the Chitral fossiliferous belt is that of the Wakhan Slates
and Pamir Limestone. These follow the same trend as the inner
belt. The Pamir Limestone is found in the south-eastern corner
of the Pamirs; striking to the south-east, it forms the southern
part of what is usually called the Sarikol range and runs across
the right-angled bend in the Karachukar river. It ought, there-
fore, to run through Raskam pass towards the Karakoram range and
Lingzi-tang. Owing to the great breadth of the zone of Pamir
Limestone and Wakhan Slates in the Pamirs, one would expect
it to extend beyond Raskam, and it is probable that the same

zone will be found also in the Kuenlun,
It has hitherto been customary for both geographers and geolo-
. gists to regard the Pamirs as bounded on the

The  Sarikol and ‘1
Kashgar ranges. east by two meridional ranges known as the
: Sarikol and the Kashgar ranges and separated
from one another by the Tagharma valley and its southerly con-
tinuation, the Taghdumbash Pamir. It has been assumed that
these two ranges are true tectonic features and indicate a local
and hitherto unexplained irregularity in the - distribution of the
structural trend-lines of Asia. So firmly has this impression been
established that Suess has even gone so far as to say that * Stoliczka
was mistaken in thinking that the Trias limestone of Aktash in
the Pamir is continued towards the south-cast into the fossiliferous
limestones of the Kdrikorum district’; and he goes on to add:
“We perceive, on the contrary, that the masses of gneiss which
Stoliczka crossed between Balgun, Tashkurgan,
Sarikel  range 2 apnd Kanshubar (east of Aktash) are not only
:’:gg‘i{ic_m"gc and 10 ontinued towards the north into the Mustag-
Ata, but in all likelihood also to the south,
through the range of Taghdumbash to the high mountains of_
the Mustag.”? Thus Suess indicates a great meridional belt of
gneiss stretching from Mustagh-Ata down to the Hindu Kush
between Hunza and Oprang. This is yet another instance of
the danger of assuming Stoliczka to have been mistaken.
I have followed the latter’s work now in almost all the parts of
Asia that he visited, and although, owing to circumstances beyond

1 The Face of the Earth, Vol, 111, 273,
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his control, it might have been at times incomplete, I have rarely
if ever, met with an instance in which it was possible to say that
it was wrong. In the present case he was right in assuming that
the Pamir Limestone of Aktash was continued to the south-cast;
I found it in the Taghdumbash Pamir some fifty miles to the south-
east of Aktash, and saw it running far into the distance in the
same direction. How far it goes 1 am not in a position to say;
it may no doubt be cut out here and there in the mountains of
Raskam ; it might be expected to lie to the north-east of the
Karakoram range but the results of the explorations of Dr. Filippi's
most recent expedition will probably throw much valuable light on
the relationship between the Pamir geosynclinal basin and the sedi-
mentary belt already recorded in the neighbourhood of K,.! ©

Viewed from the Taghdumbash Pamir the Sarikol Range, which
forms the eastern boundary of the Russian Pamirs, undoubtedly appears
to be a true orographical feature; it is not, however, in any sensc
a tectonic element but is what Prince Kropotkin has called a horder
range.2 In its southern part the strike is everywhere across the
range, meeting it at angles of from 45° to 90°. In the continua-
tion of the range to the north, between the Rang-kul Pamir and
Little Karakul, the strike again appears to be approximately at right
angles to the range; I was unable to confirm this observation
at close guarters; but where I crossed the range to the north-
cast of the Rang-kul Pamir, it is still easterly. 1 have already
pointed out that in the mountains still further to the north but
along the ‘same meridian (75°), the strike is still approximately
E-W; hence the true structural lines of this part of Asia
are not such as have been represented by Suess® and Fiitterer.?
The regularity of the trend-lines may perhaps not persist into the
Ixeighb(;urhood of, and to the south-cast of, Mustagh-ata; Stolicz-
ka’s observations between Yangi Hissar and Tashkurghan, however,
indicate a general NW—SE strike, and it seems probable that,
except for partial and purely local irregularities due to the
‘oreat  intrusive granite masses of Kungur and Mustagh-ata,
the general trend of the tectonic lines will be found to follow
the curve indicated by the northern boundary of the Indo-Gangetic
alluvium. The so-called Sarikol range, which is generally shown

¥. de Filippt : Karaloram and Western Himalaya, Appencix C (1912),
Geographical Journal, XX111 (1904), 184.

1
3 The Fuace of the Earth (English Translation), Vol. 111, map.
& Petermanns Mittheilungen : Ergirnzungsheft, No. 119 (1896) map.
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as running almost N—S in the neighbourhood of longitude
75° and between latitudes 39° and 37°, might be regarded as the
croded scarp of the Pamir plateau, owing its greater elevation to
the presence of intruded masses of granite of which the most
striking relics are now the massifs of Mustanrh-ata and Kungur which
lie on the line of the supposed southerly continuation of the Kashgar
range.

The latter range is shown on some maps as a single meridional
element enclosing the Taghdumbash Pamir on the east and extend-
ing through the peaks of \Iustafrh ata and Kungur; on others it
is carried still further to the nor’ch and shown as continuous with

The Kashgar range the jagged snow-capped range which runs from
only partly tectomic.  west to east along the northern side of the
Muji valley. It is thus shown as having

anomalous right-angled bend at the peak named Bulun-sunin-tau
on Curzon’s map. I have already pointed out (page 318) that the
range running from west to east along the northern side of the Muji
valley is a true tectonic element, and corresponds in trend with
the strike of its component rocks, and that the mountain
mass which extends southwards from its eastern end to the Gez
defile consists of a highly folded series of rocks altered by the
granite of the Chak-kara-kul massif. The axes of the folds, however,
are equatorial and not meridional. This mountain mass perhaps
owes its existence to elevation and induration produced by the
granite.  Its westerly continuation is to be found in Mount Gurumdi
and the mountainous region between the Karazak and Haramut valleys,
from which it is separated by the Muji valley, the latter being first
approximately parallel to, but subsequently cutting across, the
strike.  On the east the mountains rise abruptly from the Tarim
basin, of which they form the western edge and which is usually
regarded as an area of subsidence. Although, thelefore, it may be
convenient from the purely topographical point of view to regard
Ulug-art, Kungur, Mustagh-ata and the hills on the east of the,
Taghdumbash Pamlr as forming a continuous and approximately
meridional mountain range, it is not permissible to infer therefrom
that the feature thus constructed is a true tectonic element indicat-
ing the direction of the trend-lines of the folding of this part of
Asia.  Stoliczka’s observations from Yangi Hissar to Tashkurghan
reveal a marked regularity in the direction of strike, the dips recorded
by him throughout being either to north-east or south-west with

Part 4.] HavDeN : Chitral, Gilgit and the Pamirs. 325

few exceptions; such exceptions occur in the neighbourhood
éf the intrusive rocks to the south-east of Mustagh-ata, where he
found the direction of dip to be NNE. When he met with the
more highly metamorphosed rocks and the granite between
Mustagh-ata and Tashkurghan, the rocks were apparently too
massive to show any clear strike of the {foliation planes. That
irregularities of strike will be found on the flanks of the great granite
massifs in the west of Chinese Turkestan is only to be anticipated,
and one might expect that the sediments into which these massifs have
been intruded will show in their neighbourhood a disturbance of
strike such as is found on a small scale round large crystals of
felspar or other porphyritic minerals in a foliated gneiss. But
from such observations as I have been able to make—only from
some distance, I must admit, from the two great massifs,—it seems
to me probable that the prevailing strike between the Pamirs and
Kungur and Mustagh-ata will be found to be at first approximately
W-E, and subsequently, on the flanks of the latter mountains,
either south-easterly or perhaps even north-easterly. At present
there is no evidence in favour of the anomalous trend-lines assumed
by Suess and Fiitterer to prevail in that region.

EXPLANATION OF PLATES.

PLATE 27.

Fi1e, 1.——Devonian in hills opposite Reshun, Chitral.
16, 2.—Devonian on Koragh spur, Chitral,

PLATE 28.

Fic. 1.—Tolded conglomerate in valley behind Reshun.
Fic. 2.—Dasht-i-Baroghil and Sakez Jarab range from the Baroghil
pass.

PLATE 29.
> Fie. 1.—Slates and andesites in Karachukar valley, Taghdumbash

Pamir.
Fic. 2.—The Russian Pamlrs as seen from the top of the Lakhshakh
pass.
PLATE 30. i
Fie, l.—Jurassic (Perigsphinctes) beds at the head of the Kekchaki
valley.

Fie, 2.—Kashgar range from near Muji,
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PLATE 31.

TIa. 1.—Quartz-andesite with altered hornblende: from near mouth
of Karakokti valley, Taghdumbash Pamir,

Fic. 2.—Dacite : from Reshun conglomerate at Awi, Chitral,

Tia. 3.—Andesite with altered apatite : from right side of Karachukar
valley between Dastor and Sarik jilgha, Taghdumbash
Pamir. . )

Fig. 4.—Orbitolina limestone: irom Reshun conglomerate, 11 mile

below Reshun, Chitral,
¢ quartz; f, felspar, &, hornblende ;

g, groundmass ; ¢, chlorite ; «, apatite.

PLATE 32.

Ceological sketeh-map of Chitral and the Pamirs.
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GEOGRAPHICAL INDEX.

7

Latitude.
Ab-i-Panja see Oxus
Acheqtash . . . 37 17
Ak Baital P. .| 38 24
Ak Baital R. . .1 38 20
Aksu R, . . . .1 37 3
Aktash . . . .1 27 38
Alai Mts. . . . .1 39 45
Aliabad . 36 19
Alichur Pamir 37 45
Amurchat . . > . .] 36 33
Aramuth see Haramut . . .
Ashreth . . . 35 27
Ataibad . . 36 20
Awi . . . . 36 16
Ayujuli P. . 37 33

;

* Badurgal . . . . ‘ 35 30
Baranas . . . 36 4
Baraol R. . . . .. 3 8
Baroghil Pass . .| 36 52
Batur glacier . . . .1 36 31

71

72 -

71
73

304.

315, 316.

314, 315, 317.
305, 307, 309, 312.

272, 293, 305, 312.
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Bazar-dara range
Beyik .
Budalas
Bulin-sunin-tau

Buni . .

Chakdara
Chak-kara-kul Mt,
Chal Mirza Rabat
Chalt . .
Chatiboi glacier .
ChilabR., .
Chitral . .

Chutiatan

Concord Peak .

Dafdar . .
Darband . .
Dargai . .
Darkot Pass .
Darkot village .
Darora . .

Dasht-i-Baroghil .

Latitude. {Longltude ( Page.
I

o ’ ’

37 55 | 73 20 | 300,

37 10 | 75 17 ! 300, 302,
36 17 | 74 o3 ’J 207.

39 15 | 74 52 | u1s.

36 16 | 72 17 f 289,

|

34 30 1 72 4 “ 275

38 54 | 75 15 }l 3924,

3833 | 74 o | m

3 15 | 74 93 () 207

3 45 | 73 19 1’ 290,

37 22 | 714 o | 31

52 | 71 49 ] 271, 280, 231, 282,
I 89,

359 | 71 56 | 276

37 20 | 73 48 | 310,
37 22 | 75 27 | 305 31
36 41 | 73 27 | 204,
34 81 | 71 53 | 272,075
36 63 | 73 38 | 272, 200, 294, .
36 39 | 73 28 | 205
3 6| 72 3| 21
36 41 | 73 20 | 290, 202, 293

Parr 4.] Haypew: Chitral, Gilgit and the Pamirs. 329
' Latitude. Longitude. Page.
° ’ a ’
Dasht-i-Taus .1 36 23 73 20 295.
Dir . . . . . 3B 11 71 55 272, 275, 276, 320,
Drosh . . .| 356 34 71 50 272, 278, 279, 280,

Dubarghar .

Duman .

Gahiret .
Gakshi .
Galatak

Gez . .
Ghazar R. .
Gilgit . .
Gircha

Golen

Great Kara-kul

Great Pamir

Gujar
Gujbal

’ ,Gulmit .
Gupis .
Gurumdi Mt.
Gurumdi R.

. .| 36 42 | 72 58 | 28

36 42 | 73 28 | 204,

. .| 38 47 | 75 20 | 320

285.

281, 282.

. .l 332 71 48 | 280,

. 35 54 | T4 18 | 271,204, 297.
. 36 40 ’ 74 55 209
. . ., 3 57 72 1 | 292, 283 287,
.. 30 0 | 73 30 | 316
... 37 25 . 73 40 | 293,309, 310.
.. 3 20 L os2 | e
36 35 i 75 0 | 204,298,
. 36 23 | T4 55 | oom.
.o | 36 12 | 73 28 | 212, 295, 207, : |
' 3 3| 74 15 | 318, 324,
. .. ar 43! 73 55 | 312318
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1 Latitude. Longitude.‘ Page.
o ’ o .

Hazamut . . 1( 38 33 | 74- 45 | 318,324
Hunza . . .l 38 20 | 74 10 | 272 297, 320
Husaini . . ‘l‘ 36 27 | 74 55 | 297, 298.
Irkeshtam . . . . l 39 42 73 56 319.

Ishi Pass . . ‘ 38 30 74 14 316.
Iéhkainan [| 36 30 | 73 55 | 295
Ishpirin . . . . [ 36 40 | 72 57 | 289, 290.
stk . . . . . ’ 37 45 | 74 35 | 273,310,
Jangaldk . . . . .| 3743 |7 9| 305
Jargal Gumbaz . \ 37 32 75 27 l} 305.
Jhopu. . . . . [\ 36 33 \ 72715 | 289,
Jolchi-mainak . . . .| 30 8 | 7 0. 310,
Juluk-bash . . . \ 39 12 | 75 40 | 310,

| | |

Kala Panja .31 0 7z 38 | 273, 288.
Kara-chukar R. . . 31 7 75 10 } 300, 304
Kara-dung (Lake) . 37 25 74 3 3
Kara-jilgha Pass . . 31 17 1, 74 37 \’ 300.
Kara-kokti 37 9 74 52 ‘ 300.
Kara-kul see Great Kara-kul . ;
Karakul-ashu . . . .| 37 33 | 74 56 | 308
Kara-su 37 55 74 1 312, 314.
Kara-zak . . .1 3 2 T4 32 | 318, 324

Parr 4.] HaypEN : Chitral, Gilgit and the Pamairs. 331
v t
> Latitude. [Longitude. Page.
o ’ ° , )
Kashgar . . . 389 31 | 75 56 | 319,320
Kashgar range 39 20 74 30 318, 319, 322,
Kekchaki 37 33 74 55 307, 308, 309,
Kengshubar . 37 37 75 8 303, 306, 311.
Kengshubar-uch-kol 37 385 73 54 312, 313.
Kes . . 35 39 71 51 231.
Khaibar . . 36 35 74 50 208, 299,
Khanjuli R. 37 25 74 57 309.
Khodabad . 36 43 74 53 299,
King-su R. . . I 39 14 74 35 318.
Kizil-jilgha . 37 36 74 55 307.
Kizil-jiyik Pass 38 33 73 50 316, 317. !
Koghazi . 355 | 12 o0 | o8
. Kok-su .39 45 73 45 320.
Kok-sum R. .| 36 45 72 56 289.
Koragh 36 13 72 11 288,
Kujigit Pass . . . 37 33 4 0 312,
Kukturuk . . . . 37 7 74 44 300.
Kul-uch-kol . 37 35 73 57 | 312
’ Kungur Mt. . 38 38 | 75 16 | 323, 324,
Kushuga . . . .1 39 40 74 50 320.
Lakhshakh Pass . - . 37 35 7B 0 272, 306, 307
Laorai Pass . .| 35 21 71 50 272, 277, 320.
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Latitude. | Longitude. Page.

7 ° ’ ° ’
Lasht 36 46 73 0 290.
Little Pamir . 37 0 74 0 301, 310. .
Lowari Pass see Laorali, .
Lun . . . 36{‘ 12 72 6 287.
Lup gz . 37 3 74 57 300.
Malakand . . . 34 35 71 55 272, 275
Mamazair bulak . 37 58 73 55 313.
Mastuj 36 16 72 33 272, 287, 289,
Mintaka Pass . . 37 2 74 56 272, 300, 310
Mirkani . 35 29 71 46 277, 278.
Misgar 36 48 74 49 299.
Mori Lasht . 36 6 72 5 287.
Muji . 38 50 75 0 318, 319.
Murghab R. 37 35 74 50 3035, 310, 312, 314,
Murghabi 38 5 74 12 312, 314.
Murikho . 36 20 - 72 21 288,
Murkhun . . . 36 37 74 55 299,

Muskol R. 38 39 73 30 315, 316.
Mustagh-ata- 38 17 BT 323, 324,
Nezatash (Chinese) 37 57 73 55 365, 3023, 311,
Nezatash {Russiar) 37 35 %50 313.

Nezatash Pass see Lakhsnakh.

Parr 4.]

Havoex : Chitral, Gilgit and the Pamirs. 333

Nicholas range
Nilt

-Nomal

Oprang
Owir .

Oxus .

Pamirski Post see Post.
Panakot . . .
Panjkora R. . .
Pasu .

Petus . .

Pislang . . . .

Post Pamirski

Rabat
Rang-kul . .
Raskam

Reshun
Roshan

Sado . . : .
Sakez-jarab range . .

Salangur Lake .

Latitude.

37
36

36

36

36

34
36

36

37

38

34
38
36

36

34
36

37

(=T o}

13
52
28
49
19

13

47
40

28

"Longitude.

-1
o
-3

73 34

71 49
73 30

74 30

Page.

322,
283, 284, 287.

293, 310.

312, 314.

276.
310, 317, 318,
323.

271, 272, 278, 283,
281, 987.

297.

275,
280, 204,

300, 311.-
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Latitude. | Longitude. Page.
o . ° .

Sandi . . 36 26 73 24 293,
Sara jilgha sec Sarik.
Sarai . 34 44 71 55 275.
Sarak-tash . 39 0 75000 319.
Sarez Pamir 38 0 73 30 312.
Sarik jilgha 37 23 74 5 302.
Sarikol range 37 15 7510 303, 322, 323.
Sarikoram R. 37 20 73 52 311
Shah janali Pass . 36 45 72 53 289,
Shawitakh Pass 36 53 73 28 272, 291, 203.
Shindi R. 37 36 74 52 302, 307, 308, 309,
Shishi R. . . . 35 36 71 52 280.
Showar Shur 36 50 73 35 271, 272, 290.
Shugram . . . 36 10 72 7 | 283, 284, 287.
Sundri . . 36 17 73 26 296.
Swat . . . . 34 43 72 15 272, 275, 320.
Tagharmansu . . 37 10 74 54 300.
Taghdumbash Pamir 37 30 750 272, 300, 304, 320.
Tashkurghan . 37 48 75 17 272, 303, 323.
Tashmalik . . . 39 3 75 45 320.
Tirjch Mir . . . 36 22 71 51 288.
Trans-Alai Més. . . 39 15 %3 0 318.
Tui Pass . 36 37 37 289,

Parr 4. HayYpEN : Chitral, Gilyit and the Pamirs, 335

o Latitude. [Longitude. | Page.

Tui R. - . . 36 30 73 20 295.

Turikho 36 40 72 35 288,

Turipotk . . . 36 44 72 58 289.

Tiisdiin beles 38 30 74 16 317,

Tuyuk-tar R. . . 30 0 74 47 319.

Ujadbai 37 15 | 75 27 | 303, 309.

Ulug-art 39 0 74 54 319.

Urghuch . 35 48 | 71 48 | 282

Urta-bel 37 23 74 31 300, 310, 311.

Urta-uch-kol 37 35 73 53 312.

Wakhan 37 0 3 0 272, 293.

Wakhan range see Nicholas range.

Wakhjir Pass 37 6 74 32 300.

Warai . 35 0 2 5 276.

Yakhdan 36 45 72 58 289.

Yangi dawan 37 50 73 48 313.

Yangi Hissar . 38 49 76 15 273, 323,

Yarkand . 38 19 | 77 23 | o1,

Yarkhun R. 36 45 73 0 271, 289, 290, 204,

Yasin 36 22 73 22 272, 279, 204, 295,
320.

Ziarat . 36 23 71 49 277
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DEVONIAN IN HILLS OPPOSITE RESHUN, CHITRAL.
x Fossiliferous beds

L -A.-'!M "'k‘;;cv"f‘" . ﬁ:~ﬂ"""
Faote. by M. H. Hayden. . . G. S, 7. Calcutta.
DEVONIAN ON KORAGH SPUR, CHITRAL.
(a) Limestone with Spirifer Verneuili and corals. ?
(b) Shaly limestone with Atrypa aspera. ’

(¢) Quartzite and limestone with many corals.
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DASHT-1-BAROGHIL AND SAKEZ JARAB RANGE (GRANITE) FROM THE {
5 BARQGH!L__PASS._ . e A
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SLATES AND ANDESITES IN HILLS ON LEFT BANK OF KARACHUKAR RIVER
| BETWEEN MINTAKA AND BEYIK.

Photo. by H. H. Hayden. G. S. /. Caleutta,

v THE RUSSIAN PAMIRS, AS SEEN FROM THE TOP OF THE LAKHSHAKH PASS;
B LOOKING WEST.
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JURASSIC AT HEAD oOF KEKCHAKI VALLEY.
X Perisphinctes beds.

Photo ly H. H. Hayden. G S. I. Caleutta,
: THE KASHGAR RANGE FROM NEAR MuJI.
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Fig. 3. X
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L]
Photo. by H. H. Hayden, G. 8. 1. Caleutta.
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