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large specimen, showing the hinge teeth.
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Fig. 4.—Exogyra sp. ind. aff. conica d’Orb.

I"llgb‘ 65:: i:; Productus cf. indicus Waag.
w o 7ay by co—=Llemiptychine cf. spavsiplicata Waag,
Fig. 8.—Rcck specimen with casts of [Fenestella and Steno-
pora (7).
PLATE 25.—-Cretaceous Orbitoides.
Fig. 1.—-Orbitoides media, &’ Archiac. Equatorial section of a
megaspheric individual (Mazar Drik).

2= Ditto Equatorial section of a
microspheric individual (Des valley).
» 3= Ditto Section through the lateral

layers of a megaspheric individual (Mazar Drik).
PLATE 26.—Cretaceous Orbitoides.
Fig. 1.—O0vrbitoides Hollandi nov. sp. Section through the
lateral layers of a megaspheric individual (Mazar
Drik).
20— Ditto Section through the
equatorial layer of another megaspheric individual
(Mazar Drik).
PLATE 27.—Cretaceous Orbitoides.
Fig. 1.—O0vbitoides (Lepidocyclina) socialis 1.eymerie. Section

through the lateral layers of a megaspheric individual
(Sonari Hill).

Y 2o Ditto Section through the equa-
torial Jayer of another megaspheric individual (Sonari
Hill).

»  3e— Ditto Section of megaspheric

specimen from the “Yerme de Terne”, Haute-
Garonne, Irance.
PLATE 28.—Cretaceous Orbitoides.
Fig, t~0rbitoides minor (7} Schlumberger, from Niniyur.
»  2—Ovrbitoides media &’ Archiac, from Mazar Drik.
., 3—Ovrbitoides apiculate Schlumberger, from Barrah Hill,
Sind.
PLATE 20.-- Cretaceous Orbitoides.
Figs. 1, 2—0mphalocyclus mazropora Lamarck. Megaspheric
individuals (Des valley).
lig. 3.— Ditto Micropheric individual (Des
valley).
PLATE 30.—Map of the Calcutta Earthquake of 2gth September, 1906.

PLATE 31.—Fossil fruit and Cretaceous Flysch fossils from Fort Munro.
Fig. 1. ~Fossil fruit from the laterite bed forming the upper limit
of the Pab sandstones. I a, Section of the same fossil.
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Fig, 2.—Phymacoderma from the Pab sandstones.
w 3—  Ditfo ditto.
PLATE 32.—Slabs of sandstone from the Cretaceous Flysch of Fort Munro.
Fig. 1.—Crustaccan track from the Pab sandstones.
» 2.—Slab from the Pab sandstonecs.
PLATE 33.—Slab of Vindhyan sandstones from Lilgar, Bhopal State (Central
India).
PLATE 34.—5lab of Vindhyan sandstone from Barui, near Osia, Jodhpur
State (Rajputana).
PLATE 35.—Jadeitc in the Kachin Hills,
Fig. 1.—General view of the Jade mines, Tawmaw.
» 2—A worked out portion of the Jadcitc-albite dyke at
Tawmaw.

PLATE 36.—]Jadeite in the Kachin Hills,
Fig. 1.—Kachins transporting a boulder of Jadeite, Hweka.
w 2~Quarry in the Jadcite-bearing conglomerate at
Hweka.
PLATE 37.,—Photomicrographs of Jadeite-bearing rocks.
Fig. 1.—Normal Jadcite, with strongly cataclastic structure.
» 2.—]Jadeite, coarsely granular variety without cataclastic
structure.
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PLATE 38,—Photomicrographs of Jadeite-bearing rocks.
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PLATE 39.—Geological Map of the Jade Mines district.
PLATE 40.,—Local contortion and unconformity in the Miocene, Yedwet
Chaung, Magwe district (Upper Burma).
PLATE 41 —Setkyadaung Hills, near Wetchok, seen from Yongon, Magwe
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PLATE 43.—Eforescence of Alum at Mormugao.
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I.—GENERAL STATEMENT.

HE material for the study of which the results are presented in
the present paper was collected by Mr. C. S. Middlemiss,
Superintendent of the Geological Survey of India, during the field
seasons 1go1-02 and 1902-03, while conducting the geological survey
of the Hill Tracts of Vizagapatam district. The suite of specimens
appears to represent a metamorphic series of rocks resulting from
various stages of mingling of ultra-basic igneous and of argillaceous

sedimentary materials. We think that the evidence contained in this
B

F
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paper justifies us in regarding these interesting rocks containi
phirine, cordierite, spincl, sillimanite, and hYPert:hene as lam'mg oen
produced by the action of spinel iron-ore ultra-basic jo e
products on khondalite rich in sillimanite, representin::heous ?Order
Phosed sedimentary mantle which frequently over?‘ ) r}llmlamor.
igneous mass which forms the northern part of the East:eeS (;he great
.Our thanks are due to the Director of the Geolo 'ml SaUts‘
India for the opportunity of working over this very j gtlca i UrVeY‘Of
of rocl‘cs, to Messrs. Middlemiss and Vredenhur fyo A S
regardl.ng their field characteristics and distributifn ) Hzlaps anc! n?tes
Galbraith, School of Practical Science, Toronto f, al?' o _PrmCIP:“l
the preparation of microphotographs. | e astistance tn
The chgll)icai analysis reported in this paper and also th
dealm.g. with the charnockites and with the end (meo tt) ot
sapphirine-bearing series are entirely the work of I\hfnCeorlslinosf t}I]e
. . In

addition to this he has contributed to most o
: buted t ;
e st of the other sections of the

[L.—SAPPHIRINE-BEARING ROCKS AND THEIR ASSOCIATES

The present section of this i i
s<?rie§ of rock specimens collectep;gil;i;lfire ‘;‘2;}; P iﬂtef.eSting
dlSt[‘ll(,‘t of Vizagapatam, by Mr. C, S;’ Midd]en())'n % 03 in the
descra-bed the occurrence of sapphirine in this are;sf] who bas already
Vizagapatam, Kalahandi, Jeypore, Ganjiam a'[d Ori
among them a petrological province whose (reol’ - toa contain
been established through the ichstiuationsbof O%I(:a‘l ‘
of India. Operating in Ganjam u;’ 1899-1 the lieal
found the western portion of that reqioi t%oczo:gir't
(;?lizpilj:e;zssocmtfd clo‘sely with a series of metamorpshosed sedi
ous granites and gr 1(1:- d’r’qam‘ district,” consist of “garnetifei-
e granuﬁta?u 1tcs. with “pegmatite, biotjte gneiss .
thene es, vax;\'mg from acid to almost bas;  and
;epreS( nting the charnockite series.” “ The cr 'stall'aSIc f"fmS and
bty gt e 15 g i o s
commonest form is a quartz-garnet schistenatl o
1C.S. Mid i i e
i, Kee Gt Suve. Dt XX S Tl from Vizagapatar
* F. H. Smith, Ges. Rep., Geol. 5117‘)1/.41,;1315’3.,—1129'9-1900 )

aracters have
ogical Survey
F. H. Smith

of an igneous
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vich in sillimanite.”” Much crushing and folding is spoken of, large

masses of the pam-schists being found as bands within the igneous

rocks.
One of the authors of this paper, Dr. T. L. Walker, working in

the neighbouring mountain region of Jeypore zemindari,1 found
igneous rocks varying greatly in acidity which he belicves to be
identical with charnockites.? The following season in the adjacent
State of Kalahandi ® charnockites were again found, which apparently
tog-ther with those of the previously studied Ganjam and Jeypore
districts, formed part of a single great massif. With regard to the
sillimanite bearing schists which appear to be invariably associated

with the underlying complex, he wrote .« Apparently these isolated
mnants of a once continuous arch of altered sediments

outcrops are re
igneous massif of charnockites and associated

covering the great
rock which extends almost from the Godavari to the Mahanadi.”

The massif referred to by Dr. Walker extends as an ecllipse 250
miles long and 60 wide in a direction parallel to the adjacent coast of
the Bay of Bengal, and includes portions of the states and districts
mentioned above. Together with its covering of metamorphosed
sediments it forms a denuded plateau 3,000 or 4,000 feet in altitude
which is completely carved into hills and valleys, the summits of the
latter standing at approximately equal elevation.

The rocks here considered were collected from a small area that
may be defined as lying near the villages of Gangrez Madgul, Ontaly,
an'd .Pader in Madgul talug, Vizagapatam district, and some distance
:\rzlxtr}\(::ﬂtl;itic)uuixIegosjlrznlz{)idgz (;(f) tl::t cl;argogklt(/: mf,xssif. Pader lies
bouring areas ofcharnod'ito( . i L'l(e Z - ?-50. ‘Large neigh-
( 0ckite oceur, but in the immediate vicinity of thes
villages the predominant {ormation is the khondalit 'y- . ¢
bearing para-schists through which run narrow, i )e ot sillimanite,
gneissoid gramite lying parallel to one anoth@r"snl(?ttb(zntl}[])ted bands of
i(;f ;}:Z ?;,S;;lfls {'gheze l')ands are })1‘91);{1)1)/ the -
been relnc;ved bun ition h..om which

y denudation. The

ajor axis
exposed crests of folds
the sedlmentary covering has

speeimens were t i
a
; T.L. Walker, Gen. & o "
. %‘ lI-I Hollnnd, Me
LW
XXXIIL. wlker,

.
F. H. Smith, ;. cit,

ep. Geol, Suyy, Ind,, 18991900
m. Geol, Sury. Diud, XX VI ‘

(Jeol ) o] I ndr Sta . . . -S”’ U. na.
Ug f {alaha d S tC, “ em Geol 1
Id )
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vicinity of these bands, and in a number of cases from their
extremities.

(a) Ultra-basic spinel-bearing rocks.

Specimen 16174, obtained near Panasput, is a massive black rock
of sPeciﬁc gravity 402, resembling a magnetic iron-ore in the hand
specimen,  Upon microscopic examination, however, it is found to
consist of green spinel and magnetite with accessory quantities of
bi?tite, sapphirine and a few grains of a colourless, highly refracting
.mmeral. Spinel is the predominate constituent and occurs as large,
irrcgular, isotropic grains of dcep green colour crowded with particles
and fcathery aggregates of magnetite. In the immediate vicinity of
each magnetite particle the spinel is paler and more transparent
than elsewhere. (Pl 2, fig. 2.) Occasionally the iron-ore inclusions
are rudely idiomorphic. Biotite occurs in well-formed plates, pose
sesses a strong brown pleochroism, and is quite free from sio,rnf £>f
crushing or strain. Sapphirine is subordinate in amount ap Zari
as small rounded grains of deep blue colour and strong ;’)leocf})lroi o
Scattered sparingly through the sections are mingte o
hexagonal, particles of limpid transparency, ’
polarisation tints which may be corundum.
coumn 2 q page. Both mineralogically and chemically
it bears considerable resemblance to the small group of igneous rocks

termed ultra-basic segregations, ro i
. ‘ » rocks of low acidity i i
tion with gabbros and norites, ty found in associa.

lute, sometimes nearly
high relief and bright

For the i

v sake of compari

. ; son, an

analysis of a segregation of this character found in assogation , it}
with

gabbro in Finland is cited in the adjacent column VI, Th
centage (?ﬁ .s'\\'\ca and large quantities of Ti0 an‘d iro;: \O'V(; Care
c?xafacterlstlc of both. G. H. Williams has 2described ‘Om s o
similar nature occurring about the margins of a norj r(')CkS .
ymiar nat Iite area in New
As rec.orded by Mr. Middlemiss, w
was obtained near the contact betwee
lites, hence, if igneous in origin
In his study of the charm)ckit:s
extent of magmatic differentiati
to acidity,

ho collected this specimen, it
ween the charnockites and khon,da-
» 1t must be related to the former.
T. H. Holland has represented the

on by creating four divisi i
: 1008 accordin
s represented by the analyses quoted in columns I to l\§

G. H, Williams, 4m. Four. Sc., XXXI111, 1887,
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Accompanying this decreasing acidity is a change in the mineralogical
composition ; quartz and felspar successively diminish and disappear,
to be replaced by pyroxenes, olivine, and spinel. Consequent to this
the specific gravity rises from 267 to 3'37. The principal features
of chemical variation are the decreasing percentages of silica and
accompanying increases in iron oxides, magnesia, and alumina.

From a rock possessing a specific gravity of 3°37, composed of
hypersthene, augite, iron-ores, olivine, and spinel, and the chemical
compositions given in column IV, to a rock such as 16174 is a longer
step than between any consecutive pair of types given by Mr. Holland.
However, this gap is bridged by another specimen, 16172, This
consists of pyroxene, spinel, and biotite, with smaller amounts of
sapphirine, sillimanite, and iron-ores. Its structure is that of a massive
rock and its density 3-50. The chemical composition has not been
determined, but may be considercd from mineralogical evidence and
density as intermediate between those given in columns 1V and V.

That both 167172 and 16'174 are related to the charnockites is
further suggested by the optical likenesses of their pyroxenes to
those of the characteristic charnockites. On the coatrary, the sur-
prising richness in alumina and the presence of sapphirine and silli-
manite, which are unknown in pure charnockites, do not agree with
this conception. In the following paragraph reasons will be given for
considering them basic and ultra-basic members of the charnockite
series that have been modified through contact action with the
aluminiferous body now to be described.

() Sillimanite schists.

Specimen 16°173 is a light greyish brown, granular rock composed
very largely of well-crystalllized silimanite. Scattered irregularly
throughout this paler body are fragments of black rock material
identical with the previously described spinel rocks. The hand
specimen is imperfectly schistose its deusity 3'31. The sillimanite
exists as small square prisms of grey brown colour, but colourless in
thin sections. Though usually devoid of pleochroism, some sections
exhibit faint change of tint in polarised light. Cross sections are
sharply rhombic with angles of nearly 9o° and possess one series of
distinct cleavage planes running diagonally. In all observed cases
the extinction direction was inclined towards these planes, which
must be regarded as pinacoidal, and thus do not seem to possess the
rhombic character ascribed to sillimanite. Longitudinal scctions appear
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full of delicate rod-like inciusions arranged parallel to the vertical
axis. The specific gravity of the mincral is close to that commonly
found for sillimanite.

Neglecting the included fragments of spinel rock which are ap-
parently not original constituents of this schist, the remaining material
is almost altogether sillimanite, and would yicld analytical results
resembling a composition of sillimanite itself, 7.e., a body low in silica,
alkalies, lime, and iron, but rich in alumina, thus essentially charac-
teristic of sedimentary bodies. In the immediate locality where these
specimens were obtained are the khondalites, regarded generally as
metamorphosed sediments and distinguished by the presence of silli-
manite. In all likelihood 16173 is a variety of khondalite peculiarly
rich in sillimanite.

(¢) Intermediate rocks rich in sapphirine and spinel.

The relationship between the above two groups is well indicated
in the composite specim-n 167371, It consists of sillimanite schist
and black spinel-bearing rock in actual contact, these forming
opposite ends of the hand specimen. The sillimanite material con-
tains a larger proportion of the dark fragments than 16173. Thin
sections of this dark material show it to diffcr from 16°174 and 16°172
only in the proportions of its mineral counstituents. Sapphirine is the
predominant component, forming large, irregular grains rarely
exhibiting a partial crystal outline and containing cubic or rounded
inclusions of spinel. Biotite with plcochroism as described for I6'x'}4
is i.n c.on51dera.b]e quantity and shows crushed edges and undulatory
extinction. In small patches and never in contact with spinel are
transparcnt, idiomorphic crystals  of sillimanite. Spinel is com-
paratively subordinatc. Magnetite grains lie scattered a h
coloured minerals. mong the

Specimens 15808 ‘

iromp e 5;) Efﬁoa“n(l E‘?{:?? (bot\h f'rom t.hc same rock-mass) differ
_ 6'171 only 1 being schistose and in minor
details, so that an analysis of the latter given in column V11 fairl
repretsents the group. A comparison with the analysis of 16174 an{l
t‘\\e mﬁet.rec\ ‘compusxt\on of 16°173 shows that all its constituents lie
intermediate in amount orthat the same chemical resglt

obtained by analysis of a mixture made from snl\-u‘ fnlght l.)e

and ultra-basic charnockite materials in certain 1“-81}1te ot

proportions. The

u}rlnon Okf these Substar.)ces has apparently been hrOught about in nature
through the absorption of an already deposited aluminous sediment
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by an intruded basic charnockite magma. The basicity of this magma
has varied from point to point. Specimen 161638 has resulted from
a more acid intrusion than 167171, since the former bears a consider-
able amount of pyroxenc and less iron-ore vestiges of the absorbed
matter not assimilated remain in the form of sillimanite erystals. The
most noticeable feature, however, bas becn the replacement of the
predominant spinel by sapphirive. The general result has been a
metamorphic zone between the charnockites and khondalites charac-
terised by the presence of sapphirine.

Specimens 15808 and 16:168, which are from the same rock-mass,
belong to this zone, and it will now appear that 16°174 and 16172
cannot be rcgarded as pure igneous forms, but, as indicated by their
high alumina content and the presence of sapphirine, also belong
to the metamorphic zone. However, modification has not procecded
far in these cases and the original igncous characters remain sufflicicntly
distinct.

I. ' 1L I, V. ‘ V. VL VIL
[ I
Sio, . 7554 . 0377 | 53'38, 40860 3'6o 408 | 3590
TO, . N 457 | w425 | .
ALO, . . 13°75 16°30 10'38 ! 9’8o ’ 4597 6'40 32'91
Eﬁf(’)ﬂ Coi) e 7 539 | IG'SSE w23 | {345 ] o6
MgO . . 69 249 279 | 1808 ! 730 389 ' 21'40
CaO . . ‘04 633 708 957 92 05 ‘1
K,O . . 334 121 | ‘ 5T e
Na,0 . I'55 368 l’ : "20 .
H,0 . . 28 ! 67 1 . 1'32 60
MnO . . ‘ ( ‘45 40
Cr,0, . . 20
P.O, . . \ ‘02
- ‘ —
ToTAL .1 10108 \ 101°27 9802 t 101'33 ‘4‘ 102°63 9971 | 100737

‘

1, 11, 111, and 1V.—T. H. Holland, Mem. Geol. Surv. Ind., XX VIIL
V.—Analysis of rock No. 16°174.

V1.—Peterson, Geol. Foven. Ford., XV, p. 49.

V1l.—Analysis of rock No. 16°108.
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The mincral association found in the above described metamor-
phic zone is au unusual one and some atteution was given to the
detailed study of the different specics.

Sapphirine occurs everywhere throughout the zone in the form of
irregular or rounded translucent grains of decp bluc colour. Oaly two
fragments with partial crystal outline have been obscrved. One of
these seen in thin section possessed two rectilinear edges,—ortho-
pinacoidal and a prismatic. Twinning was not observed. Most
sections are traversed by a single distinct series of cleavage lines
parallel to the clinopinacoid, also by heavy irregular cracks.

Optically the mineral behaves like members of the monoclinic
system. The optic plane lies in the clinopinacoid and the extinction
angle is about 15°. This latter was determined by means of
acicular or sharply cubic inclusions of spinel whose edges coincide
with the vertical and orthoaxes: the maximum inclination of these
with the direction of extinction was 15°. Sections normal to the
acute bisectrix show, in convergent light; a biaxial inclined
interference figure: the same sections when tested with the quartz
wedge indicate a ncgative optical character. In parallel polarised
light they remain deep bluc, changing only from navy to Berlin tints:
prismatic and pinacoidal sections vary from deep blue to greenish
orange. The birefringence is low, the relief about equal to that of
augite. Suitable specimens for determining values for @, f and 4

and for the optic angle could not be obtained. The accompauying
diagram illustrates the optical character,

C.

'

ie, 1.
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Specimen 16168 was crushed, sifted, and the sapphirine particles
scparated by means of a supersaturated Klein's solution. Thus a
quantity of 10’5 grammes was obtained, which, after treatment with
hydrofluoric acid to remove any thin scales of adherent mica, was
examined under the microscope. The specific gravity was determined
to be 3°542 by using a pycnometer and the entire sample, Its hard-
ness lies between that of quartz and topaz.

Chemically sapphirine is resistant and shows no sign of natural
alteration. It is unattacked by acids except hot hydrofluoric, and then
only when in a fincly pulverised condition and after prolonged diges.
tion. It is slowly decomposed by alkali carbonates, but readily by
fusion with potassium bisulphate or microcosmic salt, The average
of duplicate analyses is given in column VI below. Of the other
analyscs cited, VII is of material from the same rock, while the remain-
der relate to sapphirine from Fiskernis in Greenland. The Indian
specimens scem to posscss relatively higher percentages of iron oxides
and less of magnesia. Corresponding to this chemical difference is a
noticeable variation in physical properties. The Fiskerniis sapphirine
exhibits a less intense pleochroism, varying from pale blue to yellow-
ish green. Also its specific gravity as given by Ussing is consider-
ably less.

i
! L I 1, L 1L, l v, \‘ V. VI | VIL
\ ‘ | |
— - B T I
SiOg . 143301 | 1486 \ 1476 ‘ 12°95 1283 | 14'56 [ 1255
Al O . '63'3036 | 0325 | 6328 \ 6444 = 65291 G049 | 6706
526)3 ‘ {4'0092 199 165 ; 1'66 | { gg } 765 | 162t
|
Ca0 . (] 0375 ! “ 17
MgO . . 1626683 19:28 19'75 i 1983 19°78 17°13 3'97
Loss . . ' 4920 ’ ‘34 31 ‘56 *25
MnO . .l 052 !
ToraL . 1100‘0000% 9938 ! 99'44 | 9922 } 9979 | 100°'39 | 100°75
| I

I.—Stromeyer, Untersuch fiber die Mischung. d. Min,, I, 391.
IL—Danmour, Zeit. fic K., XV, pp. 548—0615.
II'._SCh]Uttig 1 [YRET XIII; P 74.
1V.—Lorenjez, Meddelelser on Greenland, VII, p. 15.
V.—Ussing, Zeit fir K., XV, pp. 598—0615.
V1l.—Middlemiss, Rec . Geol. Surv. Ind., XXX, Pt. 1, p. 40.
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Spinel.~This mineral is a prominent constituent in the sapphirine
schists at Fiskernis and constantly found in those of Vizagapatam. It
is recorded in the norite members of the charnockite series and occurs
only in those metamorphic rocks that have had an igncous source. In
the neighbouring modified khondalites it appears to have been intro-
duced in a solid condition by mechanical movements and cannot be
regarded as native to those para-schists.

Except as cubic inclusions in sapphirine, it exhibits no crystal form,
occurring always in large irregular grains, which seem to have crystal-
lized at the same time as the magnetite particles with which it is
crowded. (Pl 2, fig. 2.) By transmitted light these grains are deep
green in colour, the immediate neighbourhood of magnetite inclusions
being lighter in colour, and more translucent., No cleavage is visible,
Optically it is isotropic.

A sample for analysis was obtained by pulverising portion of rock
No. 16180, treating the powder with hydrochloric acid and, afterward,
with a mixture of hydrofluoric and hydrochloric acids, washing, filter-
ing, and drying the residue. The analytical result is given in column [
on a following page. This places it in the pleonaste division
of the spinel group next to hercynite, Comparison with Steenstrup’s
results from Fiskernds the spinel shows a lower percentage of
magnesia, a condition that holds for the sapphirine and probably
sillimanite also.

As already pointed out by Middlemiss (loe. cit., P- 39), the
geological and chemical conditions at Fiskernis and Vizagapatam
show a similarity so remarkable that sapphirine and its associates
in both places seem to have been governed by similar conditions.
Giesecke! first in 1809 discovered the Greenland occurrence which
has been described geologically by Steenstrup.?  Later Ussing® made
a complete investigation of the mineral association.

The sapphirine-bearing schists occur as lenticular masses enclosed
in gneiss or mica schist. One variety of material forming these lenses
consists of bronzite, sapphirine, and spinel, with accessory biotite 3

another of sapphirine, gedrite, monoclinic hornblende, and biotite,

with smaller amounts of anorthite, cordierite, and kornerupin, In the
former association sapphirine is devoid of crystal form, deep blue in

} Giesecke's Mineralogiske Rejse, p. 153.
b Meddelelser on Greenland, VI, p. 15,
3 Zeit far., XV, pp. 598—615.
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colour, and has deep blue to yellowish green pleochroic tints, while in
the other it is partially idiomorphic, pale blue, and varies from bright
blue to almost colourless in parallel polarised light.

The description for the first tyae would hold equally well for the
Vizagapatam rocks, just describhed. In general a pearance hand
specimens from both regions are much alike. Ussing’s second tyvpe
is not so well represented among the Indian rocks, yet in specimens
16182, 16°189 sapphirine is found sparingly in a metamorphic schist
consisting of hyp=rsthene, biotite, cordierite, sillimanite, and accessory
rutile. Here itis pale blue and of weak pleochroism. It is small in
amount and associated with fragments of spinel rock which appear
to have been introduced in a solid state of dynamic activities. The
true birthplace of sapphirine as evidenced by the Indian rock speci-
mens is the metamorphic zone at the contact between the khondalites
and spinel-bearing magmatic segregations.

It has been already shown that in chemical composition, specific
gravity, and mineralogically, the metamorphic sapphirine-bearing zone
is the result of intermixture of khondalite schist and segregated spinel
rock, the product being rich in alumina and magnesia and iron
oxides, but low in silica. Lime is practically absent in all these.
Steenstrup’s examination of the sapphirine rocks at Fiskernis yielded
the same conclusions. A comparison of 16174 and 16-171 offers the
fact that, though consisting of the same minerals, spinel and sapphirine
are in inverse proportions, the former occupying a prominent place in
16°174, but appearing only vestigially in 167171 as inclusions in sap-
phirine. In 16:172 sapphirine forms reaction rims around spinel
grains. In fact, sections of 16:174, 16:172, 16'171, and 16168 in that
order would present a progressive series in which spinel is being
replaced by sapphirine. The small amount of sillimanite in any of
these, e.g., 16171, cannot account for all the absorbed khondalite, so
the most of it has evidently beeu transformed mineralogically, and as
the only notable quantitative evidznce of such transformation is the
replacement of spinel by sapphirine, the absorbed khondalite material
must have been employed in the production of this alteration.

A comparison of the compositions of spinel, sapphirine, and silliman-
ite indicates to a marked degree the intermediate position that
sapphirine bears towards the others in all its constituents, a fact whic.h
chemically substantiates the view that it is really a product of their
interaction.
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I 11, A, ‘ ITIB.
Si0, . . ‘10 456 37°36 | 30°50
t | -
TiO, , . None ! l
ALO, . . 65702 6049, 5862 | 4679
FesOy . . ]} : 6 |
22'02 7765 2174 2°02
FeO P - J L g
CaO . trace \
MgO . . 13'16 1713 *308 1946
MnO . . trace \
Loss . . *56 ‘ ‘428 1'30
ToTaL . 100°30 100'39 l 93984 ' 100°47
I.-- Analysis of spinel from specimen 16180,
1l— . » sapphirine from specimen 16168,
1HIA— »» sillimanite : Dana, Manual of Mineralogy.
I1B.—~ , ,, Kornerupin: Steenstrup, Meddelelser on Greenland,
V11, p. 20.

(@) Rocks iree from both spinel and sapphirine.

Under this group arc included rocks varying in specilic gravity
from 267 to 293, composed in the main of sillimanite, cordicrite
biotite, and hypersthene, but frec, or almost free, from iron-ores, spincl
and sapphirine. From this it appears as if they represent a phasc in
which the aluminous participant was relatively more abundant than
the ferromagnesian. The minerals are fairly acid and contain about
fifty per cent. of silica.

Structurally they are medium grained rocks at times slightly
foliated, but usually massive. Under the microscope one observes
that the sillimanite and biotite have crystallized early and are more
or less idiomorphic. Between these have formed the cordicrite and
the hypersthene. Later pressure has bent the biotite, brought out
very marked strain phenomena in the cordierite, and given the whole
mass the ragged appearance characteristic of much pressed rocks.

! In this connection the composition of Kornerupin,

Ln this conne the Fiskernis equivalent
of sillimanite, is cited.
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%‘ypical of this group are specimens 16185, 16189, 16‘1"84, 16° 160,
and 15°809.

The different mineralogical constituents present some interesting
fcatures worthy of record.

- - Cordierite—In many of these rocks cordierite is the most abundant

constituent. It is never idiomorphic. Four types of this mineral are
easily distinguished in the slides studied. In sections such as those
made by Voigt and Hochgesang no peochroism is observed, though in
specially thick sections the usual bluc to yellowish green colours are
observed. First type—~The best mark for the identification of the
cordierite lies in the swarms of tiny yellowish crystal inclusions
which for certain vibrations of the polariser surround themselves with
very beautitul pleochroic aurcoles. In other instances, the inclusions
arc colourless, and may then be regarded as zircon. The yellowish
inclusions are often well-formed crystals with straight extinction.
Cross sections are rectangular, and as they are marked by the presence
of two equally perfect cleavages, the mineral may be regarded as
rutile. The aureoles are most brilliant when the vibration direction
of the polariser coincides with one of the extinction directions of the
cordierite. If the section be revolved through an angle of go°® from
this position the aureoles disappear completely. Second type—Here
inclusions are as a rule absent, and the chief diagnostic characteristic
lies in the general resemblance of the mineral to plagioclase both in
twinning and polarisation tints. From this mineral, it may be distin-
guished by the habit of two or even three systems of twinning bands
intersecting at angles of 60° and 120° Such intersections would
correspoud to basal sections of this rhombic mineral with interpene-
trating polysynthetic twinning with the prism (110) as twinning plane.
(PL 1, figs. 1 and 2.) TAird type—Here the cordierite is free from
both twinning and inclusions. It is particularly well developed in
sections of much pressed rocks where it forms aggregates of grains or
at times larger strained individuals resembling quartz, under similar
conditions, An occasional tiny inclusion or a trace of twinning serves
to demonstrate that this really is cordierite. Fourth ¢ype —In this
instance the cordierite appears in a form not hitherto described. It
consists of an intimate intergrowth of two minerals polarising in grey
tints, the two parts extinguishing separately as in the case of the
micropraphic quartz felspar intergrowths. Here, howe.vel', .there are
no sharp edged boundaries, the whole aggregate in thin section
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presenting the appearance of a vermicular intergrowth. The high
power occasionally reveals polysynthetic twinning in the illdividua}l
vermicular constitucnt minerals. This may at times be observed opti-
cally continuous with the cordicrite of the second type, and then one
part of the intergrowth extinguishes with one part of the twin, and the
second part with the second of the twinned aggregate. In other cases
small inclusions with the characteristic aurcoles mark the aggregate as
at least in part cordierite. (Pl 2, fig. 1, and PL 3, fig. 1.)
Sillimanite—In sections of this rock sillimanite plays a Vfary
important part. There are three fairly well-characterised varisties.
The first consists of idiomorphic stout prisms usually marked by one
set of parallcl cleavages. Cross sections polarise in very Eiark grey
tints or are sometimes almost isotropic. The interference 'hgures are
biaxial with very small optical angles. When slightly incl}ned SO as
to make the position of extinction quite sharp, these se?tlons do not
extinguish parallel to the one sct of cleavages, a fac.t which seems to
indicate that the mineral is not rhombic, but poss,‘lbly. monoclinic or
triclinic. Sections in the prismatic zone polarise in brighter colours

.. ickness. Such
somewhat similar to thosivocfleztzrgt:O:fmt)lgzcscz;x:;;}gl e direction
The acute bisectrix is the ax'is of least
elasticity, and thz mineral is Consequt’fﬂtlY POSitif’e' hTh‘S EYP; of
sillimanite has been frequently described, bultd in 1t1<;: rocds ;/re
described the crystals are unusually large and wel formed. e

d variety consists of aciculalj aggre.gatlfms of small slenfier
seconl ell individualised and easily distinguished from the #4:rd
jri;,setivsh;‘:h is found in fibrotitic felty intergrowths sometimes consti-
t{ting a large part in the rock. ' ' . '

Hypersthene—is present as a chief mineral in many of the sections
and is readily recognized by its strong plzochroism, sky-blue to red or
red-brown. The extinction as measured on the cleavage is frequently
inclined, a fact that has been noted by the writer in many so-called
hyparsthene rock. There can be little doubt that there is a mono-
clinic pyroxene with the pleochroic tints above mentioned. It is
not, however, so clear as to whether there is apart from this monoclinic
mineral a really rhombic pyroxene with these types of pleochroism.
In many sections of the Indian charnockites, as well as in norites
from Germany and Canada, the same observations have been recorded.
Notwithstanding this inclined extinction on sections showing only

prismatic sections may sho
in which they are cut.
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parallel cleavages, vis., sections from the prismatic zone, it is desirable
to continue to refer to this mineral as hypersthene, unless it be
demonstrated that there is also a rhombic pyroxene with the proper-
ties usually assigned to hypersthene, and then it may become
necessary to refer to this really common monoclinic type as clino-
hypersthene.

Sometimes the hypersthene forms large individuals spangled with
the well-known inclusion plates, but more frequently it consists of
elliptical grains and slender crystals strung together and arranged in
more or less parallel series of inclusion chains fairly well packed
together. These sometimes stretch out from somewhat larger grains.
This latter type appears to be the product of later changes in the
rock as the strings and chains penetrate a variety of minerals and
follow the boundaries between the adjoining grains, It seems to be
an instance of secondary formation, resulting from the mingling of the
spinel and sillimanite substances, similar in structure to the formation
of secondary green hornblende by the action of plagioclase on ferro-
magnesian minerals. (Pl 3, figs. 1 and 2.) In order to show the
chemical relationship between this mineral and the standard hypers-
thene, a chemical analysis was made on carefully separated material.

The mineral was separated in the manner described for sapphirine
and a pure sample of about 8 grammes obtained. The entire quantity
was used for a determination of specific gravity, a value of 3:386 being
obtained. Its hardness lies slightly below that of orthoclase.

Duplicate analyses yielded the following results :—

I. IL Average,

Sio, ... L B 49°74 4977
Al O, . . . . . . 13'16 13°20 1318
FeO . . . . . . 10°53 1093 10°73
MnO . . . ] . . 37 42 “40

Ca0 . . . . . . trace trace trace
MgO . . . . . . 2798 2773 27'86
Loss . . . . X , ‘15 ‘17 16
ToraL . 102°00 102'19 10209
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Thesc proportions, the density and optical features would place it
in the bronzite division of orthorhombic pyroxencs, but the percentage
of alumina is exceptionally high.

The bent and torn biotite fragments whilc constituting a large part
of some of thesc rocks call for no special comment. In some of the
lighter specimens such as 16°184 much pressed quartz constitutes a
large part of the rock-mass. Small proportions of the opaque iron-ore
and of green transparent spinel feathered by opaque inclusions com-
plete the list of minerals present.

(¢) Rocks free from sapphirine, but containing spinel.

[a contrast to the light coloured rock dealt with under (¢}, the rocks
of the present group are bluish black to brown in colour on fresh fracture
with a strong tendency to rusty weathering on exposed surfaces. They
usually show some trace of banding, though seldom of a well-foliated
or schistose type. (Specimens 16:175, 16°176, 16177, 16'179, 16" 181,
16°183, and 16°187.)

These rocks are apparently intermediate between the rocks rich in
spinel and sapphirine and those just described whichare free, or nearly
free, from both these minerals. The thin sections in the present suite
show considerable proportion of dark minerals. The three suites of
rocks seem to be related to one another—they constitute a series or a
partofa series of which mention has already becn made—in which the
end members are ultra-basic spinel rocks and the sillimanite schists.

Mineralogically these rocks are made up of the same minerals as
the light coloured rocks dealt with under (c), except that they are more
basic and are marked by the prescnce of a considerable proportion of
spinel. Cordierite and biotite, which are very prominent in the former
class, are here quite subordinate. Sillimanite becomes relatively more
abundant, and spinel makes its first appearance. From these observa-
tions it is apparent that the dark rocks are nearer to the proposed
spinel prototype. Some of the slides are fairly rich in hypersthene.
As this mineral usually contains about 50 per cent. silica it may be
regarded as the most acid of the silicates present.

Structurally there is little to note. A greater schistosity is marked
in the thin section by a parallel arrangement of the constituents,
particularly of the aggregate of hypersthene grains. The spincl
abounds in feathery opaque iron-ore grains which are surrounded by
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clearer green arcas of spinel—remote from the iron-ore the spinel
coutains swarms of Dblick microscopic inclusions «f iron-ore. The
graius of spine! arc almost invar ably surround -d by a zone of colour-
less limpid sillimanite, and beyond this often narrow zone lies the
area uccupied by the so-called hypersthene, the vermicular twinned
intergrowths of cordierite and ncedles, and stout prisms of sillimanite,
(PL 3, fig. 1)

In default of a scries of chemical analyses of these rocks it may be
interesting Lo note the relationship hetween the classification as
detailed in this paper, largely microscopical, and the grouping of the
rocks as shown by their specific gravities.

{
Register No, | obectheSpecifc gravity
. (.I ry
1. Spinel rocks . . . . { 116)153 ggg } 39t
(| 106172 3690 N
| Ig'm 345
- 16192 3°4% .
2. Sapphirine rocks . 16191 331 r 338
16°168 327
| 15808 316 J
(1 16179 3°40 )
16175 334
3- Spinel-bearing,  but free from 167181 330 .
sapphirine. I 16183 317 ro 316
61,7 314
16'176 2'94
L 16187 286 J
o R
(1 16185 2'93
16°189 2'81 -
4. Free from sapphirine and spinel . { 16184 274 z7
| 16169 271
Ll 15809 267
16186 331
5. Rocks with traces of sapphirine 16'190 331 325
and spinel. 16152 3'05
16'173 331
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I~ CONCLUSIONS.

1. The occurrence of the Indian sapphirine rocks is practically
identical with that of Fiskerniis in Greenland. They appear to be the
result of mingling and subscquent metamorphism of ultra-basic igneous
borders and very aluminous para-schists rich in sillimanite.

2. The cordierite present in the thin sections appears in a number
of types, some of which appear to be new to petrography.

3. A member of the pyroxene family of minerals possessing the
pleochroism of hypersthene, but, with oblique extinction, is present in a
number of the rocks examined. If there be really a rhombic pyroxene
with the characteristics usually ascribed to it, then this Vizagapatam
pyroxene may require a distinct name, and the writers suggest that it
be then known as clino-hypersthene.

1IV.—EXPLANATION OF MICROPHOTOGRAPHS.

PLATE 1, F1G. 1.—Cordicrite containing zircon crystals surrounded
by pleochroic aureoles. Polariser only. Section from specimen
16°186. (% 23 diameters.)

PLATE 1, F1G. 2—Same section as No. 1, showing well-twinned
cordierite.  Nicols crossed. (x 23 diameters.)

PLATE 2, FiG. 1.—Vermicular intergrowth of cordierite.
from specimen 16°183.  Nicols crosscd.  (x 23 diameters.)

PLATE 2, FIG. 2,—Spinel rocks 16°180, showing inclusions of mag-
netite in spincl with clear zones around these iron-ore grains. Ordin-
ary light, (x 40 diameters.)

PLATE 3, F1G. 1.— Spinel grains (black) surrounded by clear zone of
cordierite beyond which is a narrow zone of hypersthene. The main
light coloured part of the section is vermicular cordierite, while the
particles of intermediate tint are hypersthene. Ordinary light.
Specimen 16181, (X 40 diameters,)

PLATE 3, F1G. 2.—Spinel (black) surrounded by sapphirine inter-
mediate in tint, beyond which is hypersthene in still lighter tints.
Specimen 16'172. Ordinary light. (x 40_diameters.)

Section

Microplotos v Lo b Wyl
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NEPHELINE SYENITES FROM THE HILL TRACTS OF
VIZAGAPATAM DISTRICT, MADRAS PRESIDENCY. BY
T. L. WALKER, M.A., PH.D., Unsversity of Toronto.

HROUGH the kindness of the Director of the Geological Survey

of India the series of rocks here described was sent me for

laboratory study. They were collected during the field season 19o1-02

by Mr. C. S. Middlemiss, Superintenlent of the Geological Survey
of India, while making a survey of that region.

The field relationships of these rocks appear to be those of
igneous instrusions occurring along with other gneissoid igneous types
(charnockite and biotite gneissoid granite) forming part of the great
boss extending from the Godavari to the Mahanadi, constituting for
two hundred and fifty miles the northern portion of the Eastern
Ghauts. This giant cruptive is overlaid in part by metamorphosed
sediments, principally by khondalite, and to a less extent by laterite,
The specimens studied were collected a short distance north-east of
the town of Koraput.

These rocks are readily recognized as nepheline-bearing, even
macroscopically, by the depressions on the weather surface, due
to the leaching out of the somewhat soluble nepheline, and on
freshly broken surfaces by the oily lustred, light coloured grains of this
mineral.

The specimens forwarded to me are of two main types, the first
light in colour, somewhat banded and streaked by dark drawn out bands
and patches of biotite and hornblende (specimens 16°164) ; the second
composed of large porphyritic crystals of nepheline enclosed in a
mass of mylonitic material, which has apparently been formed by the
application of considerable pressure to a very coarse pegmatitic
variety of the rock containing phenocrysts of nepheline as large as
walnuts (specimens 16°164). Both are probably of the same massif
though the pressure which lent to the first only an indistinct gneissoid
structure without the least sign of granulation caused in the second
cataclastic structures which are readily apparent.

The first mentioned type when examined under the microscope is

seen to belong to that class of nepheline syenites containing relatively
cC2
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more biotite than hornblende, approaching in this regard the typical
miaskites of the Urals, from whichit would he impossible to distin-
guish it without the aid of the microscope. Greenish-brown hora-
blende, brown biotite, and magnetite grains more or less idiomorphic
make up only a very small fraction of the rock-mass. Anhedra of
nepheline and large irregularly rounded grains of felspar constitute
the major portion of the rock.

As seen under the microscope, the most interesting constituent is
the felspar. No twinning is to be observed. The irregular masses
of this mineral when examined with crossed nicols break up into two
parts—into a serics of similarly oriented lenses included in a ground-
mass which for the rest of the grain posscsses a uniform orientation,
This suggests the micro-perthitic structure, though no twinning is
observed in any of the included lenses. That it is really a complex of
the ordinary perthitic type despite the absence of twinning is proved
from the accompanying analysis. Inthe mattec of felspars our Indian
miaskite differs in microscopic appcarance from the type from the
Urals in which both plagioclase and orthoclase are present as distinct
individuals, though never in the form of perthitic intergrowths.

With a view to determining the approximate proportion of nephe-
lire present in the rock a small portion of the prepared powder of
16°164 was treated with warm dilute hodrochloric acid. In this way
the nepheline and calcite, and possibly in part the very small quantity
of biotite, were decomposed. The soluble portion was filtered off and
the residue treated with caustic potash. The residue after this second
treatment when dried and weighed was found to constitute only 6116
per cent. of the original powder. The loss in dissolved minerals—
almost entirely nepheline—would therefor: represent 38:84 per cent.
corresponding to a nepheline content of about 37 per cent.

Calcite 1s a somewhat unusual constituent for a decidedly igneous
rock as fresh as the specimens in question, [t forms cleavable well-
twinned anhedra, which, judging from the determincd amount of car-
bonic acid, 55 per cent., makes up about one per cent. of the whole
rock. It can hardly be regarded as other than an original constituent
of the rock-mass, Calcite occurring in the nepheline syenites of

Sivamalai, South India, has been similarly regarded by T. H. Holland!
as an original constituent of the igneous rock.

I Holland. The Sivamalai series of Elzolite-syenites and Corundum-syenites,
Mem, Geol. Surv. Ind., XXX, 1901, pp. 197 and 214.
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The result of the analysis of 16:164 is recorded in I: miaskite
from the Urals is given in II:'in III is presented an analysis of a
closely related rock from Sivamalai.?

-
L. [ 1. 1.
el o I R 5
Si0s . . . 5260 5626 ‘| 5568
AlQg . . . 2660 2359 2381
n . .8- ]
FesOy - . . 91 35 \ 484
FeO . . . 2'21 261 J
MgO . . . ‘5t 27 *03
Ca0 . . 1'89 ‘54 1°69
NasO . . . 706 7'77 923
KO . . . 694 572 516
COs . . . ‘55 1°37
TiOg . . . 47
Mno . . . ar ‘09 veo
58
Graphite . . 3
H,O . . . 61 "37 ‘34
Torar . 9988 99°91 10198
o i -
S.G. . . . 263 ’ 2’593

The position of the miaskite according to the syste’:m .of the auth](?rs
. 1o

of a * Quantitative Classification of Igneous Rodfs is a fpeﬁcu.;mj
one. By the method of arrangement in question rocks of simi ;n

: i : the
chemical composition are brought together, without ngafrd1 t(;erm-
structure. In a general way the molccular proportion (; tt;le N

. =

magnesian minerals is less than one-seventh of that o g

1 Karpinsky, Guide, VI, Cong., G.,. Inter., V,p. 22, 189;7-

» Mem. Geol, Surv. [nd., XXX, p. 181

3 Cross, Iddings, Pirrson and Washington.
Igneous Rocks.

Quantitative Classification of
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coloux:ed constituents, This brings it into the large class, Persalane.
The richness of the rock in alumina refers us to sub-class I In
short, such considcrations as these, based entirely on the results of
the chemical analysis, places the Vizagapatam miaskite as follows :~—

Class I, Persalane.

Sub-class II.

Order 7.

Rang 2.

Sub-rang 3.

It would not be surprising if this miaskite should turn out later on
more thorough field study to be associated with rocks bearing corun-
dum. Judging from the very high proportion of alumina as well as
from the known mineralogical and petrological associations of similar
rocks in the south of India, in central Ontario, and in Montana, we
are in a measure warranted in anticipating such occurrences of valu-
able corundum deposits,

Associated with these typical light colourcd nepheline rocks
occur darker border types suggesting in hand specimens gabbros or
diorites 16164, As seen under the microscope, the rock is composed
largely of a yellow-brown stron:ly pleochroic hornblende, and to a
Ie§s degree of plagioclase, biotite, and magnetite. After corroding
wntb acid and stairing, one observes that numerous small rounded
grains, which polarise in dark grey tints, have been attacked by the
acid and hold the stain. These small grains are therefore nepheline
and the rock becomes a theralite in which the dark minerals are
hornblende and biotite to the exclusion of pyroxene. Rocks of this
type occur in various parts of the world, usually in association with
nep}feline syenites, forming basic border segregations. The high
specnﬁc.gravity, 308, corresponds to the general basic mineralogical
composition,
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THE STRATIGRAPHICAL POSITION OF THE GANGAMOP-
TERIS BEDS OF KaAsHmIR. By H. H. HAYDEN,
B.A., F.G.S., Superintendent, Geological Survey of
India. (With Plates 4—9.)

URING the past summer advantage was taken of the opportun-

ity, afforded by a visit to Kashmir, to spend a few days at

Khunmu with a view to ascertaining the true stratigraphical position

of the plant-bearing beds exposed on the Risin spur at the mouth of
the Nagowan ravine.

Fossils were first found in these beds by Dr. Noetling in 1902.!
His collections, described by Professor A. C. Seward and Dr. A.
Smith Woodward,? comprised spccies of Gangamopteris, Amblypterus,
and Archegosaurus ; all the species were new, but the fishes and the
Labyrinthodont proved to have close affinities with lower Permian
and Coal-measure forms. The importance of this evidence of the
Palzozoic age of Gangamopteris in India had already been pointed
out by Mr. Holland,® but it still remained to ascertain the precise
relationship of these plant-bearing beds to the fossiliferous marine
sediments occurring in the same arca. Unfortunately the outcrop
from which Dr. Noetling’s specimens were collected occurs on 2 small
spur jutting out into the alluvial plain,* and the uppermost beds, in
which most of the fossils were found, dip under recent fan depcsits
of unknown, but probably considerable, thickness, the nearest outcrop
of the fossiliferous Zewan beds being over three-quarters of a mule
distant.

Although it was assumed that thc true stratigraphical position
of the Gangamopteris beds was below that of the Zewan beds,
this was not definitely ascertained by Dr. Noetling, and a subsequent
visit was paid to the locality by Mr. R. D. Oldham, who not only rte-
examined the Risin spur, but also searched all the known fossiliferous

! T, H. Holland: Gen. Rep. Geol. Surv. Ind., 1902-03, p. 23 (1903)-

% Pal. Ind., New Ser., Vol. 11, Mem. 2 (1505} ,
3 0p. cit.. p. 22 ; also Rec. Geol. Surv. Ind., XXXII, 153 {(1905)-

¢ F. Noetling : Centraldlatt fir Min., Geol. und Pal., p. 129 (1goa)s
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localities in the Vihi plain.! On the Zewan section, he found a band
of black shale, with carbonised plant remains, which, in its method of
weathering, rescmbles the matrix of the Gangamopteris beds of Risin.

Mr. Oldham, however, mect with no determinable fossils at this
horizon and was therefore unable to identify it directly with the
Gangamopteris beds. It was consequently considered advisable that
advantage should be taken of the first opportunity to re-visit the
Khunmu area and make a further attempt to find the Gangamopteris
horizon on a continuous section.

From the plan published by Dr. Noetling? it would appear that the
plant beds occur as an isolated exposure between
an outcrop of trap on the one hand and of the
Zewan beds on the other, and separated [from both hy recent talus
slopes and fan deposits: this, however, was found not to be an
accurate representation of the arca, and a plane-table sketch-map  was
therefore preparcd, on a scale of 4oo fcet to the inch: a reduction of
this is published on PL 4, fig. 1. Dr. Noctling’s conclusions as to
order of succession of the beds were based chicfly on the supposed
concordance of dip in all the outcrops; our observations on this point,
however, as well as on that of the relative positions of the outcrops, are
mutually conflicting, and since reference will be made to the map from
time to time, it has been considered advisable to reproduce also Dr.
Noetling’s plan (see Pl. 4, fig. 3). From the sketch-map it will be
seen that the Gangamopteris beds form the end of a spur, lying at about
four-fifths of a mile to the west-north-west of Khunmu and running
down from a high hill composed of trap, and dip under the recent fan
of the Nagowan stream (sce also Pls. 5 and 6). The crest of this
small spur constitutes the line of junction between the Gangamopteris
series and the underlying trap: the junction 1s perfectly clear and
the passage from the one series into the other, although rapid, is not

The Risin outcrop.

abrupt.

The uppermost of the trap hands is a grey compact rock containing
fairly numerous amygdules of (?) palagonite and chalerdony. It is much
altered, but can still be seen to have had a glissy matrixand may have
been an andesite: this cannot be determined without a much more
detailed examination than I was able to make during the few days of

my stay.

' R, D. Oldham: Rec. Geol. Surv. Ind., XXXI, 5 114904).
2 0p. cit., p. 133, fig. 2.
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The trap is overlain by a bed about three feet thick, of green,
shaly material ; above this is a thin band of shale (8 inches) overlain
by a bed (about 3’ 6”) composed of dark, almost black, crystalline
limestone and black chert in intimate association: over these are
carbonaceous shales (15—20)—with an occasional thin band of black
crystalline limestone—followed by a second bed of limestone and
chert (10 feet), overlain by carbonaceous shale,

The two bands of carbonaceous shale correspond to beds g and 11,
respectively, in the section given by Dr. Noetling! and it is in these
that the fossils were found. The lower band appears to contain only
Gangamopteris and that only in the uppermost layers, and it is the
upper bed which has yiclded the greater part of the rich collections
made by Dr. Noetling, and more rccently augmented by Mr. Oldham
and myself. The greater productiveness of the upper band may be
merely apparent, since the dip of the bed corresponds approximately
with the slope of the hill-side and the outcrop is therefore very
extensive (PL 6). .

It will be seen from the sketch-map that on the south and east
the exposure is bounded by recent deposits, whereas on the west and
north it isin contact with the underlying trap : hence no younger beds
are exposed in this locality.?

The nearest point at which sedimentary rocks are again found

overlying the trap is in the Guryul ravine,
mslzcet.ion o Guryul 4o mouth of which lies at a little over a mile

to N. 15° W. of Khunmu and 1,200 yards
N. E. by N. of the Risin spur.?3 At the mouth of the ravine the
trap is seen on the right-hand side of the stream and limestones with
Athyris, Productus, etc., on the left : the interval between is covered
with recent stream deposits and it is necessary to go some little

1 0p. cit., pp. 130, 131. His description of the lower band as “erdiger
Kalkschiefer ** does not accord with my observations ; th'e matrix of the speci-
mens of Gangamopteris that 1 obtained from this band is a black carbonaceous
shale, quite fice from calcarcous matter. There may, however, be local variation.

? The section given by Dr. Noetling in the paper already referred to must be
regarded as purely diagra'mmatic; the beds (2—11) are shown as dipping to the
north, whereas their actual dip is E. S. E. at one end of the exposure and S. E.at
the other.

3 This ravine is rcadily recognised by the presence of two large chenar trees

at its mouth : sce 1.ydekker, Mem. Geol. Surv. Ind., XX11, 131, 132 (1883), and

Godwin-Austen, Quart. Fourn. Geol. Soc., XX11,33 (1866).
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distance up the gorge before an uninterrupted section is found. At
about 300 yards above the mouth, a conspicuous spur runs down
between the two main branches of the stream, and in the more easterly
of these tributaries an uninterrupted section is found from the trap
through cherts to the Gangamopteris series and the Zewan stage up
to beds of undoubted Triassic age.

The uppermost trap band is a somewhat amygdaloidal rock,
very similar to that of the Risin spur, but the overlying beds appear
at first sight to differ markedly on the two sections. It has already
been pointed out by Mr. Oldham that the beds in the Guryul ravine
have suffered from crushing and faulting, and it is not easy to find
a section free from disturbance, but at the point already defined
the sequence appears to be a normal one ; it is as follows :—

Zewan beds . . 7. Shale and limestonc with Bryozoa and brachiopods.
(6. Chert with thin bands of silky grey shale.
5. French-grev shale and dark carbonaceous shale with in-
tensely hard grey siliceous band.
Gangamopteris 4 4. Chert, chiefly dark-blue and black, with pale, sometimes
series. white, patches.
3. Silky shale,— crushed, almost a phyliite.
| 2. White chalcedony (novaculite).
L1. Amygdaloidal trap.

At first sight there would appear to be little or no resemblance
between this section and that of the Risin spur,
andc"&‘:l‘:;:if‘;g“;’:ns@m but a closer examination of the individual beds
soon shows that the sections bhave two peculiar
and characteristic elements in common: thesc are the chert bands
and the carbonaceous shale. The latter rock is remarkable for the
fact that on fresh fracture it is intensely black with numerous black
shining specks and fragments of vegetable matter, but on exposure
it bleaches to a grey, pale buff, or almost white rock; in the Guryu!
ravine, however, this band is only a few inches thick, whereas on
the Risin spur the thickness is very considerable.

The cherts, which are most conspicuous on both sections, are also
very characteristic rocks: at Risin they are
almost invariably black and are intimately
associated with dark crystalline limestone, the two rocks alternating
and passing into one another not only vertically, but alsc along the
strike; bands and lenticular patches of the limestone run through

Chert bands.
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the chert, the one rock appearing in the field to pass insensibly into
the other. In the Guryul ravine, on the other hand, limestone is
practically absent ; a few patches of very impure calcareous material
in bed No. 4 being the only apparent representatives of the well-
defined limestones of Risin. Here, however, chert is very much
more abundant and more variable both in colour and in texture,
ranging from a black velvety rock to a creamy white variety, exactly
like ““ Arkansas stone,”! the typical form of novaculite.

The presence of cherts in both sections first led to a careful search

for Gangamopteris in the Guryul ravine, but
sorossilplants on Gurywl ¢ 55 only after an exhaustive examination of

every layer on the section described above that
a frond was at last found in the intensely hard siliceous band asso-
ciated with the carbonacecus shales (bed No. 5); a few more frag-
mentary specimens were obtained from the same layer, but all are
very poorly preserved and the evidence seemed hardly conclusive.

A visit to the Zcewan section (Pl. 7), near Panduchak, however,
removed zll doubts and completely established
the position of the Gangamopteris horizon. This
section is already familiar from the work of Godwin-Austen,? Verchere,?
and, recently, of Mr. Oldham. Here a complete sequence is found
ranging from the trap up to the shales and limestones with marine
fossils, named by Godwin-Austen the “Zewan beds.” The beds
dip at high angles (50°—60°) to east-south-east. Near the base
of the section Mr. Oldham found a bed of carbonaceous shale
exactly like that in which Gangamopteris occurs on the Risin spur.
I was fortunate enough to be able to confirm the identity of these
two beds, since at Zewan I found specimens of Ganmgamopteris
similar to those of Risin. Above the carbonaceous shales there
appears to be a perfectly conformable sequence up to the fossiliferous
Zewan beds.

Along the crest of the ridge, the trap is immediately overlain by
a white chalcedonic rock, like that of the basal bed in the Guryul
ravine and identical with novaculite : from this a section (PL. 4, fig. 2)

Zewan section.

' 1 am indebted to Mr. T. R. Blyth, Assistant Curator, Geological Survey of
l“dk'a’ for drawing my attention to the remarkable resemblance between the two
rocks.

: Quart. Fourn. Geol. Soc., XXII, 33 (1866).

Fournd ds. Soc, Bengal, XXXV, No. 2, 129 (1867).
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was measured up to the shales with marine fossils (Zewan stage) : it
is as follows :—

Zewan {23. Shale with Protovetepora ampla, Lyttonia and brachiopods

beds. { 22. Cherty band with Productus cora d’'Orb. . . . 4 ft.
20. Dark grit . . . . . . . . . 4 ins.
19. Shale, calcarcous and earthy . . . . . 4 1t
18, White and green chert . . . . . . I,
17. Shaly siliceous grit . . . . . ; . 4 1
16. Chert and fine-grained quartzite . . . . . 50 5
15. Shale in 1 ft.—3 ft. beds, with thin limestone bands. . 18,
14. Thin-bedded limestone, with some shale at the base . 15 5
13. Hard siliceous shale, slightly carbonaceous at the top and
i containing a few fragments of plants . . . . 12,
s 12. Carbonaccous shale ., . . . . . . 4 s
- 1. Shale and thin-bedded limestone . . . . . 25 5,
‘5 { 10. Shale like 8, with thin (2"—3") pebble band at base . 44
é« 9. Somewhat concretionary limestone, with occasional shale
E bands . . . . . . . . . 25
%0 8. Shaly pcbble bed : pebbles large (up to §" in diameter) in
L"J“ lower part and small in upper . . . . 3
7. Flaggy siliccous-bed with bands of small pebbles , . I,
6. Siliceous shale or chert . . . . . . 10 ,,
5. Limestone . . . . . . . . . 4 5
4. Siliceous shale or chert . . . . . . 7 »
3. Carbonaceous shale with Gangamopteris . . . 3
2. Siliceous shale . . . . . . . . 20 ,,
1. White novaculite . . . . . . -25—30,,
(variable).

The most important feature of the section 1s naturally the presence
of Gangamopteris in the carbonaceous shales.
The fossils are extremely rare and the few found
were only obtained after prolonged search : they
are best seen on the weathered surface of the shale. I found no traces
of either Amblypterus or Archegosaurus, Lut the few hours at my
disposal were quite insufficient for a thorough exploration of the bed.
Circumstances unfortunately precluded a longer stay and it was
impossible to do mcre than measure and examine the rest of the
scction In a most cursory manner, but a few observations were made
which seem to throw some light ou the relationship of the volcanic beds

to the overlying rocks.

Gangamopteris at
Zewan.
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The first of these relates to the basal bed, the novaculite,! as
seen on the crest of the spur. This rock has
been described variously as a compact quartzite
(Godwin-Austen) and a bed of quartz (Oldham), but in both macroscopic
and microscopic characters it agrees entirely with a specimen of
““ Arkansas stone ” included among the collections in the Geological
Museum in Calcutta. On the Zewan section it forms a thick bed on
the crest of the spur and is immediately overlain by siliceous shale,
the chert and limestone which is seen at the base of the Risin section
being apparently absent. If, however, the novaculite bed is followed
towards the west, it is found to thin out rather rapidly to a thickness
of only six or seven feet and then to dwindle away to nothing. As the
novaculite thins out, its place is taken by crystalline limestone and
f:hert, and at the end of the outcrop nearest to Panduchak the sequence
is similar to that at Risin. The presence of the novaculite on some
scctions and its absence from others was drawn attention to by
Mr. Oldham and was possibly one of the causes that led him to assume
that the junction between the trap and the overlying beds was an
unconformable one; others were the abrupt cessation of volcanic
rocks at one particular horizon and the remarkable variation in the
respective sections.

The capricious distribution of the novaculite is at first sight
puzzling, but a study of the sections shows that
where it is present the lowest limestones are
absent or only imperfectly represented. The
section at Zewan includes both rocks, the novaculite being at one
end of the outcrop and the limestone at the other, while the interval
between the two is occupied by both rocks but in reduced thickness ;
it is impossible to resist the conclusion that the novaculite has
originated in the metasomatic replacement of the limestone by silica.
Such an origin was suggested some years ago by Mr. F. Rutley for
the Arkansas novaculite,® and his theory is entirely borne out by the
Kashmir rocks.

Under the microscope, their history can be followed with
wonderful clearness, and a perfect passage traced from an almost
pure limestone into a black chert and thence into typical novaculite.

The original condition of the rock was an oolitic limestone (see
Pl 8, fig. 1) ; this subsequently became crystalline on a coarse scale,

VIf this rock can be found free from joints, it should be valuable as a whet-stone.
? Quart. Fourn. Geol. Soc., Vol. L, 377 (1894).

Novaculite.

Origin of the cherts
and novaculites.
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for many adjacent calcite grains as well as the intervening
ground-mass show the same orientation over very considerable areas.
Under the microscope, this is clearly seen in the simultaneous
extinction of large areas and in the extension of the twin-lamelle of
the calcite from grain to grain across the ground-mass (fig. 2), while
in the hand specimen the effect is a very striking “ lustre-mottling.”

The next stage was the gradual replacement of the calcite by
chalcedonic silica to form a black chert; the ground-mass was first
attacked, and the process can be traced in every stage through a rock
composed of grains of calcite imbedded in a matrix of chalcedony
(Pl 9, fig. 3) to the final chert composed of oolitic grains of silica
in a matrix of the same material (Pl. 8, figs. 3 and 4).

The dark colour of the limestone and of the resultant chert
appears to be chiefly due to carbonaceous matter, but also to the
presence of some fine mud and a little manganesc oxide.'

These dark materials originally either occupied the centre of the
grains of oolite or were deposited in rings during their formation : both
conditions can be seen in the limestone. When crystallisation set in,
either the original conditions survived or in some cases the dirt was
exuded towards the outer surface and is now seen as a dark ring
round the grains or is occasionally noticed along the cleavage cracks
of the calcite.

The evidence furnished by the microscope leaves no doubt as to
the inorganic origin of these cherts, for they not only retain perfectly
the oolitic structurc of the original limestone, but cvery stage in the
replacement of the calcite by silica can be traced. Nor is the
silicification confined to the limestones, but has cxtended to the
associated shales and sandstones, and in the Guryul section the
carbonaceous shale with plant remains has been converted into a
hard hornstone breaking with conchoidal fracture. At the same time
the negative evidence implied in the absence of recognisable sponge
spicules or other siliceous organisms further supports the above view.
The mode of origin of the oolitic grains is uncertain, and may have
been either organic or inorganic, but certain structures visible under
the microscope are suggestive of the tests of foraminifera, such as
Endothyra, while several plant fragments can be clearly recognised
as nuclei of the grains,

! The limestone contains alumina and gives a decided reaction for manganese.
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As will be seen below (p. 36), there is no reason’ for supposing
that there was any great time interval between
Silicification ~due to the occurrence of the last lava-flow and the
solfataric action. .. .
deposition of the carbonaceous limestones ; the
cherts and novaculites may consequently be regarded as products of
the final or solfataric phase of the volcanic activity. The nova-
culite differs from the chert chiefly in colour and in the almost complete
obliteration of the oolitic structure, but even here intermediate stages
can be found, for some specimens have a distinct granular structure
and contain occasional patches and strings of dirt; as a rule, how-
ever, the rock is bluish, greenish, or creamy white, and free from the
carbonaceous matter to which the chert and limestone owe their colour ;
and it may be regarded as a bleached chert, which might have been
produced by the action of heat on the carbonaceous rock, having thus
been formed in the immediate neighbourhood of fissures in the under-
lying trap. Solfataric action would not only suffice to explain the
silicification of the limestones, but would also account for the local
substitution of novaculite for chert.
The period during which this silicification occurred can be defined
with considerable nicety, for it has nowhere been found to extend
as high as the beds with Protoretepora ampla, which occur near the
base of the fossiliferous Zewan beds (bed 7 in the Guryul ravine and
bed 23 on the Zewan section). It must, therefore, have taken place
after the solidification of the last trap-flow and before the deposition
of the beds with Protoretepora ampla : that it began at an early part of
this period would appear from the fact that pebbles of a chert exactly
like that of the main band at the base of the series occur in a pebble-bed
(bed 8) low down in the section at Zewan; if the two rocks be the same,
the chert must have been formed and locally denuded at an early stage.
Not only cherts, however, but silicified shales and sandstones occur
again higher up in the same section (bed 16), while in the Guryul ravine
chert bands occur throughout the whale section between the trap and
the Zewan beds; it is evident, therefore, that silicification occurred more
or less throughout the whole period during which the bedsof the Gan-
mopteris series were beingdeposited. This lends further support to
the view that it represents the solfataric stage of this volcanic period:
Much of the variation to which attention has been drawn by
Local varlation of Mr. Oldham can thus be explained by local altera-
Gangamopteris  serles  tion of the component beds on the respective sec-
and Zewan beds. tions, but this does not account for such evident
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differcnce of character of the original sediments as is readily app;m*nt»
from a comparison of a section such as that of Zewan with those ol
Mandakpal and Rechpura on the eastern side of the Vihi plain. At
Zewan the beds between the trap and the base ol the Zewan beds are
over 200 fect thick and include iittoral deposits (pebble-beds, sands,
etc.), whercas at Mandakpal they consist of a considerable thickness
of dark ferruginous shale, capped by a band (5 fect thick) of greenish
and bluish chalcedony. At Rechpura, according to Mr. Oldbam, the
lowest limestones of the Zewan stage lic directly on the volcanic boeds.
Although this variation docs not necessarily imply unconlormity,
since the shore deposits of Zewan nught well be represented by shale
and limestone at a locality ten miles distant, yet it is not unnatural to
expect that local disturbanccs occurred during a period of such
marked volcanic activity ; but if any unconformity docs exist, it does
not necessarily involve any great time interval: this has alrcady been
pointed out by Mr. Oldham, and since nonc of the usual direct
evidences of unconformity—such as discordance, crosion of the trap,
the presence of conglomerates, etc.—arc found on the section at
Zewan, there is no reason to suppose that there was any scrious inter-
ruption of continuity between the outpouring of the last lava-flow and
the deposition of the Gangamopteris series.

With regard to the question of a possible unconformity above the
Gangamopteris beds, 1 have scen only a few of the many scctions to
be found in and around the Vihi plain and am conscquently wot o a
position to deal with this adequately. So far as I could scc there
is no evidence of any lreak between the Gangamopteris berds and
the Zewan stage either at Zewan or in the Guryul ravine. On the
fo‘rmer section the prescnce of pebble-beds and carbonaceous shales
with F(‘.maills of lanu plants is suggestive of either coastal or estuarine
conditions, and the pebble-beds may undoultedly be taken to indicate

a certain amount of contemporancous erosion due to local oscillations
of the coast-line.

In the Guryul ravine the Gangamopteris series is thinner than at
Zewan and more completely silicified, but the carbonaceous shales
(bed 5, supra, p. 2_6) are exactly like those of Risin and Zewan, and
furthermore contain fragments of plants, which, though very hadly
preserved; are, | tITink, referable to Gangamopteris. I?, thercfore, we
find such marked lithological variation in the space of about three

miles—the distance of the Guryul ravine from Zewan—we should
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naturally expect even greater variation at more distant localities, such
as Mandakpal and Rechpura, which were probably some way from
the coast-linc as defined by the Gangamopteris beds, and it would
not be surprising to find the shallow-watcr deposits of the one
arca represented by limestones in the other.
At Zcewan the Gangamopteris series is overlain first by a thin
band of somewhat siliceous limestone containing Productus cora
d’Orb. ; above this is a considerable thickness of black shale full of
beautiful specimens of Bryozoa, the most conspicuous of which is
Protoretepora ampla Lonsd. ; above this again isa limestone contain-
ing a variety of fossils, chiefly brachiopods. Wherever beds of the
Zewan stage were seen by me, the horizon of Protoretepora ampla
was always recogniscd immediately by the excellence and profusion
of this characteristic fossil. At Zewan it is apparently restricted to
shale ; in the Guryul ravine it is found partly in a thin bed of shale
and partly in limestone ; on a ridge to the south-west of Mandakpal, it
is found chiefly in shale, whereas to the east-south-east of the same
village the rock in which it occurs is almost exclusively a limestone ;
thus we have the same horizon represented in one place by shale, in
another by limestone, and in a third partly by both ; this is of course
only what might be expected, and is, I think, sufficient to justify us
in considering the case for unconformity above the Gangamopteris
series not fully established. We thus have evidence that the
Gangamopteris series is older, but, if we assume that there is no
unconformity, only slightly older, than the Zewan stage.

The Zewan stage (sensu stricto), as defined by Godwin-Austen,
includes only the fossiliferous shales and lime-
stones capping the section at Zewan, but has
generally been taken to comprise the fossiliferous series with B»yozoa
and brachiopods as scen in part at Zewan, and more completely
in the Guryul ravine and at other localities around the Vihi plain,!
and so to include all the beds between the Gangamopteris series
and the lower Trias. The presence of the latter stage had not been
detected at Khunmu, where it was supposed by Dr. Noetling that the
upper Trias was faulted against the Zewan beds. This view Is
represented in the diagram published by Dr. Noetling in his paper
already referred to,?

The Zewan stage.

'R. Lydekker : Men. Geol. Suvv. Ind., XXI1, 132 (1883).
*0p. cit, p- 130, fig. 1.
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I was unfortunately unable to devote any time to this section, but
traversed it rapidly at two or three points on
mi:cet.io" in Guryal the eft side of the Guryul ravine.  All the beds
above the Gangamopteris series arc shales and
limestones, and consist roughly of limestone with subordinate shales
below, followed by shale with subordinate limestones, and these
again, capped by a thick series of limestone forming stecp cliffs. The
lowest group of beds comprises the horizon of Proforetepora ampla,
followed by several brachiopod-bearing horizons, characteris=d chiefly
by the genera Athyris and Productus: the next group consists
chiefly of shale below with alternating beds of shale and limestone
(in beds of from 6 inches to 1 foot in thickness) above. This second
group is very well exposed on the small spur ending in the cliff over-
hanging the chenar trecs at the mouth of the Guryul ravine wherc it
forms the saddle running from the top of the cliff to the foot of the
next limestone cliff to the east (Pl. 6). Further up the ravine these
lower beds, which are largely composed of shale, contain fossils,
collected in small patches which evidently represent hollows in the old
sea-floor ; the fossils are chiefly Marginifera
himalayensis Diencr and are characteristic of
the Productus shales in other parts of the Himalaya. At about 1o
feet above this horizon is a band of dark shale weathering white and
not unlike the carbonaccous shales of the Gangamopteris series: it
does not, however, contain plant remains, but yiclded a few specimens
of Pseudomonotis sp. cf. Griesbachi Bittner. Immediately above this
is a thin band of very hard limestone with specics
ol Danubites, Flemingites, and DBellerophon.
This is followed by rapidly alternating beds of similar hard limestone
and shale : the whole sequence bears a striking lithological resemblance
to the lower Trias of Spiti and the fossils at the base leave no doubt as
to its identity. The third group, which is composed of hard limestone
in beds of about 2 feet thick, and forms a conspicuous line of cliffs on
the left side of the vallcy, probably represents the nodular limestone
and the muschelkalk of Spiti, but I had no time to search for fossils
which appear to be very rare.
The above is only a very broad classification of the beds above
the Gangamopteris series, but it is sufflicient to prove the presence in

Productus shales.

Lower Trlas of Guryul.

the Guryul ravine of at least three well-marked stages,—a calcareous
series below, with Bryozoa near the base and Atkhyris above,a (mainly
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shaly) series in the middle, with Marginifera himalayensis, and an
alternating series of shale and thin-bedded limestone containing fossils
of lower Triassic age.

Turning now to Mandakpal at the other side of the Vihi plain, the
sequence exposed on the ridge to the east-south-
east of the village, from the base of the Zewan
stage upwards, is very similar, with the exception
that all the beds are rather more calcarcous. In the middle shaly
series two highly fossiliferous bands are well exposed; the lower isa
continuous bed, several inches thick and is almost entirely made up
of Marginifera himalayensis Diener and other brachiopods. A
little higher in the section, a calcareous bed, about six inches thick, is
equally rich in specimens of Spirifer rajai Salter and other
species of Spirifer? There can, I think, be no doubt that these
shales, with Marginifera and Spirifer at Mandakpal and Mar-
ginifera in the Guryul ravine, represent the Productus shales of
Spiti and the rest of the Himalaya, differing from them only in
being locally rather more calcareous; they are, however, often
micaceous and are then exactly like the Productus shales of Spiti.

Some years ago, before [ had had an opportunity of seeing the
Zewan beds, I suggested that they were prob-
ably the equivalent of the Fenestella shales of
Spiti ;2 in this Dr. Diener agreed with me,® and I am now convinced
that our view was on the whole correct, although it will require
some modification if we include in the term Zewan stage all the beds
between the Gangamopteris series and the lower Trias : in that case
the Fenestella shales will be represented by the lower beds with
Protoretepora ampla and other Bryozoa, and the Athyris limestones
of Vihi may be the equivalent of the calcareous sandstone of Spiti.

[t has now been definitely ascertained that the Gangamopteris
beds overlie the trap and underlie the Zewan
beds: their age consequently depends on that
adopted for the latter stage. This is usually
regarded as upper Carboniferous, but it has now been shown that the
Zewan beds include the Productus shales, which are admittedly of

Maadakpal : Productus
shales.

Age of Zewan stage,

Age of the Gangamop-
teris serles.

! These are evidently the bands referred to by Lydekker : of. cit., p- 134.
? Gen, Rep. Geol. Surv. Ind., 1899-1900, p. 18¢. Y 4 P
3 C. Diener: Pal. Ind., Ser., XV, 1, pt. 2, p. 1go.

D 2
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Permian age: if the term “ Zewan stage’’ is to be retained, it should
be rigidly restricted to the horizons exposcd at Zewan and originally
so named by Godwin-Austen; the lower of these includes beds 22 and
23 {(supra, p. 28) of which bed 23 is almost certainly the equiva-
lent of the Fenestella shales of Spiti, and consequently of upper
Carboniferous age. Bed 22 is only of inconsiderable thickness, but
contains immense numbers of Productus cora d’Orb. and may
thus be homotaxial with the Cora horizon of the Ural and Timan
mountains. Such a correlation is borne out by the fact that the over-
lying bed (23) contains Lyffonia and may therefore be homotaxial
with the Lyttfonia-bearing beds of Loping in China which have been
veferred by Professor Tschernyschew to the Schwagerina horizon of
the Urals.,! This, however, is merely offered as a tentative sugges-
tion, since no close or systematic study has ever been made of the
upper Paleozoic horizons of Kashmir in the light of recent strati-
graphical discoveries; it is highly desirable that this should be done
since the results will certainly help to elucidate the relationship of
the Carboniferous deposits of the Central Himalaya and the Salt
Range to those of Fastern Europe. All we can say at present is
that the Gangamopteris beds arc not younger than upper Carboni-
ferous and may belong to the base of that sub-division or even to the
middle Carboniferous. The lower limit of age can only be decided by
determining the age of the trap.  This will be a
matter of great difficulty, but some light will
probably be thrown on the question by a scction recently observed at
Imselwara (or Ambersilwara) ncar Harwan, in the hills to the
N.N.E. of Baramula. Here [ found a series of limestones, probably
between two and thrce hundred feet thick, interbedded with the

Imselwara limestone.

trap.?  Fossils are numerous, but very poorly preserved ; they include.

species of Spirifer, corals, and crinoids. The limestones are quite
unlike those of the Zewan stage and are probably much older : I was
unfortunately unable to stop to examine them, but it is probable that
further search would result in the discovery of determinable fossils
and go far towards establishing the age of the trap.

1 Th. Tschernyschew : Die cber-carbonischen Brachiopoden des Ural und des
Timan. Mem. Com. Geol., XVI, No. 2, St. Pctersburg (1902), p. 729. {A trans-
lation of parts of this paper has been published in Rec. Geol. Surv. Ind., XXXI,
pt. 3;) The cave containing pleistocene fossils, snd recently discovered by Messrs.
Radcliffe and Campbell, is in this limestone : see /ndian Forester, Vol. XXXII,

No. 6, 313 (1996)-
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The presence of this limestone apparently interbedded with the
trap is also of interest as supporting the view
usually adopted that the latter rock consists of
actual lava-flows—possibly sub-aqueous-—and is not of intrusive origin.
The clearly amygdaloidal character of many of the beds and the
apparent absence of apophyses from among the overlying sedimentary
rocks is further evidence in support of this view. The only feature
which can be regarded as pointing to a possible intrusive origin is the
curious manner in which the overlying fossiliferous sedimentary beds—
to use Vercheére's expression—“Jap round ” the igneous mass. This
character is noticeable on both sides of the Vihi plain, and is especially
well-marked in the neighbourhood of Khunmu, where, as will be seen
from the sketch-map, the dip of the sedimentary beds, which in the
Guryul ravine is towards the east, gradually bends to S.E. and ES.E.
at Risin. Bedding and dip in the underlying trap is not always clear,
but so far as it can be traced seems te follow cxactly the same course
as in the overlying beds, and the Zebanwan hill-mass appears there-
fore to be a dome rather than a laccolite. The dome-like forms of
both the Zebanwan mass and of Wastarwan may, however, be quite
possibly due to local uplifts consequent on movements in the molten
material which might naturally be supposed to have existed beneath
these great masses of igneous material, thus producing a broad trough
now represented by the Vihi plain.

The fact that the Gangamopteris beds have been definitely ascer-

tained to be older than the Protoretepora horizon
Zes:zr:::;g:vse:m. f  of the Zewan beds has a furt'hfer and. ilpportant

bearing on the geology of Spiti, and incidentally
on the vexed question of the corrclation of the Blaini boulder-bed of
the Simla hills.

It has already been pointed out that the Protoretepora harizon of
Kashmir is the exact counterpart of the Fenestella shales of Spiti,
and the beds between the basc of the Zewan stage and the lower
Trias in Vihi must thercfore be the equivalent of the series extending
in Spiti from the base of the Fenestella shales to the Otoceras zone,
thus including the conglomerates which underlic the calcarcous sand-
stone at and around Po. The absence of any break between the
Zewan stage and the lower Trias in Vihi thus proves that the great
Palzozoic unconformity, which has hitherto been regarded as the
most marked and persistent feature in Himalayan geology,! did not

' Mem, Geol. Surv. Ind., XXXVI, p. 51 (1904).

Origin of the trap.
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extend into the valley of Kashmir, and if we are right in regarding
the Gangamopteris serics of Khunmu as the equivalent of the lower
Gondwanas of India, it is evident that the conglomerate of Spiti
cannot represent the Talchir boulder-bed, but must be much younger,
and the last remaining reason for regarding it as of glacial origin
and corrclating it with the Blaini boulder-bed of Simla now dis-
appears.

The Gangamopteris beds of Vihi have been found at Zewan in an
apparently continuous section, underlain by trap
and ovcrlain by the Zewan stage, which is the
cquivalent of the Fenestella shales of Spiti.  Their age is therefore
certainly not younger than upper Carboniferous.

The series is everywhere characterised by the occurrence of chert
and, locally, of novaculite, which have been derived from pre-existing
limestone by the metasomatic replacement of the carbonate of lime by
silica, with perfect prescrvation of the structure of the original rock.
This probably indicates the solfataric stage of the later Palaozoic
voleanic period of Kashmir.

Summary.

The beds at the basc of the Zewan stage are highly fossiliferous
and arc especially characterised by the presence of Protoretepora
ampla Lonsd.

Above this horizon arc limestones containing brachiopods and over-
lain by shales with fossils characteristic of the Productus shales ot
other parts of the Himalaya. These are overlain, in the Guryul
ravine, by beds with lower Triassic fossils,

The sequence from the base of the Zewan stage up to the Trias is
complete and conformable, and there areno signs of the great upper
Paleozoic unconformity so universal in the Himalaya.

EXPLANATION OF PLATES.

PLATE 5—
1= Gangamopteris beds of Risin spur.
2=7Zewan stage. )
3=DProductus shales and Lower Trias. ;

4=Muschelkalk (?). 1.
PLate 7— \
1=Novaculite. '
2= Gangamopteris horizon. 7 9
3=Zewan stage. - . )
\““_ o
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PLATE 8—
Fig. 1. Oolitic limestone, Risin spur near Khunmu.
2. The same under crossed nicols, showing twinning lamelle of calcite
running through grains and ground-mass. The whole field is part

»

of a single crystal of calcite.

3. Black chert. The whole rock has been silicified, but retains its
original structure.

,», 4. The same under crossed nicols.

PLATE 9-~
Fig. 1. White novaculite from base of scction in Guryul ravine, near Khunmu
granular structure still apparent, but not so pronounced as in the
black chert (P1. 8, fig. 3).

» 2. The same under crossed nicols.

» 3 The same rock as Pl 8, fig. 1, partially changed to chert. Grains of
calcite with ragued, corruded cdges are seen lying in a matrix of
chalcedony, derived by replacement of the calcarcous ground-mass
by silica, nicsls crossed.

4. Chalcedony (transtucent form of the novaculite) from Mandakpal.
Nicols crossed.

2

3
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ON A VOLCANIC QUTBURST OF LATE TERTIARY AGE IN
SOUTH HSENWI, NORTHERN SHAN STATES. By
T. H. D. LA ToucHE, BA., F.GS, Superintendent,
Geological Survey of India. (With Plates 1o and 11.)

T is somewhat surprising that in the Northern Shan States, where a
I fairly complete scrics of Palaozoic and Mesozoic rocks (with the
cxception of Cretaccous) has been found, not a single instance of (he
intrusion of igncous rocks has buen discovorcd in any formation of
later age than the Cambrian.  The whole of the lapse of time repre-
sented by the accumulation of the fossilifcrons  rocks of the Shan
platcau appears to have bheen one of complete voleanic quicscence,
and even beyond the limits of the Shan hills he same conditions seem
to have prevailed; for if we except  the andesitic
Wuntho and the serpentines of the Arakan Yoma, the age of which is
not preciscly known, all the basic igneous rocks of
Tertiary age.

It is not casy to account for this complete
activity throughout so long a period, forit is cort
earth movements took place from time to time
tion of the stratificd deposits ; but the
these movements were mainly of a tan

intrusions of
Burma are of

absence of voleanice
ain that considerable
during the accumula-
explanation probably is that
gential character, resulting in
the folding and squcezing together of the strata, and that it was not
until Tertiary times that the great dislocations or faylts
more likely to be accompanicd by manifestations of vole
began to be developed.,

During a rapid traverse through the South Hsenw State
1905, the writer found near the village of Man-Sang (227 20 . 07° 5%,
where there is a large patch of T(-rtiary silts and sands with scams of
coal, numerous traces of the cxistence in the neighbourhood of basic
igncous rocks, many of the watcrcourses being choked with loosc
blocks of basalt, but want of time prevented his l"ollm\'ing the matter
up. Mr. R. R. Simpson also, in the course of his examination of

, which arc
anic activity,

carly in
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the Man-Sang coal-ficld, camc upon th.c same roc.ks,l a.nd wasI o:
inion that they were cither intrusn:e in the Tertiary silts, or t1a‘
tho 1 had been laid down upon an irregular surface of the basalts.
B nd traverse made during the ficld scason of 1g03-00, I made
on ainstef)of visiting the principal cxposures of th?sc roclfs. markc.d
;p?m Simpson, and spent a couple of days in examining their
y .
feat’;;eslc neous outburst which forms the subject of the present paper
?nga small conical knoll called Loi Han tiun, rising to 3,610
OCCUYSb sca-level, and sttuated about two miles south-west of the
ijeFa ngc Nawng-tao (22°30": 98° 1), on the cart-road b(:t\V(fcn
‘I/,lzlllsdlgz and Mon; Yai, the capital of Sout.h Hsenwi Statc._ Comm‘%I
from the south-cast, from the dircetion of Mong Yai, the hi
up he eye at once by reason of its conical or rather dome-shaped
S bgli'ffcrinﬁ as it docs greatly from that of the low undulat-
flppcarancdo-’likc hillsbformcd of the soft Tertiary rocks, which cover
g nding country. The hill riscs to a height of about 700 [ect
the SUITIOU oe?lcral level, whercas the other clevations in the
abeVe tlflo:d with the cxception of the hill ranges to the north, do
nClg‘}bO‘f mor,c than zoo or 3oo fcet. It is, however, apparent at
net ”5‘}31 :it is only the uppc} part of the hill, which is very stcep on
once_df . and forms a regular dome, that has a distinctive appcar-
an e fes’ the lower, morc gently sloping portion differs in no way
anee nor of the sur;ounding mound-like clevations.  An examination
frOf;ll astyructurc of the hill at once discloses the cause of this pccul'iar
(s)}flatpi. On scarching among the ravines that drain ?hc .10\\'er.port10n
of the hill, I found that this is composcd of the soft Tertiary silts an‘d
sand-rock, among which was a band of carbonaccous clay, a'replr%—
sentative of one of the coaly layers th.at are known to occur. In td]‘xs
formation. Thesc beds are nearly horizontal, but have a very slight dip
towards the south-east. They are so soft, ax}d the stream bfeds are s'c;
choked with débris from the igncous rocks higher up the 'lnll, th.alt 1
is by no mcans casy to find an outcmp. o.f th.(:m. I?rocg:mhng.huttllcr
up the slope, dykes ol hard basalt, radiating in all dircctions ll}t)m 1?
central dome, make their appcarance on tbe spurs, some (;)f t 1011‘1"2;;-
tending to considerable distances. Each of t'he dykc‘s cxh]x its 211 e
defined columnar jointing, the colummns being horizontal, anc

" Rec. Geol. Surv, Ind., XXXIII, p. 144
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polygonal cends appearing on the vertical outer walls of the dykes,
which stand out boldly from the surrounding slop-s (Pl 10). T made
an attempt to discover whether the rocks in contact had been altered
in any way by the intrusion, by digging pits alongside two of the
dykes, but the results were not satisfactory.  Although the surface
soil was pericetly dry, T found that, at a depth ol only 2 or 3 feet from
the surface, there was a copious discharge of water from the dykes,
and the rock in contact with them was a stiff blue clay, which showad
no signs of induration or other alteration.  There can be no doubt,
however, that the dykes arce really intrusive.

The central dome-like mass forming the upper part of the hill is
built up of dykes and bosses of columnar basalt, in which the columns
may be found inclined at all angles to the horizon (Pl. 11). The
surface of some of these bosses has a curiously rounded or mammil-
lated appcarance, as though the molten rock had been forced up a
fissure, and cooled under pressure before it quite reached the surface,
In fact, the whole mass bears more resemblance to a laccolite, than Lo
a true voleanic pipe or neck, There are slight traces of amygdaloid
and vesicular structure in the upper part of the mass, but no signs of
actual flows of lava in conncction with it, nor could I find any such in
the immediate vicinity of the hill.  The romains of true fows may be
found when the country to the west and north-west is more thoroughly
examined, for Mr. Simpson mentions the occurrence of amygdaloid
lavas in that dircction, but these may have procecded from a scparate
orifice, the position of which has not yet been located. 1t is possible,
of course, that the present dome of Loi Han Hun represents only  the
lower portion of a volcanic neck, the upper, more vesicular portion of
which has been removed by denudation; but the mammillated appear-
ance of the bosses scen on the summit of the hill scems to indicate
that this was the original surface of the basalt, and the Tertiary rocks
through which it is protruded belong to such a very late period that
I think it hardly possible that cvery trace of the upper portion of the
plug, if it cver existed, should have disappuarad.

The rock of which the dykes and central dome are composed g
a densc finc-grained basalt, almost tlack in colour with a greenish
tinge. The specific gravi?y is 2:941. Und- r the microscope the
ground-maSS 15 scen Fo consist nf' minute lath-shaped crvstals of plagio-
clase fclspar and minute grecnish-vellow granules of augite, which
sometimes form aggregates arranged in a roughly radial manner, also
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abundant magnctite. Larger crystals of plagioclase, with zonal
inclusions of the ground-mass, and granular crystals of olivine, some-
times fissured and partly converted into serpentinc, are imbedded in
the ground-mass.

This rock differs from that of the Tertiary basalt flows of Shwe-
myindé hill, oppositc Kyaukmyaung on the Irrawadi, al‘)ou.t 40 miles
above Mandalay, in that the augite in the latter is of a pmkwh-browp
colour, probably owing to the presence of titanifcrous iron-ore, and is
not so abundant. Otherwise the constituents of the rock are the
same, but there is rather more olivine and much more felspar n tl'n:
Shwemyindé rock.  This has a specific gravity of only 2'699, but its
want of density may be partly duc to the presencc of minute gas
pores.

A basalt from the extinct volcano Hawshuenshan (Hoschuen-shan)
near Teng-yuch (Momicn), in south-west Yunnan, which may be of
much the same age as that of Loi Han Hun, is described by Professor
v. Léczy in Graf Bela Szechenyi's Redse in Ostasien (Vol._ll[, p- 379).
The rock is described microscopically as consisting of microlites 'of
plagioclase felspar (andesine), imbedded in a glassy paste filled VV.lth
yellowish or greenish granules of augite and crystals of magnetlté.
Larger crystals of felspar with zonal inclusions of the ground-mas;,
and crystals and granules of olivine, much fissured, are scattere‘
through the slide. This rock therefore resembles the basalt of ].401
Han Hun very closely in composition, except that the latter C(?ntam\s
no glass. Indications of the former existcnc? of a glassy basis i/ll'c,
however, seen in a spccimen of amygdaloid basaﬁlt collected by 1 g
Simpson at Namaklang, about two miles west of Lol Han Hun, prob-
: va flow. '
dbl}trflzzrzﬁilei portion of the volcano of Hawshuecnshan consists of
augite-andesite (Reise in Ostasien, Vol. 1, p. 771),‘vbut 1no t;af}fs
of this rock have been found in the Shan States. The lava of the

ancient volcano Popa or Puppa, inthe Myingyan dxstrllct, also o‘f uppc(;
mainly, if not cutirely, augite-andesite, an

it would
the

Tertiary age, is, however, :
if the relations of the rocks at Hawshuenshan are any gu1dﬁe, Y
appear that the basalts belong to a later datc of eruptiont atilte ‘
andesites, and that the basalts of Loi Han Hun belon.g todq(tix fe @
recent period. The Tertiary silts into which they are I1ntru Sidcnt]

represent quite the highest deposits of that era, for they have ¢ y

el ; : latcau
been accumulated since the priucipal drainage features of the plate
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were marked out, and the shells they contain are all of very recent

fresh-watcr types, such as Paludina and Planorbis.

EXPLANATION OF PLATES.

Prare 10.—Basalt dyke, intrusive in Tertiary rocks, on north side of .ol Tan
Hun, thowing horizontal columnar structure,
PLaTE 11.—Columnar basalt, summit of Loi

Han Hun, showing inclined
position of columns.
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DESCRIPTION OF SOME NEW SUIDZAZ FROM THE BUGTI
HiLrs, BALUCHISTAN. By Guy E. PiLGRim, B.Sc,,

F.G.S., Geological Survey of India. (With Plate 12.)

OME months ago a small collection of vertebrate remains, ob-
S tained from the hills 235 miles N.E. of Dera Bugti, was sent
downto Calcutta by Major A. McConaghey, I.A., Superintendent
of Imperial and District Gazetteers, Baluchistan, and was put into my
hands for examination. These fossils proved no less interesting than
those collected by Blanford during his brief stay in the Bugti hills
and described by Lydekker 1 the Palzontologia Indica. The former
collection yiclded several new forms to Lydckker’s cxamination, and
the same is the case with the present find.

Amongst the {ossils which I have had under examination are two
left upper molars and a canine of a new species of Anthracotherium
of large size and allicd to the various large European forms; an upper
molar, which is intermediate in character between the two groups
of the Anthracotheriide and Merycopotamide and whose peculiar
characters indicate it as a new genus ; a mandible representing a new
species, which is possibly the same as the last mentioned upper molar ;
and the front part of a skull containing portions of the maxilla and
premaxilla, but of which the tooth crowns have been completely worn
away. Its affinities arc somewhat obscure, though it is probably
Suine. In any case, however, it shows a structure and type of denti-

tion which is unique. The specimen is not described or figured on

account of its fragmentary condition. [ hope, however, at no very

distant time, to have further matcrial in my hands, which may elucidate
its structure. Besides these occur scveral molar tecth and mandibles
-of Aceratherium blanfordi Lyd. and Aceratherinm perimense Falc.

et Caut.
The following is a list of the vertchrate species which we at

present know to occur in these beds : —
Mastodon (Tetrabelodon) angustidens Cuv. var. palzindicus
Lyd.
Mastodon (Tetrabelodon) pandionis Lyd.
Mastodon (Tetrabelodon) falconcri Lyd.
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Anthracotherium hyopotamoides Lyd |
Anthracotherium nor. sp. af. 7}’1[1(:310.71

Brachyodus ¢iganteus Lyd. ’ '

Nov. genus, nov. sp.

Aceratherinm blanfordi Lyd.,

Aceratherium perimense Falc. et Caut.

Our only informati
. ion on these beds is ¢
visit. H ne . s duc to Blanford’ i

- He classed them with the lower Manchhars d’s brief
considered them as forming the base of the o , and therefore

of the Siwaliks. Consequentiy they h great continuous series

. ave very gener en <
of as P]‘?Cene, and the oldest age that has l)e:)e,>11g:is*sia“ydbcen spoken
upper m i i sne i
Pp iocene, still regarding them as lower Siw%lil?s Tt}(l) ‘them >
N . Elr verte-

brate fauna is, however, of a character dist]
miocene : istinctive of '
moce! th(;r;:(l\l é)ifr::ﬁoldter epoch. The invertebrate faunat};Zix)l:*“er
o B]an[ordl/ descr.bond, fout of seven species of freshwater mollubs n'o
close affinities with~rcl o o these beds, only one presented n
s Wit T c:l};.forms. In this novelty of facies the freall]y
e which the anacios stniking contrast to those of the upper Siwal'? .
Although B]a;nforzl(;e ?“ living at the present day. -
b eds \\'ereb o e Slc';zms finally to have decided that the Bugti
Struck by the sbscnce Zfl t,h anot}?er plossibility had occurred to hl.%l]
the fact that there is n © (Gaj Series in this area, and perhaps bl.
beds and the underl\r'ingofcz)irpng::iint ‘;\nconformit}’ petween the BugtYi
might Possibly reprfgsent a local flellsc,iese (jfuf};gssct}eq‘z that the bone beds
. \'Il‘hlj hz;)s age;in been suggested more stron -
. Vre
o truee;i\igiksv‘::& rte;marks on t.he invariable unconformit betw
the underlying formations y between
‘ If then the Bugti beds represznt the G .
tainly be placed at the base of the e
their fauna, both vertebrate and iny
them,

gly by my colleague Mr.

. ] series, they must cer-
L cene,—the position to which
eorate, would inclj

, incline us to assign

It 1s to be hoped, however, that a strati

the ground will before long scttle the boint graphical examinatiop of

deﬁnitely.

1w, T. Blanford. Hills f
sure e T panford,  Hi 2'53zr?‘nég%)uett::z to Dera Ghaz Khan

2 W. . Blanfocd, 7bid
. » 1014, p. 160, footnote.
3 Reg. Geol. Surv, Ind., XX X1V, ; gg ?190()) footnot
’ C.

Mem, Geol,
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With this introduction I shall now proceed to the detailed descrip-
tion of the new species. 1 wish here to express my thanks to Dr. A.
Smith Woodward, F.R.S,, the Keeper of the Geological Department
of the British Museum, for his kindness in placing at my disposal all
the Dritish Museum specimens, to which T have wanted to refer, and
to Dr. C. W. Andrews, F.R.S., for much kindly help and suggestion
during my work. To Miss G. M. Woodward | am indebted for her

careful drawings of the specimens.

SUINA SELENODONTIA.
PENTACUSPIDATL
ANTHRACOTHERIIDE.

Genus—ANTHRACOTHERIUM.

Species —ANTHRACOTHERIUM BUGTIENSE nov. Sp-

Amongst the remains from Dera Bugti, which have come into my
hands, are the two last left upper molars and a canine of a large
species of Anthracotherium. The two molars are almost unworn,
and are in a good state of preservation. The last molar lacks only
the summit of the metacone, which has been broken off. Lydekker!
figured a fragment of a mandible obtaincd by Blanford from the same
or somewhat the same locality, which he relerred provsionally to
Anthracotherium magnum Cuv. It is at least likely, however, that
it belongs to the same species as the two upper molars figured in
Pl 12, fig. 1, and to which ¥ have no option but to assign a dis-
The differences between the various European
more especially in regard to the struc-
slight that it is necessary to insist
between the present tooth and the
corresponding teeth of all other specimens which have been described
and figured. These forms have not always even received distinct
specific names, but have been referred to by the locality, where they
were found. Most of them are at present included under the name

tinct specific name.
species of Anthracotherium,
ture of their upper molars, is so
on the various small distinctions

' Pal. Ind., Ser. X, Vol. 11, p. 176 (woodcut) (1883)-
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Anthracotherinm magnum ; w

hether they arc all entitled to rank as
distinct species or wi

rether many of them are to be regarded as races
of Anthracotherium mag i, is
[ do not propose to deal here. 1 have, however, carcfully compared
such figurcs and descriptions as have heen publishied and actual
specimens where they have been available, and have concluded that
the Anthracstherium of the Bugti Hills is quite distinct both from the
varicties as well as from the types of cach of the three largce European

species, which arc geuerally regarded as separate. These three
are,—

a wide question and one with which

Anthracotherinm magnum Cuvier, ty

Anthracotherium valdense Kowales)
Anthracotherium elyricum Tell

pe from Cadibona.

ky, type from Rosette,
er, type from Trefail, Styria,
In their general

structure these upper molars agree so precisely
with the common ty

pe of Anthracotherium tooth that it seems need-
less to enter into much detajl inregard toit. There are the four main

cusps with an intermediate cusp between the two anterior ones,
Osborn’s nomenclature is adopted in

the sequel in describing the
various  cusps,

columns or tubercles (sec also pages §51==52).
The two-external cusps (paracone and mectacone) each send oyt
a branch partly in the direction of one another and partly out.
wardly directed. These branches unite and form an upstandin
projection from the external wall of the tooth (mesostyle).  Another
well-marked projection is seen at the antero-external angle of the
wall (parastyle}, and another at the postero-external angle (

Posteriorly the enamel forms a broad cingul
tubercle at th

metastyle),
um culminating in a me
¢ entrance of the antcro-posterior valley,
though in aless marked degree round to the inner side,
tubercle situated at the entrance of the transverse vall
there is also a cingulum, which starts from a
between the protocone and protocony
inside of the tooth until it, too
transverse valley.

There secms only need to compare

of the three large European species, From Anthracor
tamordes Lydekker, from the same beds in

species is easily distinguished, not only by it
form of the loop connecting

dian
and continuing
where it joing 5
ey, Anteriorly
well-marked tubercle
: le and continueg right to the
»Joins the tubercle at the entrance of th,e

the present molars wit} those

herium ),
¢ Yopo-
the Bugti Hills, this

S size, byt also by th
the outer columns a5 also by the preZencz
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f tyle and metastyle and of a cingulum and tubercles con-
ol paras ©

"ected \V lth lt on all Sldes Of the t()()th.
\ g ¢ Y ) egasibie to draW
S f 1ir as Slze oes t IOCS not scem ver f ] ]

i : four large species. Both
any'diSti'HCtion dbi;“ve;;ld:zt}::;a:i st)l:zewhat largir molars than the
& zl/yrw_mﬂ anf A. maonum from Cadibona, but other forms from
e spemmelll’l(l)os Ilmritbes, from Digoin, from Ufshofen, and .from
o %uerci};self wiich have been assigned to A. magnum, att:f.l.l'r;:.::r)l
Gt ize’while Filhol! believes that he can trace a transi 1l
i grheatoat;er )dir(*ction from A. magnum nto 'the. much smal e;
:2 /tzl:atl'cum Cuvier. Therefore, looking only at its size, trlrleir;sexi\n
to;)th might casily belong to eithe}' of 'the three ‘spigleosé e i
his admirable descriptions of 4. {llyricum bases o o of the spea
distinctions between A. éllyricum and A. maS:gftn'l;;Zn(s | paldenss o
the very irregular trapezoid shape of t'hc E) an Olzhers'  con

1 with the aimost rcctangular outlme‘ of | the In o

D pect - t species differs from 4. #lyricum and agre
e P‘CSZ“ all)dense having squarer corners than is cven
o N - yecies ,Othcr important diffcrences are noticeable
the sase ™ tholse 3)1 of m-3 in the size and situation of the out?r st).fles.
. fwthesc (pa,rastyle) shows a resemblanc.e t-o A. zl/yrzcu;n
The'fofem(')sf Dd from A. magnum by the fact that 1.t is less closely
et 'wh the outer cusp (paracone). Separating the paracong
e tvle is a broad valley, which does not bend roun
from t.he parash) as it does in A. magnium, but. e1.1d§ abruptly on
pOSt}e‘fgorthcml;itér wall or is continued only as an md1§t1;1'(l:<t an:;l:m
:Zatche1 egntrance of the transverse v'alley. Al vlizéde?zlseevlesl(); eﬁ; ' Thefe
num except that the parastyle is only s xgu }: b quoted
differences are shown in Pl XH, fig. 1, of Teller’s g
above,

Regarding the mesostyle,
markedly from each of the th

this differs in the Bugti speci(?s very

ree other species both in its position ‘:md
in its d of development, It begins more anterlorli).r ;13;1 rls?:

s degree . o
le[;zllctl og osite the transverse valley instead of rathe1v* be 1nit i; s in
A maym?fi Further, it is very much small'er; howelv:ri s con-
til.luedgbackward into a broad cingulum, which completely

21 C s P 175
! H. Filhol : Phosphorites du Quercy, Ann. Set. Gool:, VIaI:k(lfzg)Dpa]maﬁen’
' F.Teller: Neue Anthracotherien reste aus Sudsteierm

Beit. Pal. Ost. Ung., 1V, p. 82 (1884). &

| 18 3
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the base of the metacone and joins the metastyle at the t
external angle. It is the presence of this broad cingulum :O(Si e:}?-
pronounced metastyle that prevents the tooth base from re:e ti .
the irregular outline of A. #//yricum, in spite of the eqlf)all aung
development in both of the parastyle.  Coming now to the meytagsrte?t
we find that its strongest development occurs in A dllyricum. 1In tyhz
present species it is somewhat less developed, but more 50. than i
A.magnum and very considerably more so than in 4. valden n
\\(here it is practically absent. Finally the development o;E a disti Set,
cingulum on the inner side is very noticeable iy, the present speci on
contrasted with the very abrupt termination of the cinuulpm‘ei{aS
rounding both inner corners front and back, in each o} t‘;mmlle
species compared. We may remark that this inner Cinguh,me- gee
developed in A. cuvieri Pomel from Allier. This species is ho: et
of smaller relative dimensions than the present one, besides, diﬁee‘fer,
in other points. g
In m* the same differences noticed for m?

also apply f
part, but in a very much feebler degree. PPy for the most

The valley se :

: parating para.

style from paracone terminates abruptly without bending to tiepre:r
”

and the mesostyle is somewhat less pronounced than in th
species ; m? however, has no cingulum on its inner wal]
striking a feature in m?,

The following are the measurements in millimetres of

e European
which was so

these
molar teeth— o
[ m? m?
D
Length of outer wall between the antero-external and |
postero-external angles . . 47'3 58
’ 9
i T
Length of inner wall at base of crown . . i 45's 533
Breadth of tooth i? front half from crown base of prote-f
t t
cone to parastyle . . . . . ‘\ 518 62'8
N l o
Breadth of tooth in hxrl1der half from crown base of
hypocone to mesostyle . . - .
. 3t'g 6o'o
—_—
Oblique distance between crown base of hypocone and |
postero-external angle . . . . 471 50'3
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The canine tooth is represented by the almost unworn distal end
broken off 83 mm. {from the tip and has a longer diameter of 47 mm.
and a shorter one of 42 mm., these being both maxima. The surface
possesses {wo narrow longitudinal ridges opposite one another. The
line joining the bases of the ridgesis inclined at an angle of about
45° to the directions of the maximum and minimum diameters.

SUINA SELENODONTIA.
TETRACUSPIDATI.

MERYCOPOTAMIDAE,

Genus—TELMATODON nov. gen.

Species—TELMATODON BUGTIENSIS nov. sp.

The generally reprehensible practice of founding a new genus
with only such a limited portion of it in one’s hand as a single tooth
is here adopted in preference to the equally unsatisfactory alternative
ofl eaving a fine specimen nameless and so increasing the difficulty of
indexing and future reference.

This genus is founded on the evidence of a last upper molar tooth
which, however, possesses characters so unique as to render it im-
possible to assign it to any one of the previously known genera. It
gives us yet another link between the Ruminantia and the Suina and
appears to occupy a position intermediate between the Merycopo-
tamide and the Anthracotheriide.

The tooth under consideration is entirely preserved with the
exception of the outer posterior accessory tubercle (metastyle), which
has been slightly abraded, and is in a moderately early stage of wear.
The absence of a socket on the posterior side indicates it to have been
the last molar,

It is rather broader than long and the length is greater externally
than it is internally, This can be seen by reference to the measure-
ments on page 54. It is brachyodont and of the general tetracuspi-
date selenodont type with four primary columns designated according

to Osborn’s nomenclature as the protocone, paracone, metacone, and

hypocone. The parastyle at the antero-external angle is developed
E 2
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to an extraordinary degree, as is the case in all the species of Bracky-
odus and Ancodus. The metastyle at the postero-external angle
is developed in quite an analogous way though to a much less marked
extent. The paraconc and metacone are counected by a pronounced
loop projecting on the external wall and constituting the mesostyle, —
another feature of the genus Brachyodus. In fact it may be regarded
almost as a tooth of Hyopotamus giganteus Lydekker {which is un-
doubtedly a Brackyodus) without the anterior intermediate cusp
(protoconule). The absence of this fifth cusp, however, makes it im-
possible, according to our present classification, to place our specimen
in the Anthracotheriid and compels us in spite of its obviously more
bupodont character to make room for it among the Merycopotamidz.
It is noteworthy that there is a trace, faint but very distinct, of the
protoconule, so that this genus affords us a perfect passage betwecn
the two groups. The peculiar characters of the tooth will be suffi-
ciently gatherced from the detailed comparisons with known genera
which follow.

Apart from the want of the intermediatc cusp or protoconule
other differences exist between the present genus and Brachyodus.
The former is more hypsodont. While Brachyodus, of which Brachy-
odus onoideus Gerv. may be considered as the type, possesses a
well-marked cingulum on threc sides, Telmatodon bugtiensis only
shows a real cingulum anteriorly; on the internal side the walls of
both columns slope outward at so great an angle from the vertical
(40°), that, what might otherwise be regarded as a cingulum, is in-
conspicuous. Further in Brackyodus onoideus the external walls of
the two external columns (paracone and metacone) are regularly
concave, whereas in the present genus they possess a strong, broad
ridge. To a slight extent an approximation to both these conditions
is to be noticed in Drackyodus giganteus Lydekker. Considering
the roots of this tooth, of the anterior ones, which alone are visible,
the exterior one is single and curved in a remarkable manner, while
the internal one has a lateral branch. The external columns and styles
are very obliquely situated and a linc joining protostyle to metastyle
touches both the ridges of the two external columns, forming thus a
straight line inclined at an angle of 18° to the line of jaw,

As may have been inferred from the previous remarks, the more
bunodont character of this tooth prohibits its being referred either to
the Oreodontide or to the Dichodontide. There remain only its
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affinities with the various members of the Merycopotamide to be
considered. At one time or another three gencra have been placed in
this family, Aerycopotamnas, Hemimeryx, and Charomeryx, although
Lydekker has considered that the affinities of thc last named are
rather with the Dichodontida. This tooth resembles Merycopotamus
in certain ways, as for example in the ridges on the external side of
the outer columns. It is, however, casily distinguished from eryco-
potamus :

1. By the fact that the angles on cither side of the outer columns
are not folded over towards oncanother as in that genus, but are
very much more open and separated. The external part of the tooth
is, so to speak, less squeezed together than in Merycopotamus.

2. The loop conneccting the external columns is much more strongly
developed than in Merycopotamus.

3. In the very much greater development of the parastyle.

4. Whercas in Merycopotamus the transverse valley is practically
open, in this tooth it is to a certain cxtent closed externally.

5. In the strong outward slopc of the internal surfaces of the
protoconc and hypocone, as beforc mentioned, and the consequent
absence or apparent absence of a cingulum internally. There is like-
wise no trace of the external cingulum of Merycopotamus.

6. Every vestige of an intcrmediate cusp has disappeared in
Merycopofe'zmus, which is not the case in the Bugti genus.

There are many other minor differcnces, but the ones mentioned
will serve to sharply separate the two gencra.

The present tooth resembles Hemimeryx in the oblique direction
ol the external surfaces of the outer columns and styles, and in the
prominence of the mesostyle. The most important differences are :

1. The absence in Hemimeryx of any median ridge on the external
surfaces of the outer columns.

2. The incomplete protocone in Hemimeryx.

3. The absence of a parastyle in Hemimeryx.

4. The much stronger development of a cingulum than is the case
in the present genus,

This tooth approximates to that of Chzromeryx both in the
vestigial trace of a protoconule, which is, however, far more pronounced
in that genus, and in the compression of the loop connecting the
outer columns so that the surfaces of these columns are more ample.
Moreover, both genera possess the median ridge on these columns
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though it is much wider and more convex in Telmatodon. Differences
from Charomeryx exist:

1. In the entirely different form of the outer columns, Their
general line is more oblique than in that genus, but the most striking
point is that in Cheromeryx the outer crescents arc very much
less squeezed together, while the ridges on either side, especially
-the posterior one, are only slightly pronounced. In consequence of
this, their outward concavity is very trifling, which feature gives to
Charomeryx that similarity to the Ruminantia which is wanting in
Telmatodon.

2. In the greater development of the parastyle,

3- In the outward slope of the internal surfaces of the inner
columns and the reduction of the cingulum in the same way that has
been noticed in comparing my spccimen with the other members of
the family.

Sufficient has been said to indicate certain marked affinities to
each of these three genera, so that, in view of its tetracuspidate
character, my specimen can casily be placed in the family of the
Merycopotamide, although, as explained above, its affinities decidedly
lean also in the direction of the Anthracotheriidz, giving us evidence,
like C/hwromeryx, in the gradual atrophy of the protoconule, of an
evolutionary transition from the one of these two families to the
other.

The following are the measurements in millimetres of the tooth
described above :—

Length of outer wall between the antero-external and

postera-external angles . . 391
Length of inner wall at base of crown

Breadth of taoth in front half from crown base of proto- e
cone to parastyle . . . . . 461
Breadth of tooth in hinder half from crown base of hypo-
cone to mesostyle . . . . -S4
Oblique distance between crown base of hypocone and
postercsexternal angle . . .

. . . :‘7'0
Mandible.

It is with great hesitation that I provisionally refer the fragment
figured in Pl 12 figs. 4 and 5, to the same genus as the upper molar
described above. Tew of the portions, which afford

i . good generic
characters, are present in the specimen,

It scems, however, to present
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differences from the mandible of any other genus, and as its size and
general structure are such as might reasonably lead us to suppose that
it belonged to the same species as the molar tooth of Telmatodon,
I have thought it better to assign it to some definite position until
further cvidence should come to hand.

It is broken off immediately in front of the last lower molar, and
although portions of the mandible posterior to the tooth are present,
the basal part just behind the notch is absent, so that it is impossible
to say whether it possessed a descending flange or not.

Lydckker described! and figured three mandibles obtained from
a locality in the Bugti Hills very ncar to and possibly even the same
as that from which the present specimens come.  He assigned  these
provisionally to  Anthracothcrium lhyopotamoides Lydekker and
Hyopotamus giganteus Lydekker. These mandibles belonged to a
larger animal than this, are distinctly more brachyodont and give
indications of having possesscd a second tubercle to the talon of the
last molar; though this cannot be positively asserted. It either of
them arc correctly referrcd to Anthracotherium, this second tubercle
should certainly be present as it is characteristic of the genus, The
genus BB rackyodus also, as Andrews? has observed, has very distinct
traces of this second tubercle, in which respect Anthracotherium and
Brachyodus differ from Ancodus. In the talon of the present tooth
no cecond tubercle can be traced. My other reasons for not
considering this mandible as that of a Brackyodus are that it is
more hypsodont, that the external wall of the tooth more nearly
approach=s the vertical, that the outward bending of the loop of the
talon is greater, and finally on account of th~ character of the
sculpturing of the surface of the enamel, which is rugose instead of
being in fine longitwlinal wavy ridges.  In this it seems to agree with
the upper molar just described On the other hand it differs from
Ancodus in the rugose sculpturing of the enamel (i Ancodus the
enamel is unsculptured), in the greater prominence of the cingulum,
and in the more rounded nature of the external crescents. The
cingulum is not, however, prominent in the tooth under considera-
tion. It is wanting entirely on the internal edge, but is well
marked on the antero-external angle and on the outer side of the
talon.

U Pal. Ind., Ser. X, Vol. 1§, pp. 154 and 163, P, XXV (1884)
2 C. W. Andrews : Geol. Mag. (4), V1, p. 184 (1899)
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Considering now its affinities to the Merycopotamine group, it
seems to approach Merycopotamus inits hypsodonty, in the outward
bending of the crescent of the talon (although this is less marked
than is the case in Merycopotamus), and in the character of the jaw,
sofaras it canbe obcerved.  This is extremely wide and massive
around the teeth, but suddenly thins basally and still morc suddenly
posteriorly. Whether it possessed the prominent descending flange
of Merycopotamus or not, the posterior notch must have been very
deep, as it is unlikely that a bone so thin as is the case within the
posterior part of this mandible would have been fractured within such
a short distance of the base, theinference then being that the base
must have extended some considerable distance below the fracture.
On the whole its Mcrycopotamine affinities seem to justify my provi-
sionally placing it in the position that I have. The characters will be
sufficiently gathered from the figures (Pl 12, figs. 4 and §) and the
above dcscription,

EXPLANATION OF PLATE.

PLATE, 12, F16. L.—Antliracotherinm bugticnse nov. sp., last two left upper
molars % nat. size.

,, PI1G. 2.— Anthracotherium bugtivnse nov. sp., canine 2 nat. size,

" r16. 3.—Telmatoden bugticusis nov. «p., last lIeft upper molar, 3
nat. size,

» ric. g—Tolmatodon bugtiensis? Lelt ramus of mandible with ast
molar (side view) % nat. size.

" v16. 5.—~The same (surface view) £ nat. size.

«
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PERMO-CARBONIFEROUS PLANTS FROM KASHMIR. By
A. C. SEWARD, I'.R.S., Professor of Botany, Cambridge.
(With Plate 13.)

IN 1905 a short account was published of plants collected by Dr.

Noctling at Khunmu in the Vihi valley, S. E. of Srinagar. All
the specimens, with the exception of a single impression referred with
some hesitation to the genus Psygmophyllum, were identified as
fragments of a new species of Gangamopteris, G. kashmirensisl The
conclusion arrived at, so far as it was possible to base an opinion on
the meagre data available, was that the Khunmu fossils indicated a
geological horizon at least as low as the Talchir series. Two new
species of fishes, Amblypterus kashmivensis and A. symmetricus,
and one new species of Labrinthodont, Archegosaurus ornatus,
were described by Dr. Smith Woodward and compared by him with
Permian species from European localities.* During the summer of
1go6 Mr. Hayden collected additional material from the Gangamopteris
beds in the neighbourhood of Khunmu and from other localities.
This collection was submitted to me for examination by the Director
of the Indian Geological Survey, from whom I have also received a
proof of Mr. Hayden’s paper on “ The stratigraphical position of the
Gangamopteris beds of Kashmir.” The object of Mr. Hayden's
visit to KKhunmu was to determine the relation of the plant-beds to
certain fossiliferous marine strata in the same area. Plants were
obtained from the following beds:—A.—An upper baud of carbon-
accous shale on the main Gangamopteris horizon exposed on the
Risin Spur at the mouth of the Nagowan ravine, 4 mile N. W. of
Khunmu, Viti (Dr. Noetling’s locality from which were obtained the
plants already described). B.—A lower band of carbonaceous shale
at the same place. C.—Bed No. 3, Zewan Spur, near the villages of
Panduchak and Zewan, Vidi. I'rom this bed Mr. Oldham and Mr.
Hayden collected specimens of Gangamopteris identical with those
from locality A. D.—Bed no. 13, a hard siliceous shale exposed in
the section which includes bed No. 3 (C). E.—Carbonaceous shale
on the lelt side of Guryul ravine.

' Seward and Woodward (o5).
3 ibid.
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Mr. Hayden has shown that the age of the Gangamopteris beds
depends on that assigned to the Zewan rocks; he writes :— All that
we can say at present is that the Gangamopteris beds are not
voung~r than Upper Carboniferous and may belong to the base of
that subdivision or even to the Midlle Carboniferous.”’  1Sece ante,
p. 36, It only remainsto write a report on the paleobotanical
records furnished by these Kashmir strata.

With a very few exceptions all the plant fragments belong to
leaves of Gangamopleris &ashmirensis, a species which must have
grown in profusion and almost to the exclusion of other plants, The
following represents the result of the examination of the material
from the five Kashmir localities :—

A—Gangamopteris kashmirensis; one specimen of Cordaites
leaf. Most of the material conses {rom this locality,

B.—Asingle specimen of G. kashmirensis,

C—This, the second richest locality, has afforded G.
kashmirensis in abundance, together with fragments of
Psygmophyllum [Hollandi and Cordaites.

D.—A few fragments including Gangamopteris and Cordaites.

E.—This bed has so far yielded no satisfactory specimens, byt
some of the fragments appear to be identical with @.
kashmirensis.

Description of Specimens.

Gangamopteris kashmirensis Sew.—The majority of the speci-
mens from the richest localities A and C add nothing to our
knowledge of this specics, but a few examples occur which enable s
to amplify the definition of the species as regards the form of the
apex of the frond, which was not preserved in any of the specimens
previnusly obtained.

In the definition of the species Lased on the earlier collection
the apical portion of the leaf is described as broadly lanceolate -
this is borne out by such a specimen as that represm\{eri i fig, 2,
Pl 13, but the example shown in fig. 1, which is broken just short oE
the tip, possesses a much more gradually tapered apex which can
hardly be d“s?“bed as broadly lanceolate, The apex represented
in fig. 1 is distinct from that of any species of Gangamopteris or
Glossopteris hitherto figured, and it affords some confirmation of my
description of the Khuomu plant as a new species. The secondary
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veins are indicated in the lower part of the fragment, but from the
upper portion they have been entirely obliterated. The shorter and
broader form shown in fiz. 2 (loc. A) exhibits the characteristic
venation with greater clearness. A second example of the narrower
type of apex was obtained from locality D.

PsSYGMOPHYLLUM HOLLANDI sp.nov. Pl 13, figs. 3—6.

My former account of Kashmir plants contains a description and
a figure of aspecimen described as ? Psyzmophyllum sp. The im-
pression was described as part of the lamina of a leaf apparently
divided into two symmetrical halves. Specimens from localities C and
D) supply further information in regard to this type of leaf, and, if [
am right in regarding the new specimens as specifically identical with
the solitary example hitherto described, they lend support to the
generic designation adopted.

Fig. 3, Pl 13, from locality C represents what is probably half a
lamina similar to the specimen shown in fig. 3 of my former paper.
The venation is not distinctly preserved, but it appears to be that of
Psygmophyllum. This fragment regarded by itself might equally
well be placed in the genus Ginkgo, but the evidence afforded by
others is more in accordance with the adoption of the name Psygmo-
phyllum. It is, however, difficult to speak with confidence as regards
the choice between the genera Baiera, Ginkgo, and Psygmophyllum :
it is indeed not improbable that the three plants are all members of
the same group, the Ginkgoales. The specimen shown in fig. 4
consists of part of a leaf with a short basal portion and a bilobed
lamina which represents half a wedge-shaped leaf divided into two
symmetrical halves by a deep median sinus. The dotted line in the
drawing indicates the supposed outline of the complete leaf; a few
veins are obscurely indicated in one part of the lamina.

Fig. 5, Pl. 13 (loc. C), shows part of two leaves like that represented
in fig. 4; that to the left of the axis is the best specimen so far
obtained. From the axis which lies between the leaves short branches
are given off at 2 which agree in breadth with the basal part of the
leaf represented in fig., 4 and may be the remains of leal-bases.
Although there is no absolute proof of a connection between the axis
and leaves, I am inclined to regard both as parts of the same plant.
The fragment shown in fig. 6 is from locality D ; this may be a piece of
a leaf like that of figs. 4 and 5. Traces of veins are faintly preserved.,
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The specimen represented in fig. 5 bhears a striking resemblance to
Psygmophyllum  Kidston* from the Lower Karroo beds of
Verceniging, South Africa, and this similarity constitutes an argument
in favour of the use of the designation Psygmophyllum,  This genus
ranges from the Permian to the Lower Carhonilerous and is thus not
inconsistent with the views cxpressed by Hayden as to the geological
age of the Kashmir rocks,

It is noteworthy that the pinnules of a plant described by Schmaul-
hausen from Upper Devonian strata of Russia as Archawopteris

archetypus® are very similar, except in their smaller size, to the
leaves of the Indian species.

CORDAITES sp.

The small paralleled veined leaf {rom locality A represented in
fig. 7 (4'7 cm, long and 1°'1 cm. broad) has an obtuse but imperfect
apex and a truncated base: the veins are rather obscure; at the
apex they are seento diverge very slightly towards the edge of the
lamina, In the example from locality C, fig. 8, the apex is clearly
preserved and the veins are fairly distinct. These specimens present
a close resemblance to the smaller leaves referred by Feistmantel to
Noeggerat/zz'o/)sz's Hislopi from the Lower Gondwana series of India3
and may be specifically identical with that species : for reasons which
it is not necessary to recapitulate here | prefer to adopt the generic
name Cordaites in preference to that of Noeggerathiopsis on the
ground that Neoggerathiopsis is probably not distinct from the
widely distributed northern type. The smuller of the leaves figured
by Schmaulhausen as Rhiplozamites Goepperti from Russian rocks
originally assigned to a Jurassic age, but more recently, and no doubt
correctly, transferred by Zciller® to a Permian horizon, presents a
close resemblance to the Kashmir fossils.

Conclusion.

As regards the bearing of this additional matcrial on the question
of geological age, Psygmophyllum is consistent with any horizon

! Seward (03), Pl XI11, p. 03.
Schmauthausen (g4), PL 1.

Feistmantel (7g), Pl. XIX.
Schmauthausen {791, P1 V11, figs, 23-—27.
Zeiller (96).
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I —INTRODUCTION,

HIS summary of the returns for Mineral Production in India
during 1906 is given in the form adopted for 1904 (Records,
Vol, XXXIII, Part 1) and for 1905 (Records, Vol. XXXIV, Part 2).
Fuller details concerning the principal mineral occurrences of the
country known up to the end of 1903 are given in the Review of
Mineral Production for the years 1898 to 1903 (Records, Vol. XXXII,
Part 1). Later additions to our knowledge of mineral occurrences in
India will be summarised in the Quinquennial Review to be published
assoon as possible aiter the close of the period 1gog4—1go8.

A full statement of production and statistics regarding labour at
the mines regulated by the ,'Indizm Mines Act of 1gor has been
published with the Annual Report of the Chief Inspector of Mines,
The totals given by the Chicl Inspector both for output and labour
refer only to mines under the Act, and thus do not include the pro-
duction of mines in Native States, or the output of numerous minor
products raiscd from the superficial workings to which the Act has
not yet been applied. The present statement, however, includes as
many of these products as have been reported by Local Governments
and States, the mincerals being divided as before into two groups,
namely,—

Group I for which approximately full returns are obtainable,
and

Group II for which the returns are admittedly incomplete or
only approximately estimated.

For the futurc all returns for mineral production will be sent by
Local Governments and Political Agents direct to the Geological
Survey Office, and it is hoped that this system will permit of a  more
thorm;gh and prompt cheek of the figures with a view of increasing
Group 1 at the expense of Group II. It will be noticed that a certain
number of corrections have been made in the figures reported for
1905, and where changes have been made in the method of estimating
values for 1906, corresponding corrections have been made in the
figures for 1905.

Although there has been considerable variations in the production

during the past year the total value of the

n‘]'nwrals of Group 1 for 1900 exceeds that for
the same minerals raised in 1905 by £622,870

- )
or an inerease ol 10°g per cent, (see table 1). o

Total value of produc-
tion. .
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There was a considerable increase in the number of concessions
granted for prospecting and mining, the total

Prospecting and R leases o T
mining concessions. number of licenses and leases granted in Govern-
ment lands having risen from 189 in 1905 to 2352
in 1906. The licenses and leases granted in alienated lands and in

the various States have not been reported.

TABLE 1.—T70tal Value of Minerals for which Returns of Produc-
tion are available for the years 1905 and 1906.

MINERAL, 1903, 1900,
—_— — i_*._’w S
N £ | £

Gold . “ e . . . 2,416,071 i . 2,230,284
Coal (a) . . . . . . ;,419,443 1 1,912,042
Petroleum (a) 3, . . . . . 604,203 ] 574,238
Salt (a) . . . 441,302 ( 420,901
Saltpetre (b)v . . . . . . 235,723 270,547
Manganese-ore () « . . . . 248,300 435,268
Mica (2) . . . . 142,008 ] 250,544
Ruby, Sapphire, and Spinel- . . 88,340 96,367
Jadestone (5) . . . . . . . 45,474 (4,433
Graphite . . . . 10,890 10,009
Iron-ore (a) 13,527 11,341
Tin-ore {(a) . . . . 9,917 13.799
Chromite (a) . . . . . . 3,482 7,188
Diamonds . . . . . 2,174 5,160
Magnesite (a) . . . . ) ) 550 488
Amber e 045 709
TOTAL . 5,689,948 6.312.818

(ai) Spot prices. (3) Export values. -
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H.—~MINERALS OF GROUP 1,

Chromite. ; Graphite, i Manganese-ore,! Salt.

Cozl | Iron ore. { Mica. Saltpetre.
Divmonds, Jadcite. Petroleum Tin,
Gold. Magnesite. 1 Ruby, Saphire,

and Spinel.

Chromite.

There was a marked increase in the production of chromite in
Baluchistan, namely, from 2,708 tons, valued at £3,482, in 19035, to
4,375 tons, valued at £7,188, in 1906.  Table 2 gives the figures since
1gn3. The values reported for 1go6 also show an increase in the
average value per ton as well as in the total.

TABLE 2~Droduction of Chromite in Baluchistan since the
commencemcit In 1603,

YEAR, Quantity, Value. Vatue per ton,
Tons. Fs Shillings.
1903 . . . . . . 248 327 23'0
1904 .. e - 3,500 4137 230
1905 . . . . . . 2,708 3.482 257
1906 . . . . . . 4,375 7,188 32°9
Coal.

The output of coal for 1906 shows that the activity previously
Total production, Teported has again been extended, the total
value, and average price  production having risen from 8,417,739 statute
of coal. tons in 1905 to 9,733,250 tons in 1906, an increase
of 16-2 per cent.  On account of the higher prices maintained through-
out the year there has been a still greater proportionate increase in
reported spot value.  The total value returned for 1905 was £1,410,443 ;
for 1906 the total reported was £1,912,042, that is an increase of 347
per cent. The average price per ton reported as the spot value of
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Indian coal in 1905 was 3s. 4d.; in 1qob the average of the figures
returned was 3s. 114. per ton. The spot prices naturally do not
correspond to fuel value, for Bengal coal, which is, all round, the best
worked, brought an average price during 1996 of only 3s. 64.

TABLE 3—~Production and Value of Coal during the years

1904—1g00.
( Total Val e | A vl 1
I otal Valuc at the yerage Value per ton
Yeax. I Quantity. : Mi\n::. ’1 at the Mines.
! [
____(_,;, - - ‘,
Statute Rupees. s U ks, as [ s d.
‘Tons. ’ s
1004 . . . .y 8,210,700 2,09,82,407$ l,398,826} 29 | 35
1905 . . . 18,417,730 | 2:12,01,649 1,410,443 | 3 8 ‘ 3 4
I
1906 . . . .1 9,783,250 2,86,80,6551 1,012,042 215 ; 311

1 i

TABLE 4.—/’rovincial Production of Coal for the years 1904—1906.

1904, 1905. 1906.

PROVINCE, ———— ‘ R
Quantity.| Vaiue, | Quantity " Value. §Quantity.; Valwe
~ i

Statute . Statute
Tons. £ Tons.

£ Statute £

Tons,

v

v

Baluchistan . 40,807 27.308 41,723 23.658 41041 20209

|
1,042,223 | S,17,820 ; 1,521,057

Bengal . v e 7,003,080 | 1,015,047 | 7234103
Burma . . . L 1,103 204 1,222 I 305
40,137 170,202 | 44,898

Central India . . L 185,774 47,060 | 137,701
|

Central Provinces J4,452 02,848 | 26,296

|
|
i
|
|
i
i
|
|
|
|
I
1
1
139,027 43,064 | 147,205 |
|
|
i

Eastern Bengal and Assam 1 200,763 84,592 277,003 87,526 255,450 g1

Hyderabad . . \ 10540 | 150,345 | 4sh208 | 140074 467:923 | 162,606

Kashmir R . . 2o .

Punjab . ( 43,594 22,144 62,622 54,166 73,119 36,501

Rajputana (Bikanin : 5 45,078 8,272 32,004 6,907 32,572 5:849
TOTAL j8,210,706 1,398,526 | 8,417,739 | 1,419,443 9,783.250 i[ 1,912,043
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It will be noticed {rom tables 5, 6, and 7 that the increase in the
total is mainly contributed by the Gondwana fields, especially those of
Bengal. The Jherria field has at last taken the lead among the
coalfields, while the Raniganj ficld, which has hitherto been the greatest
producer, drops to sccond place.  An interesting development is that
of the Pench Valley field in the Central Provinces, showing an output
of 32,102 tons in spite of the imperfect railway facilities so far serving
the ficld.

TasLE 5.—0rigin of Indian Coal raised during 1904—1900.

1904, 1603, | 1900,

Statute Tons.Statute Tons.

Statute I'ons.

From Gonlwana coalfields . 7,808,027 7,093,303 \ 0,348,883

From Tertiary coalficlds . . . 408,679 424,376 ) 434,367
TOTAL, Statute Tons . 8,216,706 8,417,739 } 9,783,250
Total, Metvic Tons . 8,348,561 8,552,422 9:940,246

TAasLE 6.—Output of Gondwana Coalficlds during 1904—1906.

1904, 1903, 100,
JALFIE 3. i |
I stuate | Pt | state | PELeent | starute | et et
| Tons. Total. Tons. Total. Toas. Total,
| \ -

Bengal—- \ ‘1 l
Daltonganj . . 50,517 01 71,294 85 87.768 ; ‘89
Giridih . . L 713128 941 829,271 | 983 803.321 821
Jheia .. .| 2889504 | 357 13070588 | 5o | 4076501 | i,
Rajmahal 1 274 o 571 _
Raniganj . .1 3,350,257 4077 13,262,536 ‘ 3877 | 3,650,503 4732

Central India— \ ‘

Umada . . .| 185774 2720 157700 | 13y 170 292 74

Central Provinces— !

Bellacpur . . 9 148 | N 016

Pench Valley . .| .. 1,104 ‘} U“’ 32,102 } 34
Mohpani . . 26,618 ‘32 22,998 27 27,503 28
Warora . . .0 U239 wvsz | 123015 | 146 | 322 3%

Hyderabad — . { \ |
Singareni LD 419,546 A 454,294 } 538 467,924 \ 473

TOTAL . 7808027 | o302 |T993363 1 05 io,m,su \ 0536

PART 2.] HOLLAND : Mineral Production, 1906, 69

TABLE 7.—Production of Tertiary Coal in 1904—1906.

i 1004, 1603 1506
ConERLDS Statute | UECC0t | Statate | £ G0 Statute | G o0t
Tons. Total, Tous. Total, Tons. Total.
Baluchistan— )
Khost . . . 38,574 47 34.140 31 32,500 "33
Sor Range, Macl, cte. 11293 "1y 7,585 g 9,604 ‘10
|
Burma— i
Shwebo l 1,105 Nil
Upper Chindwin | il || Nil 1222 ‘01
Kashmiy = f o
Ladda . . . 270 |) Nil
Eastern  Bengal  and
Assam—
Makuam . . .| 266,265 276,577 285,402 } .
325 29 2'92
Smaller fields . . 500 } 488 } 8
Punjab— \
Salt Range l 45,258 61,618 57,438 1
Attock district 336 } 55 75 {5 75 10 75
Shabpur ,, . . 289 J 15,671 J'
Rajputana—
Bikanir . . .| 45078 55 42,964 5t 32312 ‘33
TOTAL . 408,679 408 424376 5°03 434,367 444

The external demand for Indian coal has increased with the
general rise of prices, and the reduction. of
Japanese supplies has permitted 2 sensible
increase of the cxports to Singapore. The total quantity cxported
during 1906 for the first time exceeds a million tons (sec table 8).

Exports,
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TABLE 9.—Relation of Consumption to Production of Coal

TABLE 8.—FLxports of [ndian Coal during 1904=—1906.

during 1904—1906.

|
Exported to 1904, 1903, 1906, | ConsymprioN oF INPIAN
; CoAL 1N INDIA,
—— [ Total Consump-
. : tion of Coal in '
- Tons, Tons. Lons. YEAR, o lt;di;:ja " Percentage of
i uantity. | Indian Produc-
Aden . . . . 31,620 20,312 19,233 ¢ tion,
Africa" East . . . . ' 2[,263 15,034 13,543 — — T T T T _— - T —
‘ Tons. Tons.
Ceylon . . . . . I 360,697 376,853 416,202
. |
Straits Settlements . . . I 144,545 229,230 317,655 1904 . .| 7,884,140 7:013,890 927
| -
Sumatra . . . . | 32,310 33,859 71,482 105 . 7,840,554 7,033,979 90'7
. i
Other countries . . ., 11,875 99,472 169,678 1906 . . 9,008,404 | 8,775,457 897
TOTAL 602,810 783,760 1,007,793
Diamonds.

The large quantitics sent to “ Othcr countries” during 1905 and
1906 are mainly due to a sudden demand for Indian coal in China,
mainly because of the curtailment of supplies from Japan.

Imports of coal are still small though they increased slightly from

Imports. 188,677 tons in 1903 to 215,712 tons in 19o6.

The consumption of Indian coal on Indian Railways was 2,878,281
Consumption. tons in 1906, 'which was 294 per cent. O-f the
total production, as against an average of 298
pet cent. for the previous five years. The total consumption of cogl
increased by 1,161,850 tons, but, on account of the great increase ip
export, the amount of Indian coal consumed in the country increased
at a slightly lower rate than the production (table o).

The average daily attendance at Indian coal mines in 1906 was
99,138, and the average output per person
employed 9868 tons, as against 93'5 tons in
1905 and 886 tons in 1904,  The low results recorded for years before
1905 are duc partly to defective returns, but during the last two ycars
the improvement in output per person employed faithiully reflects the
advantages of mechanical assistance in handling the coal.

Labour.

Improve-
ment is shown in the total as well as in the output per person

employed below ground. In 190§ the output per person cmployed
below ground was 136°6 tons; in 1606 the output rosc to 1450 tons.

The diamonds obtained in the Central Indian States of Panna,
Charkhari, and Ajaigarh during 1906 were valued at £5,160, which
is a marked improvement on the values reported for previous years
(table 10).

TABLE 10, —Production of Diamonds in Central India.

YEAR, Quantity. Value.

Carats. L
1404 28648 2,636
1905 . . . . . . . 172°41 2,474
1906 . . . 30591 5,160

The principal increase is due to the State of Panna, which contri-
buted diamonds to the value of £4,348 in 1906, against only £1,829
in 1905. The daily average attendance of workers is returned
as 2,051 for the whole diamond ficlds during 1906, against 1,890
reported for 1403,
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Gold.

Thc'ycar 100 marks the first interruption in the increase of gold
productinn in Mysore, the total value of {he output having [:‘ﬂlcn
F)clow that for 1905 by £195,821. The returns for other arcas shown
in table 11 call for no special remark in an annual statement,

TABLE t1.--Quantity and Value o/ Gold produced in India during

1904—1906,
|
\ 1904, 1905, 1900,
PROVINCE. .
! B
»Quanlity. Value, | Quaatity.| Valye. Quantity. Value.
Ounces. ; Ounces. 3
Bombay— 4 5 Ounces. 5
Dharwar ., 93 321 60 232
Burma—
Pakdkku . 13 7 I3 5
Myitkyina . 216 8ro 620 2,412 2,300 8,850
Hyderabad - 10,559 40,624 13,167 50,060 13,782 52,801
Mysove | 00757 | 2,323,183 | 616,758 | 2,563,457 565,208 | 2,167,636
Punjab . . 370 1,379 176 703 190 746
United Provinces 23 83 2 11 38 14
TOTAL .| 618746 : 2,366,079 | 630818 l‘ 2,416,971 581,545 | 2,220 284
1 I 1

TABLE 12.—Qutput of Gold from the Huy tt:i Mine, Hyderabogd.

——

Quantity, Value,
— N
Ounces. £
1903 . . . . . . . 3,809¢ 14.505
1904 . . . . . . . 10,558'6 40,624
1905 ) . . . : . . 13,167 50,060
1906 13,784 52,801
TOTAL | wae

s r— ¢ " .
e e e e s 1 e
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Graphite.

The total production of crude graphite in 1906 was returned as
2,600 tons, valued at £10,009, against 2,324 tons, valued at £16,89o, in
1905.

Iron=ore.

The production of iron-ore during 1906 was only 74,106 tons,
against 102,529 tons in 1905 and 71,008 tonsin 1904. The output
is dominated by the quantity raised for the Barakar iron-works which
is the onlv institution smelting on European lines. For the Barakar
works the quantity raised in 19go6 was returned as 69,397 tons. There
was a considerable increase in the number of small native-furnaces in
the Central Provinces, the total for 1go6 being 379, against 279 for
1905. Returns for labour have been received from most districts and
States. The average daily attendance in 1905 amounted to 2,000 and
in 1906 to 3,269.

TABLE 13.—Quantity and Value of Iron-ore vaised during the
years 1904—I19006.

1904. 1903. 1906.
ProvINCE, B
Quantity, | Value. | Quantity.| Valwe, | Quantity.| Value.
Tons, £ Tons. Iy ‘Tons, 5
Bengal . R b 63,115 9,698 07,693 12,538 69,397 10,085
Other Provinces and States 6,493 1,731 4,831 1,289 4,709 1,256
TOTAL, Statute Tons & £| 71,608 | 11,429 | 102,529 13,827 | 14,106 11,347
Total, Metric Tors . | 72757 104,174 75,295
Jadeite.

There was a slight decrease in the production of jadeite in the
Myitkyina district of Upper Burma due to scarcity of labom:; the re-
turns for 1906 showed a production of 2,214} cwts. only, against 2,085
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cwis. 1n 1905. The trade through Rangoon, however, showed a
marked increase in the valuc of the mineral exported as shown in
table 14.

TABLE 14.~Lxport of Fadestone through Rangoon during the years
1902—1900,

YEAR. Weight, “ Value, \ Value per cwt,
— | —
Cwts, | £ £
1902 . - : . . . 3,843 36,850 'Sy
1903 . . . . . . 2,192 50,582 2308
1904 e e e 2,809 43,946 1532
1905 . . . . . 2,342 43,474 1856
1906 . . . . . . 2,566 64,433 2511
S - e -
Average . . . . . . 2,462 \ 47,857 17-33

The average daily attendance of workers at the jadestone quarries
in Myitkyina during 1gos was 1,085, and during 1906, 1,038.

Magnesite.

The amount of magnesite raised in the Chalk Hills necar Salem in
1906 was 1,832 tons, against 2,003 tons in 1903,  The local value of
the mineral is returned as only Rs. 4 per ton, and this ligure has been
taken for estimating the value of the magnesite raised during previous
years at the same place. There was an average daily attendance at
the Salem magnesite quarries during 1905 of 105 workers; for 1906
the average reported is 87.

Manganese-ore.

The most conspicuous increase in production during the past year
was in manganese-ore. The total returned for 1906 was 495,730 tons,
against 253,896 tons in 1go5 and only 150,297 tons in 1go4. The
total rcturned for 1906 is probably slightly below the actual, as no
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production has been reported from two of the States in which prospect-
ing operations have been carried on actively, but it will be possible to
introduce these corrections next year.

The heavy production was, of course, due to the maintenance of
high prices in Europe and America ; low-grade ores that were sold
at a profit last year would not have paid the freight charges in
1904 and the carly part of 1go5. During 1904 the unit value of
manganese-ores carrving over 50 per cent. Mn at United King-
dom ports was only about gd. to 9id.; but about April 1go5 there
was a tendency for prices to rise, and by August 1905 the unit value
was 10d. to 114, rising to 1s. for the last quarter of 1905. In 1906
there was a further increase to 1s. 1d. for the first quarter, and about
15. 24. during May and June, whilst beforc the close of the year the
lirst-grade ore hrought 1s. 414, per unit. Thus the prices were nearly
doubled in two years, with the result that larger quantities of the
lower grades have been raised and exported, while new quarries have
been opened, and great activity in prospecting has followed, India
is now probably the largest producer of high-grade manganese-ore,
exporting about as much as was obtained from Russia before her mines
were so disorganised by internal political disturbances.

Table 15 shows the provincial production for 1906 compared with
that for 19o4 and 1905.

TABLE 15.—Production of Mansanese-ore for 19o4—1906,

PROVINCE. 1004. j 1905. 1906.

Statute Tons. ’I Statute Tons, | Statute Tons,
Bombay . . . . . Nil ceeres 7,517
Central India . . . . . 11,564 30,251 50,074
Central Provinces . . ) . 85,034 159,950 320,759
Madras oo . . . 53099 63,695 ‘ 117,380
TOTAL, Statute Tons . 150,297 253,896 r 495,730

‘ ’ﬁ o
Total, Metric Tons . 152,708 ; 257,969 : 503,684
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The labour returns for 1605 show an average daily attendan ¢
< ance a

mangy S¢-ore arric I
KGDane% ore quarrics of 6811, while for 1yo6 the total v
12,607, exclusive of the workers employed in Sandur et
Sa

and Mysore.

Mica.

The great increase in the welg .
referred gto last year (Rec. Geol.e Ez}:rt'vf)flnezz)’fp())(r)t(e)gl\;mca which was
an error in the returns; the correct figure forJ 1905 W; 57
but during 1906 the exports were more than doubled ) 25:83.7 cwts, ;
largely though not proportionately increased in Valm weight and
wexght of mica exported in 1906 was 54,103 cwts valu;‘g. tThc total
against 25,837 cwts., valued at £142,008, in 19}35 Tal?l Las8 ez,
the figures for the past five years. ‘ © 16 shows

) was due to

TABLE 16.—Exports of Mica during the five years 1902— 1906

YEAR. | Wei l
1 eight. \ Value, Value per cwt.
| | J
‘lf»- ———h-»—v‘ - —_—
|
Cwt. | 4 ! L
[902 ) . . . .
. . 17,786 76,056 l 428
1903 | 22,106 90,297 409
1G04 . . . . : 18,25 i
. 0 1 83,18 i 1
1505 . ' . l | ? i >
3 : l 25,837 142,008 | 5'50
1906 ': |
& 54,103 258,782 4'78

' It'is satisfactory to notice that the returns for production are
in fair agreement with the more accurate figures obtainab] o
exports. There are still a few areas from which only im ¢ lor

arc obtainable, and the practice of stealing from perfect figures

. . . waste-h
mines, which formerly helped to accentuate the great g?{i}f): and
rence

between reported production and export, has been consid
- er
duced. Table 17 shows the provincial returns for 190y
)

B.bly re-
1905, and 19¢6,
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TABLE 17.~—Prom‘ncz’al Production of Mica for 1904-—1905,"

|
PROVINCE. 1god | 1905. 1906.
Cwts, Ciwts. Cwis,
Bengal . . . 14,601 14,001 - 22 360
Madras . . . . 8,280 8,280 24,420
Rajputana . . . . . 2,700 2,760 ‘ 5763
‘ —
TOTAL .| 25641 1 (5,641 \ 52,543

The returns for labour show for 1905 a total average daily altend-
ance at mica mines of 15,244 workers; for 1406 the total was 15,723
Petroleum.

There was a slight drop in the production for 1906 as compared
with 1ge3 ; but, as shown in table 18, a considerable increase as com-=

pared with the petroleum produced in 1904.

TABLE 18.—Production of Petvoleum during 1904—1906..

PROVINCH. 1904, 1905, 1906,
- Gallons. l Gallons. Gallons.
Burma . } . . . .1 115,903,304 't 142,063,846 | 137,054,261
Eastern Bengal and Assam . . 2,585,920 | 2,733,110 2,897,990
\ 1,488 871

118491382 4798444 | 140563122
1 :

|

Punjab . . . . . . ; 1,658
|

TOTAL J

|

The decrease in production was due mainly to the Ye
Singu fields in Burma (see table 19) although in the latter area the out-
put was artificially restricted, The local value is estimated at about

one anna (1d.) per gallon of crude oil.

t

nangyat and;
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TABLE 19.— Production of the Burma Oilfelds for rgo4—rgos,

OILFIELD AND DISTRICT. 1904,

l 1903, 1906,
I
Galloyns, Gallous, Gallons.
Akyab . . . . . . 47,082 53,455 35-423
Kyaukphyu . . . . . 89,827 60,647 53.429

Yenangyaung, Magwé . .

\ R
t) 73428060 | 85648749 | 29,540,252
Singu, Myingyan ., “

25,077,450 | 37540077 | 34,843,621

Yerangyat, Pakokku , . . 18,660,485 | 18,750,818 13,172,136
Thayetmyo . . . | 400
o ! T

TOTAL .|

l15903,804" 142,063 846 137,054,261

The average daily attendances of workers on the Burma oilfields
amounted to 1,292 during 1903, and to 1,837 during 1906.

The agreement made between the Burma Oil Company and the
producers in the Dutch East Indics has tended to reduce the figures
both for imports of foreign kerosene and for exports of Burma oil,
although the figures for the former are largely affected by the failure

of Russian supplies. Tables 20 and 21 show the variations for the
past five years,

TABLE 20.—Imports of Kevosene during the five years 1902—7906.

]
Imported from 1902, 1903, 1904 ] 1903. 1406,
_ S P . .
Gallons, Gallons, Gallons, Gallons. Gallons,
Russia . o« .| 71995707 | 65434324 | 42,256,738 | 17,205,175
United States . .« | 8,032,364 7,558,569 7.025,275 | 18,737,577 | 28,394.704
Borneo . . . . - 1,078,719 6,931,201 7,039,512 1,703,715
Straits Settlements 11332779 1,280.507 8,985,535 12508844 | 8,400,108
i
Sumatra . . . 285.090 974,951 3,500,619 6,316,991 0,731,405
Other countries . .| 291,457 4,479 1,222,307 16,363 6,663
' - s T ' - ° e
TOTAL . [81,958,387 176,361,579 70,590 858 : 62,324,762 48,521,778
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TABLE 21.—Exports of Mineval Oil and Parafin Wax during
the five years 1902—1906.

YEAR, Mineral oil, Paraffin wax,
Gallons Cwts,
1902 . . . . . . . 44,003 65,041
1603 . . e e e 747,834 43,206
1904 . .. e e . 3,787,677 42,940
1903 . . . . . . . 2,422,589 . 63,966
1906 . . . . . . . 903,545 | 61,097

Ruby, Sapphire, and Spinel.

The output of ruby, sapphire, and spine]. reported by the1 Burma
Ruby Mines Company during the year ending February. 28th, 19(;7;
was reported as 326,855 carats, valued .at ,{;95:540, against aofvat;le
ol £88,340 returned for the corresponding pcn?d 1905-00. . he
total value £93,023 is due to the rubies obtained ; the sappglr.clfs
were valued at £1,132 and spinels at £1,38s. Th? average daily
attendances of workers during 1905 amounted to 1,805, and during
1906 to 2,367, in the Ruby Mines District of Burma. . "

During the year the Kashmir sapphire-mines were again v:ior e
and a production of 2,837 carats, valued at £1,327, was reported.

Salt.

There was an unimportant reduction in the que‘mtity of salt f;‘:s
duced, the total for 1906 being 1,225,465 tons, against 1,291,137

produced in 1gog (table 22). c
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TABLE 22.—~Provincial Production of Salt during 1604-~1906.

Province, 1904 1903. 1900.

. Statute Tons.‘ Statute Tons. Statute Tons.
Aden . ., 66,007 97,727 67,535
Bengal . . . . . . 88 3 61
Bombay . . . . . . 430,409 425,000 390,535
Burma . . . , 21,387 23,132 29,847
Gwalior State . . . 374 84 249
Madras . . . . . 356,834 388,646 412,717
Northern India . . . . 282,421 342,10 312,559
Sind . . . . . . 13,540 14,205 11,777

TOTAL, Statute Tons . 1,171,060 1,291,137 1,225.280

———— e -

Total, Metric Tons

1,244,939

1,188,500 1,311,856

There was a greater activit
and in addition to an increase
of tunnels has proved the per
isdcrably beyond the area pre

y in the rock-salt mines of the Punjab,
d output (sce table 23), the extension
sistence of the two principal seams con-
viously known with certainty,

TABLE 23.—~Production of Rock-Salt during 1904—1906.

1904. 190g5. 1906,

———

Statute Tons |Statute Tons. Statute Tons.

Salt Range, Punjab

107,403 94,048 107,194
Koh4t . . . . . 16,604 14,897 13,436
Mandi . e 4507 3,571 3,609

TOTAL, Statute Tons . 128,574 112,416 124,239

C———

Total, Metric Tons

. 130,635 114,310 126,33
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During 1yo6 there was an increase in the quantity and value of
imported salt, the amount being 512,328 tons and the value £488,127,
against averages for the four years 1go2—1905 of 454,832 tons and
£439,071 respectively.

Saltpetre,

The value of the saltpetre industry is gauged most uniformly by
the figures for exports. The returns for the past five years shown in
table 24 indicate a gradual rise in the average value, but the industry
shows no signs of real expansion.

TABLE 24.—Lxports of Sallpetre during the fve years 1922—1906.

N S St T L. R P o S L T PRIEY iy e e

YEaR, Weight, Value. Value per cwt,
Cwts. 4 Shitlings.
1902 . . . . . 390,742 271,867 13°9
1903 . . . . : 112,503 290,196 141
1904 . . . . . 390,970 266,349 136
1905 . . . . . 313,122 235.723 15'1
1905 . . . . . 347,251 270,547 156
Average . . . . . 370.936 t 266.936 145

The local importance of the saltpetre industry is shown by the
returns for labour in Behar where most of the saltpetre is obtained.
The returns for 1906 show that 50,469 workers were employed in this
industry.

Tin-ore.

The output of tin-ore in South Burma has considerably increased,
from 1,495 cwts,, valued at £0,783, in 1905, to 1,919 cwts., valued :’«lt
£13,574, in 1go6. A special survey of the tin-mining industry. in
South Burma is being carried out by an officer of the .Geol.oglcal
Survey. The total average daily attendance at the tin mines in the
Mergui and Tavoy districts was 145 in 19o5 and 141 in 1g06.
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il - MINERALS OF GROUP Il

The following notes deal with the mincrals for which thereturns
arc only estimated in certain arcas with fair accuracy.

The production of alum in the Mianwdli district, Punjab, has
increased considerably from 7,126 cwts., valued
al £2,038, in 1905, to 11,022 cwis, valued at
about £4,000, in 1906. In 1go4 the production amounted to only
2,580 cwts. The imports of foreign alum were slightly below those
returned for 1905, amounting to 69,044 cwts., valued at £20,040.

There has beecna reduction in the small value reported for the
amber raised in the Myitkyina district of Upper
Burma, the production for 1906 being valued at
£709 although reported as 217 cwts,

No borax is produced within Indian territory, but considerable quan-
titics are brought across the frontier from Tibet

Alum,

Amber,

Borax. . . . . . -
for consumption in India and for export. The

export figures given in table 25 show that there has been no important
change in the trade during the past live years.

TABLE 25.—Exports of Borax during the five years 1902—1900,

i
YEAR. Weight. ‘ Value. ‘Value pee cwt.
Cwts. L Shillings.,
1002 . . . . . . 5:335 8,028 301
1903 . . . . . . 5074 75797 27°5
1904 . . . . . . 4,240 53ty 25'5
1905 . . . . . . 4,108 5,246 250
1906 . . . . . . 4,220 \ 5,868 272
Average . . . . . . 4,735 ‘ 6,472 272

The returns for building stone of most general interest are those

Bulldlng stone. T‘clzmng t'o the quarrying of Vindhvan sandstone
in the Mirzapur district, the production during
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1906 being reported to amount to 101,743 toﬁns, valued locally at
£12,690, against 99,850 to'ns, valucjd at £12,727, In 1903. On zlccou.nt
of its uniform and fine-graimn the Mirzapur sandstone is used largely for
ornamental purposes. _ .

There is agaiuasmall quantity of copper-ore reported as raised
in the Mandalay district during 1go6, amounting
to 587 cwts.; but the returns for value are
obviously overstated. Prospecting work has been conducted on the
Singbhum copper-bearing belt. At Kodomdia near Kharsawan the
zone of copper and iron pyrites, cxposed by ancient outcrop workings,
has been proved by diamond drilling with a fairly constant dip at
depths of goo and 1,067 feet.  Between the levels 392 and jo4 feet
representing 8 feet thick of the lode, the 12 fect ol core obtained
contained 37102 per cent. of copper and 58 per cent. sulphur. At a
depth of 1,069 feet the cupriferous band was only about one foot in
thickness with 1825 per cent. copper.

The production of marble at Makrana in the Jodhpur State was
returncd as 1,500 tons for 1906, against 1,726 tons
in 1903,

The steatite raised in the Minbu district of Burma during 1906
amounted to 200 cwts,, valued at f£273, against
244 cwts,, valued at £341, in 1905.

In the Ruby Mines District the tourmaline produced in 1go6
amounted to 193 Ibs., valued at £1,001, against
161 lbs,, valued at £1,500, in 1905. An interest-
ing report has recently been made by Mr. K. C S, George, Deputy
Commissioner of the district, on the workings for tourmaline round the
small Palaung hamlet of Sanka about a mile cast of Maingnin, where
operations were carried on by the Chinese, according to local tradition,
some 150—200 years ago. Mr. George states that, after the Chinese
deserted the area, the Kachins re-started the mines about forty years
ago, but the industry was again interrupted until about 1885, when
more systematic operations were commenced under Pir Seinda, who
contracted to conduct all mining operations until 1895, The Momeit
“stone-tract ” was afterwards notified by Government and regular
licenses were taken up in 1899. During the past three years
the amounts recovered by ‘ tourmaline licenses” have been nearly
Rs.3,000 (£200) each year. The tourmaline is found in soft, decomposcd,
granitic veins, which, being covered generally by a thick deposit of

Copper.

Marble.

Steatite.

Tourmaline.
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jungle-clad soil, are found rather hy accident than through the guidance
of any superficial indications.  Isolated crvstals are found occasionally
fving in the red soil, and men with small means find it sometimes
profitable, when they have leisure, to scarch through the soil-cap by
digging shallow pits.  Twinlons, or vertical shafts about 4 or 5 fect
square, are also put down on the chance of striking a tourmaline-
bearing vein, or kyaw, and the owners of these (winlons are permitted
to extend their workings underground to a radius of five fathoms [rom
the centre of each shaft. Some of the workings extend to depths of
about 100 feet, which appears to be about the limit of the miners’
engincering skill.  The tourmaline found is sorted into three classes :
(1) Ahtet yay, the best light-pink rubellite, of which there are two
kinds, aterk #i, showing well-developed basal planes, and ¢ yan,
crystals terminated by rhombohedral faces, or with only a small
development of the basal plane. (2) Akka, of a darker colour with
the lower part of the crystals brown or black in colour. (3) Stnsi or
Arnyi, all fragmentary crystals of any colour which are imperfect, or
ol asmall size less than about an inch. The sinzi is given without
charge to the buyer of the lots of the two better kinds. The best
kind, Aktct yay, may bring as much as Rs. 1,200 to Rs. 1500 a
viss (365 1bs.). The Myaw system, or exposurc of the veins on
the hill-side by hvdraulic action, has also been attempted at two
localities with uncertain results : this work is limited to the ‘ rains”
and is handicapped by the cost of leading the water-channels for
long distances. All locally made purchases are effected by brokers,
usually Shans or Shan Burmans. They in turn sell at Mandalay to
purchasers for the Chinese market.
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IV.—MINERAL CONCESSIONS GRANTED.,
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TABLE 26.—Statement of Mineral Concessions made in Government lands
during the yeav 1906,

Prov-
INCE,

STAN.
——Ae

BaLUCHI-

BENGAL.

BoMmBaAY.
——A

. . Date of
L N Nature of Area in R
District. Grantee. Mineral, arant, acres. cox;::x&;xtl.ce- Term,
Loralai [ (1) Messts. Abdulla | Coal . | Mining lease. 20 |1st July [ 30 years.
Asghar Ali & Co. 1900,
Quetta-Pi- | (2) Messrs, Isaji & Sons} Do, . Prospec tinyg | Plot A | 5th Decem- | 1 year,
shin. license., 286501 ber 19006,
acres, Plot :
B 1040
acres, Sor
Range,
between
miles 2
and 7.
Gaya 3) Jhaman Singh | Mica Conversion of } 18 (about) .| The lease | 1o years,
alias Jang Bahadur prospecting has not yet
Singh. license  to been exe-
mining lease cuted.
Hazaribagh| (4) Mr. E. Lane .| Do, . .} Prospecting 120 }12th Novem-| 1 year,
license, ber 1966.
Do. (5) Mr. K, E. Heyne-| Do. . . Do. 280 Do. Do.
man.
Moharbhan]| {6) Messrs, B. Barooah | Gold . . Do. . 23,040 j1oth  July|2 years.
and Patrick Gow, 1900,
Manbhum . | (7) Sita Ram Marwari | Coal . . | Mining lease . So'5601 ! 28th August! 30 years,
and others. 1900.
Singbhum . | (8) Messrs. Hoare Mil- [ All sorts of [ Exploring}Avea De- & 7th Septem- § 1 year,
ler & Co., Calcutta, minerals, license. tween the| ber 1900,
parallels
of lat. 20°
nw N, &
2:°21" N.
& between
the meri-
dians  of
long. 835
15° E.
85° 28’ E.
Sonthal Par| (9) Maghu Mean Coal . .| Mining lease . ‘137 | ast October | 2 years.
ganas, 1900,
Dharwar .| (10) Sangli Gold [ Gold Do, 275'8 | 2nd January| 30 years.
Mines, Ld. 1900.
Do. (11) Do, do. .| Do . Do. 58827 Do. Do,
Do. (1z) Mr. C, H. B.| Do « Prospecting 1,038'3 [27th January 1 year.
Forbes. license. 1900.




86 Records of the Geological Survey of India. [VoL. XXXVI.
y " Date of
?ﬁg: District. Grantee, Mineral, Nﬂftf"'”t”f Area in commence- Term,
* grant, acres, ment,
Dharwar (13) The Dharwar | Gold . Mining lease . 16328 2nd Aplﬂ 30 years,
( Gold Mines, Ld, 1900,
;a: Do, (1) Mr, R. 0. | Do. . . Dao. 5892z [ 13th  June Do.
2 Ahlers (Agent for the 1900,
S Gold Fields of Dhar-
| war).
%
‘; Panch Ma-| (15) F. A, H. Tast, | Manganese-| Prospecting 4ot }26th Octo-| 1 year.
o hals, Agent,  Shivrajpur | ore. license, ber 1go6,
o] Syndicate, Ld,, Bom-
bay.
Do, L)(16) Do, do. ,{Mica. .[Exploring 150 Do. .| Do
license, ’
Bassein .| (17) Maung Po Mya .| Coal . .| Prospect in g 3200 | 1st Septem-| Do
license, ber 1906, ’
Bhamo (18) Maung Law Ku . ) Precious|Exploring 16,000 {3rd Janvary| D,
stoncs, license, 1906,
Do. .{ (19) Htam Saing Do. Do. Not report- | 25th  July | Do,
cd. 19006, '
Katha .| (20) Mr, Jo M, Minus | Gold . Prospecting 605°44 |20th January' Dy
ticense. 1900, :
Do. . [ (21) Mr, J. A Manyon | Coal , Do. L3300 | 16th  May! Do
1906. '
Do. . [ (22) Maung San Ye .| Gold Do. 1120 17th Septem.! D
ber 1906, ’
Do. (23) M. Baksh , Do. . Exploring| Not report- | 12th Novem Do
. license, cd. ber 1906, :
< .
Z Do, .| (z4) Mr. ]J. A, Manyon |Copper, lead, Do, 2880 | 215t Decem ! Dy
: and asso- ber 1906, ’
(9] ciated ores.
Magwé  .[(25) Messro. ], S| Petroleum . { P rospecting 1,920 |1st Febr
_])amal Bros. & Co. license. = ’ SIQUE, ruary - Do.
Do, .| (20) Do. do. Do. Do, . 640 Do. ! Do
Do. e Do. do. Do. Do. , G40 | 28th March ! Do,
10906, ]
Do. (28) Messrs.  Finlay Do. Mining lease. | Blocks  C, J1st M !
Fleming & Co. ’ Ba, 19, 2;] 519(16. y 30 years,
and part
of  Beme |
reserve at !
Yenang-
aung, |
Do. (20)  Do.  do, Do, Prospect i Y = .
Agents for the Buria ]ri{‘i&e:c lﬂf Baso ;t}‘l. Octa- 3 year.
0il Co,, Ld. wr 190G,

newal).
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Pray : Nature of ! Area in Nate of
INCE.- District, Grantee. Minecal. grant. } acres, Con:,',l‘-ﬁ?ce- Term.
i 2
_— \V — ,
Mergui  , { (30) Mr. Louis Joel Tia Prospecting I 307'56 | 19th  Apnl| I year.
license. 1900,
Do. .| (31) Mr. Charles Kit-y Do. . . Do. | 040 | 25th August] Do,
chin, [ 1906,
Myingyan . | (32) Messrs.  Finlay, | Petroleum . Do. 85 ligth January] Do,
Fleming & Co, 1906,
Agents for the Burma
Qil Co, Ld.
Do. (33) Do. do. . Do, Do. 1,280 J15th Septem-| De.
ber 1go5.
Do. .|(349) Do do, Do. Do, 2,560 |26th  July| Do
1900,
Do. (35) Do, do. Do. . Do. . 3840 | 1oth August) Do.
1900.
Do. . | (36) Do. do, . Do, Do. 25,440 |1t May| Do
1906,
Do. . |(37) Messrs. Geo. Gil- Do, P r o specting G40 |10th May)] Do,
lespie & Co., Agents license (re- 1906, .
fcor the Rangoon Oil newal),
o. .
. | | Myitkyina . | (38) Messrs. Diekmann| Gold . El)_(pl oring Q?hmﬂeij of | xogb Decgm- Do.
3 3 . icense, e yu er 1906.
K Bros. & Co river from
3 Kunhe to
| Kama, a
; village
x above
é Haungpa,
N.  Shan|(39) Mr. F. Dietzsch,| Do. . . Do. .| 9847040 |24th March| Do.
States. on behalf of the 1900,
Burma Prospecting
Syndicate, Ld.
Do. .| {40) Mr. N, Samwell . | Silver, lcad P rospecting 3,200 24t Septemel Do,
| “ores, and | license. ber 1906. -
the asso-
ciated
minerals
combined
thetewith, D
Pakokku (41) Mr, H. W, Watts | Coal and Do. . 2,560 [ 1oth Febru- 0.
petroleum.! ary 1900. -
Do, | (42) Messrs, Ko Ba Oh | Petroleum Do. . 1,280 | 13th March | Do,
& Co. (renewal). 1006,
Do. .1 (43) Messts.  Finlay, | Petroleum . Do. . 640 |rith April| Do
Fleming & Co. 1906,
Do. ,{{44) Do, do. . Do. .. Do . €40 Do. .| Do
!
\ Do. .1(45) Do. do. . Do. . Do. . 1,280 letgl:o6 June| Do,




88

Records of the Geological Survey of India.

[VoL XXXVI.

PrROV-
INCE,

BurMA~—contd.

District.

Grantec,

Pakolkku
Do.

Do.

Prome

Sagaing

Shwebo

S. Shan

States.

Do.

Do.
Do.

Tavoy

Do.

(40) Messrs. Ko Ba Oh
& Co.

(47) Messrs. A, S,
Jamal Bros. & Ce.

(48) Captain Way-
mouth, on behalf of
Icrawaddy Flotilla Co.

(49) Messrs. Finlay,
Fleming & Co

Agents for the Burma,
Oil Co., Ld.

(50) Mr. C, Findlay .

(51) Messrs S, A,
Mower, G. S. Clifford,
E. S. Attia, and Mrs.
Mary Vertannes

(52) Maung Kyaw Zan,
on behalf of Colonial
Trading Co.

(53) Tamoa of Heho
Saya Kyi of Yaung-
bwe.

(54) Maung E, Maung
an Moslvi Hyder
1.

(55) Maung Thu Daw
(56) Burma

Syndicate,
(57) Mr. A. G, Mein-

hold, Manager, Diek-
mann Bros,

Mining

(58) Mr. T. Fowle

(59) Messrs, Diekmann
Bros. & Co,,
and
Foss.

d.,

Lieut.-Colone}

Mineral.

Petroteum
Do.

Petroleum
and coal.

Petroleum

Copper

Gold, silver,

and rubies.
Mica
Silver and
lead.
Coal

Precious
stones,

Gold

Gold, silver,

Nature of
grant,

| .
[ Prospecting
license.

Do.

Exploring
license.

Prospecting
ligense.

Do, .

Do. .

Exploring
license,

P rospecting
license,

Do. .

Exploring
license,

Prospecti ng
license,

Prospectin g

tin, copper,\ license (re-

coal, plum- newal),
bago, and
precious
stones,
Do, .|Prospecting

Gold and tin

license.

Prospecting
licenss (re-
newal of Mr.
Rickett's
license sub~
sequently as-|
signed  to
Col. Foss).

Area in
acres.

102

2,483

30,720

3,520

426'66

205'45

1,051,520

35200

252,800

825

3744

32,000

3744

Date of
commence-
ment.

6th  July
1906,

13th Decems
ber 1906,

17th Decem-,
ber 1906,

8th January
1900.

29th  May
1900,

1st July
1906.

16th Novem-
ber 1906.

20th Decem-!
ber 1906,

26th  Aprl
1906,

27th  April
1906,

oth August
1906,

1st Decem-
ber 1906.

26th January
1906,

tst Decem-
ber 1903,

Term,

1 year,

Do.

Do.

Do.

Do,

Do,

Do.

Do.

Do.

Do,

Do.

Do,

PART 2.] HOLLAND: Mineral Production, 19006, 89
. Date of
. Nature of Area in .
_!;)152:, 7 District. Grantee. Mineral. grant, acres, Co':::?t‘.ce' Term,
’ 60) Mr. R. Gilfillan, | Gold, silver, | Prospectin g 224,000 |20th Septem- 1 year.
Tavoy (o(;) belfalf of Golden | tin, copper,| license (re- ber 1909.
Stream Syndicate. coal, plum-| newal).
bago, and
precious
stones. .
Thayetmyo | (61) Messrs, A. S.{ Petroleum ., | Prospecting 640 [12th January. Do,
Jamal Bros. & Co. license. 1906,
% Do. - (62) Messrs,  Finlay, Do. . Do. . 5,760 |16th Januaryl Do.
g Fleming Co., 1906,
T Agents for the Burma
= 01 Co, Ld. b
= Do. .| (63) Messrs. A, S, Do. Do. . 378 rzth January 0.
g Jamal Bros, & Co, 1900,
m . ..
Toungoo (64) Messts, T. F.|Silver, lead, | Prospecting 2,200 |3oth Aprit) Do.
Francis, Agent for| and -other| license. 1900,
Mr. C. E, Brown. metals.
Upper [(65) Messrs, A. S,|Petroleum . Do, . 6,400 | 17th 6March Do.
(!l)ﬁndwin. Jamal Bros, & Co. 1900,
Yaméthin . [ (66) Lin Chin Tsong .| Goldand tin Do. 5,120 x:i:::r 1E))“)cﬁto- Do.
Balaéhat .1 (67) Mr. P. Gow, | Bauxite . Do. . 1,189 | 14th 6March Do,
Calcutta. 1940,
) d Febru-| Do.
Do. .1(68) Messrs. C. D, Do. . Do. . 4,681 | 22n
(Stewart & Co, Cal- ary 1906,
cutta,
Do, (69) The Indian Man- | Manganese Do. * 3to Do. .j Do.
. ganese Company.
a : 806 |2gth Septem-) Do,
3] Do, . | (70) Messrs. Dutt, Burn Do. . Do. . b Septe
; & Co., Jubbulpore. 900,
2 - i . 6,308 |rgth Septem-| Do,
& Do, . (7Clu)tt1:lr. P. Gow, Cal-| Bauxite . Do 539 bor 1906,
2 {
g Do. {72) Messrs, P, C.|Manganese [Exploring! 5523 16th6August Do.
g Dutt, Burn & Co.,| and iron. license. ! 1920,
& Jubbulpore, !
j D
Do, (73) Do. do. . Do. Do. . 58,380 Do. . 0.
D>, ,i(74) Mr. J. Kellers- | Manganese Do. .! 4,894 lsthoé\-‘g“St Do.
chon, Nagpore,. : 1900,
‘ d August| Do.
Do. .1(75) Do- do. . Do. Do. . “ 755 22]“906.‘%
Da. {76) Messrs, Dutt, Burn| Iron  and | Prospecting V 345 zzlr;d Septg.m- Do.
& Co,, Jubbulpore. manganese.! license. | er 190
Do. - | (77) The Central Prov- | Manganese | Mining lease; ! 8 I:zth p July | 30 yeass.
. inces  Prospecting extension of 906.
Syndicate, Kamptee. the Bharveli b
. ‘ m a nganese |

mines.
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\
PRrROV- . | Naperre s Date of
1N21<: District. Grantee. Mincral, | t\at}’rc of Arca in commence- | Term.
: } grant. acres. ment.,
N D o - o
(‘ Balaghat .1(78) Mr. D. Laxwi- Mangancse | Prospectin g 230 | 4th July | 1 year.
‘\ narayan, Kamptee. license. 1906, !
Do (79) Do, do, Do, . ! Do. . 36 l2nd May| Do.
i 1900, ‘
Do. +{(80) Do, do. . Do. t Do. 451 | 4th May' Do.
. | 1906.
Do. +| (81) Do. do. Do, ‘ Do. 2,716 | 2nd May‘ Do.
. ;00
I Do. (82) Central Provinces Do, . Do. 1500- B
\‘ Prospecting  Syndi- ° 385 4%10‘-5:? tgm De.
\ cate. 205
Da. (83) Rai Sahib Mathu- Do. . Do. R 8 g -
ra  Prosad and ° e (tl?ch ﬁ)csﬁm Do.
] Motilal, .
Do. .| (S4) Diwan Bahadur Do. . Do. . 66 -
l Kastur Chand Daga, ° I{)t:r I,)gggm Do.
5 u Do. (8s5) Do. " do. Do. . Do, . 1,160 Do. .| Doe.
5 etu (86) Raja Gokuldas, | Coal and Exploring 3
T l Rai Bahadur Ballabh- minerall liCSHSC. g 11,597 Zslt;loé\uguSt Do.
2] das, Jubbulpore. ore. E ) )
o]
z Do. +1(87) Hon'ble Mr.} Coal and! Prospectin 37,142 | 15th Decem-
z Vithaldas Damoodhar | petroleum.| license. g P Jber |§ogm Po.
2\ Thakersay, J. P. ’
2 | Bhandara .!(88) Mr. D. Laxmi-| Manganese Do. . 85 !12th Novem- Do
& narayan, ber 1906, ’
. g
4] Do. . | t89) Rai Sahib Mathu- Do. Do. R
© va  Prosad  and ¢ » Do. .} Do.
Motilal,
Do. .1 {90) Mr. M. Trikum- | Manganese, Do. . 5
das Cooverji Bhoja. iron-ore, ‘l 47 Z(i:l\rD!:ngm- Do.
and galena.‘\ 900
Do. .| (o1) Mr. E. G. Beckett] Manganese | Do. 15t |27th Novem-| Do
! ber 1906, )
Do .|{o2) RaiSahibMathu-| Do, .| D :
ra  Prosad and ‘ > H lsé)Decem- Do.
Motilal, CF 1906,
Do. o) (93) Mr, G. M, Pri-
(gc)}zard. n Do. . Do. . 1,828 | 20th Decem-| Do,
ber 19006.
Do (09 Do, do, . Do. . Do. . 939 | 15th Novem-| Do,
ber 1906, )
Do. . | (95) Rai Sahib Mathu- Do. . .
(ra Prosad and °. Do . 99 |24th Novem-| Do,
Motilal. ber 190G.
| :

PART 2.]

HoOLLAND : Mineral Production, 1905,

9t
PROV- District G Mi ) Nature of Area in Date of .
INCE. S . rantee, ineral, grant. acres, commence- Term,
ment,
Bhandara .| (96) Diwan Bahadur | Manganese |Exploring 1,476 | 18th Decem-| 1 year.
Kastur Chand Daga. license, ber 1906.
Do. (97) Mr, D. Laxmi- Do. .|Prospecting 20 |z21st Aprl{ Do,
narayan, Kamptee, license. 1906.
Do. (93) Do. do. Do. Do. . 274 Do. .} Do.
Do. .](g9) Do. do. . Do. . Do. . 301 {1ith  June| Do,
. 1900.
Do. . |[(100) Mr, R. H. Ri- Do. .{Exploring So7 Do. .| Do,
chardson, Tumsar. license,
Do. (r01) Mr. G. M. Pri- Do. . Do. . 2,052 {18th  June] Do,
chard, Kamptee, 1900, d
Do. .| (102) Central India Do. .|Prospecting v |zoth Aprit§ Do,
Mining Co.,, Ld., license, 1900,
Kamptee,
Do. .| (103) Do do. . Do. . Do. . 63 Do. .] Do.
g Do, .{(104) Do. do. . Do. Do. . 723 Do. .] Do
N .
§ Do . | (105) Mr, D. Laxmina- Do. . Do. . 25 jzist  April] Do.
T rayan, Kamptee, 1906,
wy
& Do. (te6) Do. do, Do. . Do. . 44 | 2nd Japuary] Do.
z 1900,
[N
g Do, « | (107) Rai Sahib Mathu- Do. Do. . 474 ]18th August| Do.
& ra  Prosad and 1906,
3 Motilal, Chhindwara.
&
*Z* Chanda. . {(108) Messrs.” Tata & | Iron . . | Mining lease 160 | 1st Decem- | 30 years,
8 Sons. ber 1906,
Chhindwara | (109)  Ratanchand | Coal . . |Prospectin g 2,262 |27th January| 1 year.
Kesrichand. license. 1046,
Jubbulpore (110) Mr. Srish | Gold,silver,| Exploring 8,487 [15th Janwary| Do.
Chandra Roy Chow-| copper, license, 1000.
dhri, Pleader. and lead.
Do. .| (111) P. C. Dutt, Esq., | Gold, silver, Do. . 6,881 Do, .{ Do.
Barrister-at-Law. copper,
lead, ba-
rytes, iron,
manga-
nese, and
. tin,
Do. (112) Messrs. H. F.|Aluminium, Do, 2,946 |20th Septem-| Do.
Cook & Son, Katni, coal, iron- ber 1900,
ore.
Do. (113) P. C. Dutt, Esq., | Bauxite .| Pro specting 219 |z1st June| Do
Barrister-at-Law. license. 1906. .
Do. + ] (114) Mr. Srish Chan- | Gold, silver, Do, . 35 |oth Aprit| Do
dra Roy Chowdhri. copper,, 1906.
and lead. .
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Prov Nature of | Arca in Date of PROV-| pyigrice Grantee Mineral. Nat:::t of l::cerisi" coaﬁ‘é:ge- Term,
- sstric ~ . ure o i . ’ . ’ ‘ :
INCE, District. Grantce. Mineral, erant. ll acres, cor?xigﬁ?.c& Term, INCE, 1SLrIC g ment.,
| ! ! _ S | T R
— | [, — P t 1 15th August 1 year.
i Laxmina- Manganese rospecting 3 y
( jubbulpore l‘ (115) The Jubbulpore | Iron, manga- Exploring 4,588 !ist  June|1 year. Nagpur . (;isierEmpt:eml / license. 1506,
Prospecting  Syndi- | nese, and| license. [ 1906, yam | |
cate, copper. entral | Bo. .| Do._ . 103 |7th Febru- | Do,
P Do. .| (120) The  Centra ! ary 1906
. . . India Minihg Co,, Ld’ ’, ¥ 190t.

Do. .| (116) Do. do, .]|Gold,silver,| P rospecting 3,701 | 22nd Febru-| Do | i
copper, | license (re- ary 1900. Do (130) Do do. .| Do. . Mininglease . 170 Do, .| 30 years,
lead, anti- | newal), . ‘ ' : | | h March
mony, ar- A3 Do. do. ! Manganese\ Prospectin g 4,060 | 28th March | 1 year.
seaic, ba- . Do. (131 and cop-} lYicense. 1906,
rytes, dolo- ‘ per, }

:tl:)t:éllz?]:; ~ Do. . (132) Mr, D, Laxmina- Coal . Do. . 3,241 | 26th é\’!arch Do,
o . and tin, 'g rayan, Kamptee. 1 1900,
Do. . (117 essrs. Burn & | Gold, silver, | Explorin g th Qctob Do. & Do. .| Do
Co., Calcutta, copper, h{’ense £ 95 |4 1906(.: cber o I Do. .1 (133) Do, do. . Manganeses Do. . 189
iron, zinc, th ne| Do.
tm,1 and § Do. .1 €(r34) Do. do. . Do, \ De. . 33 27‘906'-)“
coal, g
Do. o { (118) Messes, H. F. | Gold, silver, Do, 30,810 |13th Novem-| Do, g ‘ 21st Decem-{ Do.
Cook & Sons, clo bper, ber 1906, ° & Do, +| (135) Do, do. . Do, . | Do, . 94 ber 1906,
P! atinum, ; \ lori 383 | z1st Novem-] Do.
e G 2l Dol M d Kelle o Be oo |
. ead, nic- . s, o
) kel, mer- E Do. .1(137) Do, do. . Do, .J Do. . 388 o
= cury, man - Do. .! Do.
5 ganese, “l| Do. .{(3) Do. do. .| Do . | Do . 859 o
™ and  dia- | Do. .] Do.
i b mond, ] Do. . .[(t39) Do. do. .| Do . Do . 059 0
3 Do. A (19} Do. o (‘(:m \lllevf:l’ Po. ) B4z Stlt‘e?:)vsﬁm. bo. Saugor (140) Messrs. Kali Pra- | Mica, corun- Do . 8,563 |29th Septem-| Do,
ﬁ tlltr:;l.lun], 900 g ‘ sanna Mukerji and dum, and ‘, ber 1906,
é tungsten, Bhagwan Das Sir-| dolomite. /
o tin, uramé \ vaya. . J
o um, an . ! . 1,1 soth QOcto- § Do
z platinum. . Do. .| (141) Do, do. . h'or;hore ar:g\ Do. 30 ber 1006,
& 1| Nagpur .| (120) Central Prov- Manganese | Mining lcase 45 |24th May {30 years, other o .|
z inces Prospecting 1906 ,_, . . . 62.502
g Syndicate, Kamptee, < Cachar (142) Mr, W. Gordon | Mineral oil : Prospecting 362,502
” ’ g ) Stoker.. and coal. | license,
Do. . (121) Mr, Trikumdas Do.  .jProspecting 50 [2nd Ma = 5 . ” L
Cooverji Bhoja, Cal- license. 1906, Y tyear m: Chittagong | (143) Messrs. Turner, | Coal, oil, | Do. . 11,520 wthhoG July | 1 year
cutta, Z a Morrison & Co,| gold or| y
Hz Calcutta. silver, |
Do. .1 (122) Mr, E, G, Bec- Do. . Do. . tor {13th  June| Do v < iron, cop-
kett, Kamptce. 1906, . ] . per, tt}lln,
or other
Do. .| (123) Mr, G. M. Pri- Do, .{Exploring 3o |toth Septem| Do, metalsand.
chard, Kamptee. license, bex 1go6, other psre.
ciou

Do. 1(124) Do, do. . Do. . Do, . 1,207 Do, .| Do stones.

. ' tem-| Do.

Do. .| (125) Mr. B’I‘rikuuélas Do. .| Prospecting 704 [20th  July | Do. Anantapur.| (144) Mr, H. P, Gibbs | Gold . Do. . 4,005 252::1‘5302“

Cooverji Bhoja, Cal- license, 1906, [ . Do.
cutta. : - o .’ Bellary .| (145) Mr. E. D. Puzey Do. . . Do. -t 0387 SIIS;OG. Jety
v
Do. .1 (126) Central  Prov- Do. . | Mining lease, 1 21st ; = ' . L . Aucust| Do,
(m&s Prospecting 7 ‘Izoé'“gust 3oyears 81 Do -1 €146) Mr, C, Jambon . | Minerals . E“)é epn lsémng 424596 “:‘906.“5
L Syndicate, Kamptee. S \ y )
H . 4tn Septem- 0.
Do. .i(127) Do, do. . Do. . Do. . 1z {7th  July| Do. Do. . (ggssMr. C. J. Green- | Manganese P‘;'c(;:gictmg | 1,594'05 ber 1006,
| 1006, ' ! !
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Prov- { 1 | . Date of
5 District. | N : Nature of Arcain nee=
INCE, istric (. Grantee. | Mineral. grant. acres, coTn[:;‘t‘?e Term,
N |
7 | Bl N
| | h Sept '
/ PL”“)’ (145) Mr. C. Jambon . | Manganese PerSpcct in g i 2,27081 7tber ?[g)o%m- 1 year,
ense, *
’ (149) Mr. W. T, Hamil-| Gold . Do. . 1,020 | 19th Decem-| Do
| ton-Holmes, ber 1905,
!
Do, (150) R, Srinivasa Rao | Manganese Do. . 472 | nith Octo- | Do.
Nayudu. ber 1900,
Do. [ (151) FLE Dum . Do. . Do. . 319 {28th Novem-| Do.
ber 1906.
Coimbatare (s52) Govindjee Oda-| Corundum, | Mining in 828 | 23rd Novem-| 20 years,
jee Sait, patta land. | ber 1906.
Kistna -1 (153) The Southern | Coal andiLExplorin g ‘ 184,44527 | 1ath Novem-| 1 year.
India  Coal Mining | other mi-| license. ber 1906, |’ y
Syndicate, Ld, | nerals,
Madras.
Do. (154) P. Veakatarama | Mica. Prospecting 17°50 | 13th  Octo-| Do,
Nayudu. license, ber 1906.
Neltore 35) D. Venkata Rao Manwanuc‘ Explorin gi‘ Arca not {12th Septem] Do,
i license, fixed, ber 1906,
Do, (156) K. Panchala | Mica Prospecting 2568 | 17th Decem-| Do,
Reddi. license, ber 1906,
Til Do .1 (57) K. Kothanda-|Do. . | Do . 20 Do. .| Do.
3 ra-ni Reddi, ‘
T Do. (158) R, Lakslunmarasax Do. . . Do. . 37°45 Do, .| De.
5 Reddi. !
P
a Do. (159) Do, do. .| Do . . Do. . 3080 | 19th Decem-| Do,
e ber 190G,
<! Do, (160) Murlidar Chadik| Do, . . |Mining in patta 5 [25th June| Do.
land, 1905,
- Do. (x(n) K Kodandarami| Do. . .| Prospecting 1916 {13th Septem-{ Deo.
Redd license, ber 1906,
Do. +1 (062) Y. Kelappa | Do. .| Mining lease 18568 | 14th August 30 years,
Chettiand S. Chinna- extension, 1906.
chenchu Nayudu,
Do. (163) L. Pattabhirami | Do, . L Prospectin g 2073 | 24th Octo- | 1 year,
Reddi. license, ber 1906.
Do. (164) R.  Lakshmi-{ Do. . . Do. . 1020 |24th Octo~| Deo.
narasa Reddi, ber 1906.
Do. (165) T, Venkata Reddi! Do, . . Do. 1990 ) 20th Octo-| Do.
ber 1go6.
Do. (166} Do.  do. Do, . . Do. . 11°6o0 | z22nd Octo~| Do.
ber 1400,
Do, (167} Do. do. .} Do. . . Do. . 20 Do. Do.
Do. (1) Y. Kalappa|Do. . . |Mininglease.| 1496 |28th August] go years.
Chetti and S, Chinna- 1905: !
\i chenchu Nayudu.

PART 2.] HOLLAND : Méneral Production, 1906. 08
. Date of
- _ : . Nature of Area in
PROY-|  District. Grantee, Mineral, grant, acres. | commence | Term.
|
Nellore .| (169) M, Devarajulu|Mica . | Mining lease. 23 {18th Septem-| 30 years,
Nayudu, ber 1gos.
Do. .| (170) A Venkatachala | Do, . . Do. . 1324 | 5th August Do.
Mudallyar. 1905.
Do. (171) “Messrs,  Hali| Do, , . Do. 965 [26th Septem-| Do,
Muhammad Badsha ber 1903,
Sahib & Co.
Do. (172) P. Penchala| Do, . . Do. 5762 | 7th October | 3 years,
Reddi. 1005,
Do. (173) K. Appayya| Do. . Do. 21860 | 13th Decem-] 30 years,
Chetti, ber 1903.
Do, .| (174) R. Rangaswami| Do. . Do. . 10020 |22nd Septem-] 3 years,
Row. ber 1903.
Do. | (175) C. H. Jefferson } Do. . . | Mining in 538 |30th Novem-| 20 years,
patta land. ber 1903.
Da. « | (176} Y. Venkatasubbia] Do, . Do. . 32 | 7th Febru-{ Do,
. Chetti. ary 19o6.
3 l Do. .} (177) }. Pattabhirami| Do. . . |Prospecting 3932 | 24th Febru- |t year.
i Reddi, . license. ary 1906, -
he} | .
T { Do. .|(178) L Venkatarama| Do. . . Do. . 3633 | 1cth Febru-| Do,
2 ‘[ Nayudu, ary 1go6.
o
g Do. | (179) L Pattabhirami| Do. . . Do. 1143 | 18th Janu-} Do.
= Reddi. &1y 1906-
Do. o | (180) Do, do. .| Do, . . Do. R 1862 | 24th Febru-{ Do,
’ ary 1906.
Do. «{(181) T. Venkata| Do. . . Do. . 1231 [2nd Febru-| Do,
Reddi. L1y 1906,
!
‘ Do. «| (182) 1. Pattabhirami| Do. . . Do. A 2379 | 23rd f\ugust Do.
Reddi. 1905,
Do.  u4f(183) Virjiyamma .| Do. . . Do. . 9640 Do. .| Do.
Do.  .{(184) P.Venkatarama| Do. . .| Mining lease. 4614 sthJanuafy 3o years.
ayndu, 1906
Do, « | (185) T. Venkata | Do. . .|Exploring| Not fixed 4th August 1 year.
Reddi. license. 1906
De. -1(186) Do, do. .| Do. .| Prospecting 19'97 | 2nd Febru-{. Do.
‘l license. ary 1906,
Do. {(187) Do, do. .| Do, . Do. 1047 Do. Do.
Do. (8 R, V. K " Do. 1885 {24th Janu- [ Do.
swami Aiyar, uppu- | Do. . . Wty 1006,
) D
| Do, (189) T. Vi ) Do. y2r21 | a2nd Febrg- o.
\l Reddi. enkata | Do. . ary 1905,
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MADRAS—contd.

[
\
o . . Date of . s . Nat f i Date of
District. | Grantee. Mineral. N:;;tr:‘:t.of A;cefe: cor::lr:s?ce. Term. eﬁg: District. Grantee, Mineral. agrl;.rnet.o A;;i:: CO"I:I‘Z:;‘:ICE- Term.
R . . R . _ — | T — [ — —— -
Nellore . {190) K. Adinara i * . Nell (210) G. Ramaswami | Mic ! Mining 1 5° 19th  Apri
L. yana [ Mica .{Exploring!| All unoccu- |24th January| 1 year ellore . [(210) G. Ra a .. g lease. 25'90 9 pril | 30 years,
! Reddi license : ¥| 1 year Nayudu & Sons. ‘ 1906
. . pied lands 1906, Y i 906,
) . léludur ;}:‘d Do. . (2élezid?.'l’.attabhirami Do. . . “ Do. . 85'90 | 24th Febéu- Do.
‘ Rampur . ‘ ary 1900,
Do, I (193) Verji Jumma . | Do, . .| Prospecting ta]lﬂgg:ﬁ, 24th March Do Do, . | (212) T. Venkata Reddif Do, . - Do. . 6680 | ¢th March | 3 years,
i license, 1906, ’ | 1906,
Do B (rlgize)dég- Pattabhirami | Do. . . | Mining lease. 109'47 Do, .[3years. pe- ) (2;1:31)d gig h g‘ilhﬁnéi po- - ‘ bo. ’ 255 |24 Febgu- 30 years
e ) sha Sahi ary 19o6.
Do. . | (193) P. Pitchi Reddi . | Do. . Mining in 230 |6th  May| 20 ye Co. } y 19
patta land. 1906 Y | 20 years, Do. . (219) R.A'V, Kuppu-{ Do. ., ! Do. 01'13 xsbt Decem-| Do.
. . swaml Aiyar. - er 19035,
Do. . .1(194) K. LingaReddi | Do. . .| Prospecting 3480 |23cd  July | ¢ year | >
license, 1906, yeas, Do, . (21'1521&"(' Aélirlxargyana Do. . . Do. . 76'12 |oth February | 3 years.
. R . eddi and . Patta- : 6.
Do. . (ll%?:) 11 Pattabhirami | Do, . . Do, . 1980 |19th Septem-| Do, bhirami Reddi. 140
* ber 1906, )
Do, +| (216) K. Adinarayana | Do Do, 12" 5th March! D
Do. laee) G. Ra . .. s e .. 34 o,
{ Na?yudu i Sr(?:ss.wamx Do, . .| Mining leasc, 2070 18]t9}106 May | 30 years, Reddi. 1906,

' . , . Do. .1 (217) Balarami Reddi | Do Do 16th April | . Do
Do. 1(197) RV, Kuppu- . Y t ‘ ’ . 47 po .
swami Aiyar. PPy} Do o Do, . 13°38 'Og:rl‘igggm‘ Do. 1906.

' il oo . itarami Reddi Do, : :
Do, . (I(g;i) V. Narayana | Do. . . Do. . 20'55 (24th October| 3 vear § ° (218) T. Sitarami Redds) Do. . ) Do. : 6120 IztglLG.Apnl Do.
etti, 1905 years, v Do. . (2}1{9)dd1". Ko(;lanc%grami Do, . . Do. . 35°60 24th6April 30 years,
Do. - . |{199) Haji Muhammad | Do. ‘ . @ Teddl ane. Lama ‘ 1906
Badsha Sahib & o Do. . . Do. . 18762 1,2‘.:; ‘_]gaotg\:\- 30 years. g linga Reddi. '
K < . 1 - .
Do, .|(@0) Do. do. .} Do. . . Do. . 13370 | 14th March| p, 2 be ’ (zlf’lolad:]'iya‘llre,nklt“he}a Po - ) Pe- ) 7v7e “!tglzné. May| Do
1906, *
Do, , | (z01) A, Subba Nayudu) Do, . .| . Do 8126 | 16th March| po, Do. .| (221) ]. Pattabhirami| Do, . . |Prospecting 3281 |38th  May |1 year,
1906, Redd:. license, 1906, )
Do. .i1{z02) Do, do. .| Do. . . Do. . 271°31 Do. .| Do, Do, . (212{2}2 ‘Mdlé'hammad Do, » . Do. . 1230 5'-h06April Do.
Do. . | (z03) Muhammad | Do. . . . aruadim, ) 1900. '
Asaduddin  Ahmed | Do. : 1537 |1t March |8 years, D L
and Muhammad Ziud- 1906, , 0, «{(223) B. Pattabhirami| Do. . . Do, . 28’10 |20th  May| Do.
din Ahmed. . Reddi, 1906.
.. Do. ' (224) C. H. Jeff D D 22nd ‘M D
Do, .1(204) Haji Muham-| Do, , . . . 4) C. H. Jefferson + | Do. . . o. . 20 ay 0.
gad Badsha Sahib & ? Do. ' 122'60 !‘g:r?;ggm‘ 30 years. 1906.
O, .
YA < Do. .{(225) R. Lakshmi-| Do. . . Do. . 2560 | 13th ° June DoJ
Do. . | (205) A. Subba Nayudu| Do, . . . Do. . 9826 | 16th 6Mau'ch Do. narasai Reddi. 1906 .
1506, .
Do @6 Do do. .lDo . .| Do .| uss | st Macch Do -0 A Verkatarama ) Do, o o) Do o) aBuo |30l May| g yeas.
. arc Do, Do (sw;m{I Iyer. . ' M b .
. +1(227) V. Venkatasub-| Do. » . |Mining  in 4350 |8t une | 20 yedrs, .
. Do. | (207) Do, do. .{Do. . . Do. .. 163.8 Do. .| Do biah Chetti. patta land. 1506, :
Do. .A(208) Do do. ! Do. . . Do. . tarzo {aed March| Do _ Do. «|(228) K, Adinarayana | Do. . . | Mining lease 45'34 | 10th . May | 3 years,
1906, . Reddi. 1906, . '
Do. .| (209) R. V., Kuppu-| Do Do, Do (220) R. V. Ku i M
AN e . Do, ., . . . V. - | Do. . . | Prospecti 17th  May |1 yea
swami Alyar, 26'42 ‘!l)tg?gﬁl\/larch Do, *| Vswami Tyer, ppur) o license. © 9 1900 ¢ ?
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Date of | Date of
. L . ate o ) i Nat . ate o
ljig;’ District. Grantee, Mineral, Nzﬁ:‘;‘ctf)f A:;f;lcl“ commence- | Term, lx’:gg "I District. Grantee. Mineral; gr:;f.()f 2?::;" commence- | ‘Ferm,
ment, ment,
Nellore .| (230) Kundan Dass , | Mica. .1 Mining in 1’6o 1 30th  May | 20 years. Pind Dadan| (248) Punjab Coal Co, | Coal . «|Prospecting 152 | 22nd April |1 year.
patta land. 1406, Khan, license. 1904. enewed
till 21st
Do. «|(231) K. Krishna-| Do. . . Do. . 170 | 28th  May} Do. 5 April
swami Mudaliyar, 1900, R N . 1907.
s Do. «| (249) Rai Sahib Rocha | Do. . . Do. . 256 |17th Novem-| 1 year,
Do, .| (232) T. Venkata Reddi] Do, . .| Prospecting 152 | t5th  June | 1 year, | Ram & Sons. 1 ber 1906,
license. 190A. > !
. =11 Do. .| (250) Pandit  Bhola| Do. . . Do. . 120 | z1st Decems| Do,
Do. .1 (233) R, Rangaswami| Do. . . Do. . 1975 | 22nd May | Do. z Nath, ber 1906.
Row. 190G & Do. «{(251)  Do. do. ' Do. . . Do, . 203 Do. .| Do.
. Shahpur . (252) Rai Sahib Rocha | Do. » - . Do, . 833 |23rd  June| Do,
Do. . .}(234) R. V. Kuppu-| Do. . . Do, . 2468 |17th May| Do, Ram & Sons, “ \)1905.
swami lyer. i 1,06, :
Do. .l(z35)  Do. do. ".j Do . . | Mining in 5 |icth  May | 20 years.
] patta land. 1906,
<
s |i. Do, . | (236) D. Venkata Row | Do. . +|Prospecting 13'50 | 26th  June| 1 year, Summal‘y
] license. 1900, )
w
-t ..
%\ | Do. .1 (237) Haji Muham-| Do, . . | Mining lease . 26th Januar cars, -
g l(l:lad Badsha Sahib & | 3 IQOJG. Y| § years ]
< o.
- Do. [ (238) P, Subaramil Do. . . Do. . 48 | 16th  July | 30 years Prospecting | Exploring Mini T
! . g ! Explorin ining otal of each
Reddi. 1900, PROVINCES. . licenses. ! licenses. leases, Province.
Nilgiris . | (239) Mr. F, W, F, | Gald . .| Prospecting 103'85 | 20th August| 2 years. ’
Fletcher. license, 1906. i
Salem . (zgo_) Govindji  Odoji | Curundum Do. . 1,566'61 | 1st  April | 1 year,
ait. 1906. Baluchistan . . . . . . . 1 1 2
Do. .| (241) The Morgan | Magnesite Do. . 8 25th Septem- .
Crucible Co., Ld,, Trir, e ,;’0‘;,'“ Do Bengal . . ., . . . . . 3 ! 3 7
vandrum., .
’ [ Bombay o B . . . . . ot 2 t 4 7
Vizagapa- |(242) Messrs. P. Mac- | Minerals of ) Exploring 254,048 | 4th Aug
tam. fadyen & Co. | every de- Iic[c):nse. o4 # lgoﬁ.uhuSt Do Burma * * : * : : : * 40 ° ! 50
scription .
and miner. . Central Provinces . . . . . 46 23 6 75
al oil. [
‘ Eastern Bengal and Assam . . . . 2 l 2
Do. . 1(243) Mr. Tom Caplen, | Minerals Do. . 2 2 R ‘ |
Manager,  Viziana-* and miner- 54,048 Sggrl\ig:gm Do. Madras . . . . . . . . 45 ‘/ 7 48 100
gram Mining Co. ‘ al ore, Punjab . . . . . . . ) 8 ! 9
Attock . |(244) S. Mehdi Shah ! Coal . .| Prospectin 1 '
of Mirsa. i EhAA, g 7173 7ltghoé\’larch Do
. ! ’
) helum .| (245) RaiSahib Rocha | Do. . . Do. . . '
E’ ! Ram & Sons. 2 2‘155;'06 June Do, Total for each kind and Grand Total, 1906 . M7 4l 64 252
5 | ’ : :
-9 Do. . .. Do. . .
\ Do. .| (246) o.  do | o Do. 495 Do. .| Do.
Mianwali . |(247) Rai Bahadur| Do. . . { Mining lease, 2.876
Anup Singh & Con | 70 | Lease under 15 years. Totalsfor 195 .| 115 “ 3 169
represented by Sardar on.
Lakshman Singh.
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CLASSIFICATION OF LICENSES AND LEASES.

TABLE 27.—Prospecting and Mining Licenses granted in Balu-
chistan during 1905 and 1906,

1905. 1906.
DisTrICT. e
Noo | e | e | No | free | atieat
Prospectiag Licenses.

Loralai . . 1 20 | Coal
QuettasPishin . . 1| 39rro1 | Coal.

TOTAL . 1 ; 1 .

Mining Leases.
Loralai . .o 1 20 Coal.
Quetta-Pishin 2 120 | Chromite} ...
‘ and coal.

Zhob . . 2| 160 | Chromite .

TOTAL . 4 1

TABLE 38.—Prospecti

during 1905 and 1906.

ng and Mining Licenses granted in Bengal

1905.
DISTRICT, A - T T
No, Acl;iz: Mineral. No. AAC:Z Mineral,
Prospecting” Licenses.
Darjeeling I 510 [Any mineral|
e sp ecially
copper
ores.
Hazaribagh . . 2 400 Mica.
Moharbhanj 1 12,800 | Iron-ores . 1 {23,040 Gold.
: * . — ‘ -
TATAL . 2 r 3

PaART 2.]

B ', "
TABLE 28,—Prospecting and Mining Licenses rg.tited in Bengal
during 1905 and 1906—contf}

HOLLAND : Mineral Production, §f¢

1905,
DISTRICT,
i No. 2;(;’:3'_ Mineral, No,
Mining Leases.

Gaya . ‘ 1 18 Mica
Manbhum .} ,,, 1 80561 | Coal.
Sonthal Par- .- 1 137 | Do.
ganas,

TOTAL . } 0

|

TABLE 29.—Prospecting and Mining Licenses granted during

1905 and 1905.

1905, 1906.
DISTRICT.
No. AA(::-Z: Mineral, No. AAC:'Z:: ] Mineral,
‘ ) Prospecting Licenses.
Belgaum . 2 | 22,997°'12 | Manganese ’
Dharwar . 71 s5t77 |Gold and 1| 1,6383 | Gold.
) manganese.
Kanard . 1 4,992 Manganese oo
Panch Mahals I 70619 Do. 1 401 | Manganese,
Satara . . 1| 1,28 Bauxite and
other min-
erals.
TOTAL . 12 2 e
) Mining Leases.
Belgaum . 1 Coal and{| ... o
manganese,
- Dharwar . 4 1,616'57 Gold.
TOTAL . 1 4
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TABLE 30.~Prospecting and Mining Licenses granted in Burma
during 1905 and 1906.

105. 1906.
DisTRICT. - T e -
N Area Miner ] Arca. M I
0. Acres. ineral, No. | Acres. meral,
Prospecting Licenses.
Akyab . 1 25550 | Coal cor
Bassein . 1| 3,200 Coal.
Bhamo . 1 18 Tourmaline
Katha 1| 1,350°40 | Coal . 2 61664 | Gold.
Do. . t ! 1535040 | Coal.
Lower Chind- 1 | 12,800 Petroleum .} ... ree e
win,
Magwé . . 1| 3,200 Do. . 4| 4.480 Petroleum.
Mergui . . 3| 225668 | Tin and 2 94756 | Tin,
other min-
erals.
Myingyan . 5 | 17,248 Petroleum , 6 | 29,845 Petroleum.
Northern Shan 31 15,7952 | Gold, silver, 1| 3,200 Silver, lead,
States. and other and  other
minerals. minerals.
Pakdkku 71 8985 Coal  angd
petroleum,
Prome . . 1| 2560 Petroleum . 1{ 3520 Petroleum,
Sagaing 1 42666 | Copper.
Shwebo . 1 205'45 | Gold, silver,| 1 20543 | Gold,  silver
and rubies, and rubies, |
Southern Shan| .. 1 18 Silver  apnd
States. lead,
Do. . . o I 3,200 Coal.
Do. . 1 825 | Gold.
Tavoy . . 1 (224,000 Gold, silver, 4 [263,488 Gold, silver
tin, etc. tin, copper:
plumbag o,
Carried over 19 ” coal, etc,
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TABLE 30.—Prospecting and Mining Licenses granted in Burma

during 1905 and rgo6—contd,

1905, 1906.
DiISTRICT,
No. Ae:lx-ii: ] Mineral, No, A%:Z:: Mineral,
Prospecting Licenses—contd,
Brought for-{ 19 34
ward,
Thayetmyo . 1 100 Coal , N R -
Do. 1| 6,400 Petroleum . 3 6,778 | Petrolenm,
Toungoo o e 1 3,200 | Silver, lead,
ete.
Upper Chind- 1 640 Copper
win,
Do. . 2 800 Coal . oos
Do. o I 6,400 | Petroleurr.
Yaméthin . 1| 2,560 Tin and| .. . e
wolfram.
Do. . I 5,120 | Gold and
tin.
TOTAL 25 49
Mining Leases.
» Magwé . . e . b Petroleum.
Mandalay 1 2722 |Precious
: stones and
marble.
Northern Shan 1| 245760 | Gold
States. o -
TOTAL Jdo2 1
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TABLE 3v.—Prospecting and Mining Licenses granted in the
Central Provinces during 1905 and 1906.

1905. 1906.
DisTrict, |- — T T T e e
Area, :
Noo | A | e | No | A i
Prospecting Licenses,
Balaghat . 2 458 Manganese 11 7,223 | Manganese
and iron.
Do.
o 3 12,268 | Bauxite.
Betul
etu . . I 37-142 | Coal and
petroleum.
Bhandara " 41 12,000 Manganese 17 6,673 | Manganese
iron-ore,a’nd
galena.
Do. . 1 52 Asbestos .
Chanda . 21 12,032 Coal , .
Chhindwara . 8 | 50,036 Do. . . 1 2,262 | Coal."
Dea. . 6| 8260 | Manganese -
Jubbulpore . 1] 13,137 | Manganese v -
and iron.
Do. . 31 11,403 (Gold, silver, 2 3,826 Gold, silver.
1 etc. ete. ’
Do. \ 1 447 Talc and} ...
dolomite. :
Do. . 1 219 | Bauxite.
Nagpur . 1| 2,287 | Manganese 9 5:463 | Manganese
and copper.
Do. ves 1 1,241 | Coal.
Narsinghpur . 1 76 | Gold, silver,| ...
etc.
Sambalpur .| 1| 203711 Do.
'1 ~ I D
TOTAL . 3t 46

‘PART- 2.]
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TABLE 31.~—Prospecting and Mining Licenses granted in the -
Central Provinces during 1go§ and 19o6—contd,

1905. 1906.
DISTRICT. A
No. 22‘:3;_ Mineral, No. A Crre:s‘. l Mineral,
Mining Leases.

Balaghat o . 1 8 Manganese.
Bhandara . I 222 Manganese
Chanda . .| .. w o 160 | Iron.
Chhindwara .| .1 | 3,827 Manganese .
Jubbulpore .| -1 g - | Iron stone .
Nagpur . 2 126°47 | Manganese 4 244 Manganese.

TOTAL 5 6
TABLE 32.— Prospecting Licenses granted in Eastern Bengal and

Assam during 1905 and 1906.

1905, . 1906.
DisTRICT. A )
No. ﬁcrfgs'. Mineral. No. Agf:s: Mineral.
Prospecting Licenses.
Cachar . . 1 362,592 | Mineral oil
) and coal.
Chittagong v 1 11, 526 Coal, oil,
) goid, etc.
Khasi  and 1 640 | Coal and oil < eee
Jaintia Hills |
TOTAL ! 2 o

E2
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TABLE 33.~—Prospecting and Mining Licenses granted in Madras

during 1905 and 1906,

1905, i 1906.
DistricT, T -
No. | prea. ’ Mineral. i No. } rea. l Mincral,
Prospecting Licenses,
Anantapur 5 4 3,072 Gold . H 4,005 Gold.
Bellary ., . 1 14340 | Do. 2 2,554'87 { Do.
Do. | 1 43'76 | Manganese 4 5,656°76 | Manganese.
Chingleput .| 1 6.83520 | Coal, etc,
Coimbatore 5 138 Corundum . - o see
Do. . ! 2 530 Gold .
|
Guntur . .[ 1 720 Copper
Nellore , .| 15 578'55 | Mica 36 836:38 | Mica.
N Ny
Nilgiris . “ I 10385 | Gold 1 103’85 Gold.
| .
Saiem ! 1 1,566'61 | Corundum,
Do. . .l . 1 35814 Magnesite,
TOTAL 2\ 3 46
e
Mining Leases.
Coimbatore . o t 828 | Corundum,
Nellore . .1 16 66326 | Mi ’ .
63 2! Mica 46 2’971-59 Mlca.
North Arcot . 1 1086 | Corundum , '
TOTAL | n ves 41 |
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TABLE 34.—Prospecting and Mining Licenses granted in the

Punjab during 1905 and 1906.

1905, 1906.
DisTRICT. T i —
Ne. ﬁcrrc;: Mincral. No. 2::—:35 f Mineral,
Prospecting Licenses.

Attock . 3 1,07875 | Coal . I 717°25 | Coal.
helum . . 2 728 Do.
’ind Dadan 4 823 Do.

Khan,
shahpur 2 670 Coal . . 1 823 Do.

TOTAL 5 8

Mining Leases. i .

Mianwali 1 2,376 Coal.
Shahpur oot 1,737 Coal . .

TOTAL ! l I

TABLE 35.— Prospecting Licenses granted in the United Provinces

during 1905 and 1906.

DistriCT,

\lmora .
3arhwal .

Do.

TOTAL

1003, 1906.
N L Area Mineral No Area, Mineral
0. ‘ Acres, : . Acres, :
Prospecting Licenses.
2 2,075'53 | Copper
4 319570 | Do. .
! 1 Asbestos  .] ... . e
7 0




108  Records of the Geological Survey of India. [VoL. XXXVI.

TABLE 36.——-Summary of Concessions granted in Government lands
during the ten years 1897 to 1go6.:

Vear, Bspecing | FPOE | qomaL,
1897 e .. .. 52 4 56
1898 < 85 1 8
1899 . . . . . . 47 13 60
1900 . . . . . o 61 1t o
1901 . . . . . . 89 15 104
1902 . . . . . . 89 16 105
1903 . . . . . . 84 16 100
1904 . . . el . . 125 26 151
1905 . . . . . . 135 44 189
1906 . . . . . . 211 41 252
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THE AMMONITES OF THE BAGH BEDS. BY ERNEST W.
VREDENBURG, A.R.S.M., A.R.CS., F.G.S. (With Plates

14—17.)

INTRODUCTION.

HE Bagh beds is the name that has been given to some marine
cretaceous strata extending up the valley of the Narbada from
the neighbourhood of the plains of Gujrat to Barwaha some 240 miles
from the sea-coast, when they give place to strata of fluviatile origin
known as the Lameta formation. The total thickness of these interest-
ing beds is usually insignificant, and they owe their preservation to a
protective covering of basalt flows of the Deccan trap.! Like the
Utatur beds of Southern India, they are related to the marine invasion
which, in many parts of the world, marked the commencement of the
Cenomanian. The only fossils from the Bagh beds that have been
described and figured are the Echinoids. They include : Cidaris
namadicus Duncan, Salenia Fraasi Cotteau, Cyphosoma cenoma-
nense Cotteau, Ovrthopsis tndicus Duncan, Echinobrissus Goybeti
Cotteau, Nucleolites similis d’Orbigny, Hemiaster cenomanensis
Cotteau, Hemiaster similis d’ Orbigny, and were regarded by Duncan
as Cenomanian in age.? Fossils of other zoological groups also occur,
but were not critically examined.

The collections including the above fossils had been gathered
partly in 1857 by Keatinge who, the year previous, had discovered
the Bagh beds and recognised their cretaceous age, and by Black-
well ; partly by W, T. Blanford in 1863 to 1864; and partly by
P. N. Bose who between 1880 and 1883 re-visited the Bagh beds.
Bose recognised three principal fossiliferous subdivisions named in
ascending order the nodular limestone, the Deola and Chirdkhin
marl, and the coralline limestone, respectively about forty, ten, and

! The most complete descriptions of the Bagh beds are those by W, T.
Blanford, Mem. G. S. I., Vol. V1, part 3 (1869), and by P. N. Rose, Mem. G. S. I,
Vol. XXI, part 1 (1384).

* Quart. Journ. Geol. Soc., XXI, p. 349 (18651 Rec., G. S. 1, XX, p- 81
18 7).
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thirty feetin thickness. The middle subdivision is the most fossili-
ferous. The fauna of the other two differs mainly by the absence of
'Some of the fossils : the majority of those that occur are also present
in the Deola and Chirdkh4n marl, and the three subdivisions cannot
be regarded as distinct palontological zones, but merely as three
successive facies of a single stage.  Mr. Bosc’s collections are far more
cxtensive than those gathered by bis predecessors, and some prelimin-
ary determinations of the fossils given on the authority of Dr. Feist-
mantel were published in his account of the Bagh beds. In most cases
t}1ey require confirmation by a closer study than was practicable at the
f:lme. The state of preservation of most of the gastropods and bivalves
Is unsatisfactory. The chief interest of Mr. Bose's collections lies in
the discovery of ammonites, which, in the collections gathered by his
predecessors, were represented only by a few undeterminable fragments.
One species was regarded as identical with Placenticeras tamulicum
Kossmat! (wrongly united by Stoliczka with Placenticeras Guada-
loupa Roemer= Pl syrtale Morton). Though distinctly related to
Placenticeras tamulicum, the Bagh form, on closer examination, is
found to be specifically different, and wili be described below as
Placenticeras Mintoi. This is the only common ammonite in Bose’s
c.ollection and many of the specimens are in a good state of preserva-
tion.  They are mostly from the nodular limestone with the exception
of a few specimens from the Deola and Chirdkhan marl identical in all
their characters with those from the underlying limestone.

In addition to the Placenticeras there are two remarkable species
also from the nodular limestone, each of which is represented by a soli:
tary fragment. They belong to the same group of forms as Placenys-
ceras, but differ from it generically, and do not appear to correspond
exactly with any generic type that [ am aware of, 1 have therefore
prop.osed a new generic name Namadoceras to include both these
species,

Since none of the three species of ammonites so far discovered
correspond with any forms described from other localities, they do not
help in determining the exact age of the Bagh beds with any further

degree of approximation than arrived at by Duncan from astudy of the
" The species is attributed by Kossmat to H. F. Blanford, but, as in the ¢
’ ase

of Ammonites madraspatanus, Blanford's name published without figure a
or e-

scription is nothing but a nomer nudum. The two species can with better juct:
be attributed respectively to Kossmat and Stoliczka. €er justice
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Echinoids. Placenticeras Mintoi belongs to a group of forms rang-
ing from the Gault to the Lower Senonian, and its presence is there-
fore not inconsistent with the attribution of the Bagh beds to the

Cenomanian.

Genus : PLACENTICERAS Meek, 1870.

Discoidal ammonites with rather small umbilicus ; shell smooth, or
ornamented with spirally disposed knobs, or falciform ribs, or both;
section of whorls wedge-shaped, with bevelled keel. Suture uniformly
frilled by more or less pronounced marginal inflections; external
saddle consisting of three sub-equal subsidiary saddles originating
by subdivision of the first lateral lobe; lateral saddles variously
subdivided, and auxiliary series moderately developed. Gault to
Campanian.

PLACENTICERAS MINTOI nov. spec. Pls. 14, 15.

Description.— Placenticeras of the group of Pl Fritschi, with
whorls usually very convex, never greatly compressed, with a fairly
broad bevelled keel limited by angular margins except in the body
whorl of adult specimens when the siphonal area tends to become
smoothly rounded ; umbilicus deep and rather narrow ; strongly project-
ing ornamentation consisting of three series of knobs, the coarser of
which closely follow the margin of the umbilicus, the next series
situated at about two-thirds of the distance from the umbilical suture
to the siphonal margin, and nearly or quite as pronounced as the inner
series, but usually of more elongated outline, the last series less pro-
nounced, much more elongated, and alternating along the angular
margins on either side of the siphonal keel. The knobs of the inner
two series do not alternate regularly on both sides of the shell, but
are not symuietrically disposed. The relative number of knobs consti-
tuting the three series are in the proportion of about three to four to six.
The total number of the umbilical knobs in one whorl averages six or
seven. Body chamber occupying about two-thirds of the last volu-
tion. The buccal aperture is sinuous, with rounded siphonal and
lateral crests.!

Sutural elements entirely frilled with fine but mostly shallow mar-
ginals. Of the three subsidiary saddles, constituting the external saddle,

! This appecars to be the first specimen of Placenticeras yet discovered
that shows the shape of the buccal aperture.
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the outermost is larger and more ramified than the next one, the third
being very broad. The lobe that intervenes between the first and second
saddles following the termination of the first lateral lobe is appreciably
shallower, even in adult specimens, than the one separating the two
following saddles. It is evident that the first and second of these sad-
dles are subdivisions of the true first lateral saddle. This character
distinguishes the sutural line of Placenticeras Mintoi from that of
Pl tamulicum,

Dimensions.—'1he only specimen in which the body whorl is com-
plete (Pl 14, fig. 1) measures 130 millimetres in diameter, the great-
est thickness being 37 millimetres for a radius of 67 millimetres,
avoiding the knobs in the thickness measurement. ]he species grew
to a much larger size than is shown in the above figures. Another
specimen is entirely chambered up to a radius of 70 millimetres and
must have been at least 180 millimetres in diameter. The sutures of
this specimen are shown on Pl 14, fig. 2. At a radius of 69 milli-
metres, the thickness is 40 millimetres, the ratio being about the same
as in the previous specimen. The shape of the section of this
specimen is shown on Pl 15, fig. 2. Both the above-mentioned indivi-
duals belong to the more compressed variety of the species, the degree
of flattening never amounting to what one observes in certain specimens
of Placenticeras tamulicum. In other specimens the ratio of thick-
ness to radius varies from % to 3. The greatest thickness is close
to the umbilical suture. (See the sections represented on Pl 15.)
The section of an inflated specimen, PL. 15, fig. 3, shows that ata dja-
meter of 21 millimetres this ammonite exhibits the compressed shape
common to all species of Placenticeras in their carly stages.

‘The ratio between the height of the whorls (measured from the keel

of the previous whorl), and the corresponding radius, is about 5, and
. . )
is the same both for compressed and inflated varieties,
Certain specimens, such as the one shown on Pl. 15, figs. 1, 14
L1, 1g,

assume the adult characteristic of a rounded siphonal margin at a
comparatively small cize. They seem therefore to be full-grown or
nearly so. These differences of size, observed in many species of
ammonites, are perhaps a sexual character, as has already been sug-
gested by several naturalists.

Development of suture.—The clearness with which the sutural
line exhibits the mode of origin of its elements distinguishes this form
from otLer allied species, none of which, with the exception of
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Placenticeras pacificum, preserve the individuality of the first lateral
saddle in so pronounced a manner. Mr. Bose's collection includes
numerous specimens of all sizes, and in the smaller ones the indivi-
duality of the original elements is still more pronounced. The speci-:
mens of Placenticeras tamulicum in the Indian Museum are all of
large size, so that it is not possible to compare this feature at its earlier
stages with Placenticeras Mintoi. The latter in specimens of small
size exhibits some very interesting and instructive features, clearly
showing the manner in which the complex subdivisions originate: at a
diameter of as much as 72 millimetres, the outermost adventitious
lobe is of much smaller size than thetwo following ones, a character
which persists in the adults of the Gault and Cenomanian species
Placenticeras Ebrayi and Pl. saadense; the third adventitious
saddle appears as a mere indentation of the first lateral lobe. The
derivation from the true first lateral saddle of the two inflections
simulating a first and second lateral saddle which is indicated even in
the adult by the relatively small size of the lobe between them is
absolutely evident in small specimens of the size just referred to where
the lobe between them is a mere notch at the summit of the massive
first lateral saddle (Pl. 14, fig. 3).

But for the inequality that subsists in the lateral elements in the
adult, the suture closely resembles that of Placenticeras tamulicum.
Although the inequalities of the lateral inflections in young specimens
of Placenticeras Mintoi tend to become equalised as the shell grows
up, yet the relatively small size of the adventitious lobe subdividing
the first lateral saddlz remains perfectly appreciable even at a radius
of 65 millimetres (Pl. 14, fiz. 2), while nothing of the sort can be
detected in specimens of Placenticeras tamulicum of the same
dimension, or even down to a radius of 45 millimetres, the smallest size
at which I have been able to observe clearly the sutures of the south
Indian species. Apart from this detail, the sutures in adult specimens
of both species are almost identical. The third adventitious saddle is
usually more slender in Placenticeras tamulicum than in Pl Mintor ;
yetincertain individuals of the South Indian form, such as the large speci-
men represented on Pl. XLVII of Stoliczka’s work on the cretaceous
ammonites of Southern India (the suture of which is not figured), it
has the same broad shape as is usually observed in the Bagh species,

. This interesting Indian ammonite is dedicated to His Excellency the
Earl of Minto, Viceroy of India. '
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Localities and geological horizon,—This ammonite occuts in great
abundance in the nodular limestone, where it has been collected by
Mr. .Bose at a large numlier of localities. 1t is found somewhat more
sparingly in the overlying Deola and Chirakhan marl, the specimens

f.rom this bed being in every respect similar to those of the nodular
limestone.

Relat‘ion to other species.—This species, although related to
Placenticeras tamulicum, differs from it in its usually much stouter
shape and especially in its ornamentation. It has more convex whorls
than any other Placenticeras yet described. The protuberances of
the second row are much more pronounced than in the South Indian
species, and those of the third row, along the keel, much fewer.

All the abovt.a c.haracters are variable in both species, yet even at
their extrcme limits there is no possible ambiguity, especially as the
several characters do not vary simultaneously in the same direction:
for instance, although the thickest specimens of Placenticeras
tamulicum may be as massive as the thinnest ones of P/, Mintot, the
increase in thickness is not accompanied by a reduction in the number
of protuberances, or by an increase of their dimensions, or any other
approach towards the characters of Placenticeras Mintoi. The
variations in the suture of Placenticeras tamulicum are guite inde-
pendent of the shape of the shell.

The irregularity of the progression in size of the lateral lobes and
saddles differs from that figured for other species. In the degree of
marginal frilling of the inflections, it is related to Placenticeras
tamulicum and Pl Fritschi, The small size of the inflection simulat-
ing a first lateral lobe, «specially in young specimens where it appears
as a mere indentation of the first lateral saddle, clearly shows the mode
of origin of the three inflections which, in most species of Placenticeras
seem to represent the two latcral and first auxiliary saddle, while inl
reality they only represent the two lateral omes. It so happens,
however, that in the one species whose ontogeny has been completely
studied, Placenticeras californicum (Perrin Swith, Proceedings of
the California Academy of Sciences, 3rd series, Geology, 1, p, 181,

1900), the first lateral saddle never loses its individuality, still less

even than in Placenticeras Mintod.

Grouping of species,—Up to the present, there have been de-
scribed 19 species of Placenticeras which can be grouped in four sec-
tions, They are enumerated and briefly diagnosed in the following list.
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SECTION 1.
1. PLACENTICERAS MEEKI Béhm, 1898.

Zeitschrift der dentschen geologischen Gesellschaft, L, p. 200, Meek,
Invertebrate Cretaceous and Tertiary Fossils of the Upper Missouri
Country, p. 465, PL. XXV, fig. z (1876).

Greatly compressed, with narrow keel; smooth; suture extremely

~ ramified, more so than in any other species. Campanian (Fort

Pierre group).
2. PLACENTICERAS PLACENTA Dekay, 1828.

Whitfield, Gasteropoda and Cephalopoda of the Raritan Clays and Greensand
Marls of New Jersey, p. 253, Pls. X1, XLI, figs. 1, 2 (1892).
Compressed ; smooth, except for a row of umbilical knobs; suture
greatly ramified. Campanian.

3. PLACENTICERAS KHARASMENSE Romanofsky, 1884.
Materials for the Geology of Turkestan, 11, p. 134, Pls. I1, I11, fig. 1.

Compressed ; smooth, except for a row of weakly de\;eloped
umbilical knobs; sutural inflections very finely frilled and deeply
ramified. Probably Campanian. .

So far as can be made out from published figures, the distinctness
of this species from P/ placenta is doubtfal.

4. PLACENTICERAS BIDORSATUM Roemer, 1841.

Schliiter, Cephalopoden der oberen deutschen Kreide, Paleontographica,
XXI, p. g1, PL. XV, figs. 6-8 (1872).

Greatly compressed ; keel very narrow ; smooth, except for a row
of knobs along the external shoulders of adults; sutural inflections
much ramified. Campanian. '

5. PLACENTICERAS INTERCALARE Meek, 1876.1

Loc. cit., p- 468, P1. XXIII.

1 1f, as suggested by Whitfield and by Bohm, one of the two forms described
by Meek from the Fort Pierre group is to be specifically separated - from the
ariginal Pl. placenta, the second one can no longer be considered as a variety, but
must also be regarded as a distinct species. By their sutural lines, the two Fort
Pierre forms are much more nearly related to one another than to Pl. placenta of
New Jersey, 1f the smooth-shelled form, Pl. XXI1V of Meek’s monograph, be
separated from P, placenta under the name of PL. Meeki Béhm, there is no reason
for maintaining the tuberculated form intercalare, Pl, XXIII, as a variety of
Pl. placenta rather than of Pl Mecki.
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Compressed, with narrow keel; rather numerous small, not very
prominent knobs, disposcd in three rows, onc along the umbilical and
one along the external margin, and one intermediate one; suture

greatly ramified, closcly rescmbling that of P/ Mecki. Campanian
(Fort Pierre group).

6. PLACENTICERAS SUBTILISTRIATUM Jimbo, 1894.

Beitrige zur kentniss der Fauna der Kreideformation von Hokkaido.
Palwontologische Abhandlungen, V1, p. 171, Pl. XVII, fig. 1, 1804.

Described from immature specimens of a size at which the
characters cannot be depended upon for specific distinction, Con-
sidering that the suture is described as complicated and deeply
ramified even at the immature stage of the specimens, it is probable
that the species belongs to the group of Placenticeras plocenta,
Exact horizon unknown.

7. PLACENTICERAS TELIFER Morton, 1834.
Whitfield, loc. cit., p. 257, Pl. XLI, figs. 10, 11.

Fragments too incomplete for diagnosis; all that can be recognised
is that the suture is greatly frilled and ramified, and that the species
attained large dimensions. It perhaps belongs to the - group of
Placenticeras placenta, and like it is found in New Jersey, but
probably at a lower horizon, which may be the base of the Campanian,
or the summit of the Santonian.

SECTION II.
8. PLACENTICERAS SYRTALE Morton, 1834.

De Grossouvre, L.es Ammonites de la Craie supérieure, p. 128, PI, v, fig. 3;

Pl VI, figs. 1, 2; PL. VII, fig. 15 PL VIIL fig. 1 (1894). ’
Whorls usually thick, keel relatively broad; at intermediate stages

of growth there are three series of prominent knobs or denticulations
- external, umbilical, and intermediate, but the two inner series graduall’
move outwards as the specimens approach maturity, till the denticula}j
tions along the keel become completely displaced by the knobs of the
second row. The three adventitious saddles constituting the compound
external saddle gradually decrease in size as they recede from the
siphonal margin; the gradation continues regularly through the succeed-
_ing lateral and auxiliary inflections; so that the original irregularities
of progression in size of the sutural elements are almost entirely
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obliterated. Inflections moderately frilled, and very little ramified,
Santonian.

SECTION 1t
9. PLACENTICERAS PRUDHOMME! Peron, 1897.

Les Ammonites du Crétacé Supérieur de ’Algérie, Mém. Soc. Géol. de Fr.,
No. 17, p. 56, P1. IX, figs. 3-7 ; P1. XVII, fig. 8.

Compressed ; keel rather narrow ; umbilical and marginal tubercles

_distinct, intermediate ones indistinct. The characrers of the suture

cannot be clearly made out, the one figured belonging apparently to a
immature specimen. Lower Senonian.

10. PLACENTICERAS CALIFORNICUM Anderson, 1goo,

Perrin Smith, The Development and Phylogeny of Placenticeras, Proc. Cal-
Acad. of Sc. (3rd ser.), Geology, Vol. 1, p. 203, Pl XXV, figs. 1-8;
Pl XXVIII, fig. 6.

Rather compressed; keel fairly broad; sides ornamented with
rough sigmoidal ribs; two series of knobs, coarse ones round the
umbilical margin, and small elongated ones along the margin of the
keel. Details of the suture have not been published, but judging from
the description, it is related to that of P/. tamulicum and PI. pacificum.
Lower Senonian (Chico=Trichinopoli).

11. PLACENTICERAS PACIFICUM Perrin Smith, 1goo.

Loc. cit., p. 207, Pl. XXIV, figs. 1-21; Pl XXV, figs. g-11; Pl XXVI;
Pl. XX VII, figs. 1-13; Pl XXVIII, figs. 1-5.

Compressed ; keel moderately narrow; sides ornamented with
falciform ribs; umbilical and external knobs small, but distinct, inter-
mediate ones indistinct; sutural elements finely frilled, and with deep
ramifications which are neither so numerous nor so regularly disposed
as in the P/ placenta group; individuality of the first lateral saddle
very distinct. Lower Senonian (Chico= Trichinopoli).

12. PLACENTICERAS TAMULICUM Kossmat, 1895.
Untersuchungen iiber die sidindische Kreideformation, p. 78, Pl VI, fig. 1.

Thickness usually moderate, but very variable; keel usually
moderately broad; pronounced umbilical knobs, and rather numerous
pronounced denticulations on the margins of the keel ; the intermediate
series of swellings inconspicuous; suture moderately frilled and
ramified. Lower Senonian (Trichinopoli). ‘
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13. PLACENTICERAS FRITSCHI de Grossouvre, 18g4.

Les Ammonites de la Craie Supéricure, p. 124, PL V, figs. 1, 2.

Moderately compressed ; keel relatively broad; closely similar to
Pl tamulicum, except that the angular margins of the kecl are smooth.
Coniacian,

14. PLACENTICERAS MEMORIA SCHLOENBACH! Laube
and Bruder, 1887.
Ammoniten des bShmischen Kreide, Paleontographica, Vol. XXI, p. 221,
Pl XXIII.
Much compressed; keel very narrow; only the umbilical knobs
developed; suture resembles that of the two preceding species.
Turonian.

15. PLACENTICERAS SAADENSE Thomas and Peron, 1889-go.

Description des mollusques fossiles des terrains crétacés de la région sud des

hauts-plateaux de la Tunisie, p. 19, Pl. X VI, figs. 3+7.

Compressed ; apparently smooth ; the suture, so far as can be made
out, is moderately [rilled and ramified, and has unequal inflections
betraying their mode of origin even in the adult; the outermost adven-
titious lobe is rather shallow as in P/ Ebrayi, and in immature
specimens of P/. Mintoi. Cenomanian.

16. PLACENTICERAS MINTO! Vredenburg, 19o07.

Whorls very thick ; keel rather broad; three series of pronounced,
widely spaced protuberances, along the margins of the umbilicus and
of the keel, and along the external shoulders; suture moderately
frilled and ramified ; unequal lobes in the lateral series, plainly showing
that the first lateral saddle consists of two subsidiary saddles.
Cenomanian.

17. PLACENTICERAS UHLIGI Choffat, 1886.

Recueil d*études paléontologiques sur la faune crétacique du Portyos:
Pl 11, figs. 3-5. 4 rogal, P-4,
Shell ornamented with falciform ribs and with tubereles along the
margins of the umbilicus and keel; sutures moderately frilled an
ramified.! '
1] have not had access to the original description of the species ; the

characters here given arc incidenta y mentioned by Thomas and Peron in the
description of Pl. saadense,
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18. PLACENTICERAS EBRAYI de Loriol, 1882,

Etudes sur la faune des couches du Gault de Cosne (Nidvre), p. 7, PL 1., Mém,
Soc. Pal, Suisse, Vol. IX, part 2.

Whorls moderately thick ; keel moderately wide; four rows of
tubercles: along the margins of the umbilicus and keel, and two
intermediate series ; sutural inflections moderately frilled and ramified ;
the outermost adventitious lobe, even in very large specimens, is
shallow as in P/. saadense and in immature specimens of Pl, Mintot.
Gault.

SECTION 1V.
19. PLACENTICERAS WARTHI Kossmat, 1895,
Loc. cit., p. 176, PL. V], fig. 8.

Compressed; smooth; outermost subsidiary saddle split into two
portions by a deep adventitious lobe, so that the external saddle
appears divided into four portions instead of three; the suture has
numerous inflections, but is very slightly frilled, the summit of the
saddles being almost devoid of marginals with the exception of a deep
narrow median notch. Gault (Maravatur beds).

By grouping the species as proposed in the above list, the first
section might be distinguished as the group of Placenticeras placenta,
characterised by compressed shells with a very narrow keel, delicate or
obsolete ornamentation, and an extremely frilled and iramified suture.
The species of this group are very closely related to one another.
They appear to be restricted to the Campanian.

The second section including Placenticeras syrtale and its
numerous varieties is characterised by prominent tubercles which
gradually travel outwards as the shell grows larger, and by a sutural
line remarkable for the great sameness of successive inflections, all of
which are almost devoid of deep ramifications. The ammonites of
this section belong to the Santonian.

The third section, including the greatest number of species, may be
called the group of Placenticeras Fritschi. The ammonites of this
group have variously ornamented shells of variable thickness, the knobs
occupying the same relative position at all stages of growth, the sutural
line moderately frilled and ramified, with inflections of irregularly
progressing dimensions, They range from the Gault to the Lower
Senonian.

=
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The fourth section only includes the aberrant Placenticeras
Warihi with smooth compressed shell, and a sutural line which is
greatly subdivided but scarcely frilled or ramified. The mode of origin
of the adventitious inflections which can be distinctly traced, even in
the adult, agrees with what is observed in other species, and clearly
shows that it is a normal Placenticeras in spite ol its aberrant charac-
ters. Its age is Albian.

The following table gives the distribution in time of the various
species so far as is known :—

T2
g g :
o g ‘ 2 g 8,
E 2 e 3 g
§1812] 313
(Pl. Meeki Bohm . . . ) RO P TR
» placenta Dekay . . . I PO SR SR R .
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[, Prudhommei Peron . L e __’
» californicum Anderson . D PO . \.___.‘
» pacificum P. Smith | . R TN [N RO i _‘
» tamulicum Kossmat . . il _._'
» Fritschi de Grossouvre .« Ll alndd, — ‘
1114 |
w mem. Schloenbachi  Laube and{.......Jv. .. ——
Bruder,
» Saadense Thomas and Peron . N R
I » Minto: Vredenburg . . .| — \ |
|, Uhligi Choflat . . . e l 1
\_ ,, Ebrayt de Loriol . . . ___I \ i
i
1V . ,, Warthi Kossmat . . . i | \
\
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It will be noticed that the species of the oldest group, that is,
Placenticeras Warthi, exhibits the simplest outlines of sutural
inflections, while in the newest group, that of PL placenta, they are
extremely ramified; this is in accordance with the order usually
observed in the development of other genera of ammonites, The
generality of this law amongst the ammonites appears to indicate that
each genus started with a relatively thick-shelled form succeeded by
gradually thinner-shelled species. ~Since the degree of complexity of
the sutures is obviously correlated with the delicacy of the shell, the
manner in which this character is taken to indicate progress or regres-
sion is scarcely justified, considering that it cannot have borne any
relation to the degree of complexity of the organisation.

Genus: NAMADOCERAS gen. nov.

Definition.—Smooth ammonites with wedge-shaped acutely keeled
whorls, each of which completely encloses the previous one, leaving a
funnel-shaped umbilical depression; sutural line finely frilled through-
out its entire length, consisting of a broad external saddle divided into
two main portions by a deep adventitious lobe, followed by a moder-
ately developed lateral and auxiliary series of gradually dwindling
marginally frilled inflections.
~ Owing to the fragmentary condition of the specimens, nothing is
known regarding the shape and size of the body chamber.

Relation to other genera.—This type is somewhat of a connecting
link between the genera Placenticeras and Sphenodiscus, though not
intermediate between them. The shape is that of Sphenodiscus, tut
the suture recalls that of Placenticeras, differing, however, from both
these genera owing to the subdivision of the compound external saddle
into two principal masses instead of three. The resemblance of the
sutural line to that of Placenticeras is especially marked in one of
the two species, the one which I have named Namadoceras Scindiz,
where the more external of the two masses constituting the external
saddle is itself subdivided in such a manner as to suggest a tripartite
subdivision of the whole lobe not unlike that observed in Placenticeras.
Only if the lobe be thus regarded as tripartite, the middle subdivision
is of insignificant size as compared with its development in all the
species belonging to the remarkably homogeneous genus Placenticeras ;

F 2
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while the same interpretation removes it still further from the charac-
teristic Senonian forms of Sphenodiscus, in which the middle adventi-
tious saddle is always aslarge or larger than one or other of its fellows.
Inthe Turonian Sphenodiscus Requicni d’Orbigny, the second adventi-
tious saddle is small, but still the suture differs considerably from that
of Namadoceras, owing to the much simpler outline of the saddles,
especially in the lateral and auxiliary series.

Apart from the differently constituted external saddle, the general
appearance of the sutuce recalls that of Placenticeras. The marginal
inflections are very similar, and the lobes and saddles are arranged
very similarly as regards shape and disposition, The absence of
knobs and the sharp non-bevelled keel produce an external appearance
different from that of Placenticeras, but analogous to that of Spheno-
discus.

With regard to the suture, in addition to the different constitution
of the external saddle, Namadoceras is distinguished from Sphenodiscus
by its less complex auxiliary series. 'This smaller development of the
auxiliary series and the greater development of marginals round the
saddles distinguishes it from /zdoceras which, like Namadoceras, has
a bipartite external saddle.

The genus is perhaps related to certain neocomian forms, such as
Ammonites Gevrilianus & Orbigny, which have sometimes been
regarded as related to Oxynotoceras. 1t is also related to Ammonites
Cleon d'Orbigny of the Gault, and also to the already mentioned
Sphenodiscus Requieni of the Turonian.

Its closest ally is probably the neocomian genus Leopoldia Baum-
berger, a genus related to Hoplites, and distinguished from Namado-
ceras by the bluntness of its keel, its frequently ornameuted shell, and
the less pronounced splitting up of the external saddle.

At any rate there is no doubt as to the propriety of including
Namadoceras amongst the Placenticeratida, or Placenticeratinaa,”

if the group be regarded as a sub-family of the Hoplitidz.
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NAMADOCERAS SCINDI&E nov. spec. Pl 16.
Description.~~Smooth shell with deeply frilled sutures, the external
half of the complex external
saddle greatly ramified, and
subdivided, on its inner side,
by a margiual lobe <0 deep as
to izolate an almost independ-
ent subsidiary saddle; inner
half of the cxternzal saddle
broad, and less deeply rami-
fied, separated by a large
complex first lateral lobe from
the large first lateral saddle
which has a tendency to be-
come bifid ; the second lateral
lobe and saddlc smaller and
less complex, followed by a
well marked lobe and a low
auxiliary saddle beyond which
the auxiliary series extends
down the umbilical funnel in
a serrated line the inflections
of which are not distinctly
individualised.

Dimensions.—The solitary
fragment is entirely cham-
bered up to its” largest radius
of 92 millimetres. The
species must grow therefore
to a very large size. The
ratio between the height of a
whorl and the corresponding
radius is about 5 to 9. The
greatest thickness situated at
a little less than one-third of
the radius ffom the centre is
56 millimetres at a cor-
responding radius of about go
millimetres.

1 have dedicated this

remarkable ammonite to His

Section of Namadoceras Scindie.
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Highness the Maharajah Alcejah Bahadur Scindia in whose dominions
the Bagh beds are extensively developed in a series of most interesting
exposures,

Locality and geological horizon,—The solitary specimen was

discovered by Mr. P. N. Bose in the nodular limestone at Mongra in
Chota Udaipur,

NAMADOCERAS BOSEI nov. spec. PL 17.

Description.—Shell with slightly developed straight radial folds,
especially distinct towards the umbilicus, becoming gradually effaced to-
wards the attenuated, very sharp marginal keel ; sutural line moderately
frilled, the outer half of the complex external saddle being the only
portion deeply ramified ; first lateral saddle large and broad, followed
by second lateral lobe and saddle, first auxiliary lobe and saddle, and
second auxiliary lobe, of gradually decreasing size, beyond which the
suture is concealed by the matrix filling the umbilical funnel. All the
inflections are somewhat uniform in outline, the saddles tending to a
bifid, and the lobes to a trifid disposition.

Dimensions.—The greatest radius of the entirely chambered
fragment must have been about 8o millimetres indicating, as in the case
of the previous species, an ammonite of large dimensions. The greatest
thickness situated at a little over one-quarter the radius from the
centre is about 30 millimetres at a radius of 65 millimetres, or 5 of
the corresponding radius. The state of preservation of the fragment
does not allow an exact measurement of the rate of involution,

Comparison with the previous species.—The shell is somewhat
more compressed than that described as Namadoceras Scindiz, but
with only one specimen of each species it is not possible to say how
far this may be merely an individual accident. The radial folds and
the pinched tapering shape of the section towards the keel in
Namadoceras Boset are conspicuous distinctions. The sutural line is
quite different. It is less minutely frilled and the development of the
larger inflections is more pronounced towards the umbilicus and less
so towards the external margin in Namadoceras Bose: than in
Namadoceras Scindiz.

There is no marked tendency towards the individualisation of a
median adventitious saddle in the complex external saddle, such as is
observed in Namadoceras Scindiz, though this inflection is represented
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in a rudimentary manner by a small marginal saddle deeply situated in
the adventitious lobe that separates the two masses of the compound
external saddle.

Locality and geological horizon.—There is only one specimen
which was discovered at the same locality and at the same horizon as
the one fragment of the previously described species. The simultane-
ous occurrence of two completely distinct forms of such a remarkable
generic type is a most interesting circumstance.

I have dedicated this second species to its discoverer, my colleague
Mr. P. N. Bose.

LIST OF ILLUSTRATIONS.

PLate 14. Fig. 1.—Placenticeras Minto, specimen  with body whorl
complete. Kanorj, 2 miles north of Dehri, by the Uri. Nodular
limestone.

Fig. 2—Suture of a full-grown specimen from Murasa near Naupur.
Nodular limestone. (The differences between the two consecutive
sutures are principally due to the interference from the knobs.)

Fig. 3.—Suture of an immature specimen from the same locality as the one
represented in  fig. 1, but probably from the Deola and
Chirdkh4n marl.

Prare 15. Figs. 1, 1a—Placenticeras Mintoi, Murasa near Naupur,
Nodular limestone.

Fig. 2.—Section of whorl drawn from the same specimen as Pl 14, fig. 2.

Fig. 3—Section of a specimen from the nodular limestone. Exact locality
unknown,

Fig. 4.—Section of whorl of a specimen from the nodular limestone. Exact
locality unknown.

PLATE 16. Fig. 1.—Namadoceras Scindi@. Mongra in Chota Udaipur.
Nodular limestone.

Fig. 2.—Suture of the same specimen,

PLaTE 17. Fig. 1. Namadoceras Bosei. Same locality and horizon as the
species represented on the previous plate.

Fig. 2.—Section of whorl of same specimen.

Fig. 3.— Suture of same specimen.
Figure in text, page 123. Section of Namadoceras Scindice.

All the figures are drawn in natural size.
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MISCELLANEOUS NOTES.

A Bituminous Limestone from the Vindhyan Series,
Jodhpur State.

SAMPLE of rock received from the State Fngincer, Jodhpur State,
Riiputina, and described as having a smell of kerosine oil, consists of
several picees of a dark hair-brown limestone.  In some cases the grain is
fairly fine (19'167); but in others the rock is very
cuarsely crystalline (1g-148), the cleavage faces being
so markedly curved that in one case, where a curved cleavage face two inches
across was obtained, the curvature corresponded to that of a circle about
4 inches in diameter. The accompanying woadeut shows a corner whese
three of these curved cleavage faces, corresponding to those of the unit

rhombohedron, mect.

Curved cleavage.

On inspecting the hand-spccimen each of the curved cleavage faces is
seen to be composed of a number of much smaller facets arranged so as to
make small angles with onc another. This, of course, accounts to a certain
extent for the curvature, but not cutirely, ff)r each of t'h‘ese su}allcr cleavage
facets is seen by the aid of a lens to be itself curved.  The ‘microscope a]s'o
shows that although many of the cleavazes arc composite and owe their
curvature 1o a stepped or ¢n ichelon arrangement o.f s:xllnllcr cleavage cracks,
e curved cleavages are bold and distinet and undoubtedly
As the large plates of calcite show no signs of strain pheno-
mena in the shape of undulatory cxtinction or jamellar twinning, the curved
ed to strain; and the only rcason that can be
he departure of the cleavage of this caleite from

yet many of th
quite simple.

cleavage cannot be ascrib

advanced to account for t wage
L of normal caleite is that possibly the included hitaminous matter, to be

some effect on the disposition of the calcite molecules.
ystallization, usually made up of sub-individuals, are
with the allied mincrals dolomite and chalybite ;

tha
refcrred o Liclow, has

Curved faces of ¢
of cowmmon uvcecurrence
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but I am not aware that curved c/eavage faces have been recorded for any
of the minerals of this group, except possibly in the case of obviously strained
individuals seen in microscope sections.

The specific gravities of a piece of the finer-grained and of the more
coarsely crystalline rock were found to be 2'71 and 2'68 respectively.

The rock has a strong fetid or bituminous smell which is stronger on
fresh fractures than on old. On dissolving a portion
of the rock in dilute hydrochloric acid a brown scum
is formed. This is taken up by ether, which then burns with a smoky flame.
The rock also gives a slight reaction for sulphur.

Under the microscope the rock shows pale yellowish plates of calcite
ophitically enclosing abundant little patches of what seems also to be calcite
in different optic orientation to the enclosing plates.

Traversing the yetlowish calcite are veinlets of quite clear and colourless
calcite.  The way in which the bituminous matter occurs is not apparent in
the microscope sections, but it may either be uniformly distributed through
the yellowish calcite, thus accounting for the colour of the latter, or, less
probably, associated with the above-mentioned little patches of calcite (?)
enclosed in the larger calcite individuals.

The rock was found near Bilara, and the exact locality is given as
“two miles off from Pichak village on the way to Kharya and Udalyawas
and about 100 yards north of bank No. II of Jeswant Sagar Tank.” This
is at lat. 26° 12’ and long. 73° 46, in Jodhpur State, and is on the Vindhyan

formation.
Hence we see that this rock is to be regarded as a bituminous limestone

of Vindhyan age.

Bituminous character.

[L. L. Fexmor.]

Wavellite from the Singhbhum district, Bengal.

Amongst some specimens received from M. R. Ry. Srinivasa
Rao, B,A., in 1906, was one (K. 4) showing numerous radiate tufts form-
ing incrustations on, and (illing cracks in, a dark grey flint-like quartzite
which under the microscope is seen to be composed of a very fine-grained
quartz aggregate. The radiate tufts are o' to 1°5 cm. in diameter and of
a pale greenish white colour, The mineral suggests wavellite in its genera)
appearance; and that it is this mineral is shown by the fact that it reacts for
phosphorus, aluminium, and water. The specific gravity of a small piece was
found by means of Sonstadt’s solution to be 2'345; this is a trifle higher
than the value given by Dana, 2'316 to 2:337. Wavellite has apparently
not been previously recorded from India.
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The specime Grobi
p n was collected at Gobindpur—lat. 22°37'; long, 85° 36'—

about half- ay betwee nd So o
. alf-w $ .t cn Chak:irdharpur a donua SttlliOll, Bengal-Naﬂpur
Rai way, the dis trict being].iing’hbhum Bcﬂ"ﬂ.l ‘
3 =] ‘ '

. [L. L. Fermor.]
Corundum from the Singhbhum district, Bengal.

Amongst the specimens received from M. R, Ry. Srinivasa Rao were
rom Lgas 1, St Lo b o ey ish and browaish ocks
. ¥ , Sing m ; Lopso Hill is si {

East of Chak4rdharpur station, Beigal-Nag;\frlt;{?i?\(iaé;b?ll:t :zl” n'“'lTS North;
47'). The specific gravity of the rocks ranges from 3'57 to :6 LEIZh. }(])ng- >
of the specimens indicates at once the presence in >t'he r?z)clzl of ardness
and the microscope shows that these rocks are granular cr sla\)cimundumy
gates of corundum, containing a certain amount of tren)\]olite nSVha'gErF-
some .placos is aggregated into tufts conspicuous in the hand:speclifnem
This is a new locality for corundum-bearing rocks in India ; Mr. Hallow:s.
'who has visited Lopso Hill says that he was only able to find pebbles of the

rocks and not to find them 7 si/u. ”

[L. L. Fermor.]
Apatite-magnetite=rock from the Singhbhum district, Bengal.

Amongst some samples of iron-ores from two villages given as Moosalbali
and Pathorghora! in Prince Mahomed Bukhtiyar Shah’s Dhélbhum Estate
Singhbhum district, Bengal, were several specimens of an interesting apatite-’
magnetite-rock.  The apatite occursas flecks and spots, sometimeos up to 1

inchin diameter, and of a creamy colour, often tinged brown by iron oxide ix:‘
what wogld otherwise be called magnetite-rock. There is one patch cc;n

posed almost cntirely of apatite, that is 21 inches long by 1} broad’ ’I‘h]-
mineral gives all the test of apatite, and is seen under the 2microsc‘o e te
have been formed later than the magnetite, which is idiomorphic with rfs .
to the apatite. In many places the interstices of the magnetite are occup?ecc;
by a golden-coloured micaceous mineral in the place of the apatite [\)vith
which it is also sometimes associated. A little quartz occurs in one, lac

and is idiomorphic with respect to the apatite. P

In the absence of any information as to the mode of occurrence of this
rock or ore, it is difficult to put forward any theory as to its origin.

If this rock occur in any quantity, it might be of considerable value, on
.account of the considerable percentage of phosphorus it must eontain in,th
manufacture of basic steel, ’ )

(L. L. Frrwor.]

! Probably the sume as Mosaboni (lat. 22> 317; ° 30"
s . 227 3375 long. 80° 30') and Pathole 1 LI OYIN
long. 86° 29°) shown on Standard Sheet No. 156 of the Bengal Survey (Reg. T\}’: F;Sé ;t._OIZZS)SZ '
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Note on the Occurrence of Orpiment on the Shankalpa
Glacier, Kumaon,

That orpiment occurs in some locality near Munsyari (80° 18'; 30° 7)
has been already pointed out in these Zecords (Vol. 11, page 88), but the
precise position was apparently unknown.

In September 1906, when visiting the Shankalpa glacier (80° 24; 30 19)
we found upon the surface-moraine of the glacier, and about one mile from
the ice-cave, scattered fragments of orpiment-bearing rock, showing upon
the freshly fractured surfaces minute specks of realgar. The ore covers only
a very limited portion of the surface-moraine, and appears to be scattered
upon it in the form of an ellipse perhaps 1 mile in length, and lying close to
the north-west side of the valley about one mile from the ice-cave.
Outside the margin of this ellipse we found no ore.

It seems probable that the ore has not been carried very far from its
home by the flow of the glacier-ice, for if it had been brought down in the
same manner as the surface-moraine of the glacier, we should expect to find
it distributed throughout the latter and not confined to one particular place.
Possibly it may have been carried down by an avalanche from the hill-side.
The absence of realgar on the weathered surface of the specimens may
possibly indicate that the rock has been exposed to the air for a considerable
time ; this however is doubtful.?

We were unable to discover the source of the fragments both owing to
the short time at our disposal and being hampered by fresh falls of snow on
slopes ordinarily difficult on account of their great steepness.

The orpiment occurs filling in irregular veins and cracks in a bluishe
grey siliceous rock, and is found in foliated masses of a lemon-yellow colour.
No crystal faces can be determined although the cleavage is especially well-
marked, A specimen of the pure mineral was found to have a specific

gravity of 3-4s5.
Realgar in small granules of the usual red colour is of rare occurrence

and is seen only on the freshly fractured surface.

An average sample of about 2,000 gms. of the mineral and gangue was
powdered for chemical examination. A determination made by Mr. Brown
on material from this shows that the rock contains 23°11 per cent. of arsenic.

[G. pEP. CoTTER AND ]. CoGGIN Brown.]

1 See also : Mallet, Manual of the Geology of India, Part 1V, page 12, and Atkinson, Econo-
mic Mineralogy of the Hill Districts of the North-West Provinces of India, page 31.

* Dana, System of Mineralogy, page 34. * Realgar changes to orpiment and arsenolite on

exposure to light,”’
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Note on the Tatkan area : blocks 21—26-N, Yenangyaung.

T .
(Mﬁ:esg b}goc]ks have been regarded as of Irrawadi sandstone age by Grimes
. h 8.2, XXVIII, p. 60); but the presence of large exposures of clay
s have caused SUbSt?(luent investigators of these blocks to regard them as
possibly Yenangyaungian. \
Ie i o N 4 : :
o s xax?xtt}l‘ed ;'hesc blocks in April 107, with the object of determining (1)
‘ ge of the clay exposures, and (z) the structure of the strata, whether
anticlinal or otherwise,

f I‘be clay beds appearto me to be of Irrawadi sandstone age for the
ollowing reasons ;—
oot o ,m(ijth cryw iere cm'rc‘m-l)eddmg, and containing
) ey are interstratified with numerous pebble
l‘)eds (see Mem. G. S. 1, XXVIII, P. 70).

(2) The so-called clay beds are, 1 think, merely large clay pockets in
fhe sandstones, aud are of contemporaneous age. Many sections
in the stream beds, which I cxamined, supported this view ;
thus in the Ngamwe Chaung, a large clay pocket is exposed
showing sandstones enclosing it. The clay of these pockets is of
an exactly similar type to those of the exposures in the Kyubyu
and Thitnyodaw Chaungs, blocks 24 and 26-N, Yenangyaung,
where the sandstones apparently overlie the clays with local
unconformity, because, as 1 think, the sections are not deep
enough to show the lower boundaries of the pockets.

(3) Although gypsum has been reported from these blocks, it appears
to be very scarce. In the Yenangyat area gypsum is also found
in the Irrawadi series in small quantity.

(4) The clay of these exposures differs from Yenangyaungian clays in
that it is jointed, not laminated or bedded, and it may well be a
fresh-water deposit.

(5) The well-sections of the two wells drilled in this area show
series of soft sandstonesand clays with bands of siliceous pebblesa-
these occurrences are suggestive of an Irrawadi sandstone a ’

Structure.—Alter a carclul examination of the structure, 1 came tge.h
conclusion that the strata are slightly undulatory and racti,c Iy hori ol
The exact dip is often unobtainuable owing to the 1 ot cqnzontal.

' g prevalence of current-bed-
ding and the softness of the sandstones.

If the above vi ; il
e hopa::]gsz views be correct, the prospects of oil in these blocks are

[G. peP. Correr.]
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Fossils from the Miocene of Burma.

A collection of fossils has been received from Mr. L. G. Boyd, of which
12 species come from Singu, 23 species from the southern continvation of
the Gwegyo anticline, now known as the Payagyigon-Ngashandaung oil=
field, 8 from Padaung near Prome, 5 from the Kabat anticline, z from Taung-
tha Hill, and 3 from the hills near Kwatalin 20 miles south of Taungtha. The
following is 2 list of the species from the different localities :—
Singu. —
Pecten kokenianus Noetl,
Areca yawensis Noetl,
Tellina grimesi Noetl,
indifferens Noetl,
,»  protocandida £ Noetl.
Lithodomus sp.
Vermetus sp.
Oniscidia minbuensis 2 Noetl,
Voluta ringens Noetl.
Conus malaccanus £ Hwass.
Cassis d'archiaci Noetl.
Balanus tintinnabulum Linné,
Payagyigon-Ngashandaung field —Of the 27 species from this area, 15
come from a locality one mile west-south-west of Payagyigon village, and it
seems probable that they represent the zone of Paracyathus caruleus
Noetling. The following is a list :—
Tellina tndifferens Noetl.
Scalaria sp.
Tercbra P sp.
Mitra sp.
Rimella crispala Sow.
Cancellaria davidsoni d’Arch. and Haime.
” martiniana Noetl,
Voluta dentala Sow.
Oliva rufula Duclos.
Cyprea granti d Arch, and Haime.
Drillia yenanensis Noetl.
,»  protointerrupta Noetl,
Surcula feddent Noetl,
Pleurotoma cf, woodwardi Martin.
¢f. tigrina Martin.

”

M1
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Other species from unstated localities in this field are as follows :—
Lemnopleurus sp.
Telitna protostriatula P Noct),
»  grimest Noctl,
Ficula theobaldi Noctl,
Calliostoma sp.

Siliquaria sp.

Drillia protocincta P Noetl,

Basilissa lorioliana N oetl,

Oniscidia minbuensis 2 Noet),

Ceralolrochus alcocki Noetl.

Nautilus sp.

Balanus tintinnabulum Linné.

It is interesting to note that the fossils from this field have been subjected
to considerable pressure, many of them having been squeezed flat. For this
reason also they are often too badly preserved for accurate determination,

Padaung (Prome).—The following fossils were obtained from a reef in the
[rrawadi river ;—

Zapes protolirata Noctl.

Dione protolilacina Noetl,

Solarium sp.

Meiocardia sp.

Cucullea protoconcamerata Noet),

Area sp.

Zurrilla acuticarinata Dunker (some specimens show-
ing forms which are intermediate between this species
and 7. lydekkeri Noetl,).

Conus malaccanus Hwass.

Kabat anticline—

Nerita ? sp.

Conus malaccanus Hwass.

Pyrula bucephala Lam,

Conus literatus Linné,

Voluta dentata Sow.

Taungtha Hill,—

Spine of Myliobates ? Noetl,
Balanus tintinnabulum Linné.

Hills near Kwalalin, 21 miles south of Taungtha.—
Vicarya callosa Martin.}

Cytherea erycina Favanney
Scutella P sp.

{G. peP, Correr.)
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Some Triassic Ammonites from Baluchistan,

While looking through a collection of fossils ma:de in Baluchis.tan
by Kishen Singh, late Sub-Assistant, a number of ammonites embeddefi ina
black shale were noticed. Their general appearance suggested th‘:tt they were
probably Triassic in age. The label with the specimens reads ) ’I’n a cfon-
cretion in black shales No. 5, about 2 miles south-west of Babaza‘x. Refer-
ence to the Museum register shows that these fossils come from the Brewery
beds whichare said to belong to the Dunghan group. I have not been able to
find the village mentioned by Kishen Singh on any map, but referenc.e to his
maps makes it certain that these specimens come from the Brewery hill, west
of Quetta, as this is the only locality where the strata No. 5 are marked. The
ammonites, which are generally small and stunted forms, are crowded ina
black calcareous shale. The interior of each ammonite has been replaced by
calcite. The individual specimens are difficult to extract. Qf those that can
be got out are some very involute ammonites with a shape W.th}.l re;al]]s Rha-
cophyllites Vredenburgi described by Diener fr(?m .the Trlass%c sha es near
Pishin. The difference lies in the umbilicus which is obsalete in the Present
specimen. The suture line being of the Phyllocerat'xd type, this fossil must
be called Phylloceras. At least six specimens of this fossil occur. -

Some small, rather globose involute forms ornamented \}'1th smooth ribs
which are not prominent show great resemblances to Piychites. N

A fragment of an involute ammonite ornamented by fine longxi)u maS nn.
seems to belong to the genus Cladiscites.  The sutures have not eer;‘m ‘ ee.c
The other ammonites have not been identified, but they seem to be rlgsm.,
at any rate in appearance. The presence of this probably Eppfer 1?;:18;12
deposit in the Brewery beds is probably to be accounted for by faulting,
region round Quetta being a very disturbed one.

[(G. H. TrppEr.]
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MARINE FOSSILS IN THE YENANGYAUNG OIL-FIELD,
UPPER BURMA. By E. H. PaAscoge, M.A., B.Sc.,
Geological Survey of India. (With Plate 18.)

INCE the publication of a short note on this subject (Rec. Geo:.
Surv. Ind., Vol. XXXV, Part 2, page 120), a second marine
fossiliferous bed has been discovered in the Yenangyaungian or upper
part of the Miocene, near Twingon. Of the two fossil horizons thus
established, the more recently found one is older than that recorded in
the note, and will be described first.

It occurs close to the base of what Dr. Noetling has termed the
Yenangyaungian stage, in the centre of the anticline, where the strata
are practically horizontal, about 1,100 feet below the Ferruginous
Conglomerate or Pliocene-Miocene. boundary. Its locality is the north
bank of the Natsin Yo, almost due north of the village of West Twingon,
close to where a large tributary enters from the north. (See 8-in.
topographical map ; or 4-in. geological map, Mem. Geol, Surv. Ind.,
Vol. XXVII, Part 2.) The rock may be described as a highly impure
limestone containing large quantities of sand and pebbles of clay, and
is crowded with minute shells and shell fragments. Most of these lie
in a horizontal position, and for this reason the rock splits more readily
in this direction. Fossils extend for about 30 yards horizontally, when
the limestone first becomes unfossiliferous and then dies out, the
horizon becoming obscure. Here and there the margins of the rock
assume the form of soft sand containing soft chalky shells, and it is
evident that the limestone is a secondary one produced by the intro-
duction of calcareous matter into a fossiliferous sand, the fossils in

B
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fact owing their preservation to the advent of the carbonate of lime,
which in fact probably originated irom the fossils themselves.

The chief character of the bed is the minutencss of the shells,
although nearly all of thesc can be identificd —~where identification is
possible—with Miocene forms of ordinary size found at Singy,
Yenangyat, Minbu, Thaystmyo, Prome, aind elsewherc. The vast
majority of the shells and fragments are those of Pelecypods, the
commonest being Dione protophilippinarum : many of them shew
compressional distortion.  Sections under the microscope shew the
rock to be crowded also with a species of Rofalia.

The follnwing is a list of forms identified, most of which are figured
and described in Noetling’s ‘ Fauna of the Miocene beds of Burma ;7
the most frequently occurring are marked with an asterisk :—

*Rotalia sp.
Twingonia (v. inf.).
Dendrophyllia sp. a.*
Arca theobaldi Noetl. (or durnesi d’Arch.).
» myoénsis Noetl.
, bistrigate Dunker.
Nucula alcocki Noetl.
Leda virgo K. Martin.
Cardita protovariegata Noetl.
" visquesnelr d'Arch.
Lucina neasquamosa Noet),
Venus protoflexuosa Noetl,

y  granosa Sow.
*Dione protophilippinarum Noetl.

»  protolilacina Reeve.

»  dubiosa Noetl.

w (2 arrakanensis) Noetl.
Tapes protolirata Noeti.
Dosinia protojuvenilis Noctl,
Corbula prototruncata Noetl.
Basilissa lorioliana Noctl.

*Solarium maximum Phillipi.
Turritella simplex Jenkins.

*

1 Pal@ont, Ind., New Ser., Vol I, Part 3.
1 V. inf.
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* Turritella acuticarinata Dunker.
g lydekkeri Noetl.

Calyptraza rugosa Noetl.

Natica obscura Sow.
* . gracilior Noetl,

Sigaretus neritoidens Linné.

Oliva (Strephona) rufula Duclos.
Strioterebrum unicinctum K, Martin.

’ sp.

Terebrum smitht K. Martin,
Pleurotoma karenaica Noetl.
Clavatula munga ? Noetl.

Balanus tintinnabulum Linné.
Carcharias | Prionodon) gangeticus M. and H.

This list doss not correspond satisfactorily with any of the zones
established by Dr. Noetling: no zone is rcpreser}ted by as many as
one-third the number of its types. The following table shews the
number of species from this bed common to each zone :—-
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The preponderance of species belonging to the zones of Paralleli-
pipedum prototortuosum and Arca theobalds is of little significance, as
both these zones, and especially the former, are richer and more
comprehensive than the rest.

The second fossiliferous horizon, on which the preliminary note

was published, occurs on the west flank of the anticline, where the
strata dip at 35° to the west-south-west, about 350 —g00 feet below the
Ferruginous Conglomerate. The bed, which occurs on the south bank
of a tributary to the Natsin Yo, 48° E. of S. from Taungnhit lon and
‘500 yards from that hil}, could be traced for about 10 yards horizontally,
after which fossils disappeared (see maps mentioned above). The
shells, several of which have been crushed, are to be found, as in the
Natsin Yo bed, in an impure concretionary limestone containing sand
and clay pebbles, but are larger and less crowded, while the rock is
harder and non-fissile. Soft chalky specimens occur in the soft
sandstone immediately below and in the bed of sand and clay lenticels
immediately above. The calcareous matter of this, like that of the
Natsin Yo bed, is evidently secondary, being merely an incidental
feature to which the organic remains owe their preservation.

The most interesting feature of this bed is the frequent occurrence
of a small bean-like fossil which appears to resemble some form of
Foraminifer allied to Oréitoides more than anything else (Plate 18,
fig. 1). After careful examination by sections and microphotographs,
however, the absence of any well-known form of structurce precludes
its being assigned with any degree of certainty tothis group. As the
organism, if an organism it be, is not only extremely common in this
bed, but has been found in the Natsin Yo bed in # recently discovered
Miocene outcrop about 20—z5 miles east of Yenangyaung near
Wetchok, and also in the Minbu Hills, the provisicnal name of
Twingonia is here suggested for it and a description of its characters
given.

The length of the test ranges from about 6 to 22 mm., the width
from 5 to 11 mm., the thickness from 2 to §°75 mm., and the ratio of
length to width from 1'24 to 1'64. Like the bean it resembles, it
splits readily into two plano-convex halves, which are often found
separated (Plate 18, figs. 2, 3, and 4). An examination of micro-
scopic sections shews a fibrous structure, the fibres running trans-
vers:ly to the primary plane of division. In the centre of cach half
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they are perpendicular to this plane, but towards the periphery they
become more inclined towards the centre until at the edge of the test
they usually become parallel to, and continuous with, the fibres of the
other half (fig. 2). The fibres are not only interrupted by the primary
plane of division, but frequently also by one or two secondar?f, slightly
oblique, and somewhat ill-defined planes dividing the test into acute
wedges (fig. 2). The flat internal face of any hall test usually
exhibits a number of fine ridges radiating from a slightly eccentric
focus (fig. 4): some of these bifurcate towards the margin. The
longest ridge is the most conspicuous, running parallel to the longer
axis of the test (fig. 4): the adjacent ridges unite with it and
are thus prevented from reaching the focus : it is possible these ridges
may correspond to the series of septa in the Nummulinide. Good
specimens shew the spaces between the ridges divided up into small
chambers by thin cross-partitions: a chambered structure is also dis-
tinctly shewn in part of a microscopic section cut parallel to the
primary divisional plane. In another good specimen from Minbu
(fig. 5) the surface of the primary divisional plane shews a series of
about eight concentric ridges which predominate over the radial and
are not to be confounded with the minute cross-partitions mentioned
above: it is possible that the latter may be a mineralogical accident.
In section through a half test parallel to the primary divisional plane,
no radiating structure is apparent, but a net-work of anastomosing
lines, closely resembling what is seen in similar sections through a
reticulate Nummulite, is plainly shewn (fig. 6). In some speci-
mens a tangential structure can be distinctly made out, the test
being divided by curved planes parallel to the external surface into
thin shells; the broken edges of two of these shells are indicated in
fig. 5.  Whether the shells are truly concentric or form an involute
spiral analogous to the ‘“spiral lamella” of the Nummulites, could
not be determined. In one of the larger specimens the thickness of
each of these shells averaged 2 mm. The external surface of the
test is slightly pitted but otherwise unornamented (figs. 1 and 16),
Whether the fibres Jescribed above are part of the original struc-
ture of the test or whether they are to be attributed to subsequent
mineralogical transformation is a matter for conjecture ; possibly the
discovery of some better preserved material in some other locality
may throw more satisfactory light on this puzzling fossil.
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Another extremely common occurrence in this bed is that of a
rather slender species of Dendrophyllia too badly preserved to be
compared with other forms, but different {rom the species mentioned
by Mr. Pilgrim (Rec. Geol. Surw. Ind., Vol. XXXI, Part 2, Misc.
Notes, page 103) as occurring near the crest of the Singu anticline, and
as being allied to D. digitalis Blainville. There is little doubt it
is identical with the species in the Natsin Yo bed.

The following is a list of fossils obtained from this horizon :—

*Twingonia.
*Dendrophyliia sp. «.
*¥Cidaris sp. 1 (see Noetling’s “ Fauna of the Miocene
beds of Burma ') spines,
nw Sp. 2 1
Ostrea promensis Noetl,
w  papyracea Noetl.
*Pecten kokenianus Noetl.
Placenta prob. orbicularis Gray.
*Arca theobaldi Noetl.
w7 burnest &’ Arch.
* ,, myoinsis Noetl,
»  nannodes K. Martin.
Leda vivgo K. Martin,
*Cardita visquesnel! d'Arch.
Lucina neasquamosa Noetl.
Dione protophilippinarum Noetl.
»y arvakanensis Noetl.
Tellina hilli  Noetl.
Corbula socialis K. Martin.
Solarium maximum Phillipi.
*Turritella simplex  Jenkins,
® » acuticarinata  Dunker.
Vermetus sp,

Natica obscura Sow.

v gracillioy  Noetl,
Galeodea monilifera  Noetl.
Ficula theobaldi Noetl.

Triton (7 neocolubrinus) Noetl.
Persona gautama Noetl,

3] »” 12}
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Pyrula bucephala lam,
Oliva rafule Duclos.
, cf.virginea d Arch.
Strioterebrum unicinctum K, Martin.
Surcila feddeni Noetl,
Conus malaccanus Hwass.
Conus galensis  Noctl.
Carcharias gangeticus M, and H,
Myliobates sp. (same as figured in ““Fauna of
the Miocene beds of Burma ).

Stluroid,

The fragments of the species of lacenta appzar to b= identical
with specimens from Wetchok and Minbu, whick differ in no
essential character from the living 2. orbicularis : this fossil was
found by Mr. Tipper inthe Andaman Islands.

From the following table shewing the number of species
common to each of Dr. Noetling's zones, it will be seen that the bed
approaches more closely to the zone of Arca theobaldi than to any
other =
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The discovery of marine fossils in two widely separated horizons
confirms a suspicion which the writer has for some time held, that
the Miocene beds of the Yenmangyaung oil-field differ in no essential
respect from what has been described as the marine type found
at Singu, Yenangyat, Minbu, etc. The sediments are of the same
description and selenite is no more abundant than it is at any of the
outcrops of “marine” beds. With one exception only, all occur-
rences of the estuarine forms, Batissa petrolei, B. crawfurdi,
and B. kodaungensis, have been found so far only in immediate
proximity to the Miocene-Pliocene boundary ; the exception occurs a
little south of Beme village, some 300 feet below the topmost
Miocene bed. In every case the occurrences are extremely local,
the Batissa being found crowded together in small patches of a
few yards in extent. Itis a question worth consideration whether
the Singu, Yenangyat, Minbu, and Thayetmyo type of Miocene is to
be regarded as exclusively marine, or whether it may not contain a
few fresh or brackish water sediments. According to the latter
supposition, the Yenangyaung facies may be considered as containing
a slightly greater percentage of fresh-water sediments.

EXPLANATION OF PLATE.

“ Twingonia.”

Fig. 1.—External surface of a test. Nat. size. (Minbu.)
s 14 (Do) Side view. no ( » )
» 16, External view of test. Enlarged 43 times. ( ,, )
» te. (Do) Side view. w o m ( »)

Fig. 2.—Transverse section of a half, shewing fibrous structure and »
secondary oblique divisional plane (p): the upper margin repre.
sents the primary divisional plane and is missing to the right of
the figure where the specimen has been fractured. Magnified
1o times. (Twingon.)

Fig. 3g~—Transverse section of complete test shewing the two halves
separated by the primary divisional plane (d), and the thickness
of the test. Magnified 3 times. (Twingon.)

Fig. 4—The inner surface of a hall test shewing radial and concentric
ridges : (#) is the longest ridge. Magnified 3} times, (T wingon.)

Fig. 5—The inner surface of a half test shewing more pronounced concentric
ridges with less prominent radial ones. At S are the broken
edges of two of the tangential shells spoken of in the text.
Magnified 8 times. (Minbu.) :

ig. 6,—A section through a half test parallel to the primary divisional
plane, shewing the reticulate structure,

Magnified about 20
times, (Yenangyaurig.)
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ON THE OCCURRENCE OF FRESH-WATER SHELLS OF
THE GENUS BATISSA IN THE YENANGYAUNG OIL-
FIELD, UPPER BURMA. By E. H. PASCOE, M.A,, B.Sc,,
Geological Survey of India. (With Plates 19 and 20.)

P to November 1906, the only known locality from which

' specimens of Batissz had been obtained in the Yenangyaung
oil-field was that recorded by Dr. Noetling! as existing east of Minlin-
daung.  The two species found were B. crawfurd: and B. petrolei.
Fragmentary specimens of the large B. kodaungensis had also
been discovered, but in what locality is not mentioned. In
December 1906, three other small beds of Bafissz were found
by the writer. The well-preserved shells are crowded together,
generally in a sandy clay, and in most cases the two valves are
united. Briefly the known occurrences of this genus in the oil-field
are as follows :—

(1) At the head of two of the small sources of the more easterly
of the two northwardly flowing tributaries immediately east of the
hill known as Minlindaung (see map, Mem. Geol. Surv. Ind., Vol.
XXVII, Part 2), two small patches of sandy clay, containing
hundreds of specimens of B. crawfurdi and B. petrolei, can be found
after careful search. Whether the two beds are continuous or
separate is doubtful ; the exposure seen in each case extends only
for a few feet horizontally, The horizon is just above the
Ferruginous bed mapped by Mr, Grimes as the Miocene-Pliocene
boundary bed. This is in all probability the place from which Mr,
Crawfurd collected his specimens in 1829, and which Dr. Noetling
rediscovered 67 years later.

(2) Half a mile north of Minlindaung, just below the eastern out-
crop of the Ferruginous Conglomerate but above the soft red ferrugin-
ous bed which accompanies Grimes’ White Sandstone,® is another
patch of Batissa-bearing sandy clay. Crawfurdi and petrolei both
occur: a few of the shells have been crushed.

’f’“lw‘"ft- Ind., New Ser., Vol, I, Part 3, p. 29.
? The brilliant whiteness of this bed is due to the presence of a large percentage
of kaolin
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(3) By the side of the road where it passes over the hill known
as Kyat lein gon, cast of Kodaung, is an intercsting bed of hard
clayey sand crowded with specimens of the cnormous . kodaung-
ensis. It occupies exactly the same horizon as that of crawfurdi
and petrolei, vis., just below the hard Ferruginous Conglomerate.
The shells themselves are friable and the enclosing rock rather hard,
so that it is impossible to extract complete specimens, but from
measurements made on the spot as well as from [ragments figured
in the plate (Plate 19, figs. 1 and 2), the species must have been of
great size. Dr. Noetling’s incomplete specimen measured 75 mm. in
height, but valves at Kyat lein gon frequently reach 4 inches (101°5
mm.) : one valve measured 4% inches by 4 inches (115 mm, by
tor's mm.). A specimen ol kodaungensis found near the Miocene-
Pliocene boundary in the Minbu Hills is for the sake of convenience
figured in this paper (Plate 20, lig. 2). Unfortunately most of the
test fell away during extraction, but from the cast the length was
more than 170 mm. and probably fell little short of 200 mm.

Neither crawfurdi nor petrofci were to be seen in this bed, but
a small unidentifiable Gastropod was found, [t is possible Dr.
Noetling’s specimens came from this spot.

(4) About a mile south of Beme village on the north bank of
the Yedwin aing Yo, some 300 [eet below the Ferruginous Conglo-
merate on the western flank of the anticline, is a small patch of
dark earthy limestone crow ded with a new form of ZBatissa which
may be regarded as a variety of B. crawfurdi and which I have
named yedwinensis.  Shells consisting almost always of united
valves can be picked up loose, having been liberated by the weath-
ering of the limestone (sec Plate 19, figs. 3-5; Plate 20, figs. 1-1¢).
Besides this new form, both craw/urdi s. str.and petroler occur
occasionally. The most noticeable feature is the crushing to
which nearly every shell has been subjected, and for this reason
the true shape of the variety yedwinensis is more or less a matter
of surmise : measurements, except in a few cases, would therefore
be unreliable.  The effect of the compression has been to diminish
the height and therefore to in crease the ratio L/H. Even allowing
for distortion, this index is greater in yedwinensss than it isin
petrolei. In the former it often rises to 1'35, while in the latter it
ranges from 1°00 t0 1°27. The thickness {{rom valve to valve) is the
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same as in the ordinary crawfurdi (Plate 19, fig. 4, and Plate 20,
figs. 14, 1¢c).

The umbo in the new form, when preserved, is either equidistant
from the anterior and posterior margins, or slightly anterior, and
is strongly inflated, slightly more so than in craw/urdi s. str. The
ornamentation is the same as that of the latter, and another resem-
blance between the two lies in the great thickness of the test, which
attains 5 mm. in average specimens. The dorso-posterior portion
of the shell is ventricose and forms a broad obscure ridge extending

from the umbo to the veatro-posterior margin, The anterior margin

is rounded, passing gradually into the long, almost straight ventral
margin, which again passes somewhat abruptly into the posterior
margin : this is at first rounded, but becomes straight before joining
the strongly curved cardinal margin (Plate 20, figs. 1 and 14).

In the Yedwin aing Yo bed one or two isolated shells, which
could be classed under none of the described forms, were found:
whether these are to be regarded as distinct species or varieties, or
as mere pathological specimens, further rescarch must decide. One
of them is illustrated in Plate 19, figs. 5 and 5a.

The occurrence of Batissz so low down in the Miocene as in the
case of the Yedwin aing Yo bed is significant. There is little doubt
that the Miocene water around Yenangyaung was shallower than it
was at Singu, Yenangyat, and other places. Numerous local uncon-
formities as well as excessive current-bedding bear witness to this,
This bed evidently represents some premature local establishment of
transient fresh-water or estuarine conditions. At the close of the
Miocene period, estuarine conditions became general and Batissa-
bearing beds more frequent.

EXPLANATION OF PLATE 19,

Fig. 1.—~Batissa kodaungensis Noetl. Fragment of valve. Nat.

size.
(Kyat lein gon, Yenangyaung.)
Fig. 2.—Ditto.
Fig. 3.-~Ditto. Left valve. Nat. size. (Near Beme.)
Fig. 4.—Ditto, Dorsal aspect of united valves. Nat. size. (Near Beme.)
Fig. 5.—New variety or pathological specimen. Left valve, Nat. size.

{Near Beme.)

Anterior aspect of united valves. Nat. size. (Near
Beme.)

' Paleont. Ind., New Ser., Vol. |, Part 3, p. 184.

Fig. 5a4.—Ditto.



GCEOLOGICAL SURVEY OF INDIA

. - Records, Vol. XXXVI, PL.
146 Records of the Geological Survey of India. [VOL. XXXVIL

By

aly
-

EXPLANATION OF PLATE 20.

Fig. 1.—Batissa crawfurdi var. nov. yedwinensis. Right valve. Nat,
size. (Near Beme.)
Fig. 1a.-Ditto.  Left valve. Nat size. (Near Beme.)

Fig. 15— Ditto. Anterior aspect of united valves. Nat. size. (Near
Beme.)

Fig. 1c—Ditto.  Posterior view of united valves. Nat, size. (Near
Beme.)

Fig. 2.—Batissa kodaungensis. Cast of right valve with a little shell

still adhering. Nat. size. (Minbu Hills, immediately N. of
Palanyon.)

S

BATISSA KODAUNGENSIS, B, CHAWFURD! war. YEDWINENSIS,
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ON A NEW SPECIES OF DENDROPHYLLIA FROM THE
UPPER MIOCENE OF BURMA. BY E. H. PASCOE, MA
B.SC., AND G. DE P. COTTER, B.A., F.G.S., Assist-

ant  Superintendents, Geological Survey of India.

(With Plate 21.)
N January and February 1gog, specimens of a new species of
Dendrophyllia were obtained from limestones in the Singu oil-ﬁel(.i,
and in the Minbu Hills, The Singu bed, averaging about 6 inches in
thickness, contains few other fossils besides this coral, and is evidently
the remains of a small reef, The following are the principal characters
of the species which we have named Dendrophyllia macrorviana.
The corallum ranges usually from about 10 to 20 mm. in diameter and
is occasionally larger. The calices are frequent and close together, and
project from the surface of the corallum. The pseudo-columella is
spongiose, large but ill-defined. The number and arrangement of the
septa are somewhat irregular (PL 21, fig, 3), but some of the smaller
ones unite with the larger in the way typical of the genus. The theca
formed by the thickening of the septal edges is well developed, consist-
ing of a spongy tissue of dissepimental Cells. Externally the septa are
produced to form costa, which vary in number from 30 to 40: these
are strong, well marked, slightly sinuous, granulated, and connected
each with its neighbour by minute transverse processes. The costz of
each calix are separated from those of each adjacent calix by a well-
developed transverse ridge : these ridges divide the surface of the coral
into polygonal areas, each area enclosing a calix with its system of
coste (see Pl 21, figs. 1, 4).

This coral resembles D). digitalis Blainville! which occurs both at

Singu® and in the Minbu Hills, but differs from it in the following
points :—

(1) The calices project from the corallum, while in dZgrtals they
are depressed.

' See Michelin, Iconographie Zoophytique, p. 52.
* See Rec. Geol. Surv. Ind., Vol. XXI, Part 2, p. 103,
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(2) The coste in macroriana are basally divided from those of the
adjoining corallites by transverse ridges forming polygonal
areas.

At Minbu this coral is found at some distance {rom the crest, just
north of Taukshabin, lat. 20° ¢’; long. 94° 56’, and is associated with
an assemblage of fossils which coincides fairly well with the zone of
Cancellaria martiniana: whether it is confined to this zone or not is
a mattcer which the future will decide.

’ EXPLANATION OF PLATE.

Fig. 1.—Dendrophyllia macroriana, natural size.

Fig. 2.—Dendrophyllia macroviana, nat. size, with calix ground and
polished to show internal structure.

Fig. 3.—Dendrophyllia macroriana, calix ground and polished showing

arrangement of septa: from a microphotograph enlarging
about 8 diameters,

Fig. 4.—Dendrophyllia macroviana, showing costze of adjacent corallites

separated by transverse ridges : enlarged about 3 dia-
meters.

.

H,
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Records, Vol. XXXV, PL. 21

Pascoe and G. de P. Cotter.

DENDROPHYLLIA MACRORIAN

A. N, SP.
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THE STRUCTURE AND AGE OF THE TAUNGTHA HILLS,
MYINGYAN DISTRICT, UPPER BURMA. By G. DE
P. COTTER, B.A, F.GS., Assistant Superintendent,
Geological Survey of India. (With Plates 22 and 23.)

INTRODUCTION,

HE range of hills culminating in Taungtha Hill which I visited

in March 1907 (Lat. 21° 18"; Long. 95° 30) is about six miles

in length, extending in a direction N. N, W.—S. S. E. Taungtha

Hill, the highest point of the range (1,788 ft.) isa landmark only

inferior to Mount Popa, and can be seen from a great distance owing

to the flatness of the surrounding country. The level plains around

are more or less covered by alluvium, and the water-courses are

marked by plantations of toddy palms (Borassus flabellifer),

The Taungtha Hill range is covered by thick and thorny scrub jungle,
and is included in the area of reserved forests,

Structure,

On the top of Taungtha Hill the strata appear to be almost
horizontal with perhaps a slight easterly dip, but the exposures are
very poor. The sandstone is of a coarse massive type, and its
bedding planes are vague. On the flanks of Taungtha Hill the dips
radiate outwards from the summit, being very steep on the W. S, W.
and E. N, E. sides of the hill, and gentle to the N. N. W, and S.S. E.
The structure is therefore a flat-topped elliptical dome whose long
axis appears to run in a direction roughly 30° W. of N. A somewhat
similar dome-structure characterises the most northerly hill of the range
which is marked on the map by the two triangulated points 1,263 ft. and
1,315 ft. Between these two domes the intervening hills show great
confusion of strata and such dips as were obtainable seemed to point
to a saddle-structure between the two domes, but the constant change
of direction and angle of dip shows that this is complicated to a
great extent by miuor folding and very possibly faulting.
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The anticline, the extremities of which rise to form these two
domes, is an asymmetric oue, its axis running in a general direction
30°W., of N. In the north of the area the asymmetry is best seen,
the strata dipping very steeply on the west side of the range and
gently on the cast,

Near Taungtha Hill in the south, the dips are never persistent
over a large area, and exposures which are more distant from the hills
show a more gentle angle of dip.

Although I was unable to obtain reliable dips upon Taungtha Hill,
there seems reason to believe that the folding here also is asymmetric.
From a distance the strata which form the flat top of the dome appear
horizontal. But in a stream-bed running from the hill due west
towards Uyin, the section shows a distinct crest: on the hill-side the
beds dip 11° due east, and moving west, we find them becoming level
and then dipping west with graduélly increasing angles till vertical
strata are reached striking to 26° W. of N.

Mr. Pascoe in an unpublished note, describing a traverse from
Taungtha village to the hill-top, says:—Proceeding up the steep
dip-slope of the main-hill, the dip becomes less, gradually at first, but
rapidly as we approach the top of a broad W. N. W.—E. S. E. ridge
flanking the hill on this side. As far as could be made out, this broad
ridge forms the crest of the anticline. I saw dips on the other side
which I estimated at about 20°” The dome is asymmetrical, the
crest apparently lying west of the summit of Taungtha Hill and

close to the western scarp. The direction of the crest here I estimate -

at about 30° W, of N.
sS.w.

N.E,
Taungtha hil
Taungtha Fault B!

Scale, horizontal 2” = 1 mile, vertical 1’ = 100 feet,

Faults.

It is evident that such a structure as above described could not
exist without serious faulting. There is reason to suppose that there
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is a strike-fault skirting the west base of Taungtha Hill, in a direction
40° W. of N. The line of probable faulting is marked by abun-
dance of boulders, the strata are vertical and are much broken and
disturbed, and the dip rapidly becomes gentle on either side. Two
unimportant minor faults could not be traced across this line of
probable faulting. The down-throw, judging by the hade of the
strata, is to the west. In the south-east of Taungtha Hill in the
Magyibinde Chaung, a section shows a very considerable fault. The
width of the fault-rock is over § mile. Plate 22 shows the faulting
at the west end of the section, The fault strikes 20° W. of
N., and can be traced within | mile of the foot of the hill, but
close to the hill, the structure of the strata is concealed by scree, and
such exposures as [ saw did not enable me to trace the fault further
northwards,

Another faulted arca bounds Taungtha Hill on its east side, and
is marked by vertical strata which rapidly change on either side of
the fault line to gently dipping strata. Its general direction is
about 35° W. of N., but since the strike of the vertical strata
varies within about 12° on ecither side it is possible that there is more
than one fault. The down-throw is to the east.

[ failed to trace this fault southwards so as to meet the fault to
the soutlh-east of the hill, which strikes 20° W, of N. It is possible
that they meet in the valley between “860 ft.”” hill and Taungtha
Hill

Again in the Magyibinde Chaung, due east of “860 ft.” hill,
steeply dipping fault rock is seen striking 25° N. of W. and hading
to the north.

To the north of the area, an interesting section, on the Taungtha-
Myingyan road south of 1,315 {t.” hill, shows towards the west
shales dipping gently westward, and somewhat contorted. Proceed-
ing east, faultrock is seen ; the strata are upturned and much broken.
To the east of this fault the strata recover their gentle westward dip,
The beds rise gradually to a crest as we procced east. The section
shows that the crest, which is really the production of the major axis
of the elliptical dome structure of “r1,315 ft.” hill, is seriously
fanIlt\:d’ and the vertical strata of the fault-rock strike to 40° W.
of N.

Beyond this second fault the strata dip gently eastward. Other

faults in this area have been marked on the accompanying map.
C
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Although the thickness of the jungle prevented me from tracing thesce
faults beyond a short distance, it secms evident that the sorthern
part of the hill-range is seriously disturhed and faulted.

Contortion,

Many instances of great contortion indicate the high degree of
pressure to which the rocks of thesc hills were subjected, probably in
post-Pliocene timcs. Fragments of clay-rock metamorphosed into
schistose phyllites showing pressure-wrinkles were obtained from the
slopes of Taungtha Hill; in one specimen the laminz have been bent
into an arc.  Warping of the shale beds was observed in many local-
ities.

It is remarkable that the anticlinal crests at Yenangyat and Minbu
havea direction 19° W. of N. while those of Yenangyaung and
Taungtha are about 30° W, of N. It will be interesting in future
investigations of other anticlines of the Burma oil-belt, to decide
whether their crests run in either of these twe general directions.

Lithology.

The rocks are a series of alternating sandstones and clay beds with
occasional slabs of limestone, and on the whole the sandstones pre-
dominate. Red ferruginous conglomeratic bands crop out close to the
S. W. base of Taungtha Hill, and in one exposure the conglomerate
is seen to contain abundant sclenite. 1am uncertain whether these
bands are to be correlated with the Ferruginous Conglomerate horizon
in the Yenangyaung and Ycnangyat-Singu anticlines; I have not obsery-
ed selenite in the beds overlying these bands, and it is possible that
they belong to the uppermost zones of the Yenangyaungian series.
Apart from bands of truc conglomerate, beds of red earth and brick-
like bands crop out around the southern f{oot of the hill-range, from
near Thapanbino to ““ 860 ft.”” hill. ~ Similar beds are exposed o 678
{t.” hill near Mingan. It is remarkable that small fragments of sijci.
fied wood are found lying on the surface of these beds; such fragments
are not however very common. [ have found similar specimens
on the lower slopes of Taungtha H:ll, where [ think there is no
doubt that the rocks are of Miocene age. It seems therefore
unwise to attach too much weight to their presence, It is to be
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observed that the silicified fragments fouund close to the base of the
hills were all small, being rarely more than 3 inches in length.

The occurrence of these fragments at fairly high levels above the
present limit of alluvial deposits can be explained by supposing the
alluvium to have once extended to a high level, and to have been
subsequently denuded. In support of this view, it is to be observed
that the fragments of silicified wood found on the hill-slopes and
close to the base of the hills were all small fragments, usually about
3 or 4 inches in length. Two blocks of granitic gneiss were also
found on the hill-slopes, one specimen being water-worn ; and these
may well have been carricd by water action to the hills.  Mr, Pascoe
notes a similar occurrence at Kabat (Records, Geological Survey of
India, Vol. XXXIV, page 249).

The exposures on Taungtha Hill show a coarse micaceous sand-
stone with large spherical concretions. I have observed traces of
brown carbonised wood on the {resh fracture-surfaces of some speci-
mens.  The sandstone is massive and its bedding-planes very vague.
it immediately underlies the beds of red earth alternating with sand-
stone described above.

North of Taungtha Hill several sections show blue selenite-bearing
shales and well-bedded olive fine-grained sandstones of a typical Upper
Miocene appearance. Current bedding and ripple-marlﬁ in sand-
stones were seen to the south of the hills. That the Miocene ex-
tends northwards to at least 3 milr N. of Gwebinyo is shown by an
exposure at this spot of ferruginous beds containing selenite, which
may possibly be its upper boundary.

Age of rocks—The general aspect ofthe vocks, the presence ol
selenite, and the occurrcnce of marine fossils indicate the rocks to be
of Upper Miocene age. Although the evidence is somewhat meagre,
think it probable that the lower Miocene is not exposed h'erfa.
Selenite, which is found in some of the lowest beds, is characteristic
of the Upper Miocene at Yenangyaung.

The boundary of the Pliocene and Miocene is very difficult to fix
in this area. Fossil-wood, except when 7z sifu, cannot be regarded
as good evidencc of Pliocene age. Selenite is known to occur iu
Pliocene strata at Yenangyat, but never in large quantity, and I
have regarded the horizon at which it dies out as the boundary here
n the absence of other evidence. Ferruginous beds such as are found

C 2
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to the S. W. of Taungtha are characteristic of the beds immediate-
Iv above aud below the Pliocene-Miocene boundary.

Thus for two cxposures S. W. of Taungtha Hill and N. E. ofthe
village the cvidences of Pliocenc age have been as [ollows :—

(1) They lic immediatcly above sclenite-bearing beds of
ferruginous conglomerate and ferruginous carth, and no
selenite was found in the exposures themselves.

(2) The beds cxposed in the strcam bed are bedded sand-
stones with ochreous staining, and contain a network of
irregular veins of calcareous matter described by Mr.
Pascce (Records, Geological Survey of India, Vol. XXXIV,

page 248). These are more characteristic of Pliocene
than of Miocene strata.

On the whole the evidence available in determining the boundary
has been usually cxtremely scanty. The railway-cutting § mile S, of
Taungtha station shows well-bedded greenish buff sandstones alter-

The rocks are evenly stratified and
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current bedding is absent.
Fossils.—Marine fossils werce found in two localitics :—

(1) On a small hillock at the S. foot of Taungtha Hill a
fragment of Turritella was found.

(2) Close to Gwebinyo village north of the hills a fossilifer-
ous limestone containing clay pebbles and crowded with
fragments of pelecypods and gastropods was found, but
the fossils were too fragmentary to admit of identification.
The following genera have been doubt{ully identified : —

Ostrea
Pyrula
Turvitella

A simple hexacorallid coral, possibly Ceratotrochus.

Markings of probable organic origin and resembling leaf-markings
were found § mile N. . of Thapanbin on the weathered surface of a
white calcareous clay. Besides these the only fossils found in this
area were the carbonised wood in sandstone, and the fragments of
silicified [ossil-wood mentioned above. One specimen of silicified
wood shows the structure of Palm-wood, the fibro-vascular bundles
crossing one another in the manner characteristic of monocotyledon-
ous wood (Palmoxylon, Schent.).

SCURTEY

GLEOLOGICAL,

SECTION IN THE TAUNGTHA ST EAM-BED.
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Prospects of Oil,

The prospects of oil in these hills appear to me to be very poor, for

the following reasons :—

(1) Yenangyat, which may be taken as one of the nearest
points of the known oil-belt, is about 44 miles distant
from Taungtha. Although the width of the oil-belt is at
present a matter of question, it is stili doubtful thaf it
extends so far east as Taungtha 1

(2) The whole hill-range is, as has been shown, seriously
faulted ; and the only place where, as I think, drilling could
be made with the slightest hope of success is a litile to
the east of the crest of the Taungtha Hill dome, described
above. Even here, contortion and faulting is found close
to the crest, and the chances seem  almost hopeless.

(3) There are no surlace indications of o]l at Taungtha,

(4) The rigging of drilling machinery upon Taungtha Hill
would be a matter of considerable expense and difficulty.
[t would also be necessary always to drill from the
level of the hill-scarp to the level of the plain at the base
of the hills, in strata obviously unpetroliferous.

On the whole, it scems safe to say that these hills arc not worth
testing. If oil is found in paying quantities at Kabat, objection (1)
will be in great part disqualified, but the taulting and contortion of
the area would render the existence ol petroliferous sands question-
able even were Taungtha situated in the centre of the known oil-telt,

' See Ree. Geol. Sure, Dnd., XXX, p. 231.
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NOTE ON SOME FOSSILS FROM THE SEDIMENTARY ROCKS
OF OMAN (ARABIA). By Proressor C. DIENER,
Vienna. (With Plate 24.)

N the year 1906 Mr. T. H. Holland, Director of the Geological
Survey of India, offered me the opportunity of cxamining a small
collection of fossils from the sedimentary rocks of Oman. In this
collection were contained 32 specimens from Elphinstone inlet,
which had been collected in 1872 by W, T. Blanford and considered
to be of probably triassic age by I, Stoliczka, and 39 specimens of
anthracolithic Brachiopoda, DBryozoa and Anthozoa from the Wadi
Adi (6 miles west of Muscat), which had been collected by
Mr. G. E. Pilgrim in 1903. Although my examination of these fossils
has not led to any particularly new or unexpected results, a short
note will be found useful, because it refers to a region whose
geological structure is as yet very imperfectly known.
The materials from the two localities mentioned above are

certainly of widely dilferent age aud will therefore be treated
scparately.

I.--Fossils from Elphinstone infet (coll. W. T. Blanford).

The fossils collected by W. T. Blanford and meuntioned in his
report (Rec. Geol. Surv. [nd., 1872, Vol. V, p. y5) were found ina
dark grey limestone, near Elphinstone inlet, peninsula of Masenderam,
at the entrance to the Persian Gulf (26° 12" ; 56° 23'). They were
submitted for examination to F. Stoliczka, who suggested their
triassic age, judging from the affinity of several cxamples of Myophoria
to the Alpine Myophoria chenopus Lhe. from St. Cassian.  Together
with them, however, a species of Zxogyra was noticed by Stoliczka,
belonging to a type unknown in triassic beds.

Stoliczka's short note (I c.p 70)is all what is known about
Blanford’s matcrials.  Neither detailed descriptions uwor illustrations
of the fossils have as yct becn published.

MyoPHORIA OMANICA nov. sp. Figs. 1, 2, 3.

This species is represented by numerous single valves, which are
never found in their original position counccted by the ligament,
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but invariably occur separated. Both right and left valves are known
to me, but it is of course impossible to decide whether or not the
complete shell was slightly inequivalve. Some slabs of rock
consisting of a true lumachellz of valves remind us strongly
of rock-specimens from the Toren beds in the south-eastern Alps,
which are entirely composed of detached valves of Myophoria
Whatelyz v. Buch, .

The shell is ovately trigonal in outline and moderately convex.
The umbones are shifted considerably towards the anterior end,
faintly developed and mesogyrate. The majority of left valves seem
to be curved a little more strongly than the right ones. The number
of radiating ribs in front of the margina! carina is from seven to eight.
The ribs are stout, well elevated, broadly rounded above and inter-
sected by very numcrous coucentric strie of growth. The marginal
carina extending from th: umbo backward and dowaward to the
basal margin is higher and stouter than the ribs, and separated from
the first rib by an antecarinal depizssion which is broader than the
intercostal valleys. In this character it recalls JMyophoria wvestita
Alberti (Ueberblick ueben die Trias, 1864, p. 113, Tab. II, fig. 6).
The posterior area has no distinct radial ribbing, but is covered with
very numerous and delicate concentric striz.

Escutcheon small, indistinctly defined, separated from the area
by a geniculation in the general slope of the shell, not by a distinct
rib. The small, cordiform lunula in front of the foremost rib is dis-
tinctly convex, not excavated.

That this species is, indeed, a typical Myophoria is shown not
only by its ornamentation, but also by the development of its hinge.
I have succeeded in clearing the hinge of a left valve from the
adjoining matrix. This hinge shows a very robust, triangular,
central tooth, which is not divided by a median groove. The
anterior lateral tooth is situated very close to the hinge margin,
elevated into a rounded crest and enlarging slightly in the direction
towards the umbo, Posterior lateral tooth united with the hinge
margin, not individualised. Teeth not striated. The posterior
groove is very narrow and united with the larger, triangular anterior
groove in front of the umbo.

The shelly substance is very thin, as is obvious from a fragment of
the test, which has been prese;ved in the example illustrated in fig. 2.
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The present species has been compared to Myophoria chenopus
Laube (Fauna der Schichten von St. Cassian, Denkschr. Kais, Akad.
d. Wissensch. Wien, math. nat. K1, 1865, p. 38, Taf. XVIII, fig. 4)
by Stoliczka, but it seems to be allied still more nearly to M.
inzquicostata v. Klipstein (Beitrzee zur geolvgischen Kenntnis der
oestlichen Alpen, p. 254, Taf. XVI, fig. 18), whichis distinguished
from M. chenopus by having the ribs straight and rounded above,
not acute,

In their external shape and dimensions Myoploria omanica and
M. inaquicostata do notdiffer considerably, Among the examples
of the latter species, which have been illustrated by Bittner
(Lamellibranchiaten der alpinen Trias, [. Revision der Lamelli-
branchiaten von St. Cassian, Abhandl. K. K. Geol. Reichsanst, XVIII
Bd.,, p., Taf. XI, figs. 1-14), it is especially the large type from the Toren
beds of Raibl which might putin a claim for a closer comparison.
The width of the antecarinal depression in . omanica isno dis-
tinctive character of paramount importance, as insome varieties of
M. inzguicostata from the Cardita beds of northern Tirol, the ante-
carinal depression is also broader than the intercostal valleys. There
is, however, znother remarkable feature of distinction in the sculpture
of the two species, and this is the irregularity of strength in the ribs
of M. inzquicostata. In this species the marginal carina and two
or three preceding ribs are the strongest, whereas in our Arabian
form this difference in the development of ribs has not been noticed.
There are also some differences in the shape of the area, which is
radially depressed, and of the broadly lanceolate escutcheon, which
is equally depressed in M. fuaquicostata.

The outlines of the two species appear to dilfer considerably, if
the large specimen of 3. omanica ilustrated in fig. 1, is taken as
prototype of the Arabian species. But this specimen is somewhat
distorted and deformed. If we try toreconstruct the outlines of
the specimens preserved in the slab of rock, which has been illus-
trated in fig. 3, they seem to agree pretty well with some of Bittner's
illustrations. It is worth noticing the statcment of this eminent
author, that ncither v. Klipstein’s nor v. Iauer’s nor Laube’s illustra-
tions of Myophorie inzquicostata give an cxact side of the shape
of this species.

The differences enumerated above arc certainly sufficient to
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di'stinguish the two species, but otherwise their very close affinity
cannot be denied.

ExoGYrA sp. ind. aff. CONicA d’Orb. Fig. 4.

A single right valve of an Exogyra, which has been compared
to £. comica &’ Orbigny. It is, indecd, this species of middle
cretaceous age to which it seems to be most nearly allied. Among
the specimens illustrated in Coquand's “Monographie du genre
Ostrea’ (Marseilles, 1869) it agrees best with the small example
illustrated in PL LIII, fig. 4. It is strongly convex and divided into
two halves of nearly equal size by an angular ridge, which is marked
very distinctly in the apical region, but becomes flattened gradually
towards the ventral margin of the shell. The beak is twisted
spirally very strongly.

Sculpture nearly reticulate, concentric wrinkles intersccting
numerous ribs, which are directed obliquely. The ribbiag is stronger
than in the majority of examples of Exogyra conica.

This valve of a typical Exogyra of cretaceous affinities occurs on
a slab of rock together with numecrous casts of undeterminable
bivalves of very different shapes and with the ventral valve of a
brachiopod, recalling Terebratula o Waldheimia.

. —Fossils from the Wadi Adi, 6 miles south-west of Muscat
(coll. G. E. Pilgrim),

in the great mass of siliceous limestones of the “ Oman serles '
forming the backbone of the mountain range, which runs in a
general S. E.—N. W. direction from Jebel Jaalan at the Ras el Hadd
corner of Arabia to the base of the Massandim peninsula fossils
were found by Mr. G. E. Pilgrim in two bands in the Wadi Adi,
some six miles south-west of Muscat. One of those two bands consisted
of a black, compact limestone and contained corals and silicified
brachiopods. The other was of a paler colour tinged with red,
containing numerous brachiopods, especially of the genus Productus
with Orthoceras and encrinites. Interbedded were some thin layers
of a yellow, slaty shale, containing Bryozoa. The general character
of this fauna was considered by its discoverer as indicative of
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anthracolithic age ‘¢ corresponding perhaps to the middle Productus
limestone of the Salt Range.”

The majority of the fossils are in a very bad state of preservation.
Some slabs of rock are made up almost entirely of the shells of a
small Spirigera or Spivigerella with a strong median septum in the
ventral valve, but it is impossible to delermine the species. Among
the class of Bryozoa Fenestella is probably represented, whereas the
presence of other genera israther doubiful. A small rock-specimen
contains sections recalling Syrin opora or Aulopora. A second
one of larger dimensions consists of some cylindrical or dendroid
coralla, belonging perhaps to the family of Monteculiporide. As a
satisfactory examination of these remains is rendered impossible by
their state of preservation, I have deemed it preferable to abstain
from an approximate identification of such specimens as are unfit for
description or illustration. In fig. 8 a slab of rock is represented
containing remains of Fenestella and of a cylindrical coral recalling
Stenopora columnaris Schloth. from the permian zechstein,

Provuctus cf. INpIicus Waagen. Figs. 5-6.

1884. Productus indicus Waagen, Salt Range Fossils, Paleeont. Indica,
ser. XIIT, Vol. I. Productus limest. Foss. p. 687, Pls. LXX,
LXXI, fig. 1.

Five fragmentary casts of ventral valves are available for examina-
tion. None of them is well preserved, but from a combination of
their characters a fairly good idea of their shape and sculpture can be
formed. They certainly beloug to the group of Productus costatus
Sow., but it is not possible to arrive at a safe determination of the
species. In their characters of distinction they seem to agree best
with Productus indicus Waag,, but the differences between this species
and P. subcostatus Waag. are so insignificant that it is rather
difficult to distinguish the twe forms, if one is not dealing with
typical examples which have been found in a satisfactory state of
preservation.

The valves are of moderate size, agreeing in this respect with the
specimen illustrated by Waagen on Pl LXX, fig. 3. They arc
strongly but irregularly convex, the apical region of the shell being
distinctly flattened. There is a distinct sinus in the middle extending
from the front to the vicinity of the apex. The dorsal valve, which
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in all my specimens is covered by the rocky matrix, follows the direc-
tion of the ventral one and is strongly concave, as is obvious from
sections of the two valves in weathered examples. The commence-
ment of the trail is indicated by an obtuse geniculation. The wings
have been broken off in all my specimens.

The sculpture agrees more closely with the ornamentation in
Productus indicus than in P, subcostatus. The radial ribs are of
irregular strength, although the irregularity is marked somewhat
less strongly than in typical examples of £. ¢ndicus. No prominent
ribs have been noticed in the region bordering the broken off wings.
The regular concentric folds extend over a space of 30 to 35 mm.
from the apex.

Impressions of spines are distributed irregularly and in small
number over the surface of my casts. In one of my specimens a
long, erect spine has becn noticed rising near the border of the radial

and reticulate patterus of sculpture.
HEMIPTYCHINA cf. SPARSIPLICATA Waag. Fig. 7.

1882, Hemibtychina sparsiplicata Waagen, Salt Range Foss,, Palaxcont. Ind,,
ser. XIII, Vol. I, Productus limest. Foss. p. 366, pl. XXVII,
figs. 4-6.

1892, Terebratula himalayensis var. sparsiplicata Rothpletz, Die Perm-Trias-
und Juraformation an Timor und Botti, Paleontographica, Vol
XXXIX, p. 85, PL. X, fig. 10.

1897. Hemiptychina sparsiplicata Diener, Himal. Foss., Palaont. Indica, Vol.
I, Pt. 3, Permocarb. fauna of Chitichun No. I, p. 76, Pl. XII,
figs. 1, 2.

A fairly well prescrved cast of a representative of Tercbratulidz
must, according to its cxternal shape, be grouped cither with
Hemiptychina Waagen or with Dielasma King. As an examination
of its apical region did not lead to the discovery of any traces of
dental plates in the ventral valve, I have decided in favour of an
identification with Hemiptychina.

My specimen is of an elongately oval shape, with moderately
inflated valves and with a comparatively small apical angle. The
front line having been injured by weathering, traces of marginal
indentations are but indistinctly developed. The specimen might
therefore perhaps with equal reason be referred to Hemiptychina
sublzvis Waag.,, the two species being linked together by a
number of transitional forms.
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LONSDALEIA sp. ind.

Some slabs of a black limestone are rathee rich in sections of
cylindrical, straight corallites reaching a diamecter of 5§ to 8 mm,
They stand rather far apart from cach other, being united only
at the places where one takes its origin from the other by germination.

The internal structure of the corallitcs has becn destroyed so
completely that no details can be seen in thin sections. On the
weathered surface of the rock the calices show numerous septa,
alternately long and short, radiating from a large central columella.

The columella is comparatively thick, occupying about one-third of -

the diameter of the entirc calix. Traces of dissepimenta have been
noticed. The periphery ol the corallite is formed by a distinct
though thin external wall,

As far as we are able to judge from our insufficient materials, this
coral might be referred to the group of Lonsdaleia indica Waagen
et Wentzel (Salt Range Foss. Paleont. Ind., ser, X1, Vol. 1, p.897).

SUMMARY.

As has been suggested by Mr. G. E. Pilgrim, the fossils {from the
Wadi Adi are indicative of an anthracolithic age, corresponding
probably to the anthracolithic horizon which has been discovered by
J. Morgan’s expedition in Persia,! or to one of the horizons of the
Salt Range Productus limestone.

The fossils collected by Mr. Blanford iu the rocks near Elphinstone
inlet exhibit rather conflicting characters. The leading fossil, a
typical Myophoria, belongs to a group of forms which has been found
up to the present exclusively in triassic beds. A species of Exogyra,
nearly allied to E. conica d’Orb. which does not, however, occur {o-
gether with Myophoria omanica, points to a younger age (probably
lower cretaceous). True Exogyre have as yet never been noticed
in triassic strata.

It is difficult to give a decided opinion as to the stratigraphical
horizon of the limestone from Elphinstone inlet, considering the
scarcity of fossil remaiuns, but there is some probability of its represent-
ing several mesozoic horizons of different age, Myophoria indicating o
triassic, Exogyra a jurassic or cretaceous age for some of the beds.

VF. Morgan, Mission scientifique en Perse, Etudes géologiques, Piie. IV.
Mollusques foss., par H. Douvillé, Paris, 1904.

C.

Dicner.

Geological Survey of India.

Fossils from Arvabia.

Records, Vol. XXXV Pl 2y

Phototypie M. fatfé, Vienna,
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EXPLANATION OF PLATE.

Fig. 1 a, b, ¢, d—Myophoria omanica. left valve of a large specimen,
showing the hinge-tecth.

Figs. 2, 3.~ Myophoria omanica.

Fig. 4.— Exogyrasp. ind. aff. conica d’Orb.
All these specimens from Elphinstone inlet (coll. Blanford).

g:g g g: Z} —Productus ¢f. indicus Waag.

Fig. 7 a, b, c—Hemiptychina cf. sparsiplicata W rag,

Fig. 8.—Rock-specimen with casts of Fenestella and Stenopora (?).

All these specimens from the anthracolithic scries of the Wadi Adi
{coll. Pilgrim).

miw
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RUBIES IN THE KACHIN HiLLs, UpPER Burma. By DR
A. W. G. BLEECK, MUNICH.

WoORKS 0¥ REFERENCE.

(1) C.Barrington Brown and J. W. judd. The rubics of Burma and
associated minerals : their mode of occurrence, origin, and metamor-
phosis. A contribution to the history of corundum. (Phil. Trans.
Roy. Soc. Lond., Vol. 187, 1896.

(2) Max Bauer, Ueber das Vorkommen der Rubine in Burm
Fahrb. fur Min,, Geol., und Pal., Falrg, 1896, Bd. I1.)

IN the Jade-mines subdivision of the Myitkyina district, Upper

Burma, a ruby-tract is known to exist. Numerous mining-leascs
have been granted in this area, the fact being evidenced by countless
pits, which now lie deserted and overgrown by dense jungle. Most of
these old ruby-mines ave in the immediate neighbourhood of Naniazeik,
a village 12 miles west of Kamaing, the subdivisional head-quarters,
Deserted ruby-pits are also reported from a locality 13 miles north-
west of Naniazeik. Several valuable stoncs are said to have been
found in this ruby-tract, but rubies are certainly not plentiful and
consequently the returns have been profitless. Ruby-mining at
Naniazeik has stopped entirely,

Another locality in which corundum has been found is situated
in the hills west of the Indaw chaung about 4 miles north of the
village Manwe. Here Kachins wash for corundum in the bed of 2
little hill-stream. The output however is insignificant. Very little
is known up to date of these three occurrences of rubles, two of
which [ had occasion to visit during my recent tour in Upper Burma,
vi5,, the corundum-washings near Manwe and the old ruby-mines at
Naniazeik.

The geological features of the country between Manwe and
Naniazeik are of a simple nature, the mountain ranges between thege
two villages consisting only of gramite and marble. The granite
is a granite proper with both light and dark mica, fine-grained in
texture and showing numerous concretionary patches, in which the
more basic minerals have segregated during consolidation,
places this granite assumes a foliated prezo-crystalline

a. (Newues.

In some
character
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which is generally termed ‘‘gneissose.” Numerous veins of aplite
and pegmatite traverse the granite, the pegmatite often exhibiting
the structure known as Graphic-granite. This granite envelopes
large lenticular masses of marble, several outcrops of which were
studied 7z situ. At the foot of the range of hills the alluvial soil
consists of the detritus of both granite and marble. This detritus is
called *“ 4yon” wherever it is rich in rubies.

East of the Indaw chaung the hill consists of basic eruptive rocks,
of serpentine and saussurite-gabbro, which are of no interest what-
ever in connection with the granite and marble on the other side of the
river.

A collection of specimens consisting both of granite and marble
as well as river gravel and the alluvial soil called byon were care-
fully examined by Mr. I. Tanatar and myself with results as
lollows :—

Granite, aplite, and pegmatite—The megascopic structure is that
of a normal holocrystalline fine-grained granite. The pegmatites
are often very coarse-grained and are generally developed as Graphic-
granite. The aplites are of a very light colour and small grain.
The constituent minerals of the normal granite are quartz and felspar,
both orthoclase and oligoclase, frequently intergrown and thus result-
ing in a structure known as microperthite. Both varieties of mica,
biotite and muscovite, are present as well as accessory minerals
such as zircon and rutile. The aplites consist of a finely crystalline
aggregate of quartz and felspar and very little muscovite. In one
case numerous large dark metallic crystals of hernblende were
observed. The mineral composition of the pegmatites is of a very
acid character, quartz and felspar alone being the constituents,
Schorl, titanite, and apatite are contained in minute quantities in ofl
three species of eruptive rock.

Gneissose wpocks.—In the bed of a little stream near Manwe
several fragments of rock were found of undoubtedly metamorphic
character. Their structure is schistose, thin layers of crystalline
limestone alternating with layers of gneiss. Most of the constituent
minetals can be discerned with the naked eye. They are quartz
felspar, biotite, carbonate of lime, and numerous little red garnets
The latter are restricted to the layers of crystalline limestone. The
microscope reveals the presence of several other minerals such as
chlorite, muscovite, epidote, rutile, and zircon. The chlorite, as is
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generally the case, is a secondary mineral resulting {rom the decom-
position of biotite and garnet. Microperthite as well as micropegma-
tite structures were again observed,

Crystalline limestone.— The colour of all the specimens is a pure
white. In texturc they are more or less coarse-grained. In two
specimens which were taken in the immediate neighbourhond of
Naniazeik, the individual crystals measure an inch and a half in
diameter. Every single'specimen possesses the peculiarity of giving
an cvil smell, when struck with the hammer. This smell originates

C(C Hy)
from organic matter—probably skatole ¢, H,\ )C H
N H

The marble is not a pure crystalline limestone, but more of
a dolomitic nature, the relative proportions of calcium and
magnesium-carbonates varying indefinitely, The microscopc re-
veals the interesting fact that in numerous instances the in.
dividual crystals of the carbonates are distorted and bent.

The marble itself contains numecrous mincrals whose presence
must be ascribed to metamorphic agents. They are cnumerated
below according to their respective fcequency of occurrence
and importance. Black metallic graphitc in thin hexagonal
crystals up to one-tenth of an inch in diameter is abundant
in every single specimen of marble.

Forsterite My, S; O,), a mincral closely related to ol/zine
from which it is only distinguished in chemical composition by the’
absence of iron, was repeatedly detected in slides
microscope. It is colourless in thin sections; never bounded b
crystallographic but always by irregular rounded contours, and } d
a high index of refraction. It polarizes in bright coI’ours Hlas‘
showing a high double refraction, and its extinction in all rin’c']us
§ections is straight. In all its optic characteristics it is fhere;gal
identical with olivine, and the chemical test alone proves tlre
mineral to be forsterite. Like olivine it is rewarkab) b
to alter'ation, and in numerous instances has becn convertyedpmne
scrpentine, 7.e., antigorite, and as such it
naked eye, embedded in the marble.

Phlogopite in thin plates of reddish-hrown colour
abundant. It is distingvished from musco
uniaxial intcrference-figure, which it giy

under the

into
presents itself to the

' is also very
covite by  the almost
€ in thin sections between
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crossed nicols. Chondrodite occurs in numerous crystalline aggre-
gates, varying in size up to half an .inch i.n diameFer, and is of
a light brown colour. Examined in thm' sections under a
microscope, it proves slightly pleochroic in light bmj)v_n colours,
s hows a high index of refraction and a high double refractl?xl.

Garnet (the red variety known as hessonite). It I:S not as
plentiful as might be expected in these mectamorphic rocks.
Wherever obscrved, it is never bounded by crystallographic contours
but always shows corroded and irregular outlines. Pyrrhotine in
numerous little grains is generally of secondary origin. Apatite
must evidently be a rarc mineral in this marble, as only one small
grain was detected in one slide. Its optic properties are thosc
common to normal apatites.

Tonrmaline is of special interest, although its occurrence in
the marble is as rare as that of apatite; a dark brown strongly
pleochroic mineral, the deep colour appearing when the 1ong.a.xis
of the section is perpendicular to the short diagonal of the polarizing
nicol, with a high index of refraction and a very high double
refraction ; these optic properties leave no doubt as to its identit){.

Spinel, one tiny little grain of light green colour, is- contained
in one of the slides. It is not bounded by crystallographic contours
and shows signs of corrosion. Rotated between crossed nicols it
remains dark.

Other minerals than these were not found in the marble of
the Manwe-Naniazeik ruby-tract.

An examination of the gravel taken from the dry bed of the
little mountain stream near Manwe, where Kachins formerly
washed for corundum, proved of the greatest intercst. The con-
stituent minerals of this gravel are guartz, felspar, p/zlogopzz‘e,
chlorite, garnet, spinel, and corundum. The two fatter minerals
deserve a short description. They are fairly abundant, l_nore
especially so the spinel, a handful of which can be collected in a
few minutes. The spinel occurs in octrahedral crystals up to half an
inch in diameter, Twin crystals are numerous, the plane of
twinning being O (), Multiple twiuning‘ was also recorded.
The colours of the spinel vary with the peli‘umdxty from an fﬂmost
opaque dark green to a bright translucent rea. The latter variety of
colour however is rare,

[

D
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. . eninel Three
. atiful as spnel
The corundum is not ucarly as [)l('““[

- JA LS N he“l r “('dlly lhl’et‘
i i l“(-“ll waoere ‘()l”l(l, one O[ t]](;l ;, .
] h(‘ ('()]Olll ()f thl,‘; Stﬂu(, 15 a4 (lull p“l]\

tourths of aninch in diameter, o dark red  colours

The two smaller  picces  show bright
respectively. . enteoloured
[')[‘hc /;yjn of the ruby-mines at Néllli:lz(‘!k s l hg&:}tfoiyrﬂw'
clay or sand, which consists of the full«)wing minerals : /];M an*’d’ ruby.
clase, phlogopite, chlorite, calcite, plagioclase. SP”'I";’ small chips
Neither spinel nor ruby secms to be very abundant. €
of rubies however are very beautiful in colour. ] cubics
To judge by comparison, the occurrence of corundum, z.e-,‘ b
at Naniazeik, is very similar to that of Mogouk and that n
Sagyin hills. In both the latter localitics rubies wer bt that in
ded in the crystalline limestone, so that thcfe can be tnhoe docomposed
cither case the ruby in the altuvial soil is derived from]l ‘be traced by
marble. Now although corundum could not a.ctulasoy indoubtedly is
me in the marble at Naniazeik and Manwe it a

contained in the same. R
" 5 tl sesis of the marble and assoc .
i bete and Naniazeik, it can satisfac-

. . nwe .
in the mountains between Ma [ tact-metamorphism.  All out-

. fhe he theory O . . .
tonl(irfbe exP;a(;:;:nli’g’ rtelmains contained in the limestone previous to
ward forms o

) have been completely destriyved b
its metamorphism must nau‘lra“)’ . . y ) y
ic action of the intrusive granite, But the

the intense metamorphic a .
ce of skatole as well as that of carbon in the shape of graphite

sen . .

?Sreal strong argument in favour of the explanation that fogs]-
bearing sedimentary limestones were metamorphosed in contact
with granitic intrusions. The contact of marble and granite was
discovered 7z sifu on the road from Sikaw to Naniazeik. The
marble here is literally crammed with contact-minerals, the more
conspicuous of which are serpentine, pseudomorphous after
chondro.dite, and ph.logopi.te. The granite itself js very rich in
phlogopite. In the immediate contact with marble it assumes &
gneiss.ose foliated character. The ““ gneissose rocks ”* previously
d'es'cnbed and found near Manwe undoubtedly originate from a
SImll:’iI‘ zone of contact. Ata short distance from the contact the
granite gradually re-assumes its ordinary hypidiomorphic structure.
The numerous minerals, such as garnet, spinel,

¢ found embed-

forsterite,

chondrodite, etc,,
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are typical contact-minerals, produced by intrusive granite in sedi-
mentary magnesian limestone.  The action of pneumatolytic agents
successively passing outward from the body of the intruded magma
is evidenced by the presence of schorl and by the serpentinisation
of the newly formed forsterite.

Again, the marble in the Naniazcik ruby-tract was not formed
under ordinary conditions of contact-metamorphism. Professor
E. Weinschenk has repeatedly pointed out that corundum crystallizes
in  magnesian limestone under the influence of piezocontact-
metamorphism, z.e., of contact-mctamorphism acting under abnormal
compression due to orographic movements during the consolidation
of therocks. The f{oliated character of the granite in many places
between Manwe and Naniazeik, as well as the distorted and bent
crystals of the carbonates as observed under the microscope, are
strong arguments in favour of piezocontact-metamorphism. On the
other hand such minerals as forsterite, chondrodite, garnet, etc., are
generally absent in piezocontact-metamorphic marbles. This is due
to the fact that carbonic acid cannot escape during the process of
metamorphism under high compression, and that therefore all the lime
and maguesia re-ceystailize as carbonates. In this case, however,
minerals of both types of metamorphism are contained in the marbles,
This proves again that compression due to orographic movements
could not have exerted a very strong influence on the process of
contact-metamorphism, strong cnough however to allow corundum to
crystallize side by side with minerals composed of the chemical
compounds of both limestone and granite. If ordinary contact-
metamorphism may be considered as one extreme and piezocontact-
metamorphism as another extreme, numerous intermediate -stages of
contact-metamorphism, generally speaking, must be possible.  An
intermediate stage therefore would signify that the newly formed
minerals must be present in nearly equal quantities. The greater the
compression brought to hear on the rocks during the stage of meta-
morphism and consolidation, the more corundum crystallizes in the
marble, whereag garnet, chondrodite, etc., are not formed. On the
other hand these latter minerals will be predominant, whenever the
conditions of contact-metamorphism become more normal.  This
theory can therefore satisfactorily explain a scarcity of corundum in
the marble at Naniazeik, and also the comparatively speaking rare

D 2
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occurrence of rubies in the alluvial soil.  This comparative scarcity
of rubiesis a prominent feature in the Naniazeik ruby-tract. As
will be readily understood by the above, rubies may occur in l.argcr
quantities at different localities in the same tract, and this fact must
not be put down to a better concentration of stones by the mechani-
cal action of water by which the alluvial soil was deposited, but also
toa %reatzr abundance of tl])edprecious stones in the mar'ble It is
therefore by no means precluded that sys e L
rewarded with the ﬁndif:lg of ““ pockets ’?, rtith?rtlmstE;rn(::SspeCtmg may be

If a similar explanation of genesis may also be ‘applied to the
ruby-bearing marble of Mogouk and the Sagyin hills, it would
signify that the metamorphism in these parts is more'typica\ of
piezocontact-metamorphism.  The absence of forsterite and chon-
drodite as well as the gneissose character of the granite tend to
corroborate this view. Messrs. Brown and Judd, however, maintain
that the ruby-bearing marble in the Burma Ruby Mines district is of
purely chemical inorganic origin.  Although it is difficult to con-
ceive that two or more similar occurrences in one and the same
country should be of absolutely different origin, it must again be
emphasized that the rubies at Naniazeik were produced by contact-
metamorphism and that an explanatior such as that given by Messrs
Brown and Judd for the genesis of the ruby-bearing marble a;
Mcgouk is absolutely impracticable for the crystalline limestone at
Naniazeik.
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INTRODUCTION.

‘EYERAL species ol Orbitoides (sensu lato) have been met with
wJ m the Upper Cretaccous deposits of Baliichistdn and Sind in
north-western India, in Tibet, and on the Coromandel coast of southern
India, These arc —

Orbitoides media A’ Arch, . Mari hills and Suleiman
range of Baldachistan
and Punjab ; Tibet.

’ Hollandin. sp. . . Mazar Drik in the Mari
hills,

" apiculata Schlumb, . Barra bhill in Sind.

' minor Schlumb,? - Suleimdn range, Niniyur

beds of the Trichino-
poli district in the
Coromandel,

” socialis Leym. . . Mari hills,

” sp. indet, . . Post-Ariyalur beds of the
Pondicherri district in
the Coromandel,

Omphalocyclus macropoxa Lam. . Mari hills and Kal4t
region in Balachist4n ;
Tibet,

Before proceeding with the description of these tossils, it will be
useful to give some details regarding the stratigraphy of the

. rocks i
which they have been found. S

PART |.—STRATIGRAPHICAL,

CHAPTER 1.-—-GEOLOGICAL OCCURRENCE OF THE
ORBITOIDES,

1. Orbitoides-Bearing Beds of the Mari Hills,

a—DES VALLEY SECTION,

From the above list it can be seen thatit is the Mar hills of
Baldchistdn that have yiclded the greatest number of species.  Lossils
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were collected from these beds by R. D. Oldham, Hira Lal, and
Kishen Singh in 1890-189T, by R. A. Townsend in 1891-18g2, by
C. L. Griesbach and Kishen Singh from 1892 to 189y, Detailed
descriptions of these organic remains were published in the Palweonto-
logia Indica (Ser. XVI, Vol. [, part 3, 1897), by Dr. Noetling, who
came to the conclusion that the bulk of the fauna indicates a
Maestrichtian age (the term Maestrichtian being understood as delined
by de Lapparent in the 3rd, 4th, and sth edition of the “Traité de
Geologie”).  These collections were obtained mainly from two localities,
the Des Valley and Mazar Drik, both situated in the Mari hills. The
Des Valley is near the oil well of Khatan whose exploration led to the
discovery of this interesting fauna. The fossils from this locality
collected by R. 1). Oldham, Iira Lal, and Kishen Singh, were obtained
principally from three Lorizons, numbered respectively 2, 4, and 8, in
the sections studied by Oldham. In the Mazar Drik section examined
by C. L. Griesbach and Kishen Singh, the fossils were collected
without reference to special horizons.

In order to fix the zonal distribution of the varvious species more
accurately, the scctions were re-examined in 1898 by Dr, Noetling,
who obtained a good collection of fossils including nearly all those that
had been obtained previously, as well as a number of other species not
previously discovered. Those from Mazar Drik were obtained from
three principal horizons numbered respectively 6, 13, and 14. Those
from Des were obtained from a series of strata about 300 feet thick
including zones 2 to 24 of the section examined by Dr, Noctling. The
locality is in the neighbourhood of Thur Kund (Lat. 29° 35"; Long. 68°
30). A drawing to scale representing the succession of these beds
has been published by Dr. Noetling in the “ Centralblatt fir Minera-
logie, Geologie and Palacontologic” for 1903, p. 515, together with
preliminary lists of fossils. These lists were drawn up from rough
identifications in the field. I have examined the collections at greater
leisure, and identitied the species enumerated below, which do not
include the totality of the fossils as a number of them still await
identification and description. '

According to Dr, Noetling’s obscrvations, the lowest fossiliferous
beds, constituting zone No. 2, consist of calcareous nodular shales
about 10 feet thick. The following fossils have been identified in
Dr. Noetling’s collection from this zone: Sphenodiscus acutodorsatus
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Noctl. (abundant), Gaudryceras sp. (cl. G. Kayei Forbes), [leteroceras
sp.

Zone 4, separated from zone

2 by about 50 feet of unfossiliferous
solt shale

. S, consists of about 35 fcet of nodular limestones with shaly
partings, containing: Orbitoides media d'Arch., Clypeolampas Helios
Noetl, Hemipneustes compressus  Noell.,!  Hemiaster Oldham
Noetl,, Alectryonia pectinata Lam., A. lorva Lan. (rare)
Spondylus subservatus Douville, S. calearatus Forbes, Neithea
quingueangularis  Noetl., N, guadricostata Sow., N. stria-
tocostata Goldf., Pecten Dujardini Roem., Zwrritella sexlineata
Roem., Pachydiscus dilmensis Schlit., Heteroceras polyplocum
Roem., Peroniceras sp.

This zone is succeeded by two zones 5 and 6, lithologically similar
to it, whose aggregate thickness amounts to 30 feet. Zone 5 contains
Clypeolampas Helios Noetl., Hemipneustes compressus Noetl.,
Neithea quadricostata Sow. The only fossil collected in zone 6 is a
large smooth Pecten which also occurs in zone 5.

Zones 7 and 8 are also lithologically similar to those just mentioned,
The fossils of Dr. Noctling’s collection from zone 7 include : Orbitoides
media & Arch., Cidaris Suleimani Noetl. (closely related to Cidaris
persica Cott. et Gauth.), Holectypus baluchistanensis Noetl., Clypeo-
lampas Helios Nocll,, Hemipneustes compressus Noetl, Hemiaster
tamulicus Kossmat (identical with Hemiaster Blanfordi Noetl.?),
Spondylus calcaratus Forbes, Neithea quadricostata Sow. This
horizon corrresponds with zone 2 of Oldham’s collection.

The only fossils collected in zone 8 are Clypeolampas Helips
Noetl,, and Hemipneustes compressus Noetl.

Zones g to 12 are also lithologically similar to the underlying ones,

' The fossils referred by Dr. Noetling to Hemipreustes pyrenaicus Hebert,
and i, Leymeriei Heb., cannot be distinguished from I7, compressus Noetl. The
shape is the only character that has been used by Noetling as a distinguishing
feature. But the numcrous specimens now available show that the shape is
extremely variable, and exhibit every Imaginable gradation between the three
forms originally distinguished by Noetling. The variations in shape are not
connected with the vertical distribution, specimens of all shapes occurring in every
zone. The species is probably identical with Hemipneustes persicus Cotteau et
Gauthier.

% 'The date of publication of Vol. XXX, part 2, of the Rec, Geol. Suruv. of
/nd., containing Kossmat’s description is 25th June, 1897. The name Hemiaster
Blanfordi Noetling, fitst appears in Rec. Geol. Surv. of Ind., Vo, XXVI, p. 126,

in 1894. But as the description and figures did not appear till 31st August 1897,
priority belongs to Kossmat’s name.
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and amount to 100 feet in thickness according to Dr. Noetling, Zone
o contains Hemipneustes compressus Noetl. No fossils appear to
have been obtained from zone 10. Zone 11 contains: Orbitoides
soctalis Leym., Omphalocyclus macropora Lam., Cyphosoma speciale
Cott. et Gauth , Noetlingia sp, (it has more numerous tubercles than
N. paucituberculata found at a higher horizon), Holectypus baluchis-
tanensis Noetl, Pyrina orientalis Cott. ct Gauth. (Noetling’s
P. ataxensis Cottean), Echinanthus Griesbachi Noetl,, Clypeolampas
Vishnu Noetl, Alectryonia larva Lam (plentitul), Pyenodonta
vesicularis Lam., Neithea quingueangularis Noetl., N. quadricostata
Sow., Pecten Dujardini Roem., Pholadomya tigris Noetl, Turritella
sexlineata Roem., Cerithium Ganesha Noetl., Gisortia sp.,1 Spheno-
discus acutodorsatus Noetl., (rare}) Sph. sp. (cf. Sph. Shiva Forbes,
very abundant), Pachvdiscus diilmensis Schliit. There are no fossils
{rom zone 12,

These beds are succeeded by 65 feet of unfossiliferous dark-blue
thin-bedded shaly clay, Dr. Noetling’s zone 13. It is overlaid by
zones 14 and 15, amounting together to 40 feet, consisting of dar’k-
blue nodular limestones with argillaceous partings. Amongst the fossils
from zone 14, the following have been identified: Omp/zalocyc'lus
)nacropom Lam., Cyphosoma speciale Cott. et Gauth,, P}{rzmz
orientalis Cott. et Gauth., Hemiaster tamulicus Kossmat, Turrz.lella
Forgemolli Coquand (Noetling’s Nerinea Quettensis), thrrzf‘e[la
quadricincta Goldf., Cerithium Ganesha Noetl,, Cer. Buddha N.oet.l.

Zone 15 contains Omphalocyclus mucrapom‘Lam., {Voetlmgm
paucituberculata  Noetl, Holectypus bnluc}zzstafzc’mzs . Noetl,,
Pyrina orientalis Cott. et Gauth,, Echinanthus Gme.s&aclu Noetl.,,
Hemipneustes compressus Noetl,, Neithea quadricostata .Sow‘.,
Cerithium Ganesha Noetl., Pugnellus digitatus Noetl, Gisortia
baluchistanensis Noetl. )

Zone 16, lithologically related to the preceding ones, and about
15 feet thick, contains Omphalocyclus macrofo;ra Lam. (large and.
plentiful), Pyrina orientalis Cott. et Gauth., Echinanthus Griesbacki

' The numerous fossils from the Mari hills described by Noetling under etfl:ﬁ
generic name Owvnlae are almost cutirely in the condition of c:,:lsts]. }}/'et, :et“acg e
examination of the numerous specimens demonstrates conclusively t ehpr‘ S nee o
the smooth columella, the anterior crenulations and posterior aﬂOP i?that the
outer lip, characterising the genus Gisorfia. There is no df)ubt thereto
first occurrence of this genus takes place in cretaceous tumes.
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Noctl., Hemipneustes compressus Noctl., Pugnellus crassicostalus
Noetl.

Zonesv 17 and 18 arc solt dark-blue rather shaly limestones with
clay par.tmg.S, (')f an aggregate thickness of about 33 feet.  There
ace 1o lossils in Noetling’s collection lrom  zone 17. Zone 18
contains Omphalocyclys macropora Lam., and Nerita & Archiaci
Noetl. :

Zone 19, a ver - imest i ;
about 25 f)e,et thici\;. Ifc‘)‘;ltai(:;:rkOEZ;};zalll;?LSLOI‘le il clay bartivgs,

L g yelus macropora Lam. and
casts of Radiolites Muschketofi Noetl,

Z.one 2.0 is a group of oliveacoloured shales with a few calcareous
partings in which fossils occur inside calcareous nodules, very similar
to the well-known nodules of the Spiti Shales, The following forms
have been identificd:  Owrthopsis  perlata Noetl, Holectypus
baluchistanensis Noetl, Cardita subcomplanata &’Arch,, Cardium
loralaiense Noetl., Cyprina desensis Noetl, Pugnellus crass;.
costatus Noetl, P. gigantrus Noctl., Gisortia expansa d’Arch,
et Haime,! Volutilithes dubin Noetl, Physa Prinsepii Sow
Sphenodiscus Ubaghsi de Grossouvre. ) !

Zones 21 to 23 arc not represented by anv fossils in the collection
According to Dr, Noetling’s descriptions, zone 21 is a red sandstoné
8 feet thick, zone 22 a red shale 5 feet thick, and zone 23 a dark-
br.own clay, \\'1th.laye‘rs and‘ partings of brown limestone, the total
thickness of which is 15 feet, and which occasionally contains fra

. Ve
ments ol /ndoceras  baluchistancns: Noe These °
ith These fragments

cannot be traced in the collection, and Dr, Noetling states that the
“best preserved specimen comes {rom the previous horizon » ] ,K
is, the lossiliferous zone 20 (General Report for 1598-18g¢ )a, {l,dt
The specimen referred to is therefore the one of .Tp}zcl)nag;S))'
Ubaghsi, which is similar in oulward appearance (g /)/(z’; Is,cm_
baluchistanense, the difference becoming apparent only on de\'wlrm
ing the sutures. This confusion is of no consequéncc ( 6011’*
collection from Mazar Drik shows that Ind ceras pq; /z)' o “,C
does occur at this same horizon, uenistanense

1 Ac 1 YA .
ceording to d’Archiac and Haime, the type speci
- : L LG, Specimen fr. i . .
l;:)m a limestone containing nummulites. The sp(‘cicspdues 2(}{80(;\"!‘51411(‘[ comes
;A.c Survey collections from the nummulitic of Sind, but both Feddcn“m( Q“‘O"gSl
have identificd one of the Cretaceous forms as probably repr n and Noctling
and Haime's type. Presenting d' Archiac

PART 3.] VREDENBURG: Cretaceous Ovbitoides, India. 177

Zone 24, according to Dr. Noetling, consists of a band about
20 feet thick of hard brown calcareous sandstone. It contains
Cardita Beaumont! &’ Arch.

This is succeeded by 100 feet of black unfossiliferous shales
overlaid by limestone of Lutetian age.

In Oldham’s collection, zone 4 corresponds principally with
Noetling’s zones 11 to 16, and zone 8 with Noetling’s zone 20 to 24.

b.~MAZAR DRIK SECTION.

Mazar Drik is situated in Lat, 29° 50’ and Long. 68° 41, towards
the northern border of the Mari hill country, in the valley of the
Beji river. The stratigraphical details of the section have not been
published. The upper cretaccous fossils collected by Dr. Noetling
were obtained {rom seven zones, numbered 3, 4, 5, 6, g, 13, and 14.
The only recognisable fossil from zones 3 and 4 is Neithea
quadricostata Sow. The only fossil from zone 5 is a cast of a
Pugnellus, perhaps P. crassicostatus Noetl. Zone 6 contains
Ovrbitordes media d'Arch., Cidarts Suleimani Noetl, Noetlingia
sp. (the same as in zone 11 of the Des valley), Holectypus balu-
chistanensis Noetl,, Pyrina orientalis Cott. et Gauth., Clypeolam-
pas Vishnu Noetl, Hemipneustes compressus Noetl, Hemiaster
tamulicus Kossm., Alectryonia pectinata Lam., Al. larva Lam.,
Pycnodonta vesicularis lam., Neilhea quingqueangularis Noetl,
N, gquadricostata Sow., Cerithium Ganesha Noetl, Volutilithes
dubia Noetl. This zone corresponds principally with zone 11 of
the Des valley, probably including also a few forms from a slightly
lower horizon.

The only fossil from zone ¢ is an undescribed Orbditoides which
I have named Q. Holland:.

Zone 13 of Mazar Drik contains the same fauna as zone 20 of
the Des valley. The following forms have been identified :  Zrockos-
milia  protectans Noetl., Hemipneustes compressus Noetl. (rare),
Plicatula  hirsuta Coqu. (Noetling's  Hinnites ()  jfoliaceus),
Cardita subcomplanata d’Arch., Cardium loralaicnse Noetl,
Chama callosq Noetl,, Turritella sexlineata Roem., 7. gquin-
quecostata  Noetl, T. guadricincte Goldf, Cerithium Ganesha
Noetl, Pugnellus crassicostatus Noetl, P. digitatus Noetl,
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Gisortia expansa &’Arch, et Haime) Physa Prins:pii Sow.,?
Indoceras baluchistanense Noetl., Packydiscus sp. (probably L.
neubergicus F. von Hauer),

Zone 14 of Mazar Drik is the horizon of Cardita Beauwmonti,
corresponding with zone 24 of the Des valley. In addition to the

above named fossil, the species Cardium loralaiense Noctl., and
Gisortia expansa d’Acch. and Haime have been identified.

The original collection from Mazar Drik which constitutes
part of the wmaterial described in Dr. Noetling’s monograph,
was not gathered with reference to zonal distribution, and,
unfortunately, the majority of those forms described in the
monograph which have not reappeared in the latter collection (g
out of 13), were from Mazar Drik. The most interesting
of those forms whose exact horizon for the present cannot be deter-
mined, are: Modiola Vishuu Noetl, Cardium harnaiense Noetl.,
Cyprina mazariana Noetl,, Roudairia crassoplicata Noetl,, Voluta-
lotisepta Stol.

The above lists of Dr. Noetling’s collections represent only a
portion of the species which they include. I have mentioned only
those forms whose identification appears sufficiently secure,

2. Jhalawan (Kalat State).

During the winter of 1905 to 1906, I recognised the same beds
over a considerable part of Balichistdn, principally in the Jhalawédn
province of the State of Kaldt, but could not dispose of sufficient
leisure to sub-divide the beds as minutely as has been done by
Dr. Noetling in the Des valley. 1 have always been able, however, to
separate three principal horizons: a lower one, the Hemipneustes
beds corresponding principally with zones 7 to 18 of the Des valley,
a middle horizon with Cardite subcomplanata corresponding with

zones 20 to 23 of Des, and an upper horizon, the Cardita Beaumont:

beds, whose base corresponds with zone 24. This tripartite division

! See the note regarding the occurrence of this species in the Des valley
(supra, page 170).

* When first describing the occurrence of this species amongst the Deg
valley fossils, I mentioned that the specimens did not reach the size usually
attained by those from the Intertrappeans of the Peninsula (Rec. G. S. I,
XXXV, p. 116). I had nct then examined the collections f{rom the same

horizon at Mazar Drik, where the specimens are much larger, and equal in sizc
to the average of the Peninsular ones.
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is essentially that adopted by Dr. Noetling for the Mazar
Drik collection.

In Jhalawdin, a sub-divisional distinction which does not seem to
hold good in the Des and Mazar Drik sections, is furnished by the
two very abundant oyster species, Pycnodonta vesicularis Lam., and
Alez/r);onz'a larva Lam. In the Des valley they both occur together
in great abundance in zone t1. But in Jhalawin, Alectryonia larva
is especially abundant at a horizon situated higher than the zone
characterised by Pycnodonta vesicularis and by a great abundance
of Hemipneustes. 1t is this lower zone that appears to correspond
with zone 11 of Des, while the higher beds specially characterised by
Alectryonia larva, and containing a great abundance of large
specimens of Omphalocyclus macropora, appear to correspond with
zones 15 to 16 of the Des valley.

The following details of a few of the sections examined will show
their general similarity with those examined by Dr. Noetling.

In the region of the Mula pass near Kharzdn (Latitude 28° 2,
Longitude 67° 10'), the successive beds are shownin a very clear
section where they all dip east by south, at an angle of about 45°
The Hemipneustes beds proper, that is the lower sub-division above
alluded to, are grey limestones in hard beds alternating with softer
shaly limestones, with a total thickness of some roo feet. They
contain Omphalocyclus macropora Lam. (large specimens), Hemi-
prueustes  compressus  Noetl, Hemiaster tamulicus Kossm.,
Pycnodonta vesicularis Lam. (abundant), Alectryonia larva Lam.
(rare), Neithea striatocostata Goldf., Neritina d Archiaci Noetl,
Desmieria pontica &' Axch., Hantkenia striata Douvillé,

This sub-division is succeeded by about 200 feet of unfossiliferous
shales with intercalations of limestone in their uppermost layers.
These are overlaid by about 6o feet of shales and dark limestones
with numerous specimens of Alectryonia larva.

A band of unfossiliferous soft sandstone, sometimes only 15 feet
thick, but locally expanding considerably when followed along the
strike, separates these beds from the overlying sandstones associated
with dark brown or black limestones, with a total thickness of about
40 feet, containing Cardita Beaumontt. The latter are followed by
a considerable thickness first of sandstones and then of arenaceous
shales, amounting together to about 300 fecet, capped by thick flows
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o.f basalt (the Decean Trap), immediately succeeded by nummulitic
limestones of Lutetjan age.

In the above scction, the

. unfossiliferous soft sandstones of varying
thickness occurring  betw

_ cen the Alectryonia larve and Cardita
Beaumonti beds Probably represent the beds with Cardita subcomp-
lanata, Sphenodiscus Ubaghst, Indoceras
constituting zones 20 to 23 of the Des valley, and zone 13 of Mazar
Drik. The sandstones and arenaceous shales intercalated between
the strata with Cardita Beaumonti and the basalt, represent "1
portion of the “Pab sandstones ” (Rec. G. S. I X)&XV » I1 )
which assume so much importance in the : . P 7
Jhalawdn and Las Béla.

haluchistanense, etc.,

Pab range of southern

Along the continuation of the same outcrop about 15 miles further
to the south-east, at a locality called Wad (ot to be confounded
with another place of the same nam= situated some 60 miles to the
south-west, in southeru]hala\v:’m), the same beds are agaill clearly
exposed with an casterly dip of 25°. The only abundant fossil in the
Hemipneustes and  Alectryonia sub-divisions i Omplz/z/ocycluy

macropora which occurs at all horizons. The lowest fossiliferous

bed, which rests on a considerable thickncess (about 120 feet) of -

unfossiliferous soft, greenish, calcareous shales, consists of a massiy
dark grey limestone, about 20 feet thick, followed by about the same
thickness of massive hard white sandstone ; then by about 50 ‘feet ff3
massive dark grey limestone, and by another 50 feet of thinn((e)r
bedded hard grev hmesto.ne alternating with softer shaly bands the
uppermost layers containing numerous specimens  of '/I/cctr oni
larva. These beds are overlaid by greyish green sy d?onm
succeeded by arenaceous shalces of flysch appearance both . ;tOlTC'S
ferous, and amounting to about go fect. Next come ;0 fect unf "
sandstone full of fragmentary hasaltic material, mlCcegded b . ok
70 feet of olive-colourced sandstones and arenaceous shal}
come about 20 feet of dark hrown limestone with ¢y o B
another 20 feet of dark green sandstones, and finally
thickness of basaltic tuffs (Deccan Trap), crowde
ments.  These are overlaid by V
Lutetian age, ‘
Near Karu, about 11 miles south of the section ]
elongated dome-shaped anticline again

another

Next
rdita Beaumoy t,
about the same

_d With shel] frag-
the nummulitic limestone E)f

ast described, an

gVes a clear vieyw of these
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various strata. The Hemipneustes beds consist of pale grey lime-
stones, the uppermost beds of which contain Alectryonia larva in
great abundance ; they arc rather massive and are abruptly overlaid
by dark olive green soft crumbling shales, the colour being probably
due to the presence of volcanic dust.  The change of facies probably
corresponds  with the commencement of the great Deccan Trap
cruptions, The olive shales are interbedded at intervals with thin
bands of a peculiar dark rock of porcellanoid appearance, but very
brittle ; it is often full of calcareous concretions, similar to those of
zone 20 of the Des valley. At one horizon only do these contain
fossils.  About 106 fect of these olive shales intervene between the
top of the Hemipn.ustzs limestones and a massive coarse sandstone
about 40 fect thick succeeded by another zoo or 300 feet of olive
shales in every respect similar to those beneath the sandstone.  The
fossiliferous horizon is situated some 10 to 15 feet below the base of
the massive sandstone, and consists of two bands of the peculiar
porcellanoid rock separated from onc another by about 2 feet of shale.
The lower band is by far the richest. It is remarkably constant for
distances of several miles along the Karu anticline, but is rarely
accessible, and only six inches thick. With the exception of this
horizon, the olive shales are quite unfossiliferous. At their upper
limit, the olive shales are succeeded by some gritty calcareous bands-
containing a few fossils, representing some of the Cardita Beau.mom‘z
layers of the sections previously described. These are overlaid by
a great thickness of massive brown limestones with fossils that do
not weather out, and lastly by the tuffs of the Deccan Trap, here of
great thickness and crowded with fossils, none of which weather out,
with the exception of a very large species of Nautilus.

Amongst the fossils obtained from the Hemipneustes beds of the
Karua anticline, the following have been identified : On.zp}mlocyclus
macropora Lam., Hemipneustes compressus N- etl,, /—/e'mzaster tamii-
licus Kossm., Pycnodonta vesicularis Lam., .Alectryuma larva Lam.
(only in the uppermost beds), Neithea striatocostata .Goldf.? Des-
mieria pontica d’' Arch., Peroniceras sp. (the same species .as in zone
4 of the Des valley), Pachydiscus diidmensis Schlii.t.f‘ Baculztex: Sp-

Those identified amongst the fauna of the {ossiliferous horizon in
the olive shales include : Cardita subcomplanata d'Arch., Pugnellus
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crassicostatus Noetl., Sphenodiscus Ubaghsi de Grossouvre, Schli-
teria Larteti Seunes, Pachydiscus neubergicus von Hauver, Baculites
sp. There are many other fossils none of which cortespond with any
of the Des or Mazar Drik species, but the first three species above
mentioned arc sufficiently characteristic to establish the identity
of this zone with that of Sphenodiscus Ubaghsi and [ndoceras
baluchistanense in the arca studied by Dr. Noetling.

The above-described sections in the Jhalawin region are quite
in harmony with those studied by Dr. Noetling in the country of the
Mari hills.

Attention may be drawn to the fact that Neithea striatocostata
and N. quadricostata appear to replace one another in the Hemi-
pneustes beds of the Mari hills, and Jhalawin regions. N, stria-
tocostata is very rare in the Mari hills, where it is represented only
by a tew specimens in zone 4 of Des, while N. grnadricostata is
extremely abundant throughout the Hemipneustes beds of Des and
Mazar Drik. In Jhalawdn both species also occur, but the propor-
tions are revecsed : V. quadricostata is ouly represented by a few
fragments in the lower part of the Hemipneustes beds of Kharzdn,
while both at Kharz4n and Karu, V. striafocostata occurs abundantly
throughout the horizons which at Des and Mazar Drik contain a
great abundance of Neithea quadricostata.  Further west, in the
Maestrichtian beds studied by de Morgan in western Persia,
N. quadricostata appears to be missing, while N. striatocostata is
very abundant. (H. Douvillé 7z Mission Scientifique en Perse par
J. de Morgan; Mollusques fossiles, p. 267, Pl. XXXIX, figs. 5-8,
i9o4.) The area intervening between Jhalawin aad the Mar;
hills seems to h.ave represented locally a mutual limit of distribution
of the two species, Far tothe east,in Tibet, the specimens collected
by Mr. Hayden all belong to N. guadricostata. (Mem.G. S. I.

XXXVI, p. 166.) ’

In all the above-described sections, both in the Mari hills and
Jhalawdn regions, the base of the Hemipneustes beds rests
either directly or with the intervention of a variable thickness
of unfossiliferous shales, upon compact porcellanic limestones of
lower Cretaceous age, The Gault, Cenomanian, Turonian, and
Lower Senonian are invariably missing in Baltchistn,

PART 3.] VREDENBURG: Cretaccous Orbitoides, India. 183

3. Western Persia.

In western Persia, de Morgan has distinguished two principal
“horizons in the Upper Senonian beds, a lower one distinguished as
the Echinoid beds, and an upper one constituting the Cerithium beds.
The latter is divided into two zones, the fossils from which could not
be kept separate. It was ascertained, however, that Omphalocycius
macropora characterises the lower zonc, and /raniaster Morgani the
upper one. (Douvill¢, loc. cit. supra, p. 282-283.)

In the Echinoid beds of western Persia, the following species
are identical with or closely allicd to fossils from Baldchist4n:
Cyphosoma speciale Cott. ct Gauth., Cyrina orientalis Cott. et
Gauth., Hemipneustes persicus Cott. et Gauth., Pycnodonta vesicularis
Lam., Plicatula lirsuta Coqu., Spondylus subserratus Douvillé,
Neithea striatocostata Goldf., Heteroceras polyplocum Roem.,
Sphenodiscus acutodorsatus Noetl. With the exception of Plicatula
lirsuta occurring in the zone of /ndoceras baluchistanense at
Mazar Drik, all the other species in Baldchistdn are characteristic of
the Hemipnenstes beds. In the Des section they all belong to zone
11 or to lower horizons, with the exception of Pysina orfentalis,
which is particularly abundant in zone 13.

In the Cerithium beds of western Persia, the forms identical
with or closely related to those met with in Baldchistén, are:
Omphalocyclus macropora Lam., Chama cf. callosa Noetl., Cardita
cf.  subcomplanata & Arch.,, C. Beaumonti d&Arch., Turritella
quadricincta Goldf., /Hantkenia striata Douvillé,

In Baléchistdn, Omphalocyclus macropora has not been found
in the zone that contains Cardita subcomplanata, Sphenodiscus
Ubaghsi, and Indoceras baluchistanense, but this may be a mere
question of facies since these beds do not contain any foraminifera.
Hantkenia striata has been met with in the Hemipneustes beds
of Kharzdn. The remaining four species, or closely allied ones,
occur, in Baldchistdn, in the uppermost ammonite zone with Cardita
subcomplanata, or in the overlying beds with Cardita Beaumonts,

Two more species of the Cerithium beds of Persia, Cerithium
Stoddardi Hisl., and Morgania® fusiformis Hisl.,, occur, in India, in
the Rajamahendri intertrappeans, as is also the case with Physa

This name has been substituted by Cossmann for Douvillé’s generic name

Irania preoccupied in the zoological numenclature for a genus of birds, (Rew,
crits paléoz., X, 1906, p. 196.)

E
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Prinsepii occurring in the Cardita subcomplanata beds of Des and
Mazar Drik.

It is clear that the Echinoid beds of western Persia correspond
with the Hemipneustes beds of Balichistdn, while of the Cerithium
beds, the lower zone auswers to the zone of Cardita subcomplanata,
Sphenodiscus Ubaghst, cte, in Baldchistdn, and the upper zane to
overlying beds with Cardita Beaumonti.

At the Pusht-i-Kolh, de Morgan noticed that the FEchinoid
beds rest directly on [Lower Cretaceous strata, indicating a hiatus
similar to that observed in Balichistdn,

4. The Suleiman Range.

In 1906, 1 obtained specimens of Orbditoides media and O,
cl. minor in the Suleimdn range ucar Fort Munro. The section
has not been made out with as much detail as in the Mari hills
and in Jhalawdn, but its general similarity is nevertheless evident,

The Suleimdn range in the Fort Munro region is a great
anticlinal arch consisting principally of the Pab sandstones which
here, as in the Pab range, attain a thickness of 2,000 feet or
more. Nummulitic beds are observed along the outer (eastern)
limb .of the anticlinal arch, where they form ridges of minor
elevation as compared with the Pab sandstones of the main axis. In
Volume XX of the Memoirs of the Geological Survey of India, p. 218,
Dr. Blanford has published a section across the range quite similar
?o .that observed at Fort Munro. The section figured by Blanford
13 situated about 25 miles south of that locality.

The beds underlying the massive sandstone are only seen
where the anticlinal arch has been cut through by deep river
gorges, such as that of the Rakhi along which passes the road
from Dera Ghazi Khan to Fort Munro. The lowest beds exposed
in the Rakhi gorge are the Hemipnenstes beds, consisting  of
about 700 feet of grey limestones with calcareous shaly partings.
I gathered the following fossils from these beds: Orditoides media
d'Arch., Holectypus baluchistanensis Noetl., Echinanthus Griesbachi
Noctl., Hemipneustes compressus Noetl. The massive sandstones
overlying these beds are several thousand feet thick (2,000 at
least). They are white, but weather of a black colour. They
are overlaid by black sandstones full of volcanic material, and
crowded with fragmentary fossils. These are overlaid by a black
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limestone whose base is lateritic, and which passes upwards into
nummulitic beds of lower Lutetian age.

I was unable to search for fossils in
the sandstones. But in a talus form-
ation at Rakhi Munh derived from
slopes outside the reach of the denu-
dation products of the Hemipneustes
beds, and therefore coutaining f{rag-
ments of rocks only newer than that
stage, some of the sandstone blocks
are crowded with small Orbitoides
whose characters, so far as can be
made out, agree with those of O.
minoy Sclumb. They are probably
derived from the lower portion of the
Pab sandstones.

5. Laki Range in Sind.

In Sind, Cretaceous Orbitoides have
been obtained only at one point in the
Laki rance, that known as Barrah hill,
asection of which has been figured by
Dr. Blanford (Geology of Western
Sind, PL V, fig. 2).

The section at Barrah hill exhibits
the lowest beds exposed in western
Sind, along the axis of an anticline in
which overfolding is combined with a
certain amount of overthrust. Blan-
ford's section is here reproduced with
the only difference that the feattfre
shown by him as an ordinary fault with
downthrow to the east, is represented
with greater probability as an over-

Barrah Hill
F~TPab sandstones, g.—Limestone with Orbitoides.

¢.—~Lower Ranikot.

Fi1G. 1.—~Section at Barrah Hill.

b..—Alveolina limestone (Laki).
e—Olive shales with Cardita Beaumonti.

thrust. . ’
The lowest bed shown in Blanford’s

section consists of a massive white and
grey limestone, very harfl and com-
pact, full of fossils which do not
weather out. Blanford did not detect

E 2

a.—Manchhar (Siwalik).

a.—Deccan Trap.
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any foraminifera, but obtained one fragment regarded as that of a
hippurite, in conscquence of which this limestone was regarded as
possibly tae equivalent of the Turonian hippuritic limestone of castern
Persta. This specimen cannot now he traced, but when I visited the
sect.on in 19oh, Inoticed that at the base of the massive limestone,
there are thinner bedded layers of a very hard buff-coloured limestone
abounding in specimens of an Orbitoides which 1 have identified as
0. apiculate. These lowermost beds were not detected by Blanford,
and were perhaps concealed by talus at the time of his visit. The
presence of this Orbditoides shows that the beds cannot be older than
Maestrichtian, and the section is thus brought into harmony with those
of Balachistdn,

The upper. beds of the massive limestone arc gritty, and
pass upwards into sandstones, conglomerates, dark gritty limestoncs,
and ferruginous bands, all wcatheging of a very dark colour.
They correspond with the Pab sandstoncs. Their total thickness
is ahout 800 fcet. They pass upwards into about 500 feet of
olive shales with calcarcous partings containing Cardity Beawmonti,
capped by a basalt flow of the Deccan Trap, succeeded by
eocene sandstones aund clays. TInstead of being of middle cocene
age as in the Baldchistin sections hitherto described, they belong
to the lowcer eocene Ranikot series.

6. Tibet.
In Tibet, my colleague Mr. Hayden has observed a fine
development of the Upper Cretaceous in a more or less faulted

synclinal belt extending for a distance of about 50 miles from the
neighbourhood of Kampa-Dzong to that of Tiina, in a north by west
to east by south direction, parallel therefore to the strike of the
Himalaya, and situated about ten miles north of the northern spurs of
the great snowy range of Sikkim. The sequence, full details of which
are given in Mr. Hayden’s recently published Memoir .on Central
Tibet (Mem. G. S. 1., Vol, XXXV], pt. 2, 1907), is more com lete
than that of Baldchistén, and resembles that observed in certain part'
of Persia and of southern India, owing to the Cenomaniap tI:eil .
r-epresented as well as the Senonian. Above “ a series of brown sha]lg
hfnestones with brown and black needle shales” containing cenoma):
mian ammonites, is * a band of pale grey shale about 250 feet thick,”
whose lowermost beds are fossiliferous and contai ,

- : n well-preserved
specimens of Hemiaster regarded by

Mr Hayden as also cenomanian.
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Above these shales there are three compact limestone bands, each
of which is about 130 feet thick, separated by approximately equal
thicknesses of softer beds, so that they form a succession of conspicu-
ous scarps, the dip being usually towards the north. The upper.
most (third) limestone is succeeded by another 140 feet or so of thin-
bedded limestones with arenaccous intercalations, and lastly by a
ferruginous sandstone oveclaid by eocene strata. The strata
intervening between the third limestone and the ferruginous
sandstone have been distinguished as the * Tiina limestones,”’
and are those richest in determinable fossils distributed through
several remarkably constant zoncs.

The first compact limestone and the shales intervening between it
and the second limestone have not yielded any determinable fossils.
Fron the base of the second limestone to the top of the third
limestone, Orbitoides media is found in great abundance, the
finest  specimens occurring  within the third limestone; it is
accompanied by numcrous though fragmentary remains of
“Rudistie " which have not been ideutiied.  Pycnodonta
vesiculariy occurs in the higher beds of the third limestone, whose
uppermost strata are characterised by a species of Actzonella.
Ovrbitoides media also extends into the thin *“ bedded limestones form-
ing the lowermost portion of the overlying Tina limestones,” but in
the succeeding brown limestones it is replaced by Omphalocyclus
macropora. The latter foraminifer is accompanied by Neithea
guadricestata, by an undcterminable species of Holectypus, and a
Hemipneustes closely allied to . depressus Noetl. and H. persicus
Cott. et Gauth.; it is proportionately narrower, and much more
regularly oval than cither of these species, with the apex more
central, further removed [rom the posterior margin ; both the anterior
and posterior extremities of the test are more attenuated and less
truncated than in the species from Balichistan and Persia; the oval
outline of the ambitus closely resembles thal of H. striatosvadiatus
from Maestricht, but the test is vertically more depressed ; the Tibetan
cchinoid agrees with /7. depressus and . persicus and differs from
the Maestricht species in the great breadth of the posterior poriferous
zones of the paired ambulacra : it might be called Hemipneustes
tibeticus.

Overlying the brown limestone, are a grey limestone, a red
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arenaceous limestone, and a coral limestone, almost entirely made
up of Lithvthamnia, the aggregate thickness of these three divisions
amounting only to 20 feet, the Lithothamnion limestone, in particular,

including but a few inches.  These are the zones that have yielded
the largest number of determinable fossils.

red arenaceous limestone includes
Hemipneustes tibeticus, Plicatula

The collection from the
Pyrina  of. gigantea Noetl.,

: lirsute Coquand, Neithea
quadricostata, and fragments of a large Campanile related to

Cerithium Ganesha Noetl. The collection from the ZLithothamnion
limestone includes a species of very small Orébitoides related perhaps
to O. minor, Omphalocyclus macropora, Cyclolites vegularis chzz'ni-
brissus sp., Vologesia? sp. nov., Echinanthus sp. (Z S ecie,s closel
related to an undescribed form occurring in the Iizdocgms o

Mazar Drik}, Hemipncustes tibe zone of

ticus, and a curi i i
‘ : , curtous fossil resemblin
a Caprina. The echinoid above referred 1o as perhaps ;

differs from the s Mologesia,

s from the Pcrsm‘u .fo'rm V. Tataosi, (Coltcau et Gauthier
Mission de Morgan, Echinides, p. 66, 1893) the only describeci
s[l)etmles oll the genus, by its ambulacral petals which are more com
g:rsiirlc osed.. t( he actinal surface is not quite so flat as in the
an generic type, yet its convexity is v sl its | i

e getenie ¢ hc,‘) ps ¢ vexity is very slight, and its junction
o spherica dorsal  surface as abruptly angular as in

. tz,ztwsz. Tl.l(') apical disk is concealed, but the per{‘;tome and
g?nproc‘ ag;rec n shalpe and position with the type. The generic
.1a1gn((1)51? o Ifologe&w might perhaps be extended so as to
inc ubL orms Wl.“} (',‘IOSCd petals, or else the latter might constitut
a sub-generic division under the name of Haydeniaster e

The Lithothamnion I : i

hothe mestone i& succceded b ]

' : k. 0 3

and 5o feet of limestone, netther of which have );igldieet ©! sandstone
able fossils,  These are overtaid by )
upon which rest

oo feet ot i d any recognis-
. 2 of ferruging

o : us

amestones of cocene age, N sandstone

The above lists show that i iti
1at in addition to the f inif

_ - oraminttera Qpp;.

toides media and O;;z/)/mlocyclux macropora, the uppermost Cret "

s aceous

beds‘of Tibet .cont_ain several fossils ideutical with or clgsel 14
Zpgcxes occurrm.gr in the /lemipnenstes and Cardita sup Z a/lEd o
eds of Balachistdn and their Persian equivalents, Most ;f”tl}f N
. em are

specics with a fairly extensive i
e vertical range wh istributi

o ] .
probably largely a matter of facies. o  poibution 1

In no in
; . stance
the order in which they occur in Tibet » howover, docs

result ip any conflict of evi-
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dence as compared with what is observed further west. The strati-
graphical position of the two principal foraminifera, Oréitoides
media characterising principally the older beds, and Omphalocyclus
macropora the newer oues, is in accordance with their relative order
in the Mari hills. There is every reason to regard the second and
third massive limestones of the Kampa system, the intervening
calcareous shales, and overlying Tiina limestones as the equivalent
of the Hemipneustes and Cardita subcomplanata beds of Baldchi-
stdn. Their aggregate thickness, which must be nearly boo feet,
agrees remarkably with the vertical extension of the same beds
along the north-westcrn frontier of India. The overlying ferruginous
sandstones very probably represent: part ol the Pab sandstones, or
Cardita Beaumonti beds,

In other parts of India, where it has been possible to make a
detailed cxamination of the stratigraphy, this ferruginous character
of the beds is oitcn a sign of hidden unconformity, the ferruginous
clement being of a lateritic nature, and indicating a period of conti-
nental conditions, and consequently a more or less complete inter-
ruption in the sedimentation, though the gap may not be indicated by
any defect of parallelism in the successive strata. It is highly proba-
ble that the ferruginous beds of Tibet have the same signification,
In order toaccount for the parallelism of stratification, and the curious
absence of nummulites in the eocene beds overlying the ferruginous
sandstone, Mr. Hayden has suggssted that there may be perhaps a
continuous passage [rom cretaceous to tertiary, and that the tertiary
beds of Kampa Dzong may belong to the Lower Eocene, correspond-
ing therefore with the Ranikot group of Sind. Mr. Hayden has sug-
gested this explanation only tentatively, the available data being too
scanty to arrive at a definitc opinion.  Yet, in view of the similarity
with the stratigraphical conditions which have now been ascertained
over alarge portion of north-western India, it may be permitted to
infer that the Tibetan section can receive a similar interpretation. If
the ferruginous layer be taken to represent a lateritic facies indicating
continental conditions, aud, consequently, a gap in the sedimentation,
the overlying beds neced not be regarded as lower eocene, a stage of
very rare occurrence in India, but can be interpreted as more probably
belonging to the widespread middle cocene. The absence of num-
mulites may be accidental, In the Zhob district [ have observed a
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similar abscuce of (hese org
to be undoubtedly  middle cocene, Lithologically, the specimens of
cocene rocks collected by Mr, Hayden closely resemble the Alveolina
hmurstonc ol Balgchistdn, and some of them, although without num-
mulites, are crowded with Alveoline.  Mr. Hayden has mentioned that
they contain o Velates apparently identical with Velates Schmidelr.
A CIOSC]}’ related Velates occurs in the lower cocene Rantkot beds,
but according to Messrs. Cossmann and Pissarro, who have lately
studied this fossil and will shortly describe it in the Palaontologia
Indica, it differs from the truc Velates Schmidelr. The specimens
from the middle eocene of India differ from the Ranikot ones, and
are very similar to, if not identical with, V. Schmideli. The Tibet
fossil also appears to agrec with V. Schmidel:, though in all the
specimens, the aperture, which furnishes the best differential characters,
15 concealed by the matrix; but the aboral surface, sometimes fairly
well prescrved, agrees with that of the middle coeenc specimens rather
than that of the Rantkot specics.  Their dimensions arce also larger
than those of the Ranikot fossil, which is another
with the Indian Lutetian form,

anisms in beds whosce fossil contents prove

) point of agreement
enc of Ti Fl}u.s* there is reason to believe that
the cocenc of Tibet corresponds with the Lutetian

the sub-division clsewhere known in Indi
age 1s Lower Lutetian,
of the Indian Tertiary,

y and perhaps with
‘ ' a as the Laki group, whose
The Laki group is the coal-bearing  division

7. Southern India.

Ovrbitoides {rom the Upper Cretaceous of s :
been figured by Stoliczka zui({ by }C{IOL:;:;?_US 'I?lt\e S::(til:;:n I‘“d’a l}aVe
by Koss.mat, which were not specifically idcntiﬁ}éd ot CXamfned
frO}x\ Saidarampet, and the neighbourhood of Valy I'J ' “.,e.re obtained
Anya.lur beds of Pondicherrt, the so-called N;ri;:'yu;; o the POSL-
examined by Stoliczka were identified by him withdf ed‘s, Th?se
at Maestricht, and appear to be identical with Orb(')tm'l; OCCUI'.rmg
Schlumb, They were collected by H. F. Blanford 'ul 01(]‘ o Jinor
Chokana(?apuram in the Niniyur be (;“ i .m.l-yl,” and

Both in the Pondichere; and Trichinopoli regions tl\(x]bt“‘d' .
lur beds have vielded Nawtitus danlicus, indic‘atino-) thch post.-A“ya-
strata of Danian age. I am not aware of any recobrded Erescnc.e o
as to the occurrence of Orbitoides in strata of true Daxliaxloa;zr\;? tltohl::

ds of the Tric]xinop
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torm be restricted to the beds characterised by Nawtilus danicus,
and newer than the last zones of ammonites and hippurites. It is
probable that the Niniyur beds inclu‘de strata both of Maestrichtian
and Danianage. There is no information available for sorting out the
fossils of either series, a difficulty which is now almost heyond remedy
owing to the exhaustion of the fossil localities. N .

The combined thickuness of the Arivalur and  Niniyur is about goo
feet. How much of this amount belongs to the Niniyur cannot be
exactly determined, but whatever the proportion wmay be it indicates
for the Ariyalur, a development closely similar to the very constant
thickness of the Hemipneustes beds in many parts of Baldchistdn, that
is 500 to 700 feet. As will be shown in the following chapter, the
Ariyalur and Ninivur beds of southern India correspond respectively
ith the Hemipneustes beds and Pab series of the Nor.th-West.
The similarity in development between the ;&riyglur and Hemz‘pn.eustes
beds may be a fortuitous coincidence, yet it is worth mentl'o.nmg on
account of its possible connection with the widespread conditions ol
hich prevailed at that period over such a large

The formations overlying the Hemipneustes
iiyur are much less regular, their

quiet sedimentation w
portion ol the globe.

beds and corresponding with the Nu yura . 1
thickness and composition altering rapidly [rom one section to another.

CHAPTER 11.—AGE OF THE ORBITOIDES-BEARING BED.

[n Baldchistin the bulk of the fossililerous beds in the Upper
Cretaceous are of Maestrichtian age, as has been sho\\'n‘ by Dr. NoFtl—
ing in his monograph of the upper cretaceous lau‘na .ol the Mari hllls.»
( Pal. Ind Ser. XVI, Vol I, part 3, 1897.) [he ‘dOCUIl]entb
now available as to the exact vertical range ol the fossils allow a
greater degree of precision in determinin.g the age 'of E?hese ro?k?t.
According to H. Douvillé Orbitoides medu? o%*curs, in uroGPe;‘ jus
about the limit of the Campanian and Maestrichtian (Bull. S.f h .,D(4)‘
I, page 312, 19oz). We may therefore'regard zone 7 of t c‘ ﬂ::s
valley section in which this species 13 parﬁxculaxrly ’a%lc‘)undz?n't, as te
base of the Maestrichtian, while the underl_\'mgT {os_sxlxlerous zones 2dv0
6, may be relegated to the Campanian. Dr. Noe?lu.\g has propczisetha
new name, ‘‘Pathanian,” to include the Radiolites beds an e
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Cardita subcomplanata and C. Beaumonti zones (Centralblatt fur
Geologie, etc., 1903, p. 521). This grouping expresses the intimate
connection of these zones in the Mari hills. The name cannot, how-
ever, be used in opposition to “ Maestrichtian,” for these beds
include precisely the most typical horizon of the Maestricht chalk.
The presence in thesc beds of Sphenodiscus Ubaghsi de Gross., a
species closely related to Spk. Binkhorsti Bohm of Maestricht, indi-
cates that they correspond with the last of the ammonite zones ol
Europe, and therefore with a part of the well-known  tuffeau *’ of
Maestricht, the very rock from which the formation derives its name.
It is only in the Mazar Drik section that the Cardita Beaumont:
beds of Baldchistan have yielded a fair number of recognisable fossils.
Out of a total of eight fossils in zone 14 of Mazar Drik (zone of Cayp-
dita Beaumont?), no less than six are identical with fossils from Zone
13 (zone of Cardita subcomplanata and Indoceras baluchistanense)
They include one species of (strea, one of Arca, Cardium lovalaiense
Noetl., Gisortia .exp(znm d’Arch. et Haime, and two species of Nau-
monti zone may also be recr;trded a; bel a‘d‘l “‘\‘, tht‘\ Clzrdfm .Be{m-
In many places howevzr . s belonging to th.e Maestrichtian.

HE5, y Cardita Beawmonti recurs at all levels

of the vast series of the Pab sandstones and it i
that the Pab series must reach infy (] DY . Is extremely probable
tic Nautilas danseus hon pormy ;)0 e anian, thougl} th.e characteris-
i an nbroken et 51;Ch e ‘een tr'net with in Balichistdn or Sind.
strata of Baldchi<t4n }where th Lofm ltUtE;d by the upper cretaceous
ibly into that of the followi e auna o cach zone graduates insen-
zior;al lines. The precise lir:i%s Zne’ it difficult to draw sharp divi-
. . . wist be a matter of cony
it would seem Conchlent to select the species Carditae subcomplanata
and C. Beaumonts, as respectively characteristic of the upper-
most Maestrichtian and lowermost Danian. But the replacement of
one species by the other is largely a matter of facies. The thin-
shelled Cardita subcomplanata abounds in deposits representing
indurated silt or mud. As soon as an arcnaceous facies scts in, the
thick-shelled Cardita Beaumonti appears. In Egypt, Cardita lyéi-
ca Zittel, so closely allied to C. Beaumonti, that it is perhaps a mere
variety, occurs both in the zone of /ndoceras Ismaelis Zittel, a species
very closely allied to /ud. baluchistanense Noetl., and also in the

ention, and
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overlying strata with Nautilus dantcus (A. ‘Quaas, D'z'e Fauna der
Overwegischichten und dev Blitterthone in der lybischen Wiste,
Palzont., Vol. XXX, 1902). . ’ .

It is probable therefore that i.n BélﬁChIStal? Cardita Efeaumo.ntz
passes from Maestrichtian to Danian, there being no strat_‘lgraphx.cal
break between these two stages, no more than between Campanian
and Maestrichtian.

The Echinoid beds of western Persia have been regarded as Cam-
panian by H. Douvillé, which agrees with the age here attributed to
the lower portion of the Hemipneustes beds in Balichistdn. The
Cerithium beds which evidently correspond with the zone of Spkeno-
discus Ubaghsi and the lower portion of the Cardita Leaumonti
beds, have been regarded by Douvillé as Maestrichtian.

Incidentally, the presence in the Upper Maestrichtian of Persia and
Baldchistén, of three intertrappean species of the Indian peninsula,
Cerithium Stoddardi, Morsania® fusiformis, and Physa Frinsepii,
enables us to fix with greater precision than had hitherto been practi-
cable, the age of the great volcanic formation of the Indian Peninsula.
(Rec. G. S. 1., Vol. XXXV, p. 114.)

The presence of Orbitoides cf. minor in the Niniyur beds of the
Coromandel, together with Nautilus danicus, introduces an anomaly
which can best be considered after correlating the underlying Ariyalur
beds with the upper cretaceous formations of Baldchistdn,

The most satisfactory zonal investigation of the Ariyalur group is
that of Dr. Kossmat, based upon the field rescarches of Dr Warth in the
Pondicherri district. (Rec. G. S. 1, XXX, pp. 51-110, 1897.) The Ariya-
lur beds of Pondicherri have been divided by Kossmat into two zones :
a lower zone constituting the Valudayur series, and an upper one
knowu as the Trigonoarca beds. The Valudayur beds .contam 'the
following species closely allied to or identical with Balichistdn ff)ssds .:
Alectryonia larva Lam., Pinna laticostata Stol.,, Macrodon japett-
cum Forbes, Desmicria divaricata d’Orb,, Pz/gzjel'lus uncatus
Forbes, Gaudryceras Kayei Forbes, Sphenodiscus Shiva Forbes. .

Alectryonia larva, which is sometimes found in the lower zones ?i
the Hemipneustes beds of Baldchistdn, is far more abundant in their
middle or upper horizons, while in the Arivalur group, it occurs more
abundantly in the upper sub-division, the ZT7igonoarca beds, than in the

1 See footnote, page 183
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doerbving . e ; [
underly ing V(l]ll(l‘l_\ are Diuna laticostat or i closely related form
occurs ;Lbundantl_\' m zone 11 of the

! Des valley section, and zone 6 of
Mazar Drik, that is in the

_ middle horizons of the Hemipneustes beds.
Desmieriy divaricaty is very closely rolated to or identical  with
Desmivrig pontica d'Arch.. which [ have wet with at Kharzan and
Karuin heds corresponding with the middle or lower zones of the
Itlt’lizipné’//xtes beds of Des. Pugnellus uncatus ;s closely related to
L. crassicostatns Noctl,, which in Baldchist4n is abundant in the

uppermost ammounite zone above e Hemipucustes beds, but occurs

also in the lower zones of the Hemipnenstes beds themselves, A
form very closely related to Macr.don japeticum, if not identical,
is represented by some large casts occurring in horizon 11 of {he
Des valley. The lowermost fossiliferous wone of the Des valley
section, Noctling’s No. 2, contains an ammonite which seems identical
with Gandyyceras Nayer, the only doubt as to its spectfic identity
arising from its imperfect state of preservation. One of the most
abundant fossils in zone 11 of (he Des

Sphenodiscus closelv related (o Sph. Shi

the same  zoological group as

vallev is an undeseribed
ca, belonging therelore (o
the south-Indian species and  Sph,
lenticularss Meek, of the “ Fox L group ™ ol North Anicrica,
and very different from (he group ol Splo Ubaghsi and Sph.
Binkhorsti which characterises the appermost ammonite-bearing beds
of Baldchistdn, the Pyrences, and Macestricht.

Judging from the fossil evidence above detailed, the Valudavur beds
may salely be regarded as the cquivalent of the lower and middle por-
tion of the Hemipucustes hods in BaldchistAn

In the Twigonoarca heds, the Torms related (o Balachistdn lossils o
identical with them are: Hemiaster  tamulicus Kossm. (identical
with /7. Blanfoirdi Noctl), Alectryonia larva Lam., S/mw{vlns
calcaralus YVorhes, dlacrodon Fapeticum Vorbes, Desmieria divari-
cata X'Orb., Pugnellus uncatus Forbes. Most of these forms had
alccady been mentioned as occurting in the Valudavur beds.
Kossmat has shown that the faunistic connection hetween the
Valudayur and  7rigonoarca beds is of the closest character ; it is
just as close as the mutual connection between  the lower and
upper portions of the Hemipneustes bads in Baldchist4n, Amongst
the fossils identical between the Trigonoarca and Hemipneustes
beds, Alectrvonia larva has already been referred to as particularly
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abundant amongst the middle and upper zones of the latter.
Hemiaster tamulicus which occurs in the lower and middle zones of
the Hemipneustes beds is particularly abundant in ﬂ)(?il‘ upper horizons.
Spondylus calcaratus occurs in the lower 'and n)l.dd‘lft zones, The
remaining fossils belong principally to the middle (llVllel?S.

We may conclude that the //emipneustes beds are strictly ho.mo-
logous with: the Ariyalur formation, their lower and upper portions
coinciding  respectively with the Valudayur and Trigomoarca
sub-divisions,

So far as can be made out from the meagre data available, the
Niniyur beds are, in part at least, equivalent to the Cardita .Bczzu-
monti beds or Pub sandstones. Cardita Fagquinoti &'Orb. is very
similat to C. Beawmonti, perhaps identical ; Turritella clicita Stol.
closely resembles « form which frequently accompanies Cardita Be'(zu-
mont/ in north-western lndia. The presence of Nautilus d{l-n{cus
indicates a post-Maestrichtian age for a portion at least o.f the Niniyur
beds. At the same time, the Pondicherri exposure has vielded a I.arge
Cerithium closely allied to Campanile Ganesha Noetl. of the middle
and upper zones ol the Hemipncustes beds. 1t t')elongs to the"samz
group as Campanile Morgani Douv,, C/zmp(zfzz/e regens P'eth(?, anf
the other large forms of Cerithium so common m.the I\Iaes'trixchtlan‘o
various lands. Like the Baldchistin species, it was originally de-
scribed as a Nerinea, in consequence of which the uppe.rmost cre’t)ace-
ous beds of Pondicherri have been misnamed the © Nexfmea bfds.

The Ninivur beds in the Trichinopoli exposure have yielded an
Orbitoides which scems identical with one of the B‘Iaestrlc.llt forms.
Orbitoides also occur in the post-Ariyalur of Pon'dicherrl, l?ut they
are very minute and probably represent an undescribed species.

It is cvident that if the Ariyalur represents the He.mz/meus.les
beds and the Ninivur the Cardita Beaumonti beds, the mte’rve.nmg
richly fossiliferous uppermost ammonite-bearing zone 9f ]izluchxiﬁxj
and of many other countries, remains unrepresented in ‘e:l.fso
Indian series, The attribution to this zone of the Emfossl 1 'erousf
sands of the Trichinopoli area affords perhlaps a pa.rtlz‘ll soh‘ltufjrl}?e
this difficulty : the same horizon is unfos‘smferous in several o ;
sections that have been studied in Baltchistdn ; but the presence o
Oréitoides cf. minor in the Trichinopoli area, and of the !érgel C«Z’}z
thium of Pondicherri, suggests that il the obscure stratigraphy
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palzontology of the Niniyur beds could be worked out with greater
precision than hitherto, we would find that they include upper Maes-
trichtian as well as Danian beds,

The age of the Orbituides-hearing heds of Tibet can only be
determined by comparison with other Indian sections, as they lack the
class of fossils most useful for strict zonal determinations, that is am-
moaites, while the fragmentary Rudistze which they contain have not
been identificd.  The total thickness ol the Orbitoides-bearing strata
is nearly 600 feet, including the rocks describe by Mr. Havden (Mem.
G.S. 1, XXXVI, pp. 164-169), as the 2ad and 3rd limestone, and the
“ Tiina limestones ” intervening betwean the 3rd limestone and the
overlying ferruginous sandstone. Orbditoides media extends through
about 450 feet of this total thickness, from the base upwards, alter
which it is replaced by Omphalocyclus macropora. Pyenodonta
vesicularis is found towards the upper limit of the strata with Orditoides
media, probably, thercfore, at about the same horizon as in Baldchj-
stdn. The remaining recognisable fossils occur in the upper beds in
company with Omphalocyclus macropora ; of those which are close
velated to fossils from Balachistdn, Echinanthus sp., and Plicatulq
hirsuta characterise the uppermost ammonite zone in Baléchistfm,
though the Plicatula appears to occur also at a somewhat lower hori-
zon in Persia. The large Campanile of Balichistén is found from the
zone of Pycnodonta vesicularis up to the topmost layers.  Hemi-
preustes compressus closely related to H. tibeticus, Neithea quadi-
costata occur at almost all horizons. In a general way, there js a
complete harmony between the Orbditoides beds of the Tibetan sec-
tions and those of the north-west frontier of India, though the paleon-
tological material is insufficient to establish a strict correspondence of
the more minute sub-divisions. The total thickness is almost identical
in the two regions. The 600 feet or so of Orbitoides beds in the Kam-
pa-Tuna syncline may be taken roughly to correspond with the Upper
Senonian, the lower half, that is Hayden’s second limestone and over-
lying calcareous shales, representing approximately the Campanian, the
remainder the Maestrichtian. As already explained when reviewing
the stratigraphical data of Mr. Hayden’s survey, there is reason to
believe that the ferruginous sandstone rcpresents part of the Cardita
Beaumonti beds or Pab sandstones, and is perhaps already Danian,

while the overlying Tertiary beds are in all probability middle eocene
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the uppermost Cretaceous and lowermost Tertiary being absent as in
so many other sections.

CHAPTER III,—ZONAL DISTRIBUTION OF THE ORBITOIDES.

In none of the localities above mentioned d'o we observ? any
single section the successive zones of which contain all the‘5pec1es of
Orbitoides so far identified. Nevertheless, the correlation of the
various horizoss in separate localities is sufficiently clear to combine
together the information conveyed by each separate sec'tion. In this
way we can recognise three principal zones of foraminifera: a lower
zone characterised by Orbitoides media alone, a widdle one char-
acterised by Orbitoides Hollandi and Ovrbitoides socialis, and an
upper one with Orbitoides cf. minor. Omphalocyclus macropora
makes its first appearance in the lower zone, extends throughout thg
middle zone, and perhaps into the upper one. T!)e two lowest Oréi-
toides zounes, roughly correspond respectively with the ]owe.r and
upper portions of the Hemz'pneus/es.beds, and, com.;equently with the
Valudayur and Trigonoarca sub-divismns. of the Arlyaluu:, .though, up
to now, the Ariyalur beds have not yielded any Ovréitoides. T_he
third Orbitoides zone, that of O. minor, corresponds probably wn'th
the uppermost ammonite-bearing horizon, and the base of the Cardn‘z;
Beaumonti beds. The small Orbz'toz'dex' of the uppermost de:q )
Pondicherri represent perhaps a fourth h?rxzon. ‘ In. Tibet, Odrbfto“?ﬁ
media appears to extend higher than in Bal.uchlstén, and is stil
abundant in beds which probably correspond with the s.econd Forafm-
niferal horizon of north-western India. The species from. Sm'd
referred to Ovrbitoides apiculata cannot be ?xac'tly loca'ted in this
scheme owing to the insufficiency of the fossil e.vxdenc.e m. the only
section where it has been observed ; the strata in which 1t occurs
probably belong to the upper part of the Hemipneustes beds.

ParT 11.—DESCRIPTIVE.

Genus ORBITOIDES d'Orbigny.

According to the diagnoses given by Schlumberger (Bull. S. .G‘.fF;
(4) I, p. 462-463), the genus Orbitoides should include foraminiter
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with a median zone of thomb-shaped chambers, on either side of
which are piled up series of irregular lateral chambers, the interstices
between which are occupied by variously disposed calcareous thicken-
imgs. A number of Upper Cretaccous species fit into this diagnosis,
but the rhombic shape of the equatorial chambers is the only impor-
tant character that distinguishes the genus thus restricted from Lepi-
docyclina in which the chambers of the median zone are hexagonal or
arch-shaped, Consequently Prever has united both genera under the
name Lepidocycling (Osservazioni sulla sottofamiglia delle Orbitoi-
dinz, Riv. It. di. Pal., X, 1904), If the thombic shape of the equa-
torial chambers constitutes the main criterion {or Orbifvides it
excludes one of the cretacecus species, 0. socialis, which is not readily
distinguishable from an oligocene  Zepidocyclina, especially as its
megasphere resembles that of the oligocene forms.

Yet, considering that Zepidocyclina appears to be absent from
the inteevening Eocene, 50 far as has. been ascertained in Lurope,
and as I have had cccasion to mention in the case of India (Rec.
G.S. 1., XXXV, p. 62), one feels rather inclined to interpre

t the
cretaceous form as a pseudo-Lepidocycling,

L . L o Similar instances have
heen observed in many or s o s '
Y groups of fossil organisms, where certain

{orms \"Cl)rOduCC the gen(‘ral appearance [ ¢ 1
b > < arance ol a more anc 1
< ancient Orgal’llsm,

as in the familiar instance of the cretaceous pseudo-Ceratites. At
any rate, so long as the alleged existence of eocene _lepidocyclines
has not been substantiated, the genera Orbitoides and Lepidocycling
whether identical or not, remain excellent zone fossils, as the twc;
horizons in which they occur, the Upper Cretaceous and the
Oligocene, are too far apart to ever give rise to any confusion.

ORBITOIDES MEDIA d'Archiac, pl. XXV, figs. 1-3, pl. XX V1] fig, 2
3 . .

1837. Orbitolites media d'Archinc, Mém. de la Soc. Geol, de Fr.
178.

1897. Orbitoides socialis, Noctling, Upper Cretaceous of the Mavi Hills
Pl 1, figs. 1-4. ’

1901, Orbitoides media, Schlumberger, Bull. S. G. F. (4)

» (1) 11, p.

p. 8,

I, p. 404.

The specimens from the Des valley exactly correspond with the
European specimens of Orbditoides media described b
in the work above quoted. The shape is lenticul
or less pronounced central knob on cither [ace,

¥ Schlumberger
ar with a more
The megaspheric
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individuals of the Des valley (zone 7) grow to a diamcter of 7 or 8
millimetres, and thickness of 2 or 3 millimetres. The microspheric
individuals, which are far less numerous, are of about the same thick-
ness, but attain a larger diameter, about 12 millimetres.

The specimens which I obtained in the Rakhi gorge on the road
to Fort Munro are megaspheric individuals, of lenticular shape
but much less convex than those from the Des valley. Their diameter
is about 7 millimetres, but their thickness scarcely exceeds 1
millimetre. The central protuberance is less marked than in the
Des specimens, but all the other characters, internal and external,
are identical.

From the central granulated protubcrance, a number of ridges
radiate up to the margin. The intervening furrows arc narrower
than the ridges, and as the ridges increase in number towards the
margin, their width remains about the same at all distances
from the centre, the marginal ones being sometimes slightly thinner
and more crowded. The increase in the number of ridges towards
the marginis not obtained by intercalation as in a coral, but by
means of the ridges themselves dividing into several branches.
These ridges represent the calcareous thickenings that intervene
between the chambers of the lateral layers. In the absence of any
suitable apparatus, | have not succeeded in obtaining a satisfact?ry
photograph of the outer surface, but the section, fig. 3, pl. I, wl?lch
cuts through the lateral layers exhibits their structure with sufficient
distinctness.

Mr. Douvillé to whom I showed some of these specimens noticed
that the ridges are somewhat finer and more crowded than is usual
in European specimens. Fig. 3, pl. VII, of Schlumberger’s work
above mentioned, representing a specimen from Royan, almost
exactly reproduces the appearance of the Des valley specimens.
They might be distinguished as a variety fenuistriata. .

The embryonic cells in the megaspheric individuals constitute an
assemblage of four chambers forming an oval-shaped group as seen
in equatorial sections, The disposition appears to vary slightly
according to the level at which the section is carried. It is probably
in those sections which most exactly coincide with the plane of
symmetry that the embryonic group éppears most regular. It then

consists of a central more or less rounded cell, between two semi-
r
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lunar ones symmetrically disposed. The central cell is sometimes
sub-divided by 4 partition coinciding with the longer axis of the
ellipse constituted by the entire group, The position of this parti-
tion varies a great deal in different scctions hecause its situation
is oblique ; the section may cven miss it altogether.  In the section
reproduced in fig. 2, pl. XXVI{], which only just pencrates into the
cquatorial layer, this partition appears thrown quite to the cdge of
the cmbryonic group. The embryonic group is surrounded by a
thick common envelope of fibrous texture,

The concentric rows of rhombic cquatorial cells
At first they increase in size as their distance
increases, and usually diminish again towards the margin.

In the microspheric individuals the central rows
chambers in the equatorial zone are very minute, and [ have not
succeeded in obtaining a clear view of the microsphere.

The specimens from Tibet mostly agree in ev
those from Baldchistin, Specimens
overlying the third limestone in the Kampa ridge arc usually about
8 mm. in diameter and 2 mm, in thickness ; occasionally they attain
11 mm. in diameter. The finest specimens are from the third
limestone in the ridge close to Tina, where the largest specimens,
perhaps microspheric ones,  arec 13 mm. in diameter, Perfectly

typical specimens occur at the very base of the sccond limestone

ma spur 33 miles west of Tiina, where
diameter ;

are very regular.
from the centre

of concentric

cry particular with
from the beds immediately

they reach 9 mm. in
a section prepared by Mr. Hayden shows the
megaspheric group, the equatorial lavers, and the lateral ones,

all perfectly normal in their characters. At the base of the second
limestone, tw

o miles west of Kampa Dzong, the specimens are of
very

small size, the largest ones being only 4 mm. in diameter
with a thickness of 2 mm. ; they are lenticular, very convex, some-
times with a slight protuberance at the umbo; the megasphere
agrees with that of O. media, as do the equatorial and lateral layers
of chambers. These specimens probably represent a small race of
the same species,

Localities and geological occurrence~—~In the Des valley section

this species is particularly abundant in the lower portion of the Hems-
pneustes beds, especially

. . in zone 7 where the specimens attain their
largest dimensions.

A few specimens are found adhering to some
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of the fossils from zone 4, but they. are of smaller .dimensions.' The
collection from Mazar Drik contal.ns a feV\,' spe.cnnens adhering to
other fossils. They are labelled ™ zone 6" which gen.erftllly1 conl‘e-
sponds with zone 11 of the Des valley, ‘but probably H\\'L udes f;l sno]
A few fossils from a slightly lower horizon. Th~e spc’un;.o'nj' 1(())“’
the Rakhi gorge on the road to Fort Mnm'o‘ are IIOH?’ a tacll : ow
horizon of the Hemipneuntses beds, but I'(hd not wm.k ou I\{tt,, ‘
details of the scction, In Tibet, this species occws in theI dmﬁ:
Tiina syncline where its vertical range is very ext«:ns‘n:. ‘ t olccind
throughout the divisions designated by Mr. Ha‘ydcn as tnu" .,m’r‘”l
grd limestones, and mto the lower strata of the overlving Tina
limestone,

ORBITOIDES HOLLANDI nov. sp,, pl. XXVI, figs. 1, 2.

Definition.—Very thin discoidal symmctri.cal Orbitoides of me(‘lium
size, with depressed centre, fine radiating rldges., rather la.rgirc lmm-
pound regularly ovoid megaspheric group, rhombic equatorial cham-

i r concentric rows.
bersDu;sz(:E]‘;i‘?on.——This remarkable OI:bz'z‘az'rz'es was discovereg by Szra
Noetling at Mazar Drik in 1898. Itis closely re}ated.tcl)1 h. mj-éte
and evideatly belongs to the same group f)f foFms in \.?Vth t e;ta tle ¢
disposition of the lateral calcareous thickenings might constitu

ric character. .

gooldt: urzgrgnea:]rtla(able shape, and the large size .?E th'c famb.ryomcl\ /Igrsuoyz
in megaspheric individuals entitle it to spccxf}c dxsfm.c‘tlon. ) osOr :
the specimens arc megaspheric. T.hexr diameter is. uvsua t}: Zween
millimetres. The greatest thickness SItu-aFed about' half-way ?nstead
the centre and margin is just over one mxlhmetre.. f he C?T‘t:f 1r isieas
of being raised as is usually the case in most Ovbitoides, lsTth fouow,_
so that the general shape recalls that of Omp/ml.ocydfffl.dh e a0t
ing diagram, fig. 2, representing a transverse section, Wil giv

itod) ; 5 i nified 8 times in diameter.
Fie. 2.—O0rbitoides Hollandi, transverse section mag -
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the shape.

Some of the specimens show o tendency to become saddle-
shaped.

The microspheric individuals about 15 millimetres in dia-
l?letor are almost of paper-like thinness. The outer surface is very
tm‘ely striated owing to the radiating disposition of the lateral calcareous
thickenings.  This disposition is clearly visible in fig, 1, pl. XXVI,
showing a section through the lateral layers.

The megaspheric group is much larger than in the Indian speci-
mens of Orbitoides media, but it resembles it in disposition. The
shape and 'disp')sition of the equatorial chambers is duite similar : they
are rho_mbl.c, very regularly Ehsp(.)scd in ““engine-turned ' pattern,
tncreasing in size up to a certain distance from the centre. and again
decreasing rather suddenly. ’

Locality and geological occurvence. —This remarkable species is
only known from Mazar Drik, and has been labelled by Dr. Noetling
“horizon 9.7 It is the only lossil from that zone, Horizon 6 (f'f
Mazar Drik corresponds generally with zone 11 of Des, and repres-
sents therefore the middle portion of the Hemipneustes beds.  Zone 9
must belong therefore to the upper part of the same beds. The hori-

zon of Orbitoides Holland: is therefore somewhat newer than that of
Orbitoides media.

ORBITOIDES (LEPIDOCYCLINA ?) SOCIALIS Leymerie, p. XXVIL,
figs. 1, 2.
1851, Orbitolites socialis Leymerie, Mem. S G. F., (2} 1V, p. fo91.

1902, Orbitoides socialis Schlumberger, Bull. 8. G, F, 4) 1L, p. 258, nl. VI
figs. 3, 6, 7, pl. V111, figs. 15, 16. S

Amongst the fossils from zone 11 of Dr. Noctling's collection
the Des valley, there is a very fine specimen of an 01’&1’/01};’;1‘- r'(l)xp
metres ip diameter and 3 millimetres in thickness, the ccntrcmfl;;l l.ll-
taces being raised into a small sharp prominence, the whole O f()“
dotted with minute tubercles without any pronounced radja) (;U' o
tion. Schlumberger’s fig. 3, pl. VI, in Vol. |1 {4) of the‘S’EO;‘
S.. G. 1'.‘. gives a very good idea of its appearance except for i(; Sm'lll‘lel.‘
dlm(?nSXOHS. Being the only specimen in the collection it coul(} : t be
sacrificed for the preparation of a section, but in Oldha,m’s 1 ;{O 51 .
Singh’s collections from the neighbouring locality of Sonari :1}“( -l‘b o
lot of somewhat similar specimens which neither attain the (1I<?re xs:one
of the one above mentioned, nor exhibit such a fine statc '0f l;)l;zg:;?:
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tion. Nevertheless they closely resemble it, and probably belong to the
same horizon. | have referred them to O. socialss.

All the individuals examined are megaspheric. They are lenti-
cular, about 6 to 8 millimetres in diameter, and 1 millimetre or a
little more in thickness. Sometimes there is a small ceatral protuber-
ance, The surfaceis badly preserved, but the sections show numerous
isolated pillars interspersed amidst irregularly polvgonal chambers in the
lateral layers. The chambersin the equatorial layer are much smaller
than in the forms previously described, and their shape is hexagonal
nstead of rhombic : that is, the chambers belonging to one circular zone
1ave a common surface of contact instead of meeting only at a point-
The embryonic group consists of two chambers: a smaller spherical one,
partly enclosed by a much larger one which is semi-lunar or kidney-
shaped.

Thesc specimens do not yield good sections, yet the above characters
can be made out in figs. 1 and 2, pl. XXVII, and 1 have added for com-
»arison a section which I prepared from a Pyrenean specimen of
0. socialis from the “ Ferme de Terne,” that was kindly given to
ne by Mr. Douvillé. It agrees very well with the Indian specimens,
‘he only difference being that its constituent elements, equatorial
chambers, and megaspheric group are on a slightly smaller scale.

One is bound to admit that the characters of this species appear
ndistinguishable from those of oligocene lepidocyclines. Yet there is
10 doubt as to the horizon from which the specimens were obtained.
Chey occur in the same matrix with other Cretaceous fossils, and there
s no neighbouring oligocene outcrop. Moreover, this form greatly
liffers, specifically at least, from auy of the lepidocyclines occurring
n the Indian oligocene. Whether itrepresents their forerunner or
mly indicates a deceptive case of « convergence” must be left to
uture research,

Localities and geological occurrence~—~The only specimens so far
inown are those abave described from the Hemipneustes beds of the
Jes valley and the Sonari anticline (Lat. 21 40°; Long. 68° 33').
“he exact horizon of the latter is not known. If, as seems probable,
he fine specimen from zone t1 of the Des valley in Dr. Noetling’s
ollection belongs to the same species, its horizon is somewhat

igher than that of 0. media, and about on a level with that of O.
Tollands.
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ORBITOIDES APICULATA, Schlumberger, pl. XXVILL, fig. 3.

1861, Orbitoides Faujasitp. p- Reuss, Sits. dev mathe-nat. Class. der kais,
Ak, d. Wiss., Wien. X1L1V, p. 309.
1901.  Orbitoides apiculata Schlumberger, Bull. S. ¢, I,

I (4), p. 405,
pl- VIIL, figs. 1, 4, 65 pl 1X, figs. 1, 4.

The specimens which I have referred to this species are those
found in the lowermost visible bed of the cretaceous rocks of the Laki
range in Sind at Barrah hill. They are embedded in a very hard lime-
stone, and sections along definite dircctions are difficult to obtain. The
specimens attain 6 to 8 millimetres in diameter,

and 1 to 2 millimetres
In thickness. Transverse sections visible in t}

¢ rock show that the
shapce is unsymmetrical, the lateral layers being more developed on one

side than on the other. The calcareous pillars are distributed evenly
amidst the polygonal lateral chambers, without auny definite radial
disposition. The megaspheric group consists of several chambers
arranged somewhal as in O. media. The cquatorial chambers are
regular and rhombic.

All these characters agree sulticiently with those of Q. apiculatq
Lo justify a reference of the specimens to that species.?

The above characters have been made out from the details partially
cxhibited by several individuals. 1 could not obtain a section showing
them all at once. The one represented in fig. 3, pl. XXV, though

unsatisfactory, is the only one that lends itself (o photographic
regroduction. '

Locality and geological occurvence.—The ocawrtence of {ege
specimens at the visible base of {he Cretaccous of the |
indicates that these strata, contr

(Mem. G.S. I, XVII, p. 33)

aki range
antoa previously expressed opinion
, tontain no beds of grcater age than
| By adbering strictly to rules of priority, the nay ; .
S 7Y ) ne of this spe
perhaps be 0. Faujasi Royss {non Defrance). Although Reusg ([)[U%oc;ifn‘shpuld
der Kreidetuffs von Manstricut, 1861) has not clearly distinguishe ]y lfflft";]’(f
two ;\Iaeslr1ch§ species, yet his diagnosis indicating that some of the s‘V‘L‘L.nt e
are.unsymmetrical shows that his obsery tions refer partly to the larger fp(,;lmex.]s
species, the onc subsequently d istinguished as 0. apicuiaty by Sclllluﬁg]b of the two
? A second specie erger.

s of the same group of u Symmetri o

; ! S ica

described under the name of O. (Stlvestrina) van gy, B‘rig/r'?lt‘{)z}{'iei’l}‘):vs beei:
: vy er,

“ Osservazioni sully sottafamiplia delle Ovbitoiding” (Ryy. It. di pal., X 1904)

Unfortunately this work js not available in the
e Librar s .
at Caleutta, ibrary of the (Jeologxcal Museum
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Maestrichtian, The absence of any other recognisable fossils precludes
a closer reference to any special zone. In the' overlying mz?ssiVe
limestone, Dr. Planford found one fragm]et.ltI btell?ngmg to thfe ffam?;y ?f

Ti iti The only horizon at which this group of fossils is
f:l:)(xenlnlxl(l))x??:Lédaalel{chigtén is >Noet1ing’s zone of Radiolites .Muscﬁkel"oﬁ
just above the Hemipneustes beds. If this is th= age ol the massive
limestone at Barrah hill, the Orbditoides would belpng to the upperm(?st
part of the Hemipneustes beds. Dr. Blanford’s specimen of Hleuntc
cannot be traced in the Survey collection, and I failed to discover

another when [ visited Barrah hill.

ORBITOIDES MINOR, Schlumberger? pl. XXVII], fig. 1.

1873.  Orbitoides Faujasi Stoliczka, Cretaceous fauna of southern India,
Vol. 1V, p. 193.

1901.  Orbitoides minor Schlumberger. Bull. S. G. I, (4) 1, p. 466, pl
VI, figs. 2, 3, 5; pl LX, figs. 2, 3.

Dr. Stoliczka identified the specimens from the Niniyur l‘)eds ip the
Trichinopoli district of Southern India with the Maestrl(?ht l(})rms
described by Dr. Reuss, partly on account of the unsy.mmetncall s 1atpe
of some specimens, as shown In ﬁg:?‘. 3 and 4, pl. XII, in th‘e gla zﬁfondc’)j
logia Indica. Judging from the available remnants .of H. E im ;)rths
collection, this is an accidental character, at least in spc’ecunens of the
small size of the one shown in fig. 3 of Stglxczkas "des'crxptxon.
Only as Stoliczka mentions specimens of 8 millimetres in (¥1am?t<:}',
tha{ is, double the size of those now prescrved in the ‘COHCCUOI'], it is
quite possible that at Niniyur, as at Maestricht, there exist two different

ecies, .

i f;f;e specimens now available are small, symmetncali regul;:rlyl'
lenticular with very slight convexity. None of 'them show~ t 123 C’Crr; r?r
protuberance mentioned by Stoliczka as qccaS}onally preai? . : xeo
diameter is 3 or 4 millimetres, rarely 5, their thl'cknes.s Il mi Vlm: f'e e[S
less, In outer appearance the specimens are identica W}L} ‘)(, on
from Maestricht shown in Schlumberger's hgure%‘ above referred to.
The lateral layers exhibit the usual isolated pillars and ]')o]ygonﬁal
chambers. 1 have not succeeded, with the small amount of mate'Ir‘x}ilI
at my disposal, in obtaining a clear view c?f.the ule‘gz-lsphex"e.xu 0(;
cquatorial layer is beautifully shown in the original of fig. 4, pl. XII,
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Stoliczka’ monograph, A phutogr:q)h of this section i herewith

published (pl. XX VIL iz 1) The chambers in the equatorial layer are
very regularly disposed, and of rhombic outline.  The cavities in this
specimen have  been  filled with a  ferruginous  red
in consequence of which the communications between the
of successive concentric zones are very clearly cxhibited, as has been
noticed by Stoliczka, The following sketch (fig. 3) illustrates this
structure,

material,
chambers

F16. 3.~ Dispositi ;
G- 3-=Disposition of ¢quatorial chambherg and canals in Orbitoides cf, minor.
The speci ic i

Sl }(.élspe(,xmens whfch I obtained from the Pab sandstones of the

> €iman range exhipig the same charactcrs, but in these also I haye

ailed to detect the Megasphere,

) tll\Je\'erFllelcss: I the  specimens both from southern anq from

c?r] western  {ndia g the other characters agree  so  wel]
with those of 0. min,, of Maestricht, that the identification here
proposed may be regarded as sufficiently secure.

.[.oczz/.zz‘zas‘ and geologicql occurrence.—The localities af which
this Species has been obtained are Niniyur and Chokanadapuram in
the Trlchmopoli district and the Pa
range near IFort Mupro, The spe
[udia both agree in geolg

b sandstones of the ol
cimens from southery and northery
gical age in so far ag they have beey found

' Dr Stoliczka’s section ; : .

- olohicy section is o miracle of skill. It d4 :

mals N seets ¢ ¢ skill. ates from g ¢ .

prc“-?r%(?f\é'kt‘}? sgcltm.ns of rocks and mimerals was [it(]¢ Practised anl();eh“ he:lr)the

ilndpi)eauuf l1“ out being attached o a glass support. It ig (f P"lp;:r-like 1";)5_ een

on o 1) y regular. T ensure its better Preservation, | by had mness,
a glass slide, in the manner now generally i vogue > 1 have had it mounted
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in rocks respectively newer than the Ariyalur series and the 'Hemz'-
pneustes beds. In neither instance, however, do we know their exact
position with respect to the newest of the ammOn.lte zones, the_ zone
of Sphenodiscus Ubaghsi and Indoceras baluchistanense ‘yhlf:h, is
newer than the upper limit of the Hemz’pneu{z‘af beds of Bal'uchlstan,
and probably therefore than the upper limit of the Ariyalur of
southern India. The ammonites of this zone have not yet been
detected either in southern India or in the Suleimédn range, while in the
Mari hills and in Jhalawdn, where the zone is so well developed, it do<‘as
not contain any foraminifera. As Orbitoides minor is very common in
this particular horizon at Maestricht, this is probably also the geologi-
cal age of the same fossil in India. If such is the case, we mu.st:, as
has already been pointed out, regard a portion of the Niniyur series as
Maestrichtian, -

ORBITOIDES sp. ‘
1897. Orbitoides sp. Kossmat. Rec. G. S. 1, XXX, p. 107, pl. X, figs. 8-10.
The minute Orbitoides from the post-Ariyalur of Pondicherri, whi.(:h
have been figured by Kossmat, do not belong to the same species
as those figured by Stoliczka. They are of very sz"i]l dlmer.lt
sions, symmetrical, lenticular, and very convex. Their dlametef is
less than 2 millimetres. The only available specimens are the sectlonj
prepared by Dr. Kossmat, in which the megasphere appeatrs small an“
globular, and is surrounded in th= equatorial layer b) very sma
chambers which are not disposed very regularly, though it is .uncertam
how far this may result from the degree of obliqui'ty of the SeCt;)OI(llsd iluf-
ting through them at haphazard, as all Lllc'§p601lnens are elfn 1;3 1 et 11;
the rock. The shape tends to hexagonal. The charactef's of the z;. etr;te
layers in tangential section do not sh9w very clearly in any o
available slides. [n transverse sections the lateral lay(;ars tappealr
numerous, thin, regularly piled upon one another, t;’averizl nii egzlal.]
intervals by numerous thin calcareous p}llars g.radtf?l'y w1f etl ! gJillars
the megasphere to the outer surface. The dlSpObltl‘O'ﬂ 0 l; ‘Len s
and lateral chambers appears therefore to be sgch as is usually s

most species of Orbitoides. . :
These specimens probably represent an undescribed species for

LS . t the
which the name Oréitoides minima might bed‘sugngc:ized, "
available material is not sufficient for a complete diag .
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Localities and geological occurrence.—The spccimens  figured

by Dr. Kossmat were collected by Dr. Warth at Saidarampet and at
1i mile SS.E. of Valudayur, in the post-Arivalur beds of the Pondi-
cherri region. According to Dr. Warth, small foraminifera are
pacticalarly abandwt in a hard calcarcous sandstone that underlies
the soft sandstones which have yielded the few specimens of larger
fossils (Rec. G. S. 1., XXVIII, pp. 18,19). Dr. Kossmat mentions, how-
ever, that the specimens figured by him are from the
larger fossils. 1t is doubtful therefore whether they are the same as
those referred to by Dr, Warth, They may belong to a morc recent
zone than any of the other species hitherto described, but in the un-

certainty that prevails regarding the stratigraphy of the Niniyur
formation, this cannot be exactly ascertained.

malrix of the

ORBITOIDES sp. indet.

Another minute Orbitoides occurs in the Lithothamnion limestone
of Tibet. Its greatest diamcter does not exceed I's mm. It
lenticular, convex, with a spherical megasphere, the details of w
have not been recognised.

is
hich
The chambers in the cquatorial laycer
arc rhombic, while the lateral layers cxhibit numerous star-like pillars
disposed as in O. minor, and resembling those observed in the speci-
mens {rom Niniyur and irom the Suleimin range referrcd to that
species.  The form is evidently allied to O, minor.

Genus OMPHALOCYCLUS Bronn.

As has been shown by Douvillé (Bull. S. G. & {(4)
Mission Scientifique cn Perse, Paléontologic, 1. 366)
may be regarded as an Orbitoides in which the lat
not been developed.  All the specimens hithe
localities seem to belong to one species, 0. m

I, p. 307, and
. 0mp/uz/ocyc/us
cral layers have
rto known fron v
acropora Lam,

arious

OMPHALOCYCLUS MACROPORA Lamarck, pl. XXIX, figs. 1

1816, Orbulites macropora, Lam

1897, Ovbitolites macropora, N
P.8, pL 1, figs. 56,

190y, Orbitolites macropora, H
p- 166.

-3,

arck, An. sans vert., U, p, 197,
octling, Upper Cretaceous of the jap: kills,

ayden, Central Tibet, Jep,. G.S. 1, XXXV,

The numerous specimens from -the Mari hills and Jhalaw4n agree
entirely with those previously

described from various other localitics.
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The microspheric individuals, which are very plentiful, are.d§scoidal
° mictosp eh margin. Their diameter reaches 12 millimetres,
and‘ ik & ttl?cknest; about 2 millimctres. The chambers are
their grea'tCSt iln considerably in size up to the margin. The
rh.ombxc, mc-r,easinfte and difficult to detect, a spiral arrangement <?f
mlcrosph‘ere e being obscurcly indicated. The regular concentric
the e;.lr.lleSt Ztoﬂ‘ifj at abver\' carly stage. Fig. 4 illustrates, with a
i:i[:ﬁgigt;: Zf 80 diamete'rs, the disposition of t;he illll(jl:n.lost cham-
berz as far as can be detected in the clearest available section.

: i of Omphalocyclus
Fic. 4—Innermost chambers of a microspheric specunen f b4

masropora magnified 8o times in diameter.

c 1. nicrospheric

The megaspheric individuals are about as tflnc}{ ;1? t{}ilye-enmillin?etres-
ones, but their diameter does not exc.eed guslub-divided somewhat
The megaspheric group is 1argt': a}ld OVOld’-an Its appearancc varies
in the same manner as in Orbitoides mé.’dm.' o tpthrough by the
a great deal according to the level at which it is cu Gintely suround
scctions.  The zones of serial chambers that 1mme
the megasphere are rather irregular.

As this account is going to the pre
courtesy of Professor A. Silvestti, a copy ot it ¢
the occurrence of Omphalocyclus macropora mh ric individual from
One of the illustrations representing a megasphe heric group more
Maestricht exhibits the constitution Of. the m.eg?S()Izo:n'aplls of Indian
clearly than I have been able to show it in m}f Hl bel'té reproduced in
specimens. 1 have therefore had part oild

ss, [ have received, througl? the
f his valuable Memolr' 011
he Palerino regton.

amck.} a Termini-Imerese (Palermo), Atk

| LOmphalogyclus macyopora (La’ei Nuovi Linces, anno LXI, Sessione de!

della Pontificia Accademia Romana
15 Decembre 1907, pp. 17-26.
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outline. Professor Silvestri is the first observer who h

as recognised
the dimorphism of Omphalocyclus.

F16. 5.—Innermost chambers of a me

macropora from the Mae
times, after A . Silvestri.

gaspheric individual of Omphalocyclus
strichtian of Maecstricht, magnified 22

The specimens from Tibet
5 mm. in diameter, They
BaldGchist4n,

Localitics anyg
met with at Des ang

are of small dimensions, usually about
agree in tvery respect with those from

geological occurrence—~This specics has been
Mazar Drik in (e Mari hills, and at many
localities in Jhalawdn, 1y (he latter region, it is the only Oréztozde.s
(sensu lato) so far met with. It occurs at all horizons of the /femi-
Preustes beds, except the lowermost ; but it js especially lzilrge and
abundant in the UPPer zones. It is also found in the Kadiolites beds
of the Des valley section, where it ranges from zone 7 to zone 1g, the

finest specimens occurring in zone 16, It also occurs in Tibet, in the
middle zone of the Tiina limestone |

SUMMARY AND CONCLUSIONS.
) The gEnus  Orditos des is Icpresented in the Upper C\'etace(ms of
T}be%, and ‘?E‘ north-westery and  southern India, the north-wester
district and Tibet also containing the genus Omphalocyclus,
Most of the spectes are identical with European forms

one another in the g ation inferreq from a study

vith the evidence lurnished by the
and the valye of both g
¥ mutually enhanceq,

visions are present, a lower ¢
as the  Hemipneysteg bed

n

and succeed

ame order.  The correl

of these foraminifera coincides

distribution of the ammonites,

guide to geological age is thereb
In Balﬁchistén, two main (i

one known

roups as a

alcarcous

S and an upper gne consisting
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ive- red shales with a great abun-
ainly of Sand‘Stonetseral:Zf o!Il“::OC(()lli(z/lilsions are also recoinisable in
Cance of VOI({anlfh;n;:chilloid beds coinciding with the Hemipneustes
‘g)veSterll PersmE?erithium beds corresponding with a part of th('e over-
f*:dS, e The Hemipneustes beds are mainly Maestrichtian,
lyn}g groupl- belonging to the Campanian. The base at least of ‘the
theui t')aise Orx;gp containing the newest ammonite zone, is Maestrich-
;)i‘:::, )l,)lxlltgxtgs upp’er portion probably reach'es into the Damamd i:h:;
upper Maestrichtian, an;i hprobab.ly ll)aman, beds correspon
o eccan Trap of the peninsula. ’
“lt};nt}slzu?hern India,pthe :\riy}:ﬂur beds Correspo.nd' with the .tc}ftl:la(;
reous Hemipneustes beds of Baldchistdn, the Nn.nyur fbegs Xlrl ah]u.
overlying sandstoncs and shales. The durat.lon of t eb : y oy
series coincides with the entire range of the HemlpneUf;tes eds.
ivisi ¢ e recognised in the Ariyalur series of
the two sub-divisions that can be recognis Seres of
the Pondicherri district, the lower font&lal OrHeZS;iii};tgs ggds, pWhile
'l lower and middle portion o the : s be
Sllfth';}r]iego:c,)arca beds correspond with their ugpgraiorct::rlll;an’ilé‘{l;e
lower part of the Valudayur may t.herefore be regarde : di are,
i art as Maestrichtian; the Trigonoarca be 2
v up'pehr-' : The base of the Niniyur is probably of Maestrichtian
rrzeslf:tct}:??resence of Nautilus danicus indicates that the upper
S5 . A ] R 0.
Parti o ttlhe g):;?l?fll?Knc;lsl p(;?bil;?t,hgimliersia, throughout Bahichistén,
and ;:l thl: northern part of the Coromandel, the base:(:?it::ee()s; f;)(l)‘:;(z'
tions rests directly upon lower Cr'etaceous .or pre; e by
This widespread overlap agrees with the.ewdence urnis e iyn many
lands as to an extensive marine transgressnon thftt commsl cd in Can
panian times. Sedimentation continued unmterrupteh sectizn N
the Maestrichtian and into the Danian 'in places wheae ttheenemE on s
most complete, Another gap tlhen ruz)trerr::;;lsé ::(:ene'
. . o
beloxgn::) :ta rzﬁzss};)o;.éiz;snscoff t(};ié(;;;’z'des identified in theste ?pf}:
Cretaceou§ beds, Orbitoides media occupies the iozzr apa;r moay he
ropamiprcustes beds and Eages O e “1; 1\(;aestrtci{chtian. In
referred to the uppermost Campanian and Io.wermos | bably renges
Tibet its vertical extension is very exten§1ve, a1]1d it r;;roof t})lfe anges
through the whole Campanian and a con31derab.ec31d}l)a c uppor part o
trichtian. Oz bitoides socialis belongs to the middle or upper | ,
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the Hemipneustes beds, apparently therefore to the middle Maestrich-
tian, and O. cl. minor is found only in strata of later age than the
Hemipneustes and Ariyalur beds, and probably helongs to the upper-
most Macstrichtian. Grbitoides apiculata probably belongs to ?he
upper part of the Hemipucustes beds of middle to upper Macstrichtjan
age. The vertical distribution of these species and their succession
agree with what has been observed in Europe.

A new species of middle Maestrichtian age has been described as
Orbitoides Hollandi, The minute Orbitoides of the post-Ariyalur
beds of Pandicherri belong probably toan undescribed species for

which the name Orbditoides minima is proposed, and are perhaps of
Danian age.

Omphalocyclus macropora occurs, in Balichistdn, throughout
the greater part of the Maestrichtian. Its range in that region is
therefore more extensive than has hitherto been observed in Europe
where it is mostly confined to the upper Maestrichtian, to which it
also seems restricted in Tibet.

LIST OF ILLUSTRATIONS

Prate XX V.—Orbitoides media d' Archiac. Kig. 1, equatorial section of a mega-

spheric individual. Fig. 2, equatorial section of a microspheric
individual. Fig. 3, section through the lateral layers of a

megaspheric individual. Megaspheric specimens from Mazar

Drik, coll. C. L. Griesbach. Microspheric specimen from the Des

valley (horizon 4 of Oldham), coll. R. D. Oldham and Hira Lal.

PratE XKVI.—~Orbitoides Hollandi n. sp. Fig. 1, section through the lateral
layers of a megaspheric individual. Fig. 2, section through

the.equatorial layer of another megaspheric individual. Mazar
Drik, zone g, coll. F. Noetling.

Puate XX VIIL—Orbitoides ( Lepidocyclina ?) socialis Leymerie. Fig. 1, section

thrqugh the lateral layers of a megaspheric individual, Fig. 2,
section through the equatorial layer of another megaspheric
uﬁimdual. .Both the above from Sonari hill, coll, R. D. Oldham.
'Elq‘legrn gnnsill:tlon oé megaspheric specimen from the * Ferme de

ne, rHaute-Garonne, France, coll. H. illé,
Prare XXVIL—Fig. 1, Orbitoides minoy ™ Schlumberg?:lglilx]\fyur. coll. H. F
Blanford ; section prepared by Stoliczka, and figured in the
cretaceous Fauna of Southern India, Vol. 1V, part 4

plilxg. fig. 5. _ Fig. 2, Orbitoides media d' Archiac, Mazar Drik
(;o .C. L, Gne.sbach. Fig. 3, Orbitoides apiculata Schium
erger, Barra hill, Sind, coll, E. Vredenburg.
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Prate XXIX.—Omphalocyclus macropora Lamarck. Figs. 1 and 2, megaspheric
individuals. Fig. 3, microspheric individual, Des valley (horizon
4 of Oldham), coll. R. D. Oldham and Hira Lal.

All the above sections are magnified 15 times in diameter.

FIGURES IN THE TEXT.

Fie. 1.—Section at Barrah hill, Sind . . . . Page 185
Fic. 2.—Ovbitoides Holland:, transverse section magnified

9 times in diameter . . . . . » 201
Fi1e. 3~Disposition of equatorial chambers and canals in

Orbitoides cf. minor . . . y 200

Fra. 4.—Innermost chambers of a microspheric specimen
of Omphalocyclus macropora magnified 8o

times in diameter . . . . . » 209
Fig. s~—Innermost chambers of a megaspheric individual
of Omphalocyclus macropora, from the Maes-
trichtian of Maestricht, magnified 22 times,

» 210

after A. Silvestri . . .
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Two CALCUTTA EARTHQUAKES OF 1906. By C, S.

MIDDLEMISS, BA F.G.S., Superintendent, Geological
Survey of India. (With Plate 30.)

DURING the latter part of the year 1906, Calcutta and the neigh.

bouri . - .
latroduction. ouring parts of the Gaugetic delta experienced
two smart earthquake shocks, one on 2¢9th
tember and the other on 6th December, of which the former wa

more noticeable.  Unlike the great earthquake of 1897 and others
have periodically been felt in Calcutta, but which originated away in the
hilly areas to the north-east, these two shocks were much more local in
their manifestations, and must have had their origins either within the
delta or underit. Although doing comparatively little damage (the latter
especially), their significance lies in the conclusion that either the delta
itself, or the substructure of hard strata underlying it, is still capable of
generating occasional earthquakes, and cannot be regarded as having
attained that degree of stability and immunity from shocks so desirable
in the neighbourhood of an important centre such as Calcutta.
Earthquakes having alocal origin of this kind, though they have not

been experienced during recent years, were more common between 1845
and 1869, when 14 were recorded.!

Sep-
s the
which

Earthquake of 29th September 1906,

The more prominent of this pair of earth

quakes, that of 2¢th
September, J

Issue of earthquake ; I view of the fact that it caused
question-forms. slight damage to many Calcutta buildings, was
deemed of sufficient importance for the issue of

earthquake forms to officials and others within the affected area. The

following account is an attempt to summarise the infromation furnished
by those forms.

The shock was registered on the Milne seismograph at the Alipore

2 N
Seismograph record at Observa.tor.y, Calcutta. The trace is described
Alipore Observatory. as begmmng (commencement of

preliminar
tremors) y

and attaining its maximum at the same

! See Catal ;
XIX, Dot ;a ogue of Indian Earthquakes by Dr. Oldham,

l Mem. G. S. I, Vol,
* See Monthly Weather Report, September 1906,
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moment, namely, 5 hours 87 minutes G. M. T. which=11 hours 2
minutes 3 seconds Calcutta time. Its duration is given as 12 seconds,
but its amplitude can only be known to have been relatively very great,
inasmuch as the boom moved through the whole breadth of the trace.

The outer limits of the felt shock coincided roughly with the outer
dotted line on the map. It includes the districts
of Calcutta, the 24-Parganas, Howrah, Hugli,
Bardwan, Nadia, Jessore, Khulna, Faridpur,
Pabna, Rajshahi, Murshidabad, and Birbhum ; and parts of Midnapur,
Bankura, and Tippera districts. The unmentioned districts in Bengal
and Assam surrounding this area all furnished [orms declaring the
shock not to have been felt there, The land area of the felt shock is
therefore very roughly about 50,000 square miles,

The majority of the better authenticated accounts agree in giving
the time of the main shock as shortly after 11 A.M.

Quter (mits of the
shock.

Time of main shack. : R
(Calcutta time) ; but a few other accounts of felt

shocks on the same day, some being far away from the Gangetic delta,
give discordant times between 7 and 8 A.M. One or two of these may
indicate foreshocks or other shocks having some obscure relation to
the main shock, but many of them belong to a separate disturbance
originating much further north, whilst one at least from the Assam area
is evidently more rationally to be understood as connected with the after-
shocks of the 1897 earthquake, whose epicentral area does not yet
seem to have reached absolute quiescence, judging by the seismoscope
records of Shillong and Dambu, which still continue to show a periodic
sequence of minor quakes dating from 1897.
We have the most complete evidence regarding the shock from
Calcutta, which was shown to havebeen perhaps
Order of examining the .. .. erely shaken as any part of the affected
evidence : scale of inten- ’ = ;
sity used. area. 1 propose therefore to begin with the
description of Calcutta, and afterwards go on to
the surrounding districts which will be taken up according to their
proximity to Calcutta, and moving in circles round it as a centre,
Each locality is numbered and referred to by a corresponding number
on the sketch-map accompanying this article. At the end of each de-
scription an attempt has been made to estimate the intensity by numbers
n terms of the Rossi-Forel scale ; and these numbers in Roman charac-
ter are found on the map following the number indicating the locality.
G
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"'l‘h(.e highest number, VI—VII (being nearer VII than V1), is one which
indicates an intensity just falling short of serious damage and panic.

In ihe attempt to apply the Rossi-Forel scale to intensities below
the point where damage to buildings begins to be serious, it was found
that the varying architecture and conditions of life in Iiidia did not
aii.ow. such a fine division as is given in the Rossi-Forel scale. This is
principally due to the impossibility of correlating such purely European

standards as ringing of church bells and house bells, swinging of

chandeliers, disturbance of furniture, doors, windows and cracking of
H

ceilings. 1 have therefore grouped intensities 11 and I1I. 1V and V. and
VI'an.d VII together in pairs, as was done by Mr. Oid’ham in hi; de-
scription of the 1897 earthquake, connoting them as follows :—

Intensities. J Definition applicable to Indja.

—

1I—II1 Rossi-Forel Eelt by a few sensitive people lying d
by situated. ple iying down, or favour-

[V--V Do. Generally noticed, no damage.

VI—VIl Dao. Uniyersally felt. Disturbance of furniture and loose
objects. No damage to buildings except in rare
instances to brick-built structures.

The higher intensities of VIII, IX, and X were not experienced in
the present earthquake.

It may be thought ;ind commented on by some that the details
Reasons for glving which follow are a monotonous series of uninter-
detalls, esting, and frequently similarly expressed experi-
. ences. This is in a great measure true ; but the

reaso?1 for putting them on record is to be found in the fact that they
?,: tn:aozlybe\fidenc.e we have or can ever have of a shock which came
Y Bear to being disastrous to the chief town in British India. If not

recorded 1 i i ; -
0w, their details must pass into oblivion, since the evanescent

character of most earth
quake effects always precludes a re- n
area affected by a seismic disturbance. survey o1 2
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The Very Reverend Father Lafont, C.L.E., S.7,, late Professor in
St. Xavier’s College, at 12, Park Street, Calcutta,
kindly sent us the following particulars: Time
about 11-2 A.M. {Calcutta time), by a chronometer
watch verified by gun-time. There were distinct preliminary tremulous
vibrations, as if a heavy waggon was passing below the room (seccnd
storey), followed by a smart shock with ominous creaking of the furai-
ture of the room ; and after an interval of 6—7 seconds by another
similar shock, less sudden but quite as smart, Direction N. by E. (the
direction of the building), observed by water in basin in slab of marble.
Then followed a third oscillation weaker than the other two shocks.
The water gradually oscillated at right angles to its previous direc-
tion. A heavy arm-chair in which observer was sitting was shaken,
and other furniture creaked. A rumbling sound preceded the first
shock and lasted fully 5—6 seconds

Similar information was furnished by the Reverend Father J. van
Neste, S.J.,and by Messrs. C. Needham and L. J. Maguire of St.
Xavier's College, with the exception that the latter gave the directions
as: 1st shock E. by N. to W. by S, 2nd and 3rd shocks E.—W.

Mr. [. H. Burkill kindly furnished us with the following notes from
the Industrial Section of the Indian Museum,
Calcutta, compiled by Mr. Vieux: ¢ The earth-
quake which took place on the 2gth September
appeared to run along the length of the building, judging from the
position in which the bottles fell from their stands in the show-case.
For instance, the wine case had 14 bottles broken in it. Of this
number, 6 were on stands east of the case, and 8 on the west. The
bottles containing tea which fell were all facing west. The following
is a list of the damage done :—

(1) Calcutta and
24-Parganas.

Indian Museum:
Industrial Section.

14 bottles containing wines.

Broke . 6 noolea
n Y4 w " syrup.
2 . ' chutney.

Two slight cracks in the north wall of the Art Gallery, both over the
eastern half of the windows whence they severally stact. There are
also two cracks on each side of King Thebaw’s throne i half-brick
walls recently erecied,” ‘

G 2
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The Supcrintonding Lingineer, Central Circle, Calcutta, reported the
following damage done to buildings in Calcutta
under the several Exccutive Engincers of the
cirele :—1st Caleutta Division : High Court build-
ings. Two pillars ot the south veraudah, st floor, immediately adjoin-
ing the tower, have cracked badly. The piers having been reported
to be unsafe, the nccessary steps to strengthen them were taken in
hand. —Writers' Buildings, Lord Bishop’s Palace, Veterinary College,
Belgatchia. Old cracks re-opened in several places, mainly to
arches of the above buildings, but none of them were of a serious
pature.—2znd  Calcutta Division: Presidency General Hospital,
Slight damage was done to the Medical Subordinates’ quarters, and
a crack in the bridge of the main Dblock re-appeared. Oue of the
out-houses attached to the third-class quarters was  cracked in
onc place where therc was alrcady a  crack  [rom scttlement.—-
Alipur Central Jail. Cracks appearcd in three flat arches and in five
semicircular arches, but they were slight. = The Police Court, Sealdah ;
The Superintendent’s Residence, Campbell Hospital ; Intally Police
Station ; Albert Victor Leper Asylum; Supcrintcndmt’s Residence,
Gohra ; Ballygunge Police Station ; The Madrassa College ; Police
Commissioner’s  Residence; St.  James's Church and Parsonage.
Hair cracks appeared in the walls and arches of the above, but they
were not dangerous to the structures.—Judges and Munsiffs’ Court,
Alipur. A few arches are cracked in the former, or rather old cracks
in the arches are re-opened. In the latter some verandah arches in
the new cxtension are cracked.--Upper Military Orphan School at
Kidderpore. A number of arches and walls showed cracks. They
are not serious, but are small and numerous, most of them being
old cracks re-opened.—Watgunge Police Station.  [a this  building
some arches are cracked, none being serious. The brick-work of
the building is poor, and especially in the semicircular arches it was
noticed that bricks had become rather loose. The bricks are thin
and of s¢mall size.—St. Stephen’s  Church. A vertical crack
appeared at the junction of the tower, and cxtends almost the whole
height of the building, as well as at the juuction of the roof of the
rave with the tower wall, but the crack is very slight,—Lower Military
Orphan School. A slight crack appeared at the junction of two walls
which appear to have been built at different times.—Garden Reach

Report on Public
Buildings in Calcutta.
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Police Station, This old building suffered similarly to the one at
Watgunge.—Mominpore Morgue. Hair cracks appeared in almoest
all the verandah segmental arches. —Ballygunge Out-Post, Only two
arches of the cook-room slightly cracked.—Civil Engineering College,
Sibpur. The new barracks did not suffer at all. The Professors’
quarters in the western barrack suffered most ; though all the cracks
in this building are old ones that have re-appeared.  Though con-
spicuous outside they show very slightly inside the building. In
other residential and workshop buildings old cracks re-appeared, none
being serious. Neither to the Belvedere buildings nor to those of
the Royal Botanic Gardens at Sibpur has there been any damage.—
rd Calcutta Division: Medical College Hospital. Slight cracks
appeared in many of the arches, chiefly in the centre portion of the
building, none being serious, and most being old cracks due to the
1897 earthquake.—Medical College (old) buildings. Four arches on
the south faces have cracked, one flat arch being very badly damaged.
Three other arches are also slightly cracked, One on the north and
the other on the ecast are badly cracked.—Principals’ quarters. Six
or seven arches slightlv cracked.—Eye Infirmary. The old crack at
the north-west corner has been re-opened. No new cracks are visible.—
Eden Hospital. Slight haircracks ina few arches are alone visible.—
Pathological block. No new cracks appeared, but some previous
cracks in the west wing arches were made morc prominent.—Bethune
College. One slight crack in south-cast corner of small building
appeared.—Presidency College. Some old cracks re-appeared.—
Special Works Division : No appreciable damage appcars to have
been caused to the buildings in this division.

Nalin Prokash Gangoly, Honorary Magistrate, at “The Prasad,”
Calcutta, reported as follows: Time 11 A.M.,
time-piece  immediately ~compared with the
Tagore Castle clock. One tremulous vibration before thc shock.
One principal shock. Direction at first NNE.—S.W. by water in bath
tub.  Afterwards E,—W. Distinctly felt. No sound,

Girindra N. Datt at Sat Bazar, Calcutta : Time shortly after 11 A
Two shocks with jnterval of 1 or 2 scconds. Tremulous vibra-
tious felt belore and after, Dircction E—W, Tlagsticks fell down,
Pendulum clock stopped. Almirah rocked. North and south wall
cracked longitudinally. Rumbling sound during the shock.

Other Calcutta reports.
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Abhilas Chandra Mukerjee, Deputy Magistrate and Deputy
Collector, at Calcutta: Time 11-3 (Calcutia time) by clock regulated
by gun-time the day before. One smart shock and a feeble return
shock. No tremulous vibrations felt. Direction W.—E. by water in
2 cistern. A very distinct shock nearly upsetting observer. No
sounds or other effects.

Bijaykumar Ganguli, Deputy Magistrate and Deputy Collector,
Bangsidharpur, 24-Parganas: Time 11-10 AM. (Calcutta time). Two
principal shocks at interval of 3—4 seconds, the first being prominent

and the second a very mild one. Felt slight vertigo. No sound or

other effects.

Summing up the evidence for Calcutta and the 24-Parganas we
may estimate the iutensity as VI—VII, being
Summary.

nearer VII than VI, The usual sounds were
generally heard before and during part of the shock. The time was
about 11 hours 2 minutes A.M. (Calcutta time). There appear to have
been tremulous vibrations both before and after, with two main

shocks between at intervals of about 7 secounds.
From the rather large district of Midnapore, lying to the west of

12) Midnapore district, 24’Pf“ga“a3, only one earthquake form has been
received :—

From Pitamber Bhattacherya of Ghatel: Time about 10 A.M. Two

shocks. Direction S.—E. Distinctly felt. The whole building trem-
bled. No sound. Water of tank moved from S.—E. to N..—W.,
v,

ax

om this, in the absence of any special explanation, and from
other considerations, we must believe that the shock was not uni-
versally felt throughout Midunapore district. The intensity at Ghatel
appears to have been as much as IV—V, but outside this area it must
have dwindled down to at least 11—111, if the absence of reports is
to be relied on as equivalent to an absence of evidence.
The district of Howrah lies near to Calcutta on the western side
(3) Howrak disteict. of the Hugli river. Only the two following

reports have come to hand, from which an
intensity of IV to V may be inferred :—

From Ganendra Nath Ganguly, District Engineer, Howrah town :

Time 10-55 AM. Two shocks, Distinctly felt. No sound or other
effect.

From Jogendra Kumar Sen, B.L,, Pleader, Uluberia: Time
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about 10-30 A.M. Two principal and prominent shocks were slightly
felt. Tremulous vibrations before and d:«fter for a few seconds.
Di i __N.E. An indistinct sound,

‘)lrt;:;:tsh'g.{ugll\i Eistrict, which lies nc?rth-west of Calcutta,.u,
forms have been reccived, the facts of which
can best be illustrated in abular form. With
reference to tne time of the shock, the evidence is not sufficiently
precise to be worth repeating in detail. In the first place the
standard of time is not given except in two cases, and for the

® Hughi district.

rest the recorded times vary from 10-30 to 11-30 AM. Although

the average of all the observations comes out 11-7, it is felt that no
reliance can be placed on them to even within 15 minutes. Ten

observers describe the shock as ¢ distinctly felt” and four as
“slightly.”

(
k
Nurgil:ztﬁfns:sﬁ N Sound. Other effects.
duration,

Locality and
observer,

Mamudpur—

Jodu Nath Das) One. N.—S. 10—12| None . . | None.
seconds.

Haripal—

Banka Behary | One . . .
Ghose.

Kristanagore—

Hari Pada { One
Ghose and
two other
observers,

Serampore—

Harif Ullah .| One. E.—W. None . .

Tarkeswar—

Sarat Chandra| One  followed by | None - .H Norne
Ghosh. tremulous  vibra-

tions for a few

seconds.
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all Number of shocks,
Looté‘éi{e?nd directiop and
’ duration,

Chinsurah—

Mohendra One. S.—N. Oncj
Nath Bhutta+] second.
charjee.
Panduah—
Saroda Prasad One, N. H.—S. W.
Roy. Very brief,
j
Mirbir - i
|

Bhagabati Ku-, Ope.
mar  Chau-

5 seconds
|
dhuri. |

|
!
|

Ghutiabazar—

Sahadev Mallikt Ore, followed by

tremulous vibrations

for 5-—6 seconds.
E.—W

‘
!
!
i
Chinsurah— !

Hira Lall Seal ' Qne. N.—S.
|

Chinsurah—

Mahadeh Dhaur One. N.--S.

Tremulous  vibes-
; twons  after for

minute by water in
i tank.

Sound.

Like roaring ,

l{umb]ing
heard before,

Sound like
“goom ”
seconds be-
fore shock.

Heavy rolling
sound,

Rolling sound,| W hole

like  motor
car, a few

None.

{ Observer’s heart went
pit-a-pat, and his body
underwent a  seyere
shaking,

buildin vi-
brated smarlly.g

seconds be- !

fore.

None

Cracks in arch of room.

Plaster fell from ceiling,
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ber of shocks,
Locality and Num

direction and Sound. Other effects.
observer, duration.
SN — - i
Chinsurah —
Goacool Chun- | Two. With intervn} Whistling ! None.
der Dhur. of rsecond. N,—S.| sound before.i
|
Somrah—

Chandra Na- | Two, at interval of 2 Like rushing
rayan Roy. seconds. Tremulous| wind.

vibrations after for

5 seconds. E.—W.

Chanditolah—
Baikuntha Two, at interval of | None . . | None.
Nath Chaker-| 2 seconds. E.—W.

butti. | |

Most of the above localities are from the centra@ and. eastern .parts
of the Hugli district. There seems to l?e a slight increase in the
effects in the more easterly parts, but the dxfferen'ce does not amount
to much. A general estimate of intensity for this part of the district
is 711
. Vf{‘rtc?m\ lthe Bardwan district therc arc only three accou}.\ts.
Mr. W. Ash, Telegraph Master, gave the time
as 10-38 standard time, which corrtfsponds to
11-1-21 Calcutta time. Direction N. E—S. W. Duration 2 tf’ 3
seconds, He felt as if rocked on a table. The I.Junkah, which
could swing east-west, dashed against the south wall in a south-v’v.est
direction. The shock was a strong one. There was a slight buzzing
SO i er, . .

“‘(’:(;;:agf glss\l;letl:lu;ﬁ I.M.S, also at Bardwan, gave t}lc tl\x{;e
aS 11-3 AM. local time, and the direction E S: E—W.S. )
whilst the Collector of Bardwan gave the direction as probably
E.—W. and the ion a few seconds. . '

The Pauéi:ly :futr}?:zx;counts from this district s?ggest alln n.ltz?cs;?é
of IV to V as perhaps sufficient, although Mr. Asl’s details in
a somewhat higher value.

(5) Bardwan disrict.
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Nadia district,

(6) Nadia district.

which stretches away to the north-north-east of

Calcutta, has furnished five earthquake forms,

some of which
as Calcutta. The results are arranged

vary nearly as widely as in the Hugli di

|
Locality and i
observer i

Santipur — !
|

indicate as severe an intensity
in tabular form. The times
strict, and are unreliable.,

Nun_lbu' of shocks,
direction and
duration,

Bhujendra (Two. N.—§..

Nath Mukcr-|
jee, Sub-Divi-
sional Officer.i

Ranaghat—

Nogendra Nath( Two, with an inter-

Mukerii, B.L.,

val of 2 seconds

Pleader. | W.—E,
1
Chuadanga—

Kherode Tremuloys vibrations
Chandra ] side to side, followed
Choudhuri. by three shocks,

Chuadanga—

Abdur Rahim | One shock, ? N, E.
Mullik, —S. W,

Muktiar,
Kushtia~

Satamanyn Two. E.-W, The first

vkerji,
Sub-Deputy
Collector.

lasted 3 seconds,
the last™6 seconds
and more intense.

S~und,

Preceded and
accompanied
by rumbting
sounds.

Like distami
thunder

immediately
before  and
during  the
shocks. !

N()h&

None

Other effects.

Top of east wall of
!(tc)‘.en (an old build-
ng) slightly cracked,

People ran out of their

rooms in fear. Roof
of a verandah came
down.

'I“ne. roof made a slight
noise,

Clothes hanging in room
swung,

The intensity

sligh.t " as we proceed north-north-east from th
Santipur and Ranaghat in the directio

15 described as
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We may therefore estimate it roughly at VI to VII in the south of
the district, and IV to V in the more northern parts.

Jessore lies to the north-east of Calcutta, Only two forms }1ave
been received from which to draw conclusions.
Both indicate an intensity below that of
Calcutta, but between themselves but little difference in the violence
of the shock can be made out. They are as follows:— .

Charu Chandra Rai, of Bangaon: Time 11-2 AM. (local tm}e).
Some preliminary tremors followed by one principal ghock, which
lasted 2 seconds. Direction'S. W, to N. E. Distinctly felt. He ran
out of doors. No sound or other effects.

Manand Choudhuri, Deputy Magistrate and Deputy Collector at
Jessore town: Time betwcen 10 and 11 AM, One prominent shock.
Distinctly felt. No sound or other effects. o |

It is probable that a slightly greatcr int:ens.lty‘ is indicated by the
former of these records, inasmuch as preliminary tremors were
noticed in addition to a chief shock and from the fact that the shock
was sufficiently alarming to make the observer lf.eave tl?e house. Pie.ncce]
we may perhaps draw the dividing line between intensity VI—VII an
IV—V somewhere between Bangaon and Jessore. . |

Khulna district lies to the east of Calcutta. bm? forn?s were
sent in. In all of them the intensity was
described as “slight,” and as there were no

additional facts stated to warrant a contrar)" belieff it is r\‘;alsomjﬁie
to conclude that the area lay outside that of inte nsity VI—VIL e

results are given in tabular form.

(7) Jessore district.

(8) Khulna district.

Nuwmber of shocks,
direction and
duration.

Locality and Sound. Other effects.

observer.

Khulna town—
N. R. Misra .| One
Basirhat—

Mahommed One
Shamsul
Scha, Sub.
Divisional
Officer.
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Loty ana | Nt |
gy - °C n J <
obsetver. duration wound, Other effects,
P e T T e ~ T ——— —— —— S
Senhati—
Sarada Charan| Two. N, E.—S, W,
Mukerjee. |
Shatkhira— : |
Han Nath | Two or three within None
Mozumder, a second, N.—S,
B.A,
Pleader. ‘ |
Raruli~— . ‘
Nalinikanta ! Onc
Raychau-
dhuri.

'

" e ——

The above completes the
Calcutta as a centre.

iuner cj istri
r circle of districtg surrounding
Faridpur district lies north-e

t . ast of ]eswre,

() Farldpur distict. Su erlburcle of districts which will now be
escri '

ed. Only oye form has beey receiyed

and belorgs to an

as follows 1—
Mohendra Nath Bose of G
Direction N. S. Distinctl
the first floor of a tw
damage to buildings.
.An intensity of at least 1V (g v i ;. .
being unacconu)anied by any othe o0y this form, but its
makes one hesitate to ascribe to it 4 1; surrounding towns
Fr >abns ' . .o nsit
om Pabna and Rajshap; dlStrictsy Iying resy nutx}\b?r.
(0 Pabna distict. +°"€Ast and noggly o N, lia g Lo the
(I1) Reishahl district,  form from eq), 1,0 been po. district, only one
. o as follows : I received, which are
anga Lharan Banerjee, G
e overm
ganj: One shock very Sligiltly felt nent Tdeg‘aph Office, Sera)-
Haran Chandr ; .
Time 10.25 (o a Ban.erjee, District Engine i
{standard time) = 10-48-21 (o €1, Rampur-Baulia:

shock. Direction E—Ww. Rumbling sounzatl)c?tta time, Onpe slight
efore,

palgany: Time
y felt by 200 p
o-storeyed house. T},

11-0. One shock.
ersons at 3 meeting on

€ people felt dizzy. No
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The first of these forms indicates, alike in its own matter and as
standing alone, that it lies on the extreme limit of sensibility. "We
must therefore give it the lowest value of the intensity scale, namely,
Il to II. The sccond one from Rampur-Baulia indicates a slightly
higher intensity and must come close to the dividing line between

intensities II—III and [V—V.

Murshidabad district lies north-north-west of Nadia, but stretches

(12) Murshidabad dis-

further south than Rampur-Baulia just men-

rict tioned, [Four forms have been received wkich

are tabulated below,

—— 8 e e

Locality and Numl ¢r of shocks, I

irect S
observer, direction and Sound,
duration,

Berhampo-e—

Upendra Nath | Four or five pro-| None
De, Meteor-| minent shocks, at
alogical Ob-| intervals of about 2
server, seconds. S. W.—

N. E. Tremulous

vibrations after for

1} seconds.

Shahanagore—

Ras  Bchari | One prominent shockj None . .

Dutt, Inspec-] E,—\WV.
tor of Police.

[chaganj— !

!
Rojani  Bho- A tremulous vibra- ! Rumbling
shan Dhar. | tion followed by| sound pre
two shocks. S.W.| ceded the
—N. E. 4 seconds’| shock by 1
curation, second.

Batin— |

Babu Madhu- Two principal ShOCkS] None
shudan Sing, W.-K. ‘
B.A, Head ‘
Master  at !
Higher Eng. (
lish School. :

Other effects,

[furniture and articles
in room wete dis-
placed. Earthenware
pct overturned to east.

j
1
i
|
i
}
?
|
i

. None.

Basket hanging on nail

fell. Slight crack in
doorway arch of his
house.

None.
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The times given are sufficiently near to 11 A.M. to make it certain
that we are dealing with the same earthquake, Lut it is quite clear
that the intensities are somewhat greater than would be expected
in comparison with its neighbour districts, It is clear that in the
southern parts of this district the intensity figure reached VI to VIL

Birbhum district lies to the north of Bardwan. Two forms ouly

have reached me, which are as follows: -
(13) Birbhum district.

Syed Ezhar Hassan, Sub-Deputy Magistrate of Rampur Hat :
Time 10-55 A.M. (standard time) = t1-18-21 Calcutta time. A to-
and-fro movement from north to south. Slightly but distinctly felt.
No sound ot other effects.

Benode Behari Sanyal, Overscer of Suri:  About 10-45 (standard
time) = 11-8-21 Calcutta time. Three shocks E.—W. No sound or
other effects.

We may estimate the intensity here as IV to V.

Only one other district is represented by one form, namely,
Tippera, which lies some way to the east
beyond Faridpur. It is as follows :—

Mr. H. M. Parish, Superintendent of Police, Comilla: Time
10-40 A.M. (standard time) = r11-3-21 Calcutta time. One slow
rocking motion lasting about 4 seconds. Direction N —S, No sound
or other effects.

Estimate of intensity 11—1II,

Over such relatively short distances as are involved in this

earthquake, and with such imperfections (as we
General remarks : No ot admit) in the time records, it is of course
data as to rate of trans- R ; .
mission, acceleration,etc.  hopeless to think of drawing any inferences as
to the velocity of transmission of the wave. The
absence of the necessary data also precludes any inferences as to the
acceleration or other elements of the wave motion.

The earthquake sound was of the usual character. From the low

pitch of its note, somewhere near the limit of

(14) Tippera district.

Earthquake sound. o ,
! audibility, it was natural to expect that at no

single locality would there be unanimous testimony as to its having
been heard. Such unasimity is scldom found away from the epi-
central area of a very great earthquake. Inthe case of this earth-
quake the positive statements of those who heard a sound are never
more than about equal in number to the statements of those who
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either did not hear it or did not mention it at all. In the Calcutta,
Hugli, and Nadia districts the ““ayes” and “noes’ are about equal.
If we club together the reports from Calcutta, Midnapore, Howrah,
Hugli, Bardwan, Nadia, Jessore, and Khulna, which together form the
central group of districts, we shall find the proportion, ayes to noes,
= 14 to 22, which is a little more than 4. On the other hand, clubbing
together the outer circle of districts, namely, Faridpur, Pabna, Raj-
shahi, Murshidabad, Birbhum, and Tippera, the proportion is, ayes to
noes, = 2 to 7, which is a littls more than }. This result shows that
the percentage of those that heard the sound in the outer districts is
smaller than that of those in the inner districts, and indicates a pro-
portionate diminution in the sound with the distance from the more
central area,

It seems fairly well established from the distribution of the inten-
sities, as indicated on the map by the isoseismal
lines, that the innermost area circumscribed by
the isoseismal VI—VII is elongated in a N.—S. line, and that the
centrum lies somewhere beneath that central elongated area which
coincides roughly with the course of the Bhagirathi river down to its
junction with the Hugli river.  All further details are, however, impos-
sible. A consideration of the directions of shock, as given by the
observers in the forms, shows the usual want of congruity. If, how-
ever, we tabulate the results for the whole area, we find one striking
peculiarity : whilst there are about an equal number of recorded
directions of shock lying N.—S., E.—W,, and N, E.—S. W, there is
only one recorded direction N. W,—S.E. and one W.N. W—
E.S.E. Allowing for imperfectly received impressions and for inaccu-
rate notions as to the true points of the compass, I am unable to
suggest an explanation of the above peculiarity in a region that
covers the whole of the ‘“felt " avea.

There is a great want of uniformity in the records as to the

number of the principal and prominent shocks
shsc“l:.ber of principal  (o];,  Whilst in Calcutta, Midnapore, Howrah,

Nadia, and Murshidabad the number is gener-
ally two or more; in Bardwan, Jessore, Khulna, Faridpur, Pabna,
Rajshahi, and Tippera the number is generally one. Iu the district of
Hugli eleven observers recorded ene shock, and three recorded two
shocks, 1 cannot detect any law underlying this distribution of the

Nature of the centrum.
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recorded number of shocks, except that in the outer districts where
the earthquake was of course weaker, and so less easily appreciable,
only a single shock has been recorded.

As to the cause of the earthquake, when it is remembered that

over the whole area a great thickness of the

qug::.sc of the earth- 1}y vial soil of the delta entirely conceals the

arrangement of the solid rocks below, it will be

readily understood that, although many lines of weakness may be

supposed to exist beneath the epicentral area, it is impossible to
point to any that are definitely known.

There can be no doubt that the descriptions given above of the

earthquake phenomena occurring on the 2gth
Other earthquakes on Septemb ! : H
20t September. eptember, by reason of their connectedness in

space and time, form the records of but a single
earthquake. Although the times differ considerably in some places,
such differences are not more than may be expected from the imper-
fect system of time recording in vogue in India. But in other parts
of North-East India the forms sent in have furnished descriptions of
shocks occurring on the same date (namely, 2qth September), but at
such times that they obviously cannot be classed with the 11 o'cleck
earthquake,

At 4-45 A.M. on that date Mr. E. Bridge, of Kopati Tea Estate,

Aseam. Tezpur, Darrang district, described a shock of
considerable severity, and which in his opinion

was the worst shock since 18g7. There were two preliminary shocks,
followed by the main shock and then tremulous vibrations for two
seconds, Directions N.—S. A wine-glass was thrown down to the
south. Clocks stopped. Plaster on “ ckra” built walls fell, and there
was a heavy rumbling sound. This shock appears to have been quite
local, and to have been connected with the aftershocks of the 1897
quake.

On the same date also in the northern parts of Bengal forms have

Nerfh Besgal COme':lI} from' D‘arjﬂing,'Kurseong, and Siliguri

(Darjiling district), Dinapur (Patna district),
Jamtara (Sonthal Parganas), Laheria Serai (Darbhanga), and Jenida
(Jessore district) recording an earthquake or earthquakes at varicus
times between 7 AM. and g A.M. The time 7-3 as rccorded at

Kurseong and Dinapur, and 7-15 at Laheria Serai being the more
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precise. This shock or series of shocks was slight at the two latter
places, but at Siliguri, doors, windows, punkahs, and the whole building
seem to have moved, and the shock must have reached an intensity of
about VI,

The few forms received are insufficient to make any more
precise statement regarding the shock or shocks.

In addition to these, on the same day but in the evening at about
8 p.M. shocks were recorded from Monghir, Gopalganj (Faridpur
district), and Silchar (Cachar district). There was also one at about
midnight (which midnight not stated) at Sibsagar.

Earthquake of 6th December 1906,

The second of the Calcutta earthquakes of 1906 was of less impor-

General, tance. It took place about 6-8 P.M. Calcutta

time on the 6th December. No earthquake

forms were issued in respect of this earthquake, so that it is impossible

to produce a map defining the seismic area. It is probable, however,

that though with less energy, it had an origin which may be located
somewhere near that of 11 A.M. on the 2gth September.

It was a sharp shock, felt by nearly everyone indoors at the time.
The upper storeys of large buildings swayed. People prepared to
rush out of doors. Some asleep at the time were awakened. There
were cracks produced in the plaster of many houses in Calcutta.

Mr. E. Vredenburg, of the Geological Survey of India, who was
living at the Grand Hotel, Chowringhee Road, in

a third-storey room, described it as a long swing
N.—S. dying down and then followed by an E.—W. swing not so
intense. Its duration was about 1 minute. Crows rose from the trees
and cawed. No objects were overthrown. Mr. K. A, K. ‘ Hallowes,
also of the Geological Survey, described hanging lamps swinging N—-S
first and then E.—W. I myself was walking at the time and did not
notice it. No sound was recorded.

Mr. I. H. Burkill, of the Industrial Section of the Indian Museum,
again kindly supplied us with a few notes made
by Mr. Vieux, which ran as follows :— * No
damage occurred in any of the galleries by this earthquake. Some
candles, however, in Messrs. Shaw, Wallace & Co.’s case fell tf)wards
the west, and, judging from the position in which [ saw them lyu;g on

Effects In Calcutta.

Indian Museum.
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the following mornin

g, [ think that the ‘shock t 1 '
length of the buildin ravelled along the

8 as was the case on the 2qth September.”
A few people think there were two shocks with 15 minutes’ intec-
val, but‘there seems to be some doubt about this.
I the terms of the Rossi-Forel scale it would seem that ‘the
intensity was about equal to V or VI
Mr. H. F. Samman, LC.S.., Collector of Bardwan, reported in a
Bardwan, letter that he felt single shock of earthquake
at 6-10 P.M. (local time), The wave appeared
to travel from west to east. Duration about 2 seconds
It was not felt at Simla by the long-distance Omorj seismograph.

It was, however, registered on the Milne seis-

‘ mograph at Alipore, Calcutta ! the ti i
being (commencement of tremors 12 ho’urs 14'8 inat, s

which is equivalent t
Duration 36 seconds.

Selsmographs.
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MISCELLANEQUS NOTES.
—_—_——————

Note on Barytes occurring at Narravada, Nellore District.

URING the field-season 1906-07 I visited some shallow workings' on
D some veins of barytes in the neighbourhood of Narravada (Lat. 14°
54'; Long. 79° 29'). The veins were being opened up on the advice of
Mr. V. S. Sambasiva Iyer of the Mysore Geological Department, ' ,

The barytes occurs in two low hills, about 3 miles east of the village of
Narravada, as irregular veins in a band of fine-grained mica=schist. It is
seen in outerop on the top and northern slope of a low hill, and is again seen
on the slopes of a second hill to the south-east. ;

The veins usually follow the strike of the band in which they occur, but
in some cases cut obliquely across and appear gradually to pass: into the
mica-schist. The band strikes N. 45° W, and dips 40° S. W, )

The barytes is quite opaque, and of a greyish colour, but some pieces
from the lower slopes of the hill have a dull milky colour. It has a speci-
fic gravity of 4:46, but is often largely mixed with the mica-schist, which
reduces the specific gravity of the samples.

The country rock is a dark-grey, fine-grained mica-schist. Specimens
taken about 1o feet from any visible barytes veins, when examined under the
microscope, are found by analysis to contain a considerable quantity of
barytes. The miscroscopic examination shows the rock to be made up of
quartz, biotite, barytes, magnetite, and a little calcite. The barytes occurs as

small grains scattered throughout the rock. ,
[H. Cecir Jones.]

Memorandum on the Tourmaline Mines of Maingnin. By E, C S.
George, L.C.S., Deputy Commissioner, Ruby Mines District.

The mines at present worked are situated all round the smgll Palaung
hamlet of Sanka, about a mile east of Maingnin, which is said to be six daings
(18 miles) to the north-east of Momeitin the directions of the' high- hiD Loi
T6k from which Aows the Namlang, an affluent of the Nammeit, which marks
the boundary between the Kodaung and Momeitl Townships, »

Maingnin itself is a long straggling village of 93 houses at fhe bhead qf
a long narrow valley terraced with lateral offshoots for over a mile for patddy
cultivation. The mines are situated on the top and sides‘vof the. ridge
hemming in Maingnin from the east. The original discoveyer’s apd wo‘rket:s
i : o i 1 0 PO
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of these mines were Chinese, who, according to local tradition, worked
hfere some 150 to 200 years ago, hut whose occupation appears to have been
d‘ss:ouraged. when the then Sewdiwa of Momeit, having arranged to obtain a
Se}:::;:sl porfm;ets)sunf:lr1 l;ifs :ride, instead of geufng the youngest and most
Lt catrying the.pros e;ireebo'ﬁ;ered .for s‘elec.uon, E(?und, when the closed
b b pa{,med (E)ﬁ ox;]) hi"\:e ; eda.l.r_nved in his territory, that the eldest
the Sawbwa’s Ministers sem‘ to nr;eltuonlsaysl o e Ugly' th'at e
onering. the. Titer, they. were 50 n::gce::e come her en route 1n51'sted on
) ed that they could not enjoy their

r}ge?lg, an event commemorated to this day in the name of the spot Nan
ta::edaix:l S[itphizjs'tream where the fowl's flesh (they had chicken for dinner)
" I—.Il;w.vever, aft'er havir:g extensively worked the mines on the hillside at
thgilc;‘:fn srs)mtﬂhzuncg};i(:;; zli)out a mille fro(;n Sanka (still bearing traces of

) sappeared, an

desert'ed until about the year le;g {1867-68) E:\E)}?j;et?lt;ylit::h?la? vas lef
of Lmya‘, the -most powerful Kachin of these parts, collected a lara:ng‘g}gp.
c;i Ka'chms‘and re-started the mines. A short trial was enough mgsi ;{mm }?‘
achm§ with the results and though they did, from time to fi cen * y
fﬁlly\ dig, f“’ serious attempt was made to revive the industry !::\E{e;pzsmodx-
e .IoEneu Sawbwa’s law did not run here and not a Shan ¢ r Bur e
ShO\I\: his nose out of the plains. an or Burman dared

ater, a Shan adventorer from Namkam known i i

(B e o iy e e o o

worked for e season. This was about the time that Kan Hiai e
mg‘thmgs.unc0mfortable for the then Sawdwa of Momei;“;( a{?g T e
le(n);ls Sa::nSP; and his band to hi§ aid. Kyi San Pi attacked Ka:nm,;i:h': cg\}}ed
1S at gadaung but was killed. Thereafter in 1248 (1885-86 § s adhel
still living at‘Maingnin, a Palaung from Manhd, came with :f’. ) T Sen.)da,
a&? re-estfxbhshed the v'\llage'of Maingnin, in the valley belowotl;ecg(:mﬁzfmons
inese village Wen-Chow, since which time the industry has b -
f-}t‘;cal.ll){ conduc}ed to date, though with considerable per)i’od ssofe(z]r; iyste.:m.
) village h‘avmg at times dwindled to six or seven huts, Its prese‘:xtes'sm'l’
S:?n:i:. \:)eb(:ls.cove.r:s of '1ast year, 1995, having had a stimulating :é:;ts
o bmg‘kt:e‘:\nd required and obtained no permission from the Momei£
Maing Niakala ot; to pay about the equivalent of Rs. 1,500 to the Paw
who claimed 1o com“r,slyatlhinz at:te ixY; tg:gi’;gt}:i thh'iEfs of the Kachin villages

Seinda and his comrades Sp;nt the first yeaf%lil: tphr: t:ctxon o raids
. am i

\:a.t;r chan:et\) from Lax‘Manh‘e on the west to work tae miixt;:c(:rllm:h(;f '&A}ong'
ystem used by the Chinese, the Kachins having contented themselves{vai&
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digging shallow holes and therefore obtaining only poor specimens of the gem,
Seeing his success the Kachins turned up next year and the mines attracted
the attention of the Sawbwa Kan U, with the result that in 1250 (1887-88)
with the breaking dowsn of the power of the Kachins, the Sawbwa instructed
Seinda to collect a tax of 5 per cent. from the buyer and 2§ per cent. from
the seller on all sales of stoncs extracted. Seinda did this and says that
that year he paid in 800 rupees 10 the Sa:vbw, on which he got no commis-
cion. This was further enhanced next year, when the Nyaungywe Sawbiva
ruled Momeit, to a cess of 5 per cent. each from the seller and from the buyer.
Seinda only managed to pay in 2§ or 30 Tupces and in 1252 (1889-90), 2
revised system was introduced, when each man at work in a Alyaw was
made to pay two rupees a month and each Ziwinlén worker one rupec. But
Seinda was no longer allowed to collect and a Zhan-daw-zin from
Momeit, first U Peik, and then U San Dun, was sent to collect. It isnot
known locally how these were remunerated nor what was the total of collec-
tions.

In 1255 (1892-93), Mr. Daniell arranged to farm out to Seinda the collec-
lions at the above rates for 1,200 rupecs a year. Seinda says he lost over
this, but the year following, when the collection of the revenue was put up to
auction, he bid up to 2,850 rupees for it. [His explanation is that he wanted
10 retain the position of < boss » of this place, which was founded by him,and
that the effort to do so has ruined him. e certainly is not very well off at
present, for he cannot raise enough spare cash t0 wall his house in properly.
It looks more like a sayal. However, he still manages to kecp his AMyaw at
work in the rains. In 1257 (1894-95) in default of any oneelse, the collec-
tion was again offered 10 him for 2,850 rupees, and he foolishly took it at
that figure, but the mines failed to yicld. Maingnin was practically deserted,
and after Seinda had paid up 2,000 Tupecs, he was let off the balance as
irrecoverable. Then in 1258 the Momeit stove tract was notified.  Origin-
ally the amount to be paid per man working was fixed at Rs. 10 per month,
but when Mr. Fleming visited the Maingnin Mines, it was pointed out that
this was too much and the rate was reduced to Rs. 2 per cach man at work
per month, and this rate has obtained ever since.

The amounts recovered under the head * Tourmaline licenses 7 appear
to have been as follows:—

Year from 1st January to 3ist Decembet. Am{{)l:nt-
1890 . . . . . 190 for ten months.
1900 ' . . . . . . 1,510 .
tgot . . , . . . . . . ?iz N
1902 . . . . . . . . . . 328
1903 . . . . . . . . . . 2035
1904 . . . s . . . . . . ;,,m)ﬁ
1905 . . . . . . . . . 2,010 B
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Tourmaline is found in separate crystals in the interstices of a hard
granitic looking rock. The surface soilis of a dark red colour, and ata
depth of 6 to 10 feet about, this is found mixed with a whitish friab’le rock in
which isolated small bits of tourmaline are from time to time found.

Asa con.sequence men with no means find it occasionally profitable, when
they have leisure, to dig down 8 or 10 feet on the off-chance of finding some
not very valuable bits.

‘ (a) This system is called “ Katht taik” or ¢ Kathe system ” after the
idea of the original ruby diggings at Katht. It is recarded much in the
same light as the Karnese method at Mogdk and no tax :ppears to have been
hitherto co\lf.:cled on workers by this system though there a to be no
valid authority for the omission to tax them. Ppears 10

1 (}f)fﬂll)e next method is the ordinary Zwinlén method of sinking a verti-
cal shalt about 4 o 5 fee:.t square. By custom the owner of the shaft is en-
titled to extend his workings underground anywhere to a radiu £ five fathoms
from the centre of the shaft. Adius Ot five fa )

Inthis way the vein, ot Kyaw, is i

, 18 reached, in whi ine i
embedded, in irregular crystals for the mos,t 'Sh the tourmaline s foun

base, usually of a dark colour, part hexagonal with a flattish

. — varying from brown to black: while the
upper portion, which is of the light transparent pink, which ,is th‘e most

highly prized colour, terminates usually i . !
the extreme apex of which is usually f?)]é{‘ ‘;nﬂ;}tlti 1::;er;s::;x.on of thrlele Planes,
In the mc?st v?.luable variety, which is foung i;1 a m‘ntg'a snf'na }t\r.langle.
area of this triangle at the apex is so extensive thata rltx ot white, thle'
the whole su‘rface of the upper end of the cryatl. 50 xﬂ covers  neatly
have been sliced off. For. some reason it appears'from Iathn a;;pealrs tol
people say, that crystals with this flattened top are pr:;.cti "\ what ¢ ¢ oca
much of the lower badly discoloured portion, anq cally always without
parent colour, ’ present an even trans-

' The “vein” is formed by a vein of white har

interstices of which the tourmaline is found, at t’imes dheri

th? rock, at others lying separate in the loose ye]lowishae ir}:ng 10.05'31)’ ¥
with the granite. When a vein is once found it is follo\::d e found
possible subject to the five-fathom limit alluded to above VS‘;!? onmes
makes t.he mining s0 exciting and at the same time kc;e 3 tl:t’ }TOWCVGT,
.ﬂ uctuatmg'_ is that the tourmaline crystals are only four?d int: lf}dustl'}’
in the. vein. One may get several in the length of one yardr:::it?lllﬂy
:.:hey‘wlvxll unaccountably cease. Directly one man strikes o veir; ield'e:
Tystals everyone who can commences digging along the lie of he ve

but it is :all 2 toss up as to whether, when the vein is r
tourmaline therein,

d, granitic rock, in the

. the vein,
L ) . eached, there will be
Adjoining winlons give absolutely different results,

PART 3.] Miscellaneous Notes. 237

Vg

and it is calculated that at least two-thirds of the shafts sunk yield nothing
at all, while only an occasional one is at all rich. Of the 62 fwinléns
at my visit only three were yielding, and of these only one had traces
of the best quality stone. The * veins " are fairly deep down, none having
ever been reached at a lesser depth than nine fathoms, while an ordinary
depth is 40 or 50 cubits. When the “ vein " takes a downward direction it is
followed as far as possible, but that is rarely over about 60 cubits, for at
that depth the foulness of the air puts the lamps out. Work in the swinlins
ceases in the rains, from Kasén to Thadingyut, because of the difficulty of
working in dim light and of the liability to flooding of the pits. Ordi-
narily the condition of the industry is depressed and except for Kathe
workings, which have hitherto escaped taxation, nothing much is done
unless and until some onc strikes a rich vein, when there is a rush to
the spot.

The vein is said rarely if ever to show an outcrop, and it is a matter
of pure speculation where to dig. As the whole place is covered with
jungle, prospecting any way would be laborious. Since the industry was
re-started by Seinda, who has not been successful with his Mpaws, there
have been three finds, each causing a rush.

The first was some seven years ago at Hpai Baing (Milaungg6n), about
amile to the south of the present place, and near Where the Chinese had
worked formerly.

The next was a year or two later at Htaukat between Milaunggbn
and Sanka. Then there were three or four lean years, and then early in
1905 one Konhkan struck a vein near Sanka village, which has attracted
the present growth of population to Maingnin, but, as explained above,
though the area within 100 yards of Konhkan’s original shaft is honey-
combed with pits, only three are yielding and Konhkan’s fwin has ceased
to yield. It should be noted that at every fwinlén is put up a small
« Katsin " fashioned after the pattern of a house, with open sides, and gay
with flags to the “ Maingnin '’ Shin Ma, the unfortunate ugly Chinese
Princess noted above, whose spirit now rules the place, She is placated
with daily offerings while work is going on.

All the material dug out from inside the ‘winldn is pulled up to the
surface in small buckets, all worked by enormously long pivoted bamboos
worked with a counterpoise, and the tourmaline is sorted out by hand,
the granitic fragments being piled in a wall round the mouth of the shaft.
The Twin Gaung or owner employs, asa rule, three men per shaft to do
all the work of digging. He pays the license fees and all expenses,
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except hutting and clothing.  The cost of food of a cooly per month is
est\mate‘d at Rs. 10, rice being sometimes as much as Rs. 7 a basket. Al
tourmaline found is sorted into three sorts :

] (1) A.}Wl Yyay, the best light pink coloured, of which the sort most
estimated is—

() H/ez‘k_Ti or {lattened at the top as noted above.
(0) Be Ym‘z is the usual kind with a conical top formed by the
meeting of three planes,
(2) Ahka (\valst‘ or side).—This is of a darker colour generally,
and has thﬁ lohwer portion of the crystals’ length discoloured brown to black.
(3) Sinzi or Amyi (tail) which includes all fragmentary crystals of
whatever col‘our or water which are imperfect, or of a small size less than
altl)o?/t ‘a?.’u‘lct&.l The: Eurchaser bids for only the two better kinds and
the “snze™ is thrown in for nothing. The stones ar i
yay fetching from Rs. 1,20 tf{ i i e
fu -+ 1,200 (0 RKs. 1,5¢0 per viss, while Ahka fetches
about Rs, 500 for that quantity.
1t is said to be impossible to giv
€ any avers i i
ks 1o e tobe e 8 y erge time as to how long it
1ss, as the finding of the gem is sp uncertain,  Anyway

whatever the stones out of each zwinlin fetch in the aggregate, is divided
g ?

in half between the Z7e/n Gaune
: s onthe one h . e
S and ¢
on the other. d and the coolies jointly

All purchases made locally ar
y are made by b '
Shan Burmans, who reside at Momeit or g okers, usaally Shans or

re-sell at Mand}ﬂay to the Chinese who makelzu ::;xsz ?to.f tl;l;h:§11:n LP trmr:t

)tagorlgc;se a;e s;xd, owing _to the restricted market, by no megns .always

themsél»vesn the transaction. A}?Parently the Chinese merchants do not
. come up (o buy direct st the locality

Jade Mines. v, as they do at the

- ~(1£) '_Il‘lhe 1as.t system is the Afyaw, hydraul

l;l Sslz'en 111 a ve(;n 18 met with. There are only two Myazes, onc owned
inda ¢ o

Sgld o 10, vnotef ab’ovc, and the other by one Maung Peik, to whom Seinda

o ' Wer of two water channels made by him, for Rs 175 Naturally

“15 sf)stem“cannot extend much, as Seinda had to bring }.ﬁs water for

miies from Manhe hill, to the w ‘

. , est of the head of 1} i i ’
hi _ : the Maingnin valley
\Io‘hinape;:txox{s can only be conducted in the rajns when 1he;c is water
o D; gomg on at present. The Myaw Gaungs are said to pav

S. 2 per month for each cooly employed by them. . |

No one could gi
- ) gve me any : .
annually. Dy approximate estimate of the total outturn

ic washing away of the
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Nummulites Vredenburgi, Prever, nom. mut.

In Vol. XXXIV of these Records (1906, pp. 79-95, Pl VIII), T de-
scribed what I thought to be a new species of nummulite, from Kachh, as
Nummulites Dowvillei, unaware that this name had already been bestowed
in 1902 by Dr. Prever on a nummulite from the neighbourhood of Potenzain
the southern Apennine. (Le nummuliti della Forca di Presta nellAppen-
nino Centrale e dei dintorni di Potenza nell’Appennino Meridionale, Alem.
Soc. Pal. Suisse, Vol. XX1X.) There is no copy of the above-mentioned
valuable Monograph in the Library of the Geological Survey and it is Dr.
Prever himself who kindly informed me of my having duplicated his pre-
viously defined name, doing me, at the same time, the great honour, which
I gratefully accept, of proposing to name the Kachh nummulite Nummulites
Vredenburgi, cither as a marked variety of Nummaulites parza, another
spacies described by Dr. Prever in the above-mentioned 1nonograph, or, if
suficiently distinct, as an independent species. Having received, by last
mail, a copy of Dr. Prever’s Monograph, I have been able to compare wmy
specimens with the descriptions and figures of N. parva, (loe. cit. p. 68,
Pl VII, figs. 1, 2), and they appear to me specifically distinct; this, however,
cannot be definitely settled without a direct comparison of the specimens.

(E. W, VREDENBURG.]

Additional note concerning a previous notice on *The Am-
monites of the Bagh Beds,” pages 109 to 125 of present
volume.

When writing the above-mentionel notice, 1 omitted to compare with the
Indiwn specimens, certain forms from the cretaceous rocks of North America,
described in the late Professor Hyatt's great monograph on the cretaccous
pseudoceratites. (Mon. U. S. G. S, XLIV, 1903.) On referring to this
work, T find that the two species for which I ventured to propose a new
genus “ Namadoceras’ probably fit into Hyatt's genus Ca’lopacera:,.though
none of the American species figured show such a marked bipartite sub-
division of the esternal saddle as Ammonifes Bocer of the Bagh beds, while
the auxiliary series, in the American forms, is subdivided into more numerous
inflections, especially when compared with A. Scndic \vhic.:h has only one
auxiliary saddle. Amongst the forms which I had mentioned as closely
refated to the Bagh ammonites, 1 notice that 4. Requieniis actually regarded
bv Hyati as a Celopoceras, and 4. Georilianus as 2 member of a closely
related genus, Platylenticeras. The Aerican species of Calopoceras are
from the Colorado-zroun. and are regarded as Turonian, which is also the
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geological age of Celopoceras Requieni. 1f the two Bagh ammonites are

also referred to Cwlopoceras, the range of the genus must be estended down-
wards into the Cenomanian.

Owing to the insuflicient state of preservation of the Bagh specimens, the
existence of the characteristic hollow keel mentioned by IIyatt cannot be
verified.

Another genus which seems closely related is Hoplitorder, von Kocnen,
from the Cameroon country in West Africa. Unfortunalely, von Koenen's!
and Solger's® important memoirs on the cretaceous of Cameroon are ncither
of them available in Caleutta. 1 gather from-Mr, Sayn’s account in the
Reyue critigue de Paléozoologie (1906, PP. 47-50), that Dr. Solger rcgards

the Hoplifoiles-bearing bads of Cameroon as Lower Turonian, their base
perhaps reaching into the Cenomanian,

E. W, VREDENBURG.

v l‘ Abhand'. dev Kon. Ces. d. Wiss. zn Goettingen, math-phys. Ki.,, o Fo
ol 1.
? Deitr.g Geol, v, Kamerun, 1goy,
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road skirts the northern extremity of an elongated low anticlinc
of Si

walik sandstones, forming an adventitious fold in front of the
main border of the range. The road next passes south of the
picturesque town of Sakhi Sarwar, clustering round a holy

shrine held in great veneration by the followers of both the Koran
and the Vedas, and standing on

Siwaliks forming the southern e
anticlinal roll of much greater im
tioned as occurring south of the r

the lower slopes of a spur of
xtremity of another adventitious
portance than the one just men-
oad.

There is a staging bungalow at this
beyond which commences the ascent up the Suleiman range proper.
The road winds through one of the most important passes across
the Suleiman range, and, at all times of the

year, but especially in
spring and autumn, it is thronged with the most delightfully
picturesque gaily clad people, either on their way down to the

Punjab plains to avoid the severe winter of their native mountains,
or on their homeward journey with the return of the warm weather,

It should be mnoticed that until within some three miles (as the
crow flies) from Fort Munro, the road, while it constantly ascends
in altitude, follows a constantly descending geological section. This
is because it travels towards the axis of an anticline
across  dips which are much steeper than the general
slope of the hill-sides. The outermost slopes  consist of the
Siwalik formation, largely built of buff-coloured sandstones, often
conglomeratic, especially in their uppermost layers, while towards
their base they frequently assume red tints and are associated

with bright-coloured clays. 1 am not certain whether,
to the Lower Siwaliks,

point, about four miles

in addition
these lowermost beds do not contain
representatives of the Nari or Gaj formations of Sind
beds of the Punjab), which when unfossiliferous are easily mis-
taken for the Lower Siwaliks. I drove across the outcrop in
April 1906, but could not afford

sufficient time to ascertaiy this
point. Oligocene or lower miocene beds are know

n at a short dis.
tance both north and south of Fort Munro.!

(Murree

' The road to Fort Munro follows the
to W, T. Blanford, who examined the S
1882, the gorge of the Sirj river,
through a conspicuous exposure of
glomerate of the Lower Siwaliks. (

gorge of the Rahki riyer,

; According
uleiman r

ange cursorily in the year
some four or five mijes further n

. orth, cut
oligocene beds underlying the bottom cons-
Mem., G. S, 1., Vol. XX, p. 224.)
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i ata, whether it be Middle or Upper
’ljhe base Of(lt’llefc:fr‘e%ztj;] s;:ccn’e nummulitic beds of. Lower
Tertlz'll‘}’v rests S-es aning with the Laki formation of Smdﬂand
Lutetla.n age'liocoa‘,lf)beaf'mg group in Baluchistan and the Pux'ljab).
paluchistan (il(ltetian limestones known elsewhere as the Khirthar
The Uppel;) ]ut from this part of the Suleiman range. The upper-
gronp azea?usf[of the eocene beds is a white limestone of small thick-
gzaossstc:o:vded with specimens of OVt/zgﬂl 7‘61_{7;}1]17;/;1; étldjfzfj)sugif;ZS
i series of grey shales corresponding wi ! .
ctxtlocfp oef the H:ma}:i valley, restiﬂ.g in the}f turn upon t:iln di;t
:ummulitic limestone crowded with ale:olmae, represen dgr e
subdivision distinguished by Griesbach 1n Bz'ﬂuch.lstax.) dun Eere °
name of “ Alveolina limestone,” and also occurring 1n Sl‘ll 1.w oo it
constitutes the Laki range.! In additior'l to alveolinz, t}l_'ts H;l;cicus
contains nummulites, which [ have identified as {/Yu}zm;zsz;i;esr: CharaC:
N. irvegularis, and Assilina granulosa, all of w 1f1c ;:ar o Cerithium,
terise the Laki formation. Weathered casts of a : gs ol
of a Rostellaria like shell, and of a large Luczf}zﬂ» an 2 fock o e
big Conoclypeus, have been collected from t(;e S;néa tain’Nicolas,
w:stem side of the anticline, by ‘Mr. Maynar 3“{ ué)ntl observed
This limestone exhibits the brecciated stru'cture requ t);le served
in the Alveolina limestone {(and somfetlmes alsodmS e _ower
Khirthar limestone) in Baluchistan, which 1 r<?gar ;vmus e
poraneous structure due to wave or current a;tlo}r;,x;w 178.)
definitive consolidation of the rock. (Rec., G. S. /., - alr’n[()).st e
The dark-grey Alveolina limestone rests on a N
i se of which there 1sa bed o
limestone of small thickness, at the base o e hichaeas
laterite. These lateritic layers, even when of. msxglm cfanBa]uChistan;
are of great assistance in unravelling the stratigraphy o o5 in thé
as they reveal the existence of hidden uncc.mformltle§ Ortf parallelism
sedimentary sequence, otherwise unrecognisable owing to p ‘

axp d to disprove
R . W. T. Blanford endeavoure
! In his account of Baluchistan, W. . .G. S 1.
e extence of e Aeoling fimosore discoeed by Gl (o & B
s -

X, pp. 115, 119-122,) Subsequent researche : 13
z? Gr‘i):sblaci,’s 3iews,) not only in Baluchistan, put even in t::v‘:l):i;dar::: Oa
Blanford’s previous work in Sind, where the ;‘\lveolma lm:‘estone: r Khirthar lime-
grand scale in the Laki range, had been mistaken for the nel\ve' 1903, p. §2I

- ey . . b
stone. {(Centralblatt fity Minervalogie, Ge”\i’)gw z(:;dgsPtiétjﬂl;t;’BU)g'ien 903 ‘
1005, PP- 135, 1703 Rec., G, 5. I, XXXIV, pp- 79°95 B 2
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of stratification between formations vastly differing in age. The
failure to recognise these gaps has greatly retarded the completion
of our survey of Baluchistan and has even led to erroneous conclusions,
such as the supposed existence of a continuous passage between
Cretaceous and Tertiary, which can now be shown to be no more
existent in India than in Europe. (See Rec., G. S. I., XXXIV,
pp. 86, 173, 174, 182, XXXV, pp. 117-118)
The accurate stratigraphical details supplied by Mr. Maynard
in illustration of his collections, indicate that some of the fossils
lately forwarded to Calcutta belong to this lateritic layer, constituting
locally the base of the Tertiary system. Mr. Maynard’s specimens
from this horizon are probably from the western limb of the Fort
Munro anticline, Where I crossed the outcrop of the lateritic layer
along the castern limb, I found it unfossiliferous. Mr, Maynard’s
specimens were collected “on the road to the Dhobi Ghat, where
it crosses the bottom of the valley.” They include a small chambered
nucleus of a MNautilus, some simple corals, and a fossil fruit, in all
of which the original substance is entirely replaced by hydrous
iron oxide. Pl 31, fig. 1, 14, shows the outer aspect and a section
of the fruit. I have shown this fossil to Mr. I. H. Burkill, Superin-
tendent of the Industrial Section, Indian Muscum, who has very
kindly given me the following particulars: “Itis a trilocular fruit
with more than one ovule in a loculus; placentation apparently
axile ; seeds suspended ; the unpaired cavity is empty, the paired
cavities carrying the seeds present, but the unpaired cavity is in
no way aborted, but fully as large as the others. The fruit has
the size and appearance of that of /r7s, but there is no reason for
assuming it to be an /r4s: indeed the ovary walls thickened laterally,
and the slight compression of the fruit, which suggests that it be-
longed to a cone, ate quite forcign to the Iridiace®, The preseace
of more than one ovule in a loculus renders the fruit different from
that of a palm, which the thick ovary walls would otherwise suggest.”

I have not seen any description of a fossil fruit identical with
this specimen ; it does not help therefore the determination of the
age of the rock. Of the other fossils discovered by Mr. Maynard
in the same layer, the corals belong to a species of Tyochosmilia
which I have not identified with any described form, and the
Nautilus is too fragmentary for determination. Occurring as they
do in the laterite, which originated from the atmospheric alteration
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of the surface of the cretaceous series, left exposed to the air by
the retiring waters of the cretaceous ocean, they probably represent
the organic remains preserved in the uppermost cretaceous bed of
this locality, In Jhalawan, 1 have on several occasions found numerous
fossils from the Cardita Beaumont: beds (vppermost cretaceous),
entirely pseudomorphed by iron oxide at the junction of these beds
with the overlying eocenc. It is nevertheless possible that the
same mode of fossilisation might affect the first organic remains,
laid down on the lateritic surface, on the return of the eocene
occan: in Sind, where a latcrite band represents a stratigraphical
gap between the Ranikot and the overlying Laki series, I have
observed nummulites and echinoids of Laki age transformed into iron
oxide where the Dase of the formation rests upon the laterite.
Nevertheless, the conditions at Fort Munro are so similar to those
observed in Jhalawan that it is more probable that the remarkable
fossils collected by Mr. Maynard belong to the stratum below the
unconformity, and are therefore uppermost cretaceous. They are
sufficiently interesting to justify further investigation.

The whole of the cocene outcrop is excessively contracted along
the eastern limb of the anticline, owing to the high angle of dip;
but west of the outcrop of the underlying cretaceous, the Alveolina
limestone spreads horizontally over considerable areas along the flat
summit of the arch, constituting the plateau upon which stands
Fort Munro. Further to the westward, judging from an unpublished
survey commenced by my colleague, Mr. I'. H. Smith, it continues to a
considerable distance in the shape of a relatively gentle dip slope.

By comparison with similar sections studied in other aveas, and
from palxontological evidence, it can be shown that the beds im-
mediately underlying the laterite are of cretaceous age (Danian or up-
permost Maestrichtian), Far from there being a gradual passage from
cretaceous to tertiary as has invariably been assumed in previously
published descriptions of the Suleiman range?, it is therefore evident

' W. T. Blanford, Sind and Punjab Froatier, #em., G. S. 1., Vol. XX, p. 108
(1883). In this work Dr. Blanford regarded the whole of the Cardita Beaumonts
beds as eocene, and his classification was more orless followed by Griesbach
(Geology of the Takht-i-Suleiman, Rec., G. S. L, XVII, pp. 175-190, 1884), and
by LaTouche (Geology of the Sherani Hills, Rec., G. §. 1., XX VI, pp. 77-96, 1893),
who nevertheless mentions that R, D, Oldham had already expressed doubts
regarding this correlation (p. 82, foatnote).
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that therc isa stratigraphical vap : i ;
Ranikot system of Sin(glb, tEat is tﬁ(?[;orli];z‘zf.r;?gth? ‘Ei’flehO]C Of' th’(;
) ¢ ables de Cuise
London clay, and Woolwich and Reading sands, as well as the <~r’v-
taceo-tertiary passage zones such as the Thanet and Mons horiyolns; (;f
the Anglo-Parisian region. o
The rocks immediately underlying the laterite are black sand-
’stones full of volcanic material and crowded with fragmentary lossils
They represent the horizon of the Deccan Trap. 'i‘hol rcs}t’ ‘(‘)ni’:;
vast thickness of white or whitish sandstones whose ex yosed :uprface‘
weathers with a black crust: the huge blackene( surfacgs of the bed-
dif]g planes dipping steeply castward give to the SUIeir;\anx range, it
this neighbourhood, a very peculiar and characteristic appearancc

when viewed from the plain to the east. The total thickness of these

sandstones is. considerable, excecding 2,000 fect. They correspond with
the Pab series, so called after tie range of that name in Jhalawén,

where they attain an enormous dcvulopment. In Sind these rocks have

b 1 he « 3 2 . : 1
een described as the “ Cardita Beaumont; beds” owing to the leading

fossil that occurs in the interbedded calcarcous layers. In the neigh-

b;n:}rholod of F}(:rt Munro they are usually very massive, though somc
of the layers show a tendency to become shaly, when the rock becomes

of a dark colo >
ur even on unweathered fractures, and assumes the

f:haract,er1§nc appearance of the flysch formation. The flysch facies
in Bah}chlstén 1s apt to invade formations widely differing in 5

producx'ng a sameness of appearance which, combined with the yg glle’
concoml_tant absence of fossils, has been a fruitiul source of e o J
u{lravellmg the stratigraphy of Baléchistin. The neocomiap ¢ bt
nite beds”, the uppermost cretaceous Pab sandstone T e
lutetian Ghazij (coal-bearing serics}, the middle lutctian .
thar, and the oligocence series known under various ne;I
Gaj, Mekran, Kojak, Murrce, ete.,, arcall a |
facies, and have been forced into doing duty fc
ous geologists, the present writer inch;dcd L

the lower
Lower Khjr-
nes such as Narj
Ptto assume the ﬂysch,
¥ one arnother by vari-

‘ the. ! The most extensive and
I may mention in particular the shales and ¢

and Pishin valleys and in the Koj i
) Jak range which hay :
and forwards from Cambrian through Ca:boniferous 'I?r?::'\\cshlfts_i backwards
e ca® a0 Cretage

Locene. 1 represented thes 2 3
™ s Focene in my wmap of the Quetty bt ous o

regions it Vol. WRRL (PL. 18) ¢k \nes Pish
\ . - . < se W L » Yiskip . y
thf:\r oligocene age owing to the discovery of Q'cmds » but havg M and /‘hOb

oligocene foraminifera and cl mt&rbedd i

; ; © fing :
(Vel. XXXV, p. 50). ypeasters in the Zhoh, Pisﬁ}? hSSlmero Y ascertained
M, ap ) ands with
Tan districts

andstones north of the Zhob
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most typical flysch outcrops are those constituted by the oligocene
Kojak shales; in this respect the geological features of Baldchistan
agree with those of Europe where the bulk of the flysch formation is
oligocene, although older rocks as well are at times affected by this
particular facies.

The specimens collected by Mr. Lee-Mayer, Mr. Maynard, and Major
Pirrie from the flysch-like layers of the Pab sandstones at Fort Munro
include numerous specimens of thosc curious markings which, for
many years, were described as the flysch alga, until it was demonstra-
ted by Nathorst {Om spar af nagra evertebrerade djur m.m. och
deras palcontologiska betyldese, Kongl. Svenska vetenskaps-akade-
miens handlingar, Vol. XVIiI, No.7, 1881) that they are mostly
tracks and trails of animals, or cven mere impressions of organic or
inorganic particles dragged over the soft mud or sand, or else furrows
and pittings duc to currentsand eddies.  The most numerous amongst
the Fort Munro specimens appear to correspond with the structures
described as Tenidium and a variety of other generic names, such
as Caulerpa, Phymatoderma, Harlania, Avthrocyphus. Their exact
attribution is of small consequence considering the vagueness and
uncertain nature of many of these structures. They appear as bundles
of cylindrical bodies with blunt rounded terminations (Pl 31, figs.
2, 3). Occasionally these cylindrical bodies are very minutely
wrinkled transversely, the best instance of this structure being exhibited
upon one of Mr. Lee-Mayer's specimens (fig. 2). Specimens close-
ly resembling those herc represented have been figured by Th. Fuchs
as Caulerpa (Phymatoderma) arcuata Schimper, from the cretaceous
flysch of Rignano near Florence, and Phymatoderma sp. (Fucoiden
and Hyeroglyphen, Pl IX, figs. 1, 2, Denkschr. d. kais. Akad. d.
Wiss. math-naturw. Classe, Vol. LXII, 1893). Of Fuchs” two speci-
mens, the first one especially resembles the one collected by Mr, May-
nard (Pl 31, fig. 3), while the second is closely similar to Mr. Lee-
Mayer’s specimen (fig. 2). The exact nature of these fossils is
uncertain. It has been suggested by Nathorst that they may represent
the casts of annelid burrows, the transverse wrinkles being caused
by rythmical contractions of the body.

Amongst the material collected by Mr. Maynard, there is an excel-
lent specimen of the markings that have been classified in the group
of the so-called Chordophycez. (PL 32, fig. 1). Many of these
‘markings, according to Nathorst, are tracks caused by shrimps and
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other crustaceans, not by crawli i ‘
1g, but in the act of swimmi it

. . N . <t ning quite
ZIOS'L xto aty;d ‘dlmogt in contact with the sca-floor from whith lthc
ve“YL gentie Slllpporl .WIthf)ut actually resting onit. Mr. Ma nard’i.
specrmen 1 am%tlldentlcal with the track of (,'r(m(r.on m}:lgarix
exporimentally obtaincd by Nathorst (loc., ciz. PL. 1, fig. 3). Mr
. . 1, fig. 3). Mr.

Maynard, who identified the specime 5
pecimen as a crustacean track, men-

tions that similar markings
are ve .
cretaceous flysch. Thcg ry abundant at certain zoncs of the

followi . .
Maynard as those where wing spots are mentioned by Mr.

the speci .
ground west and south of thepnﬁlgr:ens are most plentiful : (1) the

Dhobi’'s Tank. que below the bazar; (2) the

It has been ascertained b
. E y Nathorst that i .
able difference between tracks of animals belc::;r:glst often no appreci-

genera, and this explains the sameness exhibited picely different

algae from the earliest cambrian to the miocene molby the supposed

. - , lasse. .
at the illustrations in Heer's Flora fossilis Helpetiz will ‘:h fla:;e
w tae

cqmplete similarity between many of the so-called algwe f

oligocene ﬁysch and those from cretaceous rocks Saflclb e
these marlfl.ngs are of indifferent value as zone fossils’ > et many of
. In;ddx;lon to t.racks exhlbiting distinct structures, the collections
from or.t unro include many slabs whose surface is crowd h
indeterminate markings which often overlap onf; amothow'ed e
manner as to produce fantastic resemblances to dragon ;r . Sl}Ch :
etc.  Similar markings abound in the flysch of Euro eg A e ers,
plt? qf one of these slabs is shown on PI, 32, fi - goqd o
this illustration was collected by Major Pirrié & % The original o

It.is‘interesting to note that closely similar i

;}:; :,iltr:?di};yf}?:?ndﬁ?rfles jvhich, up to the present,n;lz.rvl:nygiil?]reedfound’ i
definite In th V\.;ayo osslls:. Tlle surfaces of sandstone slab noﬂllll_g
: {ndhyan series in Peninsular India are f At certain
;Vll::h such markings. For comparison with Major E’TO 'us’ely covered
oo 1.3 8 o o o 14
; of the Sirboo shales, which [ ¢ llec ‘red colour
23°% Long. 78°1) in Bhopal. olected at Lilgar (Lat.
X .135 in the case of the Pab sandstones, t

eiilibei:iﬁzej:rm(cjle;er.mmate markings, some “chordophye )
N La%of(:hmte struct}Jres. A beautify] exaxlr)] }l,ée?uls tracks
shown in Pl 34 Ti at Barui near Osia, 30 miles nortﬁ fw i Y
. 34 e fossil, forming a relicf cast at theos ](f)dhpur[, s
urface of a

he Vindhyans also contain
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slab of red sandstonc, consists ol a succession ol swellings about 25
millimetres in width and 45 millimetres in length, somewhat recalling
in shape an inflated wine skin or bagpipe, or a deflected urn; from the
thicker end start thick tentacle-like filaments, one of which constitutes
the stalk of the succeeding swelling. Throughout the greater portion
of the specimen the swellings are better marked on one side than on
the other, as if the animal that produced them had been crawling side-
ways. 1 have failed to identify this fossil with any figures of such
structures to which I have had access!.

Some of the slabs collected by Mr. LaTouche are covered with
fusiform bodies identical in size and appearance with similar objects
occurring in the Silurian of Portugal, and figured in his work on the
Bilobites {Etude sur les Bilobites ..., PL I, tig. 1, 1380), by
Delgoado, who regarded them as bearing some relation to the
bilobite described as Cruziana furcifera, dOrb.

The absence of identifiable fossils has often been adduced
as an argument for referring the Vindhyan series to the pre-
Cambrian period; but it may here be remarked that the state-
ment frequently made as to the Vindhyan rocks being eminently
suited to the preservation of fossils is misleading. The reasons

iven are that the formation is rich in limestones and that it
is very little disturbed. On the one hand, rocks can be greatly
disturbed with the development of slaty cleavage and even the
crystallisation of secondary minerals without obliteration of the
fossils, and on the other hand, the Vindhyan limestones belong
to a class of rocks in which, so far as my experience goes,
fossils are always rare or absent: there is an entire lack of
the rubbly and porous limestones that usually yield fossils. The
Vindhyan limestones are usually thin-bedded rocks, the fracture
of which has a porcellanoid appearance, and which are often
striped in bright tints of alternating red, or purple, or green.

1 At page 300f his Memoir on Western Rajputana (Mem., G. S. I, Vol
XXX, part 1,. 1go2) Mr. LaTouche has mentioned the tracks that cover the bed-
ding planes of the Vindhyan sandstones at Osia. The specimens described are
relief casts of straight or curved grooves; no mention is made, however, of the re-
markable fossil here reproduced. Markings similar to those described by Mr. La
Touche, but of rather smaller size, ar¢ to be seen on the Vindhyan slab represented
on PL. 34 of the present volume, and on the specimen irom Fort Munro repre-
sented on PL. 32, fig. 2,
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They often pass into shales of similar texture. The presence of
ripple marks on the bedding planes of the limcstones show that
they were deposited as a calcarcous mud. [ am unable to account
for the exact manner in which such rocks have originated;
they are very abundant at certain horizons of the Cretaceous
and Eocene of DBaluchistan, and are always nearly or quite
devoid of lossils, even in these otherwise highly fossiliferous
formations.

My colleague Mr. Hayden informs me that markings closely
resembling some of the crustacean tracks of Fort Munro occur
in great profusion in the Haimanta of Spiti, beneath the lower-
most fossiliferous zone with Lingulella, amongst beds which
cannot be newer than lower Cambrian. They also occur above
the Lingulelia zone, as has already been stated by Hayden
(Mem., G. S. 1., XXXV], p. 135).

I have correlated the sandstones underlying the Tertiary rocks
of the Sulciman range with the Pab sandstoncs and  Cardita
Beaumonti beds of Baluclistan and Sind on account of their
identical stratigraphical position, that is, passing conformably
downward into the ““Hemipneustes beds 7 which contain Maestriche
tian and Campanian fossils, while they arc unconformably over-
laid by the Eocene. The presence of voleanic material is a
point of some importance for correlation, basalts and volcanic
ashes being frequent at this horizon, which corresponds with the
Deccan Trap of the Peninsula. The fossils so far collected by
Mr. Maynard from the laterite layer at the top of this formation
are insufficient for purposes of corrclation, and the remarkable
tracks of crustaccans and other animals are, as already explained,
uncharacteristic from a zonal point of view, Neverthcless, at a
horizon which has not yet been determined, the sandstone
contains some well-preserved characteristic fossils: [ found numerous
specimens of an Orditoides which I identified as the Maestrichtian
O. minor Schlumb. in some of the derived blocks which form
the extensive talus of pleistocenc accumulations that skirt the
Suleiman range, and are everywherc largely developed in the arid
regions of the north-west fronticr and throughout Persia. ! The
staging bungalow at Rakhi Munh, in the neighbourhood of which

! For descriptions of the talus formation, see Rec., G. S. L, XVII, pp. 189-190
(1884), XXV, p. 41 (1892), Mem., G. S. 1., XXXI, p. 41 {1901).
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I obtained these specimens, stands on a terraced spur of these
pleistocene accumulations. The appearance of the blocks containing
the Orbitoides is not sufficiently characteristic to decide from
what particular zone of thc Pab sandstones they were derived,
without a much closer studv of the scction than [ could afford
time to devote to it. It would be highly interesting if a geologist
residing at Fort Munro could trace the cxact horizon of the
fossiliferous band. Orbitosdes minor characterises the uppermost
cretaceous of Macstricht, and its presence is thercfore consistent
with the correlation of the Fort Munro sandstones with the Pab
sandstones of Jhalawan,

The Rakhi gorge, where it traverses the axis of the anticlinal
arch, cuts through a magnificent section of the beds underlying
the Pab sandstoncs. These are the dark shales and grey limestones
that have been deseribed in other parts of Batuchistan as the
“ Hemipneustes  beds”, whose age ranges from Campanian to
Macstrichtian. In a few minutes’ scarch I obtainel recognisable
specimens of Orditoides media & Archiae, Holectypus baluchistanens
sts Noctling, Echinanthus Griesbachs Noctling, and fHemipneustes
compressus Noetling, all of which are characteristic fossils of the
Hemipneustes beds. The cxposures in the Rakhi gorge seem
therefore to be richly fossiliferous and swould well repay systematic
exploration.

These are the oldest beds exposed in the neighbourhood of
Fort Munro. The carriage road follows their outcrop for about
three miles, alter which the scction reascends as far as the horizon
of the Alveolina limestone, upon which stands the hill-station.

Further north the altitude of the Suleiman range increases
together with the increase in the amount of upheaval, and where
it culminates in the Takht-i-Suleiman and Kaisergarh, the anticlinaj
arch exposes, in addition to the beds visible at Fort Munro, a
considerable thickness of strata of lower cretaceous, golitic, and
liassic agel Nevertheless the easily accessible neighbourhood of

! A description of the Takht-i-Suleiman illustrated with magnificent panoramic
views has been published by Griesbach in these Records, Vol. X VI, pp. 175-160
(1884), and a detailed geological map of the range by La Touche in Vol. XXVI
(1895). Both authors have been misled by aticmpting to fit the stratigraphical
correlation into Blanford’s scheme, This, however, does not affect the accuracy
of the boundaries shown on their maps and sections. Al that is needed is to
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Fort Munro tecms with objects of geological interest, and it is to be
hoped that the observations here recorded will be the prelude to
further valuable researches.

shift some of the namei‘oftshe geological groups a degree or two higher. Thus in

the tabulated list of the Suleiman range formations . ,
: , at 82 0f I. he's

Memoir, the beds should be correlated page 82 of [.aTouche

. . . ite shal as follows : 1, massive limestone, middle
jurassic ; 2, belemnite shales, and 3, Pach limestones, neocomian ; 4, Hemipneustes

beds, campanian to maestrichtian (the “nummulite” mentioned is the nummuliform
Orbitoides media); 5, Pab sandstones, macstrichtian to danian; 6 r(:b bly the
Alveolina limestone, luwer lutetian ; 7 and S,G!\azij shales lower’Ly ctinn o
9 to 11, either the upper part of the I,akj formation of t’he L
published fossil determinations being insufficient to settla which of the two ; in
either case the ageis lutetian; 12, oligocene flysch ; 13 and 14, Siwaliks l.:),
miotene to pliocene ; 15, pleistocene and recent. The discovery’of the 01; 0!:591‘
age of zone 12 is due to my colleague Mr, G. H. Tipper, who latterly cogﬂect:::l
from these strata a number of fossils which he

. determined as Narj or Gaj in
age. Mr. Tipper's discovery finally disposes of

' Blanford’s assertions as to the
non-existence of marine oligocene beds in the Suleiman range (

Mem. G. §. [, XX
Pp. 108, 109,159, 160). The old collections of the Calcutta Museum also conm'u;
marine oligocene fossils from the Salt Range. Since 1901 [ established the
existence of marine oligocene beds in the Pish

in and Upper Zhob districts
(General Report for 1g901-1902, p.

123 Rec, G. 8. 1, XXX, p. 162, 1904,
XXXI1V, pp. 268-271, 1907). Noetling discovered marine

oligocene beds in the
Lower Zhob in 1898 (General Report for 1898-1899), p. 62, Lastly 1 hav:;}?ows
that the greatest part of the flysch, the marine formation most widely spread
throughout Baluchistan, is oligocene (Rec,, G. S. I, XXX1v, PP 89-g0 181)

utetian flysch ;
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LIST OF PLATES,

Prate 31, F16, 1.—Fossil fruit from the lateritc bed forming the upper
limit of the Pab sandstones at Fort Munro; collected by
Mr. H. J. Maynard. 1q, section of the same fossil.
Fie. 2—Phymatoderma from the Pab sandstones of Fort
Munro, collected by the Reverend Mr. Lee-Mayer.
F16. 3.—Phymatoderma from the Pab sandstones of Fort

Munro, collected by Mr. Maynard.
All the figures slightly enlarged in the proportion of about 47 to 44.

PLATR 32, Fie. 1.- Crustacean track from the Pab sandstones of Fort
Munro, collected by Mr. Maynard. Natural size.

Fig, 2—Slab from the Pab sandstones of Fort Munro,

collected by Major F. W. Pirrie. Slightly enlarged in

the proportion of about 47 to 44.

PraTe 33.—Slab of Vindhyan sandstone from the horizon of the Sirboo
shales, collected by E. W, Vredenburg at Lilgar (Lat. 23°,
Long. 78° 1’} in Bhopal, Central India. Slightly enlarged
in the proportion of about 47 to 44.

PraTe 34~Slab of Vindhyan sandstone collected by T. D. LaTouche
at Barui near Osia, 30 miles north of Jodhpur, Rajputana.

Length of slab : 33 centimetres.
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JADEITE IN THE KACHIN HILLS, UPPER BUrRMA. By A.
W. G. BLEeck, PuD., F.GS., CALcurrta. (With
Plates 35 to 39.)
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F. Noetling, Uber das Vorkommen von jadcit in Ober-Birm
Jabrb. fuer Min., Geol., u. Pal. (1896), Bd. 1.

Investigations and Studics of Jade. Thc Bishop Collection, New York
printed privately (1906). ’

a.  Neucs

O judge by the long list of publications our knowledge of
Burmese jadcite should practically be complete, and yet there are
numcrous problems relating to the mode of occurrence and the genesis
of jadeite which have not been solved satisfactorily,  Most of the
previous authors have bascd their views on the statements made by Dr,
I, Noetling, the only other geologist who has visited the jade-mines
at Tawmaw. Dr. Noetling’s survey of the jade-mines district, however
was incomplete, as he is carcful in pointing out himself, owing to the’

tact that thc unsettled state of the country and the impenctrable
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jungle impeded him in his work. 1 'nac% to contend with the same
difficulties, and alithough the jade.-mm.cs tl.lem‘selves offer every
opportunity for detailed petrographical mvcs.tlgatlor}‘, the geology of
the surrounding country could not be satrsfactorlly surveyed.' A
careful combination, however, of all the observatlon.s he.lps one to give a
fairly good idea of the geological fcatures o[.the district. The places
visited ontour were Manwe, south of Kamaing on the Indaw chaung;
Naniazeik, due west of Kamaing; Kansi, Lonkin,’ Mamon, and
Houngpa, all on the Uru chaung ; Tawmaw and Hwéka, the former

north and the latter south of Mamon.
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Fig. 1.
Sketch-map of part of Upper Burma.
Scale T in. = 32 miles.

Jadeite is found at three places in the Kachin Hills—at Tawmaw,
at Hwéka, and at Mamon. The quarries and mines at Tawmaw are
undoubtedly the most interesting. Tawmaw is situated on a plateau
approximately 3,000 feethigh. This plateau is about 10 miles long
stretching from north to south ; its breadth, however, does not exc.eed
one mile. The jadeite, associated with other minerals, occurs in a
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dyke of igneous origin.  This dyke is intrusive into the scrpentine,
which is the predominant rock on the plateau. The mines and
quarries cover an area of ground approximately 500 yards long and
200 broad. (Pl 33, fig. 1) Twelve shalts have been sunk on the
jadeite dyke and arc being worked. These numerous shafts and inclines
represent different claims, which are let out to Chinese traders by the
owner of the jade-mincs, a Kachin chiel.  Underground the workings
are connected up. Some of course are considcrably deeper than
others. Mining-mzthods have not changed since Dr. Néetling visited
Tawmaw in 1892. The fire-process for cracking the rock is still in
vogue exactly as previous authors have described it,

These mines are only worked about three months in the year from
the beginning of March till the end of May; during the rains malaria
fever stops all work. In January the Kachins begin to bail the mines
which fill up with water completely during the time they are not
worked.  This laborious task takes ncarly two months to complete.
Day and night a few score Kachins are at work bringing up the
water in kerosine-oil tins. After the bailing is completed the mines
are ina dangerous condition, and nearly all the complicated timbering
has to be renewed (Pl 35, fig. 2).  On the occasion of my first visit to
Tawmaw all the shafts were under water, and I had to content
myself with specimens picked up from the dumps. A month later
however, I re-visited the place and, the mines being dry by this time,
I was able to study the jadeite /n situ. ’

At Hwéka jadeite occurs in the shapc of boulders in a conglo-
merate. Jadeite-boulders are not very plentiful, but sometimes \;er
large and, to judge by the crowd of Chinese buyers assembled a};
Hwéka at the time of my visit, quarrying must be Very remuncrative
The quarries are situated on the steep slopes of a fairly hiél; hili
north of Hwéka, and as there is no decp mining and consequentl
accumulation of water in the workings, the season for the jade-n}lli o
starts much earlier at Hwéka than at Tawmaw (PL. 36, fig. 2) et

The third jadeite-producing place in the Kachin Hili i}s. Ma
The mineral is found in the shape of boulders in the alluvial q “?r.’-
of the Uru chaung as well as in the bed of the river itself I(Vh cposits
ago jadeite-boulders were found all along the upper ;Oa(‘h:yofycalrs
Uru as far as Sanka.  All these workings, however, ; e

have h

Y wi \ excent . . g cen aban-
donec with the exception of those in the tmmediate neighbourl ]‘ f
Mamou, £ 10d o
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The geological features of the country west and north of the Indaw
chaung do not appear very complicated (Pl 39). The high ranges of
mountains between Manwe and Naniazeik are almost entirely composed
of granite. In several places I traced irregular masses of crystalline
limestone surrounded on all sides Dby this granite, The marble is
generally of a pure white colour. In many places it contains crystals
of graphite, chondrodite, forsterite, phlogopite, etc.  These minerals
were developed by contact metamorphism of limestone by intrusive
granite. It is significant that at many places the Kachins have
washed for corundum in the numerous little streams which come
from these mountains. Furthermore, ruby-mines were formerly worked
near Naniazeik.! Corundum is a specific contact-mineral in crystalline~
limestone, and there can be no doubt that the abovementioned marble
is the matrix, which originally contained the corundum. From the
fact that ruby-mines are known to exist 11 miles north of Naniazeik
I gather that granite and crystalline-limestone continue in this direc-
tion.  Six miles to the north-west of Naniazeik, however, serpentine
sets in and forms range upon range as far as Kansi and even beyond
the Sanka chaung. These serpentine-hills are all very much alike,
with steep sides crowned by long and narrow plateaus.

In a few localities a basic igneous rock belonging to the family of
the basalts was found and, as will be shown later on, it represents a type
called picrite-porphyry. Serpentine and an occasional boss of this
picrite-porphyry were traced as far south as Nanion.

South of Nanion the landscape changes, the hills becoming much
lower, and the slopes gentler. These low ranges are entirely composed
of a bluish grey sandstone, which sometimes gives way to a coarse
conglomerate. Identical rocks were found at Hwéka, where the conglo-
merate is rich in boulders of jadeite. Both sandstone and conglo-
merate are interstratified with very thin seams of coal. Some very
badly preserved casts of dicotyledon-leaves were collected. Mr.
J. Schuster very kindly determined them as belonging to a new species
of Laurus, which he called Tetranthera Hwékonsis. These leaves are
of some im.portance, as they prove the Tertiary age of the sandstones
and conglomerates. In all probability these strata are identical with
the miocene strata, which Dr. Néetling mentions in this paper on
jadeite in the Kachin Hills, Although the country lying between

U For an account of these mines se¢ Records, Geol. Sur., India,. Vol. XXXVI,
Pt. 3, p. 164.

¢
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Hweka and Nanion could not bhe surveyed it is wery probable that
these Tertiary strata continuc as an uninterrupted series of rocks
from Nanion as far as and even beyond Ilwcka to the south. The
Tertiary strata show considerable faulting.

West of Hwcka serpentine sets in again and continues on as far
as Houngpa on the left bank of the Uru chaung. On the western
slopes of these serpentine-hills overlooking the river several almost
horizontal terraces of brown iron-ore occur, which are of a very
interesting nature. This is not laterite, for which one is at first
inclined to take it, but undoubtedly an iron-ore formed by precipita-
tion from aqueous solution and must therefore be termed bog iron-ore
or lake-ore.

North of Mamon on the left bank of the Uru, I came across a
series of ‘“crystalline schists,” These schists appear to form a
small isolated occurrence bounded on one side by the Uru and on

the other three sides by the Tertiary strata. They correspond to the

crystalline schists occurring on the right bank of the river.

These latter form the slopes of the range leading up to Tawmaw,
Near the crest the crystalline schists suddenly stop, and again the
serpentine forms the plateau. Crystalline schists of nearly identical
outward appearance occur again on the western slopes of this moun-
tain range.

The mineral resources of the jade-mines districts are, with the
exception of jadeite, of no economic value whatever. Ruby-mining at
Naniazeik and Manwe has never been done at any profit, although
systematic prospecting of the whole ruby and corundum tract may
lead to favourable results. In the upper reaches of the Uru chaun
Kachins wash for gold. The work, however, can hardly be termed
remunerative. The coal-seams never exceed an inch in thickness
and are therefore absolutely worthless. Chromite occurs in the
serpentine near Tawmaw, but not in sufficient quantity for exploita-
tion.

In the following pages I shall deal with the petrology of the
country surveyed. Six different groups of rocks will be treated in the
following order :—

1. The granite and crystalline limestone west of the Indaw chaung
between Naniazeik and Manwe.

2. The serpentine and basic cruptive rocks lying between the
Sanka chaung and Naniazeik.
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3. The Tertiary sandstones and conglomerates between Nanion
and Hwéka.

4. The serpentine and bog iron-ore west of Hwéka.,

5. The “crystalline schists” on the left bank of the Uru chaung.

6. The serpentine and “crystalline schists ” on the right bank
of the Uru chaung. (Tawmaw series.)

Dr. F. Noetling makes no mention whatever of the granite hills
between Naniazeik and Manwe. The granite shows the usual varie-
ties of coarse and fine grain. Dark crystalline concretions composed
particularly of the more basic constituents of the rock are very abun-
dant, Numerous veins of aplite and pegmatite traverse the granite.
These bosses of granite enclose large masses of crystalline limestone,
Both granite and marble and their relations to the ruby tract of Nania-
zeik and Manwe have becn treated in a separate essayl.

The most important of the second group of rocks is the serpentine,
Specimens collected on the march from Naniazeik to Kansi all closely
resemble one another. A slight difference in colour is produced by
weathering, the colours varying from dark-green to brown-green.
Magnetite and chromite occur as dark concretions or tiny ill-defined
veins throughout the rock. The microscope proves the rock to be
normal serpentine. Fresh olivine is only contained in one slide and
shows its normal properties. [t occurs in irregularly shaped grains
traversed by fine cracks. On these cracks the olivine has been altered
into fibrous chrysotile, resulting in characteristic reticulated mesh struc-
ture. Chromite occurs as inclusions in the fresh olivine and is besides
finely disseminated throughout the whole mass of serpentine. Magnetite
is undoubtedly of secondary origin, as it only shows in the “serpentine
minerals”’, Occasionally both chromite and magnetite occur in
octahedral crystals, but more often they form irregular little patches
and grains. Other slides revealed just a few tiny grains of olivine,
the alteration into serpentine being in a very advanced stage. In
this case, however, the serpentine-minerals are chiefly antigorite.
Between the fibro-lamellar masses of antigorite representing the first
generation of this mineral a second generation of antigorite was
formed, which is so dense that it remains perfectly dark between
crossed nicols. Other slides of serpentine contained simply bastite
and a few grains of chromite and magnetite. It is very probable that

1 Supra, p. 168.
Cz2
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this bastite owes its origin to a paramorphic transformation of non-
aluminous amphiboles, and several remnants of tremolite found in
the bastite tend to corroborate this statement. Another slide con-
tained, besides antigorite  and the abovementioned ores, several
irregular aggregates of magnesite or ferrous carbonate.

North-west of Nanion 1 came across some basic eruptive rocks
closely resembling basalt.  These rocks form low hills which for the
most part are unapproachable on account of the dense jungle. A
couple of specimens were taken and proved very interesting. It is
a hard grey rock, compact and homogeneous in texture. [t breaks
with a splintery fracture. The only constituent minerals which
present themseclves to the naked eye are numerous black needle-
shaped crystals of rhombic pyroxene in an undeterminable light
grey groundmass. Examined in slides under the microscope the
groundmass is seen to consist of a plagioclase felspar, determined as
labradorite by Fouqué’s method. Besides the felspar tiny crystals
of pyroxene could be distinguished in the groundmass. The same
pyroxene, augite, occurs in larger patches. Besides augite large
crystals of rhombic pyroxene are abundant. They show signs of
magmatic corrosion and contain numerous inclusions of magnetite,
The magnetite crystals have, as is generally the case, ranged them-
selves in lines along the successive zones of growth.
accessory minerals observed were a few needle-shaped ¢
apatite and numerous small crystals of magnetite.
difference between a normal basalt and the rock
preponderance of pyroxene over the felspar.
latter with picrite-porphyrics from Anina in
type of rock was first

The only
rystals of

The essential
deseribed is the
On comparing the
Hungary, where this
found and studied, the resemblance between
the two was proved to be so pronounced, that the basaltic rocks found
in the Kachin Hills must also be classed as picrite
Professor M. Bauer describes anormal basalt, which was discovered
by Dr. Ndetling 4 miles cast of Sanka. Unfortunately 1 could not
trace this occurrence, but there can be very httle doubt that B
basalt and the abovementioned picrite-porphyry tepresent two closely

connected types of basic rocks belonging to one period of contempo-
raneous eruptions,

~porphyries.

auer’s

[n the vicinity of one of the picrite-porphyry hills on the road

from Nanion to Kansi I came across a type of rock which outwardly
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i :d of long parallel columns
‘ery ars to be entirely compose !
\?U hart(zl, ig,(,l‘;:)tgz by chalcedony. The columns of quar'iz consist
Of 'xq:tzzn];g of tiny nodules of this mineral, and in between this quartz
of ¢
there lie sphaerulitic aggregates of chalcedony.

a

2 .

£
o :
s LS Y T

Fig. 2.

Section of the Tertiary beds at Hwéka.

i le.
a. Surface soil. 5. Grey sandstone. ¢. Sandstone \\"1th carbonaceousczl:‘ar]o-
d. Coal secam. e. Carbonaceous shale. f. Conglomeratic sandstone. £ g
merate with boulders of jadeite x.

The third group of rocks under discussion are the Tertiary sedm;s;
tary strata. Both the sandstones and COnglomeraftes enclose s .
and thin coal seams and lavers of coaly shale. Fig. 2 repre(sie?;sle:
section across the quarries at Hwéka. The‘ cotour of th}f I ;stone
and conglomerate is bluish-grey. The thickness of the san' .
beds must be very considerable, to judge by the .proﬁles,atpvoff’k
on the cuttings of(the new . W. D. road from Lon}km to Namazel d
The sandstones gradually pass into congl(‘)meratlc. sandstonefstlflense
finally into a coarse conglomerate. The microscopic study o e
rocks revealed the following component minerals: quartzﬁ Csadark’
serpentine, plagioclase, glauconite, chlorite,“ and an amorp.Ount In
organic substance. Quartz and glauconite are predominant.
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a0 instance could any signs of metamorphism be discovered, the
sandstones, ctc., bearing a perfectly normal and unaltered aspect.,
As a “ jadeite-deposit ”’ of considerable economic value the conglo-
merate attracts our especial interest. The numerous we]l-munA(led
large and small boulders of rock which make up the conglomerate

consist chiefly of serpentine, quartz pyroxenite, saussuritc-gabhro, and an

-asional boulder of jadci i : i atrix i
occasional bo of jadcite. The cementing matrix is a hardened clay

of a dirty green colour. The mineral composition of this clay is identical
with that of the sandstone. The quartz-boulders appear to consist
of quartz only, and were undoubtedly derived from quartz-veins, Slid;es
of this quartz revealed the presence of a little muscovite and rutile.
Bouk%ers of saussurite-gabbro are fairly plentiful. The colour of the
rock is a dark brown or grey. One of the chief constituent minerals
is a species of hornblende which occurs in large corroded crystals,
In thin sections these are light brown in colour and strongly pleoéllroic.
The other important constituent is the dull white substance known as
saussurite. By microscopic cxamination it resolves into a confused
and intimate aggregate of granules and fibres of clinozoisite, epidote,
albite, and garnet. Of accessory minerals rutile alone is present.  One

slide showed the interesting phenomenon of a thin vein of [elspar
H O N : e
traversing the rock. The felspar is both orthoclase and andesine

structure the vein resembles the bostonites,
very coarse grained brown bronzitite,
rhombic  pyroxene, bronzite,
The serpentine is of

In
The pyroxenite is a
The constituent minerals are
. and  some accessory magnetite,
: is. 2 dirty green colour and shows all the
typical characteristics of this class of rocks, It consists of fib
lamellar antigorite with accessory magnetitc and chromité o

contains numerous crystalli ko
us crystalline aggregates of magnesite and ferrous
carbonate. |

The presence of boulders of jadeite, scrpentine, etc,

_ » I the conglo-
merate proves conclusively

‘ that the geological age of these strata
Is younger than that of the surrounding masses of serpentine, and
,

that therefore the latter could not have been ; ive
ntrusive int .
stones, etc. o the sand

The fourth group of rocks consists of scrpentine and bog iron-ore
S . NS o
.The :crpe-ntmes present no new or remarkable feafyres They set
inapproximately two miles west of Hwéka ang

ridges or plateaus. The bog iron-ores
their mode of occurrence (

again form long

outwardly resemble laterite, but

m broad horizontal terraces) aund chemical
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composition leave no doubt as to their origin. The following is

an analysis of the ore :—

SiO, 1'63
Fe, O, 77'54
ALO, 737
P,0, Traces
H,0 1346
100°00

Generally bog iron-ore contains more than “ traces” of ng§.
This, however, cannot be taken as proof against the theory of precipi-
tation from aqueous solution. . '

The group No. 5 represents a series of crystalline schxs%s.. They
vary in outward appearance as well as in min.eral composition, but
nevertheless belong to a continuous series, the different types gradL;all?r
passing into each other. The various types x\'c?re found in the folf)\\-
ing order, descending from the crest of the.hlll. The topmost is a
dark green chlorite-schist containing beautiful c.rystals of' rx.lagnetltei
The chlorite-schists give way to an actinolite-schxst} containing sm;l
crystals of iron-pyrites, and towards the fo(?t of th'e hill th‘ese gradl(lja i
pass into glaucophane-schists. The chlorlte:schlsts c‘onmst‘ qual.t arin
green scaly aggregate of chlorite, the ferrug.mous.varlety ripi Odl e, f
which lie embedded beautifully perfect disseminated octohe r? )
magnetite. The actinolite-chlorite-schist :15 a1§o of a darlf green co .?ur;
but more granular in its texture. The actinolite occurs in long prl'SI}{l
and needles. Small crystals of iron-pyrites are fal'rly -abundal'lt. 1.13
groundmass again consists of ripidolite. Thls ac:t1nohte-chlonte-fscunsv
passes over gradually into a purc actinohte-schls‘t, '\vhereupon d? t(i):l.
the glaucophane-schists. Of the latter two .var'letles cand be mlsact
guished. The glaucophane-schists near the' actinolite are har 'f;(; Somj
bluish-grey rocks, which break with a spln.ltery fracture. 1 o
ponent minerals, as determined with a r.mcro.scopf.:, are"gha}JCﬁPSious
and a pyroxene closely resembling diopside, ilmenite with clu o
of rutile, garnet, and epidote. Pyroxene and glaucop.hane are pre :
minant, the latter disseminated through 'the rock in I?rge ragge
patches showing the typical pleochroism in hght blue and violet c(}lo:}:‘isg
The pyroxene appears to constitute a spec1.es of groundma:ss in tl s
rock. In thin sections its colour is a very light green, afmd 1? con&auns'
numerous liquid inclusions. Shapeless grains of sphene with inclusions
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of rutile are of very common occurrence in these rocks
;Slizzspr}asent, though not very plentiful. It contains ;1umerous inclu-
SChiStofOﬁy;oxetnehand epidote, 1}110'ther specimen of glaucophane-

nd a the bas.e of the hill is remarkable for its absence of
pyroxene, which occupies such an important position in these;?:er(;l

co.mposition of the first glaucophane-schist
mineral here is glaucophane, .

Almandine is

The only predominant

glauc pidote are fai -
dant. Iron pyrites in small crystals re-appear as an acceqszlrl;y “ahb““
ssory, where-

as garnet disappears altogether. T

- : - 1wo very thin veins of fels

seen to traverse tl-ns rock. These veins are undoubtedly ofp E;r Were‘

origin, and show signs, such as the development of epidote, of lg)ne?ub

metamorphosed the rock they invaded. The felsparis bot’h(:)rth avlmg
oclase

and andes. imi i i
mne, Slmllar phenomenon, lt \Vl“ be Iemembel‘ed haS be
A y en

described as occurring i
g in a bould .
Hwéka. er of saussurite-gabbro found at

Muscovite and e

The term  crystalline-schists,” whi

- ts,” which has been emplo

. d 1

nate this whole group of rocks, has no bearing whate\?er };‘3“ t::eidemg{
r rea

nature. From their general appearance and mode of
must be classed as metamorphic rocks

resembling those above described have be ied i
Feser 7 . en studied in man ies
igneotush:sdiezzc hprO\ edb concllfSl\'fely that they originated yfrzo;ing:;:;
i Caosn%a bro., leI'lte., etc., which have been completel
e o aclt with granite, Although in this case thi ae'();
neous ro ,t ' ould be held responsible for contact met )

, not be traced at the surface in et

, cou . the vicin: ]
schists, it may exist at no great distance I

schists, beneath i

4 ! it.  Ther i

1cations, such as the microscopic veins of felspar Sars n fact
3

ma id i tha : ;
Cn:allﬁfn:::}ilisltgneous rock does a‘ctually exist. The otriagr;,:n:fum;;c
métamor;his $ c;mnot l‘)e exl?lamed otherwise than by cont t‘ e
o 1I t m produced in basic igneous rocks by intrusive ] a'ct;
importzniz ifrocl:)i of r.ocks (No. 6) to be discussed, is of the g:amte‘
. nection with the origin of the jadeit Breatest
and will therefore be treated in detail. o Tawmaw,

i In order to b
each single rock, they wi 0 be able to ref
y will all be numb . efer to
No. 1. Saussurite mbered separately,

. -gabbro.—A hard ¢ :
light o 4 : compact dark L oas
ag spots.  The component minerals as determined B on tock with
re (albite) saussurite, i.e., albite wit
H

and, besides these, chlorite
)
represent the saussyrite,

; ol occurrence they
Crystalline-schists”” closely

ha microscope
and prehnite,
The light spots
n the saussurite

clinozoisite, epidote
actinolite, and titanite, \
The clinczoisite contained j
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often shows the peculiarity that the peripheral layers are developed
as epidote. The saussurite is embedded in a groundmass consisting

of clinochlore and actinolite.
No. 2. Saussurite-gabbro—This specimen differs from No. 1 chiefly

in its megascopic appearance. It has a decidedly schistose character
and is of a lighter green colour. This is most likely due to far more
numerous although much smaller light spots, which again represent
patches of saussurite. The only difference in its microscopic features
is that the albite shows lamellar twinning and a cataclastic texture.

No. 3. Saussurite-hornblende-gabbro.—This is a hard, compact,
dark grey rock studded with numerous red garnets. Lighter spots
representing saussurite are not discernible, dark minerals being predo-
minant in the groundmass. An amphibole is the chiel constituent ol
this rock. In thin sections this amphibole shows greyish green colours
and strong pleochroism. Garnet is widely distributed throughout the
rock, but never occurs in well-defined crystals. Saussurite-minerals are
not nearly as plentiful asin Nos. 1 and 2. The clinozoisite does not
polarize in the characteristic anomalous blue and yellow colours, but
shows more normal grey and blue colours between crossed nicols, as
is the case with ferruginous varieties of this mineral. The albite
contains numerous liquid inclusions. Titanite and rutile are very
numerous. Neither of these two minerals are bounded by crystallo-
graphic contours, but generally possess irregular and indented out-
lines. Professor Bauer describes a rock in his treatise on jadeite in
Burma which he calls an albite-hornblende-schist. The essential
difference in the mineral composition of Professor Bauer's albite-
hornblende-schist and  the saussurite-hornblende-gabbro is  the
presence in the former of albite without the other typical saussurite
minerals. A rock corresponding to the one Professor Bauer
describes was not found by myself, and I am therefore at a loss where
to place it.

No. 4. Saussum'te-gaébro.—-—This is a schistose rock of pale
dirty green colour and splintery fracture banded by streaks of dark
green chlorite minerals. The component minerals are the came as
those described in Nos. 1 and 2. The chlorite was determined as
clinochlore.

Ne. 5. Saussurite-glaucophane schist.—This is a hard .and
compact rock of greenish grey colour. Plagioclase in VarleuS
advanced stages of saussuritisation and aggregates of quartz grains
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showing a cataclastic structure are the essential constituent minerals.
Large patches of a strongly pleochroic bluc and green amphibole are
fairly abundant. This mineral is richer in soda than the ordinary
glaucophane and is consequently more strongly pleochroic. It will,
however, still be termed glaucophane.  Epidote, clinozoisite, albite, and
clinochlore represent the saussuritc minerals.  Titanite and iron pyrites
occur as accessories.

No. 6. Chlorite-schist.—This is a dark green, soft, scaly rock.
It is composed entirely of clinochlore and numerous accessory
titanite-crystals, showing an outer zone of decomposition determin-
able as leucoxene,

No. y. Quarts (from a quarts-vein)~~This is alight grey, hard
and splintery rock, almost entirely made up of quartz. In thin sections
the quartz shows a typical cataclastic structure evidenced by undu-
latory extinction between crossed nicols. The slide also contains
several thin lamine of muscovite and a little accessory rutile and
iron pyrites.

No. 8. Granite—This is a hypidiomorphic rock of light colour,
an unmistakeable granite. Quartz and felspar, both orthoclase and
plagioclase, biotite, and a dark amphibole are the constituent minerals
which present themselves to the naked eye. Under the microscope
the quartz is seen to coutain innumerable minute worm-like inclusions
of plagioclase felspar, a phenomenon termed “quartz vermicule.”
Of the felspars orthoclase is the predominant one. The plagio-
clase is oligoclase-andesine. The amphibole is the common brown
green variety. A dark brown strongly pleochroic mineral showing
a feeble double refraction was determined as orthite.

The serpentine found at Tawmaw is quite similar to the serpen-
tines previously described. The chromite, which occurs in pockets
and bands, is fairly abundant, but not sufficiently so to warrant
economic exploitation.

The mode of occurrence of the serpentine and the crystalline
schists is as follows. The serpentine forms a long narrow ridge on
the crest of the spur.  On either side to the east and west the
crystalline-schists Nos, 1, 2, 3, 4, 5 and 6 were found in corre-
sponding order. On the western slopes Nos. 1, 2, 3, and 4 were succes-
sively traced. On the eastern slopes the garnetiferous saussurites
were not found, their place being taken by glaucophane-schists,
No. 5. Chiorite-schists, No. 6, were discovered in the north.  Granite,
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No. 8, and veins of quartz, No, 7, traverse these rocks in all
directions.

An interesting collection of rocks associated with the jadeite was
made at the quarries of Tawmaw. First comes a rock which varies
in colour from pure white to light grey. It is hard and compact, and
breaks with a splintery fracture. The most remarkable feature of this
rock isits close resemblance to jadeite. It actually shows the light
green spots exactly like the jadeite and is translucent in a very high
degree, In most cases it is perfectly impossible to tell the difference
between jadeite and this rock. The marked difference of specific
gravity alone can prove the one jadeite and the other a rock of
different mineral composition. Numerous specimens of the latter rock
were collected as jadeite, and not until a careful microscopic and
chemical investigation had been made could such specimens be identified
as ‘“ pseudojadeite.” These investigations were based on numerous
tests of specific gravity, that of jadeite being 3338 and that of the
“ pseudojadeite” 2:577. The microscope revealed the true nature of
the pscudojadeite. The rock consists of felspar alone, which is so
highly cataclastic that it becomes a difficult task to single out a suitable
individual piece for optical identification. The {elspar was determined
as albite, The chemical analysis proves the correctness of these

observations :—

Si0, 67°10
AlLO, 2042
Fe.O, 023
K,O 320
Na,O 893

99'88

In places where this albite rock was exposed to weathering it has
lost its vitreous lustre and has become a dull milky white. Several
specimens of this albite rock have a banded and streaky appearance, the
colours running from pure white to grey and pale green. On close
examination it was found that thin layers of amphibole schists produce
this effect. These same amphibole schists also occur as large lenticular
inclusions in the lighter rock.

A second species of rock found in the quarries at Tawmaw is an
amphibole schist. Its colour is a dark green, and it varies in texture
from a coarsely crystalline to a fibrous variety. The latter varieties
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give a beautifully foliated fracture.

. _ Microscopic investigation proves
the rock to consist entlrely

the . of actinolite, the mineral either oceurring
i ribbon-like fibres and long needles or in broad prisms and bl

The E.’C“t a{1d contortec‘l crystals, which show unmistakeable signs of
cr%lshmg, e.wdence a‘typlcal cataclastic structure, A rare constituent of
this rock is a species of chlorite showing strong pleochroism in rich
g}reen _COlour;'. hThe iatter property is due to a slight admixture of
chromium which replaces iron in the chemic ituti

. al : o
ineral coustitution of the

A third rock which is very similar to the last one described i
solely composed of an amphibole rich in soda. e
member of a graduated series of soda
regards their chemical constitution and th
to glaucophane. In thin sections the mineral is characterized by its
marked pleochroism, its anomalous polarization colours strong di{/;:
gence of the optic axes, oblique extinction, and a ;onal_structure.
T'he glaucophane-schists described by Professor Bauer in his paper on
th.e Jadeite and other rocks from Tawmaw are undoubtedly identical
?vldth'tthese(:l.[ Th}? same rocks are generally found in cantactl with
adelte and tor the most part are ¢ 5 alli
]l)ass into actinolite—schistls. vonsely crystallne. They gradually
~ Albite in contact with the amphibole schists was studied by the aj
ol several slides. In each case the amphibole was actinoljt ) d1e .
as in contact with jadeite, a soda-amphibole. The slideesan e
cox'xclusively that the albite-rock is intrusive into the actinolite -
veins of albite are seen to run through the latter in all directi’ e el

. Anotlu'er rock which is fairly abundant in small pieces at ct)ﬁs.'
mines excited considerable interest. The colour is a beautifellade-
green, and its texture is very hard and compact. Apart fr i
small crystals of chromite it is composed of only one minermln a}ﬁew
however, .(leﬁes megascopic determination as it never occurz e
shape of individual crystals,  The microscope shows it to be a o the
of t}}e epidote-group. Its index of refraction, cleavage, hard me,mber
.spec1.ﬁc gra.vity are identical with the common epidote) ThnesS
in thin sections is a beautiful emerald green. Pleochroisn;i ¢ colour
(ll-‘oy emerald green, 3 bright vellowj, The optic axial anilver‘y -irong
45% Between crossed nicols one observes bright green 3 e is n.early
reren_ce colours.  The texture of the mineraT in thi o 'red tnter-
considerably. The minera] sometimes appears j . seclions varies

° 4PPEArS I agoregates of small

ades.

. This mineral is a
-?mphlhboles, which both as
eir optical properties lead up

and
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i i ica, This
i i in laminze closely resembling mica,

s and sometimes 11 y h
gra‘;‘ kable phenomenon must have been produced by mechanical
by . : ‘ e
dofon ’ The following is a chemical analysis of the mineral :

deformation.

Si0, 3792
Fe,0; 993
Al1,Os 12'83
Cr,0q 1116
CaO 2535
H,0 238

99'37

Analysis of the common epidote SllO\V.S a higher porc'entage-, (‘)f
Fc,0, and ALO;  In this mineral Cr,0, ev1d.ently replaces its c.quw]d-‘
lents of Fe,0, and AlO; and becomes an 1mportan? fa'ctor ”T the
chemical constitution of the mineral. Undoubt.edly this mmeral'xepre-
sents a new and distinct member of the epidote group, hlthf:rto
unknown to scicnce. As an appropriate name [ suggest T{l'ZUUZan’.'ll‘é’.

The most important of the Tawmaw series of rock.s is ofdc,o'u{sc
the jadeite. Information COIlCC!‘Dil?g the annua}l produc?xon aan va uoi
of jadeite found in Upper Burma will be found in A Review Od, 1geral
Production in India, 1898 to 1903, by Dr.. Ho]land, Records, efi
Survey of India, Vol. XXXII, Part 1. Jadeite 1s pt.xrely anhorr.xamen‘ ;.{t
stone and as such is exclusively prized by the Chmes.c, w cf) import 11
iato China for the manufacture of ornaments and artlcles'o pe‘fs\o'na
Taken on the whole jadeite is very eXpensive. Very
small pieces of jadeite of the purest colour z'md l.)est qualll-ty ?orrTet;‘r:th
fetch fancy prices, while great blocks of 111fe}'10r' quality 1a\((]3. i ;
or no value in the connoisseur’s cyes” (Inve.stvgajltlo.ns and Stu 1e.stlo‘
Jade). The Burmese and Kachin name for. jadeite is Clm.uk-dse;:, ]1;
Chinese name is Yu-esk or Feits-ui. (This pame lsf: derived laiodnOn
kingfisher, the peacock-green plumes of which they often use 1n
jewelry.) .

In the following remarks.]a
mineralogical and petrographica
compact and tenacious rock.

adornment.

deite will only be treated from the
I point of view. Jadeite is a very hard,
Generally speaking it is cryptocrystal-
line in structure, but comparatively coz}rse-gramed .varlctles\;ire b())/ftzz
means rare. The fracture is close grained and spln;te‘;'y. . :rylanes
therock breaks up into plates with p.erfectly 1?arall(¢S c eia:engs O}; )ur(,'
The colour of pure jadeite is astamless white. Specn pure
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white jadeite very closely resemble marble,  The specific gravity how-
ever and vitreous lustre distinguish jadeite from the latter. The grecn
varietics of jadeite are those which arc most sought for. Valuable
pieces of green jadeite are by no means abundant as compared with the
white variety, Green jadeite occurs as inclusions in the white, vary-
ing in size from tiny spots up to lumps, weighing two or three viss.!
A narrow zone of graduated lighter green tints mediates between the
pure white and the darker green shades. The white jadeite with
emerald green spots has by previous authors been termed characteristic
for the occurrence of jadeite in Burma. There are two varicties of
green jadeite, the colour of the one being a bright emerald green, the
colour of the other a dark dull green. Another tint, which,
not met with often, is a pale amethystine colour.
agents to which jadeite owes these different hues
pounds of iron, manganese, and chromium. Man
unimportant” (Investigations and Studies of Jade). Chromium is un-
doubtedly the source of the brilliant emerald green colours in jadeite,
Tron imparts the dull green colours to the mineral, whereas the amethys-
tine tint has been ascribed to the presence of mangancse.  Free oxides
of manganese and iron as well as chromite in smal] amounts are said to
produce a greyish tint in jadeite. A red variety of jadeite was formerly
found embedded in the alluvial soil in the valley of the Ururiver. The
staining is undoubtedly of secondary origin, Approximately seven
different kinds of jadeite are distinguished by the Chinese traders,
The best jadeite is called Mya-Yea-Chauk. The colouris a bright
emerald green. Shwe-Zu comes next; the grecn colour is not ag
bright as that of Mya-Yea-Chauk. The third variety is called /g
yea ; the colour is a dull clouded green. This variety is obtainable i
comparatively large pieces and is fairly abundant. A fourty, variety,
Hmawsit-sit, which fetches very good prices, is dark gre
but absolutely opaque. Kon-pi is the red vari
Pan-tha are two different
is a dull white ; the latter
lustre,

In mincralogy jadeite is re
group, Individual crystals of
date. The usual mode of occu

however, is
“The colorific
are mainly the com-
ganese is relatively

en in coloyr
ety.  Chauk-thq and
qualities of white jadeite, The former

a brilliant white with strong vitreoys

garded as a member of the
jadeite have not beep fou
rrence is a cryst

pyroxene
. nd up to
alline aggregate of

' A viss = 3-65 Ibs.
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ity. Jadeite rock examined i’n slides undelr thi
more or less de'nsl y.f sumerous interwoven prisms and neced f.i‘S o
con.S!St? cern | structure the jadeite is generally highly

o i l’n'temT dles and prisms being bent, broken, and
cataclastic, the indlfwduriezz::. Strain-shadows (undulose extinction)
crushed into Smallly lrf‘vged Polysynthetic twinning as the res.ult. of
were frequently Obse n re;:orded. The twin-planes evidently coincide
crushing has'a!so e12.1165 “ We must conclude thercfore that .under
e thl(:l glfrigz;;t—igns cr'ushing and pressure would p{'oduc.e in tl;e
fa;o'utlc;:a a.e rce-arrangement of the molecules il}to twins sx}mxla}:eei
]t;a:lobserved in calcite.” The angle of pI'lSl}lath géia\glgiolz;sf o

i by Krenner as 86° 55’ and by Arzrum as 5 T
White jadeite i in thin sections, whereas the green jadeite
White jadeite is colourless in thin sec ) e e that
shows very light green tints. It has, ho“ever,' n proved tha
i d by chromium alone remains visible : ¢
e ool Proflucc 10};t abstract from the chapters dealing with
The folowing 1 & <% jadel » Professor Iddings in
ic ies of jadeite as recorded by '
f‘he Optl'talt?;ﬁszr;:leSStudijes of Jade.” “The long pr}sms ‘Zre(xv\(r:;l)l
l“VeStlga. the prismatic zone and have the ort.hopm'acm
.tfl rli[;mse(flo), and sometimes the c.linopl.nacmd (010) ,1;;:
and uniep Cross-sections exhibit distinct prismatic cleavage. ’
ronounced. - tals is similar to that of aegirit'e. (.Iross-secnonst
fom'l _of the Crg:aenCe of an optic axis when examme‘d in conve;genf
e"h‘b}t the1' e}:r; 23Lonoritudinal sections yield a max1mum.ange <i)s
pOI?nZ?d = b ut 5% Hence the angle between the optic axes
CXtht‘Or:) OfLal ?O’itl?dil'lal sections that have been cut. nearly perpin-l
al')OUt e Olt?c axis exhibit the plane of the optic axes para le
dicular Lo an P f id. They also exhibit a transverse parting ne?.f y
t(z tpeh(t)r:f:o?cl;lizotlhé prism.”’ The specific gravity ofta ;K:a;l.z;)mc;
ri : )
Zf jagdeite gcut as a ringstone was de%crmmed bysn;:bo(iatories N
whole series of tests, however, made 'm n.ume'rsouaL meimately 2
shown that the specific gravity (?f ]adeltiatl tha}; o rts, o7
Jadeite cuts glass, its hardness be-m.g equa .\0_t il tonacity,
The most characteristic property ol jadeite 15 1 s' ;

i i ho has tried to br
which everyone will have expe‘rlenced whe ity I the inter-
of jadeite. The reason for this extraordmarilr tenact e steongth
woven structure of the jadeite-needles. In og ein e and the
o Jaseite & serles of resistance tes s 'mla e’s «t Investigations and
results were published in the late Mr. Bishop

s !

microscope
pyroxene.

develope

eak a piece
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Stl}(li(}S of Jade.”” The experiments were made in order to test the
resistance ol jadeite to impact and to compression.  The following is
a brief su'nunary of the results of these tests. The material used for
the .expenmcn‘t% was jadeite from Burma having the following pro-
pertle-s. Specific gravity 3'3122, hardness 7, colour light gre \}vith
occasional green spots, remarkably homogenéyous and compac%. T

1. Resistance to impact.—

1 \ 2 \
- R 2 ,,-,3, 4 5
o | (biows B
imensions  of . . Number of blows| Ener Total 3
. x ) < % Of fi otal ener
objeet used. | Direction of blow. to produce b\m\%?n ccn:':‘ expended 5‘)’
fracture. metre grammes, centimetre
O l‘ — L o i grammes,
506 cub, inch | At right angles *\
gles 100
\« to cleavage, fooeee 51030,000
. |
Q504 i | Parallel to 10
[ cleavage. N fos000 $.356,000
|
o358, s ‘ . |
, s \ Do do. : 11z 112,000 6,328,000
0503 .» . At right angles to 3
o g ‘ 113 131,000 8,646,000

1

{ |

-y 0 I

1 2. Compression tests.—" The tests were made on an emer

wdraulic-testing-machine, the most accurate testing-machine know}n
)

and, in view of the interest attaching to the material, were executed
y cutec

+-ith the utmost care.”” The material used was jadeite from Burma

! | 2 | 3 4 \
I I T 5
S e s N
Ve .
) ¢ Ultimate | Total
Dimensions o i Maximum_ strength | compres- bercont-

material,  load in 1bs. per square  sion in Mcasnrcd\ age of

[ inchiin Ibs.! inches, at load of | compres-

Dimensions of ‘ Arca of
|

o I | | sion.
yeor’ 1013”7 % 1'ooy”) 1022 s.qufn‘c 94450 i 93)4,{5‘ l 7 Z_”nmﬁk T
inches, \ | 27 |75000idbs) 33, of
v'ooq” x 170217 x 1'018"[ 1'039 " \ 79,180 ‘\ 76,208 N -
‘ ne
l | | :utr:c]i%a

When compared with the (
the values given in th
hen g ¢ followi
building-stone, stecl, and cast iron, the average of m(:l:yngt tiblc kfor
- : ests taken
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in all parts of the world, the greater tenacity of jadeite becomes very

apparent Lo—

Sandstone per square inch . . . 5.000 to 15,000 1bs.
Limestone ” » 5 . . . . 7:000 ;. 20,000 ,,
Granite » » » . . . . 15,000 ,, 35,000
Mild steel 1 » 5 . . . . 40,000 4 60,000
Medium steel » » " . . . . 60,000 , 80,000 ..
Cast iron - " ' . . . . Gooo0 .. 8o.000 .
Jadeite » - ” . . ) . 41,000 . 95,000

The following tables and the remarks which Tollow them show the
physical properties determined by measurement of the deformations
produced by cuecessive loads of ro00 Ihs. per square inch, T shall
only refer to the table for Burmese jadeite.

! : 2 ‘ 3 k 4
- B : 7CH.:\NGE ol; LENGTH IN \
Applicd loads in Ibs, Compressometer INCHES. ! Maodulus of
pot squace inch, readings in inches, ) \ clasticity.
' ] Actual, Diffcrence. |
! :
e e — 1
500 \ i cer
700 \‘ ‘01540
1,000 ‘ *018.44 ‘00004 | 1[
2,000 ;‘ 01350 00010 00000 \
3,000 ‘ 01850 00010 ‘o000 14,000,000
4,000 ! ‘01860 00020 ‘00010 | 11,200,000
5,000 01800 ] 00020 *0ocoh ‘\ 11,500,000
0,000 c018H0 ‘ *00026 ‘60000 “‘ 14,400,000
7,000 ‘ 01871 00031 00005 14,500,000
8,000 ‘ 01371 *0003) 00000 1 15,300,000
i
1,000 ‘ <1878 *00031 ‘0C000 ‘\ 109,300,000
10,007 i 01877 ‘00037 00000 ‘ 18,200,000
12,000 ‘ 01577 00037 ‘00000 ‘ 22,200,000
14,000 A‘ 01877 00037 ‘LOOVO \“ 25,400,000
etc. ‘ etc. cte. cte, | cte.

| L

e ———

up to breaking load, when the modulus of clasticity attains the high
valuc of 47,000,000, The most remarkable feature of these figures, and
arly than anything clse the wonderful
) D

the onc which shows more cle
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t<:}11‘(ul'1t)]' and (;rl:lstm.t)‘ of .tlns rare: mineral, is the very high value
\v[ tllt 1t1{t‘ mo ll\ll'5 of clasticity attains, The extraordinary character
ot }eSLU‘S““ s ‘Vlu be understond by reference to the adjoining 1able,
oIving ¢ ¢ Al v . ¥ ! o

g | l% ‘Pl’:OX‘“{]‘llL values of the modulus of clasticity for various
well-known materials, as determ; i . :

, as termmed by the United St
;1 States e :

et 3 ates Government

Steel . . . .

Cast iron . ) ’ + 28,000,000 10 30,000,000
Marble . . . + 12,000,000 ,, 27,000,000
Blue stone . . : + 6,000,000 ,, 14,000,000
Cranite . . ) + 4,000,000 ,, 9,000,000
I.imestone . . ' * 2000,000 ,, 0,000,000
Sandstone . . ' © 3:000,000 ,, 5,000,000
Jadeite , . ) ' + 1000000 ,, 5,000,000
. . -- '. . . . 3,000,000 v 47,090,000
The ideally purc jadeite s a silicate of sodium and aluminiu;n and
the formula assigned to it s NaAls: e . » anc
A assig t s NaAlSi O,  The following is an

abstract from a table of analveic otvan T .
tn “),”,1 ttable ol analysis given in “ Investigations and Studics
of Jade. T'he material for the analvsis was jadcite [rom Burma
- «,

|
' I ‘ |
2 3
B IR
Specific gravity , . . 33394 ‘ 33381 33373 333 |
. 378 303 328
el 7 }’ 33287
Silica SiQ, . . . 5848 59'02 53840 5760 536y 7
Alumina ALOy | . 2357 2488 27°03 2575 G
25'75 2
Ferric oxide F'ey05 . . 1'68 121 >
=3
Magnesia MgQ . . . 1'33 Uta ‘57
" | 13 It
L.ime CaQ, . . . 162 115 ‘65 ‘58 %3
Sodz o : i
oda Na.O . . . 10'33 1121 13y 1331
o R I 1309
Potash K,0 . . . 3oy 1'34 2'20 2'20 T
Ferrous oxide FeQ N ‘28 i
Manganese oxide Mn(Q) . 19
Loss on ignition H.0 . ‘ 16 ‘07 18
v SR RN T 17
;. tooz6 10047 10042 U2 ' 9974

In or.der to show that ferric oxide replaces alumina -
pota.sb, lime, and magnesia replace soda, the a (\lu-ITIm(l R
.modlhed by substituting for Fe,0, an 1111101{11t of f\;h?:)} - l‘mvc o
it, and {or K,0, Ca0, and MgO their equivalen; oi 1‘\1 C?)“”'ale"t o
calculatmg to 100 per cent. The recalculated zmalvqijgc'mmt]l(llusthg:
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compared with the theoretical composition of jadeite, and it will be
observed that the agreement is very satisfactory.

Silica SiQs . . . 5848 55°02 5540 £7°60 58G9
Alumina ALLOy , . 24'50 2559 27'03 2575 25'56
Soda Na,O . . o 1622 15°01 3 1554 148S
. [ !
! 0920 gyl ’ oyrg | oSSg Gt

L, s s e —

Aemife and diopside have both been identifiod by Penfield as
isomorphously commingled with jadeite. Jadeite fuses readily before
the blowpipe to a clear glass and is not decomposed by hydro-
chloric acid until alter having been fused. In the material collected
by myselfl inclusions of other minerals are of very rare occurrence and
are restricted to a few needles of actinolite. In ““Investigations and
Studies of Jade”” a large variety of inclusions are enumerated which are
said to have been observed in jadeite. s occurring visible to the naked
eve the following: chromite, magnetite, garnet, felspar, pyrites, rutile,
limonite, mangaunese oxide, mica, and others, “In addition to these
inclusions already described which are perceptible to the naked eye a
large number of minerals exist in minute crvstals and have been
determined by microscopic study of jade itself.” The following
minerals have been identified by Arzruni, [ddings and others as occur-
ring in jadeite : andalusite, cordicrite, epidote, garnct, muscovite, olivine,
perowskite, leucoxene, quartz, rutile, tale, titanite, tourmaline, and
zircon. ¢ The sccond class of inclusions, in which the foreign mineral
plays a more important part in the make-up of the mass, Contain:9 Fho
following species : analcite, albite, nephelite, plagioclase felsp'flr, zoisite,
and diopside.” With reference to the last-named mineral it is important
to note that albite has repeatedly been observed as occurring togetl'ler
with jadeite by others and myself. Albite is the only felspar which
occurs togethe'r with jadeite. Nephelite and analcite have been rocor.dcz(l
by Professor Bauer and others, although I myself did not observe it in
any single instance. Diopside could not be traced in my c.ollection
of jadeite from Tawmaw, and clinozoisite never occurs as an mc'lusmn
in jadeite but frequently as a product of metamorphism in the adjacent
actinolite-schists. ’

The first to report on the mode of occurrence of jadeite in the

Kachin Hills was Dr. Noctling. An interesting description of the
D 2
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It is necessary once more to impr:ess .the fact upon all .rea.ders that
the dyke is not solely composed of jadeite, but that albite is a?so an
important constituent mineral herc. 1t has b-een stated Pre'wou.sly
that in many instances it becomes e,\'tremcljv d.lFﬁcult' to distinguish
the jadeite from albite. Obviously 4the ]&(ICI{.C-alblte dyke as seen
in fig. 3 was produced by a process of difterentiation in the molten
magma during its solidification.  The portions rich in soda, as represent-
ed by the albite, concentrated towards the outer margins, whereas
the less acid metasilicate jadcite was concentrated in the centre of the
dyke. Strictly speaking this is not quite correct, as will be shown
in the sequel.

The genesis of jadcite has long been a problem of considerable
interest. The problem is one of exceptional petrographical difficulty
and certainly cannot be solved on the basis of incomplete and chance
observationsin a laboratory. This has repeatedlv been attempted, and
it is therefore not surprising that numerous conflicting  statements on
the genesis of jadeite have been made.  Professor Bauer classed the
jadeite with the group of “ crystalline schists.” Dr. Noetling considers
the jadeite to be an cruptive dyke intrusive into serpentine and of
tertiary age. E. Weinschenk and Sir T. H. Holland regard jadeite asa
primary segregation from the scrpentine magma. H. Rosenbusch, who
also classes jadeite with the “ crystalline schists,” points out that in its
chemical composition jadeite is closely related to elzolite-syenite, the
absence in jadeite of potash being practicallv the only difference.
Potash, however, canreplace up to 4 per cent. of soda, as has previously
been shown, so that Rosenbuslh’s remark on the abscnce of potash does
not appear quite justified.  The following theory on the origin of jadeite
has been suggested in the late Mr. Bishop's © Investigations and Studies
of Jade:” ¢ Jadeite is a metamorphosed igneous rock, a member of
the phonolite family. The whiter varieties are probably metamorphosed
dykes of the aplitic leucocratic type belonging in this family a.n'd the
darker green types those containing more iron-bearing dark silicates
like the tinguaites.” In the following remarks I shall develop my own
theories on the origin of jadcite, based on careful studies in the field
and in the laboratory. There canpot be the slightest doubt that the
jadeite-albite dyke at Tawmaw is of igncous origin and intrusive into
serpentine. In this it will be seen my opinion agrees with that express-
ed by Dr., Noetling. It was repeatedly observed that small Yein‘s of
jadeite-albite had penetrated into the country rock showing how
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the molten magma was loreed into the serpentine,  Furthermore
numcrous angular and  schistoge inclusions  of serpentine and
amphibolite prove the intrgsive nature  of the dyke. There are
also u“"lo.“bt"d signs of contact wetamorphism produced by the
intrusive jadeite-albite on (e serpentine, the most conspicuous
phenomenon being the development of new minerals such as chlorite,
clinozoisite, tawmawite, chloritoid, and soda-amphibole.  These
minerals are restricted to a narrow zone of metamorphosed serpen-
tinc on both (oot and hanging-walls of the dyke,  Tpe produc-
tion of soda-amphibole is of especial interest, as it shows that both the
scrpentine and the jadeitc-albite contributed their share to itg develop-
ment. Within the zone of contact the jadeite-albite rock often
assumes a banded and schistose character on account of the numerous
parallel inclusions of amphibolite.

The classificatory position of the jadeitc-albite amongst the jone-
ous rocks must next be established, Following Ruscnbll'h's Sl; TY "
tion the following analyses have heep sclected for comp Ee
I is the an.a]ys'ls of a jadeitc-albite rock rom ']
Foc?t (I.n\'es:’tlgatlons and Studies of Jade). No.
F)’P‘Cal Jadelt.e. No. 14 the analysis of a
is an analysis of nephelite-rhomb-
No. 2 an analysis of (]

arison.  No.
‘twrmaw made by
- L as an analysis of
nte from Tawmayy, No, 2
o porphyry from Vasvik iy Norway.
No ! <E()1te‘porphyry trom Predazzo iy the Tirol
+ 4 an analysis of soelvsbergite from, the Crazy N i .

g > Lrazy Mountains, Mopt-

ana, U, S. A, (Numbers » =

% 3 and 4 are taken from Rog
: ¢ enbus
Grundziige der Gesteinslchre) tsch,

f I N ( 2 L3 } 4
Sthiet Si0), . o538 35'4bw\ 6710 | 5004 | 57720 ~ 5870

' |
’ r ‘

. . ) ' 1218 200 lo26
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No. 1 is an analysis of a typical albite-jadeite rock. The microstruc-
ture is described as follows: “A comparatively coarse grained
aggregate of jadeite crystals, the I.argelr of \\'h.ich are.0'6 millimetres
in diameter. The rock is colourless in thin sections with small spots
of clouded material. [t is almost wholly jadeite, the clouded matter
being indeterminable and presumably the beginning of decomposition.
The grains or anhedrons of jadeite are irregular and of various sizes.
In some cases the prismatic cleavage is distinct. In places there are
patches of colourless mineral with a lower index of refraction than that
of jadeite and with the double refraction and polysynthetic twinning of
plagioclase felspar. It acts as a matrix in which small prisms of jadeite
lie in all positions and against which the jadeite is automorphic.
exhibits no sign of alteration whether of decomposition or of crushing .

A comparison of the analyses given above shows how very similar
in chemical composition jadeite alone as well as the jadeite-albite rock
1storocks of the eleolite-svenite group. This, however, does not imply
that the jadeite-albite may actually be regarded as belonging to that
group of rocks. It is impossible to conceive that only onc dyke of
a certain type of igneous rock exists without there being signs of either
large intrusive masses of the same rock in the \'i(:inity or at least
other similar dykes. Neither elwolite-syenite nor any other rocks of
this type exist in the jade-mines district.

Another theory based on the principles of differentiation offers

a more satisfactory explanation. According to this the jadeite is a

product of differentiation withina peridotite magma. Before discussing
this theory it is necessary to point out that the serpentine is ol true
igneous origin. In all probability it is a dunite in an advanced stage of

LB . . e o
serpentinisation. The surrounding “ crystalline-schists””  represent

original sheets of basic igneous rocks altered by mectamorphism in
contact with granite. Within the magma reservoir from which all tf?esc
rocks originated a differentiation took place previous to t.he eru'ptlo'ns
of either peridotite or jadeite-albite. The more baSJC pe.rldotlte
magma being the more readily separable was crupted first, leaving that
more acid jadeite-albite rock to be discharged later. The latter was
then forced into a fissure of the already solidified peridotite. This, how-

ever, does nof explain the extraordinary mineral paragencsis of jadeite

and albite. It is conceivable that a 1agma can differentiate

into two portions, the one representing peridotite and  the other
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No. 1 is an analysis of a typical albite-jadcite rock. The microstruc-
ture is described as follows: “A comparatively coarse grained
aggregate of jadeite crystals, the larger of which are 0'6 millimetres
in diameter, The rock is colourless in thin sections with small spots
of clouded material. It is almost wholly jadeite, the clouded matter
being indeterminable and presumably the beginning of decomposition.
The grains or anhedrons of jadeite are irregular and of various sizes.
In some cases the prismatic cleavage is distinct. [n places there are
patches of colourless mineral with a lower index of refraction than that
of jadeite and with the double refraction and polysvathetic twinning of
plagioclase felspar. It acts as a matrix in which small prisms of jadeite
lie in all positions and against which the jadeite is automorphic. It
exhibits no sign of alteration whether of decomposition or of crushing.”
A comparison of the analyses given above shows how very similar
in chemical composition jadeite alone as well as the jadeite-albite rock
s to rocks of the cleeolite-svenite group, This, however, does not imply
that the jadeitc-albite may actually be regarded as belonging to that
group of rocks. It is impossible to conceive that only one dyke of
a certain type of igneous rock exists without there being signs of either
large intrusive masses of the same rock in the vicinity or at least

other similar dykes. Neither elicolite-syenite nor any other rocks of

this type exist in the jade-mines district.
Another theory based on the principles of differentiation offers

a more satisfactory explanation. According to this the jadeite is a

product of differentiation within a peridotite magma. Before discussing
this theory it is necessary to point out that the serpentine is of true
igneous origin, In all probability it is a dunite in an advanced stage of

s . . eee : he » o\
serpentinisation. The surrounding  crystalline-schists”  represent

original sheets of basic igneous rocks altered by metamorphism in
contact with granite, Within the magma reservoir from which all tl}esc
rocks originated a differentiation took place previous to t.he eru.pthns
of either peridotite or jadeite-albite. The more .basw peirldotlte
magma being the more readily separable was crupted first, leaving that
more acid jadeite-albite rock to be discharged later. The latter was
then forced into a fissure of the already solidified peridotite. This, how-

ever, does not explain the extraordinary mineral paragenesis of jadeite

and albite. It js conceivable that @ 1wagma can differentiate

into  two portions, the one rcprcscming peridotite and  the other
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closely resembling a nephelitessyenite in chemical composition. If
normz'tlly developed the minceral constituents of the latter rock should
be alkali felspar, nephelite, wgirite, and soda amphiboles.  The absence
of these minerals as important constituents ol the dyke-rock intimate
that abnormal conditions must have prevailed during the solidification
of the magma. Jadeite is, as has been pointed out, a mincral of high
specific gravity. Minerals of high specific gravity suggest develop-
ment under high compression due to orographic movements during
the solidification of the rock. As a result of high pressure a rock
which under normal conditions would crystallize with the mineral
paragenesis of albite-nephelite, cte., will develop the anomalous para-
genesis of albite and jadeite. \We may therefore assume t].wat an intru-
sive dyke of mincral matter rich in soda can lead to the primary forma-
tion of an albite-jadeite rock when solidifying under anomalous condi-
tions (Z.e., piezocrystallization).

In the following an attempt will be made to prove that the jadeite
is of metamorphic origin,  Mectamorphism, though affecting the mineral
composition, would not nccessarily alter the chemical composition,
The best criterion as to whether arock has heen metamorphosed or not
is undoubtedly its internal structwre,  In this case, however, the micro-

scope gives very unsatisfaclory results, as every specimen  examined is
so highly cataclastic that the original s{ructure

15 totally unrecognis-
able. It therefore became necessary to attack

: . ) this problem from a
different point of view. As has alrcady been cxplained, nephelite and
albite should be expected as minerals resulting {rom a normal solidili-

cation of 2 magma rich in soda. Presuming that this mineral para-

genesis originally existed in the dyke-rock and that a process of
1lletan1().r!)1115111 pr.odu(‘ed the jadeite without altering the chemical
composition, then it becomes obvious that the jadeite was developed
at the expense of nephelite which has almost completely disappeared,

This is by no means an impossibility, as the following calculations

illustrate, Nephelite is the monosilicate of aluminium and sodium

NaAlSiO,, albite the polysilicate NaAlSi,O,. Now one molecule of

nephelite plus one of albite=2 NaAl Si,0, 7., two of jadeite. The

correctness of these simple calculations 1s proved by 1'eferring to

the cl}cmical analyses of the minerals in question. The followine is
a senes of analyses of albite and nephelite especially selected fort{he

purpose ol showing how any combination of } albite and nephelite
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i e of jadcite No. 1z, 11z, and I1lz are analyses of nephelite, fa
gives on ite.

Ila, and 111z analyses of albite.
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2

Silica 510, . . 2304 + 341 = 5618 249 + 3§y = 5663
Alumina ALOy 16G6g + 081 - 20ys 17°24 + g8y = 2705

Ferric oxide Ve,Oy . + T ¥ .. o=
Magncsia MgO . . L+ Ty T o w4 04 04
Lime Ca() . . 92 ¥ 15 = 107 23 + 13 = ‘3o
Soda Na.O . . L Seg 5 T 130 774+ 40 = 1314
Potash K.G . . 238+ g = 237 231 + ‘19 = 2'50
0y'78 99°76

(Analyses 1z and Iz by Rammelsberg and Rauff, Iln, e, and
iz Rosenbusch, Elemente der Gesteluslehre; 1a, analysis of albite

On comparing the jadeite analyses on page 274
]

-

from Tawmaw).
with the jadcite resulting from the combination of § albite plus

nephelite in the above tables it will be observed that the likeness is
practically perfect.

It is conceivable that the jadeite-albite dyke at Tawmaw originally
solidified under normal conditions as a ncphelite-albite rock.  As
neither albite nor nephelite possesses heteromorphic eqiuvalents which
could crystallize under anomalous conditions, metamorphism cannot
alter either of these {wo minerals individually and independently of
each other. For the combination of one part albite and one part
ncphelite, however, the heteromorphic equivalent is jadeite, as has been
shown above.  Metamorphism acting under very high pressure can
therefore be held responsible for the development of jadeite.

The presence of nephelite in jadcite has been repeatedly recorded
(Investigations and studies of Jade). Professor Baucr has also obscerved
nephelite ia jadeite and calls attention to the anomaly of the presence
of nephelite as a compound of a rock belonging to the crystalline
schists, since heretofore it has been found only as a componcent of
Baver maintains that the nephclite bearing jadcite
[t is, however, very doubtful whether an occurrence
[The vnly localities in Asia actually known

igneous rocks.

ocecurs in Tibet,
of jadeite exists in Tibet,
to produce jadeite are Karakash in Turkestan and the three places
in the Kachin Hills—Tawmaw, [Iwéka and Mamon., [ am convinced
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that the so-called Tibetan jadeite comes from Burma, .., [rom
Tawmaw. Burmese jadeite, which is smuggled across the frontier
to avoid payment of royalty, is very probably identical with the so-
called Tibetan jadeite.] The fact that nephelite as well as analcite
have thus been identified as occurring together with jadeite consti-
tutes a very valuable proof in favour of our theory of the metamorphic

origin of jadeite. It must be added that in places where albite

was preponderant over nephelite the metamorphism must have

produced an albite-jadeite rock, and wherever nephelite outweighed
the albite the result was a jadeite-nephelite rock.

Another phenomenon which can also be satisfactorily explained
by our theory of metamorphism is the occurrence of green spots in

the pure white jadeite. There is no reason to supposc that the

chromite and magnetite would, during the process of differentiation
within the magma reservoir, have beea totally absorbed by the
peridotite-magma. A certain amount will have remained with the

other portion of the magma and thus have crystallized as chromite
During the process of

and magnetite in the nephelite-albite rock.
were destroved, the

metamorphism  the chromite and magnetite
oxides both of chromium as well as of iron entering into the constitu-

tion of jadeite. Thus the green spots in the white jadeite mark the
place where chromite and magnetite occurred in the original albite-

nephelite rock.

It remains to be explained what species of metamorphism is
responsible for the production of jadeite. Granite was traced in the
immediate neighbourhood of Tawmaw traversing the basic cruptive
rocks, i.c., the “crystalline schists ” in all directions.  In all probabi-
lity, therefore, the nephelite-albite rock was affeccted by the same
intrusion of granite and metamorphosed to a jadeite-albite rock. To
the powers of contact metamorphism were added those of abnormal
pressure due to orographic movements during the consolidation of the
rock.
Genetic connections undoubtedly exist betwcen the jadeite-albite
and the “crystalline-schists. ”  These rocks have two points in
‘They are distinguished by their relatively high percentage
LEvidently the whole series of rocks, “crystal-
d

commotl,
of soda and chromium.
line-schists,”” jadeite-albite, serpentine, and granite constitute
The sequence of cruptions was as follows.

etrovraphical province.
b
The central mass of this

The carliest cruptions were  strongly basic.
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basic magma solidificd as peridotite, the outer belt as gabbro.

These
cruptions were followed by the intrusion

of the nephelite-albite
magma. The most acid portion of the whole mass, the granite, repre-
sents, as is generally the case, the last phase of cruptivity.

As regards the serpentine round Kansi and  that west of Hwéka,
they are undoubtedly of the same origin and age as that of Tawmaw.
In any case the serpentine is considerably older than the Tertiary
strata which sct in cast of Lonkin. The cataclastic structure obscrved
in all thesc rocks can only be explained as resulting from tectonic
disturbances in later geological periods.

From the petrologist’s point of view the jadcite occurrence at
Tawmaw is beyond doubt the most interesting.  As regards the
jadeite diggings at Mamon the only question of interest is whence the
material, which is {ound in the shape of boulders in the river gravel,
originates. A glance at the accompanying geological map (Pl 39)
shows that the portion of the course of the Uru chaung, bearing jadeite

boulders, surrounds the hills of Tawmaw, beginning at Sanka and
reaching round as far as Mamon. The numerous little streams feeding
the Uru from the right bank also carry boulders of jadcite. It is
thercfore highly probable that the boulder jadeite found in the valley
of the Uru has originated from the jadcite-albite dyke which is
now being worked at Tawmaw, the more so as all the other species
of rock occurring together with the jadeite at Tawmaw are also found
amongst the boulders in the bed of the Uru chaung. The inference
to be drawn from these ohservations is that it is highly improbable
that jadeite will be found in sufficient quantity for remuncrative
working far beyond Mamon or north of Sanka.

Another problem of interest is whether the jadeite found at Hwgka
is in any way connected with that of Tawmaw. Jadeite, saussurite,
serpentine, ctc., occur in the shape of boulders as constitucnts of a
miocene conglomerate.  Obviously the Tertiary strata were deposited
round the serpentine hills and derived the material of which they arc
composed from the same. Although in all probability the boulder-
jadeite actually originates from Tawmaw this cannot be proved
conclusively, and another unknown primary occurrence of jadeite may

exist in the vicinity, which furnished the material for the sccondary
deposit at Hwéka.
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LIST OF PLATES.

PLATE 35, Fig. 1.—General view of the Jade Mincs, Tawmaw.
Fig. 2.—A worked out portion of the Jadeite-albite dyke at Tawmaw.
Prate 36, Fig. 1.—Kachins transporting a boulder of Jadeite, Hw(ka.
Fig 2—~Quarry in the Jadeitc-bearing conglomerate at Hwéka.
Piare 37, Fig. 1.—Normal Jadeite, with strongly cataclastic structure.
Fig. 2.~Jadeite, coarsely granular varicty without cataclastic structure.
Fig. 3.-~Felspar (albite) with cataclastic structure.
Fig. 4.—Fragment of Jadeite (recognisable by its cleavage) imbedded in
albite.
Prate 38, Fig. 5——Saussurite-gabbro.  Crystals of clinozoisite included in albite,
Fig. 6. - Jadeite, showing brecciated structure.
Figs. 75 8.—~Foliated Jadeite-albite rock with inclusions of amphibolite
schist.

PraTe 39.—Geological map of the Jade Mines district.
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THE  WETCHOK-YEDw)ey PEGU - ourcror,  MaGwe
DisTiacT,. Uppkgi Burma. By E. H. PAscor, M.A.,
BSc., F.G.S., Geological Survey of  India. (With
Plates 40 to 42.)

HIS arcawas examined m- April 1907, and surrounds  Yedwet

Positlon of area, (Latitude 29° 25" 547 Longitudu 05 16/ 21"),

avillage 23 miles almost duc east of the town of

Yenangy:lung.
The in(vrvcning country hetween it and the town of Magwe
Nelglibouriny countrs, umsistf .of a ;{nnl]y undulating  plain,  (hat
part of i ])f)l'(](‘l‘ll]g the  Irrawadi Leing com-
paratively  little  dissected by streams. The rocks are Pliocenc!
sands covered in most places by o surface deposit which is usuall
of a brick red colour, but occasionally assumes that of a dull chocolate
or bright vermilion.  Near the river patches of gravel take the
place of or accompany this deposit, and are evidently but local varia-
tions of thelatter. The red deposit may oceur on high, and be absent
on low ground, or pice versd, and  has apparently hieen laid down
upon an irregular surface of Pliocene here.

The structure is that of elliptical dome with its major axis
ranning in the usual dicection of Miocene o
Pcgu anticlines in Burma, 70, N. N W, to
S.S. E Judging from the strike of the Pegu-Irrawadi ])Oun(lar.\' bed,
the trend of (his anticline is from 20” Wool Noto 200 R of S. (see
map, Plate 42). Minor wrinkles are probably indicated by ‘
dips.

Geological structure.

trregular
The maximum width of the Pegu outerop is a little over 41
miles; its {otal length was not  measured, The western [)(\(,”j
* S
Irrawadi boundary bed when followed southwards curves in towards .
cast so that the Pegu outcrop evidently docs ot extend furthep
than about 4 miles south of Padaukkon.  Northwards the writer found
Pegu beds at least as far as the village of Okshitkon, i mile north of

which Mr, Macrorie, Geologist to the Burma 03 (-‘Ompzmy, reports

Y rrawadi Sandstone series,

, . 0 p. 28
ART 4.] PASCOE : Wetchok-Yedwet Pegu outcrop 7

wine found the conglomerate houn(.lary bed, The length of the
1tcr§p must therefore be abou.t 143 miles. . | the Setla
ins are very wentle, especially around Yedwet anc t'xe e a
Dips are very £ daung Hills, where they are very irregular in
Dips. <1irec?ion and seldom rise above 6°. Onthe e.astern
id western flanks of the fold, dips rise ‘to 10°, 1850’ or O,CCHSIO.I:{L”){
19 or 20°.  North of Yedwet, northerly dips o'f 15 1 and ox\c\ar e: efl(])(r
r some distance northwards and are rather dlfﬁf‘u t .to &(.;Ou‘ltl‘ ‘
cept by the assumption of a well-mz'u'ked unconformity, or fau dlnglu:
east and west direction, especially since tl.lere are no correspon ing )'
-oe southerly dips south of Yongon in spite of the closer proximity
Othe Irrawadi Sandstonc boundary. North of the road betwegn
‘ctchok and Thamonbin, the dips all ha.v.e a northerly com‘ponenF \\r‘ltlT
> exception of a few local i1~r(>gtlla1‘1ers. In the area 111_}1‘111[e‘dmtell_\)
uth of Yedwet, and from the cent're of the Setkyadaung'l ‘1 $to t[l(:
cam which passes between Mymtl'm and \_{'ongon, dips may be
sidered as superficial or due to minor ‘bulgmg, and the stra‘t'a‘ as
e izontal. It would be impossible to mark the position
llerﬂ”_\: htonbl:t s(in.ce there is little incquality between the dips ou the
'm\ Clifl’wcstern flanks, the crestal arca would occupy a (.‘fentral
>t.°.‘“ ab stween the eastern and western margins.  Plate 41 gives a
ZZ:.Z;Iide(é ol the anticlinal domclz seen in the direction of the major
1d are shown.
. bOt'h ﬂi?lls{z fo tI]c];aflocrump]ing and unconformity in the Pegu beds
;2 C]?:o:sen in the Yedwet Chaung (see Plate 40), \.vher(‘ con'torte'd
ys and sandstones are abruptly trluncated and overlain by horizontal
) \ :non is quite local.
d;q: the 1111611)?1;;(;0(1 arequndoubtedly Pegu beds and arc mostly of
Phe rocks X1 the customary type. The predominant charac-
: and pature of beds. teristic, as usual, 1s impurity, the sandstom?s are
sillaceous, and the clays and limestones sandy. It is‘ IdlfﬁCUIF
’ time to decide whether a bed should bc~ CZ?”G(I a ca careo.u:.
petines arenaccous limestone.  Each fossil band met with
1d'St0n‘3 for th ‘a,\'(ariable non-descript bed, weathering like a lime-
1SISt'$ (t) S(S)lr:ctimcs containing a larger percentage of sand and
e f‘cla than of calcium carbonate. The clay pebbles ‘are
be‘eS ° e Yl 1 with Zi/thodomus borings, and the sand consists
asionally riddled v ion of which is plagioclase, the bulk
gely of felspar, a small proportion 8

ming stituents rrock arc shells
o “he constituents of the
ng orthoclase, The remaining



288 Recor
rds o > (] c ;
S the Geological Swrvey of India. [VoL. XXX VI
and shell-fraon }
: wents \VOZ0; ‘oraminif i
} she g , ]»1_\()[().1, Foraminifera, and mron oxide ‘0ssi
bands are sometimes ver linn i i , - -
' : svery lited in horizontal extent, occurring |
patches here and (hepe Tl i e Iy corre,
spond (o g e, wse 1solated out(‘rups[rcqucntly corre-
s 1dentic; 1Z0Ns i I
o ci hm!m)ns, but their thinness and the curved or
o (lu nature ol {heiy lmun(ling surfaces  confirm (he pro
abihity thy; v have heen | A i ‘ -
- y t tt they have been formed by the introduction of calcarcous
atter into ¢ rous fossilifer T [ Stonce
: ! > A porous fossilifcrous sand. Ihe unfossiliferous limestones
are usu . o ‘ : |
g ell ); much purer and POSSCSs a more markcdly mammillated
or cven bo idal is v i
ryoidal form. [t ig very questionable whether any e
stones other than sccondary exist in this arca d .
1 Avery common type of bed here and in Pegu cXposure 1
type of > Xposures  clse-
where 1s that of a soflt light-colourcd sand  containine
be)

e ‘ ! @ solt . . numerous
aminze or clongated lenticels of a bluish or greenish clay
?

from a suaitable distance the appearance of shale. Ex'u;tll)rcs‘cjnt'llng
beds are being formed at (he present day in the sand:bauyk ‘5”;”“‘“'
Irrzt.\vadi, where thin sheets of clay crack  and curl up into 11:1121 Je
of isolated patches which are smoothed down and covered wit] ‘rc |
subsequently to form separated  lenticels, ’ v sand
Tw.o other intcr«:sting types of bed from the Peoy scrics are wortl
of noticc. One is an arcnaccous limestone oc;lrrin(r verv/ los t)y
the ?c.gwlrra\vadi boundary. It contains a large I)ropgrtiOI; ;fOb‘C (;
consisting mostly of quartz in large moderately rounded rains 151?:1(
orthoclase _and plagioclase, and some green pleochroif horxhjenl\e
.The rock is stained with thin brown concentric spheroidal shclls“'f'
iron a.ud mangancse oxide, which weather more readily Lhan th~
'rcst ot. the rock, and produce a surface ornamented with mut l]L
fnt.crf(:'rmg systems of concentric rings, the whole structnre fu il v
imitating the “ orbicular structure in- that form of ."' Lrebly
as “corsite o « napolconite,” ot nown
The other type s a fine-textured hrown calcarcous ¢lan showi
“:cll-dcvclopud cone-in-cone structure, occurring here ang th{\ j g
dlstan'cc below the junction of Pegu with [rrawadi beds. |y, rtL] ZT S‘hort
quantity (.)f material brought back from the ficld, all the com']'L Sm'a”
I one direction and their curved surfaces where CXposed (‘\'ib'b'pomt
rcn'larkzti{lc system ol transverse: wavy ridges and \\'rin/k] P,
teristic of this structure,  charaes
Sclenite is ahundant locally, and calcite occurs in the {rif
S'ch.am-bcds immulialcly north of  Yedwet village D“‘ b“ o
similar to that whiclh is the most prominent 1‘(?&.”1@ ;1(1;\10]:2],;,;
s
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“Prome Stage” can be observed ncar Chaungzon and at Okshitkon :
this similarity has cvidently no correlative significance.

The lowest bed of the Irrawadi scries, which has been referred to
above as the ‘boundary bed,’ varies in nature from place to place, but
is usually a highly arcnaccous limestone or a calcareous sandstone,
The particles of sand are very coarse and frequently assume the size of
small pebbles of 3 or 4 mm. diameter. The larger ones consist of
quartz, but orthoclase and plagioclase are present, the former some-
times in abundance. The matrix of calcite is stained with ferric oxide,
and varies in amount, but the rock always weathers like a limestone.
In places, as near Magyigon, this bed is associated with or passes
horizontally into a ferruginous calcarcous conglomerate containing
clay pebbles thickly coated with iron oxide and occasional pieces of
fossil wood, thus strongly resembling the Ferruginous Conglomerate
of Yenangyaung and other places, to which it doubtlessly corresponds.

The Setkyadaung Hills arc covered with large water-worn boulders

Thickuess of Pegy of this  boundary bed, " so that the thickness of

beds exposed. Pegn beds ecxposed must be very small,

According to the contours of the 1-inch Govern-

ment survey map, the height of Setkyadaung on which Irrawadi

boulders occur, above the Chaung immediately south of Yedwet, is

about 280 feet, so that the thickness of Pegu rocks exposed here may
be considered as approximately 300 feet.

Fossils are fairly plentiful, but very fragmentary, and occur in the
slabs and flattened spheroidal masses of

thin
Fossils. hard sandy limestone described above, from
which they are very difficult to extract, .
is

The lowest {ossil bed is found immediately around Yedwet.
characterised by a profusion of large Turriteliz be!oqging to t‘hc
two species simplex and acnticarinata. These t.wo distinct species
are closely related to one another and intermediate .forms are fre-
quently met with, in which the older whorls wit.h the single sharp keel
of simplex are succeeded by younger whorls with the double keel of
acuticarinala : Turritella simplex is evidently the ancestor of Tuy#i-
tella acuticarinata. Large specimens of Conus avaénsis and inter-
mediate forms between this and Conus malaccanus are also common,
Both Turritellz and the Conus can be found loose in the stream beds,
weathered out from the parent rock. Perhaps the most interesting

occurrence in this and neighbouring horizons is that of a foraminifer,
E
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which appears to he a variety of  Rotalia annectens Parker and
Jounes,! an inhabitant at the present dav of the “anchor mud ” of
H.()ngkong and the coral reefs of - 19ji. Both forms show the same
distance between consecutive septa, the same conus-shape ;111;1 the
same angulztr projecting processes from the septa, the only sli(r’ht (liﬁcr;
enc:c being that in the Yedwet specimens these 111‘0«'(&5(;51 zu'(iﬂ situated
a little closer to the axis of the spire.  Besides this, donbtiu} specimens
of Globigerina and of a Textularian were obscrvc({. R

e Tl:e followmg. is a list of spccics obta'incd from this bed, but by far

greater portion of specimens cousist of Turritellz. (N.B.—

Those marked with an asterisk arc common.) -
Rotalia annectens Parker and Jones.
Globigering ?
a Textularian ?
Ostrea promensis Noetl,
Ostrea papyracea Nocetl,
Decten kokenianus Nocetl,
Cardita visquesneli &’ Arch.
Dione protophilippinarum Noell.
Dentalium junghuhni K. Martin.
* Turritella simplex Jenkins,
* Turritella acuticavinata Dunker.
Oliva rufula Duclos.
Clavatula munga Noetl,
* Conus avaénsis (varicties resembling  C. malacca-
nus) Noetl, »
¥ Dalanus tintinnabulum Linné.

The uppermost fossiliferous horizon varies considerably from plac
to place and occurs close to the boundary.  Just east 6f w tp‘lace
num'erous crab claws were obtained, mostly consisting of the (lC t lek
podite and  occasionally the propodite of the chelate lim;L "
Placef’zta, identical with the living Placenta ovbicularis ‘rh' i\
Mr. Tipper found in the Miocene of the Andaman Islands also ‘f o
The following isa list of species found here :— ) e

Ceratotrochus alcock:? Noetl,
Dendroid coral—probably Dendrophyiliq sp.
Ostrea pugyracea Noetl,

'Phil. Trans., Vol. 155, 1865, p- 422, and F1. XIX, fig. i
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Pecten hokenianns Noctl.

Placenta orbicularis Gray.

Lithodomaus.

Cardita visquesnell &' Arch,

Dione protaphilippinarum Noctl.

Tellina hill/ Noetl.

Gari Fingd Noctl,

Dentalini.

Turcica protomonilifera Noctl.

Natica obscura Sow.
. callosa Sow,

Conns avainsis Nocetl,
o malaccanus Hiwass.

Balanus tintinnabulum Linné,

% Cancer (claws) sp. (figures in Noetling’s ** Fauna of
the Miocene Beds of Burma.”)!

Oxyrhina spalansans Bon,

Chelonian plate.

Calliostoma blanfordi Noctl.

Near Thamonbin this bed consists af an oyster bank of Ostrea
promensis and contains in places specimens of 7wingonia.?

Paracyathus czrilens Duncan.

Pecten kokenianus Noetl.

Cardita visquesnelr d’Arch.

Dione protophilippinarunt Noetl.

Balanus tintinnabulion Linnd,

“rom the same horizon in the stream-bed immediately north of

Padaukkon the following were obtained :—
Paracyathus carulens 7 Duncan.
Pecten hokenianus Noetl.
Pecten irravadicus Noetl,
Arca.
Gari Finol Noctl
Dentalinm junghuhni K. Martin.
Solarium maximun Phillipt.
Mitra sp.

1 paleont. Ind., New Ser., Vol. 1, p. 3, P XXIV.
2 See Rec. Geol. Surv. Ind., Vol. XXXVI, Part 3, p. 138,
E2
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Cyprea grant: d’Arch.
Conus hanza Noctl,
,,  yulerensis Noctl

Other fossil limestones occur, whose horizontal extent is probably

small.  Fossils are feepnontly very fragm ntary, and, exeept for spec-
mens of Nedoberehnm idarss spy, Cworitella Lvdelleri, and atootl
of Carcharia:, consist of species included in the two fists given abave

- -4

It 1s doubtful how far {osstl beds ina new locality can be compared
with zones claimed to have be hg ishe

Age of beds. P e : . ¢ been established by

4 t. Noctling at  Singy, Yenangyat, Minhy,

Thayetmyo, Prome, ctc. A glance at the three dissimilar lists of [ossils

from the Wetchok, Thamonbin, and Padaukkon beds, whose horizons

are either identical or within a few fect of each other, will show what

a difficult task it is to correlate Pegu beds even in the same area,

The following table shows the number of species from the two horizons

described, common l.o cach ol Dr. Noctling's zones, assuruing  the

Wetchok, Thamonbin, and Padaukkon beds to represent  one
horizon : —
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Thamonbin, Pa- )
daukkon bed. (
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Correspondence with the two fossil horizons established in the
Yenangyaung Oil-field! is just as ill.

The Irrawadi or Pliocene series is represented by the usual light
coloured coarse current-bedded sand rock with local iron-staining
and much fossil wood. Of the latter a Monocotyledonous variety
belonging or related to the Palms was found close to the ‘ boundary
bed’ west of Myintha. The characteristic obliquity of the cauline
vascular bundles to the stem axis where the former are about to
enter a leaf is well seen. In some specimens the bundles have been
destroyed and replaced by oxide of iron, in others their structure
has survived, and each is seen to be of cordiform section with the
sinus directed towards the stem centre.

The highest ground in this area, the Setkyadaung Hills, is covered
with thin patches of the bright red earth alluded
to above, and a red deposit very similar to this

but cxhibiting more the habit of an alluvial silt, occurs thickly on
lower ground and in the vallevs. The explanation seems to be that
the high-lying red earth which is usually of a considerably brighter
colour, is a soil deposit of a lateritic nature, analogous to the “Red
Earth ” of Bermuda or the “ Terra Rossa ” of south-eastern Europe,
while the lower-lying bed has been derived from this by the action of
rain or rivers. On the summits and down the slopes of many of the
hills lic numerous large boulders of sandy limestone well rounded and
carved into the characteristic alternation of concave and convex
surfaces of water action: many of these boulders are apparently
in situ. We are therefore justified in assuming that the country around
Yedwet must have been recently flooded, the low-lying red deposit
probably being one of the results. Unfortunately it is freq}xently
impossible to distinguish definitely between the red lateritic soil and
the redistributed material, nor is it certain how much of the low
lying deposit in other areas may not be mere rain-wash.' Whether
the bright vermilion colour is to be taken as an exclusive feature
of the lateritic or high lying type is a point worthy of the observatios,
of future observers. Although the dcposition of the alluvial material
was unquestionably prior to the details of the present drainage
system, it is evident that the relative positions of high and low
ground before the deposition of the silt were broadly similar to what
they are at the present day. In scveral cliff scctions, red silt often

1 Rec. Geol. Surv. Ind., Vol. XXXVI, Part 3, pp. 136, 140.

Surface deposits.
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?,0 or 4o feet thick is scen to rest upon two or three feet of an
rregular band ol coarse stream detritus consisting of  pebbles and
rounded or subangular boulders of limestonc.

The character of this
alluvial silt s constant over wide arcas.

. [n this region, at Magwe,
tn the Yenangyauny Oil-ficdd, on the Minbu hills, and clsewhere
1t consists of a mixture of clay and fine sand in varying proportions,
decply stained with iron oside, Occasionally it assumes a hrown
and purple colour, but it is usually a brick red. No organic remains
haYe ever been found, and there are no bedding plancs.  Small
strings or patches of gravel or gravelly sand relieve the monotony
here and there, especially in o the  vicinity of any conglomeratic
Tertiary bed. In the opinion of the writer, the Red Silt is homotaxial
with the Platcau Gravel of Dr. Noctling! since  both deposits
occupy a more or Jess identical horizon, and at Yenangyaung the two
can be traced laterally into onc other.

The presence of ti1e red surlace deposits makes it extremely difficult
to find aud trace faults, and some of them may be
entircly hidden from view. Dy a good deal of
interpolation, however, the faults indicated on the map were made
out with tolerable certainty.

No oil seepages occur. Information was sent by villagers to the

Prospects of obtalnlng L Wiuzas at Yenangyaung that gas had been
oil.

Faults.

seen rising frow the summit of a hill near
Wetchok, but this was nothing but hot air convection currents.

According to the cvidence at Ycenangyaung, the effect of small
faults upon an oil-field is negligible, so that practically the only risk
to be run in exploiting this dome is that it may lic beyond the oil belg
or zone, The structure is eminently suttable for the accumulation of
oil, but the chances appear to be very even and can only be vauved

H r . i i L. A HAUde

by a practical test.  Water 1o very scarce, and it is doubtful whether
sufficient for boiler usc would Le forthcoming locally during the dry
months,

' Mem. Geol. Surv. Ind., Vol XNV ot 2, . 55.
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NOTE ON A GROUP OF MANGANATES, COMPRISING
HOLLANDITE, PSILOMELANE, AND CORONADITE. By
L. LEIGH FERMOR, ARS.M., B.Sc., F.G.S,, Assistant
Superintendent, Geological Survey of India.

I N a paper entitled ‘ Manganese in India’ read before the Mining

and Geological Institute of India in March, 1906, and published
in August of the same year,! I proposed the name hollandite for an
crystalline mineral found in the Ké4jlidongri manganese mine, in
Jhdbua State, Central India, and shown by analysis to have’the
composition of a complex manganate corresponding to the hypothe-
tical acid HMnO,. The analysis made by Mr. Winch corresponds
to the formula :—

m(Ba,Mn),MnO; + »(Fe,Al), (MnO,),
or n(Ba,Mn),MnQ; + nFe,(MnO,),,

According as the alumina shown in the analysis be considered as
an essential constituent or not.

Similar crystalline manganates have since been found in several
other manganese-ore deposits, though usually mixed with other
ores of manganese, such as psilomelane and braunite. These other
localities are all in the Central Provinces, and the only one of them
in which the manganate occurs in large individuals that can easily
be separated from the associated minerals is Sitapir in the
Chhindwara district, from which deposit some thousands of tons
of sparkling crystalline hollandite have been shipped. /

Laspeyres“’ has already suggested that pstlomelane may conform
to this formula, H,MnO;, and I find that all the complete analyses
of psilomelane that I have had made agree very closely with this
supposition.

In a paper published in the American Fournal of Science in
1904® Messrs. W. Lindgren and W. F. Hillebrand describe a

1 Twans. Min. Geol. Inst.,, Ind., [, pp. 76, 77 (1996).
? Dana’s System of Mineralogy, p- 2571, 6th Edition; Four. fir. prok

Chemie. X111, p. 25, (1876) [quoted by Dana). .
3 Series iv, XVIII, pp. 448-451. Also see ‘The Copper Deposits o the

Clifton-Morenci District, Arizona’, by W. Lindgren ; Professional Paper No. 43
of the United States Geclegical Suvrvey, pp. 103-105 (1903).
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new mincral coronadite, from the Clifton-Morenci copper area of
Arizona, United States of America,  The mincral, which was found inti-
mately mixed with quartz on a dump of the Coronado vein, is described
as being black and mctallic, and not unlike psilomelane in appearance.
The structure is fincly fibrous, the hardness about 4, and the streak
black with a brown tingc. The analysis of a specimen having a
specific gravity ol 5246 is given as follows :—

MnQ, . . . . . . . . 5613
MnO . . . . . . . . 656
PbO . . . . . . . . 20748
Zn0 . 010
CuO 005
MoO, . . . . . . . . . 0’34
AL O, (with alittle Ti0,, 12,0, and V,0,) . . 063
e, O, . . . . . . . . . rot
H.O . . . . . . . . . 103
Insol. and 5i0, . . . . . . . 7°22
Ca0, MgO, alkalies and loss . . . . . 045

10000

in discussing the formula corresponding to the foregoing analysis,
Dr. Hillcbrand remarks that if the mincral s to be regarded as
anhydrous the comparatively simple formula R” (MnyO;)” satisfies
the analysis.  He says, however, that the temperature at wh.ich th.c
water is expelled indicates that it is constitutional, and that in this
case the formula becomes much more complex, namely, R”H,
(Mny,0,), when nonc of the water is allotted to the forcign matter
present,

I'find, however, that the analysis given can be interpreted as
corresponding to a manganate cquivalent to the acifl H_LMHOB: Th.e
fOllOWil‘lg shows the analysis rearranged 10 conformity with this
supposition ;e

Coronadite :—
Fe, (MnO, ), 1'9y
Al (MnO;), 38
K, MnQ, 070
Cu,MnO, o'gn
Pb, MnO, 32°60
Zn,MnO, 010
H,MnO, 397
Mn,MnO, a1°24

Q2°32
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92°32
Insoluble and SiO. 722
I\’[OO;( . o 34
99'88
Oxygen surplus o'12
100°00

The small difference between the alnqunt of oxygen required
according to this interpretation and t‘hat which must ha've bee‘n qeter-
mined in separating the manganese 1nto MnO, and MnO,; indicates
that this interpretation may very weil be the correct. one. If the M_0,03
be in combination with PbO, then the subtraction of.the requisite
amount of PbO from the manganate would make very lxttlez dxffe.rence
in the result.l In the foregoing t_he whole of the last item in the
analysis has, for the sake of calculation, been assumed. to ?e potash.
Assuming this interpretation to be correct the following is the ap-

proximate formula for the mineral, giving the various constituents their

roper values :(—
prop Mn,, Pb; RY; (MnOy)y

where R’ includes all the constituents except Pb and Mn. ”This
isA equivalent of course to I6>f H_LI\./InOF,. The formula R”, H.q‘
(Mn,, O,) given by Hillebrand is equivalent to Hj;; Mny, O, and this
to Hy, Mng O which equals 6' kHiMnO5)'_-H30' o

It thus seems as if coronadite may fairly be regarde-d as closely
allied to hollandite and psilomelane, and as forming with these two
: als a well-marked group of minerals, namely manganates corre-

iner
r.ulgnding to the acid of the formula H,MnO; The fact that coro-
:L;dite is fibrous is a pointof interest because thereis also a fibrous

: ite at K4jlidongri,
vans;:;yeci;faﬁollua;(rinarize theJ chiefgfeatures of these three minerals by
.aying that psilomelane is an apparently amorphous manganate of
saying se. barium, iron, potassium, hydrogen, and other bases; that
::i;laiiini:e i’s the Cry,sta.lline form of psilomelane ; and that coronadite
is 2 form characterized by the presence of a large quantity of lead,

hich may be regarded as the equivalent of the barium so often found
w

in psi lane and hollandite. .
" PISJ‘IOZ’E iow psilomelane has usually been treated in text-books on

inerzlogy as a sort of derelict amongst the oxides, although Dana
m

1 The oxygen surplus becomes 0’14 insiead of 0'12.
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recognizes it as a manganate. Now that companions have been found
for it, it can be made with them into a new group of minerals, the
manganates.

IFor the sake of comparison with the analysis of coronadite as
rearranged by me in terms of manganates above, I give below four
analyses arranged in the same way, two of Indian hollandites, and two
of Indian psilomelancs, No. 1 is the original analysis of crystalline
hollandite from Kdjlidongri by Mr. 11. J. Winch; No. 11406 represents
massive finc-grained hollandite from  Bidldghdt in the Central Pro-
vinees 5 No. 1157 a portion of a hard grev hepatiform concretion of
psilomelane from Guguldoho in the Ndgpur district, Central Provinces ;

and No. A. 38

8o, a bluish grey minutely  pisolitic psilomelane from
Tekrasai, Simghbhum district, Bengal.  The three last analyses were
made by Messrs. J. and H. S, Pattinson of Newcastle-on-Tyne.  The
analyses incidentally illustrate what a variety of bases may take the
place of the TL i the (ormula H,MnO,.

Hoitandite-. Psilomelane.
J No. 1140, No. 1157. No. A. 3S0.

— N . :

Be (Mn0,), 2op6 | s 205 ot

Al(MnO,); 2°30 1 261 038 75

Ba,MnO, 2350 , 395 0'04 20'14
Ca,MnO, . L o9 0’40 0’15

Mg,MnO, ; 082 041 o'57
K,MnO. E 512 479 o3t
Na,MnO, 104 o082 027
CoMnoO, . : o8 017 0’42
Ni,MnO, ) 0'34
Cu,MnO, \ 013
Zn,Mniy, | 0'49
H,MnO, - ! 390 1312 1273
Mn,MnO, 5350 | g 174 6228
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\ Hollandite. Psilomelane
; No. 1 % No. 1140, No. 1157. ! No. A. 3S0.
o I [ -
E 10021 9759 1 9782 9599
| i e o
. ... i°40 023 , 0'05
Si0, ‘ 4 | '
Sulphur “ . 0021 | o0zl 0039
u ! !
‘ Cee 07036 i 0838 0737
"o | o'oj) |
As,O, \' 3 1 v
CuO | .. 0002 w\ 0'00
u
TiO l e 003 0’01 ‘\
i0, \
| e . | .
Moisture at 100° C. l | 0’15 025 045
I ]
[ 1 \
10021 09237 99194 | 100°266
|
Oxygen assumed 037 e g 018
I . . i
Surplus oxygen [ J 061 0’8o |
| B R
I i
| 9984 99847 99'994 \ 100'085
| 1
Specific gravity \1 495 \‘ 4'59 ‘ 426 ] 4'54

In explanation of the few constituents given in the first analysis it
may be said that the analysis was made on the mine, when elaborate
apparatus was not available. Constituents other than those mentioned
must occur in small quantity.! The items forming the last two lines
of the foregoing analyses indicate whether th?re was less oxygen
in the analysis than was required for the foregomg mterpretation, or
whether there was more. In the two cases ol' a surplus of oxygen
it is seen that the amount of the surplus is somewhat large. If
this be considered too large to be due to experimental error, then it
is explicable on the hypothesis that a small portion of the manganese
is present in the form of manganic manganatc, Mn,(MnO,),.

1 See footnote on page 77 of paper * Manganese in India’, already quoted.
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NOTE ON AN OCCURRENCE OF WOLFRAM IN THE NA'GPUR
DisTRICT, CENTRAL PROVINCES. BY L. LEIGH FERMOR,
ARS.M., BSc., F.GS., Assistant Superintendent,
Geological Survey of India.

HE discovery of the existence of wolfram in the Nigpur district
of the Central Provinces is another example of
those happy chances that have so often led to
the location of valuable mineral deposits. It seems that Mr. J.
Kellerschon of Nagpur, agent in India for the Carnegie Steel Company,
was conducting prospecting operations for manganese in this district,
to the south of the Bengal-Nagpur Railway line, where ores of this
mineral had not up till then been found—and still have not, as far as
I know. An explorer had found some pieces of rock showing black
stains and was instructed to put down a prospecting pit at the place
where the stained rock was supposed to have come from. The result
was the extraction of pieces of quartz and mica-schist, instead of
manganese-ore. Mr. Kellerschon was shown pieces of the material
extracted and saw that the pit had been put down in a place where
there was little probability of finding manganese-ore. Mica-schist is,
however, one of the frequent associates of. manganese-ore deposits in
the Central Provinces, and consequently Mr. Kellerschon instructed
his prospector to go on with his pit and take a sporting chance of
finding manganese. The result was that at a depth of only 6 feeg
below the surface a black mineral was found in the quartz. This was
sent to the Geological Survey Office for identification and recognized
as wolfram, the actual test for this element being made by Mr. G. G.
Narke, a student from Négpur working in the Geological Survey
laboratory. This find aroused considerable interest, and consequently
I took the opportunity, whilst examining some manganese deposits in
the Central Provinces in December last, to pay a short visit to the

History.

wolfram locality. Here I must take the opportunity of ‘t'hadklﬁg”Mr .

Kellerschon for sending further specimens of the xqpifieral to the-
Geological Survey and showing me all the occurréfices that he had

found as the result of further prospecting operations, i :

b

¥
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The wolfram deposit lies within the boundaries of Agargdon village
area or mauza, in the Umrer tahsil.  This village
lies on the south bank of the Kanhdn river at a
point about 7 miles south-cast of Mannda (9 wiles by bullock-cart

Situation,

road). Maunda is 2o miles east of Nigpur on the main road from
Nﬁgpur to Raipur.  The pit where the wolfram was first found lies
about # mile south by a little west of the village, on a low ridge of
‘mica-schists striking N. 657 1.

The following is an extract from a letter rom Mr. Kellerschon to
Mr. C. . Low, Director of Industrial Surveys, Central Provinces, and
is the first account giving detwls of the occurrence :—

“In the village of Agargion, Unrer Tebsil, Niacpur disteicy, S, 82 W abont
2,980 feet from the village wite, the wolframite was first cncomnntered in a test pit
at a depth of 6 feet, The pit was sunk on 2 ow ridge <howing numerouns outcrops
of mica-schist with quartz veins and with a strike N. 635° K. and dip 859 to the
north.  This belt of micaceous schists exposed about 6o fect wide ean be traced
along the strike all through the aren of Agargdon into the adjacent village of
Palegrdon to the south-west and also into the bed of the Kanhdn river to the north-
cast of Agargion, then disappearing under the drift of the high novth bank of the
river in the village of Borgaon.

< eor ¥ : :
In the river bed a slight change of stike is obscrved now heing about
N. &° k.

Mr. Kellerschon further savs that although the mica-schists with

quartz veis disappear on the other side of the river for some distance,

vet, according to Mr. S, O, Hohnes, they re-appear in the village of
Lobara, whenee he (Mr, Holmes) has traced them through the villages

of Chaukhan (Chowkund), Peotha, and Kandhi (Kondhee), a distance
of about 3 miles, with a persistent strike of N. 657 E.

_ Mr. Kelterschon has taken up an exploring license, pending the
?_;r;mt of a prospecting license, over the portion of this mica-schist
belt ving within Avaredon manza limits, Mr. 1L M. Hanee of the
Indian Manganese Company has applied for the extension of the belt
to the south-west in Palegion village, and Messes. S 00 Holmes,
E. 6. Beekett, and Hance hayve ;lM)Hml for the extension of the bhelt
to the cast-north-cast of Agargion on the other side of the Kanhdn
river. The only portion of the belt in which wollram has yet be n
located is the Agargaon portion, and consequently Todevoted the
limited thme at my disposal to the examination of this part only. 1
fully agrec with the account given by Mr. iWellerschon as far as it
applies to this portion of the belt. ‘
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Towards the western end of the Agargdon portion there is a good
Geology and mode cross-section of t.he schists exposed in a small
of occurrence. watercourse cutting across the belt approximately
at right angles. The totat distance across the strike of the rocks is about
200 feet, with the dip sometimes very steep to the north, sometimes
very steep to the south side of the strike, and sometimes vertical, the
average dip being probably vertical. This applics also to all’ the
sections seen in the trenches to be noticed below.  The rocks seen in
this section consist of micaccous schists, {requently containing abund-
ance of tourmaline; with some layers of fine-grained tourmaline
schist ; some of the less crystalline form of schist known as phyllite
and some of fine-grained quartzites. The quartzites, which occur
towards the south end of the section, are of subordinate importat}ce
as compared with the mica-schists, and there. 1s every 'gradatxon
between the quartzite, through micaceous or sericitic quartzite, to .the
mica-schist. Interbedded with these schists there are several lenticu-
lar masses of quartz varying up to 8 inches thick. The mica of these
schists is chiefly a white mica. None of them where I broke them
showed any signs of wolfram. . .

From this watercourse the schists can be traced continuously to

t-north-east along a low ridge, there being frequent outcrops
the ez?.s rtz intercalated between the schists and standing up above
of vein 4% of the more resistant nature of the quartz towards

them on accountts At 300 feet to the east we found a little wolfram

weathering‘agen From here the wolfram has been

of quartz. :
in situ in the outcrop R and trenches for a total distance

. , means of pits
Jocated at mtef‘fistbyrrhe belt of schists with intercalated quartz
0 .
of about 1,35

] the usual east-north-east strike as far as the river

5 wit wolfram has been found in the outcrops,
t been made on this portion,

which the existence of \ivolfram ha§ been ?roved

peen put across the strike of the ridge. None of

renches have a greater depth than 8 feet, because the

carried e gistrict has fixed this as the maximum

{ the land may be turned up under an

. When a prospecting license has been obtained and
exploring lncensei1 been able to work down to as great a depth as he
Mr. Kellerschoﬂ 356 to visit the occurrence again ar.xd .make a more
chooses, 1 :}éa::a?; % examination than was possible this time,
ca,terI 3“ ’

r have any trenches of pitsye
no

In the portion "
four t
these have been

£ Commissi
Id):;)tllll y1:0 which the surface ©

oner of th
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The rocks seen in the trenches are similar to those seen in the
section referred to above.  They consist chiefly of micaccous schists
with interbanded tourmalinic varicties ol the same, and layers of a
finc-grained dark greenish black schist that is seen under the micro-
scope to consist practically enticely of an aggregate of tiny tourmaline
prisms, with a very small amount of interstitial quartz.  Each trench
als shows several quartz veins interbedded in the schists and varying
in thickness from a small {raction of an inch to as much as 18 inches,
though this thickness is exceptional.  In some cases the quartz veins
are in the micasschists, but they tend to be more closely associated
with the tourmaline-schists.  When in the latter the quartz sometimes
takes the form of a series of numerous small veins close together, and
often joined up by small cross stringers.

The quartz veins show much evidence of having been crushed. In
the first place the uartz is usually granular like a coarse-grained
quartzite. In a hand-specimen, however, there is usually considerable
variation in the size ol the quartz grains from point to point, and
sometimes there are residual patches, an inch or more across, of
quartz that has escaped granulitization. Under the microscope
the separate grains of quartz are scen to interiock with very intricate
boundaries ; they also show undulatory extinction, although the
strength of this phenomenon varics, and in some cases is practically
absent. 1 know that it is possible for such granulitization and strain
phenomena to have been produced by strains sct up during the
deposition of the quartz, But T think it is more probably due to the
veins having been crushed. The veins besides being granular arc
frequently laminar, splitting into tabular picces parallel to the walls
of the vein. When like this the lamination planes {requently contain
thin layers of mica varying in colour from golden to whitish. Further
evidence of crushing is seen in the breceiation of the tourmaline-schist
and the wolfram noticed later.

In the sceond trench from the watercourse section there are 7 veins
in a thickness of 6 feet. Most of them are an inch or Jess in thickness,
but onc is 4 inches and another 12 inches thick. There are also
several thin stringers, The most southern vein, which is the 1-foot
one, contains some brecciated patches of the dark tourmaline-schist.
The breccia is cemented by mica-schist. The darklgreen tourmaline
schist adjoining this vein is also brecciated and cemented by mica-
schist, with the mica flakes parallel to the schistosity of the tourmaline-
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schist. The mica being a light coloured varicty the contrast
is very striking. It is difficult to offer any adequate explanation of
this curious phenomenon. Perhaps, when the tourmaline-schist
was brecciated, some powdered mica-schist found its way between the
pieces of tourmalinc-schist, and was consolidated into schist again
on a renewal of pressure.  On the assumption, put forward below,
that the tourmaline-schist is a product of the mectasomatic replacement
of the mica-schist, a more probable cxplanation would be that the
veins of mica-schist in the tourmaline-schist represent portions of
the schist that have escaped this replacement.
There scemed to be wolfram in most of the veins mentioned
above.
The third trench from the watercourse section was 133 feet long.
It showed several quartz veins of thicknesses of 3 and 4 inches, with
one expanding to as much as 18 inches in one place. There were
also a large number of very thin veins wherever the tourmaline-
schists appeared. As in the second trench, these tourmaline-schists
were brecciated by thin veinlets of mica-schists with the schistosity
parallel to that of the tourmaline-schist. Many of the quartz veins
and veinlets contained wolfram, the total width of the zone in which
the wolfram was found being probably as much as 70 feet; but on
this point I had partly to take the werd of the miners: as to which
veins had yielded wolfram and which had not for the simple reason
that the wolfram is very unevenly distributed through‘the quartz
veins, so that sometimes the particular portion f)f a vein exposed
seems to be crowded with the mineral and sometimes quite free from
* I have mentioned in the last paragraph the extremely irregular
distribution of the wolfram in the veins. Taking the average of all t}}e
veins exposed in the various trenches it is probable that for every c'ublc
foot of quartz containing wolfram, several are extracted free from it.
In size the wolfram individuals vary from very small up to as much
as 4 to 5 inches across; between } and 2 inches
Characters of the wol- ...\« to be the most usual size. The wolfram
fram- tends to be idiomorphic, but owing to its brittle-
ness the pieces of rock usually break right across the wolfram
instead of along the boundaries of the crystals. .The only example |
have found showing a well-marked crystal form.xs a sm:.;,ll embedded
tabular prism showing the forms @, m, and & in the prism zone;‘ and
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with the terminal faces not exposed. It is embedded in mica-quartz-
echist.  As seen on the fractures of the crystals embedded in quartz,
the most gencral shape of the wolfram secms to be oblong, with the
length about 3 to 4 times the breadth.  As far as I can judge from
these embedded individuals the simplest shape is a tabular crystal
flattencd parallel to the ortho-axis, 4. The wolfram does not always
show this tabular shape, however ; it is sometimes more or less equi-
dimensional in all dircctions, and often irregular in shape.  There are
also many examples showing that what was originally one individual
or crystal of wolfram has been fractured and re-cemented by vein
quartz, thus giving further evidence that the veins have been crushed.
When the wollram s broken it usually splits along the perfect
cleavage parallel to the clino-pinacoid, &, Sometimes the brilliantly
shining cleavage faces show that the mincral is twinned, probably
with the composition face parallel to the ortho-pinacoid, a. The trace
of the composition plane is thercfore paralle! to the long direction of
the rectangular cleavage surfaces. Sometimes, however, the mineral
is seen to be broken up into numcrous bands at right angles to the
tong direction of the cleavage surface.  These bands reflect light at
slightly different angles, and are evidently due to the straining and
bending of the mineral, and afford still further evidence that the veins
have been crushed.  In addition to the perfect cleavage parallel to &
the mineral occasionally shows a rather good parting in a direction
at right angles to the cleavage, and hence probably the known parting
parallel to 2. The mineral also shows the usual resinous fracture, is
very weakly magnetic, and has a dark reddish black streak.

. Besides occurring in the quartz the mineral sometimes occurs in the
mica-schist close to the quartz ; but the mica-schist is then extra rich in
quartz.

.Sul)scqucnt to the original find of wolfram #n situ in the quartz
vems several small pockets of weathered out nuggets have becn found
aF the surface. These nuggels are sometimes 1 o 3 inches in
diameter, and often consist practically entirely of wolfram.

I have not yet sufficient evidence to be ablc to deal satisfactorily

Origla of the deposits. with the origin of the wolfram. A few points,

however, secem {airly certain.  They are :—
1. The wolfram occurs in quartz veins, intercalated in a series of
mica-schists and tourmaline-schists, and tending to be more
closcly associated with the tourmaline-schists.
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2. The schists are a part of the Dhrwér series.

3. The quartz veins have been granulitized and in places squeezed
into lenticles ; the enclosed wolfram has often been brecciat-
ed ; whilst portions of the tourmaline-schist have been enclos-
ed in the quartz, and the neighbouring tourmaline-schist
also brecciated.

4. The tourmaline-schist breccia has the interstices of the breccia
filled with mica-schist.

5. The close association of the tourmaline and the wolfram
suggests that these two minerals are genetically connected.
If so, the quartz must, at least in part, have been deposited
later than both. N

As a provisional hypothesis as to the.orlgm of t!lese deposit.s I
would suggest that the tourmaline h:ets been introduced into the schists
adjoining the veins by metasomatic replac.ement. The prCSfinc.e of
tourmaline in association with mineral veins is usuall?r taken to indicate
that the formation of those veins took' place under higher tffmperatures
than in other cases, O that the conditions were often w.hat is kno“.frf as
pneumatolytic, 7., the mineralizing temperature was above the critical

mperature of water. Henee in this case we may put forward as a
tjor{{)ing or provisional hypothesis, to b? pro.ved. or disproved when
more evidence becomes available, that nm}erah.zatlon took place along
fissures parallel to the bedding or stratification of the r?cks by the
agency of heated vapours, with the metasomatic .intro.ductlon of to'ur.
Y line into the wall rocks, The tourmaline-schist might on this view
E]eacll[;z to the metasomatic replacement of the mica-schist, although of
this 1 have no evidence. We can suppose that at about the same time

the wolfram was deposited, and then both the tourmaline-schist and the

" woliram brecciated in parts by movements in the fissure and neighbour-
WO b,

o rocks. The quartz was probably partly deposited concultrently with
e -olfram and partly after the brecciation ; the last deposited quartz
the Whave flled in the spaces between the breccia. Further movement.s
hed the last deposited portion of the quartz, cr else it
ed at the time of deposition,

he outcrops of the mica-schist 1 noticed that
ddition to the crushed quartz veins there were

must
must have crus .
must have been granulitlz

When walking along t

ina
Two sorts of quartz  4lso some of the uncrushed opaque white quar.tz
velns. so common in the Archezan rocks. As these did
i - as | could ascertain, I imagined that here I
not contain wolfram, as far Lh
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had found a point to which the attention of prospectors might be
dirccted as a help, should they try to find wolfram in quartz veins clse-
where.  In the trenches, also, although most of the veins were of the
crushed variety, there were occasional ones of the uncrushed varicty.
These, also, as far as 1 could see, did not contain wolfram, and the
miners also told me they had not yielded any woliram.  When, however,
I carclully examined the considerable number of specimens [ had
sclected from the ore in the foreman’s bungalow T found two small
picces of the uncrushed white quarlz contidning wolfram. T had also
noticed in the veins in the trenches that in places the crushed veins
showed small patches of uncrushed quartz. - From this it scems prob-
able that a portion of the wolfram-hearing quartz escaped crushing, But
I do not know if the veins that scem to be uncrushed throughout their
whole outcrop belong to a later generation or are merely part of the
wolfram-bearing series that have escaped crushing. It is possible that
there are really two series of veins here, and that the two specimens
referred to above were obtained from the uncrushed portion of the
older series of crushed veins, and that the uncrushed veins belong to
another generation and are really free from wolfram.  In any case it
would seem advisable for prospectors scarching for woliram in other
parts of this district or of the Central DProvinces to direct their
attention first to interbedded crushed quartz veins, and then to search
the interbedded unerushed veins, leaving the uncrushed veins that
cut across the strike of the schists o the last as being almost certainly
of alater age than the vcins here noticed as containing wolfram, and
hence not likely to contain this mineral.

With regard to the possibility of making a linancial success of the

. Agargdon occurrence, it s Ob\'iOll.S t]lflt owing to
de:::i?:.mlc value of the . irregular and 1)0('kety.(l‘lslrll)utmn of t.hc
wolfram in the quartz it is difficult to speak with
certainty. According to Mr. Kellerschon in a letter writien to me in
January 1908 :— '

*We have now 20 bags weighing 50 Ibs. cach ol rich nuggets, about 1 ton
of well mineralized quartz and 1} tons of mineralized.’

This amount of wolfram has been obtained as the result of a com-
paratively small amount of development work, and it only the veins
continue to yicld in depth the same proportion of mincral as they
have yielded in the first 8 fect | should think there could be little
doubt as to the paying nature of the occurrence. Should thesce veins

PART 4] FERMOR: Nate on occurrcnce of wolfram. 369

be found to continue in depth as rich as they have proved at the sur-
face I believe it is Mr. Kellerschon’s intention to erect concentrating
plant on the spot. Should the other concessionaires on the strike of
the wolfram-bearing Delt of schists find wolfram in their claims, they
will probably arrange for the Carnegic Company’s mill to treat their
ores as custom-orce,
An analysis of some broken crystals and fragments of wollram sent
by Mr. Kellerschon to the Carnegie Steel

on of the ore. : . . . .
Composition of Company in America gave the lollowing result ;=

Tungsten . . . . . . . . . 51'50
Iron . . . . . . . . . 1450
Manganese . . . . . ) . . 204
Silica ‘ , . . . . . . . 340
Phosphorus . . . . . . . . ooI8

This is cquivalent to—

Tungstic oxide (\WWO,) . . . : . . . 6305
Ferrous oxide (FeO) . . . . . . . 1864
Manganesc oxide (MnQ) . . , . . . 373
Silica (SiOs3) . . . . . . . . 340
Phosphoric oxide (P20,) . . ; . . . 004

9086

1t will be secn that there is a deficit of about 9°/,; 1 do not know
what this represents, for I did not see the specimens that were
analysed. It might be some attached mica or to'urmaline~sch.ist. Tgle
3'73°/, MnO is equivalent to 3'78%, FeO’, mfl.klng a total of 22742°/,
FeO. 65'05°/, WO, requires only 20719°/, FeO for FeWO,, so that
there is an excess of over 2°/, ol IeO belonging perhaps to the other
mineral. According to Dana the ratio of iron to manganese in wol-
fram is chiefly 4:1 and 2: 3, but varies from g: 1 to2:73. This one
has Fe: Mn. =49:1.
Owing to the limited demand for wolfram the market price is
to sudden fluctuations according to the variations in the avail-
able supplies. but there seems to be a tendency
Valuation and price o (he price to become steady as the uses and
of wolfra. the number of mines opened up increase., The

subject
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following is given by Mr. W, E. Greenawalt! as a schedule on which
one mill for concentrating ore in Colorado makes purchases of ore 1—

Basis for purchasing tungsten ove.

. I
!

Percentage of WO, | Value per ton. Dereentage of WO, Value per ton.
e . [ !
L } ;
' !
3 ' 1o 20 ' 100
4 11 S 30 : 180
5 ‘ 21 ) 10 ‘ 280
1o { 40 | 30 \ Joo
15 } 71 ; [§06] ‘ 570

Concentrates are purchased in the same region on the basis of
$9'50 per unit for concentrates containing 6o per cent. or more, and
$8'50 for concentrates containing between 50 and 6o per cent. tungstic
acid 5 so that conceatrates containing 50, 60, and 70 per cent. of WO,
are worth 8425, $570, and $0665 per  ton, respectively.  For com-
parison with the above we may take the quotations in the Mining
Fournal. In the number for October 19th, 1907, the price is given
as 4o shillings a unit (presumably of oxide), in that for December 7th
as 3o shillings, cquivalent roughly to %10, and in that for March 21st,
1008, as 26 to 27 shillings, S7'50, and a little over §0, respectively.
This decrease in price is probably connccted with  the financial
troubles in America, and, if so, mav be temporary only,

For an interesting account of the method of working the wolfram
deposits of Colorado reference may be made to
an article on pages g5t to 952 of the Engincer-
ing and Mining Fournal for Mav 18th, 1907.  Another recent
article on wolfram to which reference may be made is one by Mr. W,
Lindgren? on “ Some Gold and Tungsten Deposits of Boulder County
Colorado.’

Literature.

Y Eng. Min. Jour., p. 952, May 18th, 1907,
2 Economsic Geology, 11, pp. 4834403 (1907).
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A paper read by Messrs. A. Treloar & G. Johnson before the
Institution of Mining and Metallurgy! deals with the separation of
cassiterite from wolfram; whilst an article by Mr. F. L. Hess? in the
Mining Fournal treats of the price and uses of tungsten.

The occurrence of wolfram noted in this paper is of especial

interest on account of the fact that it has only
'n(‘)::;;:r‘ﬁ::eé:;;l.lram once been previously recorded from tihe Penin-

sula of India, namely, from the H4z4drib4gh dis-
trict, Bengal®. But it has also been found at several localities in
Burma, from the Shan States to Tenasserim.

| Mining Fournal, p. 642, Nov. 23td, 1907.
3 [bid, p. 635. Advance chapter of  Mineral Resources of the United States,

1906.
3 Rec., Geol. Surv. Ind., XX1, p. 21 (at end), (1888",
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MISCELLANEOUS NOTES,

Note on an Occurrence of Alum at Mormugao. (With
Plate 43).

Alongside the West of India Portuguese Railway at Mormugao, about 100
yards from the Burma Oil Company’s tanks in the direction of the railway
station, there is an interesting cliff section of rocks that are probably, but not
certainly, of Dhirwar age.

The rocks in this section are considerably altered ; but, as far as I could
telly they consist of bedded argilluceous rocks with some associated basic
igneous rocks. There are two separate bands of the basic rocks. One
consists of a fined-grained chloritized igneous rock with uralite and pyrite,
and is best termed un cpidiorite ; the other is a medium-grained altered
diabase, also contaiming pyrite.  The argilluceous rocks are mostly very solt,
being now largely in the condition of lithomarges stained with different
coloured oxides of iron, so as to look like ochres. The igncous rocks also
secm 10 pass into lithomarge. Traversing all these rocks are numerous veins
of limonite forming in somc places u network.  These veins may be as much
as 1y inches wide, but are usually considerably less, The limonite varies in
character. In some places, especially in the igneous rocks, it is paralicl-
fibrous, the fibres being disposed at right angles to the walls of the veinlet,
In other places it assumes a dull yellow-brown compact form. The outer
surface of these rocks is ofien coated with a deposit of mammillated limonite,
of which the mammillx average 1 to 2 inches across, and show when broken
bpen concentric layers of slightly diffcrent character. On c]imb.ing up the
section one finds that the number of veinlets of limonite increases in quantity
the higher one goes, until at a height of perhaps 50 fect above the bottom of
the section the rocks pass into a capping of laterite.

At one point at the bottom of the section the argillaceous rocks are less
decomposed than clsewhere. They are definitely bedded and show a well-
marked dip at an angle of about 4o to the N 20 W, When broken open the
rock is found 1o be soft and tnted in various shades of grey, cxeept
where it is iron-stained, in which casc it shows various shades of greenish
yellow and yellow to brown.  Even here the rock is too altered for it to e
possible to say what it was in its fresh form.  One can suggest either a slate,
& phyllite, or an argillaceous quartzite. Under the microscope it is partly
f:louded and partly fine-grained quartz, with numcrous tiny specks of what
1S probably pyrite,
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The surface of the rock here exposed is at right angles to_the be«?ding,

hickness shown being about 5 feet. The interest of the‘ section lay in the
e e his surface, for a length of 24 feet along the dip, was encrusted
fa:ct that snd lin,es of snow-white alum, oriented roughly parallel to the
w'"h e Zs The eflorescences took the form of crenulated ovals and
dip of the rm]:l' .es with a central area of rock free from the incrustation
A llI)S iaces the surface of these incrustations took the form of
(sec PL 43) 'H;: ? The thickness of the incrustations was on the average
mal {n?‘m:l T a little more. Occasionally the alum was yellow, due to iron
ab(')u‘t . mf\ Othe band of rock was followed up the section the incrustation
Stammg.ﬂ toscea:se escept for very small lines of it, The rocks at the same
::;Se ssi’:nned to be ,drier, and to be 1_norc often iron-impr'egnz'ned. .

The source of the alum was indicated py the detection in one specimen,
taken from the lower part of thcA section, of a patch ofcrystallme pyrite
passing into limonite, and by the pyrite nthced under the mx;roscope. gnde;
the influence of percolating waters.the pynt'e ml'lst have been' ecom‘p:se , an !
sulphuric acid formed Dby oxidatxgn. This acid thgn combxfned wit sorfne}:)
the alumina and potash of the argillaceous rock with tvh~e ormano: 9 ft e
aluminium and potassium sulphates. The water, on oozing out at.t e sur a.Cf“.
) wvaporated and deposited its burden as alum. According to Mr.
O e o P .h Consul at Goa, by whom my attention was drawn to this
Becher, the ?:t;ineral is now in process of formation, and when the rock is
e fre “fthe alum a further deposit of it forms after a while. Even
scmpeC} fmeho \v":s originally a considerable amount of the argillaceous
PP ’t'el‘e 'r;te it i: not probable, owing to the way in whigh all the
rock C'Onial{‘lng I')<)*l'xbo,urhood have been altered, that there is now obtainable
rocks in th n?)a of such rock still containing its pyrite. DBut should any
any large quamlt)’l re a large quantity of such rock could be easily quarried,
’ PO l;::t }f;;u\?gn: ::imsiderinc:z, whether it would be profitable to make use of
it mig 2
§ fo; the n?alllilftitzifs Oefﬁ?;?eﬁs‘r;encc was sent by Mr. A. Ghose, who was with

specim
me at tfle time of my visit to
Museum, wherc it was analys
theoretical composition of pot

this occurrence, to Mr, D. Hooper of the Indian
od with the result shown in column 1 below, the
ash aluin being given in column I,

L. 11,

. . 0« 99

Potash (K,0) . . . . . ‘7)7i oo
Alumina (ALO;) N . ) o e

Sulphur trioxide (S0y) ’ o 37
Water (H,0) . . ‘ L

Insoluble matter . i
100700 100°00
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Although the agreement of this analysis with the theoretical composition
is not very exact, yet it is sullicicntly close to show that the mineral is kalinse
or potash alum

K80, AL(SO,), +z4 0.

(L. L. Frrmor.]

Occurrence of the genus Orbitoline in India and Persia.

My colleague My, Hayden has brought to my notice, amongst the collec-
tions of the Geological Muscum, several rock-specimens containing Ordi-
lolina, a genus whosc existence had not yet been recorded in India.  Some of
these specimens were collected by Mr, Hayden in a greatly crushed limestone
on the east side of the Burzil (Dorikoon) pass, between Gurez and Astor, in
north-west Kashmir. Other specimens collected by Mr. Griesbach are
labelled “ Upper Firaimdn beds’” and were collected five miles north-west of
Firaiman in Persian Khorasin. They are accompanied by incomplete speci-
mens of a Pyrina resembling the Cenomanian species P. Desmoulinsii
d’Arch.  The Tiraimidn specimens of Oréifolina are beautifully preserved.
They have the shape of a very depressed cone, the base of which, shaped
like a still shuilower inverted cone, is ornamented with radiating ribs; some
of the specimens are almost discoidal. The usual diameter is about 5 mm.,
the greatest thickness, 1°2 to 1’7 mm. The Kashmir specimens are sl_igtﬁntly
larger, reaching 8 mm. in diamecter, and 2 mm. in thickness, but are similar
in shape.

The paleontological material is insuflicient for fixing exactly the age of
the beds. According to Douvillé (B. S. G. I¥, (3), XXVILL, 1900, p. 225),
the various species of Orbifolina, which arc diflicult to distinguish from one
another, range from Upper Barremian to Cenomanian.

[E. W. VREDENDBURG,]

Preliminary note on the geological age of the coal at Palana in
Bikanir, Rajputana.
The eocene age of this coal-ficld was established, at the time of its dis-

covery, by Mr. La Touche (Records, (. S. 1., Vol. XXX, pages 122-125, 1897).
Some fossils from the beds associated with the coal, recently forwarded to
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T 4.
PART 4 - Sorvey by Mr.J. W. Jervis, enable us 10 establish i'ts exact
the Geologica recision. Amongst this collection, the f0119wxng spe-
horizon Wlt}.1 gre:?,éel;il? Ostrea multicostata Desh., Nummulites atactcus Leyr'n,,
cies can be 1denlu e (.1'Arch- the two latter of which conclusively.e.st.ablxsh
Asstlina grant om’inin“ the;n are identical in age with the subd1v1snon- of
that the rocks contain Iidia as the « Laki group,” which is the coal-bearing
the eocent l(ign(;?:histén and in the Punjab. The Laki group includes the
formation in aft the middle eocene of India. In Western Sind, the Lower
oder pomoln (v) cocene age also contains coal, but this is a formation of
Ranikot of lower T}?e Khirthar group which overlies the Laki, and
very loc'al 'Occu”ence. siderable gcographical extension, appears to be barren
which, hke‘lt’ hgs ae;:);]tioned ob%erhtions concerning the age of the Palana
of coal. '.Ihe a0y more instance to be added to the already numerous ones
.coal ;(i):}?tl:;:i 2:;115 have been found associated with beds belonging to the
in w -

Laki group both in the western and eastern districts of India.
4
[E. W. VREDENBURG. ]

i of Ostrca
imipary note on the Indian occurrence : -
Prel;zz:ltj’;costata, Deshayes, and other ribbed species

of Ostrea.

eceding note on the age of the Palana coal, I have mentioned
In the Pr os one of the fossils occurring in the coal-measures of
Ostrea m“_l’”osmm .Zemiﬁcation is based upon a single incomplete specimen
that localiy. T 1tle species in question has been established by compari-
whose reference 10 1rve(li) material from other localities. O. multicostata has
son with bfztter Preser e frequently than any other species of Osfrea in wor.ks
been xnegtloned HL‘;O . of the Tertiary in India; but although the species
dealing with the g¢ b gn)dantly in this country in strata of middle eocene age,
really d?es oceur * l;are mostly erroneous. In order to dispose definitely .of
the previous referenC‘;1 with this subject, I have, by direct comparison with
the doubts connecte 4 in the Geological Museum in Calcutta, carefully
the specimens prescIvé referred to, in every instance where the publications
verified the exa ct Spec mention the supposed occurrence of O. mullz'cos{ala.
of the GeOI-O glcal survey nt of this investigation with illustrations constitut-
I intend giving an afCCt(:l‘;e investigations, As the preparation of the ﬁg.u.res
ing a secure (;)alm; i(f)rseli/eral months, 1 take the present opportunity of giving
will cause a deia

ary of the resulls arrived at.

efe

a concise sumin
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The first illustrated reference to 0. multicostata ig in d’Archiac and
Haime’s Description of the Nummulitic Fauna of India (1853). The fossil
which they figured, and which they regarded as a variety of Deshay
is not the eocene shell, but a newer form first described as ().
J. de C. Sowerby (Trans. G. S, (2) V.PLLXXV, fig. 17, 1840) from a specimen
collected by Grant in the Giij beds of Kachh. In their synonymy, the authors
of the “ Description” have referred  their specimens, which were
obtained from the Gdj of Sind, not to 0. angulata, but to another Kachh
species erroneously referred by Sowerby to (). Sabellula, Lamk. (Pl XXV,
fig. 18, of Sowerby’s description). The two species are very closely related
to onc another, and as they both occur in Sind, they are perhaps both repre-
sented in the collection described by d'Archiac and [Taime, who have referred
their description to one of them and figured the other. Wood (1861,
Monograph of the Eocene bivalves of England, p, 21) was aware of the dis-
tinctness of Sowerby’s two species, for he rightly remarks that O, angulala
more nearly resembles the true O. Sfabellula than the fossil referred to the

European species by Sowerby,  Wynne, in his description of the geology of
Kachh (1872, Mem. @, . 7., 1X), has kept both forms distinct and, from the
references in his Memoir, as well as from his collections preserved in the
Calcutta Muscum, it is cvident that they never occur together. Wynne has
applied the name O. angulata 10 the form figured as such by Sowerby, and
figured by d’Archiac and Iaime as 0. mullicoslata, while he has transferred
the name O.multicostata 10 the other form, that figured by Sowerby as
0. flalellula))  Blanford, in the Manual of the Geology of India (1879), and
in the Geology of Western Sind (1879, Mem. G. S. 1., XVII), has united
both species under the name 0. mulficostata and has been followed
by Fedden (Mem. XVII, pP. 204). O. angulata is figured as
O. multicostatain the “ Manual ” in Plate XV, illustrating the leading fossils
of the Gdj formation; unfortunately this figure is merely a copy of the
uncharacteristic one given by d’Archiac and Ilaime, which represents a
specimen in which the exceptional state of preservation of the upper valve
conceals the Dbroad flange-like cxpansion which constitutes the most
distinctive feature of the lower valve. Conscquently the two valves appear

es’ species
angulale by

"1 am aware that the transfer of the name O. plicala to Lamarck’s
O. flabellula has been sanctioned by such distinguished authoritics as Cossmann
Oppenheim, Sacco, and Rovercto, but the present discussion s sufticiently
involved without this crowning confusion.  There is but one definition of
0. flubellula, while there ave three of (0. plicata, one ai Solander. one of Chemnitz
and one of Deshayes. The use of the name O, pflabellula cannot icad to any

confusion, and it is preferable to discard entircly the name 0. plicata in spite
of the laws of priority,

Miscellaneous Notes. 317
PART 4.]

. ly slightly in size, and, as the internal characters of lhe. sheollf
to differ ony 4 the illustration can easily pass for a representation
are not' figure® d indeed, comes so close in appearance to so.me of the eocene
0. multicosiata, artl oo m,ullz'cos/a/a from the Laki range in Sind, that I
specimens of the rthe c(;nclusion that the eocene shell must have been repre-
myself was led :? ction examined by d'Archiac and Haime (Rec., G. S. 7,
sented in the 60 eA 1ose} study of the illustrations and text shows however that
XXXIV, p- 209). ¢ 4i species O. angulata that these authors have figured.
it is undoubtedly th‘e Q‘] r es of DO. angulata are the oval-deflected

The charactenisic featulr cer valve, ornamented with regular, equally
« flabelliform ” shape of the 2;‘ at varyi’ng intervals by foliaceous lamelle
distributed angm:‘fe f‘:]5» Csrr(x)mzsll binge, the crescentic, oblique, posteriorly
of growth, the ey ression, resembling in shape and position that of
attenuated muscuar 1mPl brum, the curious spoon-shaped body-chamber
0. flabellula and O.brv(::(;z aﬁat f’]ange.iike rim, extending, in weIl-preserv_ed
surrounded by a ) deai be):Ond the relatively very small operc.ulum-hke
specimens, a %rlia species has been correctly diagnosed by Noetlmg (1901,
upper valve, a ppuo), who, apparently unaware of Sowerby’s name
Miocene of Burmdfst;‘nguished it as O. Blanfordiana. The latter name can be
0. aﬂgul.(lfll, has flsowerby's should it be considered unadvisable to use the
adopted m.Stead ° in two geéera so closely related to one another as Os/reg
same specifc nameh re is a previously defined Gryphea angulata, Lamarck,
and Gryphaa, asf\ tie Indian Ocean. The external appearance of the lower
a recent Specfes? identical with that of O. wentilabrum. as has .already
valve is practical YDI P. Bruhl, of the Sibpur Engineering College, in some
been noticed by Dr. m;micated to the Geological Survey, Their rc?semblance
manuscript nOte.s .com' the case of the variety of O. ventilabrum with angulz').r
is especially striking 17 This external appearance is very well shown in
ribs, Wood’s 0. prona. but as the figure is apparently not drawn to full
Sowerby's careful .drawm;g,characters of the shell are not shown, it might very
scale, and as the intera? ller O. flabellula, as has been noticed by Wood.
well pass for the much s-gﬁ hesitation, however, with respect to Sowerby’s

There 1s no_ pos:lthe second species, for the external characters, at
excellent illustration o so clearly represented as to make one wounder hovy
least, of both vajves aI'Ef red to O. flabellula by Sowerby and to O.multi-

it could ha\:e be.en arr(:derHaime and their successors. . . ,
costata by d'Archiac less angular ribs, some of which arc thicker t an

The more nun}erou.;, 4 here and there by spines, the absence of promi-
the others and diversi he the more orbicular shape, and the still more extr-fa.-

nent lamelle of growtf ,he flange-like expansion of the lower v.al've al.ld sn'll
ordinary devellopmffnt :f tthe upper one, are the characters that distinguish this
more diminutive size

it 0. latimarginala,
I propose to call it ?
werby's O. angulata,
shell from Sowerby
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0. angulata occurs both in the Upper Nari and Gaj, O. latimarsinala
only in the Gdj, and, whenever precise information is available, it appears to
characterise the uppermost zone of that formation. As the two specics never
occur together, the second probably replaces the first in the highest beds.

D’Archiac and 1laime’s unsatisfactory illustration of O. angulata, Sow.,
which they labelled 0. multicostata, and crroneously attributed to the
eocene, has misled Maycer-Eymar and  von Pavay (1871, Geology of the
Klausenburg region), and Frauscher (1886, Lower Eocene of the Northern
Alps), into establishing it as the type of O. erientalis, Maycr-Eymar, a

species which is evidently related to O. multicostata, 1t has a relatively

large hinge, the lignment arca of the upper valve, in particular, being
more cloneated than in O, multicostare, and  therelore quite different from
the extremely small hinge of 0. awoulara, but as 4 Archiae and Tlaime have
not figured the intermal features of their specimens, and as their descrip-
tion of the hinge is not very clear, the authors who have dealt with
0. orienfalis were unaware of this difference. Instead of the extreme
divergence of size between the upper and lower valves of O. anmgulatu, the
two valves of O. orientulis bLear to one another about the same relative
dimensions as those of O. muliicosiate, another character in which the

geologists who have described the Klausenburg fauna have been misled
by d'Archine and TTaime’s illustration.

O. orfentalis is not known in India. Dut the true O. multicostata is well

represented in Baluchistan, in Sind, in Kachh, and in Rajputana, as one of the
Laki and Khirthar specics ; it is found therefore in the Lutetian, throughout
the samc horizons which it characterises in 1gypt and southern Europe.

In Griesbach’s notes on Afehanistan, O, multicostala is mentioned as
having been found in five localities, in all of which itis mentioned as a
proof of the occurrence of miocene beds. (1886-1837, Rec. G.S.7, XIX,
XX.) These are the neighbourhood of Khaf in Persian Khorasan, the
Nimaksar and Khwaja Kalandar in Badghis, the ncighbourhoed of Tash-

kKhurghan in the provinee of Balkh, and Kilif an the Oxus. The first and
last of these allered accurrences are not represented in the collections of the

Calcutta Musenm.  The fossil from the Nimukear is Grephea Esterhasyi

von Pavay,' the one from Khwaja Kalaudar, Oszrea, turkesianensis Roman-
owski, and the one from the ueighbourhcod of Tashkburghan an Eregyra
probably of Cretaceous age. It must e remembered that the names

' These specimens are identical in every respect with Stoliczka’s specimens
from Sanju in Kashgaria, preserved in the Caleutta Muscum, and labelled
“ Gryphea Esterhazyi, var.” by Professor Suess.  The fossils both from Sanju and
from the Nimaksar invariably exhibit the tongue-shaped contraction of the upper
portion of the body-chamber, regarded by J. Bidhm

of body . as the most distinctive
charvacteristic of Gu. fosterhasyi (1903, 71 Vutterer's Durel: Asien)
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published by Griesbach only represent rough determinations made in the

field, away from any books of reference. Griesbach’s collections contain

no other fossils bearing on the question of the geological age of the

strata containing the highly interesting forms Gryphea Esterhazy? and Ostrea

turkesianensis, but in Dr. Noetling’s collections from the Nari beds with

Nummuliles intevmedius and  Lepidocyclina dilatata of the Lower Zhob

valley in Balichistin, there is a fossil, already alluded to by its discoverer
(General Report for 1898-1899, p. 62), which appears to me undistinguish-

able from O. lurkestanensis. The latter identification opens out some

interesting questions which cannot be satisfactorily solved in the present

state of our science. According to Koch (1897, Occurrence and extension
of Gryphea Lsterhazyi, Journal of the Hungarian Geological Society),

it seems evident that, in Transylvania, the oyster bank containing Gryphea

Esterhazy? is connected with strata containing Nummulities perforalus
and &, siriatus, which suggests a geological age at the limit of Lutetian
and Bartonian, In Persian Khorasdn, Bogdanowitch found Gr. Eslerhazyi
(Gr. Kaufmanni, var. persica, Bogdanowitch) accompanied by small
nummulites, the specific attribution of which is uncertain, but which have
also been regarded as middle eocene. Judging from the Zhob valley
occurrence, Osfrea lurkestanensis should characterise a somewhat newer
horizon. In conflict with this simple conclusion, we have the evidence
of Futterer's detailed section at Irkestdn in Ferghana, (1903, Durch Asien,
Vol, I1I), where the two species apparently occur together in the same bed,
while in Bokhara, the late Dr. von Krafft found Ostrea batssunensis, G. Boehm,
regarded by J.Bohm as identical with O, furkestanensis, in beds which seemed
to underlie an upper Senonian formation (1899, Fossils from Bokhara,
Journal of the German Geological Society). An undetected fault might
account for the anomalous accurrence in Bokhara, but it will not dispose of
the facts observed in the Irkestdn section where both forms are found
together. Two explanations suggest themselves, either that in some of the
sections certain fossils are derived from an older zone, or else that the
horizon of Gryphea FEsterhasyi is not the same in Transylvania and in
Central Asia. The question must remain in abeyance until better evidence
is available.

It has been noticed that in Sind and in Kachh, O. latimarginata
(Sowerby's O. flabellula and Wynne’s O, mulficostata) is restricted to the G4j,
while O, angulata occursin the G4j and Upper Nari. Inthe insermedius-beds
(Lower Nari), there occur two close-ribbed species belonging to the genus
Ostrea sensu stricto, which I have interpreted as O. cubitus, Deshayes, and
O. Fraast Mayer-Eymar (see Oppenheim’s lower tertiary fauna of Egypt,
Paleontographica, XXX, 1903). The latter is the species alluded to, as
undescribed, in a previous pumber of these Records (1904, XXXI, p. 167),
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by Mr. Pilgrim, who compared it with a fossil discovercd by Mr, P, N. Bose
in the tertiary beds of Mayurbhanj in Orissa.! Mr. Bosc's fossil differs from
0. Fraasi by its larger size, and the relatively much wider spacing of the pallial
punctuations of the lower valve, and crenulations of the upper onc; in all
other characters it is similar. It rescmbles a form occurring in the upper-
most Gdj of Sind, probably just at the limit with the succceding 11inglij
formation.

The peculiar O. angnlata and O, latimarginata of the Gij beds do not
ascend into the overlying ingldj series, in which the strata characterised by
0. Virlett} Desh, contain close-tibbed forms referable to O. digitalina, Fich-
wald var. Rholfsi, Fuchs. The association of these two species confirms my
previous attribution of these beds to the Burdigalian, while the underlying G4j,
with its large Iepidocyclines and its fauna closely related to that of the oligo-
cene Nari, cannot be regarded as newer than Aquitanian.  As explained in a
previous volume of these Records, there is every reason to ascribe a Burdi-
galian age to the Yenangyoung series of Burma (Ker,, XXXIV, pp. 92, 267 ;

also H. Douvillé: Tertiary Foraminifera of Borneo, Bull. S. G. F, 1905),

and it is worth noticing that one of its leading fossils, O. peguensis, Noctling, is
probably identical with O. Virle/s. 1 have not yet studied the accom-
panying close-ribbed O. promensis, Noctl. Thus the Burdigalian formation,
whose occurrence in continental Asia could bitherto be asserted only in the

!'"The "fossil in question was collected by me in 1901 in the Upper Zhob
District. Mr. Pilgrim speaks of it as occurring in the  Upper Nari of Bald-
chistin 7, being probably misled by the labels which I wrote when 1 first dis-
covered this fauna.  Its exact horizon could not be determined at first sight owing
to the absence of foraminifera. 1 was at first led to attribute to it an Upper
Nari age owing to the presence of fossils closely related to those of the G4j, for
instance, Breynia multituberculata, described in a previous number of the present
publication. It was subscquently ascertained that this cchinoid exists also in the
intermedius beds (Iower Nari) of Sind, and therefore, in my description, T left
the exact age of the beds undecided (Rec., XXXIV, p. 271). The fossil here
identificd as Osfrea Fraasi also occurs in the (nfermedins beds of Sind which
contain many other forms specifically identical with fossils from the RBreynia
maultitubercnlata beds of Baldchistin, The Baldchistin beds appear to belong
therefore to the lower Nari, and the rclation of their fauna to that of the Gaj
depends upon the general fact which constantly impresses itscll upon us, that
the Nari and G4j are closely related to one another, both stratigraphically and
faunistically. The connection is so closc that the Gaj cannot be regarded as newer
than Upper Aquitanian. [ have hitherto spoken of the Gdj as Oligocene, as 1
included the Aquitanian in the Oligocene, in conformity with the 4th edition of
de Lapparent’s Treatise of Geology. In the 5th edition (19006), the Aquitanian has
once more been restored to the I.ower Miocene.

* I notice that in Rec, XXXIV, p. g2, I have mis-spelt this name « Verleti, ”
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Urmia and the neighbourhood of Teherin (de Lapparent,
can now be shown to ocupy enormous areas in the Mekran
where it is represented respectively by the Hingldj and

region of Lake

sth ed., p- 1605%),
and in Burma,

Yenangyoung series. [E. W. VREDENBURG.]

Considerations regarding the age of the Cuddalore
series.

All along the coasts of the Indian Peninsula,' there 1s an almost con-
; belt of sedimentary formations, ranging in age through Mesozoic,
tinuous d Quarternary. Of this varied sequence, the upper cretaceous
Teriary, o C l(]mnndel‘coasr. are the only ones that have been carefully
beds' of the 'OliS (;Ider horizons of the Mesozoic have been assigned to a
swdied. Var(lio long the east coast corresponding with certain zones of
number of bé Sn?:iwa:a. An almost continuous belt of laterite encitcles th2
the Upper ? and it is, in part, at least, of lower pleistocene age, as is
e pfamln's ) at’ablished by the presence of paleoliths of the most charac-
cor?cl.uswe} " hich it co{ltains in the Coromandel regions.! At various
1enst.1c' typﬁ’ N occur raised beaches whose stratigraphical relation to the
1oc%11mes ) ]erteerite has not been unravelled. Nothing is known scarcely
plelstof:ene ha frequently important formations that underlie the pleistocene
regafdmg \ :.re gewer than the upper cretaceous beds, and correspond
laterite, but'. h some part of the tertiary. Along the Coromandel coast, where
thercfore #7 loped on a very important scale, these formations constitute the
they ¢ deV‘;ZSP Further north, near the delta of the Godavari, the Cuddalore
Cufjdalore - s tc; be represented by the Rajamahendri beds (not to be con-
serie? app?’:}rl the cretaceous fluvio-marine intertrappeans of that region, which
[ounde'dW}”l Rajamahendri beds, just as the Ariyalur and Niniyur of the
underlie tdel coast underlie the Cuddalore sandstone). The Rajamahendri
Corome? er to be connected in a northern direction with sedimentary forma-
b.eds ap}()leal ‘ing the laterite in Orissa and Midnapur, while in the extreme
tions o* ;r) eninsula, the Cuddalore sandstones are more or less directly
south of t} ) pith stratf; occupying a similar position beneath the laterite of
'cl?rr;::f,forew Much further north along the west coast, sedimentary beds are

i ite at Ratnagiri.

K u')lungzirﬁ)ltihnegli}:z;e from the édj series were discovered In the infra-
lategng{) :d: of Quilon in Travancore by (?eneral Cullen, and described .by
Dr. Carter in 1857. The only fossils obtained from the Cuddalere series

: i ts is A. C. Logan’s.
k on the subject of Indian stone-implements is A
« Olcll Ff:‘:iel)ﬁ:sﬂst‘r):l;s of India, founded on the collections of the Calcutta.

” i . tta. 1906.
Museum.”  Thacker, Spink and Co., Calcutta. 19 )
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by the Geological Survey, are silicificd trunks of fossil wood, During
the survey of Travancore, in 1%81, the loculity of General Cullen’s
richly fossiliferous tertiary beds was never rediscovered. They were once
more traced by Mr. Logan, the Resident in Travancore ia 1593, but the
collections that were forwarded by him to Calentti cannot now he found, All
the palwontological evidence at present available from this immense tertiary
formution, which extends over a length of somie two thousand wiles, consists
in the fossils mentioned in the previous note, which were discovered by P. N,
Bose in Mayurbhanj, and the extraordinarily rich collection obtained in
1884, at depths between 115 and 145 mectres, in the artesian boring at Kari-
kal, which is at present being described by Mr. Cossmann in the ” Journal de
Conchyliologic” (Vol. XLVIII, 1900, p. 145 Vol LI 1yog, p.1o5.)

In Mr Bose’s coilection, the only recognisable forms arc a species of
foraminifer, and the abovementioned oyster. The Foraminifera have been
studied Ly Mr, Tipper, who identified them (Rec. (7.5, 7., XXXIV, p- 135) as
Lotalia Beccarri, Linn., an indifferent species from u stratigraphical point of
view, The oyster, as cxplained in the previous note, resembles a species from
the uppermost G4j of Sind.

Most of the artesian wells that have been sunk along the castern coast of
the peninsula, in the Madras Presidency or in the included French territories,
have penetrated 1o a certain depth into strata regarded as belonging to the
Cuddulore series, Almost every: boring record mentions strata crowded with
fragmentary shells, but in one instance only, at Karikal, have fossils been
obtained in profusion, and in an astonishingly perfect state of preservation,
The fauna from the Karikal boring is by a long way the richest tertiary fauna
et discovered in India. ‘The forms so far described by Cossmann are those
bClOnging to the Opisthobranchiata and to the Prosobranchiate families Tere-
bridz, P]eurotomid:e, Conidee, Canccllariidee, Olivide, Marginellidee,
Mitridee, Fusidz, Turbinellide, Buccinidee, Nassidar, Columbellidae
Muricide, Tritonide, Cassidide, Doliidw, Strombidee,  They include 101
Species, while the total number of species from these same groups in the
Miocenc fauna of Burma only reaches 54, and only 43 in the fauna from the

Ranikot of Sind, whose description by Messis, Cossmann and Pissarro will

! The title of the Memoir is “Faunc pliocenique de Karikal.” Cossmann has correla-

ted the Karikal fayng with that deseribed by Martin in Java, which has often been regarded
as upper miocene or pliocene. H. Douvillé has shown, (1903), Les Foraminifires dans le
Tertiaire de Bornée (Bull. S. G. F,Vol. V, (4), p. 435) that the Java beds should be
regarded as somewhat older. The contradiction is, however, merely apparent, and only a mat-
ter of terminology. It was Jenkins in 1964 (J.G.S., XX, p. 445) who first compared
the Java beds with those now distinguished as the G4j series in Kachh and in Sind, and
‘assigned to them an upper miocene age. At that time, the term oligncene *” was not in use,
and the bheds are spoken of as “upper miocenc”, in opposition to the age of the beds with NVam-

mulites intermedius, pow constituting the oligocene, but mentioned by Jenkins as

. “lower
miocene,”

. / . ,
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shortly appear in the Palzontologia Indica. A fe\fv fgmilies, such as therolu-
tide and Cyprzide, are omitted from th.e des'cnptlon of the K.arlka.l auna,
perhaps because they are not represented,.m which case the species represer;t-
ine these families in the Barma and Raml‘:ot .faunas should be added to the
nbiwe totals in order to compare their relative rlc'hness. Even then the ﬁgur‘es
for the Burma miocene and Sind Ranikot only rise. to 61 :.md sz resPect1ve1y.

In the Karikal fauna, no less than sixteen species are 1den¥1cal with fon‘ns
from the Miocenc (probably Burdigalian) bed.s of ~I'ava (}escrll?ed by Mar‘tm.
Thirty-five are regarded by Cossmann as Fertamly 1Eie11t1cal with recent spe-
cies, five more as doubtfully so. According to V?ll'l(?llS \V?.)'.S » of reck(.)nm.g,
Noetling and Martin have considercd that the proportion of living species, in

the miocene faunas of Burma and fava, is respectively 30 to 48 per cent. for
Burma, and 335 to 50 per cent., for Java. The Karikal fauna contains therefore
u a, J

the same percentage of recent forms as th'e 11110c§3ne fauna§ of Burma and 1]'ava.,
both of which are regarded as Burdigalian. .bo. far as it goes, the so 1ta.r}y1
evidence furnished by the Mayurbhanj Ostrea is in complete accor.dan‘ce f”lt

this result, as the stratigraphical horizonl of a closely related ferm in Sind is at

imi pitanian and Burdigalian,

e I]';n‘lite:ef r“elseuﬁ;lare certainly definite enough,.but they would z}cquire far more
weight were we better acquainted with the stratigraphy of the (,uddalo}rle slzrle.s
in such a way as to feel sure t}mt. the Cuddalore sandstone and the {ari-
kal beds, as well as the Mayurbhan] one.s, really belong to Lhe‘ same st'rat1g11;a-
phical series. As it is. we are not certain \\'hether. the strata lflteljvenmg e~
tween the upper cretaceous sediments and the pleistocene laterite include one

re series. o ]
o m(l) the case of General Cullen’s collection from the Quilon beds, the forms
n

ded by Dr. Carter as identical with Sind or Kachh species all belong to
regar y L.

he G4; series. They also indicate, therefore, an age not very different from
the (raj :

Agquitanian. . )
uppelrmosilcl?xsion it may be stated that the evidence so far available every-
n co )

b oints to the Burdigalian as the most probable age of the Cuddalore
v fare P It is to be hoped that something more definite than is known at pre-
series. . soon be learnt about this vast formation, which promises to be one
sent may .

of the most interesting in the geology of India.

[E. W. VREDENBURG.)

arrying of corundum (mawshiarut) in the N. W.
Khasi Hills.

dum is found at three places :—(1) Patarknang, a village jOiPtly
Cort‘nt ul\Taxiaw and Rambrai states, lying a few miles west of the Raoiang
o Mar

Note on the qu

belonging
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(Riwiang) river; (2) at Nongmaweit village; (3) on the Riandu river, a
tributary of the Someshveri river ; but it is said to extend over a very large
area near (2) and (3). The stone at (1) is coarse and is regarded by the
people as of small value : (2) and (3) arc close together and are situated, a few
miles west of the U Blay river near its source. They are in the Nongstoin
State and produce a superior stone.  Corundum is quarried chiefly at (2), a
bare hillside, because it occurs there in small lumps a few scers in weight
which can be handled easily. The method is to excavate small holes, at
most 5 fect deep by 3 in circumference, and to take out any stones which
may be found. If nothing is found the hole is abandoned and another dug.
The people possess no means of cutting this Lard stone and so must perforce
leave anything large found. At (3) corundum occurs close to and in the river
bed in much larger blocks. weighing  probably several tons. It is here that
the best quality of stone is found. Itis close grained and highly crystalline.
It is, however, not worked to any considerable extent owing to the difficulty
in cutting it,

The corundum gems—rubies and sapphires—should be found here,
probably in the loose clay and sand of the neighbourbood. During the short
time T was uble to give to examination of the place, however, I found no traces
of gems. The place should be worth further examination,

‘The neighbourhood of (2) and (3) is very difficuit of access, (1) less so.
[ dmed my visit in February and gave long notice, so that paths and bridges
over the swamps, which would be otherwise great obstacles to passage, could
be constructed. The U Blay at this point is a particularly swampy river.
Nongmaweit is approximately 26 miles N. W. from Nongstoin, the capital of
the state of that name. Its height is approximately 3,400 feet above mean sea-
level. The people round Nongmaweit are of the Nongtarei tribe, a small
sub-tribe intermediate between the Khasi people proper and the Lyngams
¢f the lower country. They have particularly aquiline features for hill
men,

The corundum extracted from (2) is taken to Nongstoin village for sale,
thence it finds its way all over the hills for sale as hones.

[F. I, Jackson],
Deputy Commissioner, Khasi and Jaintia Hilis
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