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- RECORDS
THE GEOLOGICAL SURVEY OF INDIA.
Part 1.] . 1906. [Ju;.

NOTES ON SOME FOSSILS FROM THE HALORITES LIME-
STONE OF THE BAMBANAG CLIFF (KUMAON), COL-
LECTED BY THE LATE DR. A. VON KRAFFT IN THE
YEAR 1900. BY CARL DIENER, PH.D., University of

Vienna. (With Plates 1 and 2.)

N 1892 a Cephalopod-bearing horizon of upper Triassic age was
discovered on the southern slope of the Bambanag range, tower-
ing above the Girthi valley, near Martoli E.G.,, by the expedition in
which Griesbach, Middlemiss and myself took part. This horizon
was traced by myself from Lauka and the Jandi Pass in Johar to the
Shalshal Cliff in Painkhanda, but nowhere was a section found which
for abundance of Cephalopoda could be compared with that of the
Bambanag Cliff. The rich fauna was examined by E. v. Mojsisovics
(Denkschr. Kais. Akad.d. Wissensch. Wien, Bd. LX1II, and Him4layan
Fossils, Palzontologia Indica, Ser. XV, Vol. 1I1, Pt. 1), who described
58 species belonging to the genera and sub-genera: Halorites, Para-
juvavites, Thetidites, Tibetites, Anatibetites, Paratibetites, Helic-
tites, Dittmarites, Dionites, Stesnmannites, Clionites, Sandlingites,
Sirenites, Arcestes, Pinacoceras, Placites, Bambanagites, Clydo-
nautilus, Paranautilus, Indonautilus, Orthoceras and Atractites.
Halorites being one of the most characteristic elements of the
fauna, the name Halorites limestone was assigned to this horizon. It
was correlated with the lower noric (lacic) stage of the Hallstatt lime-
stone by E. v. Mojsisovics, who did not, however, overlook the
specific similarities of a small number of types to species of middle-

noric (alaunic) age.
B
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In 1goo the Bambanag Cliff was re-visited by the late Dr. A. von
Krafft, who obtained from the Halorites beds collections which, although
less rich than my own in 1892, are still very extensive. These have
been entrusted to me for examination. The majority of the species
are identical with forms described by E. v. Mojsisovics; they are
included in the following list :—

Atractites sp. ind.
Ovrthoceras sp. ind. (cf. campanile, Mojs. ?).
Clydonautilus biangularis, Mojs.
Paranautilus baméanagensis, Mojs.
Halorites Sapphonis, Mojs.
Halorites procyon, Mojs.

" Alcaci, Mojs.
Parajuvavites Stoliczkas, Mojs.

” buddhaicus, Mojs.
” Facquini, Mojs.

" Feistmanteli, Mojs,
" Sternbergi, Mojs.

” Ludolfi, Mojs.

” Blanfordi, Mojs.

. Renardi, Mojs.
Tibetites Ryalli, Mojs.

" Murchisoni, Mojs.
Paratibetites Adolfi, Mojs.
" Bertrands, Mojs.
” angustisellatus, Mojs.

Clionites Woodwards, Mojs.
” Hughesii, Mojs.
" Salters, Mojs.
Sandlingites Archibalds, Mojs.
” Nicolai, Mojs.
Dittmarites Hindei, Mojs.
Thetidites Huxlevi, Mojs,
Steinmannites clionitoides, Mojs.
“ Noetlingi, Mojs.
" undulatostriatus, Mojs.
» Desiderii, Mojs.
” Lubbocks, Mojs.
Avrcestes Leonards, Mojs.
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Pinacoceras parma, Mojs.
Placites Sakuntala, Mojs.
Bambanagites Dieners, Mojs.
Besides the species included in this list a small number of new
forms has been recognised, which will be described in the present
memoir.

Genus PINACOCERAS Mojs.

PINACOCERAS METTERNICHII Hauer. PL 1, fig. 2.

1846. Ammonites Metternichii F. v. Hauer ex-parte, Die Cephaloden des
Salzkammergutes aus der Sammlung des Fuersten von Metternich,
Wien, W. Branmuller, p. 1, Taf. IV, fig. 4. ,
1873. Pinacoceras Metternichiz E. v. Mojsisovics, Die Cephaloden der Hall-
stitter Kalke, Abhandl. K. K. Geol. Reictsanst, VI-1, p. 60, Taf.

XXVl1, fig. 1.
1902. Pinacoceras Metternichii E. v. Mojsisovics, ibidem, Supplement,

p- 295, Taf. XIX, fig. 1.

1906. Pinacoceras Metternichii Diener, The fauna of the Tropites hmestone,
Palzontologia Indica, Ser. XV, Him4layan Foss.,, Vol. V, Pt. 1,
PL XIII, fig. 1.

A medium-sized specimen of Prnacoceras consisting of air-cham-
bers only, agrees in the details of its sutural line with Pinacoceras
Metternichii Hauer, not with P. parma Mojs.

Pinacoceras Metternichii and P. parma are two very nearly al'ied
species, which can only be distinguished by a subordinate difference
in their sutural lines. In P. parma the five adventitious saddles are
of dimeroid shape, whereas in P. Metternichii the saddle preceding
the principal lateral one is pyramidal, the inner of the two culminating
branches being much more strongly developed and higher than the
outer one and being shifted towards the centre of the apex of the
saddle. In this character my specimen agrees exactly with F. v.
Hauer’s type-specimen of Pinacoceras Metternichsi from the Stein-
bergkogel near Hallstatt.

There are three dimeroid adventitious saddles, fol]owmg the first:
adventitious saddle, whose lateral branches are arranged symmetri-
cally, four pyramidal saddles—the fifth, innermost adventitious saddle
and the three main saddles—and ten dimeroid auxiliary saddles.

The first or outermost adventitious saddle is not provided with a
secondary external branch, as m the variety from the Tropites lime
stone of Kalapani, but its ramifications are arranged symmetrically,

B2
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as in the typical form from the Hallstatt limestone. The adventitious
elements of the sutural line slope more steeply from the periphery
of the shell to the first main saddle than in Hauer's type, but less so
than in the Himdlayan example from the Tropites limestone.

The measurements of this mcomplete but fairly well-preserved
specimen are as follow :—

Diameter of the shell . . . . . . 140 mm.
. » umbilicus . . . . 15
Height of the ¢ above the umbilical suture . « 77 »
last volution { » s preceding whorl . . 54 5
Thickness of the last volution . . . . . 17

Pinacoceras Metternichii must now be added to the list of species
common to the Halorites limestone, t}re Tropites limestone of Byans
and the Alpine Hallstatt beds.

PINACOCERAS POSTPARMA Mojs. Pl 1, fig. 1,

1873. Pinacoceras postparma E. v. Mojsisovics, Die Cephalopoden der
Hallstitter Kalke : Abhandl. K. K. Geol. Reichsanst, VI-i, p. 61,
Taf. XX VI, fig. 4.

1902. P. postparma E. v. Mojsisovics, sbidem, Supplement, p. 295.

A medium-sized specimen of Pinacoceras consisting of air-cham-
bers only, agrees exactly with this remarkable species from the alaunic
(middle noric) sub-stage of the Hallstatt limestone. The most im-
portant character of P. postparma is the shape of the fifth adventi-
tious lobe and adjoining saddles. As in the type-specimen from
Hallstatt four adventitious lobes are bi-partite at their base and se-
parated by dimeroid saddles. But the fifth adventitious lobe is shorter
and narrower and terminates in a median point. The two bordering
saddles stand very close to each other. Although distinctly dimeroid
like,the rest of the adventitious saddles, they might easily be mistaken
for a single adventitious saddle, whose branches divide near the very
base of the stem.

In its external shape Pinacoceras postparma agrees exactly with
P. parma and P. Metternichii.

Dimensions.
Diameter of the shell . . . . . . 136 mm.
s » 3 umbilicus . . . .12,
Height of the ¢above the umbilical suture . . 81,
last volution { » » Ppreceding whorl . §8

‘Thickness of the last volution . . . 18

”»
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Pinacoceras postparma must be added to the number of forms in
the Halorites limestone exhibiting specific affinites to Alpine species
of alaunic age, such as Clydonautilus biangularis and Siremites
elegans.

Genus : HALORITES Mojs.

HALORITES TROTTERI, nov. sp. Pl 2, fig. 4.

This is a species of Halorites belonging to the group of acatenati,
as do all Himélayan representatives of this genus hitherto known. The
chambered portions of its shell agree almost entirely with Halorites
Sapphonis Mojs. (Palzontol. Indica, ser. XV, Him4l. Foss., Vol. IlI,
Pt. 1, p. 13, PL 1V, figs. 1—4). Their ornamentation consists of
numerous zig-zag bent ribs, bifurcating both on the lower half of the
lateral parts and near the siphonal margin.

The body-chamber differs in its sculpture considerably from #.
Sapphonis by the absence of any marginal knobs and by the gradual
weakening of the ribs. A deep constriction, which is situated nearly
one entire volution in front of the last sutural line, marks the imme-
diate vicinity of the peristome, of which, however, only traces have
been preserved.

The egression of the umbilicus is also considerably inferior to that
in A. Sapphonis. Where the shell has been preserved, the umbilicus
is entirely closed by a callosity.

The modifications in the shape of the body-chamber are rather
insignificant. The siphonal part, which is broadly rounded near the
beginning of the last volution, becomes more compressed in the
middle of the body-chamber whorl, whereas towards the mouth there
occur again a slight widening of the external region and a correspond-
ing inflation of the lateral parts.

Dimensions.
Diameter of the shell, . . . . . 685 mm.
. , 5 umbilicus . . . . Y
"Height of the ¢ above the umbilical suture . . 37
last volution U ,, ,, preceding whorl . .15,
Thickness of the last volution . . . 20

Sutures.~Agreeing in their details with those of Halorites Sap
phonis. ‘



6.  Records of the Geological Survey of India. [VoL. XXXIV.

HALORITES ALTERNANS nov. sp. Pl 1, fig. 3.

This species, represented only by the figured specimen, is to be
regarded as a form closely allied to Halorites Alcaci Mojs. (l. c. p.
17, PL 111, fig. 3). It is distinguished from this species andfrom all
other Indian Halorites by two characters of importance.

The first character of importance is the absence of any egression
of the umbilicus. The second is the sharp separation of the sculpture
in the anterior and posterior portions of the last volution. Near its
beginning the last volution, corresponding entirely to tke body-cham-
ber, is considerably inflated and covered by very numerous and deli-
cate, sharp ribs, which cross the broadly rounded siphonal arca with
many bifurcations. These delicate and densely crowded ribs are
suddenly replaced by flattened, irregularly bending folds, which stand
more widely apart and are elevated into marginal knobs.

The sharp boundary between those two patterns of ornamentation
“corresponds to the region of the body-chamber, where the compres-
sion of the whorl begins. On the anterior portion of the body-cham-
ber a considerable weakening of the sculpture is coincident with the
increase of the inflation in the apertural region.

Dimensions,
Diameter of the shell . . . . . . 40 mm.
’ » 3 umbilicus . . . . 0,
Height of the last volution . . 22,
Thickness of the ¢ at the point of greatest mﬁatlon . 20 ,
fast volution { » 3 n  » » compression 16 ,,

Sutures.—Not known in detail.

MARTOLITES nov. gen.

To this genus belong evolute shells with numerous whorls and a
widely open umbilicus recalling in their shape Faponites or Gymnites.
The sculpture is interrupted along the narrow external part, as in
Florianites or Danubites. 1t consists of simple ribs, of which two
or three originate from umbilical tubercles. To this plicate ornamen-
tation paulostome-furrows are added, as in Cycloceltites Mojs.
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The sutures are very simple. It is merely a matter of convenience,
whether one regards the small umbilical saddle as second lateral or as
auxiliary saddle, the projection of the periphery of the preceding
volution just touching the broad lobe which follows the principal
lateral saddle.

It is rather difficult to assign to this genus its proper systematic
position. I have not succeeded in finding out the exact length of the
body-chamber, the sutural line being only accessible to examination at
one single place in the penultimate whorl of my largest specimen of
Martolites Kyaffti. Thus whether Martolites belongs to the Tropi-
tidz or to the Ceratitidz cannot be decided on the strength of the main
character on which the separation of those two groups of Triassic
Ammonea trachyostraca has been based by E.v. Mojsisovics. My
personal opinion is, that Marto/ites should be placed in the sub-family
Celtitinz, near Celtites Mojs. The affinity of Martolites to Celtites
appears to me to be stronger than to any other Alpine genus of
upper Triassic ammonites. An inspection of the illustration of
Celtites Neumayri as given by E. v.;Mojsisovics (Abhandl. K. K.
Geol. Reichsanst. V1-2, Taf. CC., fig. 6) and of Cycloceltites annula-
tus Mojs. (¢6id. Taf. CXXII, figs. 8—14) will convince the reader
of the remarkable similarity of the two genera in their external shape
and involution, With Cycloceltites my new genus agrees in the
combination of normal ribs with paulostome-ribs and furrows. A
difference is, however, marked by the presence of umbilical tubercles
and by interruption of the sculpture along the siphonal part. The
latter feature is noticed in the group of Celtites multispirati, but not
in Cycloceltites.

Martolites is so far only known from the Halorites limestone of
the Himilayas, where it is represented by a single species, M. Krafti.

MARTOLITES KRAFFTI nov. sp. Pl 2, figs. 1, 2, 3.

Of the three specimens figured the largest, illustrated in fig. 1, may
stand as the type of this species. It possesses an obliquely elliptical
outline, which is, however, acquired only in later stages of growth.
The inner nucleus is of normal shape and agrees exactly with the
smaller example illustrated in fig. 3. The elliptical outline of the
full-grown specimen is confined to the last volution and is probably
caused by an acceleration of growth in front of the beginning of the
last whorl and in front of the anterior half of it.
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The whorls of the inner nucleus are strongly inflated and thicker
than high, but in the cross-section of the last whorl the width is
inferior to the height. The transverse section is cordiform, the sides
converging into a narrowly rounded siphonal part. The whorls overlap
each other scarcely to the fourth part of their height. Thus a wide
and shallow umbilicus is left open.

The ornamentation consists of very numerous straight and sharp
ribs, which are turned forward but do not cross the siphonal part,
which remains smooth. In the inner nucleus single ribs occur occa-
sionally, but are rare. Most of theribs rise in pairs from the umbilical
edge, which separates the flat lateral parts from a steep but very low
umbilical wall. Bifurcation of the ribs outside the umbilical region
is also frequently noticed. In the inner nuclei the points of bifurcation
along the umbilical edge are not marked by tubercles. Itis only in
the last volution of the two larger specimens illustrated, that umbilical
tubercles play an important part in the ornamentation of the shell.
In the meantime the ribs become more densely crowded and more
than two often rise from a single umbilical tubercle.

The second element of sculpture is paulostome-furrows, which are
as a rule connected with strong paulostome-ribs. They appear at an
earlier stage ot development than the umbilical tubercles. In the
small specimen illustrated in fig. 3 a deep paulostome-furrow is noticed
corresponding to a diameter of the shell of 13 mm, It is directed
forward more noticeably than the lateral ribs and is accompanied by
a sharp paulostome-rib, cutting off two adjoining ribs and thus forming
with them a sort of chain-rib, recalling the chain ribs in the group of
Anatomites scissi.

In the last volution of my type-specimen two deep paulostome-
furrows are noticed. But the paulostome-ribs preceding them do not
cut off any adjoining ribs, deviating but slightly from their direction.
From the normal ribs the paulostome ribs differ not only in their
greater strength but also by crossing the external part without any

inte ion. . .
terruption Dimensions.

Fig.1.  Fig. 3.
Diameter of the shell . . . . 37mm. 18 mm.
"l-'ll:eilcgkht:css }of the last volution . . . { ‘; ’ ‘75'5 :
Diameter of the umbilicus . . . 16 . 6’5 ,,
Height of the volution at the place of ¢10 .
Thickness } its greatest aplanation. .t 85,

Corresponding diameter of the shell . . 28 ,,
» » »  umbilicus . 13 ,
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Sutures.—There is only a single place near the beginning of the
penultimate whorl, where the sutural line of two air-chambers is
accessible for examination. The siphonal lobe is deep, bicuspidate
and divided by a high siphonal prominence. Siphonal saddle high
and elongated, with its apex shifted towards the external part.
Lateral lobe faintly serrated at its base, but serration visible only by
means of a magnifying glass. Lateral saddle shorter than the siphonal
saddle and followed by a broad, faintly serrated lobe, which might be
termed either lateral or auxiliary with equal reason. The inner margin
of the small adjoining saddle is touched by the umbilical suture.

Genus JUVAVITES Mojs.
Sub-genus ANATOMITES Mojsisovics.

ANATOMITES sp. ind. PL 1, fig. 4.

The figured specimen is the chambered nucleus of a large-sized
example, which in its dimensions can scarcely have been inferior to
Anatomites Camilli Mojsisovics (Cephalopoden der Hallstitter
Kalke, Abhandl. K. K. Geol. Reichsanst, VI-2, p. 103, Taf. XCI,
fig. 3), to which it exhibits a distant resemblance. It deserves special
mention, since the sub-genus Anafomites is chiefly restricted to
beds of carnic age and is very rare inthe noric stage of the Hallstatt
limestone. The present nucleus belongs to the group of Anatomites
scissi.  On account of its incompleteness it is preferable to refrain
from the imposition of a new specific name.

There are two paulostome-furrows present in the last volution,
both of them being accompanied by strong ribs on either side. The
lateral ribs, which are broad, irregularly bent, and frequently dichoto-
mous, meet alternately along the middle line of the siphonal part,
where the sculpture is interrupted.

The direction of the paulostome-furrows is inclined obliquely
forward. The bundle of ribs preceding the last paulostome has a
chain-like appearance, but in the rib preceding the first paulostome
this is not the case,

Dimensions.
Diameter of the shell . . . . . . 24 mm,
o »  umbilicus . . . . . 2
He.'ght } of the last volution . . . . { 13 »
Thickness 12'5 5,
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Sutures.—Saddles provided with dolichophyllic denticulations, as
in Anatomites rotundus Mojs. but more slender. Sutures narrow
and deep. The siphonal and principal lateral lobe standing at an
equal level. Siphonal lobe divided by a broad and simple median
prominence,

Genus SIRENITES Mojs.

SIRENITES ELEGANTIFORMIS nov. sp. PL 2, fig. s.

This species is very nearly allied to Sivenites elegans v. Moj-
sisovics (Him4layan Foss., 0p. cst. Vol. 111, Pt. 1, p. 94, Pl. XVII, figs.
8,9). The resemblance is so great, that I should not have separated the
two species, had not the differences in their sutures have demanded this
separation. Not having the type-specimen of S. e/egans at hand for
comparison, I must take the illustration of its sutural line for granted
on the authority of E. v. Mojsisovics, although the remarkable
difference in the dimensions of the siphonal and principal lateral
saddles puzzles me considerably.

In its external shape and ornamentation Sirenites elegantiformis
agrees with S. elegans with the exception of some minor details.
But none of those slight differences is of specific importance, if we
allow for the difference in the dimensions of the two type-specimens.
The ornamentation is very delicate. Traces of ribs are but faintly
marked. The principal element of sculpture is spirally arranged
rows of tubercles, of which fourteen are counted from the umbilical
margin to the crenulated keels. The rows of tubercles succeed one
another at irregular distances and the shape and size of the tubercles
themselves varies considerably in different rows. In most of the
rows the tubercles show rounded outlines. In some rows they are
extended longitudinally and frequently fused together so as to form a
continuous elevated spiral band. In the row situated next to the
crenulated keels, they are arranged in short lines, which are directed
obliquely forward.

Dimensions.

Diameter of the shell . . . . « 92 mm.
» » umbilicus . . . . . 4

”»
Height of the {above the umbilical suture 54 o
last volution ,,  ,, precedingwhorl . . 33

Thickness of the last volution . . . . 19

»

»”
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Sutures.— Agreeing with those of Sirenites elegansin the develop-
ment of an adventitious saddle in the siphonal lobe. The striking
disproportion in the height of the siphonal and principal lateral saddles,
which is the mcst remarkable character in the sutural line of S. elegans,
is not noticed in the present species, the two saddles being of nearly
equal dimensions.

EXPLANATION OF PLATES.

PLATE 1.

Fig. 1a, 4. Pinacoceras postparma Mojs. v

y 2 Pinacoceras Metternichii v. Hauer. Sutural line.
» 3@, b. Halorites alternans Dien.

»w 4a, b. Anatomites sp. ind.

PLATE 2.
Fig. 1a, &, c.
» 2a, b. Martolites Kraffti Dien.
” 3a, b’

y 48, b Halorites Trotteri Dien.
» 5a, b Sirenites elegantiformis Dien.
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NOTES ON AN UPPER-TRIASSIC FAUNA FROM THE PISHIN
DISTRICT, BALUCHISTAN, COLLECTED BY E. VREDEN-
BURG IN THE YEAR 19oi. By C. DIENER, PH.D.,
University of Vienna. (With Plates 3 and 4.)

N Volume XXXI (pp. 162—166) of the Records, Geological
Survey of India, a very interesting paper on the Triassic rocks
of Baluchistan was published by E. Vredenburg. His survey in 1go1
disclosed a large development of Triassic beds in the highlands of
the Pishin district, Baluchistan, south of the Upper Zhob Valley. He
found the Khojak shales of Tertiary age in this district to be confined
to narrow synclines and underlain by a great mass of shales, litho-
logically identical with the Khojak shales, but with Triassic fossils
uniformly distributed throughout them.

As the chief leading fossil of the Triassic shales a species of
Monotis is quoted, which Vredenburg considered as closely allied to,
or identical with, Monotis salinaria Schloth. A species of FHalo-
rites was discovered 7n situ on the road from Pishin to Ziarat. It has
been illustrated by Vredenburg on Pl 17, accompanying his memoir,
and referred to the group of catenats comtinui. From the presence
of this species and of AMonmotsis salinaria he concluded that the
Monotis-bearing shales of Baluchistan ought to be correlated with
the Monotis-beds of Spiti or with the alaunic (middle noric) sub-stage
of the Alpine Trias and that they were slightly younger in age than
the Halorites limestone of the Central Him4layas, where the genus
Halorites is represented by acatenate types only.

All the fossils collected in the Triassic rocks of Baluchistan by
Vredenburg were entrusted to me for examination. The fauna is
very scanty. Impressions of Monotis are abundant, but all the rest
of the fossils are represented by fragmentary specimens. Their state
of preservation is far from being satisfactory, only very few admit-
ting of a specific determination. All the Cephalopoda are casts
in a calcareous shale or in a very hard lydian-stone without any trace
of their shelly substance. They probably belong to new species, but
only one among them has been considered worthy of a new specific
designation.

o ——
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DESCRIPTION OF FOSSILS. -

MONOTIS SALINARIA Schloth. Pl 3, figs. 1, 2, 3.

1820. Pectiniles salsmarius v. Schlotheim, Petrefactenkunde, p. 230.

1830. Monotis salinaria Bronn, Uber die Muschelversteinerungen des
sueddeutschen Steinsalzgebirges, welche bisher unter dem Namen
Pectinites salinarius zusammenbegriffen wurden. Neues Jahrb. f.
Min,, etc. Bd. I, p. 279, Taf. 1V, fig. 1.

1894. Monotsis salinavia Teller, in E. Suess, Beitraege zur Stratigraphie
Centralasiens, Denkschr. Kais. Akad. d. Wiss, LX1, p. 460.

1900. Monotis salinaria A.v. Krafit, General Report, Geol. Surv. of India,
for 1899—1900, p. 222.

1904 Monotis cf. salinaria Vredenburg, Records, Geol. Surv. of India, Vol.
XXXI, p. 166, Pl 17, fig. 1.

Impressions’ of shells belonging to this species are very richly
represented in Vredenburg’s collections, sometimes coating the entire
surface of slabs of shale. The majority, however, are fragmentary
and examples in which the apical region has been preserved are few
in number. In some slabs fragments of the shelly substance have
been found adhering to the impressions.

On the slabs of rock, illustrated in Pl. 3, fig. 1, three impressions
of left valves are almost entirely preserved. They distinctly show the
radiating ornamentation, the straight hinge-line with low sub-central
beaks and an edentulous hinge, the rounded anterior margin and a
short, obliquely truncated posterior wing. Traces of the adductor
scar are very indistinctly developed. The only impression of a right
valve on this slab is, unfortunately incomplete, the anterior region
near the beak having been destroyed. It is consequently impossible
lo arrive at an exact generic determination of the shells in question.

Their relationship to two genera, Monotss Bronn and Pseudomo-
notis Beyr.,, must be taken into consideration. Some species of
Pseudomonotis agree so closely with Monotis salimaria in their
external characters, that an exact determination of left valves is utterly
impossible. The only difference of generic importance, which justi-
ties a separation of Monotis and Pseudomonotis, is the presence of a
byssal notch in the minute anterior wing of the right valve of the
latter genus. .

In the majority of species of Pseudomonotis the shell is inequi-
valve, the right valve being the smaller. An inspection of the impres-
sions illustrated in fig. 1 shows that the shells from the Pishin
district are equivalve, but an exact determination cannot be based on
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this character alone, as it is also observed in some groups of Triassic
Pseudomonotis, viz., in the Pacific groups of Ps. ockotica or Ps. Rick-
mondiana.!

Impressions of right valves are comparatively rare in Vredenburg’s
materials. I have succeeded in making plaster casts of two impressions
(figs. 2, 3), in which the hinge-margin has been sufficiently well pre-
served to ascertain the absence of any anterior wing or byssal notch in
front of the apex. Nor has a trace of such characters been noticed in
any of the casts of right valves entrusted to me for examination. It is
especially the example illustrated in fig. 3, which agrees with Monotss
salinaria not only in the absence of any anterior wing, but also in the
outlines of the anterior margin, which unites with the hinge-line in a
sharply rounded-off angle.

Thus the identification of the species from Baluchistan with Mono-
tis salinaria, as suggested by Vredenburg, has been proved to be
entirely correct. There can be no doubt that the Baluchistan shells
belong to the Alpine type of Monotis salinaria and not to the Pacific
type of Pseudomonotis ochotica. In this respect they agree with the
type described from the Pamir by Teller which had been collected
N. E. of Aktash, 4 miles W. of the Nizatash pass by Stoliczka, and
with the Him4layan type from Spiti, collected by Hayden and A. v.
Krafft. My examination of the Himdilayan specimens fully confirms
their identification with Monotis salinaria by A. v. Krafit.

Monotis salinaria is extremely variable in its dimensions and out-
lines, but its variations have never been studied in detail. It is an
astonishing fact that the first reliable description of this leading
fossil of the noric Hallstatt limestone published by Bronn in 1830 is
still the only one existing. For the moment there is no reason for
introducing a new specific denomination for the Indian types of
Monotss salinaria.

Dimensions.
Fig. 1. Fig. 3.
(left valve.) (right valve.)
Entire length of the shell . . . . 33 mm. 34 mm.
» breadth ,, . . . .28 25
Length of the hinge-line . . . . .16, 17
Distance of the apex frc:'n tl’u’e ;3::;?;‘“3‘?'"' 22 :: ;:; ::

Wide: T, Teller, Die Pelecypodenfauna von Werchojansk in Ostsibirien; in E. 9.
Mojsisovics, Arktische Traisfaunen, Mém. Acad. Imper. des Sciences de St. Petersburg, VII
sér., T. XXXI11, No. 6, 1886, pp. 105—124.
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The thickness of the valves cannot be measured, the impressions
having been considerably crushed in the soft shales.

Locality —N.E. of Kudin, underlying northern branch of the
Tertiary syncline (Nos. 310 and 370) ; about 1 mile S.E. of Muhammed
Azim, Lat. 30° 38’, Long. 67° 36’ (No. 372); summit 8,644 feet,
about 3 miles S.W. of Kudin (No. 245) ; E. of Kudin (No. 306).

HALORITES nov. sp. ind. aff. SUBCATENATO Mojs. Pl 4, fig. 1.

1904. Halorites sp. ind. Vredenburg, Records Geol. Survey of India, Vol.
XXXI, p. 162, Pl. 17, fig. 2.

As has been stated by Vredenburg, this specimen is the only Indian
representative of the group of catenati continui. 1t is entirely
chambered, no fragment of the body-chamber having been preserved.
I consequently prefer to abstain from a direct identification with any
European species and from the introduction of a new specific name.

Of Alpine species of the genus Halorites it is probably H. sub-
catenatus E. v. Mojsisovics (Die Cephalopoden der Hallstitter
Kalke, Abhandl. K. K. Geol. Reichsanst. VI-2, p. 18, Taf. LXXV,
fig. 1, XCXVIII, fig. 1), to which the Indian example is most nearly
allied. It isthe one with which it agrees best in the proportion of height
and width of chambered inner nuclei. There is also an almost complete
agreement in the character of the ribs and of the pearl-shaped tuber-
cles. I have been able to convince myself of this fact by a personal
comparison of my example with the type-specimens in the Museum of
the K. K. Geologische Reichsanstalt in Vienna, illustrated by E. v.
Mojsisovics.

The umbilicus is partly exposed as a deep and comparatively broad
funnel. The illustrations of my type-specimen in figs. 14 and 15,
however, show a well-marked difference between the two sides of the
cast. The exact dimensions of the umbilicus are therefore not known.
Nor is it possible to suggest to what extent it may have been closed
by a thickening or callosity of the shelly substance :—

Dimensions.
Diameter of the shell . . . . . . 50 mm.
' » s umbilicus . . . . . 2,

Height . about 34
Thickness of the last volution . . .{ e :
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Sutures.—The sutural line is not known to me in detail. The
contrast between the high, dolichophyllic main-saddles and the faintly
developed auxiliary series, forming one broad, strongly serrated um-
bilical lobe, is very remarkable.

Locality.—About one mile S.E. of Muhammed Azim, Lat. 30°
38’, Long. 67° 36’ (No. 372).

Remarks.—Halorites sp. ind. cf. ferox v. Mojsisovics (1. c. p. 25,
Taf. LXXIV, fig. 3) from the red Hallstatt marble of the Sommer-
aukogel (Salzkammergut) is also similar to our specimen but of
smaller dimensions. The two species agree in the considerable
number of pearl-shaped tubercles. Nevertheless the affinity of the
present species to the group of Halorites ferox is more distant than
to /. subcatenatus, because in H. ferox the chambered nuclei never
reach the size of our Indian type.

DITTMARITES an DISTICHITES sp. ind. (?). PL. 3, fig. 4.

~ The figured specimen is the fragment of a body-chamber, with a
high-mouthed, elliptical cross-section and with two external keels,
separated by a rounded median furrow and accompanied by deep
lateral furrows on either side. The lateral parts are covered by very
numerous and sharp, falciform ribs, which frequently dichotomise
in the middle of the height. Umbilical tubercles are entirely absent.
The complete specimen must have attained considerable dimensions
and was provided with slowly increasing whorls, leaving open a wide
umbilicus. .

There are two genera of upper-Triassic ammonites, to which the
present fragment might be compared. In my memoir on the fauna
of the Tropites limestone (Palzontologia Indica, ser. XV, Himélayan
Foss., Vol. V, Pt. 1) a species of Dittmarites—D. Rawlinsoni
Diener—has been illustrated on Pl. VII, fig. 4, which in shape and
ornamentation bears a close resemblance to our specimen in question.
The second genus, which might put in a claim for comparison with
nearly equal reason, is Nistichites Mojs. Distichites Younghusbandi
Diener (. c. PL II, fig. 1,) although differing by its less densely
crowded ribs, is certainly nearly allied, so far as we may judge from
its general shape and sculpture. There is a still closer:affinity
to an undescribed form from the Monotis beds of Spiti, mentioned by
A, v. Krafft in his preliminary report on the Mesozoic rocks of Spiti
(General Report, Geol. Surv. of India for 1899-1900, p. 223). This
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species, which will be described in pt. 3 of Vol. V of the Himdlayan
Fossils, belongs to the group of Distichites compressi.

The characters of distinction between Ditémarites and Distichites
not being accessible to observation in the present fragment, its
generic determination must necessarily remain uncertain.

Dimensions.—~Not measurable.

Locality —3% miles S. of Chinjdn, not 7n situ (No. 292).

CELTITES sp. ind. (sectio ACUTEPLICATI). Pl 4 fig. 3.

This species represented by a single, imperfectly preserved example
only, is of larger size than any of the congeneric forms from the
Hallstatt limestone. It is distinguished by slowly increasing whorls,
which overlap each other only to a very small extent, and by a wide
umbilicus. The transverse section is square with rounded-off edges
and moderately arched lateral parts. There is no distinctly defined
umbilical margin developed. The numerous, simple, radiating ribs
are sharp and interrupted along the median line of the siphonal part.
No traces of parabolic ears as in the group of annulati (Cycloceras)
or paulostome-furrows have been noticed. The number of coils is
smaller than in the section of mu/tispirati. The specimen is of larger
dimensions than any of the Alpine dwarf-species of the section of
acuteplicati.

Dimensions.
Diameter of the shell . . . . . . s5mm.
”» » » umbilicus . . . . . 26 ,,
¥:,'§|::& } of the last volution . . about ‘l :g :

Sutures.—Not known.

Remarks.—Although two important characters—the length of the
body-chamber and the sutures—are unknown to me, there is a great
probability cof the correctness of assigning this species to the genus
Celtites. 1 cannot find any other Triassic genus of Ammonea tra-
chyostraca, to which it might be compared more advantageously,
although its large size somewhat puzzles me. Had the specimen not
been collected in an area of undoubted upper-Triassic age, the possibi-
lity of its belonging to Danubites or Flortamtes should certainly have
been taken into consideration.

An identification with Choristoceras must be excluded. In a

specimen of a Choristoceras of similar dimensions the umbilical
(o}
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suture of the last volution could no longer retain its normal spiral, as
it does in the present example. Nor has any trace of external spines
been noticed.

Locality ~Twelve miles S. of Hindu Bé4gh, not i situ (No.

373)-
PARATIBETITES sp. ind. aff. TORNQuUISTI Mojs. Pl. 4, fig. 4.

This is the fragment of a body-chamber of Paratibetites Mojs.,
recalling Paratibetites Tornguisti v. Mojsisovics (Palzontologia
Indica, ser. XV., Him4layan Foss., Vol.IlIl, Pt. 1, p. 87, Pl XVI, fig. 5)
from the Halorites limestone of the Him4layas.

The border-line of the aperture probably coincides with the
actual peristome. The cross-section is helmet-shaped and distin-
guished by the three-edged termination of the siphonal part. This
tripartite character of the siphonal side is more distinctly marked than
in Paratibetites Tornguisti. The most important difference between
the present species and P. Tornguists is the presence of a strongly
marked sculpture, consisting of falciform ribs, which are few in
number and elevated into obtuse knobs in the umbilical region.

Dimensions.
Diameter of the shell . . . . about 95 mm.
- » 3 umbilicus. . . . A 8 ,
'il-'llfilcgk}:'ltess }of the last volution . . R gg »
”

Locality—N.E. of Kudin,junderlying northern branch of Tertiary
syncline, got #2 s¢¢u (No. 310).

RHACOPHYLLITES VREDENBURGI nov. sp. Pl. 4, fig. 2.

This species, represented by a fairly well preserved specimen, is
interesting on account of its shape, which is intermediate between
the genera Rhacophyllstes Zittel and Phylloceras Suess. ,

All Triassic species of Rhacophyliites hitherto known are distin-
guished from the geologically younger Phylloceras ata glance by
their wider umbilicus. In the present species the umbilicus is
considerably smaller than in any Triassic species of Rhacophyllites,
although wider than in typical forms of Phylloceras. The umbilicus
is surrounded by a high and steep wall, whose slope becomes less steep
only in the anterior portion of the body-chamber. This wall is
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separated from the lateral parts by an obtusely rounded umbiiical
edge. From the siphonal part the flanks are also limited-off sharply
by a marginal edge, which is very steeply rounded. Both the
lateral and siphonal parts are nearly flat, thus imparting to the cross-
section a rectangular outline with truncated angles.

The only traces of ornamentation on the cast are indistinct lines of
growth, which are faintly developed in the vicinity of the aperture.

A little more than one half of the last volution belongs to the
body-chamber.

Dimensions.
Diameter of the shell . . o e . e« 52 mm.
9 » » umbilicus . . . . N
Height of the {above the umbilical suture . . 285 ,
last volution » ,» preceding whorl . .« 175 »
Thickness of the last volution . . . . .« 18,

Sutures—The sutural line, as far as it is known to me, agrees
with the sutures of Rkacophyllites, not of Phhylloceras. Only the main
saddles are diphyllic, whereas the auxiliary saddles are all provided
with monophyllic terminations. In the oblique position of the diphyllic
siphonal saddle and inthe presence of a short siphonal lobe the present
species agrees with Rkacophyllites Zitteli Mojsisovics (Cephalopoden
der Hallstitter Kalke, Abhandl. K. K. Geol. Reichsanst., VI-1, Supple-
mented, p. 318, Taf. XVII, figs. 3, 4). The lateral saddles are not
known in detail. The principal lateral lobe is strongly incised. Three
auxiliary lobes and two saddles stand outside the umbilical suture-

Locality—Twelve miles S. of Hindu Bigh (No. 373).

CONCLUDING REMARKS.

The examination of the fossils from the Pishin district collected
by Vredenburg in 1901 fully confirms the views expressed by that
author in his preliminary report.

The scanty fauna consists of the following forms :—

Monotis salinaria Schloth.

Halorites sp. ind, aff. subcatenato Mojs.
Celtites sp. ind. (group of acuteplicats ?)
DParatibetites sp. ind. ex. aff. Tornguisti Mojs.
Dittmarites an Distichites ? sp. ind.
Khacophyllites Vredenburgs nov. sp.
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Of these species only Monotis salinaria and Halorites sp. ind. aff.
subcatenato were obtained at the actual spot where they had wea-
thered out of the shales. ~All the rest of the specimens were picked up
amongst transported boulders from the beds of the rivers that traverse
the Triassic hills. Nevertheless their occurrence in the Triassic
beds cannot be doubted. To this list must be added the specimen of
Didymites which was collected in the Zhob district (Mazarghan
river) by Griesbach and described as Didymites afghanicus by E. v.
Mojsisovics (Him4layan Foss. I. c., Vol. III, Pt. 1, pp. 44, 144, Pl. XX,
fig. 9).

The fossils enumerated above are of very different stratigraphical
value. The specimens described as Celtites sp. ind. (?) and Distichites
an Dittmarites (?) sp. ind. are too imperfectly preserved to afford
any clue as to the age of the strata in which they occur. Rhacophyllites
Vredenburgi is an isolated type among the representatives of this
genus, which ranges from the middle carnic (julic) sub-stage of the
upper Trias into beds of Jurassic age. Paratibetites is a sub-genus
characteristic of the Halorites limestone of lower noric age, but has
also been found associated with noric elements in the fauna of the
Tyopites-limestone of Byans. The group of Halorites catenati
continui is represented in all sub-stages of the noric stage of the
Alpine Hallstatt limestone, but chiefly in the alaunic sub-stage. Inthe
Halorites limestone of the Himilayas the genus is only represented by
acatenate forms. Didymites is regarded as one of the chief leading
genera of the alaunic sub-stage. It must, however, be borne in mind
that it occurs in large numbers in the T7opites-limestone of Byans and
that in a fossiliferous bed of the Hallstatt limestone of Hallein Didy-
mites tectus Mojs. has been noticed by Schlosser! associated with
Fovites dacus Mojs. and with a few other ammonites of upper-carnic
age. The main layer of Monotis salinaria in Europe is certainly
the Hallstatt limestone of noric age. It is chiefly associated with
types of the upper noric (sevatic) sub-stage. That it is, however, not
restricted to the noric stage, has been proved by G. v. Bukowski, who
collected large numbers of this shell in the carnic Hallstatt limestone
of Spizza (Verbandl. K. K. Geol. Reichsanst., 1896, p. 105). My
personal examination of Bukowski’'s specimens has convinced me of
the correctness of Bittner's statement, that they cannot be separated

Y M. Schlosser : Das Triasgebiet von Hallein, Zeitschr. Deutsche Geol. Ges.,
1898, p. 365
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from M. salinaria Schloth. In the Himalayas of Spiti the species
has been discovered by A. v. Krafft and Hayden in beds of noric age,
which are geologically younger than the Halorites limestone of the
Bambanag CIiff.

So far as it goes, the evidence afforded by the scanty fauna collected
by Vredenburg is in bharmony with a correlation of the Triassic
beds of the Pishin district with the noric stage of the Alpine upper
Trias. It is not possible to come to a more exact determination of
their age, although there is good reason for their correlation with the
Monotis-bearing horizon of the Himé4layas, which is certainly not
older than the middle noric (alaunic) sub-stage.

EXPLANATION OF PLATES.

PLATE 3.

Fig. 1. Monotis salinaria Schloth, (No. 372) 1 mile S.E. of
Muhammed Azim.

y 2. Monotis salinaria Schloth. (No. 310). Plaster cast of
a right valve. N.E. of Kudin, underlying northern
branch of Tertiary syncline.

» 3 Monotis salinaria Schloth. (No. 295.) Plaster castof a
right valve. Summit 8,644 feet, about 3 miles S.W. of
Kudin.

,» 4a,b. Distichites an Dittmarites sp. ind. (?) 34 miles S. of-
Chinjan (not 72 situ).

PLATE 4.

Fig. 1a, 8, c. Halorites sp. ind. aff. subcatenato Mojs. 1 mile S.E.

of Muhammed Azim.

w 2a,b,c,d. Rhacophyllites Vredenburgi Diener. 12 miles S. of
Hindu Bigh (not 77 situ). '

n 3 Celtstes sp. ind. (?) 12 miles S. of Hindu B4gh (not 77
sttu).

» 4a, b Paratibetites sp. ind. aff. Tornguists Mojs. N.E. of
Kudin, underlying northern branch of Tertiary syncline
(not 7 situ). ' ‘
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NOTES ON THE GEOLOGY OF A PORTION OF BHUTAN.
By Guy E. PILGRIM, B.ScC., ‘Deputy Superintendent,
Geological Survey of India. (With Plates 5 and 6.)

N the early portion of this year 1 was afforded an opportunity of
accompanying Mr. J. Claude White, the Political
Officer for Sikkim, some distance into the interior
of Bhutan, and also of examining portions of the foot-hills on the
Bhutanese frontier, which hitherto have been geologically unknown.
Owing to- the rapidity of my journey and the densely wooded
character of the hills, it was impossible for me to attempt any detailed
geological survey of the country. Still, such observations as 1 was able
to make appear to possess some interest in view of our scanty knowledge
of the geology of the eastern portions of the Sub-Him4layan foot-hills.
Of the sources of our information on their geology, Mr. F. R. Mallet’s!
important work in Darjeeling and the Baxa Duars
Previous work onthe 1,y he mentioned as dealing with areas lying
geology of the Eastern i
Sub-Himalayas. west of Bhutan. Eastward of Bhutan we have
Godwin-Austen’s? account of his expedition into
the Daphla hills, LaTouche’s? of that into the Akas and more recently
Maclaren’s* work, north-east of Dibrugarh. The observations re-
corded by these various geologists had led us to form some idea
of ‘the geological formations, which one could expect to find all along
the border of the Sub-Himéalayas. My own results have entirely con-
firmed these suspicions, and one has therefore so much the less hesita-
tion in concluding that, right away from Nepal to the Subansiri river,
or even further east still, there are more or less continuous outcrops
of the Upper Siw4liks, Gondw4nas, Puréna metamorphic rocks, and
older gneiss, taking them in the order in which one meets them going
inward from the plains into the hills.

Starting from Gauhati on the Brahmaputra river and marching due
north, the hills of gneiss were soon left and a flat
grass-covered plain stretched away to the foot of
the hills, broken only here and there by thin jungle consisting chiefly of

Introduction.

Journey to the hills.

1 Mem. Geol. Surv. Ind.. X1, pp. 1—g6, 1874.
3 Jour. As. Soc. Beng., Vol. XL1V, pt. ii, p. 35, 1875.
3 Rece Geol. Surv. Ind. XVIII, p. 122, 1885.
¢ Rec. Geol. Surv. Ind., XXXI, p. 179, 1904.
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the “ Khair,” Acacta catechu, and the cotton tree, Bombax malabari-
cum. Further to the east in the Darran District, through which I re-
turned, the country has a more inhabited look ; tea gardens and villages
are more frequent. The true Sub-Himailayan rainy forest with its rain-
fall of upwards of 300 inches and its wealth of vegetation of every
kind does not start until the hills are reached. This dense growth
with the thick soil cap which it engenders effectually conceals the
rocks except along the streams and often even there, or where a land-
slip carrying with it trees and soil has laid bare a hill side.

Around the debouchement of each river into the plains is a collec-
tion of unstratified drift containing numerous
pebbles and boulders. This is to be seen uncon-
formably overlying the blue Siwilik clays and sandstones and forming
the surfaces of many of the hills which border the plain, and rise to
some 200 feet above it. The core of these low hills consists of Siwélik
rocks as is proved by sections found in the small streams, which wind
among them. This drift does not appear to be as largely represented
here as La Touche found to be the case in the Aka hills, Nor can I
find any reason for considering it as older than recent or sub-recent. I
bave. not indicated it on the accompanying map, in which I have left
all the plain portion uncoloured, while the outer hills are coloured as
Siw4lik, the superficial accumulations of drift being disregarded.

I crossed the entire band of Siwdliks in three different places,—
north of Shobonkhata, between Daranga and
Diwangiri and in the Kala Pani. In all these
cases approximately the same sequence of beds is observed, all of them
dipping with great regularity at angles of 50° to 60° towards the north-
west. The outermost beds consist of blue clays with some very fine-
grained, grey, argillaceous sandstones with occasional beds of indurated
clay. All these beds are strongly jointed. The sandstones still
further in become coarser and are of the micaceous pepper and salt
type, and further in again occur the pebbly sandstones, containing only
a few small pebbles at first, but gradually becoming regular conglo-.
merates. The pebbles are generally of the size of a large orange,
though some of them are as big as a man’s head. They are almost
invariably composed of quartzite. Isaw also fragments of carbonaceous
shale, but found no pebbles of gneiss. On leaving Shobonkhata, a
march of 1} miles up the Pagla Dia river brings us to the junction of
two streams at the small village of Derutsokek, one going eastward

Recent or sub-recent.

Siwaliks.
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towards Diwangiri and the other to the north-west. It was along the
latter of these that our main route lay. The Siwéliks continued for
about 2 miles after leaving the river junction, corresponding to a thick-
ness of about 10,000 feet. The sandstones are evidently extremely
ferruginous, for small streams issuing from the joints in the rock and
precipitating a thick red deposit of ferric hydrate were very frequent.

I saw in more than one place nests and radiating strings of lignite
showing in some places the cellular structure of the wood from which
it was derived and in others having a strong conchoidal fracture with
glistening surfaces.

As mentioned by Mallet and previous observers, the Gondwéna
beds of this area occupy thin bands on the inner
side of the Siwiliks. Mallet has mapped themin
the Baxa Duars in small lenticular outcrops. It seems not impossible,
however, that the band may be more continuous than this, there
being two circumstances which may tend to prevent their discovery ;
these are :—

1. The completeness with which the coal seams and softer beds
of the series are concealed by the dense soil cap and jungle. This_is
so even in the river beds. Here the presence of softer beds is occa-
sionally indicated by the sudden widening of the valley.

2. The resemblance which some of the Gondwéna quartzites and
graphitic schists bear to similar beds belonging to the Purdna group
of strata.

In the Kala Pani about two miles above its debouchement into
the plains a section of the Gondwénas is magnificently exposed by a
landslip. This section is shown in the sketch in plate 6, fig. 2 and a
partial description of it appears in my paper on the coal occurrences
in the foot-hills of Bhutan.

The total thickness of Gondw4nas exposed is about 500 feet. The
lowest beds seen are a very soft fine sandstone, which, weathering into
innumerable small crags or pinnacles, presents a most remarkable
appearance, which reminded me of nothing so much as that assumed
by formations rich in salt or some other soluble substance. Interbed-
ded with this sandstone are various coal seams ; these appear to have
been once continuous, but the crushing to which they have been sub-
jected has thinned them out in places so rapidly that there are now
only lenticles of coal to be seen. As has been fully explained in the
paper quoted the flaky or dusty condition of the coal is due to the

Gondwanas.
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intensity of its crushing. The upper 300 feet of strata are of hard
quartzitic sandstones, with thin sheets of carbonaceous matter alternat-
ing with them and occasional beds of shale. I found no fossil plants
in these beds, but their lithological resemblance to the Gondwanas of
the Sub-Him4layan region is sufficient proof of their identity. The
section occurs on the line of an overthrust fault, and the boundary
between the two formations is likely to prove of a similar nature
clsewhere in this area.

The way in which reverse faulting has taken place in the outer
Him4layas has been fully described and explained by others, and it is
therefore needless to enter into the question, beyond pointing out the
clearness with which the present section illustrates the phenomenon.
The Gondwéna beds are seen to turn over against the Siwalik conglo-
merates, which have acted as a sliding plane for the older coal beds.
The fault evidently marks the approximate limit of deposition of the
Siwéliks, as the latter do not seem to be met with overlying the Gond-
wiénas, further on in the hills. There can be no doubt that the same
band of Gondw4na rocks extends a considerable distance on either
side of the Kala Pani. In the Bor Naddi, 12 miles farther to the west,
and in the Nunai Naddi, 4 miles to the east, precisely similar coal is
found. Round Diwangiri I found several fragments of quartzitic
sandstone and ferruginous shales which I assigned to the same forma-
tion. I thought that a small outcrop of carbonaceous shale south of
Diwangiri might possibly be also Gondwé4na, but have inclined to the
idea that it is similar to a graphitic schist, which I found in the Pagla
Dia on about the same strike, and which, from its association with
grey, schistose slates of a Daling type, I have little doubt must be
Purdna. Reports of coal, similar to that of the Kala Pani, much fur-
ther west in the Mands river have led to my putting in a patch
of Gondwéna colour on the assumption that it is probably coal of
that age.

There can be little doubt that the rocks called by Mallet Dalings
and Baxas belong to this group. Misled by the
dips of the strata and failing to recognize the
possibility of reverse faulting, Mallet considered the Dalings younger
than the Gondwénas and was unable to make up his mind about the
Baxas. Since then the intenser degree of metamorphism to which
these rocks have been subjected has been considered to be proof that
their age is greater than that of the Gondwd4nas of this area which

Puranas.
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still in.a large measure retain their original character and their
fossils.! Subsequent work in other areas has familiarized us with the
overfolding and reverse faulting so universally prevalent in the
Himélayas.

I encountered no other rocks than those included in this group
during the whole of my journey between the Siw4lik boundary in the
Pagla Dia river and the Kuru Chhu river—the farthest point I
reached.

The most prominent rock formation is a white quartzite which
cannot be less than 10,000 feet in thickness, and
is for the most part remarkably constant
throughout its vertical extent.

In the course of my journey I came across this great quartzite
formation in no less than three different places, in all of which its
thickness, general character and constancy was the same.

First, ascending the western branch of the Pagla Dia river, after
passing over various slates and schists we reach massive quartzite
about three miles after leaving the Siwdlik boundary ; these quartzites
form precipitous cliffs 5,000 feet high on the western side of the river,
dipping at first 15°N, but afterwards increasing to 30°N. Apparently
overlying them are red schistose slates containing layers of quartz.
These weather into a bright red clay, which forms the surface of the
path for a great distance leading up to the Monastery on the summit
of Tungka La.

From this point a great change comes over the character of the
vegetation corresponding to a zone of smaller rainfall. The country
is just as much cut up by valleys and spurs running in every direction
and there is hardly a level piece of ground to be found in the whole
country, but we have left behind the overpowering luxuriance of the
rainy forest of the foot-hills; rocky hill sides bare of almost every
thing except Pinus longifolia are no uncommon sight even at eleva-
tions of 2,000 to 3,000 feet only. On the slopes of Tungka La are
forests of oak, absolutely devoid of undergrowth, with a soil covered
only by the decaying oak leaves of the past year. Corresponding to
the increased elevation, flaming trees of Rkododendron arboreum

strike the eye everywhere.
There are few villages, and they are but small ones and the traveller

Mas'sive quartzite
formation.

1 This conclusion has been expressed by Mr. R. D. Oldham in the Manual of
Indian Geology, 2nd ed., p. 76.
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is impressed by the comparatively unpopulated character of the
country.

Going down the Kongra Chhu the quartzite is again seen, continu-
ing without interruption to some distance on the other side of the
Mands river. Its direction of dip has changed and is now southerly at
an angle of about 50°.

The third place where the quartzite is seen is on the descent of the
spur to the Kuru Chhu river. I ascended the river for some 4 miles
after first sighting it and saw nothing else but quartzite dipping from
45° to 60°N.

As Mallet’s Daling series contains only an insignificant thickness of
quartzite while he mentions it as of frequent occurrence in the Baxas
there seems no doubt that we must refer this quartzite to the latter
series. It is true that on page 35 of his memoir Mallet, in describing the
only section given, mentions 1,000 feet of quartzite, but the section is
probably a short one and much greatet thickness of quartzite may occur.

The other characteristic bed, which makes it certain that we are
here dealing with Mallet’s Raxa series, is a
dolomitic limestone containing nests of calcite
just as Mallet describes in the Baxa Duars. The only place where I
saw any considerable thickness of massive dolomite exposed was on
the nothern side of Kenga La. Here the dip is uniformly to the south
about 60°. The dolomite is first seen on the side of a small hill in the
village of Kenga, then, after crossing a valley where softer slates are
exposed, we come to a thickness of about 1,500 feet of massive dolo-
mite. The dolomitic soil nourishes amid the crags a great abundance
of the beautiful Saxifraga /igulata and the rather rare ground orchid
Cypripedium farnianum.

The dolomite in places seems to have undergone extensive silici-
fication, as one finds thick beds of a powdery white jasper in contact
with it. The latter is often left in the form of thin bands or lenticles
in the jasper, while in other places it is the dolomite which predomi-
nates, and the jasper occurs in thin layers in the midst of it, showing
that there has been secondary replacement in varying amounts.

The dolomite passes into thin bedded calcareous slates, and below
these are flaggy quartzites and quartz schists, which are wholly
different in appearance from the massive quartzites mentioned above.
Alternating with these are thin beds of dolomitic limestone which pass
into more slaty beds.

Dolomitic formation.
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In spite of the fact that all these beds are dipping under towards
the quartzites of the Mands river, I think it is almost certain that
they are higher in the series. For if they were below the quartzites
they would most certainly have been found between Tungka La
and the plains, where on our ascent of the Pagla Dia frequent
exposures of the rocks were visible proving them to be slates and
schists.

Mr. Mallet’s npinion also was that the dolomites were the highest
member of the Baxa series, which is borne out by the section he gives
in the Baxa Duars.

I consider therefore that the series of beds on Kenga La form a
sharply folded syncline over which the older beds have been thrust in
onposite directions (see Pl. 6, fig. 1). As I have mentioned before
there is an indication of a repetition of the same band of massive
dolomite near the village of Kenga. Moreover the greasy schists
which one sees below Kenga are for a short distance dipping in a
distinctly northerly direction, while the great mass of beds has a
southerly dip. The northerly dip occurs at the faulted junction.

It was to be expected that south of the Man4s river the dolomitic
part of the series would be encountered overlying the quartzites and
forming another syncline. The failure to recognize the northerly
dipping part of these beds on the slopes of Tungka La is doubtless
due to its having been faulted vp and denuded. There seems no
doubt however that the southerly dipping part of the dolomitic syn-
cline is partially represented. South of the Diri Chhu above the
quartzites during the ascent of the steep spur to Karu Gompa I
noticed several beds of thin bedded slates with dolomite layers, which
are evidently the same as the Kenga La beds. Large accumulations
of calcareous tufa in the valley of the Kangra Chhu are doubtless due
to the presence of the dolomitic limestone in the neighbourhood.

There also occur in the Kangra Chhu Valley thick beds of gypsum.
I did not myself see it 7% sifu, not having found
time to visit the locality, so can say nothing as
to its mode of occurrence. But in consequence of the discovery of
a fragment of rock gypsum in the bed of the Diri Chhu I sent a man
to the spot, who brought back numerous specimens and information as
to the extent of the gypsum. It seems probable that as at Naini T4l
the dolomite has been converted into gypsum by the action of sulphu-
retted hydrogen derived from pyritous shales, but whether the

Gypsum.
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conversion of the dolomite has taken place i# sifx or only in talys heaps
as described by Mr. C. S. Middlemiss in the case of the gypsum of the
Nehal Nadi, Kumaun, I am uncertain.

Between Kenga La and the Kuru Chhu, as before mentioned,
the beds underlying the dolomites are faulted
against a series of grey schists sometimes carbo-
naceous which pass up into the massive quartzites of the Kuru
Chhu. The fault is however a subsidiary one to that on the other
side of Kenga La, by which these same grey schists, evidently the
lowest beds seen, are brought up against the massive dolomites.

To consider now these lowest beds, which have hitherto been only
casually mentioned. They are schists or extremely fissile slates,
which unfortunately I did not often find expcsed, as a thick soil cap
generally concealed them from view. Where seen, however, they
answer very closely to Mallet's description of the Dalings. They are
grey or greenish in colour and very greasy to the feel. Occasionally
they are carbonaceous and a graphitic schist met with on the Pagla
Dia, not far from the Siwélik boundary, is probably of this age.
The schists commonly contain lenticular layers of quartz. They are
certainly more metamorphosed than the other rocks, which I have
seen in this area.

These same characters are more or less observable in each of the
three places where the rocks which underlie the massive quartzites
are exposed, namely, north of the Siwdlik boundary on the Pagla
Dia, in juxtaposition to the dolomite north of Kenga and finally
north of the Kuru Chhu river. I therefore think it not unlikely that
these correspond to Mallet’s Dalings.

In the Aka Hills LaTouche came across neither dolomite nor
quartzite, but he seems to have had no hesitation in assigning the
schists he met with to the Daling series. In the Baxa Duars the
Baxa series is developed at the expense of the Dalings, whose pre-
sence is only surmised by Mallet. It appears therefore that origin-
ally both series were depcsited along this part of the sub-Him4layas,
but ancient faulting and subsequent denudation has entirely removed
one or other of them from over large areas.

One feels inclived to regard these beds as the equivalents of the
dolomites and slates of Naini Tél, but the difficulty of correlating

strata at a distance from one another on mere lithological resem-
blances is well known.

Daling series,
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On my return journey from the Diri Chhu, I ascended the spur

to Karu Gompa and kept along the ridge uatil the

Return Journey.  jescent to the river af Raiding. The absence

of continuous sections made it impossible for me to form much idea

of the geology of the country, beyond the bare knowledge that I was

travelling on Purdna rocks. In the river bed massive quartzites

were exposed succeeded by green and grey schists much as was the

case in the Pagla Dia.

My journey easiward along the base of the hills and the descrip-

tion of the country round the Kala Pani will be found in the
following paper on the coal occurrences of Bhutan.
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REPORT ON THE COAL OCCURRENCES IN THE FOOT-
HILLS OF BHUTAN. BY Guy E. PILGRIM, B.Sc.,
Deputy Superintendent, Geological Surcey of India.

HE coal seams, which it was my primary object to investigate,
T are situated in a small tributary nullah, running
Situation of the Coal E.N.E. to W.S.W,, leading into the Kala Pani
locality of the Kala Panl.  at a point about two miles from its debouche-
ment into the plains. The Kala Pani, marked in
many places on the maps as the Demakoosum naddj, leaves the hills at
Lat. 26° 55, Long. y1° 55’, just a little west of the 1oznd boundary
pillar on the Bhutan Frontier and joins the Nunai naddi at Bhutia
Chang tea-garden some 10 miles away. The Nunai after uniting with
the Bor runs into the Brahmaputra at Gauhati.

After having accompanied Mr. J. Claude White some distance into

o o i the interior of Bhutan, and having returned to-

Description . Daranga near the g4th boundary illar, 1

‘;:'P aronad he Kala then \fent with him along the border of fhe hills

to the east past the Bor Naddi to the Kala Pani

and on the gth of February last pitched my camp about 24 miles from

the coal locality. The river bed is here about 14 mile across, with
low banks varying in height from 4 up to 10 feet.

The alluvial fan occupies a very much broader stretch of flat
ground three or four miles across, The hills and the portions of the
plains bordering them are densely covered with an impenetrable mass
of forest and tangled undergrowth, so that prospecting will be a difficult
and expensive undertaking.

The coal-locality is therefore within the Bhutan Frontier and it,
along with all the foot-hills of Bhutan, has been leased by the Tongsa’
to Ugyen Kazi. The latter gave me every facility for digging out as
large quantities of coal as I desired.

The coal has been well exposed, for a distance of about a furlong,

Exposure of the Coal, by a big landsli'p, which has been in progress
during the last six years, and a section of some



32 Records of the Geological Survey of India. [VoL. XXXIV.

500 feet in thickness is displayed on the hillside. The material carried
down by the landslip has spread out and accumulated to such an extent
that the Kala Pani has been partially blocked up and a lake has been
created. This prevented my going further up the naddi.

The coal strata are of Gondwana age, that is tojsay, the same
as the Darjeeling coal and also that found by
LaTouche in the Aka hills and by Godwin-Austen
in the Daphla hills. Like all these, therefore, its formation belongs to
the same period as that of the Bengal Coal Fields, although the condi-
tions which have tilted the strata and formed them into mountains
have also considerably altered the character of the coal.

The coal of the Kala Pani lies practically on the line of a big

reversed fault, along which the Gondwana beds
of((l::l::::usle:;c:rmce have been thrust over the much newer Siwalik

sandstones and conglomerates of pliocene age.
The sketch section (Pl 6, fig. 2) on the scale of 12 inches to 1 mile,
will explain the relation of the Gondwanas and their contained coal
seams to the Siwiliks. The coal seams are seen to be dipping in
opposite directions on the two sides of the nullah, but the dip on the
southern side is due to the beds turning over against the fault and
they very soon come to an end. On the northern side the beds dip
in a N. or N.N.W. direction at angles of from 40° to 75°. The coal
seams are in many places even at a greater inclination than this. The
upper 300 feet of strata conmsist for the most part of hard quartzitic
sandstones with often thin sheets of carbonaceous matter alternating
with them. Besides these are beds of shale, often carbonaceous and
in one case a thin seam only a few inches thick, of coal, somewhat
like that seen lower down.

Below this occurs the coal low down on the sides of the nullah.
It is interbedded with a soft crumbly sandstone, which falls away at
the slightest touch. The coal itself has also been reduced by crushing
to such a flaky condition that it is exceedingly friable, and it is
impossible to dig it out except in the form of dust. Nor is this soft
friable condition of both the coal and the sandstone in contact with
it, to be explained on the assumption that it is near the outcrop. For
in the first place owing to the landslip, the coal which | had an
opportunity to examine was not an ordinary weathered outcrop but a
comparatively fresh surface, which previous to the landslip had been
protected by many feet of overlying soil. In the second place it is

Age of the Coal.
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clear that the powdery condition is due to the coal having been
subjected to intense pressure. Hence this condition will prevail
throughout the seam, and no matter how far one penetrates beneath
the surface will there be any hope of improvement. Asa consequence
of the insecure nature both of the coal and of the sandstones which
would form the roof and floor of the seams, it would be necessary to
incur considerable expense in the working by having to use heavy
timbering throughout.

Furthermore in the Kala Pani this does not seem to have been the
only result of the crushing to which the coal has been subjected, but
the effect of the shearing of the strata along the thrust plane Las been
to squeeze out the seams into small lenticles. These are often verti-
cally shifted, sothat the strike of the seams is no more persistent than
their thickness. To such an extent is this the case that it became a
matter of great difficulty to identify and assign to their proper position
the various lenticular patches which represent the original coal seam.
This will increase the difficulty of working the coal and also render
prospecting operations more laborious and less conclusive. The
greatest thickness of coal that Isaw in any one seam was 3 feet, but
within 20 feet this had thinned away to nothing, and this is a
fair sample of them all. One seems to trace the remains of six seams
having a thickness of twofeet. I do not however mean by this that
the thickness of two- feet is persistent, but rather represents the
average maximum of each lenticle.

The powdery nature of this coal caused by its intense crushing is
a feature which it shares in common with that of the Darjeeling area
explored in detail by P. N. Bose in 1890 and .with that of the Aka
and Daphla hills. We may therefore regard it as practically certain
that it will prove to be a constant character of all the Gondwana coal
of the Sub-Him4layas. I am not aware that the lenticular natare of
the seams is a character which has been noticed in the Darjeeling area,
and it may here be due to the coal outcrops being almost coincident:
with a line of fault, ‘

To test the quality of the coal, tests were taken in the furnace of

. y the tea-factory of Oranga Juli, tharks to the
Quallty und” Asalysls | ;/ dness of Mr. Hill, theg:xanager, and an analy-
sis has been made in the Laboratory of the Geolo-
gical Survey. Some one hundred maunds of coal were dug out by the

Bhutanese from half a dozen promising places, and a sample maund;
D
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of this, taken down to Calcutta, gave the followmg result on

analysis :—
Moisture . . . . . . . 182
Volat“e matter . ) Y . . . . 19‘06
Fixed Carbon . o . . . . . . 5487
Ash o . . . . . . . 24'?5
160°00

The ash is of a very pale grey colour, which indicates the absenc:
of sulphur, and the coal cakes strongly.

In the furnace the combustion at first, when used beneath a cold
boiler, was slow. When so lbs. of steam had been raised by Assam
coal and then the Kala Pani coal placed on the glowing bed, steam
rose rapidly to 100 Ibs. and blew off. The coal caked exceedingly
well and hardly any fell through the furnace bars. It will be seen that
the ash is very high and therefore the coal camnot be considered of
good quality. The small amount of volatile matter is a character
which it owes to the crushmg it has undergone.

The Kala Pani coal is fairly accessible. A railway extension from

Dhubri to Dnbrugarh is at present under con-

Acceasibilty. struction, and in the event of the coal ‘being

worked on a large scale, the E. B. S. Railway would be prepared to

carry a branch track of some 10 miles to within 1} miles of the coal,

which could be run down by tramway along the hillside above thc‘
naddi.

Labour, however, does not appear to be plentiful None of it is

Laboss indigenous. The indentured coolies in the tea
) gardens earn from 3 to 3} annas per day.

It seems, however, improbable considering the nature of the beds,
their high mchnatxon, and the quality and smallness of the seams,
that the cost of mining could be other than high, and this would
prevent it from being able to compete successfully at Dhubri with the
Upper Assam coal.

To consider now the question as to whether prospectxng operatlons
in the neighbourhood would be warranted.

Owing to the denseness of the jungle and the difficulty of the
ground I was not able to observe any coal out-
:‘:“‘m‘x"" crops outside the limit of about 400 yards. I

heard, however, after I had left the immediate
locahty, ‘of the existence of coal some 12 miles farther to the west
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along the strike, in the Bor Naddi, only here the coal is 8 miles from
the plams.
I received a large sample of this, which on analysxs gave the
. Asalysis of the Ber following result :—
Naddl Coal.

Moisture . . . . . . . . 128
Volatile matter . . . . . . 2078
Fixed Carbon . . . . . . . . 3862
Ash . . . . . . . . . 3932

‘The coal cakes strongly and the ash is grey coloured.

It appears therefore that the coal is inferior in quality to that of the
Kala Pani and is also much more inaccessible. 1 also know of the
existence of a very similar coal seam in the Nunai Naddi to the east,
same 5 miles from the plain. Ananalysis of this was made in Calcutta
some while ago, I am unaware by whom, with an even worse result
than that of the Bor Naddi coal.

It seems probable therefore that coal exists more or less all along
this strike, that is to say, over a distance of some 16 miles.

1 did not find anything beyond thin beds of carbonaceous shale, in
crossmg the Gondwana band at two different places near Diwangiri ;
still it is possible that I may have missed the coal in the jungle.

Coal has been reported from the Mands river 40 miles further
west.

We have good grounds for supposing that the junction of the
Gondwanas and the Siwaliks is always marked by a reverse fault and
accompanying this the conditions for producing considerable crushing
of soft beds will invariably be present. This has been proved in
several areas as mentioned above.

It is true that the coal seams in the Darjeeling area vary very
much in quality and quantity, and it is not unlikely that they do so in
Bhutan.

I should be unwilling therefore to assert that careful prospecting

within the 16 miles of country referred to above
uo::.l.n’:::‘::me..w.. would not disclose more promising outcrops.
When, however, one remembers that seams of
five times the thickness in the Darjeeling area have not proved work-
able, one would hesitate to expect much in an area, where the outcrops
and conditions so far observed are still more unfavourable. I should
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therefore -feel disinclined to recommend any capital being sunk .in
prospecting operations, which would certainly be expensive and would
probably be useless.

As to whether the Bhutanese themselves will find it profitable to

Mining of coal on the Work the Kala Pani coal and place it into -com«
small scale by the petition with the Assam coal in the various tea-
Bhutanese. gardens between the hills and the river is another
question,

Assuming that there is a thickness of 12 feet of coal over an out-
crop of goo feet and that for each seam an average depth of 50 feet
of coal—down to the level of the bed of the main naddi—were worked,
one can estimate the quantity of coal actually in sight as 20,000 tons.

At the present moment Assam coal costs the various tea-gardens
from Ri2 to R20a ton according to their respective distances from
the river. - B

Therefore if the Bhutanese can find it possible to remove that
portion of the hillside which contains the coal at a cost which will
allow them to supply it below this figure, there should be no difficulty
in winning the whole of this quantity with such means as are at their
disposal. ‘

If should however be remarked that the completion of the new
railway in two years' time will probably cheapen the cost of Upper
Assam coal for the tea-gardens, without providing a new market for
the Bhutan article, since the high ash-contents of the Kala Pani coal
would minimize the demand for it on the railway in question.
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THE DANDLI COAL-FIELD : NOTES ON A VISIT TO THE
COAL OUTCROPS IN THE KOTLI TEHSIL OF THE
JAMMU "STATE. By C. M. P. WRIGHT, M.LM.M.
(With Plate 7.) .

HIS field might be termed the Dandli coal-field after the village
of that name where coal was first seen (H. B. Medlicott,
Rec., G. S. I, IX, p. 53). Attached is a sketch map of the area
Pl 7). v
( The country traversed is mountainous throughout, rising at
Ranjoti Station to 6,250 feet. Deep gorges have been cut through
the limestone; these form a marked feature in the scenery and
are a great hindrance to travelling.

The geology of the area is similar in all respects to that of the
Jammu coal-field as described by Mr. R. R. Simpson in Memosrs,
Geol. Surv. Ind., Vol. XXXII, pt. 4, the Dandli coal-field being the
north-westerly extension of the same rocks. There is a central core
or mass of “ great limestone” forming either a hog-backed ridge as at
Kamrot and Leri or a narrow-topped ridge as at Karjai and Ranjoti,
always with a faulted, precipitous southern scarp. It is within this
area a fairly regular twin anticlinal, with its component beds dipping
gently on the southern edge and rather steeply to the north-east in a
bow along the northern flank. Within my observation (which was
specially directed to the coal measures and therefore not too observant
of the limestone) it lies in thick beds. At Sangarmarg about 2,500
feet below the breccia, occur two thick beds of calcareous grit;
these were seen also in the Dandli gorge. No, fossils were seen.
The topmost bed is a breccia, composed of limestone carrying angular
fragments of quartzite of all sizes up to 10 inches in length, its thick-
ness varies but it is always present in this area. I would feel
inclined to follow Medlicott in attributing the origin of this bed to
pressure alone;! thin interbedded sandstones, siliceous shales and
limestones having been broken up and jumbled together by the forces

11Lc,p. 54
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which folded the strata in an anticlinal over 100 miles in length.
That the forces exerted were sufficient to alter the sandstones to
quartzites can be seen at Sangarmarg. The angular fragments
composing the breccia are clearly defined with an occasional appear-
ance of rounding, but without the scratching or chipping such as
would be expected if the edges had been rolled.

~ Along both flanks of the limestone conformably occur the
Subathu beds. I attach a section taken at Krela,

Section near Krela Village.

Ft. Ins.

(Olive shales with bands of nummulitic lime- '
stone and occasional marly layers . . 436 o

_ Two strings of coal 24" and 1”7 in thickness . o '3}

Subathu. 4 Olive shales . . . . . . 94 o
' ‘Grey shales with bands of marl . . . 89
Coaly shales with 12 inches of coal . . 2.3
 Clay ironstone . . . . . . 86

Pre- Breccia.
Tertiary. { Great Limestone.

This section would appear to support Mr. Simpson’s view that th
'group increases in thickness towards the west. At Krela the
nummulitic beds were noticeably fossiliferous, at Dhanna in the
Poonch river a nummulitic band about 125 feet above the breccia
being crowded with shells. ‘

In the lower portion of the Subathu rocks occur two seams of coal
and some irregular strings of an inchor two in thickness. Lydekker
" on p. 9t of his Memoir, The Geology of Kashmir and Chamba (Mem.,
" G.S. I, XXII) writes “there occurs a layer of carbonaceous matter,
with occasional thin strings and small pockets of pure coal which,
together with the similar deposits already noticed as oecurring
in the overlying Murree beds, have been the fruitful source of
much mis-spent energy and baseless expectations.” The Subathu
beds are all soft and easily removed; the streams cut through them
until the breccia is reached, then cut them back, denuding the
Great Limestone of its cover. Coal outcrops are frequent and when
not obscured by debris are seen to be continuous.
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The outcrops visited and measured within the various village
areas are as follows :—

(1) Name of (3) Number of seams (3) Thickness of upper seam at (4) Thickness of

village. and quality. various points. :::;;:e;o?:ut?
Nar . . .3 {,w!g;:," 20"+7" +4" 14" +4"
Krela, . .2fair ,, o . 3"+3"+4" 14" 412°+ 11"
. « 4 seams . . 10" +6" +4" +4"

Gihan (galli) . sfair . . . 4 +q" Carb. shale
Bramoch . ,1fair « . . eesose 307
Aghar . ., zpoor . 4"+3" 4"+5"
Mari . . A jumble of ooa.ly .

stuff and shales
Kamrot stream , 1 seam fair . . wens 34"
Upper Kamrot 2 seams fair . 2" 137

or Panag.

Panag (lower) . 1seamfair , . aornse 4'+3"+7"
Dan e  .3seamsfair . 2"+3%+3" 3" +4"+7"
Fawali (Mendli) 2seamsfair . . 7°+10" 4"+3°

Do. Savar kas 4 seamspoor inter-
bedded with clay ironstone  2"+4746"+ 4"

Leri . s 2pOOr . . . 3" ‘”
Dharnna . . s dity . o e 10” Carb, shale
, In all the above villages the outcrops are upon or near the limestone breccia ;=
Chinjoora "« Coaly shale with

thin seams of coal.

mm“ . o 3 SCAM . . . "
Naroli . . 1§ seam fair , o 167+4"$20"+36"+7"+12"+13"+
217+ 8"
Salun . « 1seam fair . . 16" +6” +8"
Mera e« ' o 1seamfair . o 18¥
Nikyal . « 2seams , . dirty 36* fair 4”

Tangal (S.E. of Mera) coal and shale crushed together,
Kandar: frequent exposures for § mile
along baunk of stream ; dirty *
to fair, rather pyritousco.l.‘ 16” + 24" + 2_7” o
In these villages to the north of the limestone core, the better
coal'lies in an horizon about 70 ft. above the breccia as at Mehowgala :
its quality may be compared to that of the Sangarmarg area.

« From these notes it will be seen. that the coal of the Dandli
field is not of good quality nor of any thickness: it is irregular
throughout : the seams are usually highly inclined and in places con-
torted : coupling with these objectionable features the long distance
from the Nosth-Western Railway and entire absence of local demand,
the field either in part or as a whole offers no inducement to
exploitation. :
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MISCELLANEOUS NOTES.

———

On samples of mud from Narrakal, Alleppy and Calicut at the
smooth-water anchorages on the Travancore Coast.

HE muds, which were received in three 4-gallon tins, had a peculiar
greenish-black appearance and unctuous feeling. When the samples
were examined in the tins, the mud had more or less subsided leaving an
upper layer of ordinary sea-water. For the purposes of analysis and to
ascertain the chemical nature of the mud itself, a sufficiency of each variety was
washed with distilled water, to free it from the soluble salts present in the sea-
water. The samples were finally dried at 100° C., and after drying assumed
the appearance of ordinary river-mud, with absolutely no tendency to oiliness
or stickiness.

The dried muds had a grey-brown appearance and had caked into hard
lumps, which required powdering in a mortar and re-drying in order to
remove all hygroscopic moisture.

The analyses were conducted on these dried and powdered samples, and
the results obtained are set forth below : —

‘Narrakal All Calicut
- Mud. le;?, Mud.

Volatile and organic matter (includes combined water,

organic matter and carbon dioxide) . e 17°03 1ns: 14°36

Silica . . . . . . 41744 46'43 44°29
Ferric Oxide . . . o . . . . 492 3°61 48
Ferrous ,, . . . . o . D 435 313 3¢S
Aluminjum Oxlde e e« s+ e e e e . 3070 18'08 1866
Lime . - . . . . . . . 41 7°S4 687
Maganesia . . o . . e . . . 501 6'04 4'99
Sulphuric Anhydride . . . . . . . . 1°71 264 2’4
'mb“ic ”» - . . o . ‘e . . o6 0°33 0°36

’ ’ 99'73 99°6o 100'23
‘Bituminous and other organic matter soluble in ether . . o8%  1'003% 335k
Oil obtained on destructive distillation e . . . o83% oc45%, - 05,
In Dr. King’s “Considerations on the smooth water anchorages, or
mud banks of Narrakal and Alleppy on the Tranvancore Coast” (Rec.,
Geol, Surv. Ind., Feby. 1884) he states that samples of these muds were
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assayed by his colleague, Mr. Mallet, who in the course of his report
writes :—

“All gave off, when subjected to distillation, some brownish-yellow
oily matter, lighter than water and looking not unlike - petroleum—r1o019
and 1021 (nos. of samples) were digested with ether, which extracted
a small quantity of a brownish-yellow greasy matter from them.” Other
observers, P. Lake (““Notes on the mud bank of the Travancore Coast,”
Rec., Geol. Surv. Ind., 1890) and Messrs. Crawford and Rhode, late
Commercial Agents at Alleppy, were evidently of the opinion that the soft
oleaginous character of the muds was due to the presence of oil and the
existence of this oil has been accepted by some as a feasible explanation of
the action of the muds in preventing the breaking of the waves at the
smooth-water anchorages, Now, if oil were present, even in a fairly small
quantity in these muds, it is hardly likely that it would disappear when the
muds were washed with distilled water, or dried at a temperature of 100°C,
unless of course the oil were very volatile, an improbable contingency.

As I have indicated above, the muds had the soft unctuous feeling only
when wet. This characteristic disappeared entirely after drying, and they
assumed the appearance of ordinary clays of a very fine texture, with no
trace of oiliness. Again, if oil were pre-existent in the mud, it would be
readily extracted by ether. As shown in my report, experiments were
conducted with the washed muds in order to ascertain the quantity and
nature of the matter soluble in ether.

The ethereal extract was in each case of a yellow colour, and left a
brownish-yellow residue, which however was too small in quantity, even
when a large amount of mud was operated upon, to enable its nature to be
determined with certainty. The residue was of a decidedly greasy nature,
and in my opinion was more bituminous than oily, and was probably the
result of the partial decomposition of organic remains, animal and vegetable.
Referring again to the report quoted above, the fact that an oil was obtained
on destructive distillation of the muds, cannot be taken as evidence that
such oil is pre-existent in these substances. The analyses shew that organic
matter is present and as most, if not all, substances in the animal and veget-
able kingdom, or mineral substances containing organic matter, will yield
oils as a portion of the products of destructive distillation, the fact that oil
was obtained in the cases under consideration is only what might be
naturally expected.

As the oil was obtained in very small quantity it could not be examined
very fully, but I have little hesitation in stating that it was of a nitrogenous
non-saponifiable character, and possibly derived from animal remains in
the muds. It had a strong pungent odour, characteristic of pyridine,
quinoline, etc., substances obtained by distillation of bones and similar

E
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nitrogenous animal remains, but not occurring in petroleuam. A microscopic
examination of the muds revealed the presence of minute quartz crystals
indicating sand, also black particles of carbonaceous matter and minute
shells.

The muds, as already mentioned, were of extremely fine texture, and
-subsided very slowly when stirred up in water. The action of the muds in
retarding the force of the waves at the smooth-water anchorages, is probably
due to their very fine state of division, which increases the density
and viscosity of the water in which the mud is suspended. The fluid
friction is also increased as the latter is directly proportional to the density
of a liquid. The natural result is that the force or motion of the waves is
more or less diminished, when they enter the area of greater density, (i.e.,
the mud banks) owing to the partial absorption of their energy brought
about by the increased fluid friction of the muddy water. Mud from
the Pegu or Rangoon rivers has, when moist, a soft unctuous feeling
similar to the muds of the smooth-water anchorages but contains no oil.

The chemical analysis detailed herewith indicates nothing peculiar in
the composition of the muds, which are evidently composed of organic
matter, clay and sand, hydrate and carbonate of iron, and sulphate, car-
bonate and phosphate of lime and magnesia, and are quite what might be
-expected with ordinary muds of littoral origin.

[R. G. NE1Lson.]

Note on a boring in the Tertiary deposits of Mayurbhanj.

A boring was started in March 1905, in the Tertiary deposits at Baripada
(the capital of the Mayurbhanj States), partly with a view to set at rest all
doubts about the existence of coal either in association with those deposits
or in possible Gondwana beds underlying them and partly to see if an Arte-
sian supply, or an approach to it, was obtainable. The boring was put down
in a well at the traveller's bungalow and was carried down to a depth of 163 ft.
(including 40 feet, the depth of the well), when it had to be stopped owing
to an accident. The water-bearing stratum in the well is loose sand under-
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lying greyish-white clay. Below the sand the boring revealed the following

-yock sequence :—

Quartzose, brownish sand . .
Argillaceous sand

Fine brownish sand with specl:s of mica

Greyish or bluish white clay
Sandy clay . .
Fine bluish stiff clay

Gritty clay .
Fine bluish stiff clay .
Slightly carbonaceous gritty clay.
Coarse greyish clay .

Y

« v e e .

.

Greyish gritty clay with mmnte spmgl& of mica.

Fine greenish sandstone
Greyish gritty clay

Sandstone with smooth blacb custs of Mm (l)

-Greyish fine hard clay-stone .

Sandstone with cast of a very small bwalu
Dark gritty clay with dark-coloured nodules fossil ;
Ditto (slightlyicarbonaceous)

Ditto coarse
Fine greyish blue clay .

Limestone with fragment of an Ostrea (I)

Gritty bluish marl . . .
Ditto (coarse) . .
Ditto . . . .

Fine-grained brownish hard limestone
Fine bluish grey clay . .
Coarse ditto . .
Slightly calcareous gritty clay .
Fine pale blue clay .

Limestone with fragments of /o.mls

Coarse marl with fragments of fossils

Fine marl with ditto
Fine pale blue clay . . .
Coarse gritty clay . . .

[The fossiliferous strata are given in italics.]

Ditto  with fragments of fossils
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It will be seen that the base of the Tertiary formation had not been
reached when the boring was closed. As the discovery of that formation in
-Orissa is of very great interest in Indian Geology, I venture to suggest that it
be tested by a diamond boring at some suitable place by the Geological
Survey of India. It will I expect prove to be widespread, and will, in all
probabality, be found to underlie the laterite in the district of Midnapore.
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Unfortunately, the fossils yielded by the boring are generally undeter-
minable. The limestone at 142 feet from the surface is crowded with
Amphistegina, Mr. Pilgrim of the Geological Survey of India who determined
the genus observes : * Although it is true that Amphistegina was very much
more abundant in the miocene, still itis found in the seas of to-day, most
commonly up to a depth of 30 fathoms. But added to the testimony of the
Osirea,! it strengthens the probability that we are dealing with a marine
deposit which is at all events as old as mjocene.”

[P. N. Bose.]

1See “ Notes on the Geology and Mineral Resources of Mayurbhany.” Rec., Geol. Sure.
Ind., Vol, XXXI, pt. 3.

G.1.C.P. O. No- 31 D. G. Survey ~16-7-06. =700,
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1«INTRODUCTION.

HE present statement of the Mineral Production of India during

1905 follows closely the scheme laid down by Mr. Holland in

the statement issued in Vol. XXXIII, Part 1, of these Records, in order
to admit of easy comparison with the returns for previous years,

The minerals are divided into two groups—(l) those for which
approximately accurate figures are available, and (II) those for which
the returns are either not reliable or incomplete.

It will be observed that there is a considerable discrepancy between
the amounts given for the total output of certain minerals in this
statement and in the report of the Chief Inspector of Mines in India
covering the same period. For instance the total gutput of coal is
given here as 8,417,739 tons, against 7,762,779 tons in the report.
The difference is merely due to the fact that the Chief Inspector of
Mines does not take cognizance of mines situated in Native States,

such as the Singareni colliery in Hyderabad, or the Palana colliery in
Bikanir, '

Total Value of Production.

A summary of the total value of the minerals produced in 1go5 is
given ip table 1. . Nearly every item shows an increase, and the total
is £350,116 in excess of the values for 1904. o
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TABLE 1.—7otal Value of Mz‘heréls Jor which Returns of Produc-
 tiom are available for the years 1904 and 1905.

—_ . ag90q. 1905.

. £ £
Gold . . . . .” . . .v 2,366,079 2,416,066
Coal (a) . . . . . . 1,398,826 1,436,951
Petroleum (a) . . . . . . 473,971 604,203
Salt (a) . . . . . . . 437,530 441,206
Saltpetre (5) . . . . . . 266,349 235,723
Manganese-ore () . . . . . 129,632 248,309
Mica (b) . . . . . . 97,932 142,008
Rubies . . . . . . . 90,612 88,340
Jadestone (5) . . . . . . 50,726 45,474
Graphite (a) . . . . 16,726 16,890
Iron-ore (a) . 12,617 13,827
Tin-ore (3) . . 8,353 9,783
Chromite (a) . .« . .. £137 3482
Diamonds . . . . . . 2,636 2,474
Magnesite (a) . . . . . . 876 1,375
Amber . . . . . . . 838 945

TOTAL . 5,357,840 5,707,956

(a) Spot prices. (3) Export values,

The total value of the minerals of Group II, so far as they are
obtainable, amounts to £160,451 as against £110,981 for 1904. The
increase probably means that the returns are being more carefully
compiled, and no doubt in a few years it will be possible to transfer
many of the minerals of this group to Group I.

B2
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Another indication of this increase in activity as regards minerals
in India is afforded by the number of licenses
issued, which still shows a gratifying upward
tendency. The total number granted during 1905 increased by 35
per cent. (see table 25). o

Figures showing the imports and exports of mineral products
during 1905 compared with the returns for previous years will be
found in Vol. XXXIII, Pt. 3, of these Records under the heading
Miscellaneous Notes.

Licenses granted.
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IL—MINERALS OF GROUP I.

——ee
Chromite. Graphite, Manganese-ore. Salt,
Coal. Iron-ore. Mica. .| . Saltpetre.
Diamonds. Jadeite. Petroleum. Tin.
Gold. Magnesite. Rubies.

Chromite,

HERE has been a considerable falling off in the production of
chromite in Baluchistan, the only province in which it is mined,
vis., from 3,566 tons, valued at £4,137, in 1904, to 2,708 tons, valued
at £3,482, in 1go5, although two new mines were opened, producing
422 and 633 tons, respectively, The Kh4nozai mines, which pro-
duced 3,466 tons in 1904, yielded only 750 tonsin 1gos, but the
production of the Hindubdgh mines rose from 130 to 814 tons. The
ore is raised entirely for export to Europe.

Coal.

The output of coal has again exceeded all previous records,
though the increase has not been so great as in the previous year,
being only 24 per cent. against 10'5 per cent.in 1904. As before,
both Gondwana and Tertiary coalfields contributed to the increase as
shown in table 2.

TABLE 2.—Origin of Indian Coal raised in 1904 and 1905.

1904, 1905.
Statute | yretric Tons] SUMME \pretric Toms
From Gondwana Coalfields . .| 7,808,027 | 7,933,325 | 7.993,363 | 8,121,256

From Tertiary Coalfields . o| 408,679 | 415,236 | 424376 | 431,166

TOTAL .| 8,216,7¢c6 | 8,348,561 | 8,417,139 | 8,552,422
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TABLE 3.—Provincial production of Coal for 1905 compared with
that for 1904.

1904, 1905.
PrOVINGE, o 1
Quaptity. { Value | Quantity. | Value.
Statute £ Statute £
Tons. Toas.
Baluchistan . . . . 49,367 27,308 41,728 22,844
Bengal . . . .| 7,063,680 | 1,015,147 | 1.234103 | 1,041,710
Burma . . » . . 1,105 © 294 Nil

Central India . . .

185,774 47,060 18,01 | 40,137

Central Provinces o« . .| 139,037 43,664 141,265 46,241
Eastern Bengal and Assam . g 266,765 | 84,592 | 271,065 87,808
Hyderabad . . . -| 419,546 | 150,345 454,294 | 759003
Kashmir . . o« . . 270 Nil
Punjab . . . . . 45,594 22,144 62,622 30,311
Rajputana {Bikaner) . . . 45078 | 8,272 42,964 7,598
TOTAL .| 8,216,706 | 1,598,826 | BATN139 | 1,436,951

No coal was produced during the year either in Kashmir or Burma,
but in the latter province new fields are being prospected. The
colliery at Warora (Chdnda) has been definitely closed, in consequence
of a serivus subsidence which took place in the working in March
19o6. A note on this occurrence, by Mr. R. R. Simpson, Deputy
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Inspecter of Mines, is published in this number of the Records. A new
field was opened at Chandameta in the Chhindwara district, Central
Provinces, and produced 1,104 tons. New mines were also opened at
Davispur in Baluchistan, in the Shahpur district, Punjab, and in

Sambalpur, and produced small quantities of coal.

TABLE 4—O0utput of Gondwana Coalfields during 1904 and 1965.

1904, 1905,
conunmLos Statute P‘;,;;;g;;) Statute | P°5 cent: of
Tons. Total, Toas. Total.
Bengal—
Daltonganj . . . 50,517 61 0294 | . '35 N
Giridih . . . .| grzie8|  ow 8292111 g8
Jherria . . . 2,889,504 3517 3,070,588 36:48 .
'R'ajmahal . . 274 e © 414 e
Raniganj . . .| 3.350,257 4077 3,262,536 3877
Central India — -
Umaé'ia . . . 185,774 226 157,701 | - 1'87
Central Provinces—
Bellarpur . . . 90 . 148 } )
02
Chandameta . 1,104 :
) Mohpani . 26,618 32 22,998 27
Warora . o 113,319 137 123,015 1°46
Hyderabad—
. Singareni . . .| 419,546 511 454,294 538
" TOTAL 7,808,027 | 9502 7993368 | 0405
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TABLE 5.—Production of Tertiary Coal in 1904 and 1905.

1904. 1905.
COALFIELDS. s tT“ :::e Pe; ;%:%" of| %-':::.“ Pe:l'r n?eélt?. of
Baluchistan-=
Khost . . . 38,574 ‘47 U1 41
Sor Range, Mach, etc. . 11,293 ‘14 1,585 *'09
Burma—
Shwebo . 1,105 Nil v
Kashmir— ‘02
Ladda . . . . 270 Nil
Eastern Bengal and Assam—
Makum . . . 266,265 276,577
Smaller fields . . 500 g 525 438 } 39
Punjab—
Salt Range « . . 45,258 ) 61,618 ]
Attock district . . 336 } 5 s ]
Shahpur ,, . B 289 J
Rajputana—
Bikanir . . . 45,078 ‘55 42,964 51
TOTAL 408,679 498 424,376 505

The exports of Indian coal again exceeded previous records, being

Exports.

783,760 tons as against 602,810 tons in 1904
(table 6), but this amount is still only a small
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